
.. 

t . --·11.f\n _.,...-- ,IJ:::'f p..' iv 
~ r . \ 

... ' .... J.I. 
.• ' '. ·j :~·~'\;f' 

··. ·1 
. MOVABLE' HEAD POSITION CONTROLLING DEVICE ' 

i 
FOR MAGNETIC RECORDING AND REPRODUCING APPARATUSES 

~ . 

·~ 

The present invention relates to a movable head posi-

. tion controlling device which is used for magnetic recording 

and reproducing apparatuses s·uch as a video tape recorder 

(hereinunder referred to as "VTR"). 

In a· magnetic recording and reproducing apparatusJsuch 

as a VTR, a movable head -is used. The movable head is a 

head which is displaced in accordance with a· deflection 

signal which is supplied ·from a driving control device. In 

a VTR, the movable head is provided in such a manner that 

the end of the.movable head projects from the peripheral 

surface of a rotary drum. By driving the movable head in 

the state in which a magnetic tape passes over the peripher­

al surface of t~e rotary drum, the magnetic h~ad is enabled, 

for example, to follow a track which is formed on the 

magnetic tape. 

Fig. 4 6 shows an example of the structure of a znovable 

head. The movable head is composed of a tongue-like 

piezoelectric bimorph 101 which is bent in accordance with 

the volta~e a thereto and a magnetic head 103 which is 
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~isposed at the free end of the bimorph 101. The magnetic 

nead 103 is fixed to the bimorph 101 and the other end of 
, 

the bimorph 103 is fixed to the inside of a rotary head (not 

shown). Fig. 46, and later-described Figs. 49 and 50 show 
" 

the positions of a bimorph and a magnetic head on a rotary 

drum. In these drawings, the circle at the back of the 

bimorph and the magnetic head represents the outline of the 

rotary drum. 

In Fig. 46, a sensor 102 is a piezoelectric generator 

formed by cutting a part of the bimorph 101. 

When a voltage is applied to the ·bimorph 101 and the 

bimorph 101 is warped in accordance with the voltage, the 

bimorph 101 assumes the state shown in Fig. 47. The angle a 

(deg) shown in Fig. 47 is called the amount of inclination 

of the magnetic head 103 and ~ is called the displacement of 

the magnetic head 103. 

Fig. 48 shows the relationship between the amount of 

inclination e (deg) of the magnetic head 103 and the effec­

tive length of the bimorph 101. As shown in Fig. 48, as the 

effective length of the bimorph 101 becomes longer, the 

amount of inclination of the magnetic head 103 reduces. As 

the amount of inclination of the magnetic head 103 becomes 

smaller, the end surface of the magnetic head co~es into 

better contact with the magnetic tape which passes over the 

peripheral surface of the rotary drum, so that it is 



possible to record or reproduce a high-frequency signal with 

higher accuracy. Especially, in the case in which it is 
, 

necessary to greatly displace the magnetic head 103, that 

is, it is necessary to increase l.; as.at the time of superior 
~ 

reproduction of a VTR, it is preferable that the amount 0 

(deg) of inclination of the magnetic head 112 is small, that 

is, the bimorph 101 has a long effective length. 

The structure of a bimorph having a longe_r effective 

length is shown in Fig. 49. In Fig. 49, a bimorph 201 is 

comparatively long and it is disposed obliquely relative to 

the radius of the rotary head. The effective length (the 

projected length in the right and left direction in the 

drawing) of the bimorph 201 is therefore longer than that.of 

the bimorph 101 shown in Fig. 46. 

The structure of a bimorph having an ~ven longer 

effective length is shown- in Fig. 50. In Fig. 50, an 

annular bimorph 301 is adopted. The effective length (the 

projected length in the right and left direction in the 

drawing) of the bimorph 301 is therefore longer than that of 

the bimorph 201 shown in Fig. 49. 

On the other hand, if the effective length of a bimorph 

is long, the serial resonance frequency and the parallel 

resonance frequency become low. Fig. 51 shows an example of 

the frequency characteristic of a bimorph. In a general 

frequency characteristic of a birnorph, the phase reverses by 
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180° when the frequency reaches the primary serial resonance 

frequency (the frequency at the lower serial resonance point 
I 

of the two shown in Fig. 51). For this reason, in a VTR 

system in which tracking is carried out by a movable head, 
~ 

the control ·frequency band is set at a frequency band lower 

than the primary serial resonance frequency. If the inter­

val between the primary serial resonance frequency and the 

secondary serial resonance frequency or the interval between 

the primary serial resonance frequency and the parailel 

resonance frequency is long, the control frequency band is 

set at a frequency band between the primary serial.resonance 

frequency and the secondary serial resonance frequency or 

between the primary serial resonance frequency and the 

parallel resonance frequency by phase advancing control. 

Accordingly, when the effective length of a bimorph is long, 

it is difficult to secure a sufficiently wide control 

frequency band, thereby making sufficient tracking diffi­

cult. For example, if a track formed on the magnetic tape 

is rolled, it is difficult for the magnetic head to follow 

the rolling. 

such a defect can be ameliorated by reducing the peak 

gain at the· serial resonance frequency to a certain extent. 

By differentiating the output of the sensor, it is possible 

to reduce the peak of the gain at the serial resonance 

frequency which is contained in the-output. 
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It is also possible to use an actuator having the 

structure shown in Fig. 52 in order to drive the magnetic 

head. The structure of the actu_ator shown in ·Fig. 52 will 

now be explained and the structures of conventionai control 

devices will next be explained. 

The actuator shown in Fig. 52 displaces a magnetic head 

at a large amplitude without inclining the magnetic head. 

Two magnets 401 and 402 are vertically provided in the 

actuator, and a yoke 403 is disposed between the magn~ts 

401, 402. An annular yoke 404 is further provided with a 

gap between the annular yoke 404 and the yoke 403. On the 

upper side and the lower side of the yoke 404 are provided 

yokes 405 and 406, respectively. These yokes form a magnet­

ic path for the magnetic fluxes produced by the magnet 401 

or 402. 

In this actuator, the magnet 401, the yoke 403 and the 

magnet 402 are disposed within a bobbin 408 which has an 

actuator coil 407 wound therearound. The actuator coil 407 

is situated between the yokes 403 and 404, namely, within 

the gap. Therefore, when a current flows on the coil 407, a 

force is applied to the coil 407 in the vertical direction 

in the drawing. The direction in which the bobbin 408 is 

moved by this force is regulated by gimbal springs 409 and 

410, and the bobbin 408 vertically moves. 
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Each of the gimbal springs 409, 410 is composed of a 

discal thin metal sheet provided with a plurality of arcuate 

slits (not shown). At the centers of the gimbal springs 

409, 410, holes,are formed, and the bpbbin 408 is fitted in 

the holes so as to be fixed on the inner peripheral edges of 

the gimbal springs 409, 410. The outer peripheral edges of 

the gimbal springs 409, 410 are fixed to the yokes. The 

gimbal springs 409, 410 are parallel to each other. 

One 410 of the gimbal springs is integrally formed with 

a leaf spring 411. The leaf spring 411 is fixed to the 

bobbin 408 and the free end thereof is fixed to a magnetic 

head 412. Therefore, the actuator shown in Fig. 52 can 

displace the magnetic head 412 at a large amplitude without 

inclining the magnetic head 412. 

(1) First example of a conventional device 

~ig. 53 shows the structure of a conventional movable 

head position controlling device for magnetic recording and 

reproducing apparatuses which is described in Japanese 

Patent Laid-Open No. She. 52-117107. The structure of the 

device will now be explained on the assumption that the 

actuator shown in Fig. 52 is used and wobbling servo control 

is executed. 

In this device, the output of a sensor 502 which is 

formed by cutting a part of a bimorph 501 is a signal which 

indicates the instantaneous value of the position of a 
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magnetic head 512. The phase of this signal is 90° delayed 

with respect to the signal for driving the bimorph 501 (the 

output signal of a driving amplifier 510). I ' A high-impedance 

amplifier 503,is an amplifier having a high input ·impedance, 

and the output of the sensor 502 is amplified by the 

high-impedance amplifier 503. The sensor 502 is equivalent 

to a series circuit of a capacitor and a voltage source as 

viewed from the input terminal of the high-impedance ampli­

fier 503. Since the input impedance is high, the 

high-impedance amplifier 503 does not constitute a load to 

the sensor 502. 

A differentiator 505 is provided via an adder 504 at a 

subsequent stage to the high-impedance amplifier 503, and. 

the output of the adder 504 is differentiated by the 

differentiator SOS. Since the output of the high-impedance 

amplifier 503 indicates the instantaneous value of the 

position of the magnetic head 512, the result of the differ-

entiation is a signal which indicates the instantaneous 

value of the speed of the magnetic head 512. The frequency 

characteristic of the differentiator 505 is a phase advanc­

ing characteristic such as that of a high-pass filter. The 

differentiator 505 can be utilized for reducing the peak 

gain at a serial resonance frequency to a certai~ extent. 

That is, it is possible to reduce the peak of the output of 

the adder 504 by differentiation. 
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To the differentiator SOS, a low-pass filter 506, a 

phase advancing circuit 507, a variable gain amplifier 508 

are connected in series. 
, 

The cutoff frequency of the 

low-pass filter 506 is set so as to attenuate a signal 

produced by the secondary and higher-order resonance fre­

quencies of the bimorph 501 from among the outputs of the 

differentiator SOS. When a signal passes through the 

low-pass filter 506, the phase of the signal delays. The 

phase advancing circuit 507 has a function of advancing the 

phase of the output of the low-pass· filter. The phase 

advancing circuit 507 compensates for the phase delay in the 

vicinity of the serial resonance point of the bimorph SSl. 

As a result, of the signals output from the phase advancing 

circuit 507, the frequency component in the vicinity of the 

serial resonance point of the bimorph 551 has a phase of 

clear 0°.- The variable gain amplifier 508 is adjustable in 

order to correspond to the nonuniformity in the characteris·-

tic of the bimorph 501. 

The output of the variable gain amplifier 508 is input 

to the driving amplifier 510 via an adder 509. The driving 

amplifier 510 amplifies the output of the adder 509 and 

supplies the amplified output to the bimorph 501 as a 

deflection signal. In this way, the bimorph 501. is driven 

in accordance with the output of the driving amplifier 510. 

The above structure can be said to constitute a feedback 
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ioop for controlling the driving of the bimorph 501. In 

other words, by supplying a deflection sig~al to the bimorph 
' sol, the resonance vibration of the bimorph 501 is'sup-

pressed. .. 
The adder 504 between the high~impedance amplifier 503 

and the differentiator 503 adds the output of the 

high-impedance amplifier 503 and the output of a 

potentiometer 511 and supplies the sum to the differentiator 

sos. The differentiator 505 fetches the output of the adder 

509. It is in order to suppress the frequency component in 

the vicinity of the parallel resonance point of the bimorph 

501 (zero adjustment) that the output of the high-impedance 

amplifier 503 and the output of a potentiometer 511 are 

added. Such suppression is possible because the deflection 

signal is supplied to the bimorph 501, so that the phase of 

the signal outpu~ from the sensor 502 is shifted by 180° at 

the parallel resonance point. By utilizing the 

potentiometer 511 in this way, the servo system is stable in 

t.he vicinity of the parallel resonance point. 

In this structure, however, that is, in the structure 

in which the peak gain at the serial resonance point is 

suppressed by the differentiator 505, since the noise 

contained in the deflection signal, which is the.output of 

the sensor 502, is also amplified, it is impossible to 

iii 11m1rnr1~r 
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secure a large loop gain of the loop for controlling the 

bimorph 501. 

As a result, there is a trade-off relationship between the 

good contact ~etween the magnetic head 512 and the magnetic 

tape, and the sufficient frequency band and loop gain for 

control. In this way, there is a certain limitation to 

damping control. 

Fig. 53 also shows the structure of a wobbling servo 

system. The output of the magnetic head 512 is supplied not 

only to a video signal processor 513 but also a wobbling 

servo system which is composed of a head position controller 

514, a frequency compensator 515 and a converter reset 

signal generator 516. The output of the wobbling servo 

system is supplied to the adder 509. 

Wobbling servo control is a control for constantly 

maximizing the ~mplitude of a reproduction signal from the 

magnetic head 512. As a tracking control system, a pilot 

system and a wobbling system are conventionally adopted. In 

this conventional device, a wobbling system is adopted. 

In a pilot system, a multiplicity of pilot signals for 

tracking servo control are recorded on the same recording 

track or a multiplicity of pilot signals which belong to the 

gap between the recording signal frequency allocation are 

recorded on different tracks so that signals recorded 

thereon are different from each other. In this system, the 
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levels of the signals obtained as a crosstalk from the 

adjacent tracks are compared at the time of reproduction and 
I 

the direction and the amount of off-track are detected. The 

results of det~ction are used for the control of the posi­

tion of the magnetic head. 

In a wobbling system, the magnetic head is forcibly 

vibrated minutely at the time of recording, and the frequen-

cy component of the minute vibration which is contained in 

the reproduction envelope signal is synchronously detected 

in accordance with magnetic head vibration commanding 

information. As a result of the synchronous detection, the 

direction and the amount of off-track are detected. 

To state this more explicitly, in a wobbling system, 

the object of control is an electromagnetically driven 

actuator 518 having a structure in which the magnetic head 

512 is driven when a current is supplied to the actuator 

517, as shown in Fig. 54. The wobbling servo system in-

eludes a head amplifier 519 for amplifying the output of the 

magnetic head 512, a wobbling servo circuit 520 for execut­

ing wobbling servo control in accordance with the signal 

which is amplified by the head amplifier 519, and a driver 

521 for supplying a current to an actuator coil 517 in 

accordance with the output of the wobbling serv~ circuit 

520. In the circuit shown in Fig. 53, the function of the 
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wobbling servo circuit 520 is chiefly assigned to the 

frequency compensator 515. 

In the circuit shown in Fig. 53, the output of the 

magnetic head 512 is first processed ?Y the head position 

controller 514. The head position controller 514 generates 

a tracking correction signal from the output of the magnetic 

head 512. The frequency compensator 515 compensates the 

frequency in accordance with the output of the head position 

controller.514 and the output of the converter reset signal 

generator 516. The converter reset signal generator 516 

outputs a signal for moving (r·esetting) the magnetic head 

512 to the tracking starting position. The adder 509 adds 

the output of the variable gain amplifier 508 and the output 

of the frequency compensator 515, and supplies the sum to 

the driving amplifier 510 and the potentiometer 511. 

~n this way, in this.conventional device, good tracking 

is possible while maintaining a good contact between the 

magnetic head and the magnetic tape. This is because the 

wobbling servo system is adopted. 

The conventional device having the above-described 

structure, however, suffers from problems such as the 

limitation ·in the control frequency band and the oscillation 

of the tracking servo system as follows. 

When the magnetic head is driven by the actuator having 

the structure shown in Fig. 52, the phase reversal is caused 
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aue to the mechanical resonance of· the gimbal springs and 

the leaf spring. The frequency characteristic of this 

actuator is such as that shown in Fig. SS, and the phase is 

reversed by 18~0 at a frequency abov~ the primary serial 

resonance frequency. Therefore, the control frequency band 

must be set at a frequency band sufficiently lower than the 

primary serial resonance frequency. If the control frequen­

cy band is raised beyond this limitation, the phase ~argin 

of the servo system is deteriorated due to the phase rever­

sal caused by the mechanical resonance and the gain margin 

is also deteriorated due to the peak gain produced by the 

mechanical resonance. As a result, the tracking system is 

oscillated. 

Such problems may be solved by raising the mechanical 

resonance frequency. In this case, however, the thickness 

of the g~mbal i~ increased, so that it is necessary to 

increase the force constant of the actuator, which inconve-

niently leads to the increase in the dimension of the 

actuator. 

(2) Second example of a conventional device 

Head structure 

Fig. 56 is a sectional view of the main part of a 

conventional magnetic recording and reproducing apparatus 

and Fig. S7 shows the same apparatus with a seat removed 



therefrom, as viewed in the direction indicated by the 

arrows A - A in Fig. 56. 
I 

In these drawings, the reference numeral 601 represents 

a fixed drum, 602 a·bearing attached to the fixed drum 601, . 
603 a r~tary shaft which is rotatably supported by the 

bearing 602, 604 a seat fitted over one end of the rotary 

shaft 603 and 605 a rotary drum attached to the seat 604 by 

a screw 606. The reference numeral 607 represents an 

actuator attached to the rotary drum 605 by a screw 608, 609 

a lower transformer attached to the fixed drum 601, 610 an 

upper·transformer attached.to the seat 604, 611 a distribu­

tion board, 612 a contact which does not rotate and which 

supplies a control current to the actuator 607, 613 rotary 

electrode which is provided at a part of the seat 604 in 

such a manner as to come into sliding contact with the 

contact 612, and 614 and 615 connecting portions. The 

rotary electrode 613 is electrically connected to the 

actuator 607 through the connecting portions 614, 615 and 

the distribution board 611. The reference numeral 616 

represents a magnetic head (hereinunder ref erred to as 

"movable head") attached to the actuator 607. The movable 

head 616 is· electrically connected to an actuator controller 

through a connecting portion 617, the distribution board 612 

and the connecting portion 615. The reference numeral 618 

denotes a recessed portion provided at a part of the rotary 
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arum 605 for receiving the actuator 607. The recessed 

portion 618 is made larger than the actuator 607 so as to 

allow the position control of the movable head 616. A 

plurality of hofes 619 used for the position control of the 

movable head 616 are provided in the recessed portion 618. 

The reference numeral 620 represents a magnetic tape which 

passes over the outer peripheral surface of the rotary drum 

605 and comes into sliding contact with the movable head 606 

during travelling. 

Fig. 58 is a plan view of the actuator 607, Fig. 59 

shows the same actuator 607, as viewed in the direction 

indicated by the ·arrows B - B in Fig. 58, and Fig. 60 is a 

sectional side elevational view thereof, as viewed in the· 

direction indicated by the arrows C - C in Fig. 58. The 

reference numeral 621 represents a first yoke composed of a 

magnetic.material and 622_a first_permanent magnet which is 

columnar and fixed to the first yoke 621. A second yoke 623 

composed of a magnetic material and provided with a convex 

portion 623b at a part of the inner periphery thereof is 

attached to the first yoke 621. A third yoke 624 composed 

of a magnetic material is attached to the second yoke 623. 

The reference numeral 625 represents a second permanent 

magnet which is columnar and fixed to the third yoke 624 

with the same magnetic.pole opposed to each.other, and 626 a 

pole piece composed of a magnetic material and fixed to 
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either the second permanent magnet 625 or the first perma-

nent magnet 622 at an intermediate position therebetween. A 
I ieaf spring 627 is composed of a thin nonmagnetic mate_rial. 

The peripheral~edge of the leaf spring 627 is clamped 

between the first yoke 621 and the second yoke 623,· and the 

extending portion 627a thereof projects outward through 

windows 621a, 623a provided on the fir~t yoke 621 and the 

second yoke 623, respectively. The movable head 616 is 

attached to the end of the extending portion 627a. A leaf 

spring 628 composed of a thin nonmagnetic material is 

clamped between the second yoke 623 and the third yoke 624. 

Fixing members 629 are held by the leaf springs 627 and 628. 

A bobbin 630 is fixed to the fixing members 629 by an 

adhesive 632 with a gap between the inner periphery of the 

bobbin 630 .and the outer peripheries of the first permanent 

ma·gnet 622, the second permanent magnet 625 and the pole 

piece 626. The reference numeral 631 denotes a coil com­

posed of an electric wire coated with a coating material and 

wound around the bobbin 630. The bobbin 631 is accommodated 

in the annular gap G formed by the convex portion of the 

second yoke 6 2 3 • 

Fig. 6·1 shows the magnetic:: head mounted on the rotary 

drum 605 in the case of being used for a magneti~ tape unit 

in accordance with the present VHS format. The movable head 

616 is used as a pair of magnetic heads exclusively for 
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superior reproduction mode (mode for fast forwarding or 

slowly reproducing the recorded video information). The 
• 

reference numeral 635 represents a pair of EP heads for a 

iong-time mode for recording video information on a narrow 
~ 

track on the video tape for a long time, 636 a pair of SP 

head for recording and reproducing normal video information 

on and from a wide track, 637 a pair of audio heads for 

recording and reproducing audio information, and638 a pair 

of FE heads for erasing the recorded informati~n for each 

track at the time of recording new information thereon. 

control system 

Fig. 62 is a block diagram of a conventional control 

system and Fig. 63 is a perspective view of the magnetic 

field generator of the conventional device. In these 

drawings, the reference numeral 640 represents an AC magnet-

ic field generator for supplying two magnetic fields Bfl' 

Bf2 having different frequencies from each other to the 

movable head 616. The AC magnetic field generator 640 is 

disposed at a position along the peripheral surfaces of the 

rotary drum 605 and the fixed drum 601 on the opposite side 

to the m~gnetic tape 620, and the position is controllable. 

The AC magn.etic field generator 640 is provided with AC 

magnetic field generating coils 645, 64Sa arranged in the 

axial direction of the rotary drum 605 so as to generate the 

magnetic fields Bfl' Bf2 having different frequencies f 1, f 2 
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from each other. The reference numeral 642 denotes a band-

pass filter for passing the frequency component f 1 
I 

therethrough and 643 a band-pass filter for passing the 

frequency comESonent f 2 there through •. 

(3) Third example of a conventional device 

Fig. 64 is a "circuit diagram of a third example of a 

conventional device. The reference numeral 746 represents a 

driver for supplying a current to a coil 745, 747 a~ oscil­

lator for generating an AC voltag~, 748 and 749 rotary 

transformers for transmit.ting and receiving a signal to· and 

from a magnetic head in a rotary drum 705, and 750 and·751 

recording/reproduction signal amplifiers for amplifying 

signals from an audio head and a video head and supplying· a 

recording current. The reference numeral 752 denotes a 

band-pass filter for only passing therethrough a signal 

which is electr~magnetically induced by the oscillating coil 

745 and reproduced by an audio head 737 fixed in the rotary 

drum 705, and 753 a band-pass filter for only passing 

therethrough a signal which is electromagnetically induced 

by the oscillating coil 745 and reproduced by a movable head 

716. A sample hold circuit 755 holds the output which is 

reproduced by the movable head 715 at every other rotation 

of the rotary drum 705, electromagnetically induced by the 

oscillating coil 745 and amplified. A differential ampli-

fier obtains the difference between the signals of the 
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sarnple hold circuits 754 and 755 and has the characteristic 

shown in Fig. 756. The reference numeral 757 denotes a 
I 

servo compensator composed of a low-pass filter or the like 

so as to secure the stability in a position fixing control 

loop, and 758 a driver for supplying a driving current to an 

actuator 707. 

Fig. 66 is a sectional view of the AC magnetic field 

generating coil 745. The reference numeral 745c ._represents 

a magnetic core for concentrating magnetic fluxes generated 

by the coil 745, 7450 a coil for generating AC magnetic 

fluxes from the AC current flowing thereon, 745L a coil for 

generating AC magnetic fluxes in the reverse direction to 

that generated by the coil 745U, 745b a coil holder for 

accommodating the coils 7450, 74SL, and 759 a fixing member 

for fixing the AC magnetic field generating coil 745. 

Fig. 67 shows the directions of the magnetic fluxes generat­

ed by the AC magnetic field generating coil 745. 

(4) Fourth example a conventional device 

Fig. 68 is a circuit diagram of a fourth example of a 

conventional device and Fig. 69 is an enlarged view of the 

part A in Fig. 68. Two AC magnetic field generating coils 

845, 84Sa, ~hich are so designed as to be insusceptible to 

the influence of each head such as nonuniformity. in the 

sensitivity, are disposed in the peripheral direction of a 

rotary drum 805. The reference numeral 850 denotes a first 

--------··-···----
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divider for obtaining the ratio of the amplitudes of the 

outputs of the two AC magnetic field generating coils 845, 
I 

845a which are reproduced by a fixed head, and 860 a second 

divider for obtaining the ratio of the amplitudes of the 

outputs of the two AC magnetic field generating coils 845, 

a4Sa which are reproduced by a movable head 816. 

(5) control of the height of a magnetic head by an actuator 

The operation of the actuator 607 in the second. example 

of a conventional device will be explained with reference to 

Figs. 56 to 63. 

The first permanent magnet 622 generates magnetic 

fluxes D by the closed magnetic path formed by the pole 

piece 626, the second yoke 623 and the first yoke 621. 

Similarly, the second permanent magnet 625 generates 

magnetic fluxes E in the direction opposite to that of the 

rnag~etic fluxes D by th~ closed magnetic path formed by the 

pole piece 626, the second yoke 623 and the third yoke 624.· 

Both the magnetic fluxes D and the magnetic fluxes E 

generated in this way intersect the annular gap G in the 

same direction, and the total magnetic fluxes generated by 

the first permanent magnet 622 and the second permanent 

magnet 625 ~ross the coil 631. 

In this state, when a cux-rent is caused to flow on the 

coil 631 from the contact 612 through the electrode 613 and 

the connecting portions 615, 614, the bobbin 630 and the 



21 
movable head 616 are integrally moved in the vertical and 

. 1 direction. axia 
consequently, the movable head 616 is displaced in the 

direction of the 'width of the magneti_c tape 620 and traces 

the recorded track with high accuracy. 

Fig. 70 shows the hysteresis characteristic between the 

driving current for the magnetic head actuator 607 and the 

amount of displacement of the movable head 616, and Fiq. 71 

shows the recordinq tracking pattern on the magnetic tape 20 

at the time of recording signals by using the magnetic head 

actuator 607 having the hysteresis characteristic shown in 

F~g. 70. 

As is clear from Figs. 70 and 71, in the case in which 

the magnetic head actuator 607 is controlled only at the 

initial stage, the reference position of the magnetic head 

616 varies due ~o the hysteresis characteristic shown in 

Fig. 70, so that the recorded tracks overlaps by a. 

The movable head 616 detects the magnetic fields Bfl' 

Bf2 generated by the AC magnetic field generating coils 645, 

64Sa, respectively, every time the movable head 616 passes 

the vicinity of the AC magnetic field generator 640, and 

outputs the detection signal which is proportional to the 

intensity of the magnetic field. The band-pass .filter 642 

transmits the signal component S having a frequency of f 1 
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and the band-pass filter 643 transmits the signal component 

T having a f~equency of f 2 
I 

The levels of these two signal components S, T vary 

when the movable head 616 is moved in the axial direction of 

the rotary drum 695, in other words, with a change in the 

height of the movable head 616, as shown in Fig. 72. If it 

is assumed that the height of the movable head 616 at which 

the two signal components S, T are at the same levei is 

magnetic and the level of the signal components at that time 

is 1, a subtracter 644 obtains the difference between the 

signal·components Sand T, feeds back the difference signal 

to the actuator 607 and moves the movable head 616 in the 

direction in which the difference becomes zero. In other· 

words, the movable head 616 is moved so that the levels of 

the signal components S and T are the same, that is, the 

height of the movable· head 616 is magnetic in Fig. 72. 

Since it is possible to vary the intersection l of the 

signal components S, T and vary the height magnetic of the 

movable head 616 by varying the positions or the like of the 

AC magnetic field generating coils 645, 64Sa, it is possible 

to freely determine the reference position of the movable 

head 616. 

Although the control of one movable head i~ explained 

in the second example, it is possible to cancel the differ-

ence in head level between channels at the time of recording 
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bY an apparatus provided with a plurality of movable heads 

bY controlling each movable head in the same way. 

As shown in Fig. 73, the AC magnetic fluxes'having a 

frequency of f 1·generated by the two coils 6450, 645L of the 

AC magnetic field generating coil 645 repel each other at 

the position at which the coils 6450 and 645 L are opposed 

to each other, and a region in which the flux density is 

high and a region in which the flux density is low are 

formed in the vertical direction. 

The AC magnetic flux is reproduced by a reproduction 

signal amplifier· 650 or 651 through a rotary transformer 648 

or 649 when the movable head 616 or the audio head 637 

passes the AC magnetic field. At this time, the oscillation 

frequency f 1 of the oscillator 647 is set at a frequency 

higher than the attenuation-frequency limit of the rotary 

transformers 648, 649 defined by the frequency characteris­

tic on the low frequency side and lower than the frequency 

at which the driving current becomes difficult to supply due 

to the inductance of the AC magnetic field generating coil 

645. The attenuation-frequency limit of the rotary trans­

formers 648, 649 is generally several 10 KHz to 100 KHz. 

For example·, if the number of turns of the coils 6450, 645L 

is several hundred and the frequency at which at~enuation 

start is 1 MHz, the oscillation frequency £1 is determined 

set as, for example, 100 KHz < f 1 < 1 MHz. 
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The operation of the second example of a conventional 

device will be explained with reference to Figs. 64 to 67 • 
• 

In Fig. 64 and 66, when the magnetic head 716 or the 
' audio head 737 passes the vicinity of the AC magnetic field 

generating coil 745, the amplitude of the reproduction 

signal having a frequency of f 1 and output from the repro­

duction signal amplifier 750 or 751 is increased by· moving 

the movable head 716 upward (away f·rom the deck base} and 

reduced by moving the movable head 716 downward in the case 

in which the int~rmediate position between the two coils 

7450 and 745L is higher than height of the audio head 737 or 

the fixed height of the movable head 716 at the neutral 

position. If the intermediate position between the two 

coils 745U and 745L are lower than the height of the audio 

head 737 or the fixed height of the movable head 716. at the 

neutral positio~, the direction of attenuation of the 

reproduction signal is reversed. It is now assumed that the 

detection sensitivity for the signal output from the repro­

duction signal amplifier 750 as the reproduction signal from 

the fixed head (audio head) 737 is equal to t~e detection 

sensitivity for the signal output from the reproduction 

signal a·mpllfier 751 as the reproduction si9nal from the 

movable head 716 or they are adjusted to be equal by the 

gain adjus·tment of. the reproduction signal amplifier 750 or 

751. The cutouts of the r~oroduction s{anal ~mn11f4orq 7~n. 
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151 are passed through the band-pass filters 752, 753, 

respectively, which transmit only the frequency f 1 and 
I 

unnecessary noise is removed therefrom. These two outputs 

are supplied to th~ sample hold circuits 754 and 755 for 

sample holding or peak holding so as to obtain the maximum 

.ievels thereof and thereafter the difference in level is 

taken out by the differential amplifier 756 so as to obtain 

the difference in height between the movable head 71.6 and 

the fixed head 737 as a function of a voltage. The differ­

ence obtained is-passed through the phase compensator 757 

such as a low-pass filter in the control system, and the 

control loop is closed in the direction in which the differ-

ence in head level is cancelled. Thus, the movable head 716 

and the fixed head 737 are held such that there is no 

difference in head level at the time of recording, either. 

Similarly, in the case in which two movable heads 716 

are mounted on the rotary drum 705 at the diametrically 

opposite positions, it is possible to cancel the difference 

in the head level between channels by providing the 

above-described head height fixing control system in each 

actuator. 

In this case, the servo band of the position fixing 

control loop need not be very wide because the P?Sition 

fixing control system only corrects the difference in height 

between the movable head 716 and the fixed head 737 or 
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difference in height between two movable heads 716. Since 

the difference in height or level of head is detected at 

every other rotation of the rotary drum 705, if the rotary 

drum. 750 rotates at a rate of 1,800 rpm, the time corre­

sponding to 30 Hz is wasted by sampiing. Therefore, unless 

the control frequency band is set at not more than several 

az, the control system oscillates. For this reason, the 

compensator 757 determines the time constant and the·. gain so 

that the control frequency band becomes several Hz and the 

phase gain is not less than 60 deg. 

Returning to the second example, it goes without saying 

that in the head level control system, while the movable 

head 616 is passing over the magnetic tape along the periph­

eral surfaces of the drums 601, 605, the record-

inq/reproduction signal amplifier functions_ as a recording 

signal amplifier, and while the movable head 610 moved in 

the vicinity of the AC magnetic field generating coil 645 on 

the opposite side of the drums 601, 605 with respect to the 

magnetic tape 620, the recording/reproduction signal ampli­

fier functions as a reproduction signal amplifier. 

The head level control system has the above-described 

structure. · In the conventional device shown in Fig. 64, the 

detection sensitivities of the heads 716, 737 an~ the 

reproduction· signal amplifiers 750, 751 must be equal to 

each other or adjusted to be equal. Actually, however, it 
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iS often difficult to equally adjust the sensitivities due 

to the difference in the number of turns between the fixed 

head 737 and the movable head 716, the difference in magnet­

ic permeability~ between the head core_s, the nonuniformi ty in 

the gains of amplifiers 750, 751 and the difference in the 

temperature characteristics. 

As a countermeasure, in an conventional device shown in 

rig. 68, two AC magnetic field generating coils 845 and 845a 

having different oscillation frequencies f 1 and f 2 are 

provided and one AC magnetic field generating coil 845 is 

fixed such that the intermediate height between the two 

coils is higher than the height of a fixed head 837 and the 

intermediate height between the two coils of the other AC· 

magnetic field generating coil is lower than the height of 

the fixed head 837. At this time, if the height of a 

movable head 816 is so controlled.that the amplitude ratio 

of the output having a frequency of f 1 which is electromag-· 

netically induced by the oscillating coil 845 and reproduced 

by the fixed head 837 and the output having a frequency of 

£2 which is electromagnetically induced by the oscillating 

coil 845a and reproduced by the fixed head 837 is equal to 

the amplitude ratio of the outputs of the movable heads 816, 

it is possible to cancel the difference in height between 

the movable head ·016 anc;l the fixed head 837 irrespective of 

the difference in the number of turns between heads, the 
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difference in magnetic permeability between the head cores, 

the nonuniformity in the gains of amplifiers and the differ-
I 

ence in the temperature characteristics so long as the 

frequency characteristics of the fix~d head system and the 

movable head system are not greatly deviated from the 

frequency characteristic of each of the heads and reproduc­

tion signal amplifiers at the frequencies f 1 and f 2 • The 

output reproduced by the movable head 816 is input to 

band-pass filters 853, 853a for transmitting only the 

frequencies f 1 and f 2 , respectively, and the amplitudes of 

the reproduced signals are input to a divider 860 through 

sample hold circuits {or peak hold circuits) 855, 855a and 

taken out as a division signal. Similarly, the output 

reproduced by the fixed head 837 is input to band-pass 

filters 852, 852a for transmitting only the frequencies f 1 

and f 2, respectively, and the amplitudes of the reproduced 

signals are input to a divider 859 through sample hold 

circuits 854, 854a and taken out as a division signal. The 

difference between these division signals is obtained by a 

differential amplifier 856, whereby it is possible to detect 

the direction and the amount of deviation of the height of 

the movable head 816 from the height of the fixed head 837. 

For example, if the top of the movable head 816 is situated 

at a position higher than the top of the fixed head 837 (the 

movable head 816 deviates from the fixed head 837 in the 



29 
direction which is away from the deck base), in the repro­

duction signal of the ~ovable head 816, the amplitude of the 
I 

frequency component f 1 is larger than that of the frequency 

component £ 2 as'compared with the reproduction signal of the 

fixed h~ad 837. Consequently, the output signal of° the 

differential amplifier 856 is negative, so that the movable 

head 816 is moved down to the position at which there is no 

difference in head level. 

In the above-described manner, accurate head level 

control is executed even if there is nonuniformity in 

sensitivity between the heads 816, 837 or the head amplifi­

ers 850, 851. The conventional device shown in Fig. 68, 

however, requires the highly accurate dividers 859, 860, 

which may lead to rise in cost. 

(6) Fifth example of a conventional device 

Fig. 74 is a circuit diagram of a fifth example of a 

conventional device, which does not use a divider. The 

reference numeral 961 represents a switching circuit, 962 a 

a timing controller for controlling the holding timings of 

sample hold circuit 955, 95Sa. 

In the fifth example, the output of a fixed head 937 

which is amplified by a reproduction signal amplifier 950 

and further the outputs of band-pass filters 952r 952a for 

transmitting only the frequencies f 1 , f
2 

are so controlled 

that the amplitudes of the output signals having frequencies 
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of £1 (= 150 KHz) and f 2 (= 200 KHz), respectively, are 

equal by adjusting the positions at which AC magnetic field 
I 

generating coils~945, 945a are provided and the driving 

voltages. of the drivers 946, 946a by .adjusting terminals 

while observing the output level of the reproduction signal. 

BY controlling the height of a movable head 916 so that the 

amplitudes of the reproduction signal components having 

frequencies of f 1 , f 2 are equal in this way, it is possible 

to eliminate the difference in level between the movable 

head 917 and the fixed head 937 without using a divider. 

~ In this example in which the two movable heads 916 are 

mounted on a rotary drum at diametrically opposite posi­

tions, the control of these heads is executed by distribut­

ing a reproduction signal of each channels to four sample 

hold circuits 955, 955a by the analog switching circuit 961 

which is provid~d at the subsequent stage to band-pass 

filters 953, 953a. In this case, two differential amplifi~ 

ers 956, 956a, two compensators 957, 957a and two drivers 

958, 9-58a are necessary at the subsequent stages. Such 

correspondence to multi-channels are also applicable to the 

conventional devices shown in Figs. 64 and 68. The control 

frequency band is set in the conventional device shown in 

Fig. 74 in quite the same way as in the conventional devices 

shown in Figs. 64 and 68, and the gain and the phase is 
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generally picks up a magnetic flux in the direction to which 

the circ~mference of the rotary drum is connected, if the AC 
I 

magnetic field generating coils have the configurations 

shown in Fig.~~6, the outputs are taken out in reproduction 

envelopes such as those shown in Figs. 75 to 77. In the 

case of the structure shown in Fig. 74, since the reproduc­

tion signal of the fixed head 937 is adjusted so that f 1 and 

£
2 

are equal, the output signal takes the form show~ in Fig. 

75. Even if the sensitivity between the head and the head 

amplifier is deviated from that of the movable head. system, 

when the levels of the frequency components f 1 and f
2 

becomes equal after the control of the movable head 916, as 

shown in Fig. 77, the difference in head level is cancell~d. 

(7) Sixth example of a conventional device 

Fig. 78 is a circuit diagram of a sixth example of a 

conventional device. This·example has a structure similar 

to that which is generally used by a minute displacement 

gauge. An AC magnetic field generating coil 1045 is dis-

posed such.that the intermediate height of the two coils 

thereof is the same as the height of a movable head 1O16. 

When the movable head 1016 is deviated in the vertical 

direction, the.direction and the amount of deviation of head 

level is detected by detecting the deviation of th~ ampli­

tude and the phase shift by a·· synchronou·s detector 1063, as 

shown· in Fig. 79. In this case, the processing after sample 
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holding the synchronous detection signals is the same as in 

the conventional devices shown in Figs. 64, 68 and 74. In 
I 

this way, if ~t is possible to control the difference in· 
' . 

ievel between the movable head 1016 and the fixed head 1037 

50 as to be constantly cancelled at the time of recording, 

it is unnecessary to attach a fixed head exclusively for 

recording to a rotary drum 1005, and recording, reproduction 

and superior reproduction of a video signal, for example, 

can be assigned to the movable head 1016 mounted on an 

actuator 1007. In addition, since it is possible to adjust 

the level of the movable head 1016 to the level of the fixed 

head 1037, it is possible to mount a Hi-Fi audio head 1037 

for a VHS format and an erase head 1038 for recording new 

information on the recorded track on the rotary drum 1005 

and to mount an EP head 1035 and an SP head 1036 on the 

actuator, as shown in Fig. 80. It is thus possible to 

greatly simplify the arrangement of heads in comparison with 

the arrangement shown in Fig. 61. 

In the example shown in Fig. 81, the amplitudes of the 

reproduction signals having frequencies of £ 1 and f 2, 

respectively, which are output from the fixed head 1037, are 

adjusted to be equal by adjusting the mounting position of 

the AC magnetic field generating coils 1045 and the driving 

voltage levels. However, it is sometimes impossible to make 

those amplitude equal merely by adjusting the mounting 
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~osition of the AC magnetic field generating coils 1045 or 
t:' 

the driving voltage levels, or the·initial adjustment solely 

is sometimes insufficient for practical _use due to tempera-
..... .. 

tore character.istics, change with ttm'?, etc •. 

(S) seventh example of a conventional device 

Fig. 81 is a circuit diagram of a seventh example of a 

conventional device. In this example, an AC magnetic field 

control system is provided so as to electrically adjust the 

auplitudes of the reproduction signals of a fixed head 1137 

to be equal when· they cannot be made equal by the adjustment 

of the mounting position of an AC magnetic field generating 

coil 1145. The reference numeral 1165, 1165a represent 

variable gain control amplifiers for controlling the level 

of the AC magnetic fields generated by coils 1145 and 1145a. 

