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Is based, discloses a servo control system for moving an optical system
mounted on a fine tracking actuator The present invention relates to
position control  which is mounted on a coarse position actuator. The
systems; more particularly, position control systems  servo control system,
in operation, control the move- having particular advantages when used in
record   5   ment ofthe fine tracking actuatorthrough a firt servo storage
disk recording and player apparatus.        control loop, and the coarse
position actuatorthrough Transducer positioning systems, particularly    a
second servo control loop. The servo control sys- those used with magnetic
or optical disk recording  tem is operable simultaneously to position both
the and player apparatus, have used a so-called velocity  fine tracking
actuatorand coarse position actuator by loop for long transducer motions,
termed seeks, ie.,  l0  operating said first and second servo control loops
in seeks traversing a large number of concentric circular  response to a
difference between actual and desired record tracks. The velocity
positioning servo mode is  positions of the optical system. optimally
switched to a track-following positioning    The application of such a
plggy back" carriage servo mode at one-quarter track pitch from a target
system Is not limited to disk recorders. Actually, the track. Such a
track-following control may be com-   15  concept was established many
years ago for a pat- pared to a "stop-lock" positioning control In other
ap-  tern following or template-controlled coarse-fine pos- plicatlons of
positioning control systems. The track-  itioning servo mechanism. Such an
arrangement en- following position servo then positions the transducer
abied higher production rates of a pattern controlled to faithfully track
or follow the target track. In a sub-  machine, such as welding machines or
cutting ma- sequent seek operation, the track-following position   20
chines. The carried fine actuator rapidly responds to loop is interrupted
to return to either a velocity loop,  sharp changes in the pattern such
that the welding or a second positioning loop, or an open loop "bang-
cutting operation faithfully follows the guiding pattern bang" servo for
moving the transducer to yet another  template while only overcoming
minimal Inertia of the target track. It has been found that when the inter-
pattern controlled machine mechanisms. Gardiner, track spacing is reduced
to obtain higher track densi-  25   U.S. patent 2,717,979 shows such an
arrangement. ties, then overshoot and track- settling problems be-
Gardinerteaches that the fine actuator, which Gardin- come more acute when
the servo mode is switched    erterms a topping servo, is controlled by the
absolute from velocity mode to track-following mode at the  positioning of
the pattern template; while the coarse one-quarter track pitch from the
target track. Accord-  servo (called the main servo by Gardiner) is slaved
to ingly, It is desired to provide for a more reliable and   30  (always
follows) the positioning of the topping servo. faster transition from
velocity to positioning servo  This arrangement means that the rapid
responding mode which results in faithful yetrapid track-following  topping
servo controls the pattern controlled ma- mode for carried signal
transducers.               chine while the main servo follows the motions
of the Many optical recorders have a goal of high per-  topping servo for
maintaining the topping servo in an formance at low cost. Accordingly, a
so-called fine   35  optimumal position with respect to the main servo
servo orfine actuator is carried upon a head-carrying  controlled carriage;
thereby maximizing the range of arm which is moved by a coarse actuator.
Typically,  operation of the topping servo. The Gardiner position- the fine
actuator has high frequency response char-  ing servo arrangement Is also
shown In Meyer, U. S. acteristics and provides for rapid and short distance
Patent 4,627,039. positioning of the transducer with respect to a track
40  Mcintosh et al., U. S. Patent 3,924,268 and Mer- being followed or for
moving from one track to a sec-  ritt et al, U. S. Patent 4,513,332 show
magnetic disk ond target track, which may be an adjacent track. The
recorders having piggy-back arrangements which are coarse servo which
positions a relatively large mass  servo position controlled for optimizing
the relative head-carrying head arm, as well as the fine actuator,
position of the fine actuator with respect to the coarse typically has
frequency characteristics for handling   45  actuator. Simons, in U.S.
Patent 3,924,063 shows yet the longer moves for optimizing the relationship
for  another coarse-fine control wherein the fine actuator top performance
between the fine and coarse actua-  is permitted to move over a
predetermined minimum tors. The servo systems provide for relative
position-  distance before a coarse actuator operation is in- ing of the
fine actuator with respect to the coarse ac-  voked. Van Winkle in U. S.