In this example, the amp_litudes of the. output signals 

having frequenci~s of f 1 and £2, ~espectively, which are 

output from a fixed head 1137 and passed through band-pass 

:ilters 1152, 1152a, are adjusted to be constant by input­

ting the outputs of sample hold circuits 1154, 1153a to the 

gain control input term~nals of the variable gain control 

auplifiers 1165, 116Sa, respectively. In this way, the 

a:nplitude is so controlled as to be constant (in this case, 

the reproduction outputs of .the fixed head 1137 having 

frequencies £1, f 2 are so controlled as to have equal 

C...1lplitude.s) irrespective of variation of the mechanical 



sition control of the AC magnetic field generating coils po 

1145, 1145a, temperature characteristics, change with time, 

etC• 

(g) Eight exampl.e; of a conventional device 

Fig. 82 is a circuit diagram of an eighth example of a 

conventional device. This device has the same structure as 

the device shown in Fig. 81 except that the control of the 

magnetic field level is executed by adjusting only on~ AC 

magnetic field generating coil 124Sa. The reference numeral 

1266 represents a differential amplifier. 

In this example, the signal components having frequen-

cies of f 1 and f 2 are extracted from the reproduction output 

of a fixed head 1237 by band-pass filters 1251, 1252a, 

respectively, and supplied to sample hold circuits 1254, 
-

1254a, respectively. The differential amplifier 1266 

obtains the difference between the· values output from the 

sample hold circuits 1254, 1254a and supplies the driving 

voltage level of the AC magnetic field generating coil 1245a 

to the variable gain.control amplifier 1265. In this way, 

the reproduction output level from the other AC magnetic 

field generating coil 1245 and the reproduction output level 

from the Ac· magnetic field generating coil 1245a are adjust­

ed to be equal. This example produces a similar. effect to 

that of the example shown in Fig. 81. ·· 
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By adding the AC magnetic field control system for 

controlling the AC magnetic field generating coils 1245, 

1245a, it is possible to maintain the accuracy ot the 

movable head pos~tion control system shown in Fig. 74·even 

if ther~ is a fluctuation in adjustment of the mounting 

position of the AC magnetic field generating coils 945, 

9 ~;a, temperature characteristics, change with time or the 

like. 

Although the devices shown in Figs. 64 to 82 have 

analog circuit structures, it goes without saying that the 

o~tput of a reproduction signal amplifier or a band-pass 
. . 

filter may be subjected to analog-digital conversion, and 

after processings such as subtraction, sample holding and. 

ccmpensation filtering by a digital circuit or a software in 

a microcomputer, the processed output may be subjected to 

digital-analog conv·ersion so as to drive an actuator. 

(10) AC magnetic field generating means 

The structure of an AC magnetic field generating coil 

will now be explained in detail. 

In order to rapidly change the flux density depending 

u~on locations, it is first necessary.to concentrate magnet­

ic fluxes. · For example, there is a method of concentrating 

magnetic fluxes by applying a current to coils which are 

opposed to each other, as shown· in Fig. 67, so as to cause 

·the coils -to repel each other. 

·~ .. "'"'! .. 
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As showri in Fig. 73, magnetic fluxes are concentrated 

the region between the coils. As magnetic fluxes are 
on 
apart from the core, they rapidly diverge and the flux 

density becomes ~ow. In this way, this me~hod is tavorable 

because flux density is different in locations. The change 

in flux density here does not ·refer to a change in number of 

magnetic fluxes at a certain position but a change ~n the 

flux density in the direction in which a movable ·head can 

detect magnetic fluxes with respect to the axial direction 

of the rotary drum, as described above. It is therefore 

necessary to investigate the direction of magnetic fluxed 

generated by an AC magnetic field generating coil. Fig. 83 

schematically shows the coordinate plane for examining the 

magnetic field distribution of an AC magnetic field generat-

ing coil 1345. The reference numerals 134.SU, 134 SL denote 

coils, 1345c a magnetic core composed of ·a soft magnetic · 

material such as soft iron, and 1346 an AC power source for 

apply.ing a current to the two coils 1345U, 134SL. The plane 

A is a plane which has the center axis L of the magnetic 

- core 1345c as the normal line and which intersects the 

center of the space between the two coils 1345U, 1345L. The 

plane B ·is ·a plane parallel to the plane A and distant 

therefrom by d, and the plane C is a plane parallel to the 

Plane A and the plane B and distant from the plane B by d 

and from the plane A by 2d. · The curved surface D is a part 

·.··~ 
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f 
~he peripheral surface of a cylinder which has the center 

0 .. 

a~is in the same direction as the center axis L of the 

magnetic core 1345c and which has a radius of R. It is 

assumed that the ~urved su~face D r.epresents a peripheral 

surface of a rotary drum arid that the lines where the curved 

surface D intersect the planes A, B and C represent the loci 

of the movable head. 

Although an AC current is actually applied to the coils 

1345U, 1345L, it is assumed here to apply a DC current · 

thereto for the convenience of explaining the principle. 

Figs. 84 to 86 schematically show the vectors of magnetic 

flux on each plane when a DC current is applied th the coils 

13450, 1345L so as to cause the poles to repel each other~ 

In each drawing, the circle represents the cross section of 

the magnetic core, and the curve X - X' a line where each 

plane iriters·ects the curved surface D. 

Referring first to the plane A, in the region close to· 

the magnetic core 1345c, the vector of magnetic flux on the 

vla~e A is large, and as magnetic fluxes are apart from the 

core, they take a roundabout path, so that the vector of 

magnetic flux on the plane A is rapidly reduced. 

On the plane B which is distant from the plane A by d, 

since magnetic fluxes take a roundabout path, the vector of 

magnetic flux on the plane B is at its maximum in a region 

Which is apart from the core 1345c to a certain extent. 

- -~ 

•· 
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This phenomenon is the same with the plane C, but since 

gnetic fluxes take a roundabout path and the vector of 
ina 

.magnetic flux gradually a.pproaches zero, the abs~lute value 

f the vector is smaller than that on the plane B. 
0 ~~ 

As described above, the curve X - ·x• on each plane 

represents the locus of the movable head, and the direction 

in which magnetic fluxes can be detected by the movable head 

is represented by the line.connecting the points on the 

curve X - X'. In Fig. 87, the magnetic fluxes in.Figs. 8~ 

to 86 are converted into AC magnetic fluxes and the curved 

surface D is developed into a flat plane. Each group of the 

arrcws represents the vector of magnetic flux on the plane D 

on each line where the plane D intersects the corresponding 

plane. Since the magnetic fluxes are AC magnetic fluxes, 

the vector is represented by pairs of arrows pointing the 

opposite directions. 

Figs. 88 to 90 show the waveforms output by the induced 

electromotive force of the movable head which has passed the 

lines where the planes A, B and c, respectively, intersect 

the curved surface D on the assumption that the magnetic 

flux distribution is as shown in Fig. 87. As is obvious 

from the output waveforms, the peak level is different in 

planes. In this example, the peak level on the plane B is 

the highest. In other words, the peak level is a nonlinear 

function which depends upon the amount of displacement of 



the movable head in the axial direction of the rotary drum. 

lt is therefore possible to know the absolute position of 

the movable head by detecting the peak level of the output 

~aveform. · .. ' 
In order to control the position by the movable head as 

a position sensor, the AC magnetic field generating coil 

!345 is disposed such that the movable head is fixed in a 

region in which the variation of the- peak level of the 

output waveform is large, i.e, the region between the plane 

A and the plane B or the region between the plane B and the 

plane C in Fig. 87. 

The above-explained magnetic field distribution is 

obtained in the case in which the AC magnetic field generat­

ing coil 1345 is driven by a specific AC voltage. The 

magnetic field distribution is a function which also depends 

upon a voltage· amplitude. Therefore, by controlling the 

voltage so as to maximize the variation of the peak level of 

the output waveform with respect to the height of the head, 

the position of the movable head can be controlled. 

The AC magnetic field generating coil 1345 provided in 

a drum deck in this way may exert a deleterious influence 

such as generating noise in the linear audio head and 

erasing information on the magnetic t·ape. A method· of 

shielding magnetism by covering a part.of a magnetic field 

generating element with a soft magnetic material 1345s, as 

( 
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shown in Fig. 91 is known. Fig. 92 shows the soft magnetic 

material, as viewed in the direction indicated by the arrows 

'i - y. shown in Fig. 91. The above-described deleterious 

influence is prev~nted in this way. 

The AC magnetic field generating coil ll45 in this 

example has the structure shown in Fig. 83 so as to concen­

trate magnetic fluxes. Alternatively, it may have a struc­

ture such as those shown in Figs. 93 and 94 although the 

sensitivity of the sensor is deteriorated. 

In the above-described conventional devices, the 

mechanical accuracy for mounting the magnetic field generat­

ing coil 640, for example, in Fig. 63 is sufficient even 

with a change with temperature and time taken into consider-

ation. That is, when the accuracy for mounting the coil 640 

is sufficiently lower than the tolerable accuracy for fixing 

the position of the movable head 616, it is possible· to set 

ti:e height of the movable head 616 at the position !'.leter-

mined by the mounting position of the magnetic field gener-

ating coil 640 in the above-described manner. 

Even in the case in which the accuracy for mounting the 

coil 640 is low, when a rotary drum provided with a plurali­

ty of movable heads, as shown in Fig. 63, is ·used, it is 

possible to make the relative height of each movable head 

equal. (In this case, it is impossible to control the 

r.eight of the head on the basis of the absolute height of 
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~e movable head 616 from the deck base which supports the 

ti• 

rotarY drum 6 O 5) • 
I 

It is also possible to make the height of the movable 

head 616 equal t~~ the height of the fixed head on the rotary 

As described above, it is possible to control the 

absolute height of the movable head so as to be equal to the 

position at which the magnetic field generating c·oil is 

mounted or to the absolute position of the fixed head, ·or to 

control the relative height of each head so as to be equal. 

In the present system. such as the VHS format a_nd the B 

format, however, there is a case in which the height of the 

movable head must be so controlled as not to be equal to the 

height of the fixed head but to be a little deviated there-

from. In addition, in other systems such as an 8-rnrn video 

and D-1 or D-2 digital VTR, if it is· possible to regulate 

the absolute height of the movable head from the deck base 

to a predetermined height, it is possible to form an accu­

rate recorded track in accordance with the corresponding 

tape format. If the coil mounting accuracy required with 

due consideration of temperature characteristics and a 

change with· time is not so strict, the working accuracy 

required_ for coil is also lessened and the adjus~rnent of the 

coil becomes easy, which.leads to reduction in the cost of 

... . : ~ 



the system. A means for detecting the absolute height of 

the movable head from the deck base is therefore demand~d. 

In the conventional devices, it is only possible to 

detec~ t~e height~~ of the head .at a predetermined point at 

every rotation of the rotary drum. Since the movable head 

sometimes moves within one rotation of the drum due to a 

change in the tension of the magnetic tape or in the sliding 

friction between the tape and the head, or sometimes m~chan-

ically vibrates, it is necessary to take a measure such as 

reduction in the mechanical resonance by increasing the 

rigidity of. the gimbal spring of the movable head actuator 

{Fig. 65). 

Accordingly, it is an . aim of the present invention 

to eliminate the above-described problems in the related art 

and to provide· a movable head position controlling device 

for magnetic recording and reproducing apparatus·: ' which is 

capable of setting a sufficiently wide control frequency 

band without increasing the size of an actuator and which is 

capable of damping control of the actuator without using a 

differentia,tor. 

It is another aim of the present invention to 

provi~e a movabl~ head position controlling device for 

magnetic recording and reproducing apparatuses which is 

capable of regulating the movable head to be a predetermined 

liiiliHf 
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absolute height (the height of the head from the deck base) 

which is positioned at the time of· recording ir~espective·of 

the mounting accuracy for an AC magnetic field generating 

coil and which is _capable of suppressing the deviation of 

the height and the vibration of the movable head within one 

rotation of the rotary drum, thereby enabling an ideal 

recording tracking pattern to be formed in a magnetic 

recording and reproducinq apparatus. 

According to a first aspect of the present 

invention, there is provided a device having a fundamental 

structure (first structure) composed of the following 

elements: 

A) a magnetic head moving means for moving the magnetic 

head in a predetermined direction at a speed which corre-

spends to a driving signal; 

B) a position detecting means for detecting the posi­

tion of the magnetic head in the predetermined direction and 

outputting ~he result as a position deflection signal; 

C) a speed estimating means for estimating the speed of 

the magnetic head in the predetermined direction on the 

basis of the driving signal and the position deflection 

signal and outputting the estimated value which is multi­

plied by a pr.edetermined coefficient; and 

D) a feedback and damping means for supplying a signal, 

Which is obtained by subtracting the output of the speed 
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tl.·ng means from a signal from another circuit, to the· 

netic head moving means as a driving signal so as to damp 
rr.a9' 
·e magnetic head moving means. tn 

Jn this structure, it is possible t.o damp the magnetic 

·head moving means (including an actuator, for example) by 

the subtraction of a driving signal, in other words, by an 

iectrical means or a software means. It is possible to e-

suppress the mechanical resonance of the magnetic head 

moving means and enhance the controllability thereof by such 

d~upinq. .In addition, it is possible to take a large 

feedback gain for damping, especially, in the. case in which 

accurate estimation of the speed of the magnetic head is 

possible. 

In a second aspect of the present invention, there is 

provided a device having a fundamental structure (second) 

composed of i;he following elements: 

A) a magnetic head moving means for moving the magnetic 

head in a predetermined direction at a speed which corre­

sponds to a driving signal and generating a counter 

electromotive force, which indicates the speed, in the 

interior of the magnetic head moving means when the driving 

signal is applied; 

B) an equivalent coil having an inductance ~pproximate­

ly equal to -that of the magnetic head moving means and 

generating a counter electromotive force, which indicates 

"''. ""'·· 



speed, in the interior of the equivalent coil when the 
the 

·~ing signal is applied; 
drl. 

C) a speed.estimating means for estimating the speed of 

the magnetic he_a..d _in the predetermine~ direct.ion by detect­

. ·
9 

the counter electromotive force generated in the equiva-
1n 
ient coil and outputting the estimated value which is 

multiplied by a predetermined coefficient; and 

D) a feedback and damping means for supplying a _signal, 

~hich is obtained by subtracting the output of the speed 

estimating means from a signal from another circuit, to the 

magnetic head moving means as·a driving signal so as to damp 

the magnetic head moving means. 

In this structure, approximately the same operation and 

effect as in the first fundamental structure are obtained. 

This structure, however, is different from the first struc­

ture in that the damp~ng is restricted to electrical damping 

and in the flow and amount of damping. Although the amount· 

of damping is less in this structure, since the structure is 

inexpensive, this is suitable for a magnetic recording and 

reproducing apparatus in which the magnetic head position 

control device is mainly used for controlling the position 

of the movable head at the time ·of superior reproduction. 

"In a third aspect of the present invention,. there is 

provided a device having a fundamental structure (third) 

composed of the following elements: 

.. 
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A) an actuator disposed in a rotary drum so as to hold 

a magnetic head such that at least the magnetic head 

proje.cts from the peripheral surface of the rotary drum and 

to move the magnetic head . the axial direction of the in 
..... 

rotary ~rum in accordance with a driving signal1 

B) a.magnetic field detecting element disposed on the 

peripheral surface of the rotary drum at a predetermined 

position in the axial direction of the rotary drum so as to 

detect a magnetic field; and 

C) an actuator controller for controlling the position 

of the magnetic head in the axial direction of the -rotary 

drum so as to be equal to that of the magnetic field detect­

ing element, the actuator including: 

a) a coil which is disposed outside of the rotary drum 

in such a manner as to face the peripheral surface of the 

rotary drum so as to generate a magnetic field in accordance 

with the supply of an AC current and on which an 

electromotive force is generated by electromagnetic induc­

tion when the magnetic field is intersected by the magnetic 

head and the magnetic field detecting element during the 

rota ti on of the rotary drum; and 

b) an ·absolute height correction loop for correcting 

the driving signal so that the driving signal ou~put when 

the electromotive force is generated on the coil by the 

magnetic head is equal to the driving signal output when the 



tromotive force is generated on the coil by the magnetic 
elec 

. ld detecting element. 
f 1e 

I 

In this st~ucture, the position of the magnetic head is 

controlled a~ to be at a predetermined absolute -height. so . ~ 

consequently, it is possible to control the. po.si tion of the 

magnetic head irrespective of the mounting accuracy for the 

magnetic head or the like. In addition, it is possible to 

form an ideal recording tracking pattern while suppressing 

the deviation of the height of the movable head and vibra­

tion thereof within one rotation of the rotary drum in 

magnetic recording and reproducing apparatupes of variou·s 

formats. 

In a fourth aspect of the present invention, there is 

provided a device having a fundamental structure (fourth) 

composed of the following elements: 

A) an actuator disposed· in a rotary drum. so as to hold 

a magnetic head such that at least the magnetic head 

projects from the peripheral surface of the rotary drum and 

to move the magnetic head in the axial direction of the 

rotary drum in accordance with a driving signal; 

B) a magnetic field detecting element disposed on the 

peripheral surface of the rotary drum at a predetermined 

position in the axial direction of the rotary drpm so as to 

detect a magnetic field; and 

-~. 
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C) an actuator controller for controlling the position 

of the magnetic head.in the axial direction of the rotary 

drum so as to be equal to that of the magnetic field detect­

ing element, the ~ctuator being dispo.sed outsid·e of the 

rotary drum and including: 

a) a coil which is disposed outside of the rotary drum 

in such a manner as to face the peripheral surface of the 

rotary drum so as to generate a magnetic field in ·.accordance 
. . 

with the supply of an AC current and on which an 

electromotive force is generated by electromagnetic induc­

tion when the magnetic field ·is intersected by the magnetic 

head and the magnetic field detecting element during the 

rotation of the rotary drum1 and 

b) a controlling means for controlling the position of 

the magnetic head in the axial direction of the rotary drum 

so that the. dri:ving signal output when the electromotive 

force is generated on the coil by the magnetic head is equal 

to the driving signal output when the electromotive force is 

generated on the coil by the magnetic field detecting 

element by supplying a signal to the actuator~ and 

D) a rotary transformer having channels which corre-

spond to the magnetic field detecting element and the 

magnetic head, respectively, and connecting the magnetic 

head and the magnetic field detecting element which rotate 

together with the rotation of the rotary drum to the 
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t
uator controller which does not rotate together with the 

aC 

i of the rotary drum. 
rotat on 

According to this structure, it is possible'to bring 

about the operati~n ~nd the effect of the third fundamental 
~ 

structu~e with the same facility as in the second fundamen-

tal structure. 

In the first and third fundamental structure, the 

accurate speed can be estimated by using an observer in 

accordance with the modern control theory as the speed·:. 

estimating means. A co-dimensional and a 

minimum-dime~sional observers are typical of such an observ-

er. A co-dimensional observer, which is suitable for the 

present invention, is composed of the following elements:. 

A) a model block for electrically simulating the 

behavior of the magnetic head moving means (or the actuator) 

and outputting_ the estimated values of the position of .the 

magnetic head in a predetermined direction (e.g., in the 

axial direction of the rotary drum) and the speed of the 

movable head; and 

B) ·an estimated speed outputting means for multiplying 

the estimated value of the speed which is output from the 

model block· by a predetermined coefficient and outputting 

the product. 

In order to stabilize the operation, the co-dimensional 

observer preferably includes the following elements: 

~--
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C) an estimated error outputting means for subtracting 

the estimated value of the magnetic head position which is 
I 

output from the model block from the position deflection 

signal and outputting the difference as an estimated error; 
.... 

and 

D) a means for feeding back the estimated error to the 

model block. 

In the first and the third fundamental structure, the 

co-cimensional observer may adopt the following structure: 

A) the magnetic head moving means (or the actuator) 

includes a fixed-portion for supplying a constant magnetic 

field and a movable portion _for generating a magnetic field 

in accordance with the driving signal and being moved in a 

predetermined direction (e.g., in the axial direction of the 

rotary drum) by the interlinkage between the generated 

ma~netic fieid and the constant magnetic field; and 

B) the position detecting means includes a magnet fixed 

to the movable portion, a Hall sensor for detecting the 

rna~netic field generated by the magnet fixed to the fixed 

portion, and a means for outputting the position deflection 

signal which indicates the position of the magnetic head in 

the predetermined direction on the basis of the magnetic 

field detected by the Hall sensor. 

In this case, if _the position detecting means further 

includes a means for magnetically shielding the magnet and 
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the magnetic head, good magnetic recording and reproducing 

operations are maintained. 

The position detecting means may also have the follow-

ing optical stru.,~ture. That is, the .~osition-detecting 

lileans may be composed· of: 

A) a light emitting portion fixed to the fixed portion 

50 as to emit light1 and 

B) a light receiving portion fixed to the movable 

portions so as to receive the light emitted from the iight 

emitting portion, detect the degree of unbalance of the 

amount of light received, and output the position deflection 

signal which indicates the position of the magnetic head. 

This type of optical structure can produce a similar -

effect to the effect obtained by magnetic position detec-

ti on. 

The following modification is also possible.- _ That is, 

the position detecting means may be composed of: 

A) a light emitting portion fixed to the fixed portion 

so as to emit light; 

B) a reflecting portion fixed to the movable portion so 

as to reflect the light emitted from the light emitting 

portion; and 

C) a light receiving portion for receiving the light 

reflected by the reflecting portion, detecting the degree of 

unbalance of the amount of light received, and outputting 
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the position deflection signal which indicates the position 

of the magnetic head. 
I 

This type of optical structure can again produce a 

-imilar ef feet to the. e~fect obtained by magnetic position 
~ ,, 

eetection. 

In the case of such optical position detection, a 

structure in which the .light receiving portion is divided 

into a plurality of light receiving pieces in the predeter­

~ined direction, and each difference between these light 

receiving pieces is detected as the degree of unbalance of 

the amount of light received is preferably simple. 

In such a structure, it is possible to separate the 

actuator from the driver (i.e., circuit portion). Both the 

structure in which the driver and the speed estimating means 

are fixed to the rotary drum and the structure in which the 

· speed estimating means, the ·feedback and damping means and 

the driver are disposed outside of the rotary drum are 

possible. In the latter case, slip rings for connecting the 

actuator to the driver, and the position detecting means to 

the speed estimating means, respectively, may be preferably 

provided. 

In the· second fundamental structure. of the present 

invention, a structure in which an equivalent re~istor 

having an approximately equal resistaric.e to that of the 

~agnetic head moving means is provided and the counter 

- ~ .. ·" -- .. 



electromotive force produced in the equivalent coil is 

detected through the equivalent resistor is more preferable. 
I 

It is thereby possible to estimate the speed and carry out 

the damping operation with comparative accuracy • .... 
If a current feedback means is provided in the second 

fundamental structure, it is possible to use what is called 

current driving and voltage driving for proper in its proper 

way by setting the frequency characteristic of the fe~dback 

gain. In this case, a driving current detecting means··. for 

detecting and ~utputting the driving signal which is sup-

plied to the magnetic head moving means as a driving cur­

rent, and a first band limiting means for limiting the 

detected driving current to a predetermined frequency band 

are necessary. The current feedback means subtracts the 

driving current with the frequency band thereof limited from 

the driving·signal which is being supplied to the magnetic 

head moving means, and supplies the thus-obtained difference 

signal to the magnetic head moving means as the driving 

signal. 

If a difference current feedback means is provided in 

the second fundamental structure, it is possible to enlarge 

the damping· band. In this case, a driving current estimat­

ing means for converting the counter electromotiye force 

Which is.detected by the speed estimating means into a 

current, a driving current error detecting means for 

- ,5~ -



obtaining the difference between the converted current and 

the driving current detected 

. g means and outputting the ln 

by the driving current detect-
I 

difference as the difference 

signal, _and a..~second band limiting means for limiting the 

difference signal to a predetermined frequency band are 

necessary. The difference current feedback means subtracts 

the difference signal with the frequency band thereof 

limited from the signal which is supplied from another 

circuit and supplies the thus-obtained difference signal to 

the current feedback means. 

In the third fundamental structure, it is preferable 

that a position detecting means for detecting the position 

of the magnetic head in the axial direction. of the rotary. 

drum and outputting the detected position as the deflection 

position signal is provided and the actuator controller 

includes a positio_n control loop. The position. control loop 

corrects the driving signal in accordance with the position· 

deflection signal. 

It is also preferable that a speed estimating means for 

estimating the speed of ,the magnetic head in the axial 

direction of the rotary drum on the basis of with the 

position detection signal and the driving signal is provided 

and that the actuator controller includes a damP.ing loop. 

The damping loop damps the driving signal in accordance with 

the speed estimated by the speed estimating means • 

..: . .... --.. -
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rt is desirable that the open loop gain of the position 

control loop is increased in the high-frequency band by a 

position control compensator while the open loop
1

gain of the 

absolute heigh~ correction loop is increased in the 

iow-frequency band by a low -frequency ·compensator. 

These three feedback loops, namely, damping , position 

control and absolute height correction feedback loops can be 

realized by using a software. In this case, the speed 

estimating means is a processor for executing a main~routine 

including observer routine, position control routine, 

absolute height correction routine, s~btraction routine and 

output routine every time a clock pulse is received. 

Each of the routines will be explained in detail in the 

following. 

In the observer routine, first, the behavior of the 

actuator in· accordance with the dr~ving signal is simulated 

and the estimated value of the speed of the magnetic· head in 

the axial direction of the rotary drum is multiplied by a 

predetermined coefficient, the product being stored at a 

variable o1 • 

In the position control routine, next, the driving 

signal is filtered such that the gain in the high frequency 

band is increased and the result is stored at a variable o2• 
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In the absolute height correction routine, the driving 

signal is filtered such that the gain in the lo~ frequency 

band is increased and the result is stored at a variable o3• 

In the sub~raction routine, o3-- o2 - Oi is calculated. 

Finally, in the output routine, the result of o3 

o
1 

is output to the actuator • 
. 

- b. -2. 

By realizing these feedback loops by using a software, 

the structure.of the movable head position controlling 

device is simplified. 

The above and other aim, features and advantages of 

the present invention will become clear from the following 

description ofexemplary enibodiments thereof, when taken in 

conjunction with the accompanying drawings_, in which: 

Fig. 1 shows an example of a speed estimating observer 

having a hardware structure; 

Fig. 2 shows the frequency characteristic of an actua-

tor, in particular, the difference in characteristic depend-

ing upon the presence or absence of the observer shown in 

Fig. 1; 

Fig. 3 shows a complex plan of the pole-positioning of 

an actuator, pole-positioning of an observer and 

pole-positioning of a regulator system; 

Fig. 4 is a block diagram of the structure of a fiist 

embodiment of the present invention which incorporates the 
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observer shown _in Fig. 1, with a perspective view of a 

rotary drum and the vicinity thereof added thereto; 
I 

Fig. 5 is a perspective view of the arrangement on the · 

rinted circuit board in the fi~st embodiment, with a 
p ' 
partial~y enla~sed view in the form of a block diagram; 

Fig. 6 is a sectional view of an actuator including a 

··all sensor which is used in the first embodiment; r. 

Fig. 7 is a partially sectional view of a~ actuator 

including a Hall sensor which is used in a second eiiibodiment 

of the present invention; 

. Fig. 8 is a sectional view of an actuator including an 

optical position detecting means which is used in a third · 

embodiment of the present invention; . 

Fig. 9 is a partially sectional view of an, actuator 

including an optical position detecting means which is used 

in a :fourth embodiment of the. present Invention and which is 

a modification of ·the actuator shown in Fig. 8;, 

Fig~ 10 shows the principle of position detection by 

~eans of the actuator shown in Fig. 9; 

Fig. 11 is a block diagram of the structure of a fifth 

e;m,odiment of the present invention in which a circuit 

structure such as an observer is disposed outside of a drum; 

Fig. 12 shows the characteristics of a control system, 

in particular, the characteristic of each loop; 
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Fig. 13 shows the characteristics of a control system, 

in particular, the electrical -damping operation in an 

actuator; 

Fig. 14 show~ the characteristics of a control system, .... 
in particular, output characteristic of a capstan motor; 

Fig. 15 shows the characteristic of a control system, 

in particular, the output characteristic of a capstan motor; 

Fig. 16 shows the structure of a sixth embodiment of 

the present invention which adopts_ a wobbling system; · 

Fig. 17 shows the structure of a seventh embodiment of 

the present· invention, which is a modification of the sixth 

embodiment shown in Fig. 16; 

Fig. 18 shows the magnetic heads in the seventh embodi-

rnent in the state of tracing on the magnetic tape; 

Fig. 19 is a circuit diagram of an observer composed of 

an anal6g circuit; 

Fig. 20 shows the structure of a damping controller for 

executing a damping system by feeding back a counter 

electromotive force; 

Fig, 21 is a circuit diagram of the improved damping 

controller shown in Fig. 20; 

Fig. 22 is a· partially sectional view of the structure 

of the interior of the drum in an eighth embodi~ent of the 

present invention; 

.• 
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Fig. 23 shows the arrangement of the heads on the 

·-ha! spring in the eighth embodiment shown in Fig. 221 
9lJiUJ 

Fig. 24 shows the structure of a magnetic field detec-

tor in a ninth embodime~t of the present invention; 
' .. 

Fig. 25 is a circuit diagram of the structure of a 

detection signal amplifier of an absolute height detector in 

a tenth embodiment of the present invention; 

Fig. 26 shows the operation mode for a switc~ing 

transistor with respect to one rotation of -the rotary a:rum; 

Fig. 27 is a plan view of an example of the arrangement 

of heads in a VHS syst~m or the like; 

Fig. 28 shows the arrangement of channels of the rotary 

transformer in the case of adopting the head arrangement · 

shown in Fig. 27; 

Fig. 29 schematically shows the relationship between 

the channel for applying a r~·cording current and a channel 

for detecting the height of a head in the case of adopting 

the head arrangement shown in Fig. 27; 

Fig. 30 is a block diagram of the structure of a 

twelfth_ embodiment of the present invention having damping 

loop, position control loop and absolute height correction 

loop; 

Fig. 31 shows the frequency characteristic of each loop 

shown in Fig •. 30 7 

... 
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Fig. 32 shows the frequency characteristic of the open 

100
p gain of each loop in a design different from that shown 

in Fig. 31; 

Fig. 33· shows the gain-freq~ency characteristic of a 

iag-lead filter portion of. a low frequency compensator;. 

Fig. 34 shows the gain-frequency characteristic of a 

primary low-pass filter portion of the low frequency compen-

5ator; 

Fig. 35 shows the gain-frequency characteristic·.-.of a· 

secondary low-pass filter portion of the low frequency 

compensator1 

Fig. 36 shows the structure of a low frequency compen­

sator which is composed of a cascade connection of the three 

different filters having the characteristics shown in 

Figs. 33, 34 and 35, respectively; 

Fig.· 3·7 shows the gain-frequency characteristic of a 

low-pass filter portion of a position compensation control-· 

ler; 

Fig. 38 shows the gain-frequency characteristic of a 

high-pass filter portion of the position compensation 

controller; 

Fig. 3·9 shows the structure of a position compensation 

controller which is composed of a cascade connection of the 

two different filters having the cha~acteristics shown in 

Figs. 37 and 38, respectively; 
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fig. 40 is a flowchart of the processings in the main 

utine of a control program in the case of realizing an ro 

observer by using a software; 

Fig. 41 is a flowchart of the observer subroutine in .. .. 

the flow shown in Fig. 401 

Fig. 42 is a flowchart of the position control subrou-

tine in the flow shown in Fig • 4 O 1 

Fig~ 43 is a flowchart of the absolute height correc­

tion subroutine in the flow shown in Fig. 401 

Fig. 44 is a perspective view of the arrangement on the 

printed circuit board in a thirteenth embodiment of the 

present invention, with a partially enlarged view in the 

form of a block diagram1 

Fig. 45 shows the structure of a fourteenth embodiment 

of the present invention, in which a circuit structure such 

as an observer is dispos~d outside of a drum; 

Fig. 46 is a plan view of the structure of an example 

of a movable head in a conventional device7 

Fig. 47 shows the deformation of a bimorph when a 

deflection signal is applied thereto; 

Fig. 48 shows the relationship between the effective 

length of a· bimorph and the amount of inclination of a 

magnetic head; 
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Fig. 49 is a plan view of the structure of an example 

of a movable head in a conventional device, which is an 

improved structure shown in Fig. 46; 

. Fig. 50 is a plan view of the structure of an example 

. of a moyable head in a conventional device, which is -an · 

·mproved structure shown in Fig. 49; 
l . 

Fig. 51 is an example of the frequency characteristics 

of a bimorph; 

Fig. 52 is a plan view of the structure of an example 

of an actuator in a conventional device; 

Fig. 53 is a block diagram of a first example of a 

conventional device; 

Fig. 54 schematically shows a wobbling servo system;· 

Fig. 55 shows an example of the frequency characteris-

tics of the actuator shown in Fig. 52; 

Fig. 56 is a.partially sect~onal ·view of a second 

example of a conventional device in the vicinity of a drum;· 

Fig. 57 is a sectional view of the second example shown 

in Fig. 56, taken along the line A·- A; 

Fig. 58 is a plan view of an actuator; 

Fig. 59 is a sectional view of the actuator shown in 

Fig. 58, taken along the line B - B; 

Fig. 60 is a sectional view of the actuate~ shown in 

Fig. 58, taken along the line C - C; 



fi9· 61 shows an example of the arrangement of magnetic 

r,eads; 

Fi9· 62 is a block diagram of a control system; 

Fig. 63 shows~~he location of a magne~ic field.genera-

tor; 
Fig. 64 is a block diagram of a third example of a 

nventional device; co 
Fig. 65 shows the characteristic of a differential 

aroplifier; 

Fig. 66 is a sectional view of an AC magnetic field 

generating· coil; 

Fig. 67 shows the direction in which magnetic fluxes 

are generated by the AC magnetic field generating coil; 

Fig. 68 is a block diagram of a fourth example of a 

conventional device; 

Fig. 69 is an enlarged.view of the part A in Fig •. _68; 

Fig. 70 shows the relationship between the driving 

current for the magnetic head actuator and the amount of 

displacement of the movable head, the relationship being a 

hysteresis characteristic; 

Fig. 71 shows -the recording tracking pattern in the 

case of the.relationship shown in Fig. 70 holds in the 

fourth exampl_e; 

Fig. 72 shows· the relationship between the amplitude of 

a signal voltage and the height of a head; 
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fig. 73 shows magnetic fluxes generated by the AC 

netic field generating coil; 
Jlla9 

I 

Fig. 74 is a block diagram of a fifth example ·of a 

nventional device; 
co "' 

Fig. 75 shows the repro~uction output of the fixed head 

. the fifth example shown in Fig. 74; 
ln 

Fig. 76 shows the reproduction output of the movable 

bead in the fifth example before control 

after control; 

Fig. 77 shows the reproduction output of the movable 

head in the fifth example after control; 

Fig. 78 is a block diagram of a sixth example of a 

conventional device; 

Fig. 79 shows the synchronous detection output in the 

sixth example shown in Fig. 7 8; 

Fig. 80 shows an example of the arrangement of heads; 

Fig. 81 is a block diagram of a seventh example of a 

conventional device; 

Fig~ 82 is a block diagram of an eighth example of a 

conventional device; 

Fig. 83 shows a coordinate plane for examining the 

magnetic field distribution of an AC magnetic field generat­

ing coil; 

Fig. 84 shows the magn~tic field distribution on the 

Plane A in Fig. 83; 

.. , .. ....,,;,. 



Fig. 85 shows the magnetic field distribution on the 

plane B in Fig. 83; 
I 

Fig. 86 shows the magnetic field distribution on the 

plane c i~ Fig. 83! 
.. 

·Fig. 8 7 shows the magnetic field distribution o~ the 

plane D in Fig. 83; 

Fig. 88 show the waveform output by the induced 
~-. 

electromotive force of the movable head which has passed the 

line where the plane A intersect the curved surface D shown 

in Fig. 83; 

Fig. 89 shpw the waveform output by the induced 

electromotive force of the movable head which has passed the 

line where the plane B intersect the curved surface D shown 

in Fig. 83; 

Fig. 90 show the waveform output by the induced 

electromotive force of the movable head which has passed the 

line where the plane C intersect the curved surface D shown · 

in Fig. 83; 

Fig. 91 is a perspective view of magnetic shielding by 

means of a soft magnetic material; 

Fig. 92 is a sectional view of the magnetic shielding 

shown in Fig. 91, taken along the line Y - Y; 

Fig. 93 shows the structure of an example of an AC 

magnetic field generating coil; and·. 

&:, , . 
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Fig. 94 shows the structure of another example of an AC 

magnetic field generating coil. 

The structures· and operations of the preferred embodi­

ments of the present invention will be explained 

hereinunder. 

(1) Speed estimating observer; 

In order to realize high-density recording ~nd e~ecute 

superior reproduction at a high speed without producing 

noi~e, it is necessary to use an actuator which has a wide 

movable range and which al.lows the magnetic head to come 

into good contact with the magnetic tape. By using such an 

actuator, the displacement of the magnetic head is realized 

with such a large amplitude as to enable the magnetic head 

to follow a rolling of a track which is formed on the 

magnetic tape and, hence, good reproduction is realized. 

On the basis of this prerequisite, in the present 

invention, a speed estimating means (hereinunder referred to 

as "observer") is used in place of the differentiator in the 

first example of a conventional device. By using an 

observer, the increase of noise, which is inevitable in the 

first example of a conventional device, is prevented and the 

influence of higher-order mechanical resonance is excluded. 

Fig. 1 shows an example of· the structure of· an observ-

er. An observer is a device which can be realized by the 
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P
lication of what is called modern control theory. 

aP 
The 

observer shown in Fig. 1 is such an observer in the form of 

co-dimensional observer. 
a 

In Fig. 1, a~ actuator is repres~nted by blocks 1401, . 
l402 and 1403. The block ·1401 represents the mechanical 

part of the actuator, 1402 an actuator coil and 1403 a 

driving signal amplifier. The driving voltage U(t) ·is 

amplified by the driving signal amplifier 1403, converted 

into a current by the actuator coil 1402, and the current 

drives the mechanical part 1401 of the actuator. From the 

~echanical part 1401 is supplied the output of a sensor, 

which is the amount indicating the position of the magnetic 

head. The symbol Kd represents a voltage mu-factor, and R 

the resistance of the actuator coil 1402. The symbol Kt 

represents the torque constant of the mechanical part 1401 

of the_ actuatbr, C a viscosity constant, ·M the ma~s of the 

illovable portion and k a sp~ing constant. 

The observer is represented by a block 1411. The 

observer 1411 is composed of blocks 1404 to 1410. The block 

1405 has a voltage mu-factor of Kd, a torque constant of Dt 

and a conversion gain Kd•Kt/R which is determined by the 

resistance R and it is a block simulating the operation from 

the output of the driving voltage u (t) to the conversion of 

the driving voltage U (t) into the driving torque of the 

operations of the actuator. The block 1406 is a block in 
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h the conversion gain is expressed by l/(C +Ms) and the 

~JliC 

output of the block 1406 has a dimension of speed. The 

block 1407 is a block in which the conversion gain is l/s, 

·n other words, an integration block, and the output thereof 
l . ~~ 

11as a dimension of acceleration. · The block 1404 is a block 

in which the conversion gain is k and the output of the 

block 1407 is converted into a torque and fed back to the 

block 1406. 

Therefore, the conversion gain from the output of the 

block 1405 to the block 1407 is l/(Ms 2 +cs+ k), if an 

error (the output of the block 1408) is disregarded. -As is 

obvious from this fact, the observer is so designed that the 

conversion gain from the output of the block 1405 to the 

block 1407 is equal to the transfer function of the actua-

tor. As a result of this design, the output of the block 

1406 turns· to be equal to· an estimated value of. the speed of 

the magnetic head which is actually obtained by the actua­

tor. This estimated value will here be referred to as 

"estimated value Vrv ") • 

The block 1408 is a block for feeding back an estimated 

error to the block 1407 so that the loop relating to the 

block 1404 is stabilized. The symbol Fl represents what is 

called an observer gain, and the estimated error.is a 

difference between the transfer function of the actuator and 

the conversion gain ·of the block 1405 to the block 1407. 
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we block 1409 is a block for feeding back the estimated 

error to the block 1405. The symbol F2 represents an 

observer loop gain. 

The two feedback loops composed of the blocks 1408 and .. .. 
1409 are loops provided in view of the fact that there is . 

actually a limitation to the simulation of the actuator by 

the observer. For example, since the transfer function of 

the observer 1411, in particular, the transfer function of 

the system of the block 1405 to the block 1407 has a 

second-order integral characteristic, these blocks do not 

simulate the integral characteristic of the actual actuator 

including the integral characteristic in the initial state. 

For example, although an external disturbance is applied to 

the actual actuator before integration, these blocks 1405 to 

1407 cannot simulate even the external disturbance. In 

other words, the blocks 1405 to 1407 are the same as the 

actual actuator with respect to the frequency characteristic 

but they are not the same with respect to the dynamic 

characteristic (variation of the output value with time). 

The blocks 1408 and 1409 are blocks for feeding back 

the estimated error so that the estimated error is converged 

to zero. A· predetermined time after starting the observer 

1411, the estimated error is converged to zero, so that the 

transfer function of the obse.rver 1411 becomes equal to the 

transfer function of the simulated actuator. In other 
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I .. dSt the estimated speed V""is made coincident with the 
'liO'-

actual speed of the magnetic head. The estimated speed v.-.-

d back to the driving voltage U(t) for the actuator. 
iS f e 

'l'he symbol F3 repisesents a damping loc;>p gain. ·In this way, 

the mechanical resonance characteristic is damped on the 

))asis of the estimated speed V "'V , and the driving charac­

teristic of the magnetic head is also damped. 

Fig. 2 shows the measured value of the frequency 
·. 

characteristic of the actuator. In Fig. 2, "No damping" 

represents the mechanical resonance characteristic of the 

actuator which does not adopt an observer hav~ng the· struc­

ture shown in Fig. 1, and 11 Wi th damping"- represents the 

mechanical resonance characteristic of the actuator which · 

adopts an observer having the structure shown in Fig. 1. As 

is obvious from Fig. 2, the peak of the gain which is caused 

at the mechanical reson.ance point is lower in "With damp-

ing". 

In this way, it is clear that the damping action is 

prominent when the observer is used. The design for obtain-

ing such a damping action will now be explained. How to 

determine the gains Fl, F2 in the structure shown in Fig. 1 

Will first be explained. 
~ 

If it is assumed that x1 is the estimated position of 

the 
~ 

actuator, x2 the estimated speed of the actuator, µ an 
• r--
lnput, Ce an estimated error and y the output of the 
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observer, the state of the actuator is represented by the 

;ollowing equation: 
lo 

~ 
X1 

I"\,, 

x z 
]-[ 

I . 

0 

-k/11, 

. . . ( 1) 

If it is assumed that the poles of the observer 1411 are 

Ce 

. ~~1 , -~2 in accordance with the definition of an arbitrary 

pole-positioning in the modern control theory, the equation· 

(1) is solved by obtaining Fl, F2 which satisfy the follow­

ing equation (2): 

Q:' I 

a.' I 

+a:- z -C/11 I 

a:' z•k/M- ( a:' 1 ·+a z) 

C/l1-C 2 /l1 2 

(2) 

i 

/J -

I 

I 

I 
!! 

I 
1 
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However, since it is necessary that the loops including 

the blocks 1409 and 1410 are r~spectively converged ade­

quately in advance of the whole tracking control system, it 

iS nece~sar~ tha't the values_ a 1 , a 2 in the equation (2) are 

50 determined that the coordinates a 1, a 2 are set adequately 

00 the left-hand side (early convergence side) of the poles 

of the regulator system (tracking control system) in the 

pole-positioning shown in Fig. 3. The characteristic~ of 
· .. 

the actuator mechanical part is simplified in the ,form of a 

second-order system in Fig. 1, but in some of the actual 

actuators _having a leaf-spring configuration, there is a 

large amount of higher-order serial resonance and parallel 

resonance, which exerts deleterious influence ··such as the 

deterioration of the gain merge. In this case, it is also 

possible to suppress the influence of such higher~order. 

re~onance by setting the frequency band (the ·frequency band 

in which the open loop gain is 0 dB) of the feedback loop 

(block 1409) in the observer as follows. 

The characteristics of the actuator mechanical part is 

represented by the following equation ( 3) : 

Kt• Gm I (MS2 + CS + k) • • • ( 3) 

wherein Kt represents the torque constant of the actuator 

and.Gm a higher-order resonance characteristic. 
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1he equation (3) is rearranged as 

equation (3) = B(s) • Gm 

In Fig. 1, if it is assumed for simplifying the explanation 

that R = 1, Kd ·~ 1 and F2 = O, the transfer function from 

the input terminal for the driving voltage to the output 
A./ 

terminal for the estimated speed V is represented by the 

following equation (5) : 

o/ = µ ( t) • B ( s) • S • { ( 1 + ( F 1) • B ( s) • Gm) / ( 1 + ( F 1) • R (.s) } 

• • • ( 5) I 

and the transfer function from the input terminal for the 

driving voltage to the output terminal for the real actuator 

speed is represented by the following equation (6): 

v = µ(t)•B(s}•S•Gm • • • { 6) 

By comparing the equation (5) and the equation (6), it is 
'""./ 

observed that the Gm in the equation (5) of V is obtained by 

multiplying the Gm in the equation (6) of V by the coeffi-

cient represented by the following equation: 

(Fl)• B(s)/{l + (Fl)•B(s)} • • • ( 7) 

In the equation (7), Fl•B(s) is equal to the open loop 

characteristic of the observer. In other words, since the 

equation (7) has a closed characteristic, if the frequency 

band is set as the t~acking control frequency band < observ­

er band < high-frequency mechanical resonance. frequency = 
fm, the gain in the frequency band which is higher than the 

/ 
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ntrol frequency band in the closed characteristic is not 
cO 

re than 0 dB. That is, the following equation holds: 
. JllO 

(Fl)• Ja(fm) I/ (1 + (Fl)• I B(fm) I) < 1 

• • • ( 8) 

since the coefficient of Gm in the· equatio·n (5) is smaller 

than the coefficient of Gm in the equation (6), it is 

possible to reduce the influence of high-frequency mechani­

cal resonance in the frequency band to which the·. speed is 

fed back by the observer in Fig. 1. 

(2} First embodiment 

A first embodiment of the present invention which is a 

tracking control system adopting the observer shown in 

fig. 1 is shown in Fig. 4. In Fig. 4, the reference numeral 

1412 represents an actuator driver provided in a drum, 1411 

a state observer (speed estimating observer) which is 

represented by the transfer function shown -in Fig. 1, 1413. a 

drum rotation controller for rotating a rotary drum, 1414 a 

pilot signal generator for generating a pilot signal for 

executing tracking control in synchronism with the rotation 

of the drum at the time of reproduction, 1415 a modulator 

for modulating a signal so that multiple pilot signals are 

superimposed on recorded data, for example, at the time of 

recording digital information, and 1416 a head amplifier for 

applying a current ~o a magnetic head 1417 at the time of 

recording and amplifying a minute reproduction signal at the 
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time of reproduction. The reference numeral 1418 denotes a 

track~ng error generator for generating a signal which 
I 

indicates the di~ection and amount of off-track from the 

pilot signal Contained in the reproq~ction signal, 1419 a 

tracking control compensator for operating the tracking 

control loop stably and safely, and 1420 a capstan control­

ler for controlling a capstan motor on the basis of a 

low-frequency off-track component of the tracking error 

signal. The reference numeral 1421 represents a rotary 

crum, 1422 a slip ring for supplying an electric signal 

(including power source) from an external system to the 

rotary drum 1421, 1423 a rotary transformer for transmitting 

and receiving a signal between the rotary drum 1421 and the 

external system, and 1424 a position sensor attached to an 

actuator 1425 so as ·to detect the displacement of the 

::-.ovable portion 1430 of the actuator 1425. 

In the case of detecting the position of the head 1417 

:y the positio.n sensor 1424, it may sometimes be impossible 

to take out the detection signal to the outside of the drum 

1421 which is output from the position sensor 1424 due to 

the limitation of the number of channels of the rotary 

transformer 1423 or the influence of noise caused by the 

sliding action of the slip ring 1422. These problems are 

solved in this embodiment by disposing the driver 401 for 
~· . 
~ne actuator 1425 and the speed estimating observer 1411 on 

------------
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3 
printed circuit board 1433 provided within the drum, as 

shown in Fig. 5. In other words, the actuator 1425 together 
, 

~ith its electric damping function is controlled from the 

outside of the drum 1421 through the slip ring 1422. This 

embodiment i~ a~ e~ample of tracking control system of a 

digital record~ng VTR which is required to carry.out 

higher-density recording by narrow-track recording and into 

which an obse~ver is incorporated. A pilot signal which is 

necessary for detecting a tracking error is generated by the 

tracking error generator 1418. In this embodiment, the DC 

component (CDS value) in ~ach digital block data is varied 

in accordance with the pilot signal and the pilot signal is 

superimposed on the digital data (recording signal) by the 

modulator 1415 at the time of recording. At the time of 

reproduction, a signal indicating a tracking error is 

generated by the tracking error generator 1418 for tracking 

operation. 

At this time, by adding a pilot signal by an analog 

adde~ in place of varying the CDS value of the digital data, 

the recording operation is also carried out without any 

trouble so long as the level of the pilot signal is suffi­

ciently lower than the level o~ the recording. information 

signal. In the case of analog recording (FM recording VTR), 

a multiplicity of pilot signals are recorded in the gaps 

between frequency allocation. 

·• .. •...e-.• ; 
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The phase and the gain of the tracking error obtained 

in this way are compensated for by the tracking error 

compensator 1419 and a component having a comparatively high 

frequency such as track rolli"ng is fed back to the printed 

circuit board 14~3, while a component having a comparatively 

10~ frequency such as off-track is fed back to the capstan 

motor, thereby preventing the control by the control system 

on the printed circuit board 1433 from exceeding the dynamic 

range. 

In order to obtain the observer having the above 

structure, the position sensor 1424 for detecting the 

position of the movable head is essential. 

Fig. 6 shows an example of the structure of the actua­

tor 1425 which adopts a Hall sensor as the position sensor 

1424. In Fig. 6, the reference numeral 1426 represents a 

magnet holder for reducing the magnetic fluxes which leak 
. . 

out to the magnetic head 1417, 1427 a magnet for generating· 

magnetic fluxes, 1428 a Hall sensor for detecting the 

intensity of the magnetic flux of the magnet 1427, and 1429 

a differential amplifier for amplifying the minute signal· 

output from the Hall sensor 1428 so as to obtain a position 

signal. 

In the structure shown in Fig. 6, in order .to. detect 

the movement of the magnetic head 1417, the magnet 1427" is 
.. 

disposed on the movable portion 1430 and the flux density is 

llii1ii1S 
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detected by the Hall sensor 1428. When the magnet 1427 

comes close to or ·away from the Hall sensor 1428 with the 

rocking movement of the movable portion 1430, the value of 

flUX density va~~es. The output of the differential ampli­

fier 1429 represents the flux density. In this way, the 

position of the movable portion is detected. 

The magnet 1427 is surrounded by the magnet holder 1426 

which is composed of a material having a high magnetic 

permeability so as to prevent the influence of leaked 

magnetic field on the magnetic head 1417. 

(3) Second embodiment 

Fig. 7 shows a modification of the first embodiment 

shown in Fig. 6. In Fig. 7, the reference numeral 1431 

represents a magnet, 1432 a Hall sensor, and 1433 a sub-

strate for fixing the Hall sensor 1432. 

In this sti::ucture·, ·the magnet 1431 is fixed to a gimbal 

spring 1434 of the movable portion of the actuator on the 

opposite side of the magnetic head. The magnetic flux of 

the magnet 1431 which leaks out to the outside of the 

actuator from the hole formed in a yoke 1435 is detected by 

the Hall sensor 1432 fixed on the substrate 1433. The 

intensity of the magnetic flux of the magnet 1431 represents 

the position of the movable portion in the same way as in 

the embodiment shown in Fig. 6. In the second embodi"ment, · 

it is unnecessary to take the influence of the leaked 
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~agnetci field of the magnet 1431 on the magnetic head into 

consideration. 

(4) Third embodiment 

In the first and seco·nd embodiment, the position of the 

.magnetic head is magnetically detected. !n a third embodi-
.... 

ment, the pof?i tion of the m~9netic head· is detect_ed .!?Y .an 

optical position detecting means. 

~ Fi9. 8 is an example of an optical position_detecting 

means using an optical sensor which is attached to the 

actuator. In Fig. 8, the reference numeral 1501 represents 

a light emitting portion for emitting patallel rays, and 

1502 a two-piece detector (light recei~iQq_ pottion)composed 

of a phtodiode or the like. 

In this embodiment, the light ( in this case, the light 

is converted into parallel rays by a lens} from the light 

emitting ·portion 1501 which is attached to the fixed portion 

of the actuator is detected by the light receiving portion 

1502· which is composed of a two-piece pr.o:.odiode or the like· 

and fiexed to the movable portion. When the movable portion 

moves, the amount of li9h~ received on one side of the 

two-piece diode becomes larger thari that· on the other side. 

It is therefore p_ossible to detect· the position of the 

movable portion by obtaining the difference between the 

photocurrents flowinq on both sides of the photodiode. 

(5) Fouth embodiment 
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Fig. 9 shows a modification of the embodiment shown in 

fig· 8. In Fig. 9, the reference numeral 1503 represents a 
I 

1809 
for converting the light from a light emitting element 

15os which -is compq~ed of an LED or the like into parallel 

rays,· 1504 a light emitting aperture (stop), and 1506 ·a 

mirror for reflecting the parallel rays from the lens 1503. 

onlY the mirror 1506 for reflecting light is mounted on the 

movable portion, and the light emitting portion 1501 and the 
·. 

light receiving portion 1502 composed of a photodiode or the 

like are mounted on the fixed portion. In this case, the 

light from the right emitting element 1505 which is composed 

of an LED, a semiconductor laser or the like is converted 

into parallel rays by the lens 1503. At this ti~e, in order 

to obtain parallel rays, it is necessary that the light 

emitting element 1505 is disposed at the rear focal point of 

the lens 1503. The position o_f the magnetic head is detect­

ed by the optical sensor shown in Fig. 9 on the principle 

shown in Fig. 10. 

Fig. 10 shows the principle of detecting the amount of 

displacement of the movable portion by the optical sensor 

shown in Fig. 9. The reference numeral 1507 represents a 

differential amplifier for obtaining the difference in 

photocurrent on_ the two-piece detector 1502 and amplifying 

the difference obtained. 

~!-•,. 
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In Fig. 10, when the mirror 1506 which is integrally 

provided with the movable portion moves horizontally (in 

this case, the direction of movement of the mirror is 

regulated to a u:qiaxial direction by .a gimbal spring. or the 

like), the parallel rays emitted from the light emitting· 

element 1505 also move on the light receiving element 1505 

in parallel with the movable portion. As a result,· a 

difference arises between the amounts of light on both sides 

of the two-piece photodiode, for example, in the same way as 

in Fig. 8, and the output of the differential amplifier 1507 

is obtained as a position de·tection signal. 

It goes without saying that an optical position detect­

ing means composed of the light emitting portion which is· 

mounted on the movable portion and the light receiving 

portion which is mounted on the fixed portion produces a 

similar effect. 

It is also possible to detect the position of the 

movable portion by other position detecting means than the 

above-described magnetic or optical position detecting 

means. For example, an ·element which is generally called a 

strain gauge and the magnetic resistance of which changes 

when it is bent may be attached to the leaf spring or gimbal 

spring of the movable head actuator so that the deformation 

of the leaf·· spring or the gimbal spring is detected as a 

; change in the magnetic resistance. A constant current is 
I 
I 
! 

I 

I 

·, 
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applied to the strain gauge and a change in voltage is read 

or a resistor for curre·nt detection is connected' in series 

to the strain gauge, and the voltages on both ends of the 

resistor are read when a constant voltage is applied to the 

strain gauge, thereby detecting the position of the movable 

portion. Alternatively, a capacity sensor for detecting the 

capacity may be disposed in the vicinity of the movable 

portion such that the distance between the capacity s~nsor 

and the movable portion changes with the movement of the 

movable portion. The position of the movable portion can be 

detected by electrically detecting the capacity of the 

capacity sensor. It goes without saying that in the case of 

using a conventional bimorph actuator, it is possible to 

take out the amount of displacement of bimorph except the DC 

component by cutting a part of the bimorph, as shown in the 

examples of a conventional device. In this case, the -output 

of displacement does not contain the DC component, but since 

the DC comporient is not always necessary in the observer 

shown in Fig. 1, the output of displacement can be input as 

a position detection signal used for the observer. However, 

unless th~ DC component is cut from the driving voltage 

which is input to t~e ~bserver, a prediction erro{ relating 

to the DC is naturally caused in the estimated e~ror, so 

that the observer cannot function. 
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In the case in which it is impossible to take out the 

position detection signal to the outside of the rotary drum, 
I 

an annular substrate may be attached to the interior of the 

drum, and the driver of the actuator, the sensor amplifier 
~ 

~ 

and the: observer are provided within the annular substrate • 

. The observer can be operated on the basis of the voltage 

supplied from the slip ring for driving the actuator. This 

method is applicable to any of the above-described position 

detecting systems. 

(6) Fifth embodiment 

It is also possibl~ to take out the position detection 

signal to the outside of the rotary drum and provide the 

observer and the driver outside of the drum. An example 

thereof is shown in Fig. 11. 

Fig. 11 is an embodiment in which an optical sensor is 

used in order to detect the position of the. actuator, and 

the observer and the driver are provided outside of the 

rotary drum. In Fig. 11, the reference numerals 1608, 1609 

represent detectors. An LED or a laser element, which is a 

light emitting element 1605 of the optical sensor, is driven 

by a driving signal shown in Fig. 11 so as to flash light •. 

In this cas·e, the frequency for flashing is adequately 

higher than the observer.frequency band and in the frequency 

range which can pass through a rotary transformer 1612. In 

Fig. 11, the driving signal for the light emitting element 

...... . . -·· 
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16os is driven by a slip ring 1611 •. Alternatively, the 

light emitting element 1605 can be driven by transmitting 

the driving signal by a rotary transformer having a large 

capacity or supQlying a power source _by another means (a 

rotary transformer having a large capacity or a·slip ring) 

and supplying only a command signal. 

The light flashed in this way is converted into an AC 

photoelectric current by a light receiving element 1602 
. .. 

through a mirror 1606. Since the photoelectric current is a 

signal in the frequency band which the rotary transformer 

1612 can transmit, it easily passes through the rotary 

transformer 1612 and it is converted into the amount of 

light received by the light receiving element 1602 by the· 

detector 1608 outside of the rotary drum. The amount of 

light is taken out as the amount of displacement of the 

movable portion of the ~ctuator by a differential amplifier 

1607. 

In the case of a capacitive sensor, it is possible to 

utilize the capacity of the sensor and provide a coil so as 

to constitute an LC oscillator, and subject an AC signal 

which is output from the oscillator to the outside of the 

rotary tran.sformer to frequency-voltage conversion (F/V 

· conversion) to take out a movable portion position signal. 

A similar effect is also produced by taking out an Ac· signal 

to the outside of the drum through the rotary transformer by 

·::· ~I .. 
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ltage-frequency converter (FM modulator), voltage-pulse 

8 vo 

~idth converter (PWM modulator), voltage-AC ampl~t~d~ 

converter (AM modulator) or the like, which is provided in 

the drum. 

(7) characteristics of control systems 

Figs. 12 to 14 show the characteristic of the movable 

head tracking control system, the characteristic of the 
,. 

actuator and the open loop characteristic (gain charac.teris-

tic) of the capstan motor control system in the case of 

using the obs~rver. 

According to the magnetic head actuator composed of the 

means for detecting the position of the head and the observ-

er, it is possible to suppress the resonance peak gain by 

electrical damping, as shown in Fig. 13 and, as a result, 

constitute an actuator tracking control system, as shown by 

the control syst~m open loop ~haracteristic B in Fig. 12. 

If there is no electrical damping by the observer, since the 

peak gain is protuberant at the serial resonance frequency 

d', the control frequency band must be lowered tog' in 

order to maintain the stability with due consideration to 

the gain margin. {At. this time, since the phase of the 

control system open loop characteristic is reversed to -180° 

at the frequency d', if the open loop gain at the frequency 

d' approaches O dB·, the control system oscillates. If the 

low-frequency component of the tracking error signal is fed 

........ 
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back to the motor, since the capstan motor has the open loop 

characteristics such as those shown in Figs. i2 and 14, the 

' synthetic control characteristic in the case of closing both 

the capstan loop and the tracking loop corresponds to the 

charact~ristic obt'a_ined by taking the maximum gain at each 

frequency in Fig. 12. That is, on the low-frequency side, 

the capstan loop is dominant, while on the high-frequency 

side, the actuator loop is dominant. Fig. 15 shows an 

example of the open loop characteristic of the actuator. 

tracking control system. 

(9} Sixth example 

Although in the first embodiment shown in Fig. 4, an 

observer is utilized for reproducing a pilot signal from the 

recorded track and detecting the direction and the amount of 

off-track, it is also possible to suppress unnecessary 

mechanical resonance of the actuator~ enlarge·the·control 

frequency band, increase the stability and prevent unneces-· 

sary vibration in the wobbling system in which a pilot 

signal is not recorded and the magnetic head is vibrated 

minutely so as to control tracking in accordance with a 

change in the amplitude of the reproduction signal. 

Fig. 1·6 shows a sixth embodiment of the present inven­

tion in which an observer is incorporated into a.wobbling 

system. In Fig. 16, the reference numeral 1701 represents a 

band-pass filter for taking out only the wobbling frequency 
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from the reproduction signal, 1702 a synchronous detector 

for taking out t~e direction and the amount of of £-track 
I 

from the signal output from the band-pass filter 1701, and 

1703 a phase shift~r for shifting the phase by the amount 

which is equivalent to the mechanical phase delay of the 

actuator. The reference numeral 1704 represents an inverted 

amplifier, 1705 an oscillator for generating a reference 

signal for wobbling operation, 1706 an adder for addinc:J.. a 

wobbling signal for minutely vibrating a control signal, 

1707 a subtracter for feeding back the estimated speed of an 

observer, and 1708 a low-pass filter (compensator) for 

maintaining the stability of the control loop. 

In this embodiment, only the wobbling frequency con-· 

tained in the reproduction signal amplitude is extracted by 

the band-pass filter 1701.. Th,e synchronous detector 1702 

synchronously detects the command signal which is minutely 

vibrating the actuator by using a signal with the phase 

shifted by the amount equivalent to the mechanical phase 

delay of the actuator at the minute vibrating frequency by 

the phase shifter 1703, or multiplies the command signal by 

the shifted signal. In this way, it is possible to detect 

·the direction and the amount of off-track. The. phase of the 

tracking error signal obtained in this way is compensated 

for by the low-pass filter 1708, and the wobbling signal for 

minu~ely ~ibrating the actuator is added to the tracking 

. -
"' 
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error signal. Thereafter, the output of the observer is fed 

back by _the subtracter 1707 and the actuator is driven by a 

driver 1709, thereby executing tracking control. 

(lO) seventh embodiment 
~ 

Fig. 17 shows a.modification of the embodiment" shown in 

Fig. 16. In Fig. 17, the reference numeral 1809 represents 

a fixed head, 1810 a phase locked loop (PLL) circuit for 

eliminating a jitter contained in a drum rotation~l angle 

detection si_gnal, and 1811 a head amplifier for amplifying a 

minute signal output from a movable head 1812. The refer­

ence numeral 1813 denotes an automatic gain control circuit 

(AGC) for holding the amplitude of the reproduction envelope 

signal output from the head amplifier 1811 constant irre-. 

spective of the fluctuation of the movement of the magnetic 

head, the tension of the tape or the like, 1814 a low-pass 

filter for supplying_a necessary frequency band f9r a 

control signal to an actuator 1815 of the movable head 1812, 

and 1816 a low-pass filter for supplying a low-frequency 

component of the control signal to a capstan motor 1817. 

The reference numeral 1818 denotes a capstan phase control-

ler for reading.the phase information output written on the 

linear track and output from a CTL pulse by means of a CTL t . 

head 1819 and controlling the phase on the basis_ of the 

phase information, and 1820 an adder for adding the CTL 

phase control loop and the wobbling control loop and 
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controlling the capstan motor 1817 through a driver 1821. 

Fig. 18 shows the magnetic heads 1809, 1812 in the state of 

tracing on the recorded tracking pattern. 

In this embodiment, the wob~ling· system shown in 

Fig. 16 is adopted and the low-frequency component of a 

tracking error signal is fed back to the capstan motor. In 

the capstan control system, a low-frequency component of a 

tracking error signal with the phase thereof compens~ted in 

the wobbling system is fed back to the conventional phase 

control loop for controlling the phase in accordance with 

the CTL signal· (phase detection) from the linear track. In 

Fig. 17, not only the movable head 1812 driven by the 

actuator 1815 but also the fixed head 1809 is shown. Since 

the low-frequency component of the tracking error signal is 

constantly fed back to the capstan motor 1817, the height of 
. . 

the movable head 1812 is constantly automatically adjusted 

with respect to the fixed head 1809, so that the movable 

head 1812 follows only tack rolling. 

In the case of the head structure shown in Fig. 17, it 

is generally preferable that the head width of the fixed 

head 1809 is larger than the track width, as shown in 

Fig. 18, so that a signal can be sufficiently picked up even 

if there is a track rolling. 

(11) Concrete structure of observer 



An example of an observer composed of an analog circuit 

~s shown in Fig. 19. 

In Fig. 19, the reference numeral 1901 represents a 

:apacitor for ta~~ng _out only the AC ~omponent of an actua­

tor driving voltage, 1902 an amplifier for adding the 

feedback signal in the observer and the driving voltage and 

amclifying the sum, and 1903 an amplifier for feeding back 

the loop which simulates the spr~ng constant in the observ-

er. The reference numeral 1904 represents a filter for 

realizing the transfer characteristic which simulates the 
. 

viscosity and the mass of the actuator in the observer, 1905 

a filter constituting an integrator in the observer, 1906 a 

co~parator for taking out the difference between the posi~ 

tion information and the estimat;ed position information from 

the obs.erver, 1907 a capacitor for taking out only the AC 

cc~ponent contai~ed in the position information, and 1908 a 

capacitor for outputting only an AC component contained in · 

t~e estimated speed information. 

In a~ analog differential amplifier, an offset is apt 

to be produced due to a temperature drift or the like. 

Therefore, in the case of an observer composed of an analog 

circuit, it is desirable to insert the capacitors 1901, 1907 

which· eliminate the DC component from the actuator driving 

voltage input to the observer or the position information 

input from the _.position sensor. This is because since the 
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frequency band in which damping is mainly necessary in the 

tracking control system is the frequency band in the vicini­

ty of which mechanical resonance is existent,· the DC compo­

ne~t is unnecessary there. 

In.the circuit shown in Fig. 19, the transfer charac­

teristic of the observer shown in Fig. 1 is simulated as it 

. The· R, Kd, Kt, k, Fl and F2 in Fig. 1 exist in Fig. 19 
l.5. 

as they are as the amplifier gains. The block 1406 in 

Fig. 1 corresponds to an active filter using the operational 

amplifier 1904, and the block 1407 corresponds to the 

integrator using the operational amplifier 1905. The 

subtracter portion for obtaining the estimated error shown 

in Fig. 1 is composed of the operational amplifier 1906 in 

this.embodiment, and the output of the operational amplifier 

1906 has the gains which ·correspond to Fl and F2, respec­

tively, in Fig. 1 and the output is fed back to the opera­

tional amplifiers 1902 to 1905 of the observer equivalent 

circuit. In the structure shown in Fig. 19, it is possible 

to unite the operational amplifiers 1903, 1904 into one 

active filter, thereby omitting one operational amplifier. 

Although the observer is composed of an analog circuit 

in Fig. 19,· a similar effect is obtained by expressing the 

transfer function shown in Fig. 1 by a software in a micro-

computer or the like. 



n2 
Although the control system shown in Fig. 19 is applied 

VTR, it goes without saying that a similar, effect is · to a 
obtained when.. this control system is applied to a tracking 

' 
control system of a magnetic disk apparatus or an ~ptical 

disk apparatus. 

Al though the above-described observer is c_omposed ·of a 

co-dimensional observer in the modern control·. theory, it 

goes without saying a similar effect is" obtained by an 

observer composed of a minimum-dimensional observer. In 

this case, there is no equivalent circuit and the result of 

solving the state equation representi_ng the actuator charac­

teristics by algorithm by a general minimum dimension 

observer (e.g., the minimum-dimensional observer by 

Gopinath) is realized as it is by the circuit. 

· (12), Details of damping .control 

A technique of electrically damping a movable head 

actuator by an observer has been explained above. There is 

a case in which the movable head is not used for tracking 

and used only for superior reproduction as in a commercially 

available VTR or the like. In this case, it.is also neces-

sary to suppress the mechanical resonance of the actuator 

for the purpose of accurately moving the actuator with 

·resp.act to a waveform for· superior reproduction· and sup-

;. . pressing unnecessary vibration. It goes wi,thout saying that 

the mechanical resonance and unnecessary vibration can be 

- -. 
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... op.ressed by the electrical damping by the above-described 
::; .... 

t ern using the observer and the position sensor. However, 
,·:S ... , 
.; the electrical damping required is so small as to only 
l~ . 

c.,ffice for the •followability "of the actuator to the ..... . 
·::1veform of superior reproduction and if a control ·.system is 
It-

required to have a low cost, a simplified damping circuit of 

a counter electromotive force feedback s.ystem may be adopt-

ed. -. 
Fig. 20 shows the principle of a damping controller 

w~ich utilizes a counter electromotive force. In Fig. 20, 

the reference numeral 2001 represents an equivalent coil 

r.aving an electric characteristic equivalent to that of an 

actuator coil, 2002 and 2003 current detecting resistors,. 

and 2004 a differential amplifier for detecting a counter 

electromotive force. 

In this $ystem, the equivalent coil 2001 having an 

electric characteristic equivalent to that of an actuator 

coil is connected in parallel to a driver 2005, the currents 

flowing on the respective current paths are detected by the 

current detecting resistors 2002, 2003, and the counter 

electromotive force is detected as the output of the differ­

ential ampl"ifier 2004 and fed bacJ~ to the original driving 
\ 

voltage. (At this time, .·since the equivalent co.il 2001 does 

not move nor generate a counter electromotive force, a 

potential difference is generated on the voltages of the 



istors 2003 and 2002 due to the counter electromotive 
, :es 

C
o of the actuator coil, and this potential difference is 

:or -
detected.) However, since there is a difference between 

the current on th~ equivalent coil 2001 and the coil in the 

actuator 2006 due to a temperature drift or the like, the 

counter electromotive force detected is not accurate. 

It is there.fore preferable that simplified damping is 

>carried out by a circuit such as that shown in Fig. 21~ 

Fig. 21 shows the structure of a damping circuit of a 

counter electromotive force feedback system. In Fig. 21, 

the reference numeral 2105 represents a resistor which 

simulates the resistance component of an actuator coil, 2106 

a coil which simulates the inductance of the actuator coil, 

210; and 2108 differential amplifiers which simulate the 

voltages at both ends of current- detecting resistors 2102 

and 2103, respectively, 2109 a differential amplifier for 

taking out a counter electromotive force, 2110 a filter for 

lilliiting a frequency band of the current feedback loop, 2112 

a filter for limiting a frequency band of a counter 

electromotive force feedback loop, and 2111 and 2113 capaci-

tors for eliminating the DC components of the respective 

loops. 

The voltages· at both ends of the current detecting 

resistors 2102, 2103 are detect~d by the differential 

amplifiers 2107 and 2108. Since the output of the 

cS ·• .. 
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H5 
.·fferential amplifier 2107 corresponds to the driving 
ol. 

~rent for an actuator 2116, after the output is limited to 
cU"" . . 

necessary frequency band by the filter 2110, it is fed 
a 
back to the origi~al control: system through the capacitor 

2111 for eliminating· the DC component, thereby constituting 

a current feedback loop. Depending upon the frequency band 

!-.\ in which the cut-off frequency of the filter 2110 is set, 
·• 

either a voltage driving system (in a frequency b~nd in 

~hich current feedback is not executed) or a current driving 

system (in a frequency band in which current feedback is 

executed) is adopted as the driving system for the actuator 

2116. 

In addition, by detecting the difference between the. 

voltages at both ends of the two current detecting resistors 

2102, 2103 by the differential amplifier 2109, it is possi­

. ble to take out the counter electromotive force of the 

actuator 2116, limiting the frequency band of the counter 

electromotive force by the filter 2112 and feed it back 

through the capacitor 2113 which eliminates the DC compo-

nent, thereby electrically constituting a counter 

electromotive force feedback loop and damping the actuator 

2116. 

By making the gain of the differential amplifier 2109 

variable, it is possible to make the amount of feedback and, 

·hence, the amount of damping variable. It.goes without 
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9£> 
ing that by using a band~pass filter which transmits only 

5aY 
mechanical re~onance frequency comp~nent of ~he actuator 

tile 

the filter 2112, it is possible to reduce the influence 
as . 

f 
the mechanical resonance. 

0 . 

since the detected counter electromotive force is 

proportional to the speed of the actuator, it is similar to 

the estimated speed output from the speed observer. It is 

therefore clear that the actuator is damped by f eedi~g back 

the detected counter electromotive force. However, when the 

estimation of the observer is compared with the detection of 

a counter electromotive force, if the position sensor used 

for the observer has high accuracy, since the· speed estimat-

ed by the observer is more accurate than the detected 

counter electromotive force, if the higher-order mechanical 

_ resonance suppressing effect of the observer and the damping 
.. 

circuit includin~ only ari integrator are taken irito consid-

eration, the observer can secure a larger speed feedback 

gain and damp the actuator to a larger extent. 

(13) Advantages.of the first to second embodiments 

As described above, according to the above-described 

embodiments, since the influence of the mechanical resonance 

of the actuator on the movable magnetic head is reduced by 

f~eding back the speed estimated by the speed estimating 

observer to the actuator driving signal", the tracking 

following accuracy is enhanced. Consequently, the amount of 
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. t-1 9, 
$£-track of the magnetic head is reduced, so that the 

oi. 
cording density (tracking density) of a magnetic tape 

re 
paratus or the like is enhanced. 

aP ..... 
At the time of superior reproduction, it is also 

possible to improve the response of the actuator to a 

~aveform for superior reproduction and to suppress the 

unnecessary vibration of the movable magnetic hea9. 

In the examples shown in Figs. 20 and 21, an equivalent 

coil which has an electric characteristic equivalent to that 

of a coil in the actuator is provided, and the estimated 

speed of the actuator obtained by detecting the counter 

electromotive force generated by the actuator coil is fed 

back to the actuator driving signal. Although this system 

is inferior in accu.racy to the _system using the observer, 

the former is effective when the electrical damping required 

is so small as t·o only suffice for the followabili ty of the 

actuator to the waveform of superior reproduction and when a 

control system is required 'to have a low cost. 

(14) Eighth embodiment 

Fig. 22 and 23 show the structure of an eighth embodi-

ment of the. present invention. 

A head 2201 for a narrow tracki~g p~tch for a long-time 

mode and a head 2202 for a wide tracking pitch are attached 

to the present VTR system. These heads 2201, 2202 are 

mounted on a gimbal spring 2203. 

.,. 1111ili1nr 
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rn the conventional system, the position at which the 

~ ~c~agnetic field generator is disposed represents the 

Olute height of the movable head from the deck base. 
a1'S ".. . 

In other words·, in the conventio.nal system, if the 

Fosition at which the levels of the signals output from the 

two AC magnetic field generators and reproduced by the 

lilaq:ietic head are equal is determined as a desired height 

of the magnetic head, the reference absolute height varies 

depending upon the accuracy for mounting the AC magnetic 

field generators on the deck.base. Although it is possible 

to use the height of a fixed head as the reference of the 

absolute height of the movable head, in this case, the 

movable head can only be so controlled as to be the same 

height as the fixed _head such as an audio head. This is 

because since the magnetic field generated by the AC magnet­

ic field generator and the detection sensitivity of the hea~ 

amplifier for the magnetic head fluctuate with a change in 

te~perature or the like, as described in the conventional 

exa~ples, the influence of fluctuation is eliminated by 

controlling the magnetic head so as to be at the position at 

which the difference between the two detection signals is 

zero. 

In order to form a recording pattern on the ~agnetic_ 

tape in accordance with various recordi~g formats in the 

present VTR, there is a case in·which the height of the 

·-·-------------

••• ·1' Sl ... ·• 
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~able head mus~ be so controlled as not to be equal to the 

::.a 
r,eiqht of the fixed head but to be a little devi9ted from 

tlie height of the fixed head. To meet such demand, in this 

t!'l"'odiment, a soacer 2204 is inserted between the gimbal 
e .. u.- "' 

coring 2203 and the magnetic head 2202, ·as shown in Fig.· 23 •. -. 
ror example, at the time of magnetic recording by the head 

for wide tracking pitch, the conventional AC magnetic field 

for detecting the height is reproduced by the magnetic head 

2201 for a narrow tracking pitch. By closing the conven­

tional magnetic head height co~trol system, it is ~ossible 

to situate the head 2201 for a narrow tracking pitch.at the 

same height as the reference fixed head (e.g., audio magnet­

ic head} , and to shift the reference height of the head 2202 

for a wide tracking pitch after control by the amount 

equ-ivalent to the height of the spacer 2204 in Fig. 23. 

(15} Ninth embodiment 

Since the head for reproducing an AC magnetic field for 

the purpose·· of detecting the height need not actually 

magnetically record or reproduce information on the magnetic 

tape, such a head must be replaced by a magnetic field 

detector having a simple structure. Fig. 24 shows the 

external appearance of an absolute height detecting element 

2206 mounted on a rotary drum 2205 in a ninth embodiment of 

the present invention. The reference numeral 2207 repre­

sents a detection coil.· The gap and the amount of 

. iii i i1ii1ilf 
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J
·ection of th_e magnetic field detection in Fig. 24 need 

:'o 
t be strictly determined. However, it is natural that the 

~o 

1100
nt of projectioi:,i must not be. so large as to damage the 

3-' 

;:iagnetic tape. It is possible to move the movable head to a 

·desired absolute height by mechanically adjusting the 

· ,,
0
sition of the magnetic field detector having such a simple 

: 

~ structure to the desired height at which the movabl~ head 

must be situated and by controlling the detector and the ·. 

movable head so as to be at the same height by a convention­

al control system. 

It is possible to judge whether or not the movable head 

is at a desired absolute height with accuracy by the 

above-described means. 

(16) Tenth embodiment 

In detecting the absolute height of the movable head by 

an AC magnetic field, it is possible to increase the ·current 

applied to the external magnetic field generating coil to 

such an extent that does not deteriorate a signal due to 

electromagnetic interference with a head amplifier or the 

like in the VTR. If the magnetic field generated by the 

magnetic fi~ld generating coil is increased, since the 

detection sensitivity for the absolute height of the movable 

head is enhanced, the accuracy.for following the target 

value of the control system is improved. However, if the 

reproduction signal amplifier provided in a conventional VTR 
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tem is used, the signal is sometimes saturated depending 

fi 5 

the dynamic range of the reproduction signa+ amplifier • 
.. ~on . 
'• 

.
5 

is because the magnetic field generated by the AC 
:!l.J. 

~aqnetic field gen.era ting coil. is much stronger than the 

·nute magnetic field which is reproduced from the magnetic 
::t1 

tape• It is therefore necessary to amplify the AC signal 

for detecting height which is obtained through the rotary 

transformer by an amplifier different from the conventional 

reproduction signal amplifier, as shown in Fig. 25. 

Fig. 25 is a circuit diagram of the structure of a 

detection signal amplifier of an absolute height detector in 

a tenth embodiment of the present invention. The reference 

numeral 2208 represents a band-pass filter and 2209 a 

switching transistor. Fig. 26 shows the operation mode for 

the switching transistor 2209 with respect to one rotation 

of the rotary drum·. 

Since the height detection signal is obtained on the 

back side of .. the drum on. which the detection head is not in 

contact with the magnetic tape, it is possible to take out 

the height detection signal through the switching transistor 

2209. 

In addition, by switching the four switching transis-. 
tors 2209 between the modes in Fig. 25, it i·s possible to 

switch the amplifier between the recording, reproducing, 

detecting and in-operatinve functions • 

• ';l -
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The recording and reproduction modes for the switching 

~nsistor ·2209 are switched by the rotational position of 
t!'" 

~e detecting head, as shown in Fig. 26. It goes without 

saying that the amplifier for only reproducing the ~eight 

, detection signal nee~ not have the structure shown in 

Fig• 25 and it may be composed of a combination.of a 

. oand-pass filter and a position detection signal amplifier. 

The arrangement of each head on the drum and the 

channels for the absolute height detecting head in t~e 

rotary transformer will now be explained. 
• 

Since the recording current flows on the recording head" 

which is in contact with the magnetic tape dur~ng recording 

by a VTR, the absolute height detection signal from the AC 

magnetic field generating coil may be disturbed by the 

crosstalk between the channels of the rotary transformer. 

For this reason,· it is necessary to keep the channel for 

applying the recording current away from t·he channel for 

detecting the absolute height. 