Patent 4,191,981 shows tuator to a central or reference position. Such ar-
50  fast and slow servo positioning mechanisms In a mag- rangements have
been colloquially called "piggy    netic multiple disk recorder In which
the slow servo back" carriage servo systems.                      mechanism
Is slaved to the fast servo mechanism; "Tracking servo for small size
optical disk sys-  the latter arrangement is not a piggy-back arrange- tem,
H. Inada et al., SPIE, Vol. 695, Optical Mass  ment. Data Storage 11
(1986), discloses a two-stage servo  55  Coarse and fine actuator controls
are also widely system and tracking error integration memory for Im-
found, particularly in magnetic disk recorders, for proving track access
time and data transfer rate.  controlling a single carriage. In many
Instances, the EP 0 149 888, on which the preamble of claim 1  fine control
Is a position responsive servo while the 2    
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control is a velocity responsive servo.  positioning. Between adjacent
tracks 2 and 3, a trans- In some instances, both servo controls use
position  parent line extends between these adjacent tracks. responsive
controls. Examples of such coarse-fine  Between tracks 3 and 4, the opaque
line is repeated, controls of both types are shown in Svendsen U. S.  etc.
Track following uses a grey scale representing a Patent 4,268,785; Kaser et
al., U. S. Patent   5   mid point between the opaque and transparent track
4,032,984; Case, U. S. Patent4,103,314; Sordello, U.  guiding lines. The
reversal relationship of the opaque S. Patent 3,458,785; and Johnson, U. S.
Patent     and transparent lines constitute a phase reversal in 4,333,117.
Coarse and fine controls are also shown  positioning control. Such an
arrangement is shown by for optical recorders by van Rosmalen in U. S.
Patent  King et al. in U. S. Patent 2,843,841. King et al. shows 4,425,043
and by Janssen et al. in U. S. Patent  10  Interrupting track-following
mode for seeking to an 4,561,081.
adjacent track, also termed "track jumping". Accord- Not all positioning
systems employ two separate  ing to King et al., an open-loop pulse is
applied to the servo mechanism control loops. An example of a sin-
positioning servo circuits for moving an optical radia- gle loop control
for both track seeking and track-  tion beam toward an adjacent target
track. The open- following is shown by Matla et al. in U. S. Patent  15
loop pulse is designed to move the beam just over 4,217,612. Matla et al.
employ a single position mode  one-half way between two adjacent tracks. At
this servo which includes an analog summer circuit, which  time, the phase
of the servo circuits is reversed and during the track-following mode, has
a control input  the open loop pulse terminates. At this time, the track-
of a reference potential. For track switching or seek-  following servo
takes over the control of the radiation ing, a track Increment generator
supplies an input  20  beam positioning for moving it to the target
adjacent central signal to the summer circuit for actuating the  track in a
track-following mode. Jensen, in U. S. Pa- loop to move the head or
transducer carriage radially  tent 3,473,164, uses the arrangement for
servo pos- of a disk to another track position. In particular, see
itioning shown in King etal., butusesa different servo Figs. 1 and 7 in
this reference for a single loop con-  control mechanism for moving the
radiation beam trollerwhich not only trackfollows, but uses the same   25
from one track to an adjacent track. Reversal of the track-following loop
for moving a transducer in a seek  servo phase is also employed by Jensen
for jumping operation over a plurality of concentric record tracks.  the
radiation beam to an adjacent track. Newell, in U. S. Patent 2,800,769,
shows a gun-    Even with all of the above variations of servo pos-
directing servo as yet another coarse-fine control.  Itioning of a
transducer or work object with respect to The fine control controls the
hydraulic speed gear of  30   a record element (disk, sheet or other work
element), the gun directing or laying servo similar to track-  it is
desired to provide for a more rapid and faithful following in a disk
recorder. A coarse control is re-  servo positioning, particularlyfordata
recorders hav- sponsive to an input signal for supplying a relatively  ing
extremely high track densities. it is desired to pro- large servo driving
signal. This driving signal is cou-  vide for a more faithful so-called
track capture such pled to a switch in the servo loop which switches be-
35  that the servo mode can switch from seeking to track- tween fine and
coarse controls. When the coarse out-  following more rapidly and reliably.