For example, in the case of the present VHS VTR system 

having the head arrangement shown in Fig. 27, the arrange-

ment of channels in the rotary transformer is such as that 

shown in Fig. 28. In order to simplify the relationship 

between the channel for applying the recordi~g current and 

the channel for detecting the head height, the sections in 

Which respective heads come into sliding _contact with the 

... ipi -

I 
·. I 



e in the case of the head arrangement shown in Fig. 27 
:aP . 

schematically represented with the head 2HR as the 
3!e 

ference. From Fig. 29, it is clear that the heads_2H~, 
:e 

. 
611

L, AR approximately simultaneously ·come into sliding 
~ 

·.-contact with the magnetic tape and that the heaQ.s 2HR, 6HL, 

~L approximately simultaneously come into sliding contact 

with the magnetic tape. It is therefore necessary to keep 

the heads 2HL, 6HR and AL away from the heads 2HR, 6HL, AL, 

respectively, in the channels of the rotary transformer. 

since the audio head is generally kept away from the video 

head in order to avert the influence of crosstalk, it is 

possible to insert the channel for the flying erase head or 

the channe~ for exclusively for height detection, which is 

generally not used at the time of normal reproduction, 

between the channels for 2HS and 6HS in place of the 

short-circuiting ring which is ~sed for preventing crosstalk 

between channels of the rotary transformer in the present 

VTR, and to short-circuit the terminal of the rotary trans-

former at this channel at the time of reproduction. The 

symbol 2HS represents a detector with the height adjusted to 

the reference height of the movable head 2H, and 6HS a 

detector with the height adjusted to the reference height of 

the movable head 6H. 

(17) Eleventh embodiment 

•.. ·-!J1 
( ' 
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In the conventional system, the height of the movable 

d is detected only ·at one position per rotatio, n of the 
~ea .. 
.;runti so that only .one control is possible at every rotation 
" 
of the drum. In a system the apparatus of which as a whole 

.. 
iS e~posed to an external disturbance such as a system 

installed on an automobile and a portable system, recording 

in accordance with the tape format may sometimes be impossi­

ble due to the vibration or displacement of the movable head 

ll'ithin one rotation of the drum. 

This problem will become serious if the recording 

density is enhanced and the tracking pitch becomes very 

narrow in the near future. It is therefore necessary to 

have a structure in which an ordinary movable head is fixed 

during the control of the absolute height at every rotation 

of the drum so as to make the heads insusceptible to the 

influence of vibration of the like. For this structure, a 

means for constantly detecting the height of the movable 

head is necessary. In this case, however, the absolute 

value of the sensor for constantly detecting the height of 

the movable head need not be accurate so long as there is a 

means for detecting the absolute height of the movable hea~ 

at every rotation of the drum. It is possible to prevent 

the deviation of the head due to vibration during the 
• 

rotation· of drum if the absolute height of the movable head 

is detected by the above-described reproduced rna.gnetic field 
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:thB AC magnetic field generating coil and the height of 

IS• 

movable head is so controlled that the output of the 
,~e .. 
;ensor for constantly detecting the height of the movable 

~,,.ad is constant~ during the period from one detection o·f the .... 
,~solute height to the next detection. ,., 

In order to detect the position of the head in the 

.. 05ition control system during one rotation of the drum, the 
:: 

structure shown in Fig. 6 or the structure shown in F~g. 7 

is used in this embodiment. Use of either of these struc­

tures not only enables the detection of the position. but 

also exerts no deleterious influence of leaked magnetic flux 

on the head. It is also possible to use the apparatuses for 

optical position detection shown in Figs. 8 to 10. Alterna­

tively, a strain gauge may be used. Use of a piezoelectric 

generator type sensor formed by cutting a part of a bimorph 

for the detection of the absolute height is also effective-. 

(18) Twelfth embodiment 

It is possible to utilize the output of the 

above-described position sensor which can constantly detect 

the height of the movable head and suppress the mechanical 

resonanc~ of the actuator, enhance the controllability of 

the movable head and make the movable head insus~eptible to 

external vibration by a damping loop composed of the follow­

ing means for electrically estimating the speed. In this 

damping loop produced on the basis of the output of the 

i1111ii1i11r 
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osition sensor which can constantly detect the height of 

p 

be movable head, it is possible to prevent the aontrol 
t . 

frequency band for the position control from bei~g restrict-

' ed to a low~ frequency band due to the· mechanical resonance 

of the movable head actuator. 

In order to move the magnetic head in the drum, it is 

necessary to move the magnetic head uniaxially, n~ely, only 

in the direction parallel to the rotational axis of the·. 

drum. It is therefore necessary to separate the driving 

portion from the magnetic head or attach the magnetic.head 

to the end of a cantilever or a leaf spring in a bimorph 

actuator or electromagnetically driven actuator shown in the 

conventional examples. 

For this reason, there exists a large mechanical 

resonance· which is characteristic of a leaf ~pring, as seen 

in the transfer characteristic (displacement-driving voltag~ 

or current characteristic) of the bimorph actuator or 

electromagnetically driven actuator in the conventional 

examples. 

Since the large mechanical resonance reverses the phase 

in the vici~ity of the serial i;esonance frequency, for 

example, in the phase cont~ol system having a phase•delay 

compensator, the control frequency band is limited to a 

frequency sufficiently lower the primary resonance f requen­

~, generally, about 1/10 to !/several tenths of the primary 

~lif i 1iii1ii1imf 
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~50nance frequency. This is firstly because it is impossi­

ble to secure a sufficient phase margi"n of the c9ntrol 

515tem due to the influence of the phase reve~sal in the 

V'icinity of the re.son.ance point, and "secondly because· if the 

resonance peak gain is large, the gain margin beyond the 

control frequency band (generally, it is necessary that the 

open loop gain of the control system at the frequency in the 

frequency band higher than the control frequency band at 

which the phase is -180° is -10 to 20 dB) becomes smaller 

than the resonance peak gain, so that th~ control system 

becomes unstable. In the case of setting the contr0l 

frequency band between the primary resonance point and the 

secondary resonance point by compensating for 

the phase delay by a phase advancing circuit, it is neces-
. . . 

sary that the primary mechanical_ resonance frequency is 

adequately dista.nt from the secondary serial ·resonance 

frequency or the parallel resonance frequency. In the 

system having ·a movable portion in the shape of a leaf 

spring such as the actuator of the movable magnetic head in 

a VTR, since it is impossible to take a sufficient differ-

ence between the primary resonance frequency and the secon­

dary or higher-order resonance frequency., the phas~ advanc-

ing circuit for compensation is not often adc::>pted_. It is 
.. 

therefore necessary to electrically damp the large mechani-

cal resonance characteristic which is characteristic of the 
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qable magnetic head actuator of a VTR so as to have th.e 

~o 

t uator having a good controllability. However, if the 
aC 

damping means is composed of a differentiator as in the 

·rela:ted art, the~ noise of the position sensor is increased· 

and the ·tracking controllability is rather deteriorated. 

such a problem can be solved by using a speed estimat-

inq observer, as described above. In other words, it is 

preferable that a circuit shown in Fig. 30 is composeq of an 

observer having the structure shown in Fig. 1 and-adopting 

the analog structure shown in F;g. 19. 

Fig. 30 shows the structure of a twelfth embodiment of 

the present invention, adopting a speed estimating observer. 

In this embodiment, the position of the movable portion of 

an actuator 2301 is detected by a a position detector 2302 

and the detected position is input to a· speed estimating 

observer 2303 and a position· control compensator· 2304. The 

output of the speed estimating observer 2303 is fed back to 

the input terminal of a driving signal amplifier 2305 

through a damping loop and the position control compensator 

2304 feeds back the output of the speed estimating observer 

2302 to the input terminal of the driving signal amplifier 

2305 • 

. An absolute height detecting sensor 2305 fat detecting 

the height of the head in the actuator 2301 is provided. 

The sensor 2305 may have any of the above-described 

· iiifli11ii1i1inr 
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. ;ttllctures. The output of the sensor 2305 is input to an 

absolute height detector 2306, and the output of ,the abso­

i1.1te height detector 2306 is fed back to a low frequency 

compensator 2307 after it is subtracted trom the command for 

the absolute height. 

The open loop gains of the respective feedback loops 

shown in Fig. 30 are preferably set as shown in Figs. 31 and 

32. The characteristics of the low frequency compensator 

2307 are preferably set.as shown in Figs. 33 to 35, and the 

characteristics of the position control compensator 2304 are 

preferably set as shown in Figs. 37 and 38. If the low 

frequency compensator 2307 has a structure such as that 

shown in Fig. 36, the elements a to c have the characteris­

tics shown in Figs. 33 to 35, respectively. If the position 

·control compensator 2304 has a structure such as that shown 

in Fig. 39, the ·elements a and b have the characteristics 

shown in F~gs. 37 and 38, respectively. 

Needless to say, if the system shown in Fig. 30 in­

cludes neither the position control loop no the damping 

control loop, the position of the head is controlled only by 

the contra~ of the ab~ol~te height at each rotation of the 

drum and the height of the head is apt to deviate. If the 

system does not include the damping control loop, the ratio 

Of suppression Of the deviation of the height during one 

rotation is lowered, so that the head is apt to vibrate. On 
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tbe other hand, if the system does not include the position 

control loop, although the head is unlikely to v;brate, the 

,atio of suppression of the deviation of the height is 

10wered to approximately ze~o •. When the movable portion of 

the actuator has a high rigidity or viscosity, however, the 

system shown in Fig. 30 is free from the above-described 

problems even if the above two minor loops are eliminated 

from the absolute height correction loop. In the system 

shown in Fig. 30, by making the open loop gain of the 

absolute height correction loop larger on the low frequency 

side and sma1·1er on the high frequency side than that of the 

position control loop containing the damping loop, the 

system for controlling the movable head so as to be con­

stantly at the absolute height during the rotation of the 

drum is real,i.zed. · 

In this case, the gain of the absolute height correc-

tion loop may be compensated for on the low frequency side 

in the form of a secondary delay, as shown in Fig. 31. 

Alternatively, the DC component of the position control loop 

may be cut so as to lower the gain on the low·frequency 

side, as shpwn in Fig. 32. 

In order to realize the open loop characteristic such 

as that shown· in ·Fig. 31, it is necessary to insert a filter 

having frequency characteristics such as those shown in 
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fiCJ s. 33 to 36 as the low frequency compensator 2304 in 

fi9• 30. 

The symbols a to c in Fig. 36 represent a lag-lead 

filter, a primary low-pass filter and a secondary low-pass 

filter, respectively, each of which is generally.known. It 

iS also necessary that the position control compensator 2397 

has a structure such as that shown in Fig. 3 9. The symbols 

a and bin Fig. 39 represent a J,.ow-pass filter and a -
high-pass filter, respectively, each of which is well known. 

Naturally, these structures· can be realized by an analog 

circuit which is composed of a capacitor and a resistor, or 

a digital filter. 

Although amplified gain for compensating for a gain is 

not described in each compensator, a desired gain compensa-

tion is naturally necessary in order to realize the charac-. 

teristics shown in Figs. 31 and 32. 

(19) Thirteenth embodiment 

Although the system shown in Fig. 30 is composed of an 

analog circuit in the twelfth embodiment, it may also be 

produced by a software by using a·high-speed digital comput-

er such as a microprocessor. 

Fig. 40 is a flowchart of the processings in the main 

routine of a control program in the case of realizing a 

position control system by using a software. In this 

routine, after starting and initial1zing the program, the 
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:oii"owing routine is repeated at every block to which the 

~a1culation period is instructed. A calculating,subroutine 
v 

·!O?lich corresponds to the function of the speed estimating . 
observer is ~irst executed. A calculation subroutine which 

corresponds to the function of the position control system, 

in particular, the position control compensator is next 

executed. Thereafter, the calculation subroutine which 

corresponds to the function of the absolute height c0rrec­

tion system, in particular, the absolute height detector and 

the low frequency compensator is executed. ·By subtracting 

the results of the first two subroutines from command for 

absolute height correction, the command value for driving 

the actuator is obtained. 

The contents of the respective subroutines will be 

e)Cpla.ined in the following. In the subroutine corresponding 

to the function of the observer, K1 to K5 are set at con­

stants (~d·~t)/R, K, F1 , F2 and F3, respectively and vari­

ables A to B are serially calculated. The variables A to B 

are equivalent to the outputs of the blocks 1405 to 1409 in 

the observer shown in Fig. 1. 

Fig. 42 is a flowchart of the position control subrou­

tine in the flow shown in Fig. 40. The information about 

_the actuator height is calculated and output through two 

digital filters. 
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Fig. 43 is a flowchart of the absolute height correc­

>ion subroutine in the flow shown in Fig. 40. Al;>solute 
" 
r.eight information z1 - z2 are averaged p times by using the 

00nt value P and after the averaged value is compensated c . . 
for in a low frequency band by a digital filter, the compen-

sated value is output as the absolute height. 

The values z1 and z2 are obtained by picking up the 

output of the two AC magnetic field generating coils .~n the 

conventional examples by the absolute height detecting head 

and the movable head in the present invention, and amplify­

ing the outputs by the amplifier shown in Fig. 25. and 

detecting the amplified output for peak holding or sample 

holding. The thus-obtained values z1 and z2 are subjected 

to A/D conversion and input to the microprocessor as the 

outputs of the respective AC magnetic field generating 

coils. 

The above-described movable head position control 

system can adopt a hardware such as that shown in Fig. 44. 

In the c·ase of detecting the position of the movable head by 

a position sensor, it is sometimes impossible to take the 

detection · s.ignal to the outside of the drum due to the 

limitation in number of the channels of the rotary trans-, 

former or in consideration of the influence of noise· exis-

tent in a slip ring 2401. In the thirteenth embodiment 

shown in Fig. 44, a driver 2402 for an actuator and a speed 
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estimating observer 2404 are provided on a printed circuit 

~oard 2403 within _the drum, thereby enabling the•actuator 

~hich is subject to electrical damping from the outside of 

the drum through_ the slip ring 2401. 

(20) Fourteenth embodiment 

On the other hand, it is also possible to take out the 

position detection signal to the outside of the rotary drum 

and providing the p~sition controller and the driver .. outside 

of the drum. Fig. 45 shows an example thereof as a four-

. teenth embodiment of the present invention. An LED or a. 

laser, which is a light emitting element 2502 of an optical 

sensor is flashed in accordance with a driving signal. At 

this time, the frequency of flashing is set in a frequency 

range which is sufficiently higher than the observer f re­

quency band and which can pass through a rotary transformer 

2502. In Fig. 45, the driving signal is supplied to the 

light emitting element 2501 throu9h the slip ring 2503, but 

the light emitting element can be similarly flashed by 

transmitting the driving signal by a large-capacity trans­

former or supplying the power source by another means 

(large-capacity rotary transformer or slip ring) and supply­

ing only a command signal to the light emitting element 

2501. 

The thus-flashed light is converted into an AC 

Photocurrent by a light receiving element 1505 through a 
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·rror 2504. 
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Since the photocurrent is a photocurrent 

:i<Jnal in the frequency range which the rotary tf ans former 
, 

,502 can transmit, it easily passes through the rotary . .. 
transformer 2502. After ~he photocur·rent is converted into 

the amount of light received by the light receiving element 

25os, it is taken out as the amount of displacement of the 

movable portion of the actuator by a differential amplifier 

2so1. ·. 

In place of the optical sensor shown in Fig. 45, the 

above-de.scribed capacity sensor may be used. In this case, 

an LC oscillator is. composed of the capacity of the sensor 

and a coil, and after the AC signal from the oscillator is 

taken out of the transformer and subjected to a 

frequency-voltage conversion {F/V conversion), the signal is 

taken out as the position signal of the movable portion. It 

qoes without saying that a similar effect is also produced 

by taking out a signal to the outside of the drum through 

the rotary transformer by a voltage-frequency converter (FM 

modulator), voltage-pulse width converter (PWM modulator), 

voltage-AC amplitude converter (AM modulator) or the like, 

. which is p~ovided in the drum. 

As described above, when the position s-ignal of the 

movable portion is constantly taken out of the rotary 

transformer, the control system may be realized either by 

the above-described. algorithm of a software or by an analog 

. ii1i1iiiUf 



;rcuit. However, when the system is composed of the c ... 
observer and the position controller provided 9n.the rotary 

arum, there is a case in which the system must be composed 
~ 

of an analog circuit due to the limitation of the scale of 

the circuit. At this time, it is necessary to cut the DC 

component of the position signal input to the observer so as 

to prevent a drift from being produced on the analog calcu­

lated value of the observer. -. 

It goes without saying that unless the DC. component of 

the driving voltage input to the observer is similarly cut, 

a prediction error is produced in the estimated error due to 

the DC component, which inhibits the operation of the 

observer. 

Such an analog structure does not produce any problem 

·because the observer is in-charge of a high frequency band 

of the position. control system. In other words, there is 

almost no change in the pole-positioning shown in Fig. 3. 

(21) Advantages of eighth to fourteenth embodiments 

As described above, according to these embodiments, it 

is possible to control the movable head so as to be at a 

desired height and the electromagnetic induction signal of 

an AC magnetic field for detecting the absolute height is 

~ot int;erfered with the crosstalk from the recording signal 

current on the rotary transformer. It is also possible to 

take the amplified gain from the height detection signal 
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.~olifier separately from the gain of the information signal 
r· 

.... olifier. It is thus possible to detect an accurate 
Y'• 

~ei<Jht. During the rotation of the drum, since the movable .. 
i.ead is fixed to the height regulated· by the pos~tion .. 

. .. 0ntrol by the position sensor which is provided in the 
"' 

,ctuator and the movable head is damped by the speed esti-.. 
~ating observer, it is possible to prevent the vibration or 

displacement of the movable head due to the vibration·· of the 

pagnetic recording and reproducing ap~aratus. 

While there.has been described what are at present 

considered to be.preferred embodiments of the invention, it 

will be understood that various modifications may be made 

thereto, and it is intended that the appended claims cover 

all such modifications as fall within the true spirit and 

scope of the invention. 
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CLAIMS 

l. A movable head· position controlling device for 

J!lagnetic J;ecording and reproducing apparatus: comprising: 
~ 

a magnetic head moving mean~ for moving the magnetic 

bead in a predetermined direction at a speed which corre­

sponds to a driving signal; 

a position detecting means for detecting the position 

of the magnetic head in the predetermined direction an~ 

outputting the result as a position deflection signal; 

a speed es~imating means_ for estimating the speed of 

the magnetic head in the predetermined direction on the 

basis of the driving signal and the position deflection 

signal and outputtin.g the estimated value which is multi­

plied by a predetermined coef ficient1 and 

a feedback and damping means f~r supplying a signal, 

which is obtained by subtracting the output of the speed 

estimating means from a signal supplied from another cir­

cuit, to the magnetic head moving means as a driving signal 

so as to damp the magnetic head moving means. 

2. A movable head position controlling device accord­

ing to Claim 1, wh~rein the speed estimating means is a 

co-dimensional .observer including: 

a model block for electrically simulating the behavior 

of the magnetic head moving means.and outputting the esti­

mated value of -the position of .the magnetic head in the 

111111111111111111111111111111 
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predetermined direction and the speed of the magnetic head; 

BJld 

an estimated speed outputting means for multiplying the 

estimated value of the speed which is output. from the model 

block by a pre~etermined coefficient and outputting the 

product. 

3. A movable head position controlling de.:vice accord­

ing to Claim 2, wherein the speed estimating means includes: . 
an estimated error outputting means for subtracting the 

estimated value of the magnetic head position which is 

output from the model block from the position deflection 

signal and outputting the difference as an estimated errqr; 

and 

a means for feeding back the ·estimated error to the 

. model block. 

4. A movable head position controlling device accord­

ing to Claim 1, 2 or 3, wherein· 

the magnetic head moving means includes a fixed portion 

for supplying a constant magnetic field and a movable 

portion for generating a magnetic field in accordance with 

the driving signal and being moved in the predetermined 

·direction by· the interlinkage between the generated magnetic 

field and the c6nstant magnetic field1 and 

the position detecting means.includes a magnet fixed to 

the movable portion, a Hall sensor for detecting the 

11111111111111 11111 11111111111 
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agnetic field generated by the magnet fixed to the fixed 

~ 
I 

portion, and a means for outputting the position deflection 

619n~l which indicates the position of the magnetic head in 

the predetermined direction on the basis of the magnetic 
.. 

field detected by the Hall· sensor •. 

S. A movable head position controlling device accord­

in9 to Claim 41 . wherein the position detecting means further 

includes a means for magnetically shielding the magnet and 

the magnetic head. -. 

6. A movable head position controlling device accord-

ing to Claim 1, 2 or 3, wherein 

the magnetic head moving means includes a fixed portion 

for supplying a constant magnetic field and a movable 

portion .for generating a magnetic field in accordance with 

the driving signal and being moved in the predetermined 

direction by·the interlinkage between the generated.magnetic 

field and the constant magnetic field; and 

the posi.tion detecting means includes a. light emitting 

portion fixed to the fixed portion so as to emit light, and 

a light receiving portion fixed to the movable portions so 

as to receive the light emitted from the light emitting 

portion, detect the degree of unbalance of the amount of 

·light received, and output the position deflection signal 

which indicates the position of the magnetic head. 

11111111111111111111111111 1111 
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7. A movaQle head position controlling device accord-

in<I to Claim 1 , · -2 or 3, ·wherein 
. . 

the magnetic head moving means includes a fixed portion 

for supplying a constant magnetic field and a movable 

portion for generating a magnetic field in accordance with 

the driving signal and being moved in the predefermined 

direction by the interlinkage between the generated magnetic 

field and the constant.magnetic field; and 

the position ·detecting means includes a light emitting 

portion fixed to the fixed portion so as to emit light, a 

reflecting means fixed to the ·movable portion so as to 

reflect the light emitted from the light emitting portion, 

and a light receiving portion for receiving the light 

reflected by the reflecting· portion, detecting the degree .of 

unbalance of the amount of light received, and outputting 

the position deflection signal which indicates the position 

of the magnetic head. 

8. A movable head position controlling device accord­

ing to Claim 7, wherein the light receiving portion is 

.. '_,. 

· . I 1111111111111:11111 1111111 1111 
* C L M S * 



122 
·vided into a plurality of light receiving pieces in the 

. ~l . 

edetermined direction, and each difference between the 
vr 
light· receivinQ pieces is dete.cted a~ the degree of unbal-

~n~e of the amount of light received. 

9. A movable.head position controlling device accord-

ing to any one of the preceding claims, wherein the magnetic head rroving mea.11s 

includes an actuator which is a mechanism provided in a 

rotary drum so as to move the magnetic head in the predeter-

mined direction, and a driver for controlling the actuator 

in accordance with the driving signal. 

10. A movable head position controlling device accord-

ing to Claim 9, wherein the driver and the speed estimating 

means are fixed to the rotary drum. 

11. A movable head position controlling device 

according to Claim 9 or 10, .wherein 

the speed estimating means, the feedback and damping 

means and ;he driver are disposed outside of the rotary 

drum; and 

slip rings are provided between the actuator and the 

driver and between the position detecting means and the 

speed estimating means so as to connect the respective 

elements. 

12. A movable bead positio~ controlling device for 

magnetic recording and reproducing apparatuses comprising: 

I 1111111111111 11111 11111 IHlll ' 
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a head moving means for moving the magnetic head in a 

I 

predetermined direction at a speed which corresponds to a 

driving signal and generating a counter electromotive force, . . . 
~hich indicates the speed, in ~he interior of the magnetic 

bead moving means when the driving signal is applied; 

an equivalent coil having an inductance approximately 

equal to that of the magnetic head moving means and generat­

ing a counter electromotive force, which indicates the .. 

speed, in the interior of the equivalent coil when the 

driving signal is applied; 

a spe"ed estimating means for estimating the speed of 

the magnetic head in the predetermined direction by detect­

ing the counter electromotive force generated in the equiva-

lent coil and outputting the estimated value which is 

mu1_tiplied by a predetermined coefficient1 and 
.. 

a feedback and damping means for supplying a signal, 

which is obtained by subtracting the output of the spee·d 

estimating means from a signal from another circuit, to the 

magnetic head .moving means as a driving signal so as to damp 

the magnetic head moving means. 

13~ A movable head position controlling device accord­

ing to Claim 12, further comprising an equivalent~resistor 

wh_ich has a resistance approximately equal to that of the 

magnetic head moving means, and through which the speed 

111111111111111111111111111111 
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estimating means detects the counter electromotive force 

~hich is generated in the equivalent coil. 

14. A_~ovable head pos~tion controlling device accord-

ing to G:laim ·12 or 13, further comprising: 

a driving current detecting means for detecting the 

driving signal which is supplied to the magnetic head moving 

means as a current and outputting the current as a driving 

current; 

a first band limiting means for limiting the detected 

driving current to a predetermined frequency band; and 

a current feedback means for subtracting the driving 

current with the frequency band thereof limited from the· 

driving signal which is being supplied to the magnetic head 

moving means, and supplying the difference signal obtained 

to the- magnetic head moving means as the. driving signal. 

15. A mqvable head position controlling device accord-

ing to Claim14, wherein the feedback and damping means 

includes: 

a driving current estimating means for converting the 

counter electromotive force which is detected by the speed 

estimating.mean~ into a current1 

a driving current error qetectinq means for obtaining 

the difference between the current and the driving current 

detected by the driving current detecting means and output­

ting the difference as the difference signal1 

111111111111111111111111111111 
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a second band limiting means for limiting the differ­

ence signal to a· predetermined frequency band; and 

a differenc·e~ current feedback means for subtracting the 

dif.ference · signal with the frequency band thereof limited 

from the signal which is supplied from another circuit and 

supplying the difference signal obtained to the current 

feedback means. 

16. - A movable head position controlling device for 

magnetic ~ecording and reproducing apparatuses comprising: 

an actuator ·dispo·sed in a rotary drum so as to hold. a 

magnetic head such that at least the magnetic head projects 

from the peripheral surface of the rotary drum and to move 

the magnetic head in the axial direction of the rotary drum 

in-accordance with a driving signal; 

a magnetic.field detecting el~ment disposed on the 

peripheral surface of the rotary drum at a predetermined 

position in the axial direction of the rotary drum so as to 

detect a magnetic field; and 

an actuator controller for controlling the position of 

-the magnetic head in the axial direction of the rotary drum 

so as to be equal to that of the magnetic field detecting 

element, the actuator including: 

a coil which fs disposed outside of the rotary drum in 

such a manner as to face the peripheral surf ace of the 

rotary drum so as to generate a magnetic field in accordance 

1--1111111111111 11111 1111111 1111 
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·th the supply of an AC current and on which an 

lo'l 

electromotive force is generated by electromagnetic induc­

tion when the magnetic field is intersected by the magnetic 
~ 

}lead and the magnetic. field detecting element during the 

·rotation of the rotary drum~ and 

an absolute height correction loop for correcting the 

driving signal so that the driving signal output when the 

electromotive force is generated on the coil by the magnetic 

head ~s equal to the driving output signal when the 

electromotive force is generated on the coil by the magnetic 

field detecting element. 

17. A movable head position controlling device accord-

ing to Claim 16, further comprising a position detecting 

means for detecting the position of the magnetic head in the 

axial· direction of the rotary drum and outputting the result 

as a position deflection signal; 

wherein the actuator controller includes a position 

control loop for correcting the driving signal in accordance 

with the position deflection signal. 

18. A movable head position controlling device accord-

ing to Claim 17, further comprising a speed estimating means 

for estimating the speed of the magnetic head in'the axial 

direction of the rotary drum on the basis of the driving 

signal and the position deflection signal: 

• llllllll llllll lllll lllll II llll 
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wherein the actuator controller includes a damping loop 

for damping the driving signal on the basis of the estimated 

speed value obta~ned from the speed ~stima~ing means. 

19. A movable head position c·ontrolling device accord­

ing to Claim 1.8, wherein the speed estimating means is a 

co-dimensional observer including: 

a model block for electrically simulating the behaviour of 

the actuator and outputting the estimated value of each of 

the position of the magnetic head in the axial direction of 

the rotary drwn and the speed of the magnetic head; and 

an estimated speed outputting means for multiplying the 

estimated va_lue of. the speed which is output from the model 

block by a predetermined coefficient and outputting the 

product to a control means. 

20 • - A mov.able· head position controlling device ac~ord­

ing to Claim 19, wherein the speed estimating means in-

eludes: 

an estimated error outputting means for subtracting the 

estimated value of the magnetic head position which is 

output from the model block from the position deflection 

signal and outputting the difference as an estimated· error1 

and 
.. 

a means for feeding back the estimated e~ror to the 

model block. 

I lllllll llllll lllll/llll /1111/ ' 
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21. A movable head position controlling device accord-

j.ng to Claim 18, 19 or 20 ·wherein 

the actuato~ includes a fixed portion for supplying a 
. . 

constant magnetic field and a movable portion for qenerating 

a magnetic field in accordance with the driving signal and 

})eing moved in the axial direction of the rotary drum by the 

·interlinkage between the qenerated magnetic field and the 

constant magnetic field; and 

the position detecting means includes a magnet fixed to 

the movable portion, a Hall sensor for detecting the magnet~ 

ic field generated by the magnet fixed to the fixed portion, 

and a means for outputting the position deflection signal 

which indicates the position of the magnetic head in the 

axial direction of the. rotary drum on the basis of the 

magnetic field detected by the Hall sensor. 

22.. A movable head position controlling device accord-

ing to Claim~21, wherein the position detecting means 

further includes a means for magnetically shielding the 

magnet and the magnetic head. 

23. A_~ovable head position controlling device accord-

ing to ,Claim 1 8, 1 9 or 21 wherein 

the actuator includes a fixed portion for su~pplying a 

constant magnetic field and. a movable portion for generating 

a magnetic field in accordance with the driving signal and 

being moved in the axial direction of the rotary drum by the 

I lllllll IJll/11111111111111111 
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inter linkage between the generated magnetic field and the 

constant Jnagnetic field; and 

the posfticin detecting means includes a light emitting 

portion fixed to" the fixed portion so as to emit light, and 

8 light receiving portion fixed to the movable portions so 

85 to receive the light emitted from the light emitting 

portion, detect the degree of unbalance of the amount of 

light received and output the position deflectic>"n signal 

which indicates the position of the magnetic head. 

24. A mov~bl~ head p6sition controlling device accord-. 

ing to Claim 18, 19 or 21, wherein 

the actuator includes a fixed portion for supplying a 

constant magnetic field and a movable portion for generating 

a magnetic field in accordance with the driving signal and 

being moved in the axial direction of the rotary ~rum by the 

interlinkage between the generated magnetic field ·and the 

constant magnetic field; and 

the position detecting means includes a light emitting 

portion fixed to the fixed portion so as to emit light, a 

1:.1111111111111.11111 1111111 1111 
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reflecting means fixed to the movable portion so as to 

reflect the light emitted from the light emitting portion, 

and a light receiving portion for receiving the light 

reflected by the reflecting portion, detecting the degree of 

unbalance of the amount of ligh~ received and outputting the 

position deflection signal which indicates the position of 

the magnetic head. 

25. A movable head position 6ontrolling device accord-

ing to Claim 23 or 24, wherein the light receiving portion is 

divided into a plurality of light receivin9.pieces in the 

axial direction of the rotary drum, and each difference 

between the light receiving· pieces is detected as the degree 

of unbalance of the amount of light received. 

26. A movable head position controlling device accord-
. . .. 

ing to any on: of claims 18 to 25, wherein the control means includes a 

position control compensator for increasing the open loop . 

gain of the position control loop in a high frequency band. 

27. A movable head position controlling device accord-

ing to any one of claims 18 to 26, wherein the control means includes a low 

frequency compensator for increasing the open loop gain of 

the absolute height correction loop in a low frequency band. 

28. A movable h~ad position controlling device accord-

ing to any one of claims 18 to 27, wherein 

llllllll llllll lllll lllll:/11111 
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the speed estimating means is a processor for executing 

I 

the main routine every time a clock ·pulse is received, the 

~ain routine including: 
~ 

an observer-routine for simulating the behavior -Of the 

actuator in accordance with the driving signal, multiplying 

the estimated value of the speed of the magnetic head in the 

axial direction of the rotary drum by a predetermined 

coefficient and storing the product at a variable o1 ; ·. 

a position control routine for filtering the driving 

·signal such that the gain in the high frequency band is 

increased and storing the result at a variable o2; 

an absolute height correction routine for filtering the 

driving signal such that the gain in low frequency band is 

increased and storing the result at a variable o3; 

a subtraction routine for calculating o3 - o2 - o1; and 

an output routine for outputting the result of o3 - Oi 

A movable head position controlling device for 

magnetic recording and reproducing apparatuses comprising: 

an actuator disposed in a rotary drum so as to hold a 

magnetic head such that at least the magnetic head projects 
' from the peripheral surface of the rotary drum and move the 

magnetic head in·the axial direction of the rotary drum in 

accordance with a driving signal; 

I Ill/Ill l/1111111/l lllll II llll 
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a magnetic field detecting element disposed on the 

peripheral surface Qf the rotary drum at a predetermined 

position in the axial direction of the rotary drum so as to 

detect a magnetic .. field; and 

an actuator controller for controlling the position of 

the magnetic head in the axial direction of the rotary drum 

so as to be equal to that of the magnetic ·field detecting 

element, the actuator being disposed outside of the ro~ary 

drum and including: 

a} a coil which is disposed outside of the rotary drum 

in such a manner as to face the peripheral surface of the 

rotary drum so as to generate a magnetic field in accordance 

with the supply of an AC current and on which an 

electromotive force is generated by electromagnetic induc­

tion when the ma.gn_etic field is intersected by the magnetic . 

head and the magnetic field detecting element during "the 

rotation of the rotary drum; and 

b) a control means for controlling the position of the 

magnetic head in the axial direction of the rotary drum so 

that the driving signal output when the electromotive force 

is generated on the coil by the magnetic head. is equal to 

the driving signal output when the electromotive f?rce is 

generated on the coil by the magnetic field detecting 

element by supplying a signal to the actuator; and 

1111/llUlllll 111111111111 1111 . 
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a rotary transformer having channels which,correspond 

tO the magnetic field detecting element and the magnetic 

~ead, respectiv:_ely, and connecting the magnetic head and the 

~agnetic field detecting element which rotate together with 

the rotation of the rotary drum to the actuator controller 

which does not rotate together with the rotation of the 

rotary drum. 
·. 

30. A magnetic recording and reproducing apparatus 

·including a movable .head position controlling device 

according to any one of the preceding claims. 

111111111111111111111111111111 
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ABSTRACT 

MOVABLE HEAD POSITION CONTROLLING DEVICE 

FOR MAGNETIC RECORDING AND REPRODQCING APPARATUSES 

A movable head position controlling device for magnetic 

recording and reproducing apparatuses. · The position of a 

~agnetic head is detected. The magnetic head is driven by 

an actuator in accordance with a driving signal. The 

driving signal is corrected on the basis of the estimated 

speed of the magnetic head, the absolute height o .. f the 

movable head, the displacement of the magnetic head, or the 

output of an equivalent coil. The s~eed of the magnetic 

head is estimated by a speed estimating observer.· The 

absolute height is detected by a magnetic field detecting 

element. The displacement of the magnetic head is detected 

by non-contacting sensors attached to a member which moves 

together with the magnetic head and a member which does not 

·move together with the magnetic head, respectively-:. 
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MOVABLE HEAD POSITION.CONTROLLING DEVICE I 

FOR MAGNETIC RECORDING AND REPRODUCING APPARATUSES 

The present invention relates to a movable head posi­

tion cpntrolling device which is used for magnetic recording 

and reproducing apparatuses s·uch as a video tape recorder 
..c"{1·.~~~:.:l:~~~:.:: o; : 

(hereinunder referi~~-f6 as "VTR"). 

In a· magnetic recording and reproducing apparatus such 

as a VTR, a movable head is used. The movable head is a 

head which is displaced in· accordance with a deflection 

signal which is supplied.from a driving control device. In 

a VTR, the movable head is. provided in s_uch a manner that 

the end of the.movable head projects from the peripheral 

surface of a rotary drum. By driving the mov.able head in 

the state in which a magnetic tape passes over the peripher-

al surface of th~ rotary drum, the magnetic head is enabled, 

for example, to follow a track which is formed on the 

magnetic tape. 

Fig. 46 shows an example of the structure of a movable 

head. The movable head is composed of a tongue-like 

piezoelectric bimorph 101 which is bent in accordance with 

the voltage applied hereto and a magnetic head 103 which is 
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~isposed at the free end of· the bimorph 101. The magnetic 

head 103 is fixed to the bimorph 101 and the other end of 
I 

the bimorph 103 is fixed to the inside of a rotary head (not 

shown}. Fig ... 46, and lateJ;-described Figs •. 49 and 50 show 

the positions of a bimorph and a magnetic head on a rotary 

drum. In these drawings, the circle at the back of the 

bimorph and the magnetic head represents the outline of the 

rotary drum. 

In Fig. 46, a sensor 102 is a piezoelectric generator 

formed by cutting a part of the. bimorph 101. 

When a voltage is applied to the -bimorph 101 and the 

bimorph 101 is warped in accordance with the voltage, the 

bimorph 101 assumes the state shown in Fig. 47. The angle 8 

(deg) shown in Fig. 47 is called the amount of inclination 

of the magnetic head 103 and ~ is called the displacement of 

the m~gnetic head 103. 

Fig. 48 shows the relationship between the amount of 

inclination. 0 (deg) of the magnetic head 103 and the effec­

tive length of the bimorph 101. As shown in Fig. 48, as the 

effective length of the bimorph 101 becomes longer, the 

amount of inclination of the magnetic head 103 reduces. As 

the amount of inclination of the magnetic head 103 becomes 

smaller, the end surface of the magnetic head co~es into 

better contact with the magnetic tape which passes over the 

peripheral surface of the rotary drum, so that it is 
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possible to record or reproduce a high-frequency signal with 

higher accuracy. Especially, in the case in which it is 
• 

necessary to greatly displace the magnetic head 103, that 

is, it is necessary to increa_s~. l,; as at the time of superior 
~ 

reproduction of a VTR, it is preferable that the amount 0 

(deg) of inclination of the magnetic head 112 is small, that 

is, the bimorph 101 has a long effective length. 

The structure of a bimorph having a longe~·· effective 

length is shown in Fig. 49~ In Fig. 49, a bimorph 201 is 

comparatively long and it is disposed obliquely relative to 

the radius of the rotary head. The effective length (the 

projected length in the right and left direction in the 

drawing) of the bimorph 201 is therefore longer than that.of 

the bimorph 101 shown in Fig. 46. 

The structure of a bimorph having an ~ven longer 

effective length is shown- in Fig. 50. In Fig. 50, an 

annular bimorph 301 is adopted. The effective length (the 

projected length in the right and left direction in the 

drawing) of the bimorph 301 is therefore longer than that of 

the bimorph 201 shown in Fig. 49. 

On the other hand, if the effective length of a bimorph 

is long, the serial resonance frequency and the parallel 

resonance frequency become low. Fig. 51 shows an example of 

the frequency characteristic of a bimorph. In a general 

frequency characteristic of a birnorph, the phase reverses by 
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180° when the frequency reaches the primary serial resonance 

frequency (the frequency at the lower serial resonance point 
I 

of the two shown in Fig. 51). For this reason, in a VTR 

·system in whicp tracking is carried out by a movable head, 

the control frequency·band is set at a frequency band lower 

than the primary serial resonance frequency. If.the inter­

val between the primary serial resonance frequency and the 

secondary serial resonance frequency or the interval between 

the primary serial resonance frequency and the parailel 

resonance frequency is long, the control frequency band is 

set at a frequency band between the primary serial.resonance 

frequency and the secondary serial resonance frequency or 

between the primary serial resonance frequency and the 

parallel resonance frequency by phase advancing control. 

Accordingly, when the effective length of a bimorph is long, 

it is difficult_ to secure a sufficiently wide control 

frequency band, thereby making sufficient tracking dif fi-

cult. For example, if a track formed on the magnetic tape 

is rolled, it is difficult for the magnetic head to follow 

the rolling. 

Such a defect can be -ameliorated by reducing the peak 

gain at the· serial resonance frequency to a certain extent. 

By differentiating the output of the sensor, it is possible 

to reduce the peak of the gain at the serial resonance 

frequency which is contained in the.output. 
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5 
It is also possible to use an actuator having the 

structure shown in Fig. 52 in order to drive the magnetic 

head. The structure of the actuator shown in 'Fig. 52 will 

now be explained and the structures of conventionai control 

devices will next be explained. 

The actuator shown in Fig. 52 displaces a magnetic head 

at a large amplitude without inclining the magnetic.head. 

Two magnets 401 and 402 are vertically provided in the 

actuator, and a yoke 403 is disposed between the magnets 

401, 402. An annular yoke 404 is further provided with a 

gap between t~e qnnular yoke 404 and the yoke 403. On the 

upper side and the lower side of the yoke 404 are provided 

yokes 405 and 406, respectively. These yokes form a magnet­

ic path for the magnetic fluxes produced by the magnet 401 

or 402. 

In this actuator, the magnet 401, the yoke 403 and the 

magnet 402 are disposed within a bobbin 408 which has an 

actuator coil 407 wound therearound. The actuator coil 407 

is situated between the yoke·s 403 and 404, namely, within 

the gap. Therefore, when a current flows on the coil 407, a 

force is applied to the coil 407 in the vertical direction 

in the draw·ing. The direction in which the bobbin 408 is 

moved by this force is regulated by gimbal springs 409 and 

410, and the bobbin 408 vertically moves. 
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Each of the gimbal springs 409, 410 is composed of a 

discal thin metal sheet provided with a plurality of arcuate 

slits (not shown). At the centers of the gimbal springs 

409, 410, holes .. are formed, and the b9bbin 408 is fitted in 

the holes so as to be fixed on the inner peripheral edges of 

the gimbal springs 409, 410. The outer peripheral edges of 

the girnbal springs 409, 410 are fixed to the yokes. The 

girnbal springs 409, 410 are parallel to each other. 

One 410 of the girnbal springs is integrally formed with 

a leaf spring 411. The leaf spring 411 is fixed to the 

bobbin 408 and the free end thereof is fixed to a magnetic 

head 412. Therefore, the actuator shown in Fig. 52 can 

·displace the magnetic head 412 at a large amplitude without 

inclining the magnetic head 412. 

(1) First example of a conventional device 

~ig. 53 shows the structure of a.conventional movable 

head position controlling device for magnetic recording and 

reproducing apparatuses which is described in Japanese 

Patent Laid-Open No. Sho. 52-117107. The structure of the 

device will now be explained on the assumption that the 

actuator shown in Fig. 52 is used and wobbling servo control 

is executed. 

In this device, the output of a sensor 502 which is 

formed by cutting a part of a bimorph 501 is a signal which 

indicates the instantaneous value of the position of a 
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magnetic head 512. The phase of this signal is 90° delayed 

with respect to the signal for driving the bimorph 501 (the 

output signal of a driving amplifier 510). ' . A high-impedance 

ampl-ifier 503~is an amplifier having a high input ·impedance, 

and the_ output of the sensor 502 is amplified by the 

high-impedance amplifier 503. The sensor 502 is equivalent 

to a series circuit.of a capacitor and a voltage source as 

viewed from the input terminal of the high-impedance ampli­

fier 503.· Since the input imped-ance is high, the 

high-impedance amplifier 503 does not constitute a load to 

the sensor 502. 

A differentiator 505 is provided via an adder 504 at a 

subsequent stage to the high-impedance amplifier 503, and. 

the output of the adder 504 is differentiated by the 

differentiator 505. Since the output of the high-impedance 

amplifier 503 indicates the instantaneous_ value.of the 

position of the magnetic head 512, the result of the differ-

entiation is a signal which indicates the instantaneous 

value of the speed of the magnetic head 512. The frequency 

characteristic of the differentiator 505 is a phase advanc­

ing characteristic such as that of a high-pass filter. The 

differentiator 505 can be utilized for reducing the peak 

gain at a serial resonance frequency to a certaiµ extent. 

That is, it is possible to reduce the peak of the output of 

the adder 504 by differentiation. 
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8 
To the differentiator 505, a low-pass filter 506, a 

phase advancing circuit 507, a variable gain amplifier 508 
I 

are connected in series. The cutoff frequency of the 

·low-pass filter 506 is set so as to attenuate a signal 

produced by the secondary and higher-order resonance f re­

quencies of the bimorph 501 from among the outputs of the 

differentiator SOS. When a signal passes through the 

low-pass filter S06, the phase of the signal delays. The 

phase advancing circuit 507 has a function of advanting the 

phase of the output of the low-pass filter. The phase 

advancing circuit S07 compensates for the phase delay in the 

vicinity of the serial resonance point of the bimorph 551. 

As a result, of the signals output from the phase advancing 

circuit S07, the frequency component in the vicinity of the 

serial resonance point of the bimorph 551 has a phase of 

cle~r 0°. T~e variable gain amplifier 508 is adjustable in 

order to correspond to the nonuniformity in the characteris~ 

tic of the bimorph 501. 

The output of the variable gain amplifier S08 is input 

to the driving amplifier 510 via an adder S09. The driving 

amplifier SlO amplifies the output of the adder 509 and 

supplies the amplified output to the bimorph 501 as a 

deflection signal. In this way, the bimorph soi is driven 

in accordance with the output of the driving amplifier SlO. 

The above structure can be said to constitute a feedback 
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loop for controlling the dr~ving of the bimorph 501. In 

other words, by supplying a deflection signal to the bimorph 
I 

sol, the resonance vibration of the bimorph 501 is sup-

pressed. .. 
The adder 504 between the high~impedance amplifier 503 

and the differentiator 503 adds the output of the 

high-impedance amplifier 503 and the output of a 

potentiometer 511 and supplies the sum to the differentiator 

sos. The differentiator SOS fetches the output o~ the adder 

509. It is in order to suppress the frequency component in 

the vicinity of the parallel resonance point of the bimorph 

SOl (zero adjustment) that the output of the high-impedance 

amplifier 503 and the output of a potentiometer 511 are 

added. Such suppression is possible because the deflection 

signal is supplied to the bimorph 501, so that the phase of 

the signal ou~pu~ from the sensor 502 is shifted by 180° at 

the parallel resonance point. By· utilizing the 

potentiometer 511 in th~s way, the servo system is stable in 

the vicinity of the parallel resonance point. 

In this structure, however, that is, in the structure 

in which the peak gain at the serial resonance point is 

suppressed by the differentiator SOS, since the noise 

contained in the deflection signal, which i·s the. output of 

the sensor 502, is also amplified, it is impossible to 
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10 
secure a large loop gain of the loop for controlling the 

bimorph 501. 

As a result, there is a trade-off relationship between the 

qood contact ~etween the magnetic head 512 and the magnetic 
. . 

tape, and the sufficient frequency band and loop gain for 

control. In this way, there is a certain limitation to 

damping control. 

Fig. 53 also shows the structure of a wobbling servo 
·. 

system. The output of the magnetic head 512 is supplied not 

only to a video signal processor 513 but also a wobbling 

servo system which is composed of a head position controller 

514, a frequency compensa-tor 515 and a converter reset 

signal generator 516. The output of the wobbling servo 

system is supplied to the adder 509. 

Wob~ling servo control is a control for constantly 

maximizing the ~mplitude of a reproduction signal from the 

magnetic head 512. As a tracking control system, a pilot 

system and a wobbling system are conventionally adopted. In 

this conventional device, a wobbling system is adopted. 

In a pilot system, a multiplicity of pilot signals for 

tracking servo control are recorded on the same recording 

track or a multiplicity of pilot signals which ·belong to the 

gap between the recording signal frequency allocation are 

recorded on different tracks so that signals recorded 

thereon are different from each other. In this system, the 
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ievels of the signals obtairted as a crosstalk from the 

adjacent tracks are compared at the time of reproduction and 

' the direction and the amount of off-track are detected. The 

results of det~ction are used for the control of the posi­

tion of the magnetic head. 

In a wobbling system,· the magnetic head is forcibly 

vibrated minutely at the time of recording, and the frequen-

cy component of the minute vibration which is contained in 

the reproduction envelope signal is synchronously detected 

in accordance with magnetic head vibration conunanding 

information. As a result of the synchronous detection, the 

direction and the amount of off-track are detected. 

To state this more explicitly, in a wobbling system,. 

the object of control is an electromagnetically driven 

actuator 518 having a structure in which the magnetic head 

512 is driven when a current is supplied to the actuator 

517, as shown in Fig. 54. The wobbling servo system in-

eludes a head amplifier 519 for amplifying the output of the 

magnetic head 512, a wobbling servo circuit 520 for execut­

ing wobbling servo control in accordance with the signal 

which is amplified by the head amplifier 519, and a driver 

521 for supplying a cu·rrent to an actuator coil 517 in 

accordance with the output of the wobbling servo. circuit 

520. In the circuit shown in Fig. 53, the function of the 
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wobbling servo circuit 520 ls chiefly assigned to the 

frequency compensator 515. 

In the circuit shown in Fig. 53, .the output of the 

magnetic head 512 is first processed ?Y the head position 

controller 514. The head position controller 514 generates 

a tracking correction signal from the output of the magnetic 

head 512. The frequency compensator 515 compensates the 

frequency in accordance with the output of the head position 
-. 

controller 514 and the output of the converter reset signal 

generator 516. The converter reset signal generator 516 

outputs a signal for moving cr·esetting) the magnetic head 

512 to the tracking starting position. The adder 509 adds 

the output of the variable gain amplifier 508 and the output 

of the frequency compensator 515, and supplies the sum to 

the driving amplifier 510 and the potentiometer 511. 

~n this way, in this conventional device, good tracking 

is possible while maintaining a good contact between the 

magnetic head and the magnetic tape. This is because the 

wobbling servo system is adopted. 

The conventional device having the above-described 

structure, however, suffers from problems such as the 

limitation ·in the control frequency band and the oscillation 

of the tracking servo system as follows. 

When the magnetic head is driven by the ~ctuator having 

the structure shown in Fig. 52, the phase reversal is caused 
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due to the mechanical resonance of the gimbal springs and 

the leaf spring. The frequency characteristic of this 

actuator is such as that shown in Fig. SS, and the phase is 

reversed hy 18~0 at a frequency abov~ the primary serial 

resonance frequency. Therefore, the control frequency band 

must be set at a frequency band sufficiently lower than the 

primary serial resonance frequency. If the control frequen­

cy band is raised beyond this limitation, the phase margin 

of the servo system is deteriorated due to the phase rever-

sal caused by the mechanical resonance and the gain margin 

is also deteriorated due to the peak gain produced by the 

mechanical resonance. As a result, the tracking system is 

oscillated. 

Such problems may be solved by raising the mechanical 

resonance frequency. In this case, however, the thickness 

of the g~mbal i~ increased, so that it·is necessary to 

increase the force constant of the actuator, which inconve-

niently leads to the increase in the dimension of the 

actuator. 

(2) Second example of a conventional device 

Head structure 

Fig. S6 is a sectional view of the main part of a 

conventional magnetic recording and reproducing apparatus 

and Fig. 57 shows the same apparatus _with a seat removed 
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therefrom, as viewed in the direction indicated by the 

arrows A - A in Fig. 56. 
I 

. In these drawings, the reference numeral 601 represents 

a fixed drum, ~02 a·bearing attached to the fixed drum 601, 

603 a rptary shaft which is rotatably supported by the 

bearing 602, 604 a seat fitted over one end of the rotary 

shaft 603 and 605 a rotary drum attached to the seat 604 by 

a screw 606. The reference numeral 607 represents an 
-. 

actuator attached to the rotary drum 605 by a screw 608, 609 

a lower transformer attached to the fixed drum 601, 610 an 

upper·transformer attached.to the seat 604, 611 a distribu­

tion board, 612 a contact which does not rotate and which 

supplies a control current to the actuator 607, 613 rotary 

electrode which is provided at a part of the seat 604 in 

such a manner as to come i~to sliding contact with the 

contact 612, and 614 and. 615 connecting portions~ The· 

rotary electrode 613 is electrically connected to the 

actuator 607 through the connecting portions 614, 615 and 

the distribution board 611. The reference numeral 616 

represents a magnetic head (hereinunder ref erred to as 

"movable head") attached to the actuator 607. The movable 

head 616 is· electrically connected to an actuator controller 

through a connecting portion 617, the distribution board 612 

and the ·connecting portion 61S. The reference numeral 618 

denotes a recessed portion provided at a part of the rotary 
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drum 605 for receiving the actuator 607. The recessed 

portion 618 is made larger than the actuator 607 so as to 

allow the position control of the movable head 616. A 

plurality of hotes 619 used for the position control of the 

movable. head 616 are provided in the recessed portion 618. 

The reference numeral 620 represents _a magnetic tape which 

passes over the outer peripheral surface of the rotary drum 

605 and comes into sliding contact with the movable head 606 
-. 

during travelling. 

Fig. 58 is a plan view of the actuator 607, Fig. 59 

shows the same actuator 607, as viewed in the direction 

indicated by the ·arrows B - B in Fig. 58, and Fig. 60 is a 

sectional side elevational view thereof, as viewed in the· 

direction indicated by the arrows C - C in Fig. 58. The 

reference numeral 621 represents a first yoke composed of a 

magnetic.~aterial and 622.a first _permanent magnet which is 

columnar and fixed to the first yoke 621. A second yoke 623 

composed of a magnetic material and provided with a convex 

portion 623b at a part of the inner periphery thereof is 

attached to the first yoke ~21. A third yoke 624 composed 

of a magnetic material is attached to the second yoke 623. 

The reference numeral 625 represents a second permanent 

magnet which is columnar and fixed to the third yoke 624 

with the same magnetic pole opposed to each.other, and 626 a 

pole piece composed of a magnetic material and fixed to 
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either the second permanent magnet 625 or the first perma-

nent magnet 622 at an intermediate position therebetween. A 
I ieaf spring 627 is composed of a thin nonmagnetic material. 

The peripheral~edge of the leaf spring 627 is clamped · 

between the first yoke 6 21 and the second yoke 6 2 3 ,· and the 

extending portion 627a thereof projects outward through 

windows 62la, 623a provided.on the first yoke 621 and the 

second yoke 623, respectively. The movable head 616 is 

attached to the end of the extending portion 627a. A leaf 

spring 628 composed of a thin nonmagnetic material is 

clamped between the second yoke 623 and the third yoke 624. 

Fixing members 629 are held by the leaf springs 627 and 628. 

A bobbin 630 is fixed to the fixing members 629 by an 

adhesive 632 with a gap between the inner periphery of the 

bobbin 630 and the outer peripheries of the first permanent 

ma·gnet 622, the second permanent magnet 625 and the pole 

piece 626. The reference numeral·631 denotes a coil com­

posed of an electric wire coated with a coating material and 

wound around the bobbin 630. The bobbin 631 is accommodated 

in the annular gap G formed by the convex portion of the 

second yoke 623. 

Fig. 6·1 shows the magnetic head· mounted on the rotary 

drum 605 in the case of being used for a magneti9 tape unit 

in accordance with the present VHS format. The movable head 

616 is used as a pair of magnetic heads exclusively for 
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superior reproducti"on mode (mode for fast forwarding or 

slowly reproducing the recorded video information). The 
I 

reference numeral 635 represents a pair of EP heads for a 

long-time mode for recording video information on a narrow .. 
track on the video tape for a long time, 636 a pair of SP 

head for recording and reproducing normal video information 

on and from a wide track, 637 a pair of audio heads for 

recording and. reproducing audio information, and.638 a pair 

of FE heads for erasing the recorded informati~n for each 

track at the time of recording new information thereon. 

·control system 

Fig. 62 is a block diagram of a conventional control 

system and Fig. 63 is a perspective view of the magnetic 

field generator of the conventional device. In these 

drawings, the reference numeral 640 represents an AC magnet-

ic field generator for supplying two magnetic fields Bfl' 

Bf2 having different frequencies from each other to the 

movable head 616. ·The AC magnetic field generator 640 is 

disposed at a position along the peripheral surfaces of the 

rotary drum 605 and the fixed drum 601 on the opposite side 

to the magnetic tape 620, and the position is controllable. 

The AC magnetic field generator 640 is provided with AC 

magnetic field generating coils 645, 645a arranged in the 

axial direction of the rotary drum 605 so as to generate ~he 

magnetic·fields Bfl' Bf2 having different frequencies £1, £2 
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from each other. The reference numeral 642 denotes a band-

pass filter for passing the frequency component f 1 
I 

therethrough and 643 a band-pass filter for passing the 

frequency c_omp_onent £2 therethrough •. 

(3) Third example of a conventional device 

Fig. 64 is a "circuit diagram of a third example of a 

conventional device. The reference numeral 746 represents a 

driver for supplying a current to a coil 745, 747 ~ oscil­

lator for generating an AC voltage, 748 and 749 rotary 

transformers for transmitting and receiving a signal to and 

from a magnetic head in a rotary drum 705, and 750 and·751 

recording/reproduction signal amplifiers for amplifying 

signals from an audio head and a video head and supplying· a 

recording current. The reference numeral 752 denotes a 

band-pass filter for only passing therethrough a signal 

which is electr~magnetically induced by the oscillating coil 

745 and reproduced by an audio head 737 fixed in the rotary 

drum 705, and 753 a band-pass filter for only passing 

therethrough a signal which is electromagnetically induced 

by the oscillating coil 745 and reproduced by a movable head 

716. A sample hold circuit 755 holds the output which is 

reproduced by the movable head 715 at every other rotation 

of the rotary drum 705, electromagnetically induced by the 

oscillating coil 745 and amplified. A differential ampli-

fier obtains the difference between the signals of the 
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sample hold circuits 754 and 755 and has the characteristic 

shown in Fig. 756. The reference numeral 757 denotes a 
I 

servo compensator composed of a low-pass filter or the like 

so as to secure the stability in a position fixing control 

loop, and 758 a driver for supplying a driving current to an 

actuator 707. 

Fig. 66 is a sectional view of the AC magnetic field 

generating coil 745. The reference numeral 745c ._represents 

a magnetic core for concentrating magnetic fluxes generated 

by the coil 745, 7450 a coil for generating AC magnetic 

fluxes from the AC current flowing thereon, 745L a coil for 

generating AC magnetic fluxes in the reverse direction to 

that generated by the coil 7450, 74Sb a coil holder for 

accommodating the coils 74SU, 745L, and 759 a fixing member 

for fi~ing the AC magnetic field generating coil 745. 

Fig. 6.7 shows the <;Iirections of tl:te magnetic fluxes generat­

ed by the AC magnetic field generating coil 745. 

(4) Fourth example a conventional device 

Fig. 68 is a circuit diagram of a fourth example of a 

conventional device and Fig. 69 is an enlarged view of the 

part A in Fig. 68. Two AC magnetic field generating coils 

845, 845a, which are so designed as to be insusceptible to 

the influence of each head such as nonuniformity_ in the 

sensitivity, are disposed in the peripheral direction of a 

rotary drum 805. The reference numeral 850 denotes a first 
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divider for obtaining the ratio of the amplitudes of the 

tputs of the two AC magnetic field generating coils 845, ou . 
I 

845a which are reproduced by a fixed head, and 860 a second 

divider for ob~aining the ratio of the amplitudes of the 

outputs. of the two AC magnetic field generating coils 845, 

84sa which are reproduced by a movable head 816.· 

(S) control of the height of a magnetic head by an actuator 

The operation of the actuator 607 in the second_ example 

of a conventional device will be explained with reference to 

Figs. 56 to 63. 

The first permanent magnet 622 generates magnetic 

fluxes D by the closed magnetic path formed by the pole 

piece 626, the second yoke 623 and the first yoke 621. 

Similarly, the second permanent magnet 625 generates 

magnetic fluxes E in the direction opposite to that of the 

mag~etic fluxes D by th~ closed magnetic path formed by the 

pole piece 626, the second yoke 623 and the third yoke 624.· 

Both the magnetic fluxes D and the magnetic fluxes E 

generated in this way intersect the annular gap G in the 

same direction, and the total magnetic fluxes generated by 

the first permanent magnet 622 and the second permanent 

magnet 625 ·cross the coil 631. 

In this state, when a current is caused to flow on the 

coil 631 from the contact 612 through the electrode 613 and 

the connecting portions 615, 614, the bobbin 630 and the 
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movable head 616 are integrally moved in the vertical and 

. 1 direction. 
axJ.a 

consequently, the movable head 616 is displaced in the 

d ·rection of the~width of the magnetic tape 620 and traces 
]. . 

the recorded track with high accuracy. 

Fig. 70 shows the hysteresis characteristic between the 

driving current for the magnetic_ head actuator 607 and the 

amount of displacement of the movable head 616, and Fig. 71 

shows the recording tracking pattern on the magnetic tape 20 

at the time of recording signals by using the magnetic head 

actuator 607 having the hysteresis characteristic shown in 

F~g. 70. 

As is clear from Figs. 70 and 71, in the case in which 

the magnetic head actuator 607 is controlled only at the 

initial stage, the reference position of the magnetic head 

616 varies due ~o the hysteresis characteristic shown in 

Fig. 70, so that the recorded tracks overlaps by «. 

The movable head 616 detects the magnetic fields Bfl' 

Bf2 generated by the AC magnetic field gener_ating coils 645, 

645a, respectively, every time the movable head 616_passes 

the vicinity of the AC magnetic field generator 640, and 

outputs the detection signal which is proportional to the 

intensity of the magnetic field. The band-pass .filter 642 

transmits the signal component S having a frequency of f 1 
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and the band-pass filter 643 transmits the signal component 

T having a f~equency of f 2 

' The levels of these two signal components S, T vary 

when the ·movable head 616 is moved in the axial direction of 

the rot~ry dr\im 695, in other words, with a change in the 

height of the movable head 616, as shown in Fig. 72. If it 

is assumed that the height of the movable head 616 at which 

the two signal components S, T are at the same levei is 

magnetic and the level of the signal components at that time 

is t, a subtracter 644 obtains the difference between the 

signal·components Sand T, feeds back the difference signal 

to the actuator 607 and moves the movable head 616 in the 

direction in which the difference becomes zero. In other-

words, the movable head 616 is moved so that the levels of 

the signal components S and T are the same, that is, the 

height of the movable· head 616 is magnetic in Fig. 72. 

Since it is possible to vary the intersection t of the 

signal components S, T and vary the height magnetic of the 

movable head 616 by varying the positions or the like of the 

AC magnetic field generating coils 645, 645a, it is possible 

to freely determine the reference position of the movable 

head 616. 

Although the control of one movable head i~ explained 

in the second example, it is possible to cancel the differ­

ence in head level between channels at the time of recording 

Thifl is tha replacement stJMt 

Date: 2 8 AUG \9SS 



23 
" 

by an apparatus provided with a plurality of movable heads 

by controlling each movable head in the same way. 

As shown in Fig. 73, the AC magnetic fluxes' having a 

frequency of £1,generated by the two coils 645U, 645L of .the 

AC maqn~tic field genez:ating coil 645 repel each other at 

the position at which the coils 645U and 645 L are opposed 

to each other, and a region in which the flux density is 

high and a region in which the flux density is low are 

formed in the vertical direction. 

The AC magnetic flux is reproduced by a reproduction 

signal amplifier· 650 or 651 through a rotary transformer 648 

or 649 when the movable head 616 or the audio head 637 

passes the AC magnetic field. At this time, the oscillation 

frequency f 1 of the oscillator 647 is set at a frequency 

highe·r than the attenuation-frequency limit of the rotary 

transformers 648, 649 defined by the frequency characteris­

tic on the low frequency side and lower than the frequency · 

at which the driving current becomes difficult to supply due 

to the inductance of the AC magnetic field generating coil 

645. The attenuation-frequency limit of the rotary trans­

formers 648, 649 is generally several 10 KHz to 100 KHz. 

For example·, if the number of turns of the coils 645U, 645L 

is several hundred and the frequency at which at~enuation 

start is 1 MHz, the oscillation frequency f 1 is determined 

set as, for example, 100 KHz < f 1 < 1 MHz. 
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The operation of the second example of a conventional 

device will be explained with reference to Figs. 64 to 67. 
I 

In Fig. 64 and 66, when the magnetic head 716 or the 
.. 

audio head 737 passes the vicinity of the AC magnetic field 

generating coil 745, the amplitude of the reproduction 

signal having a frequency of f 1 and output from the repro­

duction signal amplifier 750 or 751 is increased by· moving 

the movable head 716 upward (away from the d·eck base) and 

reduced by moving the movable head 716 downward in the case 

in which the int~rmediate position between the two coils 

745U and 745L is higher than height of the audio head 737 or 

the fixed height of the movable head 716 at the neutral 

position. If the intermediate position between the two 

coils 745U and 745L are 19wer than the height of the audio 

head 737 or ·the fixed height of the movable head 716 at the 

neutral position_, the direction of attenuation of the 

reproduction signal is reversed. It is now assumed that the 

detection sensitivity for the signal output from the repro­

duction signal amplifier 750 as the reproduction signal from 

the fixed head (audio head) 737 is equal to t~e detection 

sensitivity for the signal output from the reproduction 

signal amplifier 751 as the reproduction signal from the 

movable head 716 or they are adjusted to be equal by the 

gain adjustment of the reproduction signal amplifier 750 or 

751. The outputs of the reproduction signal amplifiers 750, 
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751 are passed through the band-pass filters 752, 753, 

respectively, which transmit only the frequency f 1 and 
• 

unnecessary noise is removed therefrom. These two outputs 

are supplied to th~ s~p~e hold circuits 754 and 755 for 

sample holding or peak holding so as to obtain the maximum 

levels thereof and thereafter the difference in level is 

taken out by the differential amplifier 756 so as to obtain 

the difference in height between the movable head 7~6 and 

the fixed head 737 _as a function of a vol-tage1
• The differ­

ence obtained is-passed through the phase compensator 757 

such as a low-pass filter in the control system, and the 

control loop is closed in the direction in which the differ­

ence in head level is cancelled. Thus, the movable head 716 

and the fixed head 737 are held such that there is no 

difference in-head level at the time of recording, either. 

Similarly, in the case in which two movable heads 716 

are mounted on the rotary drum 705 at the diametrically 

opposite positions, it is possible to cancel the difference 

in the head level between channels by providing the 

above-described head height fixing control system in each 

actuator. 

In this case, the servo band of the position fixing 

control loop need not be very wide because the P?Sition 

fixing control system only corrects the difference in height 

between the movable head 716 and the fixed head 737 or 
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difference in height between two movable heads 716. Since 

the difference in height or level of head is detected at 

every other rotation of the rotary drum 705, if the rotary 

drum. 750 rotates at a rate of 1,800 rpm, the time corre­

sponding to 30 Hz is wasted by sampling. Therefore, unless 

the control frequency band is set at not more than several 

az, the control system oscillates. For this reason, the 

compensator 757 determines the time constant and the·. gain so 

that the control frequency band becomes several Hz and the 

phase gain is not less than 60 deg. 

Returning to the second example, it goes without saying 

that in the head level control system, while the movable 

head 616 is passing over the magnetic tape along the periph­

eral surfaces of the drums 601, 605, the record-

ing/reproduction signal amplifier functions_-as a recording 

s·ignal amplifier, and whiie the movable head 610 moved in 

the vicinity of the AC magnetic field generating coil 645 on 

the opposite side of the drums 601, 605 with respect to the 

magnetic tape 620, the recording/reproduction signal ampli­

fier functions as a reproduction signal amplifier. 

The head level control system has the· above-described 

structure. · In the conventional device shown ln Fig. 64, the 

detection sensitivities of the heads 716, 737 an~ the 

reproduction signal amplifiers 750, 751 must be equal to 

each other or adjusted to be equal. Actually, powever, it 
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iS often difficult to equally adjust the sensitivities due 

to the difference in the number of turns between the fixed 

head 737 and the movable head 716, the difference in magnet­

ic permeability .. between the head core_s, the nonuniforrni ty in 

the gains of amplifiers 750, 751 and the difference in the 

temperature characteristics. 

As a countermeasure, in an conventional device shown in 

Fig. 68, two AC magnetic field generating coils 845 and 845a 

having different oscillation frequencies f 1 and f 2 are 

provided and one AC magnetic field generating coil 845 is 

fixed such that the intermediate height between the two 

coils is higher than the height of a fixed hea.d 83 7 and the 

intermediate height between the two coils of the other AC· 

magnetic field generating coil is lower than the height of 

the fixed head 837. At this time, if the height of a 

movable head 816 is so controlled.that the amplitude ratio 

of the output having a frequency of f 1 which is electromag-· 

netically induced by the oscillating coil 845 and reproduced 

by the fixed head 837 and the output having a frequency of 

f 2 which is electromagnetically induced by the oscillating 

coil 845a and reproduced by the fixed head.837 is equal t:o 

the amplitude ratio of the outputs of the movable heads 816, 

it is possible to cancel the difference in height betw~en 

the movable head 816 and the fixed head 837 irrespective of 

the difference "in the number of turns between heads, the 
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difference in magnetic permeability between the head cores, 

the nonuniformity in the gains of amplifiers and the differ-
, 

ence in the temperature characteristics so long as the 

frequency characterist.ics of the fix~d head system and the 

movable. head system are not greatly deviated from the 

frequency characteristic of each of the heads and reproduc­

tion signal amplifiers at the frequencies f 1 and fi •. The 

output reproduced by the movable head 816 is input to 

band-pass filters 853, 853a for transmitting only the 

frequencies f 1 and £ 2 , respectively, and the amplitudes of 

the reproduced signals are input to a divider 860 thro~gh 

sample hold circuits (or peak hold circuits} 855, 855a and 

taken out as a division signal. Similarly, the output 

reproduced by the fixed head 837 is input to band-pass 

filters 852, 852a for transmitting only the frequencies f 1 
and £2, respectively, and the amplitudes of the reproduced 

signals are input to a divider 859 through sample hold 

circuits 854, 854a and taken out as a division signal. The 

difference between these division signals is obtained by a 

differential amplifier 856, whereby it is possible to detect 

the direction and the amount of deviation of the height of 

the movable head 816 from the height of the fixed head 837. 

For example, if the top of the movable head 816 is situated 

at a position higher than the top of the fixed head 837 (the 

movable head 816 deviates from the fixed head 837 in the 
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direction which is -away from the deck base}, in the repro­

duction signal of the ~ovable head 816, the amplitude of the 
I 

frequency component f 1 is larger than that of the frequency 

component £2 as~compared with the reproduction signal of the 

fixed h~ad 837. Consequently, the output signal of° the 

differential amplifier 856 is negative, so that the movable 

head 816 is moved down to the position at which there is no 

difference in head level. 

In the above-described manner, accurate head level 

control is executed even if there is nonuniformity in 

sensitivity between the heads 816, 837 or the head amplifi-

ers 850, 851. The conventional.device shown in Fig. 68, 

however, requires the highly accurate dividers 859, 860, 

which may lead to rise in cost. 

(6) Fifth example of a conventional device 

Fig. 74 is a circuit diagram of a fifth example of a 

conventional device, which does not use a divider. The 

reference numeral 961 represents a switching circuit, 962 a 

a timing controller for controlling the holding timings of 

sample hold circuit 955, 955a. 

In the fifth example, .the output of a fixed head 937 

which is amplified by a reproduction signal amplifier 950 

and further the outputs of band-pass filters 952r 952a for 

transmitting only the frequencies f 1, f
2 

are so controlled 

that the amplitudes of the output signals having frequencies 
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of £1 (= 150 KHz) and f 2 (= 200 KHz), respectively, are 

equal by adjusting the positions at which AC magnetic field 

_qenerating coils .. 945, 945a are provided and the driving 

voltages. of the drivers 946, 946a by .adjusting terminals 

~hiie observing the output level of the reproduction signal. 

sy controlling the height of a movable head 916 so that the 

amplitudes of the reproduction signal components having 
·. 

frequencies of f 1, f 2 are equal in this way, it is possible 

to eliminate the difference in level between the movable 

head 917 and the fixed head 937 without using a divider. 

In this example in which the two movable heads 916 are 

mounted on a rotary drum at diametrically opposite posi­

tions, the control of these heads is executed by distribut­

ing a reproduction signal of each channels to four sample 

hold circuits 9~5, 955a by the analog switching circuit 961 

which is provid~d at the subsequent stage to band-pass 

filters 953, 953a. In this case, two differential amplifi~ 

ets 956, 956a, two compensators 957, 957a and two drivers 

958, 9-58a are necessary at the subsequent stages. Such 

correspondence to multi-channels are· also applicable to the 

conventional devices shown in Figs. 64 and 68. The control 

frequency band is set in the conventional device shown in 

Fig. 74 in quite the same way as in the conventional devices 

shown in Figs. 64 and 68, and the gain and the phase is 

compensated for by a compensator. Since a magnetic head 
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qenerally picks up a magnetic flux in the direction to which 

the circumference of the rotary drum is connected, if the AC 

magnetic field generating coils have the configurations 

shown in Fig. ~6, the outputs are taken out in reproduction 

envelopes such as those shown in Figs. 75 to 77. In the 

case of the. structure shown in Fig. 7 4, since the reproduc­

tion signal of the fixed head 937 is adjusted so that f 1 and 

f
2 

are equal, the output signal takes the form show~ in Fig. 

75. Even if the sensitivity between the head and the head 

amplifier is deviated from that of the movable head system, 

when the levels of the frequency components f 1 and f
2 

becomes equal after the control of the movable head 916, as 

shown in Fig. 77, the difference in head level is cancell~d. 

(7} Sixth example of a conventional device 

Fig. 78 is a circuit diagram of a sixth example of a 

conventional device. This-example has a structure similar 

to that which is genera~ly used by a minute displacement 

g~uge. An AC magnetic field generating coil 1045 is dis­

posed such that the intermediate height of the two coils 

thereof is the same as the height of a movable head 1016. 

When the movable head 10.16 is deviated in the vertical 

direction, the direction and the amount of deviation of head 

level is detected by detecting the deviation of th~ ampli­

tude and the phase shift by ·a synchronous detector 1063, as 

shown in Fig. 79. In this case, the processing after sample 
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holding tl1e synchronous detec.tion signals is the ·same as in 

the conventional devices shown in Figs. 64, 68 and 74. In 
I 

this way, if it is possible to control the difference in ... 
ievel between the movable head 1016 and the fixed head 1037· 

50 as to be constantly cancelled at the time of recording, 

it is unnecessary to attach a fixed head exclusively for 

recording to a rotary drum 1005, and recording··, reproduction 

and superior reproduction of a video signal, for example, 

can be assigned to the movable head 1016 mounted on an 

actuator 1007. In addition, since it is possible to adjust 

the level of the movable head 1016 to the level of the fixed 

h~ad 1037, it is possible to mount a Hi-Fi audio head 1037 

for a VHS format and an erase head 1038 for recording new 

information on the recorded track on the rotary drum 1005 

and to mount an EP head 1035 and an SP head 1036 on the 

actuator, as shqwn in Fig. 80. It is thus possible to 

greatly simplify the arrangement of heads in comparison with 

the arrangement shown in Fig. 61. 

In the example shown in Fig. 81, the amplitudes of the 

reproduction signals having frequencies of f 1 and £2, 

respectively, which are output from the fixed head 1037, are 

adjusted to be equal by adjusting the mounting position of 

the AC magnetic field generating coils 1045 and the driving 

Voltage levels. However, it is sometimes impossible to make 

those amplitude equal merelv bv adiusting the mounting 
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sition of the· Ac magnetic field generating coils 1045 or f O 

the driving voltage levels, or the initial adjustment solely 

iS sometimes insuf f ic~ent for practical use due to tempera­

ture characterist.ics, change with tim~, etc. 

(S} seventh example of a conventional device 

Fig. 81 is a circuit diagram of a seventh example of a 

conventional device. In this example, an AC magnetic field 

control system is provided so as to electrically adjust the 

amplitudes of the reproduction signals of a fixed head 1137 

to be equal when they canno_t be made equal by the adjustment 

of the mounting position of an AC magnetic field generating 

coil 1145. The reference numeral 1165, 1165a represent 

variable gain control amplifiers for controlling the level 

of the AC magnetic fields generated by coils 1145 and 114Sa. 

In this example, the amp_litudes of the output signals 

having frequenci~s of·f1 and f 2 , respectively, which are 

output from a fixed head 1137 and passed through band-pass 

filters 1152, 1152a, are adjusted to be constant by input­

ting the outputs of sample hold circuits 1154, 1153a to the 

gain control input terminals of the variable gain control 

amplifiers 1165, 116Sa, respectively. In this way, the 

amplitude is so controlled as to be constant (in this case, 

the reproduction outputs of the fixed head 1137 having 

frequencies f 1 , f 2 are so controlled as to have equal 

~~plitudes) irrespective of variation of the mechanical 
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sition control of the AC magnetic field generating coils po 

1145, 1145a, temperature characteristics, change with time, 

etC• 

(9) Eight exampl~ of a conventional device 

Fig. 82 is a circuit diagram of an eighth example of a 

conventional device. This device has the same structure as 

the device shown in Fig. 81 except that the control of the 

111aqnetic field level is executed by adjusting only one AC 

111agnetic field generating coil 1245a. The reference numeral 

1266 represents a differential amplifier. 

In this example, the signal components having frequen-

cies of f 1 and f 2 are extracted from the reproduction output 

of a fixed head 1237 by band-pass filters 1251, 1252a, 

respectively, and supplied to sample hold circuits 1254, 

1254a, respectively. The differential amplifier 1266 

obtains the difference between the values output from the 

sample hold circuits 1254, 1254a and supplies the driving 

voltage level of the AC magnetic field generating coil 1245a 

to the variable gain.control amplifier 1265. In this way, 

the reproduction output level from the other AC magnetic 

field generating coil 1245 and the reproduction output level 

from the AC" magnetic field generating coil 1245a are adjust­

ed to be equal. This example produces a similar. effect to 

that of the example shown in Fig. 81. 
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BY adding the AC magnet!c field control system for 

ntrolling the AC magnetic field generating coils 1245, co 

1245a, it is possible to maintain the accuracy of the 

movable head pos~tion control system shown in. Fig. 74·even 

if ther~ is a fluctuation in adjustment of the mounting 

position of the AC magnetic field generating coils 945, 

945a, temperature characteristics, change with time or the 

like. 

Although the devices shown in Figs. 64 to 82 have 

analog circuit structures, it goes without saying that the 

output of a reproduction signal amplifier or a band-pass 
. . 

filter may be subjected to analog-digital conversion, and 

after processings such as subtraction, sample holding and. 

compensation filtering by a digital circuit or a software in 

a microcomputer, the processed output may be subjected to 

digital-analog conversion so as to drive an actuator. 

(10) AC magnetic field generating means 

The structure of an AC magnetic field generating coil 

will now be explained in detail. 

In order to rapidly change the flux density depending 

upon locations, it is first necessary to concentrate magnet­

ic fluxes. · For example, there is a method of concentrating 

magnetic flu~es by applying a current to coils which are 

opposed to each other, as shown in Fig. 67, so as to cause 

the coils to repel each other. 
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As shown in Fig. 73, magaetic fluxes are concentrated 

on the region between the coils. As magnetic fluxes are 

apart from the core, they rapidly diverge and the flux 

density becomes ~ow. In this way, this method is tavorable 

because_ flux density is different in locations. The change 

in flux density here does not refer to a change in number of 

magnetic fluxes at a certain position but a change ~n the 

flux density in the direction in which a movable-head can 

detect magnetic fluxes with respect to the axial direction 

of the rotary drum, as described above. It is therefore 

necessary to investigate the direction of magnetic fluxed 

generated by an AC magnetic field generating coil. Fig. 83 

schematically shows the coordinate plane for examining the 

magnetic field distribution of an AC magnetic field generat­

ing coil 1345. The reference numerals 1345U, 1345L denote 

coils, 1345c a magnetic core composed of a soft magnetic 

material such as soft iron, and 1346 an AC power source for 

applying a current to the two coils 1345U, 1345L. The plane 

A is a plane which has the center axis L of the magnetic 

-core 1345c as the normal line and which intersects the 

center of the space between the two coils 1345U, 1345L. The 

plane B is·a plane parallel to the plane A and distant 

therefrom by d, and the plane C is a plane parallel to the 

plane A and the plane B ~nd distant from the plane B by d 

and from the plane A by 2d. The curved surface D is a part 

2 8 AUG 1996 



37 
of the peripheral surface of a~cylinder which has the center 

a~is in the same direction as the center axis L of the 

magnetic core 1345c and which has a radius of R. It is 

assumed that the ~urved surface D r.epresents a peripheral 

surface of a rotary drum and that the lines where the curved 

surface D intersect the. planes A, B· and C represent the loci 

of the movable head. 

Although an AC current is actually applied to the coils 

1345U, 1345L, it is assumed here to apply a DC current · 

thereto for the convenience of explaining the principle. 

Figs. 84 to 86 schematically show the vectors of magnetic 

flux on each plane when a DC current is applied th the coils 

13450, 1345L so as to cause the poles to repel each other~ 

In each drawing, the circle represents the cross section of 

the magnetic core, and the curve X - X' a line where each 

·plan~ intersects the curved surface D. 

Referring first to the plane A, in the region close to· 

the magnetic core 1345c, the vector of magnetic flux on the 

vlane A is large, and as magnetic fluxes are apart from the 

core, they take a roundabout path, so that the vector of 

magnetic flux on the plane A is rapidly reduced. 

On the plane B which is distant from the plane A by d, 

since magnetic fluxes take a roundabout path, the vector of 

magnetic flux on the plane B is at its maximum in a region 

Which is apart from the core 1345c to a certain extent. 
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This phenomenon is the same with the plane C, but since 

. magnetic fluxes take a roundabout path and the vector of 
• I 

magnetic flux gradually approaches zero, the absolute value 

of the vector. is sma~ler than that on the plane B. 

As described.above, the curve X - X' on each plane 

represents the locus of the movable head, and the direction 

in which magnetic fluxes can be detected by the movable head 

is represented by the line connecting the points on the 

~urve X - X'. In Fig. 87, the magnetic fluxes in.Figs. 84 

to 86 are converted into AC magnetic fluxes and the curved 

surface D "is developed into a flat plane. Each group of the 

arrows represents the vector of magnetic flux on the plane D 

on each line where the plane D intersects the corresponding 

plane. Since the magnetic fluxes are AC magnetic fluxes, 

the vector is represented by pairs of arrows pointing the 

opposite directions. 

Figs. 88 to 90 show the waveforms output by the induced 

electromotive force of the movable head which has passed the 

lines where the planes A, B and c, respectively, intersect 

the curved surface D on the assumption that the magnetic 

flux distribution is as shown in Fig •. 87. As is obvious 

from the output waveforms, the peak level is different in 

planes. In this example, the peak level on the plane B is 

the highest. In other words, the peak level is a nonlinear 

function which depends upon the amount of displacement of 
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the movable head in the axial diPection of the rotary drum. 

It is therefore possible to know the absolute position of 

the movable head by detecting the peak level of the output 

~aveform •. 

In order to control the position by the movable head as 

a position sensor, the AC magnetic field generating coil 

!345 is disposed such that the movable head is fixed in a 

region in which the variation of the peak level of the 

output waveform is large, i.e, the region between the plane 

A and the plane B or the region between the plane B and the 

plane C in Fig. 87. 

The above-explained magnetic field distribution is 

obtained in the case in which the AC magnetic field generat-

ing coil 1345 is driven by a specific AC voltage. The 

magnetic field distribution is a function which also depends 

upon a voltage amplitude. Therefore, by controlling the 

voltage so as to maximize the variation of the peak level of 

the output waveform with respect to the height of the head, 

the position of the movable head can be controlled. 

The AC magnetic field generating coil 1345 provided in 

a drum deck in this way may exert a deleterious influence 

such as generating noise in the linear audio head and 

erasing information on the magnetic tape. A method of 

shielding magnetism by covering a part of a magnetic field 

generating element with a soft magnetic material 1345s, as 
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shown in Fig. 91 is known. Fig. 92 shows the soft magnetic 

material, as viewed in the direction indicated by the.arrows 

'i - y. shown in Fig. 91. The above-described deleterious 

influ~nce is prev~nted in this way. 

The AC magnetic field generating coil 1345 in this · 

example has the structure shown in Fig. 83 so as to concen­

trate magnetic fluxes. Alternatively, it may have a struc­

ture such as those shown in Figs. 93 and 94 although the 

sensitivity of the sensor is deteriorated. 

In the above-described conventional devices, the 

mechanical accuracy for mounting the magnetic field generat­

ing coil 640, for example, in Fig. 63 is sufficient even 

with a change with temperature and time taken into consider-

ation. That is, when the accuracy for mounting the coil 640 

is sufficiently lower than the tolerable accuracy for fixing 

the po~ition of the movable head 616, it· is possible to set 

the height of the movable head 616 at the position ~eter­

rnined by the mounting position of the magnetic field gener­

ating coil 640 in the above-described manner. 

Even in the case in which the accuracy for mounting the 

coil 640 is low, when a rotary drum provided with a plurali­

ty of movable heads, as shown in Fig. 63, is used, it is 

possible to make the relative height of each movable head 

equal. (In this case, it is impossible to control the 

height of the head on the basis of the absolute height of 
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· the movable head 616 from the ~eek base which supports the 

rotal"Y drum 6 0 5) • 
, 

It is also possible to make the height of the movable 

head 616 equal tp~ the height of the fixed head on the rotary 

As described above, it is possible to control the 

absolute height of the movable head so as to be equal to the 

position at which the magnetic field generating coil is 

mounted or to the absolute position of the fixed head, or to 

control the relative height of each head so as to be equal. 

In the present system.such as the VHS format ~nd the B 

format, however, there is a case in which the height of the 

movable head must be so controlled as not to be equal to the 

height of the fixed head but to be a little deviated there-

from.· In addition, in other systems such as an 8-mrn video 

and D-1 or D-2 digital VTR, if it is possible to regulate 

the absolute height of the movable head from the deck base 

to a predetermined height, it is possible to form an accu-

rate recorded track in accordance with the corresponding 

tape format. If the coil mounting accuracy required with 

due consideration of temperature characteristics and a 

change with' time is not so strict, the working accuracy 

required for coil is also lessened and the adjus~ment of the 

coil becomes easy, which leads to reduction in the cost of 
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the system. A means for detecting the absolute height of 

the movable head from the deck base is therefore demand~d. 

In the conventional devices, it is only possible to 

detect the height'of the head .at a predetermined point at 

every rotation of the rotary drum. Since the movable head 

sometimes moves within one rotation of the drum due to a 

change in the tension of the magnetic tape or in the sliding 

friction between the tape and the head, or sometimes mechan­

ically vibrates, it is necessary to take a measure such as 

reduction in the mechanical resonance by increasing the 

rigidity of the girnbal spring of the movable head actuator 

(Fig. 6 5) • 

Accordingly, it is an . aim of the present invention 

to eliminate the above-described problems in the related art 

and to provide· a movable head position controlling device 

for magnetic recording and reproducing apparatus·: ' which is 

capable of setting a sufficiently wide control· frequency 

band without increasing the size of an actuator and which is 

capable of damping control of the actuator without using a 

differenti~tor. 

It is another aim of the present invention to 

Provide a movable head position controlling device for 

magnetic recording and reproducing apparatuses which is 
\ capable of regulating the movable head to be a predetermined 
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absolute height (the height of the head from the deck base) 

which is positioned at the time of recording ir~espective of 

the mounting accuracy for an AC magnetic field generating 

coil and which is capable of suppressing the deviation of 

the height and the vibration of the movable head within one 

rotation of the rotary drum, thereby enabling an ideal 

recording tracking pattern to be formed in a magnetic 

recording and reproducinq apparatus. 

According to a first aspect of the present 

invention, there is provided a device having a fundamental 

structure (first structure) composed of the following 

elements: 

A) a magnetic head moving means for moving the magnetic 

head in a predetermined direction at a speed which corre­

sponds to .a driving signal; 

B) a position detecting means for detec.ting the posi­

tion of the magnetic head in the predetermined direction and 

outputting the result as a position deflection signal1 

C) a speed estimating means for estimating the speed of 

the magnetic head in the predetermined direction on the 

basis of the driving signal and the position deflection 

signal and outputting the estimated value which is multi­

plied by a predetermined coef ficient1 and 

D) a feedback and damping means for supplying a signal, 

Which is obtained by subtracting the output of the speed 
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es 
· g means from a signal from another circuit, to the 

t imatin 

etic head moving means as a driving signal so as to damp 
lllaqn 

. e magnetic head moving means. 
tn 

In this str~cture, it is possible to damp the magnetic 
' 

·head moving means (including an actuator, for example) by 

~ the subtraction of a driving signal, in other words, by an 

electrical means or a software means. It is possible to 

suppress the mechanical resonance of the magnetic head 

moving means and enhance the controllability thereof by such 

damping. . In addition, it is possible to take a large 

feedback gain for damping, especially, in the case in which 

accurate estimation of the speed of the magnetic head is 

possible. 

In a second aspect of the present invention, there is 

provided a device having a fundamental structure (second) 

composed of the following elements: 

A) a magnetic head moving means for moving the magnetic 

head in a predetermined direction at a speed which corre-

sponds to a driving signal and generating a counter 

electromotive force, which indicates the speed, in the 

interior of the magnetic head moving means when the driving 

signal is applied; 

B) an equivalent coil having an inductance ~pproximate­

ly equal to that of the magnetic head moving means and 

generating a counter electromotive force, which indicates 
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.. 

speed, in the interior of the equivalent coil when the 
the 
dri vin<1 signal is applied' 

C) a speed·estimating means for estimating the speed of 

he magnetic hea..d in the predetermined direction by detect-
t -

• ·n the counter electromotive force generated in the equiva-
1n~ 

ient coil and outputting the estimated value which is 

multiplied by a predetermined coefficienti and 

D) a feedback and damping means for supplying a signal, 
._ 

which is obtained by subtracting the output of the speed 

estimating means from a signal from another circuit, to the 

magnetic head moving means as a driving signal so as to damp 

the magnetic head moving means. 

In this structure, approximately the same operation and 

effect as in the first fundamental structure are obtained. 

This structure, however, is different from the first struc-

ture in that the damp~ng is restricted to electrical damping 

and in the flow and amount of damping. Although the amount· 

of damping is less in this structure, since the structure is 

inexpensive, this is suitable for a magnetic recording and 

reproducing apparatus in which the magnetic head position 

control device is mainly us.ed for controlling the position 

of the movable head at the time ·of superior reproduction. 

In a third aspect of the present invention,_ there is 

Provided a device having a fundamental structure (third) 

composed of the following elements: 

2 8 AUG \996 
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A} an actuator disposed in a rotary drum so as to hold 

a magnetic head such that at least the magnetic head 

projects from the peripheral surface of the rotary drum and 

to move the ma~netic head in the axial direct~on of the 

rotary ~rum in accordance with a driving signal; 

B) a.magnetic field detecting element disposed on the 

peripheral surface of the rotary drum at a predetermined 

position in the axial direction of the rotary drum so as to 

detect a magnetic field; and 

C) an.actuator controller for controlling the position 

of the magnetic head in the axial direction of the .rotary 

drum so as to be equal to that of the magnetic field detect-

ing element, the actuator including; 

a) a coil which is disposed outside of the rotary drum 

in such a manner as to face the peripheral surf ace of the 

rotary drum so as :to generate a magnetic field in accordance 

with the supply of an AC current and on which ·an 

electromotive force is generated by electromagnetic induc-

tion when the magnetic field is intex:sected by .the magnetic 

head and the magnetic field detecting element during the 

rotation of the rotary drum; and 

b) an ~bsolute height correction loop for correcting 

the driving signal so that the driving signal ou~put when 

the electromotive force is generated on the coil by the 

magnetic head is equal to the driving signal output when the 
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tromotive force is generated on the coil by the magnetic 

ele 
. ld detecting element. 

fl.e 
' 

In this st~ucture, the position of the magnetic head is 

Controlled so 

consequently, 

magnetic head 

as to be at a predetermined absolute height. .. 
it is possible tb cbnttol the position of the 

irrespective of the mounting accuracy for the 

magnetic head or the like. In addition, it is possible to 

form an ideal recording tracking pattern while suppressing 

the deviation of the height of the movable head and vibra­

tion thereof within one rotation of the rotary drum in 

magnetic recording and reproducing apparatu~es of various 

formats. 

In a fourth aspect of the present invention, there is 

provided a device having a fundamental structure (fourth) 

composed of the following elements: 

A) an actuator disposed in ~ rotary drum. so as to· hold 

a magnetic head such that at least the magnetic head 

projects from the peripheral surface of the rotary drum and 

to move the magnetic head in the axial direction of the 

rotary drum in accordance with a driving signal; 

B) a magnetic field detecting element disposed on the 

peripheral surface of the rotary drum at a predetermined 

position in the axial direction of the rot.ary drµm so as to 

detect a magnetic field; and 
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C) an actuator controller #for controlling the position 

of the magnetic head in the axial direction of the rotary 

drum so as to be equal to that of the magnetic field detect­

in<J element, the ~ctuator being dispo.sed outside of the 
. . . 

rotary drum and including: 

a) a coil which is disposed outside of the rotary drum 

in such. a manner as to face the peripheral surf ace of the 

rotary drum so as to generate a magnetic field in accordance 
-. 

with the supply of an AC current and on which an 

electromotive force is generated by electromagnetic induc­

tion when the magnetic field -is intersected by the magnetic 

head and the magnetic field detecting element during the 

rotation of the rotary drum1 and 

b} a controlling means for controlling the position of 

the magnetic head in the axial dire.ction of the rotary drum 

so that the driving signal output when the electromotive 

force is generated on fhe coil by the magnetic head is equal 

to the driving signal output when the electromotive force is 

generated on the coil by the magnetic field detecting 

element by supplying a signal to the actuator~ and 

D) a rotary transformer having channels which corre-

spond to the magnetic field detecting element and the 

magnetic hea_d, respectively, and connecting the magnetic 

head and the magnetic field detecting element which rotate 

together with the rotation of the rotary drum to the 

Thi..'i i3 1hr. rep!aoemant sn..t 

2 8 AUGlli 



i I 

I 

! 4B 
controller which does not rotate together with the actuator 

· n of the rotary drum. rotat10 
According to this structure, it is possible'to bring 

about t~e operation and the effect of the third fundamental 
~ 

structu~e with the same facility as in the second fundamen-

tal structure. 

In the first and third fundamental structure, the 

accurate speed can be estimated by using an observer in 

accordance with the modern control theory as the speed·. 

estimating means. A co-dimensional and a 

roinimum-dime~sional observers are typical of such an observ­

er. A co-dimensional observer, which is suitable for the 

present invention, is composed of the following elements:. 

A) a model block for electrically simulating the 

behavior of the magnetic head moving means (or the actuator} 

and outputting_ the estimated values of the position of the 

magnetic head in a predetermined direction (e.g., in the 

axial direction of the rotary drum) and the speed of the 

movable head; and 

B) an estimated speed outputting means for multiplying 

the estimate·d value of the speed which is output from the 

model block· by a predetermined coefficient and outputting 

the product. 

In order to stabilize the operation, the co-dimensional 

observer preferably includes the following elements:· 
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C) an estimated error outputting means for subtracting 

the estimated value of the magnetic head position which is 
, 

output from the model block from the position deflection 

signal and outputting the difference as an estimated error; 
.. 

and 

D} a means for feeding back the estimated error to the 

1t1odel block. 

In the first and the third fundamental structure, the . . 

co-dimensional observer may adopt the following structure: 

A) the magnetic head moving means (or the actuator} 

includes a fixed ·portion for supplying a constant magnetic 

field and a movable portion for generating a magnetic field 

in accordance with the driving signal and being moved in a 

predetermined direction (e.g., in the axial direction of the 

rotary drum) by the interlinkage between the generated 

magnetic field and the constant magnetic field; and 
. . 

B) the position detecting means includes a magnet fixed 

to the movable portion, a Hall sensor for detecting the 

magnetic field generated by the magnet fixed to the fixed 

portion, and a means for outputting the position deflection 

signal which indicates the position of the magnetic head in 

the predetermined direction on the basis of the magnetic· 

field detected by the Hall sensor. 

In this case, if the position detecting means further 

includes a means for magnetically shielding the magnet and 
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the magnetic head, good magnetic recording and reproducing 

operations are maintained. 

The position detecting means may also have the follow-

·nq optical structure. That is, _the ~osition detecting 
1 ~ 

means may be composed of: 

A) a light emitting portion fixed to the fixed portion 

50 as to emit light1 and 

B) a light receiving portion fixed to the movable 

portions so as to receive the light emitted from the iight 

emitting portion, detect the degree of unbalance of the 

amount of light received, and output the position deflection 

signal which indicates the position of the magnetic head. 

This type of optical structure can produce a similar · 

effect to the effect obtained by magnetic position detec-

tion. 

The following modification is also possible. That is, 

the position detecting means may be composed of: 

A} a light emitting portion fixed to the fixed portion 

so as to emit light7 

B} a reflecting portion fixed to the movable portion so 

as to reflect the light emitted from the light emitting 

portion; and 

C) a light receiving portion for receiving the light 

reflected by the reflecting portion, detecting the degree of 

unbalance of the amount of light received, and outputting 
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the position deflection signal which indicates the position 

of the magnetic head. 
I 

This type of optical structure can again produce a 

similar effect _to the e~fect obtained by magnetic position 
~ 

detection. 

In the case of such optical position detection, a 

structure in which the.light receiving portion is divided 

into a plurality of light receiving pieces in the predeter­

mined direction, and each difference between these light 

receiving pieces is detected as the degree of unbalance of 

the amount of light received is preferably simple. 

In such a structure, it is possible to separate the 

actuator from the driver (i.e., circuit portion). Both the 

structure in which the driver and the speed estimating means 

are fixed to the rotary drum and the structure in which the 

speed estimating means, the feedback and damping means a~d 

the driver are disposed outside of the rotary drum are 

possible. In the latter case, slip rings for connecting the 

actuator to the driver, and the position detecting means to 

the speed estimating means, respectively, may be preferably 

provided. 

In the· second fundamental structure· of the present 

invention, a structure in which an equivalent re~istor 

having an approximately equal resistarice to that of the 

magnetic head moving means is provided and the counter 
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electromotive force produced in the equivalent coil is 

detected through the equivalent resistor is more preferable. 
, 

. rt is thereby possible to estimate the speed and carry out 

the damping operation with comparative accuracy • .. 
. If a current feedback means is provided in the second · 

fundamental structure, it is possible to use what is called 

current driving and voltage driving for proper in its proper 

way by setting the frequency characteristic of the feedback 

gain. In this case, a driving current detecting means· for 

detecting and outputting the driving signal which is sup­

plied to the magnetic head moving means as a driving cur­

rent, and a first band limiting means for limiting the 

detected driving current to a predetermined frequency band 

are necessary. The current feedback means subtracts the 

driving current with the frequency band thereof limited from 

the driving signal whi~h is being supplied to the magnetic 

head moving means, and supplies the thus-obtained difference 

signal to the magnetic head moving means as the driving 

signal. 

If a difference current feedback means is provided in 

the second fundamental structure, it is possible to enlarge 

the damping band. In this case, a driving current estimat­

ing means for converting the counter electromotive force 

Which is detected by the speed estimating means into a 

current, a driving current error detecting means for 
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obtaining the difference between the converted current and 

the driving current detected by the driving current detect-
, 

. 9 means and outputting the difference as the difference ln 
signal, and a~second band limiting means for limiting the 

difference signal to a predetermined frequency band are 

necessary. The difference current feedback means subtracts 

the difference signal with the frequency band thereof 

limited from the signal which is supplied from another 

circuit and supplies the thus-obtained difference signal to 

the current feedback means. 

In the third fundamental structure, it is preferable 

that a position detecting means for detecting the position 

of the magnetic head in the axial direction of the rotary. 

drum and outputting the detected position as the deflection 

position signal is provided and the actuator controller 

includes a position control loop. The position control loop 

corrects the driving signal in accordance with the position· 

deflection signal. 

It is also preferable that a speed estimating means for 

estimating the speed of the magnetic head in the axial 

direction of the rotary drum on the basis of with the 

position detection signal and the driving signal is provided 

and that the actuator controller includes a damping loop. 

The damping loop damps the driving signal in accordance with 

the speed estimated by the speed estimating means. 

Thi& is ti1'1 raplaoemam s0.6-t 



55 
It is desirable that th~ open loop gain of the position 

control loop is increased in the high-frequency band by a 

position control compensator while the open loop'gain of the 

absolute height correction loop is increased in the 

lo\Y-frequency band by a low .frequency compensator. 

These three feedback loops, namely, damping , position 

control and absolute height correction feedback loops can be 

realized by using a software. In thi~ case, th~ speed 

estimating means is a processor for executing a main~routine 

including observer routine, position control routine, 

absolute height correction routine, s~btraction routine and 

output routine every time a clock pulse is received. 

Each of the routines will be explained in detail in the 

following. 

In the observer routine, first, the behavior of the 

actuator in·accordance with the d~iving.signal is simulated 

and the estimated value of the speed of the magnetic" head in 

the axial direction of the rotary drum is multiplied by a 

predetermined coefficient, the product being stored at a 

variable o1 • 

In the position control routine, next, the driving 

signal is filtered such that the gain in the high frequency 

band is increased and the result is stored at a variable o2• 
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In the absolute height correction routine, the driving 

siqna_l is filtered such that the gain in the 10'1 frequency 

band is increased and the result is stored at a variable o3• 

In the subtraction routine, o3 - o2 - o1 is calculated. 

Finally, in the output routine, the result of o3 - o2· .-

o1_ is output to the actuator • . 
By realizing these feedback loops by using a software, 

the structure of the movable head position controlling 

device is simplified. 

The above and other aim, features and advantages of 

the present invention will ·become clear from the following 

description ofexemplary embodiments thereof, when taken in 

conjunction with the accompanying drawings_, in which: 

Fig. 1 shows an example of a speed estimating observer 

having a hardwa-re structure: 

Fig. 2 shows the frequency characteristic of an actua­

tor, in particular, the difference in characteristic depend­

ing upon the presence or absence of the observer shown in 

Fig. 1; 

Fig. 3 shows a complex plan of the pole-positioning of 

an actuator, pole-positioning of an observer and 

Pole-positioning of a regulator system: 

Fig. 4 is a block diagram of the structure of a first 

embodiment of the present invention which incorporates the 
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observer shown in Fig. 1, with a perspective view of a 

rotary drum and the vicinity thereof added thereto;· 
I 

Fig. 5 is a perspective view of the.arrangement on the· 

printed circui: board in the first embodiment, with a 

partial~y enlarged view in the form of a block diagram; 

Fig. 6 is a sectional view of an actuator including a 

Hall sensor which is used in the first embodiment; . 

Fig. 7 is a partially sectional view of a~ actuator 

including a Hall sensor which is used in a second embodiment 

of the present invention; 

Fig. 8 is a sectional view of an actuator including an 

optical position detecting means which is used in a third · 

embodiment of the present invention; . 

Fig. 9 is a partially sectional view of an, actuator 

including an optical position detecting means which is used 

in a tourth embodiment of .the present invention and which is 

a modification of ·the actuator shown in Fig. 8; 

Fig. 10 shows the principle of position detection by 

:neans of the actuator shown in Fig.. 9; 

Fig. 11 is a block diagram of the structure of a fifth 

embo~iment of the present invention in which a circuit 

structure such as an observer is disposed outside of a drum; 

Fig. 12 shows the characteristics of a control system, 

in particular, the characteristic of each loop; 
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Fig. 13 shows the characteristics of a control system, 

in particular, the electrical damping operation ·in an 

actuator; 

Fig. 14 shows the characteristics of a control system, 
... 

in particular, output characteristic of a capstan motor; 

Fig. 15 shows the characteristic of a control system, 

in particular, the output characteristic of a capstan motor; 

Fig. 16 shows the structure of a sixth embodiment of 

the present invention which adopts a wobbling system; · 

Fig. 17 shows the structure of a seventh embodiment of 

the present invention, which is a modification of the sixth 

embodiment shown in Fig. 16; 

Fig. 18 shows the magnetic heads in the seventh embodi-

ment in the state of tracing on the magnetic tape; 

Fig. 19 is a circuit diagram of an observer composed of 

an analog circuit; 

Fig. 20 shows the structure of a damping controller fo·r 

executing a damping system by feeding back a counter 

electromotive force; 

Fig, 21 is a circuit diagram of the improved damping 

controller shown in Fig. 20; 

Fig. 22 is a partially sectional view of the structure 

of the interior of the drum in an eighth embodi~ent of the 

Present invention; 
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Fig. 23 shows the arrange~ent of the heads on the 

·inbal spring in the eighth embodiment shown in Fig. 22; ql . 
Fig. 24 shows ·the structure of a magnetic field detec-

tor in a ninth ~mbodime~t of the present invention; 
.. 

Fig. 25 is a circuit diagram of the structure of a 

detection signal amplifier of an absolute height detector in 

a tenth embodiment of the present invention; 

Fig. 26 shows the operation mode for a switching 

transistor with respect to one rotation of the rotary ci"rum; 

Fig. 27 is a plan view of an example of the arrangement 

of heads in a VHS system or the like; 

Fig. 28 shows the arrangement of channels of the rotary 

transformer in the case of adopting the head arrangement · 

shown in Fig. 27; 

Fig. 29 schematically shows the relationship between 

the channel for applying a recording current and a channel 

for detecting the height of a head in the case of adopting 

the head arrangement shown in Fig. 2 7; 

Fig. 30 is a block diagram of the structure of a 

twelfth embodiment of the present invention having damping 

loop, position control loop and absolute height correction 

loop; 

Fig. 31 shows the frequency characteristic of each loop 

shown in Fig. 30; 
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Fig. 32 shows the frequency characteristic of the open 

100
p gain of each loop in a design different from that shown 

in rig. 31; 

Fig. 33· shows the gain-frequency characteristic o.f a .. 
iaq-lead filter portion of a low frequency compensator; 

Fig. 34 shows the gain-frequency characteristic of a 

primary low-pass filter portion of the low frequency compen-

sator; 

Fig. 35 shows the gain-frequency characteristic.of a 

secondary low-pass filter portion of the low frequency 

compensator 1 

Fig. 36 shows the structure of a low frequency compen­

sator whic~ is composed of a cascade connection of the three 

different filters having the characteristics shown in 

Figs. 33, 34 and 35, respectively; 

Fig. 37 shows the gain-freq:uency characteristic of a 

low-pass filter portion of a position compensation control-· 

ler: 

Fig. 38 shows the gain-frequency characteristic of a 

high-pass filter portion of the position compensation 

controller; 

Fig. 3·9 shows the structure of a position compensation 

controller which is composed of. a cascade connec~ion of the 

two different filters having the characteristics shown in 

Figs. 37 and 38, respectively; 
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Fig. 40 is a flowchart o~ the processings in the main 

Utine of a control program in the case of realizing an 
ro 
observer by using a software1 

Fig. 41 is a flowchart of the ob~erver subroutine in 

the flow shown in Fig. 401 

Fig. 42 is a flowchart of the position control subrou­

tine in the flow shown in Fig. 4 O; 

Fig~ 43 is a flowchart of the absolute height correc-

tion subroutine in the flow shown in Fig. 401 --

Fig. 44 is a perspective view of the arrangement on the 

printed circuit board in a thirteenth embodiment of the 

present invention, with a partially enlarged view in the 

form of a block diagram; 

Fig. 45 shows the structure of a fourteenth embodiment 

of the present invention, in which a circuit structure such 

as an observer is disposed outside of a drum1 

Fig. 46 is a plan view of the structure of an example 

of a movable head in a conveni;ional device; -

Fig. 47 shows the deformation of a bimorph when a 

deflection signal is applied thereto; 

Fig. 48 shows the relationship between the effective 

length of a· bimorph and the amount of inclination of a 

magnetic head; 
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Fig. 49 is a plan view o~the structure of an example 

·of a movable head in a conventional device, which is an 

improved structure shown in Fig. 46; 

Fig. 50 is a plan view of the structure of an example 

·of a movable head in a conventional device, ·which is an 

improved structure shown in Fig. 49; 

Fig. 51 is an example of the frequency characteristics 

of a bimorph 1 

Fig. 52 is a plan view of the structure of an example 

of an actuator in a conventional device; 

Fig. 53 is a block diagram of a first example of a 

conventional device; 

Fig. 54 schematically shows a wobbling servo system;· 

Fig. 55 shows an example of the frequency characteris­

tics of the actuator· shown in Fig. 52; 

Fig. 56 is a partially sectional view of a second 

example of a conventional devic.e in the vicinity of a drumr 

Fig. 57 is a sectional view of the second example shown 

in Fig. 5 6, taken along the line A - A; 

Fig. 58 is a plan view of an actuator; 

Fig. 59 is a sectional view of the actuator shown in 

Fig. 58, taken along the line B - B7 

Fig. 60 is a sectional view of the actuato~ shown in 

Fig. 58, taken along the line C - C; 
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yig. 61 shows an example of the arrangement of magnetic 

fleadS; 

Fi9• 62 is a block diagram of a control system1 

·rig. 63 shows ~he location of a magnetic-field genera-

totJ 

Fig. 64 is. a block· diagram of a third example of a 

conventional device; 

Fig. 65 shows the characteristic of a differential 

amplifier; 

Fig. 66 is a sectional view of an AC magnetic field 

qenerating· coil; 

Fig. 67 shows the direction in which magnetic fluxes 

are generated by the AC magnetic field generating coil; 

Fig. 68 is a block diagram of a fourth example of a 

conventional device; 

Fig. 69· is an enlarged view of the part A in Fig. 6 8; 

Fig. 70 shows the relationship between the driving 

current for the magnetic head actuator and the amount of 

displacement of the movable head, the relationship being a 

~steresis characteristic; 

Fig. 71 shows the recording tracking pattern in the 

case of the.relationship shown in Fig. 70 holds in the 

fourth example; 

Fig. 72 shows the relationship between the amplitude of 

a signal voltage and the height of a head; 
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fig. 73 shows magnetic fluxes generated by the AC 

· netic field generating coii; 
Jlla9 , 

rig. 74 is a block diagram of a fifth example ·of a 

nventional device; 
cO .. 

rig. 7·5 shows the reproduction output of the fixed head 

in the fifth example shown in Fig. 7 4; 

Fig. 76 shows the reproduction output of the movable 

head in the fifth example before control 

after control; 

Fig. 77 _shows the reproduction output of the movable 

head in the fifth example after control 7 

Fig. 78 is a block diagram of a sixth example of a · 

conventional device; 

Fig. 79 shows the synchronous detection output in the 

sixth example shown in Fig. 78; 

Fig. 80 shows an example of the arrangement of heads7 

Fig. 81 is a block diagram of a seventh example of a 

conventional device; 

Fig. 82 is a block diagram of an eighth example of a 

conventional device; 

Fig. 83 shows a coordinate plane for examining the 

magnetic field distribution of an AC magnetic field generat­

ing coil; 

Fig. 84 shows the magn~tic field distribution on the 

Plane A in Fig. 83; 
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Fig. 85 shows the magnetic, field distribution on the 

plane B in Fig. 83; 
, 

Fig. 86 shows the magnetic field distribution on the 

iane c in Fig. B 3; 
p ~ 

Fig. 87 shows the magnetic field distribution on the 

plane D in Fig. 83; 

Fig. 88 show the waveform output by the induced 
'i-·. 

electromotive force of the movable head which has passed the 

line where the plane A intersect the curved surface D shown 

in Fig. 83; 

Fig. 89 show the waveform output by the induced 

electromotive force of the movable head which has passed the 

line where the plane B intersect the curved surface D shown 

in Fig. 83; 

Fig. 90 show the waveform output by the induced 

electromotive force of the movable head which has passed the 

line where the plane C intersect the curved surf ace D shown · 

in Fig. 83; 

Fig. 91 is a perspective view of magnetic shielding by 

means of a soft magnetic material; 

Fig. 92 is a sectional view of the magnetic shielding 

shown in Fig. 91, taken along the line Y - Y; 

Fig. 93 shows the structure of an example of an AC 

magnetic field generating coil; and 
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GG 
Fig. 94 shows the structure of another example of an AC 

magnetic field generating coil. 

The structures and operations of the preferred embodi­

ments of the present invention will be explained 

hereinunder. 

(1) Speed estimating observer; 

In order to realize high-density recording and e~ecute 

superior reproduction at a high speed without producing 

noi~e, it is necessary to use an actuator which has a wide 

movable range and which al.lows the magnetic head to come 

into good contact with the magnetic tape. By using such an 

actuator, the displacement of the magnetic head is realized 

with such a large amplitude as to enable the magnetic head 

to follow a rolling of a track which is formed on the 

magnetic tape and, hence, ·good reproduction is realized. 

On the basis of this prerequisite, in the present· 

invention, a speed estimating means (hereinunder referred to 

as "observer") is used in place of the differentiator in the 

first example of a conventional device. By using an 

observer, the increase of noise, which is inevitable in the 

first example of a conventional device, is prevented and the 

influence of higher-order mechanical resonance is excluded. 

Fig. 1 shows an example 

er. An observer is a device 

of the structure of an observ- · · .. Ji 
which can be realized by the 
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P
lication of what is called modern control theory. 

a.P 
The 

observer shown in Fig. 1 is such an observer in the form of 

a co-dimensional observer. 

In Fig. 1, a~ actuator is repres~nted by blocks 1401, 

!402 and 1403. The block 1401 represents the mechanical 

part of the actuator, 1402 an actuator coil and 1403 a 

driving signal amplifier. The driving voltage U(t) ·is 

amplified by the driving signal amplifier 1403, converted 

into a current by the actuator coil 1402, and the current 

drives the mechanical part 1401 of the actuator. From the 

~echanical part 1401 is supplied the output of a sensor, 

which is the amount indicating the position of the magnetic 

head. The symbol Kd represents a voltage mu-factor, and R 

the resistance of the actuator coil 1402. The symbol Kt 

represents the torque constant of the mechanical part 1401 

of ~~e actuator, C a viscosity constant, M the mass of the 

movable portion and k a spring constant. 

The observer is represented by a block 1411. The 

observer 1411 is composed of blocks 1404 to 1410. The block 

1405 has a voltage mu-factor of Kd, a torque constant of Dt 

and a conversion gain Kd•Kt/R which is determined by the 

resistance R and it is a block simulating the operation from 

the output of the driving voltage U (t) to the conversion of 

the driving voltage U (t) into the driving torque· of the 

operations of the actuator. The block 1406 is a block in 
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~hich the conversion gain is expressed by 1/(C +Ms) and the 

output of the block 1406 has a dimension of speed. The 

block 1407 is a block in which the conversion gain is 1/s, 

in other words, an~integration block, anq the output thereof 

has a dimension of acceleration. · The block 1404 is a block 

in which the conversion gain is k and the output of· the 

block 1407 is converted into a torque and fed back to the 

block 1406. 

Therefore, the conversion gain from the output of the 

block 1405 to the block 1407 is 1/(Ms2 +cs+ k), if an 

error (the output of the block 1408) is disregarded •. As is 

obvious from this fact, the observer is so designed that the 

conversion gain from the output of the block 1405 to the 

block 1407 is equal to the transfer function of the actua-

tor. As a result of this design, the output of the block 

1406 turns to be equal to an estimated value of .the speed of 

the magnetic head which is actually obtained by the actua-

tor. This estimated value will here be referred to as 

"estimated value Vr"\.J ") • 

The block 1408 is a block for feeding back an estimated 

error to the block 1407 so that the loop relating to the 

block 1404 is stabilized. The symbol Fl represents what is 

called an observer gain, and the estimated error.is a 

difference between the transfer function of the actuator and 

the conversion gain of the block 1405 to the block 1407. 
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'l'be block 1409 is a block for .feeding back the estimated 

error to the block 1405. The symbol F2 represents an 

observer loop gain. 

The two feedback loops composed of the blocks 1408 and 
~ 

1409 are loops ·provided in view of the fact that there is 

actually a limitation to the simulation of the actuator by 

the observer. For example, since the transfer function of 

the observer 1411, in particular, the transfer function of 

the system of the block 1405 to the block 1407 has a 

second-order integral characteristic, these blocks do not 

simulate the integral characteristic of the actual actuator 

including the integral characteristic in the initial state. 

For example, although an external disturbance is applied to 

the actual actuator before integration, these blocks 1405 to 

1407 cannot simulate even the external disturbance. In 

other words, the blocks 1405 to 1407 are the same as the 

actual actuator with respect to the frequency characteristic 

but they are not the same with respect to the dynamic 

characteristic (variation of the output value with time). 

The blocks 1408 and 1409 are blocks for feeding back 

the estimated error so that the estimated error is converged 

to zero. A·predetermined time after starting the observer 

1411, the estimated error is converged to zero, so that the 

transfer function of the observer 1411 becomes equal to the 

transfer function of the simulated actuator. In other 
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the estimated speed V"-'is made coincident with the 
\Jo:r:dS I 

a.ctual speed of the magnetic head. The estimated speed v-

iS fed back to the driving voltage U ( t) for the actuator. 

file· symbol F3 repJSesents a damping loc;>p gain. In this way, 

the mechanical resonance characteristic is damped on the 

oasis of the estimated speed V "-' , and the driving charac­

teristic of the magnetic head is also damped. 

Fig. 2 shows the measured value of the frequency 

characteristic of the actuator. In Fig. 2, "No damping" 

represents the mechanical resonance characteristic of the 

actuator which does not adopt an observer having the struc­

ture shown in Fig. 1, and "With damping" represents the 

mechanical resonance characteristic of the actuator which · 

adopts an observer having the structure shown in Fig. 1. As 

is obvious from Fig. 2, the peak of the gain which is caused 

at the mechanical reson.ance point is lower in "With damp-

ing 11
• 

In this way, it is clear that the damping action is 

prominent when the observer is used. The design for obtain­

ing such a damping action will now be explain~d. How to 

determine the gains Fl, F2 in the structure shown in Fig. 1 

Will first be explained. 
,....._.. 

If it is assumed that x1 is the estimated position of 

the 
,-....., 

actuator, x2 the estimated speed of the actuator, µ an 

input, Ce an estimated error and y the output of the 
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005
erver, the state of the actuator is represented by the 

following equation: 

.A_[ 
dt 

"""' X1 

,....,,,,, 
x z 

]-[ 

I • 

0 1 

]· 
-k/11, -C/11 

Ju- [ Fl J 
F2 

... (1) 

If it is assumed that the poles of the observer 1411 are 

Ce 

-a1, -~2 in accordance with the definition of an arbitrary 

pole-positioning in the modern control theory, the equ_ation· 

(1) is solved by obtaining Fl, F2 which satisfy the follow­

ing equation (2): 

[ :: ]-
C( I + C( z - C/!1 

C(I lt'z-k/11-( lt'1 ·+ lt'z) 

C/11-C 2 /l1Z 

• • • ( 2) 
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However, since it is necessary that the loops including 

the blocks 1409 and 1410 are r~spectively converged ade­

quately in advance of the whole tracking control system, it 

iS necessar~ that the values a 1 ~ a 2 in the equation (2) are 

50 determined that the coordinates a 1 , a 2 are set adequately 

on the left-hand side (early convergence side) of the poles 

of the regulator system (tracking control system) in the 

pole-positioning shown in Fig. 3. The characteristic$ of 

the actuator mechanical part is simplified in the form of a 

second-order system in Fig. 1, but in some of the actual 

actuators having a leaf-spring configuration, there is a 

large amount of higher-order serial resonance and parallel 

resonance, which exerts deleterious influence such as the 

deterioration of the gain merge. In this case, it is also 

possible to suppress the influence of such higher-order 

re~onance by setting the frequency band ·(the frequency band 

in which the open loop gain is 0 dB) of the feedback loop 

(block 1409) in the observer as follows. 

The characteristics of the actuator mechanical part is 

represented by the following equation (3): 

Kt•Gm I (MS 2 +CS+ k) ••• (3) 

wherein Kt represents the torque constant of the actuator 

and Gm a higher-order resonance characteristic. 
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The equation (3) is rearranged as 

equation (3) = B(s) • Gm 

In Fig. 1, if it is assumed for simplifying the explanation 

that R = 1, Kd ~ 1 and F2 = 0, the trans fer function from 

the input terminal for the driving voltage to the output 
,......,, 

terminal for the estimated speed V is represented by the 

following equation (S) : 

o/ = µ ( t) • B (_ s ) • S • { ( 1 + ( F 1) • B ( s) • Gm) / ( 1 + ( F 1) • R (.s) } 

• • • ( 5) , 

and the transfer function from the input terminal for the 

driving voltage to the output terminal for the real actuator 

speed is represented by the following equation (6): 

v = µ(t)•B(s)•S•Gm • • • ( 6) 

By comparing the equation (5) and the equation (6), it is 
"'-/ observed that the Gm in the equation (5) of V is obtained by 

multiplying the Gm in the :equation (6) of V by the coeffi-

cient represented by the following equation: 

(Fl)• B(s)/{1 + (Fl)•B(s)} • • • ( 7) 

In the equation (7), Fl•B(s) is equal to the open loop 

characteristic of the observer. In other words, since the 

equation (7) has a closed characteristic, if the frequency 

band is set as the t~acking control frequency band < observ-

er band < high-frequency mechanical resonance frequency = 
fm, the gain in the frequency band which is higher than the 
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control frequency band in the closed characteristic is not 

.~ore than 0 dB. That is, the following equation holds: 

(F 1) • J B ( fm) J I ( 1 + ( F 1) • I B ( fm) I ) < 1 

.. • • • ( 8) 
. . 

since the coefficient of Gm in the equation (5) is smaller 

than the coefficient of Gm in the equation (6), it is 

possible to reduce the influence of high-frequency mechani­

cal resonance in the frequency band to which the"- speed is 

fed back by the observer in Fig. 1. 

(2) First embodiment 

A first embodiment of the present invention which is a 

tracking control system adopting the observer shown in 

Fig. 1 is shown in Fig. 4. In Fig. 4, the reference numeral 

1412 represents an actuator driver provided in a drum, 1411 

a state observer (speed estimating observer) which is 

represented by the trans fer funct,ion shown in Fig. 1, 1413 a 

drum rotation controller for r~tating a rotary drum, 1414 a· 

pilot signal generator for generating a pilot signal for 

executing tracking control in synchronism with the rotation 

of the drum at the time of reproduction, 1415 a modulator 

for modulating a signal so that multiple pilot signals are 

superimposed on recorded data, for example, at the time of 

recording digital information, and 1416 a head amplifier for 

applying a current to a magnetic head 1417 at the time of 

recording and amplifying a minute reproduction signal at the 
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time of reproduction. The reference numeral 1418 denotes a 

tracking error generator for generating a signal which 
, 

indicates the di~ection and amount of off-track from the 

pilot signal contained in the reproQ~ction signal, 1419 a 

tracking control compensator for operating the tracking 

control loop stably and safely, and 1420 a capstan control­

ler for controlling a capstan motor on the basis of a 

low-frequency off-track component of the tracking error 

signal. The reference numeral 1421 represents a rotary 

crum, 1422 a slip ring for supplying an electric signal 

(including power source) from an external system to the 

rotary drum 1421, 1423 a rotary transformer for transmitting 

and receiving a signal between the rotary drum 1421 and t·he 

external system, and 1424 a position sensor attached to an 

actuator 1425 so as to detect the displacement of the 

::-.ovable portion 1430 of the actuator 1425. 

In the case of detecting the position of the head 1417 

by the position sensor 1424, it may sometimes be impossible 

to take out the detection signal to the outside of the drum 

1421 which is output from the position sensor 1424 due to 

the limitation of the number of channels of the rotary 

transformer 1423 or the influence of noise caused by the 

sliding action of the slip ring 1422. These prqblems are 

solved in this embodiment by disposing the driver 401 for 

the actuator 1425 and the speed estimating observer 1411 on 
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8 
pri?ted circuit board 1433 provided within the drum, as 

shown in Fig. 5. In other words, the actuator 1425 together 
I 

with its electric damping function is controlled from the 

outside of the drum 1421 through the slip ring 1422. This 

embodiment is an example of tracking control system of a 

digital record~ng VTR which is required to carry· out 

higher-density recording by narrow-track recording and into 

which an obse~ver is incorporated. A pilot signal which is 

necessary for detecting a tracking error is generated by the 

tracking error generator 1418. In this embodiment, the DC 

component (CDS value) in each digital block data is varied 

in accordance with the pilot signal and the pilot signal is 

superimposed on the digital data (recording signal) by the 

modulator 1415 at the time of recording. At the time of . 

reproduction, a signal indicating a tracking error is 

generated by the tracking error generator 1418 for tracking 

operation. 

At this time, by adding a pilot signal by an analog 

adder in place of varying the CDS value of the digital data, 

the recording operation is also carried out without any 

trouble so long as the level of the pilot signal is suf fi­

ciently lower than the level of the recording information 

signal. In the case of analog recording (FM recording VTR), 

a rnul tiplici ty of pilot signals are recorded in the gaps 

between frequency allocation. 
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The phase and the gain of tpe tracking error obtained 

in this way are compensated for by the tracking error 
I 

compensator 1419 and a component having a comparatively high 

frequency such as track rolli·ng ·is fed back to the printed 

circuit board 1433, while a component having a comparatively 

iow frequency such as off-track is fed back to the capstan 

motor, thereby preventing the control by the control system 

on the printed circuit board 1433 from exceeding the dynamic 

range. 

In order to obtain the observer having the above 

structure, the position sensor 1424 for detecting the 

position of the movable head is essential. 

Fig. 6 shows an example of the structure of the actua-

tor 1425 which adopts a Hall sensor as the position sensor 

1424. In Fig. 6, the reference numeral 1426 represents a 

magnet holder for reducing the magnetic fluxes which leak 
./ . 

out to the magnetic head 1417, 1427 a magnet for generating 

magnetic fluxes, 1428 a Hall sensor for detecting the 

intensity of the magnetic flux of the magnet 1427, and 1429 

a differential amplifier for amplifying the minute signal 

output from the Hall sensor 1428 so· as to obtain a position 

signal • 

. In the structure shown in Fig. 6, in order .tQ detect 

the movement of the magnetic head 1417, the magnet 1427 is 

disposed on the movable portion 1430 and the flux density is 

.-.~ oi.-
·._ .... ::; 
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detected by the Hall sensor 1'428. When the magnet 1427 

comes close to or ·away from the Hall sensor 1428 with the 

rocking movement.of the movable portion 1430, the value of 

flUX density var~es. The output of the differential ampli­

fier 1429 represents the flux density. In this way, the 

position of the movable portion is detected. 

The magnet 1427 is surrounded by the magnet holder 1426 

which is composed of a material having a high magnetic 

permeability so as to prevent the influence of leaked 

magnetic field on the magnetic head 1417. 

(3) Second embodiment 

·. 

Fig. 7 shows a modification of the first embodiment 

shown in Fig. 6. In Fig. 7, the reference numeral 1431 

represents a magnet, 1432 a Hall sensor, and 1433 a sub-

strate for fixing the Hall sensor 1432. 

In this stt:ucture, the magnet.1431 is fixed to a girnbal 

spring 1434 of the movable portion of the actuator on the 

opposite side of the magnetic head. The magnetic flux of 

the magnet 1431 which leaks out to the outside of the 

actuator from the hole formed in a yoke 1435 is detected by 

the Hall sensor 1432 fixed on the substrate 1433. The 

intensity of the magnetic flux of the magnet 1431 represents 

the position of the movable portion in the same way as in 

the embodiment shown in Fig. 6. In th"e second embodiment, 

it is unnecessary to take the influence of the leaked 
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magnetci field of the magnet 1431 on the magnetic head into 

consideration. 

(4) Third embodiment 

In the first and second embodiment, the position of the 

magnetic head is magnetically detected. !n a third embodi-
... 

ment, the position of the m~9netic head"is detected 9y.an 

optical position detecting means. 

v Fig. a is an example of an optical position detecting 

means using an optical sensor which is attached to the 

actuator. In Fig. 8, the reference numeral 1501 represents 

a light emitting portion for emitting p~tallel rays, and 

1502 a two-piece detector (light recei~i~q. pottio.nlcomposed 

of a phtodiode or the like. 

In this embodiment, the light ( in this case, the light 

is converted into parallel rays by a lens) from the light 

emitting portion 1501 which is attached to the fixed portion 

of the actuator is detected by the light receiving portion 

1502· which is composed of a two-piece photodiode or the like· 

and fiexed to the movable portion. When the movable portion 

moves, the amount of ligh~ received on one side of the 

two-piece diode becomes larger than that on the other side. 

It is therefor·e P.ossible to detect the position of the 

movable portion by obtaining the difference between the 

photocurrents flowing on both sides of the photodiode. 

(5) Fouth embodiment 
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Fiq. 9 shows a modification of the embodiment shown in 

fig· a. In Fig. 9, the reference numeral 1503 represents a 
, 

iens for converting· the light from a light emitting element 

15os which is compo~ed of an LEO or the like into parallel 

rays, 1504 a light emitting aperture (stop), and 1506 a 

mirror for reflecting the parallel rays from the lens 1503. 

onlY the mirror 1506 for reflecting light is mounted on the 

movable portion, and the light emitting portion 1501 and the 

light receiving portion 1502 composed of a photodiode or the 

. like are mounted on the fixed portion. In this case, the 

light from the light emitting element 1505 which is composed 

of an LEO, a semiconductor laser or the like is converted 

into parallel rays by the lens 1503. At this time, in order 

to obtain parallel rays, it is necessary that the light 

emitting element 1505 is disposed at the rear focal point of 

the lens 1503. The po~ition of the magnetic head is detect­

ed by the optical sensor shown in Fig. 9 on the principle 

shown in Fig. 10. 

Fig. 10 shows the principle of detecting the amount of 

displacement of the movable portion by the optical sensor 

shown in Fig. 9. The reference numeral 1507 represents a 

differential amplifier for obtaining the difference in 

photocurrent on the two-piece detector 1502 and amplifying 

the difference obtained. 
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In Fig. 10, when the mirror 1506 which is integrally 

provided with the movable portion moves horizontally (in 

this case, the direction of movement of the mirror is 

regulated to a uniaxial direction by _a gimbal spring or the 
. . 

like), the. parallel rays emitted from the light emitting 

element 1505 also move on the light receiving element 1505 

in parallel with the movable portion. As a result,· a 

difference arises between the amounts of light on·· both sides 

of the two-piece photodiode, for example, in the same way as 

in Fig. 8, and the output of the differential amplifier 1507 

is obtained as a position detection signal. 

It goes without saying that an optical position detect-

ing means composed of the light emitting portion which is· 

mounted on the movable portion and the light receiving 

portion which is mounted on the fixed portion produces a 

similar effect. 

It is also possible to detect the position of the 

movable portion by other position detecting means than the 

above-described magnetic or optical position detecting 

means. For example, an element which is generally called a 

strain gauge and the magnetic resistance of whiqh changes 

when it is bent may be attached to the leaf spring or gimbal 

spring of the movable head actuator so that the deformation 

of the leaf spring or the gimbal spring is detected as a 

change in the magnetic resistance. A constant current is 
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applied to the strain gauge and a change in voltage is read 

0 t·a ~esistor for current detection is connected' in series 

to the strain gauge, and the voltages on both ends of the 

resistor are read when a constant voltage is applied to the 

strain gauge, thereby detecting the position of the movable 

portion. Alternatively, a capacity sensor for detecting the 

capacity may be disposed in the vicinity of the movable 

portion such that the distance between the capacity sensor 

and the movable portion changes with the movement of the 

movable.portion. The position of the movable portion can be 

detected by electrically detecting the capacity of the 

capacity sensor. 1·t goes without saying that in the case of 

using a conventional bimorph actuator, it is possible to 

take out the amount of displacement of bimorph except the DC 

component by cutting a part of the bimorph, as shown in the 

examples of a conventional device. In this case, the output 

of displacement does not contain the DC component, but since 

the DC comporient is not always necessary in the observer 

shown in Fig. 1, the output of displacement can be input as 

a position detection signal used for the observer. However, 

unless the DC component is cut from the driving voltage 

which is input to t~e observer, a prediction_erro~ relating 

to the DC is naturally caused in the estimated error, so 

that the observer cannot function. 
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In the case in which it is impossible to take out the 

position detection signal to the outside of the rotary drum, 
I 

an annular substrate may be attached to the interior of the 

drum, and the driv.er of the actuator·, the sensor amplifier 
~ 

and the. observer are provided within the annular substrate. 

The observer can be operated on the basis of the voltage 

supplied from the slip ring for driving the actuator. This 

method is applicable to any of the above-described position 
·. 

detecting systems. 

(6) Fifth embodiment 

It is also possible to take out the position detection 

signal to the outside of the rotary drum and provide the 

observer and the driver outside of the drum. An example 

thereof is shown in Fig. 11. 

Fig. 11 is an embodiment in which an optical sensor is 

used in order to detect the position of the actuator, and 

the observer and tne driver are provided outside of the 

rotary drum. In Fig. 11, the reference numerals 1608, 1609 

represent detectors. An LED or a laser element, which is a 

light emitting element 1605 of the opticai sensor, is driven 

by a driving signal shown in Fig. 11 so as to flash light •. 

In this case, the frequency for flashing is adequateiy 

higher than the observer frequency band and in the frequency 

range which can pass through a rotary transformer 1612. In 

Fig. 11, the driving signal for the light emitting element 
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1605 is driven by a slip ring~1611. Alternatively, the 

light emitting element 1605 can be driven by transmitting 

the driving signal by a rotary transformer having a large 

capacity or supplying a power source ~y another means (a 

rotary transformer having a large capacity or a slip ring) 

and supplying only a command signal. 

The light flashed in this way is converted into an AC 

photoelectric current by a light receiving element 1602 

through a mirror 1606. Since the photoelectric current is a 

signal in the frequency band which the rotary transformer 

1612 can transmit, it easily passes through the rotary 

transformer 1612 and it is cpnverted into the amount of 

light received by the light receiving element 1602 by the· 

detector 1608 outside of the rotary drum. The amount of 

light is taken out as the amount of displacement of the 

movable portion of the actuator by a differential amplifier 

1607. 

In the case of a capacitive sensor, it is possible to 

utilize the capacity of the sensor and provide a coil so as 

to constitute an LC oscillator, and subject an AC signal 

which is output from the oscillator to the outside of the 

rotary tran.sformer to frequency-voltage conversion (F/V 

conversion) to take out a movable portion position signal. 

A similar effect is also produced by taking out an AC signal 

to the outside of the drum through the rotary transformer by 
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itage-frequency converter (FM modulator), voltage-pulse a ..,o 

~idth converter (PWM modulator}, voltage-AC ampl~tud~ 

O
nverter (AM modulator) or the like, which is provided in 

.c 

the druIR· 

(7) characteristics of control systems 

Fiqs. 12 to 14 show the characteristic of the movable 

head tracking control system, the characteristic of the 

actuator and the open loop characteristic (qain characteris­

tic) of the capstan motor control system in the case of 

using the obs~rver. 

According to the magnetic head actuator composed of the 

means for detecting the position of the head and the observ­

er, it is possible to suppress the resonance peak gain by 

electrical damping, as shown in Fig. 13 and, as a result, 

constitute. an actuator tracking control system, as shown by 

the control systiam open loop ·characteristic B in Fig. 12. 

If there is no electrical damping by the observer, since the 

peak gain is protuberant at the serial resonance frequency 

d', the ·control frequency band must be lowered tog' in 

order to maintain the stability with due cons~deration to 

the gain margin. (At this time, since the phase of the 

control system open loop characteristic is reversed to -180° 

at the frequency d', if the open loop gain at the frequency 

d' approaches O dB·, the control system oscillates. If the 

low-frequency component of the tracking error signal is fed 
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back to the motor, since the capstan motor has the open loop 

characteristics such as those shown in Figs. i2 and 14, the 
.. , . 

synthetic control .characteristic in the case of closing both 

the capstan loop and the tracking loop corresponds to the 

charact~ristic obtained by taking the maximum gain at each 

frequency in Fig. 12. That is, on the low-frequency side, 

the capstan loop is dominant, while on the high-frequency 

side, the actuator loop is dominant. Fig. 15 shows an 

example of the open loop characteristic of the actuator 

tracking control system. 

(9) Sixth example 

Although in the first embodiment shown in Fig. 4, an 

observer is utilized for reproducing a pilot signal from the 

recorded track and detecting the direction and the amount of 

off-track, it is also possible to suppress unnecessary 

mechanical resonance of the actuator, enlarge the control 

frequency band, increase the stability and prevent unneces-· 

sary vibration in the wobbling system in which a pilot 

signal is not recorded and the magnetic head is vibrated 

minutely so as to control. tracking in accordance with a 

change in the amplitude of the reproduction signal. 

Fig. 16 shows a sixth embodiment of the present inven­

tion in which an observer is incorporated into a.wobbling 

system. In Fig. 16, the reference numeral 1701 represents a 

band-pass filter for taking out only the wobbling frequency 
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from the reproduction signal, 1702 a synchronous detector 

for taking out t~e direction and the amount of off-track 
I 

fro~ the signal output from the band-pass filter 1701, a~d 

1703 a phase shifter for shifting th~ phase by the amount 

which is equivalent to the mechanical phase delay of the 

actuator •. The reference numeral 1704 represents an inverted 

amplifier, 1705 an oscillator for generating a reference 

signal for wobbling operation, 1706 an adder for adding a 

wobbling signal for minutely vibrating a control signal, 

1707 a subtracter for feeding back the estimated speed of an 

observer, and 1708 a low-pass filter (compensator) for· 

maintaining the stability of the control loop. 

In this embodiment, only the wobbling frequency con-· 

tained in the reproduction signal amplitude is extracted by 

the band-pass filter 1701. The synchronous detector 1702 

synchronously detects the ·command signal which is .minuteiy 

vibrating the actuator by using a signal with the phase 

shifted by the amount equivalent to the mechanical phase 

delay of the actuator at the minute vibrating frequency by 

the phase shifter 1703, or multiplies the command signal by 

the shifted signal. In this way, it is possible to detect 

the direction and the amount of off-track. The phase of the 

tracking error signal obtained in this way is compensated 

for by the low-pass filter 1708, and the wobbling signal for 

· minutely vibrating the actuator is added to the tracking 
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error signal. Thereafter, the output of the observer is fed 

, 

back by the subtracter 1707 and the.actuator is driven by a 

driver 1709, thereby executing tracking control. 

(10) seventh embodiment 

Fig. 17 shows a modification of the embodiment· shown in 

Fig. 16. In Fig. 17, the reference numeral 1809 represents 

a fixed head, 1810 a phase locked loop (PLL) circuit for 

eliminating a jitter contained in a drum rotational angle 

detection si_gnal, and 1811 a head amplifier for amplifying a 

minute signal output from a movable head 1812. The refer­

ence numeral 1813 denotes an automa.tic gain control circuit 

(AGC) for holding the amplitude of the reproduction envelope 

signal outpu~ from the head amplifier 1811 constant irre-. 

spective of the fluctuation of the movement of the magnetic 

head, the tension of the tape or the like, 1814 a low-pass 

filter for supplying a necessary frequency band fpr a 

control signal to an actuator 1815 of the movable head 1812; 

and 1816 a low-pass filter for supplying a. low-frequency 

component of the control signal to a capstan motor 1817. 

The reference numeral 1818 denotes a capstan phase control­

ler for reading the phase information output written on the 

linear track and output from a CTL pulse by means of a CTL 

head 1819 and controlling the phase on the basis.of the 

phase information, and 1820 an adder for adding the CTL 

phase control loop and the wobbling control loop and 
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j controlling the capstan motor 1817 through a driver 1821. 

Fig. 18 shows the magnetic heads 1809, 1812 in the state of 

tracing on the recorded tracking pattern. 

In this emSodiinent, the wob~ling system shown in 

Fig. 16 is adopted and the low-frequency component of a 

tracking error signal is fed back to the capstan motor. In 

the capstan control s~stem, a low-frequency component of a 

tracking error signal with the phase thereof compens~ted in 

the wobbling system is fed back to the conventional phase 

control loop for controlling the phase in accordance with 

the CTL signal (phase detection) from the linear track. In 

rig. 17, not only the movable head 1812 driven by the 

actuator 1815 but also the fixed head 1809 is shown. Since­

the low-frequency component of the tracking error signal is 

constantly fed back to the capstan motor 1817, the height of 

the movable head 1812 is constantly automatically adjusted 

with respect to the fixed head 1809, so that the movable 

head 1812 follows only tack rolling. 

In the case of the head structure shown in Fig. 17, it 

is generally preferable that the head width of the fixed 

head 1809 is larger than the track width, as shown in 

Fig. 18, so that a signal can be sufficiently picked up even 

if there is a track rolling. 

(11) Concrete structure of observer 
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An example of an observer composed of an analog circuit 

45 shown in Fig. 19. 

In Fig. 19, the reference numeral 1901 represents a 

:apacitor for tak~ng .out only the Ac· ~omponent of an actua­

tor driving voltage, 1902 an amplifier for adding the 

feedback signal in the observer and the driving voltage and 

amplifying the sum, and 1903 an amplifier for feeding back 

the loop which simulates the spring constant in the observ-

er. The reference numeral 1904 represents a filter for 

realizing the transfer characteristic which simulates the 
. 

viscosity and the mass of the actuator in the observer, 1905 

a filter constituting an integrator in the observer, 1906 a 

comparator for taking out the difference between the posi~ 

tion information and the estimated position information from 

the observer, 1907 a capacitor for taking out only the AC 

co~ponent contai~ed in the position informat~on, and 1908 a 

capacitor for outputting only an AC component contained in · 

tr.e estimated speed information. 

In an analog differential amplifier, an offset is apt 

to be produced due to a temperature drift or the like. 

Therefore, in the case of an observer composed of an analog 

circuit, it is desirable to insert the capacitors 1901, 1907 

which· eliminate the DC component from the actuator driving 

voltage input to the observer or the position information 

input from the position sensor. This is because since the 
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frequency band in which damping is mainly necessary in the 

tracking control system is the frequency band in the vicini­

ty of which mechanical resonance is existent, the DC compo­

ne~t is unnecessary there. 

In.the circuit shown in Fig. 19, the transfer charac­

teristic of the observer shown in Fig. 1 is simulated as it 

. The· R, Kd, Kt, k, Fl and F2 in Fig. 1 exist in Fig. 19 1s. 

as they are as the amplifier gains. The block 1406 in 

rig. 1 corresponds to an active filter using the operational 

amplifier 1904, and the block 1407 corresponds to the 

integrator using the operational amplifier 1905. The 

subtracter portion for obtaining the estimated error shown 

in Fig. 1 is composed o~ the operational amplifier 1906 in 

this.embodiment, and the output of the operational amplifier 

1906 has the gains which correspond to Fl and F2, respec­

tively, in Fig. ~ and the output is fed back to the opera­

tional amplifiers 1902 to 1905 of the observer equivalent 

circuit. In the structure shown in Fig. 19, it is possible 

to unite the operational amplifiers 1903, 1904 into one 

active filter, thereby omitting one operational amplifier. 

Although the observer is composed of an analog circuit 

in Fig. 19,· a similar effect is obtained by expressing the 

transfer function shown in Fig. 1 by a software in a micro-

computer or the like. 
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Although the control system shown in Fig. 19 is applied 

VTR, it goes without saying that a similar, effect is tO a 

obtained when this control system is applied to a tracking 
.. 

control system of a magnetic di~k apparatus or an ~ptical 

disk apparatus. 

Although the above-described observer is cpmposed of. a 

co-dimensional observer in the modern control_theory, it 

goes without saying a similar effect is obtained by an 

observer composed of a minimum-dimensional observer. In 

this case, there is no equivalent circuit and the result of 

solving the state equation representing the actuator charac­

teristics by algorithm by a general minimum dimension 

observer (e.g., the minimum-dimensional observer by 

Gopinath) is reali~ed as it is by the circuit. 

(12)· Details of. damping control 

A technique of electrically damping a movable head 

actuator by an observer has been explained above. There is 

a case in which the movable head is not used f9r tracking 

and used only for superior reproduction as in a commercially 

available VTR or the like. In this case, it.is also neces-

sary to suppress the mechanical resonance of the actuator 

for the purpose of accurately moving the actuator with 

respect to a waveform for superior reprod~ction"and sup-

; pressing unnecessary vibration. It goes without saying that 

the mechanical resonance and unnecessary vibration can be 
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P
ressed by the electrical damping by the above-described 

s::P 
.. stem using the observer and the position sensor. However, 

c: • .. , 
.: the electrical damping required is so small as to only 
l' 

1
.,ffice for the followabili ty of the actuator to the 
-~ 

~aveform of superior reproduction and ·if a control system is 

required to have a low cost, a simplified damping circuit of 

a counter electromotive force feedback system may be adopt-

ed. 

l_ Fig. 20 shows the principle of a dampi-ng controller 

which utilizes a counter electromotive force. In Fig. 20, 

the reference numeral 2001 represents an equivalent coil 

r.aving an electric characteristic equivalent to that of an 

actuator coil, 2002 and 2003 current detecting resistors,. 

and 2004 a differential amplifier for detecting a counter 

electromotive force. 

In this $ystem, the equivalent coil 2001._having an 

electric characteristic equivalent to that of an actuator 

coil is connected in parallel to a driver 2005, the currents 

flowing on the respective current paths are detected by the 

current detecting resistors 2002,. 2003, and the counter 

electromotive force is detected as the output of the differ­

ential amplifier 2004 and fed back to the original driving 

voltage. (At this time, ·since the equivalent coil 2001 does 

not move nor generate a counter electromotive force, a 

potential difference is generated on the voltages of the 
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. ·stars 2003 and 2002 due to 'the counter electromotive 
.. esi I , 

ce of the actuator coil, and this potential difference is 
;or 

eec:ted.) ae 
However, since there is a difference between 

~e current on th~ equivalent coil 2001 and the coil in the 

· actuator 2006 due to a temperature drift or the like, the 

ceunter electromotive force detected is not accurate. 

It is therefore preferable that simplified damping is 

i_;. carried out by a circuit such as that shown in Fig. 21 • 
.. 

Fig. 21 shows the structure of a damping circuit of a 

counter electromotive force feedback system. In Fig. 21, 

the reference numeral 2105 represents a resistor which 

simulates the resistance component of an actuator coil, 2106 

a coil which simulates the inductance of the actuator coil, 

2107 and 2108 differential amplifiers which simulate the 

voltages at both ends of current detecting resistors 2102 

' and 2103, respectively, 2109 a.differential amplifier for 

taking out a cou·nter electromotive force, 2110 a filter for· 

limiting a frequency band of the current feedback loop, 2112 

a filter for limiting a frequency band of a counter 

electromotive force feedback loop, and 2111 and 2113 capaci­

tors for eliminating the DC components of the respective 

loops. 

The voltages at both ends of the current detecting 

resistors 2102~ 2103 are detected by the differential 

amplifiers 2107 and 2108. Since the output of the 
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.. fferential amplifier 2107 corresponds to the driving 
cJ. 

! rent for an actuator 2116, after the output is limited to 
ell 

. ' necessary frequency band by the filter 2110, it is fed 
a 
back to ~he origi~al control system through the capacitor 

·-
2
111 for eliminating the DC component, thereby constituting 

a current feedback loop. Depending upon the frequency band 

j;_;\ in which the cut-off frequency of the filter 2110 is set, 
,,. 

either a voltage driving system (in a frequency ba,_nd in 

~hich current feedback is not executed) or a current· driving 

system (in a frequency band in which current feedback is 

executed) is adopted as the driving system for the actuator 

2116. 

In addition, by detecting the difference between the. 

voltages at both ends of the two current detecting resistors 

2102, 2103 by the differential amplifier 2109, it is possi-

ble to take out the counter electromotive force of the 

actuator 2116, limiting the frequency band of the counter 

electromotive force by the filter 2112 and feed it back 

through the capacitor 2113 which eliminates the DC compo-

nent, thereby electrically constituting a counter 

electromotive force feedback loop and damping the actuator 

2116. 

By making the gain of the differential amplifier 2109 

variable, it is possible to make the amount of feedback and, 

hence, the amount of damping variable. It goes without 
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9G 
inq that by using a band-pass filter which transmits only 

58.'/ 

mechanical re~onance frequency component of ~he actuator 
tile 

the filter 2112, it is possible to reduce the influence 
a.5 ' 

of the mechanical resonance. 

since the detected counter electromotive force is 

proportional to the speed of the actuator, it is similar to 

the estimated speed output from the speed observer. It is 

therefore clear that the actuator· is damped by feedi~g back 

the detected counter electromotive force. However, when the 

estimation of the observer is compared with the detection of 

a counter electromotive force, if the position sensor used 

for the observer has high accuracy, sirice the· speed estimat­

ed by the observer is more accurate than the detected 

counter electromotive force, if the higher-order mechanical 

resonance suppressing effect of the observer and -the damping 

circuit including only ari integrator are taken into consid­

eration, the observer c·an secure a larger speed feedback 

gain and damp the actuator to a larger extent. 

(13) Advantages of the first to second embodiments 

As described above, according to the above-described 

embodiments, since the influence of the mechanical resonance 

of the actuator on the movable magnetic head is reduced by 

feeding back the speed estimated by the speed estimating 

observer to the actuator driving signal, the tracking 

following accuracy is enhanced. Consequently, the amount of 
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sf-track of the magnetic head is reduced, so that the 

oi. 
recording density (tracking density) of a magnetic tape 

atus or the like is enhanced. ,ppar 
~ 

At the time of superior reprodµction, it is also 

possible to improve the response of the actuator to a 

waveform for superior reproduction and to suppress the 

unnecessary vibration of the movable magnetic hea~. 

In the examples shown in Figs. 20 and 21, an equivalent 

coil which has an electric char~cteristic equivalent to that 

of a coil in the actuator is provided, and the estimated 

speed of the actuator obtained by detecting the counter 

electromotive force generated by the actuator coil is fed 

back to the actuator driving signal. Although this system 

is inferior in accuracy to the system using the observer,· 

the former is effective when the electrical damping required 

is so small as t"o only suffice for the followabili ty of· the 

actuator to the waveform of superior reproduction and when a 

control system is required to have a low cost. 

(14) Eighth embodiment 

Fig. 22 and 23 show the structure of an eighth embodi~ 

ment of the. present invention. 

A head 2201 for a narrow trackiµg pitch for a long-time 

mode and a head 2202 for a wide tracking pitch are attached 

to the present VTR system. These heads 2201, 2202 are 

mounted on a gimbal spring 2203. 
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!n the conventional system, the position at which the 

: ~c~aqnetic field generator is disposed represents the 

solute height of the ~ovable head from the deck base. 
a~ • 

In other words·, in the conventional system, if the 

position at which the levels of the signals output from the 

t1iO AC magnetic field generators and reproduced by the 

magnetic head are equal is determined as a desired height 

of the magnetic head, the reference absolute height varies 

depending upon the accuracy for mounting the AC magnetic 

field generators on the deck.base. Although it is possible 

to use the height of a fixed head as the reference of the 

absolute height of the movable head, in this case, the_ 

movable head can only be so controlled as to be the same 

height as the fixed head such as an audio head. This is 

, ·because since the magnetic field generated by the AC magnet-

ic field generat.or and the detection sensitivity of the hea~ 

amplifier for the magnetic head fluctuate with a change in 

terr.perature or the like, as described in the conventional 

examples, the influence of fluctuation is eliminated by 

controlling the magnetic head so as to be at the position at 

which the differenc·e between the two detection signals is 

zero. 

In order to form a recording pattern on the magnetic 

tape in accordance with various recordi~g formats in the 

present VTR, there is a case in·which the height of the 
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~able head must be so controlled as not to be equal to the 

~o 

. bei9'ht of the fixed head but to be a little devi~ted from 

the height of the fixed head. To meet such demand, in this 

eniJ:>odiment, a spacer 2204 is inserted between the gimbal 

spring 2203 and the magnetic head 2202, as shown in Fig. 23. 

ror example, at the time of magnetic recording by the head 

for wide tracking pitch, the conventional AC magnetic field 

for detecting the height is reproduced by the magnetic head 

2201 for a narrow tracking pitch. By closing the conven-

. tional magnetic head height co~trol system, it is ~ossible 

to situate the head 2201 for a narrow tracking pitch at the 

same height as the reference fixed head (e.g., audio magnet­

ic head), and to shift the reference height of the head 2202 

for a wide tracking pitch after control by the amount 

equivalent to the height of the spacer 2204 in Fig. 23. 

(15) Ninth embodiment 

Since the head for reproducing an AC magnetic field for 

the purpose·· of detecting the height need not actually 

magnetically record or reproduce information on the magnetic 

tape, such a head must be replaced by a magnetic field 

detector having a simple structure. Fig. 24 shows the 

external appearance of an absolute height detecting element 

2206 mounted on a rotary drum 2205 in a ninth embodiment of 

the present invention. The reference numeral 2207 repre-

sents a detection coil. The gap and the amount of 
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l
·ection of the magnetic field detection in Fig. 24 need 

:tO 
t be strictly determined. However, it is natural that the 

~o 

~ount of projectio~ must not be so large as to damage the 

.. qnetic tape.· It is possible to move the movable head to a 
•. a 
:;esired absolute height by mechanically adjusting the 

·position of the magnetic field detector having such a simple 

l structure to the desired height at which the movabl~ head 

must be situated and by controlling the detector and the·. 

movable head so as to be at the same height by a convention­

al control system. 

It is possible to judge whether or not the movable head 

is at a desired absolute height with accuracy by the 

above-described means. 

(16) Tenth embodiment 

In detecting the abs.olute height of the movable head by 

an AC magnetic field, it is possible to increase the current 

applied to the external magnetic field generating coil to 

such an extent that does not deteriorate a signal due to 

electromagnetic interference with a head amplifier or the 

like in the VTR. If the magnetic field generated by the 

magnetic field generating coil is increased, since the 

detection sensitivity for the absolute height of the movable 

head is enhanced, the accuracy for following the target 

value of the control system is improved. However, if the 

reproduction signal amplifier provided in a conventional VTR 
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... stem is used, the signal is· sometimes saturated depending 
:: . 

... on the dynamic range of the reproduction· signa+ amplifier. 
;:' . 

• 5 ts because the magnetic field generated by the AC 
:!lJ. 

gnetic field generating coil is much stronger than the ,a. 
·nute magnetic field which. is reproduced from the magnetic 

::iJ. 

tape. It is therefore necessary to amplify the AC signal 

for detecting height which is obtained through the rotary 

transformer by an amplifier different from the conventional 

reproduction signal amplifie.r, as shown in Fig. 25. 

Fig. 25 is a circuit diagram of the structure of a 

detection signal amplifier of an absolute height detector in 

a tenth embodiment of the present invention. The reference 

numeral 2208 represents a band-pass filter and 2209 a 

switching transistor. Fig. 26 shows the operation mode for 

the switching transistor 2209 with respect to one rotation 

of the rotary dr.um·. 

Since the height detection signal is obtained on.the 

back side of-. the drum on which the detection head is not in 

contact with the magnetic tape, it is possible to take out 

the height detection signal through the switching transistor 

2209. 

Iri addition, by switching the four switching transis-
... 

tors 2209 between the modes in Fig. 25, it is possible to 

switch the· amplifier between the recording, reproducing, 

detecting and in-operatinve functions. 
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The reco.rding and reproduction modes for the switching 

ansistor 2209 are switched by the rotational position of 
tt' 

we detecting head, as shown in Fig~ 26. It goes without 

saying that the amplifier for only reproducing the ~eight 

: ~tection signal nee~ not have the structure shown in 

fig. 25 and it may be composed of a combination. of a 

.: ~and-pass filter and a position detection signal amplifier. 

,· 

i~. 

The arrangement of each head on the drum and the 

. channels for the absolute height detecting head in the 

rotary transformer will now be explained. 
• 

Since the recording current flows on the recording head· 

. which is in contact with the magnetic tape during recording 

by a VTR, the absolute height detection signal from the AC 

magnetic field generating coil may be disturbed by the 

crosstalk between the channels of the rotary transformer. 

For this reason,· it is necessary to keep the channel for 

applying the recording current .away from the channel for 

detecting the absolute height. 

For example, in the case of the present VHS VTR system 

having the head arrangement shown in Fig. 27, -the arrange­

ment of channels in the rotary transformer is such as that 

shown in Fig. 28. In order to simplify the relationship 

between the .channel for applying the recordi~g current and 

the channel for detecting the head he.ight, the sections in 

which respective heads come into sliding contact with the 
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e in the case of the head arrangement showri in Fig. 27 

~aP , 
schematically represented with the head 2HR as the 

~e . 

ference. From Fig. 29, it is clear ·that the heads 2H~, 
!e 

,8:c,, AR approximately simultaneously ·come into sliding 
.U 

contact with the magnetic tape and that the heads 2HR, 6HL, 

~L approximately simultaneously come into sliding contact 

~ith the magnetic tape. It is therefore necessary to keep 

the heads 2HL, 6HR and AL away from. the heads 2HR, 6HL, AL, 

respectively, in the channels of the rotary transformer. 

since the audio head is generally kept away from the video 

head in order to avert the inf~uence of crosstalk, it is 

possible to insert the channel for the flying erase head or 

the channel for exclusively for height detection, which is 

generally not used at the time of normal reproduction, 

between the channels for 2HS and 6HS in place of the 

short-circuiting ring which is used for preventing crosstalk 

between channels of the rotary transformer in the present 

VTR, and to short-circuit the terminal of the rotary trans-

former at this. 9hannel at the time of reproduction. The 

symbol 2HS represents a detector with the height adjusted to 

the referenc.e height of the movable head 2H, and 6HS a 

detector with the height adjusted to the reference height of 

the movable head 6H. 

(17) Eleventh embodiment 
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Iri the conventional system, the height of the movable 

ad is detected only ·at one position per rotati5m of the 
)B 

~runtr so that only one control is possible at every rotation 
~ 

f the drum. In a system the apparatus of which as a whole 
() . 

iS exposed to an external disturbance such as a·system 

installed on_ an automobile and a portable system, recording 

in accordance with the tape forrna~ may sometimes be impossi­

ble due to the vibration or displacement of the movable head 

'iithin one rotation of the drum. 

This problem will become serious if the recording 

density is enhanced and the tracking pitch becomes very 

narrow in the near future. It is therefore necessary to 

have a structure in which an ordinary movable head is fixed 

during the control of the absolute height at every rotation 

of the drum so as to make the heads insusceptible to the 

influence of vibration of the like. For this structure, a 

means for constantly detecting the height of the movable 

head is necessary. In this case, however, the absolute 

value of the sensor for constantly detecting the height of 

the movable head need not be accurate so long as there is a 

means for detecting the absolute height of the movable head 

at every rotation of the drum. It is possible to prevent 

the deviation of the head du~ to vibration during the 
~ 

rotation of drum if the absolute height of the movable head 

is detected by the above-described reproduced magnetic field 
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:the AC magnetic field generating coil and the height of 

CS' 
movable head is so controlled that the output of the 

~Ile . 

;ensor for constantly detecting the height of the movable 

ad is constant during the period from one detection of the i.e .. 
ibsolute height to the next detection. 

In order to detect the position of the head in the 

~sition control system during one rotation of the drum, the 
l' 

structure shown in Fig. 6 or the structure shown in Fig. 7 

is used in this embodiment. Use of either of these struc­

tures not only enables the detection of the position.but 

also exerts no deleterious influence of leaked magnetic ·flux 

on the head. It is also possible to use the apparatuses for 

optical position detection shown in Figs. 8 to 10. Alterna­

tively, a strain gauge may be used. Use of a piezoelectric 

generator type sensor formed by cutting a part of a bimorph 

for the detectio·n of the absolute height is also effective. 

(18) Twelfth embodiment 

It is possible to utilize the output of the 

above-described position sensor which can constantly detect 

the height of the movable head and suppress the mechanical 

resonance of the actuator, enhance the controllability of 

the movable head and make the movable head insus~eptible to 

external vibration by a damping loop composed of the follow- · 

ing means for electrically estimating the speed. In this 

damping loop produced on the basis of the output of the 
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position sensor which can constantly detect the height of 

the movable head, it is possible to.pre~ent the aontrol 

frequency band for the position control from being restrict­

ed to a low-frequency band due to the.mechanical resonance 

of the movable head actuator. 

In order to move the magnetic head in the drum, it is 

necessary to move the magnetic head uniaxially, namely, only 

in the direction parallel to the rotational axis of the 

drum. It is therefore necessary to separate the driving 

portion from the magnetic head or attach the magnetic.head 

to the end of a cantilever or a leaf spring in a bimorph 

actuator or electromagnetically driven actuator shown in the 

conventional examples. 

For this reason, there exists a large mechanical 

resonance which is characteristic of a leaf spring, as seen 

in the transfer characteristic (displacement-driving voltag~ 

or current characteristic) of the bimorph actuator or 

electromagnetically driven actuator in the conventional 

examples. 

Since the large mechanical resonance reverses the phase 

in the vici~ity of the serial ~esonance frequency, for 

example, in the phase cont~ol system having a phase~delay 

compensator, the control frequency band is limited to a 

frequency sufficiently lower the primary resonance f requen­

cy, generally, about 1/10 to !/several tenths of the primary 
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, 650nance frequency. This is firstly because it is impossi-

~le to secure a sufficient phase margin of the c9ntrol 

515
tem due to the influence of the phase reve~sal in the 

1
icinity of the resonance point, and secondly because if the 

resonance peak gain is large, the gain margin beyond the 

control frequency band (generally, it is necessary that the 

open loop gain of the control system at the frequency in the 

frequency band higher than the control frequency band at 

which the phase is -180° is -10 to 20 dB) becomes smaller 

than the resonance peak gain, so that the control system 

becomes unstable. In the case of setting the contrGl 

frequency band between the primary resonance point and the 

secondary resonance point by compensating for 

the phase delay by a phase advancing circuit, it is neces­

sary that the primary mechanical resonance frequency is 

adequately distant from the secondary serial resonance 

frequency or the parallel resonance frequency. In the 

system having ·a movable portion in the shape of a leaf 

spring such as the actuator of the movable magnetic head in 

1 a VTR, since it is impossible to take a sufficient differ-

ence between the primary ~esonance frequency and the secon­

dary or higher-order resonance frequen_cy, the phas~ advanc-

ing circuit for compensation is not often adopted. It is 

therefore necessary to electrically damp the large mechani­

cal resonance characteristic which is characteristic of the 
/ 
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:nollable magnetic head actuator of a VTR so as to have the 

actuator h_aving a good controllability. However, if the 

damping means is composed of a differentiator as in the 

,e1ated art, the noise of the position sensor is increased 

and the ·tracking controllability is rather deteriorated. 

such a problem can be solved by using a ·speed estimat-

inq observer, as described above. In other words, it is 

preferable that a circuit shown in Fig. 30 is composed of an 

observer having the structure shown in Fig. 1 and adopting. 

the analog structure shown in Fig. 19. 

Fig. 30 shows the structure of a twelfth embodiment of 

the present invention, adopting a speed estimating observe~. 

In this embodiment, the position of the movable portion of 

an actuator 2301 is detected by a a position detector 2302 

and the detected position is input to a spee~ estimating 

observer 2303 and a position control compensator 2304. The 

output of the speed estimating observer 2303 is fed back to 

the input terminal of a driving signal amplifier 2305 

through a damping loop and the position control compensator 

2304 feeds back the output of the speed estimating observer 

2302 to the input terminal of the driving signal amplifier 

2305. 

An absolute height detecting sensor 2305 for detecting 

the height of the head in the actuator 2301 is provided-. 

The sensor 2305 may have any of the above-described 
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. structures. The output. of the sensor 2305 is input to an 

a1'501ute height detector 23 0 6, and the output of, the abso­

iute height detector 2306 is fed back to a low frequency 

,0~pensator 2307 after it is subtracted from the command for 

the absolute height. 

The open loop gains of the respective feedback loops 

shown in Fig. 30 are preferably set as shown in Figs. 31 and 

32. The characteristics of the low frequency compensator 

2307 are preferably set as shown in Figs. 33 to 35, and the 

characteristics of the position control compensator 2304 are 

preferably set as shown in Figs. 37 and 38. If the low 

frequency compensator 2307 has a structure such as that 

shown in Fig. 36, the elements a to c have the characteris­

tics shown in Figs.· 33 to 35, respectively. If the position 

control compensator 2304 has a structure such as that shown 

in Fig. 39, the ·elements a and b have the characteristics 

shown in F~gs. 3.7 and 38, respectively. 

Needless to say, if the system shown in Fig. 30 in­

cludes neither the position control loop no the damping 

control loop, the position of the head is controlled only by 

the contro~ of the ab~ol~te height at each rotation of the 

drum and the height of the head is apt to deviate. If the 
. -

system does not include the damping control loop, the ratio 

of suppression of the deviation of the height during one 

rotation is lowered, so that the head is apt to vibrate. On 
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~e other hand,_if the system does not include the position 

control loop, althou-gh the head is unlikely to v;brate, the 

,atio of suppression of the deviation of the height is 

10wered to approximately zero. When the movable portion of 

the actuator has a high rigidity or viscosity, however, the 

system shown in Fig. 30 is free from the above-described 

problems even if the above two minor loops are eliminated 

from the absolute height correction loop. In the system 

shown in Fig. 30, by making the open loop gain of the 

absolute hc;!ight correction loop larger on the low frequency 

side and smal"ler on the high frequency side than that of the 

position control loop containing the damping loop, the 

system for controlling the movable head so as to be con­

stantly at the absolute height during the rotation of the 

drum is realized. 

In this case, the gain of the absolute height correc-

tion loop may be compensated for on the low frequency side 

in the form of a se«?ondary delay, as shown in Fig. 31. 

Alternatively, the DC component of the position control loop 

may be cut so as to lower the gain on the low-frequency 

side, as shpwn _in Fig. 32. 

In order to realize the open loo_p characteristic such 

as that shown in Fig. 31, it is necessary to insert a filter 

having frequency characteristics such as those shown in 
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ti9s •. 33 to 36 as the low frequency compensator 2304 in 

fi9· 30. 

The symbols a to c in Fig. 36 represent a lag-lead 

filter, a primary low-pass filter and a secondary low-pass 

filter, respectively, each of which is generally.known. It 

is also necessary that the position control compensator 2397 

has a structure such as that shown in Fig. 39. The symbols 

a and b in Fig. 39 represent a low-pass filter and a -
high-pass filter, respectively, each of which is well known. 

Naturally, these structures· can be realized by an analog 

circuit which is composed of a capacitor and a resistor, or. 

a digital filter. 

Although amplified gain for compensating for a gain is 

not described in each compensator, a desired gain compensa-

tion is naturally necessary in order to realize the charac­

teristics shown in Figs. 31 and 32. 

(19) Thirteenth embodiment 

Although the system shown in Fig. 30 is composed of an 

analog circuit in the twelfth embodiment, it may also be 

produced by a software by using a high-speed cii"gital comput-

er such as a microprocessor. 

Fig. 40 is a flowchart of the processing~ in the main 

routine of a control program in the case of realizing a 

position control system by using a software. In this 

routine, after starting and initializing the program, the 
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~11owing routine is repeated at every block to which the 

calculation period is instructed. A calculating.subroutine 

!iilich corresponds to the function of the speed estimating 

observer is first executed. A calculation subroutine which 

corresponds to the function of the position control system, 

in particular, the position control compensator is next 

eiecuted. Thereafter, the calculation subroutine which 

corresponds to the function of the absolute height correc­

tion system, in particular, the ~bsolute height detector and 

the low frequency compensator is executed. ·By subtracting 

the results of the first two subroutines from command for 

absolute height correction, the command value for driving 

the actuator is obtained. 

The contents of the respective subroutines will be 

explained in the following. In the subroutine corresponding 

to the function of the observer, K1 to Ks are set at con­

stants (~d·~t)/R, K, F1 , F2 and F3, respectively and vari­

ables A to B are serially calculated. The variables A to B 

are equivalent to the outputs of the blocks 1405 to 1409 in 

the observer shown in Fig. 1. 

Fig. 42 is a flowchart of the position control subrou­

tine· in the flow shown in Fig. 40. The information about 

_the actuator height is calculated and output through two 

digital filters. 
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Flg. 43 is a flowchart of the absolute height correc-

. eion subroutine in the flow shown in Fig. 40. AJ;>solute 

~eight information z1 - z2 are averaged p times by using the 

count value P and af~er the averaged value is compensated 

£or in a low frequency band by a digital filte~, the compen­

sated value is output as the absolute height. 

The values z1 and z2 are obtained by picking up the 

output of the two AC magnetic field generating coils in the 

conventional examples by the absolute height detecting head 

and the movable head in the present invention, and amplify­

ing the outputs by the amplifier shown in Fig. 25. and 

detecting the amplified output for peak holding or sample 

holding. The thus-obtained values z1 and z2 are subjected 

to A/D conversion and input to the microprocessor as the 

outputs of the respective AC magnetic field generating 

coils. 

The above-described movable head position control 

system can adopt a hardware such as that shown in Fig. 44. 

In the case of detecting the position of the movable head by 

a position sensor, it is sometimes impossible to take the 

detection s.ignal to _the outside of the drum due to the 

limitation in number of the channels of the rotary trans- · ... 

former or in consideration of the influence of noise exis-

tent in a slip ring 2401. In the thirteenth embodiment 

shown in Fig. 44, a driver 2402 for an actuator and a speed 
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estimating observer 2404 are provided on a printed circuit 

~oard 2403 within the drum, thereby enabling the•actuator 

~hich is subject to electrical damping from the outside of 

the drum through_ the slip ring 2401. 

(20) Four.teenth embodiment 

On the other hand, it is also possible to take out the 

position detection signal to the outside of the rotary drum 

and providing the position controller and the driver outside 

of the drum. Fig. 45 shows an example thereof as a four-

·teenth embod·iment of the _present invention. An LED or a. 

laser, which is a light emitting element 2502 of an optical 

sensor is flashed in accordance with a driving signal. At 

this time, the frequency of flashing is set in a frequency 

range which is sufficiently higher than the observer fre­

quency band and which can pass through a rotary transformer 

2502. In Fig. 45, the driving signal is supplied to the 

light emitting element 2501 through the slip ring 2503, but 

the light emitting ele~ent can be similarly flashed by 

transmitting the driving signal by a large-capacity trans­

former or supplying the power source by another means 

(large-capacity rotary transformer or slip ring) and supply­

ing only a command signal to the ligh~ emitting element 

2501. 

The thus-flashed light is converted into an AC 

Photocurrent by a light receiving element 1505 through a 
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Since the photocurrent is a photocurrent 

·iqnal in the frequency range which the rotary tfansformer 
' 
,502 can transmit, it easily passes through the rotary 
"' 
transformer 2502. After the photocur·rent is converted into 

the amount of light received by the light receiving element 

2505, it is taken out as the amount of displacement of the 

, 0vable portion of the actuator by a differential amplifier 

2507. 

In place of the optical sensor shown in Fig. 45, the 

above-described. capa·city sensor may be used. In this case, 

an LC oscillator is. composed of the capacity of the sensor 
. :-

and a coil, and after the AC signal from the oscillator is 

taken out of the transformer and subjected to a 

frequency-voltage conversion (F/V conversion}, the signal is 

taken out as the position signal of the movable portion. It 

goes without saying that a similar effect is also produced 

by taking out a signal to the outside of the drum through 

the rotary transfo~mer by a voltage-frequency converter (FM 

modulator), voltage-pulse width converter (PWM modulator), 

voltage-AC amplitude converter (AM modulator) or the like, 

. which is p~ovided in the drum. 

As described above, when the position signal of the 

movable portion is constantly taken out of the rotary 

transformer, the control system may be realized either by 

the above-described. algorithm of a software or by an analog 
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circuit. However, when the system is composed of the 

observer and the position controller provided on.the rotary 

drum, there is a case in which the system must be composed 

of an analog circuit due to the limitation of the scale of 

the circuit. At this time, it is necessary to cut the DC 

component of the position signal input to the observer so as 

to prevent a drift from being produced on the analog calcu­

lated value of the observer. 

It goes without saying that unless the DC. component of 

·the driving voltage input to t~e observer is similarly cut,. 

a prediction error is produced in the estimate~ error due to 

the DC component, which inhibits the operation of the 

observer. 

Such an analog structure does not produce any problem 

because the observer is in charge of a high frequency band 

of the position. control system. In other words, there is 

almost no change in the pole-positioning shown in Fig. 3. 

(21) Advantages of eighth to fourteenth embodiments 

As described above, according to these embodiments, it 

is possible to control the movable head so as to be at a 

desired height and the electromagnetic induction signal of 

an AC magnetic field for detecting the absolute height is 

not interfered with the crosstalk from the recording signal 

current on the rotary transformer. It is also possible to 

take the amplified gain from the height detection signal 
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nlifier separately from the gain of .the information signal 

,_-nr . 

~plifier. It is thus possible to detept an accurate 

i.eiqht. During the rotation of the drum, since the movable .. 
1iea.d is fixed to the height regulated· by the position .. 

. .. 0ntrol by the position sensor which is provided in the 
" 
actuator and the movable head is damped by the speed esti­

~ating observer, it is possible to prevent. the vibration or 

displacement of the movable head due to the vibration of the 

magnetic recording and reproducing apparatus. 

While there has been described what are at present 

considered to be.preferred embodiments of the invention, it 

will be understood that various modifications may be made 

thereto, and it is intended that the appended claims cover 

all such modifications as fall within the true spirit and 

scope of the invention. 
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.CLAIMS 

1. A movable head· position controlling device for 

11111
gnetic J;:ecording and reproducing apparatus: comprising: 

a magnetic head moving means for moving the magnetic 

bead in a predetermined direction at a speed which corre­

sponds to a driving signal: 

a position detecting means for detecting the position 

of the magnetic head in the predetermined direction and 

outputting the result as a position deflection signal: 

a speed e~timating means for estimating the speed of 

the magnetic head in the predetermined direction on the 

basis of the driving signal and the position deflection 

signal and outputting the estimated value which is multi­

plied by a predetermined coef ficienti and 

a feedback and damping means f~r supplying a signal, 

which is obtained by subtracting the output of the speed 

estimating means from a signal supplied from another cir-
--

cuit, to the magnetic head rnovinq means as a driving signal 

so as to damp the magnetic head moving means. 

2. A movable head position controlling device accord-

ing to Claim 1, wh~rein the speed estimating means is a 

co-dimensional observer including: 

a model block for electrically simulating the behavior 

of the magnetic head moving means and outputting the esti­

mated value of -the position of .the magnetic head in the 
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redetermined direction and the speed of the magnetic head; .p 

and 

an estimated speed outputting means for multiplying the 

estimated value of the speed which is output from the model 

block by a pre~etermined coefficient and outputting the 

product. 

3. _A movable head position controlling device accord­

in9 to Claim 2, wherein the speed estimating means includes: . 
an estimated error outputting means for subtracting the 

estimated value of the magnetic.head position which is 

output from the model block from the positi"on deflection 

signal and outputting the difference as an estimated errqr 1· 

and 

a means for feeding back the estimated error to ·the 

model block. 

4. A rnovab~e. head position controlling device accord­

ing to Claim l, 2 or 3, wherein 

the magnetic head moving means includes a fixed portion 

for supplying a constant magnetic field and a movable 

portion for generating a magnetic field in accordance with 

the driving signal and being moved in the predetermined 

direction by the interlinkage between the generated magnetic 

field and the constant magnetic field1 and 

the position detecting means includes a magnet fixed to 

the movable portion, a Hall sensor for detecting the 
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pagnetic field generated by the. magnet fixed to the fixed 
. . I 

portion, and a means for outputting the position deflection 

siqnal which indicates the position of the magnetic head in· 

the predetermined direction on the basis of the magnetic 

field detected by the Hall sensor. 

S. A movable head position controlling device accord­

in9 to Claim 4 ,. wherein the position detecting means further 

includes a means for magnetically shielding the magnet and 

the magnetic head. 

6. A movable head position controlling device accord-

ing to Claim 1, 2 or 3, wherein 

the magnetic head moving.means includes a fixed portion 

for supplying a constant magnetic field and a movable 

portion for generating a magnetic field in accordance with 

the driving signal and being moved in the predetermined 

direction by the interlinkage between the generated magnetic 

field and the constant magnetic field; and 

the posi.tion detecting means includes a light emitting 

portion fixed to the fixed portion so as to emit light, and 

a light receiving portion.fixed to the movable portions so 

as to receive the light emitted from the light emitting 

portion, detect the degree of unbalance of the amount of 

' light received, and output the position deflection signal 

which indicates the position of the magnetic head. 

I lllllll llllll lllll lllll ll llll 
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7. A mova~le head position controlling device accord-

j.r>g to Claim 1 , 2 or 3, wherein 

the magnetic head moving means includes a fixed portion 

for supplying a constant magnetic field and a movable 

portion for generating a magnetic field in accordance with 

the driving signal and being moved in the predetermined 

direction by the interlinkage between the generated magnetic 

field and the constant.magnetic fieldr and 

the position·detectinq means includes a light emitting 

portion fixed to the fixed portion so as to emit light, a 

reflecting means fixed to the movable portion so as to 

reflect the light emitted from the light emitting port~on, 

and a light receiving portion for receiving the light 

reflected by the reflecting portion, detecting the degree .of 

unbalance of the amount of light received, and outputting 

the position deflection signal which indicates the position 

of the magnetic head. 

8. A movable head position controlling device accord­

ing to Claim 7, wherein the light receiving portion is 

111111111111111111111111111111 
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··\Tided into a plurality of lisht receivins pieces in the 
~J. . 

edetermined direction, and each difference between the pt 
liqht receiving_ pieces is dete.cted a~ the degree of unbal-

,n~e of the amount of lisht received. 

9. .A movable.head position controlling device accord-

. 9 to any one of th. e preceding claims, wherein the na.gnetic head :rroving mea'1s 
1.!'l 

includes an actuator which is a mechanism provided in a 

rotary drum so as to move the magnetic head in the predeter­

mined direction, and a driver for controlling the actuator 

in accordance with the driving signal. 

10. A movable head position controlling device accord-

inq to Claim 9, wherein the driver and the speed estimating 

means are fixed to the rotary drum. 

11. A movable head position controlling device 

according to Claim 9 or 10,. wherein 

the speed estimating means, the feedback and damping 

means and ~he driver are disposed outside of the rotary 

drum1 and 

slip rings are provided between the actuator and the 

driver and between the position detecting means and the 

speed estimating means so as to connect the respective 

elements. 

12. A movable head position controlling device for 

magnetic recording and reproducing apparatuses comprising: 
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a head moving means for moving the magnetic head in ~ 

predetermined direction at a speed which corresponds to a 

driving signal and generating a counter electromotive force, 

t1hich indicates the speed, in the interior of the magnetic 

bead moving means when the driving signal is applied1 

an equivalent coil having an inductance approximately 

equal to that of the magnetic head moving means and generat­

ing a counter electromotive force, which indicates the 

·speed, in the interior of the equivalent coil when the 

driving signal is applied; 

a spe.ed estimating means for estimating the speed of 

the magnetic head in the predetermined direction by detect­

ing the counter electromotive force generated in the equiva­

lent coil and outputting the estimated value which is 

multiplied by a predetermined coefficient; and 

a feedback and damping means for supplying a signal, 

which is obtained by subtracting the output of the speed 

estimating means from a signal from another circuit, to the 

magnetic head ~oving means as a driving signal so as to damp 

the magnetic head moving means. 

13. A movable head position controlling device accord­

ing to Claim 12, further comprising an equivalen~~resistor 

which has a resistance approximately equal to that of the 

magnetic head m.oving means, and through which the speed 

. Ullllll llllll llllllllll lUlll . 
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estimating means detects the counter electromotive force 

~hich is generated in the equivalent coil. 

14. A.~ovable head position controlling device accord-

ing to G:laim 12 or 13, further comprising: 

a driving current detecting means for detecting the 

driving signal which is supplied to the magnetic head moving 

means as a current and outputting the current as a driving 

current; 

a first band limiting means for limiting the detected 

driving current to a predetermined frequency band; and 

a current feedback means for subtracting the driving 

current with the frequency band thereof limited from the· 

driving signal which is being supplied to the magnetic head 

moving means, and supplying the difference signal obtained 

to the· magnetic head moving means as the driving signal. 

15 · A mo.vable head position controlling device accord-

ing to Claim14, wherein the feedback and damping means 

includes: 

a driving current estimating means for converting the 

counter electromotive force which is detected by the speed 

estimating· me.ans. i~to a current; 

a driving current error detecting means for obtaining 

the difference between the current and the driving current 

detected by the driving current detecting means and output­

ting the difference as the difference signal; 
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a second band limiting means for limiting the differ­

ence signal to a predetermined frequency band; and 

a difference ·current feedback means for subtracting the 

aif.ference signal with the frequency band thereof limited 

from the signal which is supplied from another circuit and 

5upplying the difference signal obtained to the current 

feedback means. 

16.- A movable head position controlling device for 

magnetic ~ecording and reproducing apparatuses comprising: 

an actuator.disposed in a rotary drum so as to hold a 

magnetic head such that at least the magnetic head projects 

from the peripheral surface of the rotary drum and to move 

the magnetic head in the axial direction of the rotary drum 

in accordance with a driving signal; 

a magnetic.field detecting element disposed on the 

peripheral surface of the rotary drum at a prede,termined 

position in the axial direction of the rotary drum so as to 

detect a magnetic field; and 

an actuator controller for controlling the position of 

the magnetic head in the axial direction of the rotary drum 

so as to be equal to that of the magnetic field detecting 

element, the actuator including: 

a coil which is disposed outside of the rotary drum in 

such a manner as to face the peripheral surf ace of the 

rotary drum so as to generate a magnetic field in accordance 
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,.,ith the supply of an AC current and on which an 

iectromotive force is generated by electromagnetic induc-e . 
tion when the magnet~c field is intersected by the magnetic 

head and the magnetic field detecting element during the 

·rotation of the rotary drumJ and 

an absolute height correction loop for correcting the 

driving signal so that the driving signal output when the 

electromotive force is generated on the coil by the magnetic 

head ~s equal to the driving output signal when the 

electromotive force is generated on the coil by the magnetic 

field detecting element. 

17. A movable head position controlling device accord-

ing to Claim 16, further comprising a posi t!c>"n detecting 

means for detecting the position of the magnetic head in the· 

axial direction.of the rotary drum and outputting the result 

as a position deflection signal1 

wherein the actuator controller includes a position 

control loop for correcting the driving signal in accordance 

with the position deflection signal. 

18. A movable head position controlling device accord-

ing to Claim· 17, further comprising a speed estimating means 

for estimating the speed of the magnetic head in~the axial 

direction of the rotary drum on the basis of the driving 

signal and the position deflection signal1 
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wherein the actuator controller includes a damping loop 

for damping the driving signal on the basis of the estimated 

5peed value obtained from the speed ~stimating means. 

19. A movable head position controlling device accord­

in<J to Claim 1.8, wherein the speed estimating means is a 

co-dimensional observer including: 

a model block for electrically simulating the behaviour of 

the actuator and outputting the estimated value of each of 

the position of the magnetic head in the axial direction of 

the rotary drum and the speed of the magnetic head; a~d 

an estimated speed outputting means for multiplying the 

estimated va_lue of the speed which is output from the model 

block by a predetermined coefficient and outputting the 

product to a control means. 

20. - A movable head position controlling device ac9ord­

ing to Claim 19, wherein the speed estimating means in­

cludes: 

an estimated error outputting means for subtracting the 

estimated value of the magnetic head position which is 

output from the model block from the position deflection 

signal and outputting the difference a.s an estimated error: 

and 

a means for feeding back the estimated error to the 

model block. 
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21. A movable head position controllin9 device accord-

i,n9 to Claim 18, 19 or 20 ·wherein 

the actuator includes a fixed portion for supplyinq a 

constant magnetic field and a movable portion for 9eneratin9 

a magnetic field in accordance with the driving signal and 

0eing moved in·the axial direction of the rotary drum by the 

interlinkage betweep.the generated magnetic field and the 

constant magnetic field; and 

the position detecting means includes a magnet fixed to 

the movable portion, a Hall sensor for detecting the magnet~ 

ic field generated by the magnet fixed to the fixed portion, 

and a means for outputting the position deflection signal 

which indicates the position of the magnetic head in the 

axial direction of the rotary drum on the basis of the 

magnetic field detected by the Hall sensor. 

22.. A movable head position controlling device accord-

ing to Claim"21, wherein the position ~etecting •eans 

further includes a means for magnetically shielding the 

magnet and the magnetic head. 

23. A_~ovable head position controlling device accord-

ing to ,Clalm 1 8, 1 9 or 21 wherein 

the actuator includes a fixed portion for supplying a 

constant magnetic field and a movable portion for generating 

a magnetic field in accordance with the driving signal and 

being moved in the axial direction of the rotary drum by the 
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129 
inter linkage between the generated magnetic field and the 

constant magnetic field; and 

the position detecting means includes a light emitting 

portion fixed to the fixed portion so as to emit light, and 

a light receiving portion fixed to the movable portions so 

as to receive the light emitted from the light emitting 
' ·' portion, detect the degree of unbalance of the a~ount of 

light received and output the position deflection signal 

which indicates the position of the magnetic head. 

24. A movable head position controlling device accord-

ing to Claim 18, 19 or 21, wherein 

the actuator includes a fixed portion for supplying a 

constant magnetic field and a movable portion for generating 

a magnetic field in accordance with the driving signal and 

being moved in the axial direction of the rotary ~rum by the 

interlinkage between the generated magnetic field ·and the 

constant magnetic field; and 

the position detecting means includes a light emitting 

portion fixed to the fixed portion so as to emit light, a 

Ullllll llllll lllll lllll ll llll 
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130 
reflecting means fixed to the movable portion so as to 

reflect the light emitted from the light emitting portion, 

and a light receiving portion for receiving the light 

reflected by the reflecting portion, detecting the degree of 

unbalance of the amount of ligh~ received and outputting the 

position deflection signal which indicates the position of 

the magnetic head. 

25. A movable head position controlling device accord-

ing to Claim 23 or 24, wherein the light receiving portion is 

divided into a plurality of light receivin9-pieces in the 

axial direction of the rotary drum, and each difference 

between the light receiving pieces is detected as the degree 

of unbalance of the amount of light received. 

26. A movable hea~ p~sition controlling device accord-

ing to any on: of claims 18 to 25, wherein the control means includes a 

position control compensator for increa~ing the open loop . 

gain of the position control loop in a high frequency band. 

27. A movable_ head position controlling device accord­

ing to any one of claims 18 to 26, wherein the control means includes a low 

frequency compensator for increasing the open loop qain of 

the absolute height correction loop in a low frequency band. 

28. A movable head position controlling device accord-

ing to any one of claims 18 to 27, wherein 

111111111111111111111111·111111 
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the speed estimating means is a processor for executing 

' the main routine every time a clock pulse is received, the 

~ain routine including: 

an observer routine for simulating the behavior of the 

actuator in accordance with the driving signal, multiplying 

the estimated value of the speed of the magnetic head in the 

axial direction cf the rotary drum by a predetermined 

coefficient and storing the product at a variable 011 

a position control routine for filtering the driving 

·signal such that the gain in the high frequency band is 

increased and storing the result at a variable o2; 

an absolute height correction routine for filtering the 

driving signal such that the gain in low frequency band is 

increased and storing the result at a variaQle o3, 

- 01. 

a subtraction routine for calculating o3 - o2 - o1; and 

an output routine for outputting the result of o3 - 02 

29. A movable head position controlling device for 

magnetic recording and reproducing apparatuses comprising: 

an actuator disposed in a rotary drum so as to hold a 

magnetic head such that at least the magnetic head projects 
... 

from the peripheral surface of the rotary ·drum and move the 

magnetic head in the axial direction of the rotary drum in 

accordance with a driving signal; 
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a magnetic field detecting element disposed on the 

peripheral surface of the rotary drum at ·a predetermined 

position in the axial direction of the rotary drum so as to 

08tect a magnetic field; and 

an actuator controller for controlling the position of 

the.magnetic head in the axial direction of the rotary drum 

50 as to be equal to that of the magnetic ·field detecting 

element, the actuator being disposed outside of the rotary 

drum and including: 

a) a coil which is disposed outside of the rotary drum 

in such a manner as to face the peripheral surf ace of the 

rotary drum so as to generate a magnetic field in accordance 

with the supply of an AC current and on which an 

electromotive force is generated by electromagnetic induc­

tion when the magn~tic field is intersected by the magnetic 

head and the magnetic field detecting element during the 

rotation of the rotary drum1 and 

b) a control means for controlling the position of the 

magnetic head in the axial direction of the rotary drum so 

that the driving signal output when the electromotive force 

is generated on the coil by the magnetic head is equal to 

the driving signal output when the electromotive f~rce is 

generated on the coil by the magnetic field detecting 

element by supplying a signal to the actuator1 and 

Thii. is th~ replacement sh98t 

11111111111111 11111 1111111 1111 Date: 2 8 AUG '900 
* C L M S * 



a rotary transformer having channels which.correspond 

t0 the magnetic field detecting element and the magnetic 

bead, respectively, and connecting the magnetic head and the 

~agnetic field detecting element which rotate together with 

the rotation of the rotary drum to the actuator controller 

which does not rotate together with the rotation of the 

rotary drum. 

30. A magnetic recording and reproducing apparatus 

·.including a movable .head position controlling device 

according to any one of the preceding claims. 

·. 
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ABSTRACT 

MOVABLE BEAD POSITION CONTROLLING DEVICE 

FOR MAGNETIC RECORDING AND REPRODUCING APPARATUSE~ 

A movable.head position .controlling device for magnetic 

recording and reproducing apparatuses. The position of a 

magnetic head is detected. The magnetic head is driven by 

an actuator in accordance with a driving signal. The 

driving signal is corrected on the basis of the estimated 

speed of the magnetic head, the absolute height of the 

movable head, the displacement of the magnetic head, or the 

output of an equivalent coil. The s~eed of the magnetic 

head is estimated by a s~eed estimating observer.· The 

absolute height is detected by a magnetic field detecting 

element. The displacement of the magnetic head is detected 

by non-contacting sensors attached to a member which moves 

together with the magnetic head and a member which does not 

move together with the magnetic head, respectively: 

~.. . 
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actuator controller which does not rotate together with the 

rotation of the rotary drum. 

According to this structure, it is possible to bring 

about the operation and the effect of the third fundamental 

structure with the same facility as in the second fundamen-

tal structure. 

In the first and third fundamental structure, the 

accurate speed can be estimated by using an observer in 

accordance with the modern control theory as the speed 

estimating m_eans. An identity and a minimal-

order ·."~ .. · .. ,observer are typi.c.A.l of such an observ-
... . ..... -~. •.- .. .. .... ,.-._ ....... ,, 

er. An identity observer, which is ·suitable for the 
. .. - . "'":' . : . : ~. 

present invention, is composed of the :f"611owing elements: 

A) a model block for electrically simulating the 

behavior of the magnetic head moving means (or the actuator) 

and outputting the estimated values of the position of the 

magnetic head in a predetermined direction (e.g., in the 

axial direction of the rotary drum) and the speed of the 

movable head: and 

B) an estimated speed outputting means for multiplying 

the estimated value of the speed which is output from the~ 

model block by a predetermined coefficient and outputting 

the product. 

In order to stabilize· the operation, the co-dimensional 

observer preferably includes the following elements: 

BA.CEMENT SHEET 
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C) an estimated error outputting means for subtracting 

the estimated value of the magnetic head position which is 

output from the model block from the position deflection 

signal and outputting the difference as an estimated error: 

and 

D) a means for feeding back the estimated error to the 

model block. 

In the first and the third fundamental structure, the 

ide~.tity observer may adopt the following structure: 

A) the magnetic head moving means (or the actuator) 

includes a ~ixed portion for supplying a constant magnetic 

field and a movable portion for generating a magnetic field 

in accordance with the driving signal and being moved in a 

predetermined.direction (e.g., in the axial direction of the 

rotary drum) by the interlinkage between the generated 

magnetic fi~ld and the constant magnetic field; and 

B) the position detecting means includes a magnet fixed 

to the movable portion, a Hall sensor for detecting the 

magnetic field generated by the magnet fixed to the fixed 

portion, and a means for outputting the position deflection 

signal which indicates the position of the magnetic head in 

the predetermined direction on the basis of the magnetic 

field det~cted by the Hall sensor. 

In this case, if the position detecting means further 

includes a means for magnetically shielding the magnet and 

REPLACEMENT SHEET 
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Fig. 94 shows the structure of anoth~r example of an AC 

magnetic field generating coil. 

The structures and operations of the preferred embodi­

ments of the present invention will be explained 

hereinunder. 

(1) Speed estimating observer1 · 

In order to realize high-density recording and execute 

supf!!r_ior reproduction at a high speed without producing 

noise, it is necessary to use an actuator which has a wide 

movable range and which allows the magnetic head to come 

into good contact with the magnetic tape. By using such an 

actuator, the displacement of the magnetic head is realized 

with such a large amplitude as to enable the magnetic head 

to follow a non-linearity of track which is farmed on the 

magnetic tape and, hence, good reproduction is realized. 

On the basis of this prerequisite, in the present 

invention, a speed estimating means (hereinunder referred to 

as "observer") is used in place of the differentiator in the 

first example· of a conventional device. By using an 

observer, the increase of noise, which is inevitable in the 

first example of a conventional device, is prevented and the 

influence of higher-order mechanical resonance is excluded. 

Fig. l shows an example of the structure of an observ­

er. An observer is a device which can be realized by the 
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application of what is called modern control theory. The 

obs~rver shown in Fig. 1 is such an observer in the form.of 

an identity observer. 

In Fig. 1, an actuator is represented by blocks 1401, 

1402 and 1403. The block 1401 represents the mechanica1 

part of the actuator, 1402 an actuator coil and 1403 a 

driving signal amplifier. The driving voltage U(t) is 

amplified by the driving signal amplifier 1403, converted 

into a current by the actuator coil 1402, and the current 

drives the mechanical part 1401 of the actuator. From the 

mechanical part 1401 is supplied the output of a sensor, 

which is the amount indicating the position of the magnetic 

head. The symbol Kd represents a drive amp gain, and R 

the resistance of the actuator coil 1402. The symbol Kt 

represents the torque constant of the mechanical part 1401 

of the actuator, C a viscosity constant, M the mass of the 

movable portion and k a spring constant. 

The observer is represented by a block 1411. The 

observer 1411 is composed of blocks 1404 to 1410. The block 

1405 has a drive amp gain of Kd, a force constant of Kt 

and a conversion gain Kd•Kt/R which is determined by the 

resistance R and it is a block simulating the operation from 

the output of the driving voltage U (t) to the conversic.n of 

the driving voltage U (t) into the driving torque of the 

operations of the actuator. The block 1406 is a block in 
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which the conversion gain is expressed by l/(C +Ms) and the 

output of the block 1406 has a dimension of speed. The 

block 1407 is a block in which the conversion function is 1/s, 

in other words, an integration block, and the output thereof 

has a dimension of displacement. The block 1404 is a block 

in which the conversion gain is k and the output of the 

block 1407 is converted into a torque and fed back to the 

block 1406. 

··Therefore, the conversion gain from the output of the 

block 1405 to the block 1407 is l/(Ms 2 +cs+ k), if an 

error (the output of the block 1408) is disregarded. As is 

obvious from this fact, the observer is so designed that the 

conversion gain from the output of the block 1405 to the 

block 1407 is equal to the transfer function of the actua-

tor. As a result of this design, the output of the block 

1406 turns to be equal to an estimated value of the speed of 

the magnetic head which is actually obtained by the actua-

tor. This estimated value will here be referred to as 

"estimated value vrv "). 

The block 1408 is a block for feeding back an estimat!'d 

error to the block 1407 so that the loop relating to the 

block 1404 is stabilized. The symbol Fl represents what is 

called an observer qain, and the estimated error is a 

difference between the transfer function of the actuator and 

the conversion gain of the block 1405 to the block 1407. 

-" 
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The equation (3) is rearranged as 

equation (3) = B(s) • Gm 

In Fig. 1, if it is assumed for simplifying the explanation 

that R = 1, Kd = 1 and F2 = O, .the transfer function from 

the input terminal for the driving voltage to the output 
""-/ terminal for the estimated speed V is represented by the 

following equation (5): 

~= u(t)•B(s)•S•{(l + (Fl)•.B(s)•Gm)/(l + (Fl)•H(s)} 

• • • (5) , 

and the t~ansfer function from the input terminal for the 

driving voltage to the output terminal for the real actuator 

speed is represented by the following equation (6): 

• • • ( 6) 

By comparing the equation (5) and the equation (6), it is 
-..,. 

observed that the Gm in the equation (5) of V is obtained by 

multiplying the Gm in the equation (6) of V by the coeffi­

cient represented by the following equation: 

(F 1) • a ( s) I { 1 + (Fl} • R ( s) } • • • ( 7) 

In the equation (7), Fl•B(s) is equal to the open loop 
• characteristic of the observer. In other words, since the 

equation (7) has a closed characteristic, if the frequency 

band is set as the tracking control frequency band < observ­

er band < high-frequency mechanical resonance frequency = 

fm, the gain in the frequency band which is higher than the 

DUDT il"f.r.'lmliififi iCll~"f:i-· · il.WCiiJlW1wm~1 ~ilma.:~J; l ~·~~]. 
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The phase and the gain of the tracking error obtained 

in this way are compensated for by the tracking error 

compensator 1419 and a component having a comparatively high 

frequency such as non-linearity of track is fed back to the printed 

circuit board 1433, while a component having a comparatively 

low frequency s~ch as off-track is fed back to the capstan 

motor, thereby preventing ·t.tie control by the control system 

on the printed circuit board 1433 from exceeding the dynamic 
.. 

range. 

In order to obtain the observer having the above 

structure, the position sensor 1424 for detecting the 

position of the movable head is essential. 

Fig. 6 shows an example of the structure of the actua­

tor 1425 which adopts a Hall sensor as the position sensor 

1424. In Fig. 6, the reference numeral 1426 represents a 

magnet holder for reducing the magnetic fluxes which leak 

out to the magnetic head 1417, 1427 a magnet for generating 

magnetic fluxes, 1428 a Hall sensor for detecting the 

intensity of the magnetic flux of the magnet 1427, and 1429 

a differential amplifier for amplifying the minute ·signal~ 

output from the Hall sensor 1428 so as to obtain a position 

signal. 

In the structure shown in Fig. 6, in order to detect 

the movement of the magnetic head 1417, the magnet 1427 is 

disposed on the movable portion 1430 and the flux density is 

~-~.·. 
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Fig. 9 shows a modification of the embodiment shown in 

Fig. B. In Fig. 9, the reference numeral 1503 represents a 

lens for converting the light from a light emitting element 

1505 which is composed of an LED or the like into parallel 

rays, 1504 a li9ht emitting aperture (stop), and 1506 a 

mirror for reflecting the parallel rays from the lens 1503. 

Only the mirror 1506 for reflecting light is mounted on the 

movable portion, and the light emitting portion 1501 and.the 

light receiving portion 1502 composed of a photodiode or the 

like are mounted on the fixed portion. In this case, the 

light from the light emitting element 1505 which is composed 

of an LED, a semiconductor laser or the like is converted 

into parallel rays by the_ lens 1503. At this time, in order 

to obtain parallel rays, it is necessary that the light 

emitting element 1505 is disposed at the rear focus :p::>int of 

the lens 1503. The p~sition of the magnetic head is detect­

ed by the optical sensor shown in Fig. 9 on the principle 

shown in Fig. 10. 

Fig. 10 shows the principle of detecting the amount of 

displacement of the movable portion by the optical sensor 

shown in Fig. 9. The reference numeral 1507 represents a 

differential amplifier for obtaining the difference in 

photocurrent on the two-piece detector 1502 and amplifying 

the difference obtained. 

·T 
i 
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controlling the capstan motor 1817 through a driver 1821. 

Fig. 18 shows the magnetic heads 1809, 1812 in the state of 

tracing on the recorded tracking pattern. 

In this embodiment, the wobbling system shown in 

Fig. 16 is adopted and the low-frequency component of a 

tracking error signal is fed back to the capstan motor. In 

the capstan control system, a low-frequency component of a 

tracking error signal with the phase thereof compensated in 

the wobbling system is fed back to the conventional phase 

control loop for controlling the phase in accordance with 

the CTL signal (phase detection) from the linear track. In 

Fig. 17, not only the movable head 1812 driven by the 

actuator 1815 but also the fixed head 1809_is shown. Since 

the low-frequency component of the tracking error signal is 

constantly fed back to the capstan motor 1817, the height of 

the movable head 1812 is constantly automatically adjusted 

with respect to the fixed hea~ 1809, ~o that the movable 

head 1812 follows only non-linearity of track. 

In the case of the head structure shown in Fiq. 17, it 

is generally preferable that the head width of the fixed 

head 1809 is larger than the track width, as shown in 

Fig. 18, so that a sign~l can be sufficiently picked up even 

if there is a non-linearity of track. 

(11) Concrete structure of observer 
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Although the control system shown in Fi9. 19 is applied 

to a VTR, it goes without saying that a similar effect is 

obtained when this control system is applied to a tracking 

control system of a magnetic disk apparatus or an optical 

disk apparatus. 

Although the above-described observer is composed of a 

co-dimensional observer in the modern control theory, it 

goes without saying a similar effect is obtained by an 

observer composed of a minimal-order observer. In 

this case, there is no equivalent circuit and the result of 

solving th~ state equation repre~enting the actu~tor charac­

teristics by algorithm.by a general minimal order 

observer (e.g., the minimal-order observer by 

Gopinath) is realized as it is by the circuit. 

(12) Details of damping control 

A technique of electrically damping a movable head 

-actuator by an observer has been explained above. There is 

a case in which the movable head is not used for tracking 

and used only for superior reproduction as in a commercially 
~ 

available VTR or the like. In this case, it is also neces-

sary to suppress the mechanical resonance of the actuator 

for the purpose. of accurately moving the actuator with 

respect to a waveform for superior· reproduction and sup­

pressing unnecessary vibration. It qoes without saying that 

the mechanical resonance and unnecessary vibration can be 

1~'17-M•~·~·"··~i 
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wherein the actuator controller includes a damping loop 

for damping the driving siqnal on the basis of the estimated 

speed value obtained from the speed estimating means. 

19. A movable head position controll~nq device accord­

ing to Claim 1.8- wherein the speed estimating means is a 

identity observer including: 

a model block for electrically simulating the .behaviour of 

the' actuator and outputting the estimated value of each of 

the position of the magnetic head in the axial direction of 

the rotary drum and the speed of the magnetic head; and 

an estimated speed outputting means for multiplying the 

estimated value of the speed which is output .from the model 

block by a predetermined coefficient and outputting the 

product to a control means. 

20. · A movable head position controlling device accord­

ing to Claim 19, wherein the speed estimating means in-

eludes: 

an estimated error outputting means for subtracting the 

estimated value of the magnetic head position which is 

output from the model block from the position deflection 

signal and outputting the difference as an estimated error; 

and 

a means for feeding back the estimated error to the 

model block. 
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