A problem found put signal is relatively large, the switch responds to  in
using high track densities is that as the transducer the large signal
amplitude to switch from the fine to  is radially moved slower and slower,
the disk run-out the coarse control. When the output signal of the  caused
by eccentricity of the disk with respect to its coarse control is reduced
below a given threshold,  40  rotating spindle, causes radial motions of
the track then the switch returns the servo from the coarse  with respect
to the slow moving transducer. Accord- control to the fine control. The
gun-directing servo  ingly, an engineering problem of faithfully measuring
apparently has a 360 degree rotational range. The  radial speed of the
transducer with respect to the fine control positions the hydraulic speed
gear within  tracks (which are relatively radially moving inward or a 2-1/2
degree error, which is about 0.7% of the pos-  45  outward, depending upon
eccentricity) becomes itioning range. Based upon this small position error
more difficult as well as faithful counting of the track range of the fine
control, it is believed that this fine  crossings for precisely determining
radial position control corresponds favorably to track-folowing in  with
respect to the radially moving tracks, becomes diskrecorders.
Anotheraspectofthe Newell arrange-  more difficult. Itis also desired to
use avelocity servo ment is a rate sensor which supplies a rate signal for
50  loop for the long seeks. assisting in deceleration of the hydraulic
speed gear  Accordingly the present invention provides a pos- toward the
target rotational position.             ition servo system  having an
actuator movably Optical recorders of both the record disk and re-  mounted
on a support and carrying a working object cord sheet (also termed tablet
or chip) type have em-  transducer to be positioned over a predetermined
ployed servo positioning wherein the light phase be-  55  travel path with
respect to a work element and being tween adjacent tracks of optical
indicia are reversed;  disposed In operative relationship to the work ele-
that is, between adjacent record tracks 1 and 2 a  ment, the work element
having a plurality of spaced- black or opaque line extends for controlling
the servo  apart position-indicating indicia along said predeter- 3    



5                   EP 0 387 224 B1                 6 mined travel path and
being sensible by the working  the range of operation of the position servo
circuit object such that the working object supplies a local  from
operating with but one indicium to a range of sev- position indication of
the positional relationship be-  eral indicia. Switching means are
connected to the tween the working object and any Indicium currently  two
servo circuits for selectively connecting the ser- being senses, position
error means being operatively   5   vo circuits to the fine actuator. For
maintaining the connected to the working object for receiving said In-
fine actuator over the first indiclum and for short dication and for
supplying a position error signal indi-  seeks or movements to other
indicia within a prede- cative of a position of the working object relative
to a  termined range, the position servo circuit is actuated. target
Indiclum, the system comprising a velocity ser-  For longer seeks or
movements over a large number vo circuit (106) operatively connected to the
position   10  of position indicia, the velocity circuit Is actuated to
error means and the actuator (46) for controilling the  move the work
object or transducer over the indicia. actuator to move the working object
towards a target  When the work object Is moving toward a target indi-
indicum; characterised by a position servo circuit op-  cium over an
indicium at about the outer extent of the eratively connected to said error
means and to the ac-  range of operation of the position servo circuit with
re- tuator for controlling the actuator to maintain the   15  spect to a
target indicium, the switching means working object in a predetermined
relationship to an  switches the control of the positioning from the veloc-
indicium currently being sensed by the working object  Ity servo circuit to
the position servo circuit for com- and upon command to move the working
object along  pleting the seek and to achieve later track capture to said
predetermined path to a first target Indicium with-  a target indicium at
one-quarter pitch from the target in a predetermined number of indicia from
the current  20  indicium. indicium; the velocity servo circuit being
operatively  In a preferred mode, the position servo circuit Is connected
to the position error means and to the ac-  actuated for following the
velocity servo circuit posi- tuatorforcontrolling the actuatorto move the
working  tioning control such that when the outer extremity of object a
number of indicia from the current indicium  the position servo circuit
range Is reached, the servo greater than said predetermined number of
indicia  25  drive signal from both the position and velocity servo along
said predetermined path toward a second tar-  circuits, are similar or
Identical. Switching from veloc- get indicium; and switching means
operatively inter-  ity to position mode control then becomes easy for
posed between said servo circuits and said actuator  enabling the position
servo circuit to rapidly and faith- forenabling the velocityservo circuitto
control the ac-  fullyfinish the seek to the target indicia. In a
particular tuatorfor all movements of the working object over In-  30
embodiment, a comparator Is connected to both pos- dicia spaced from said
second target indicium more  ition and velocityservo circuits forcomparing
their re- than said predetermined number of indicia along the  spective
output servo drive signals. When the signals predetermined path and for
switching control of the  are identical, the comparator actuates the
switching actuatorfrom the velocity servo circuit to the position  means to
switch from the velocity mode to the posi- servo circuit when the working
object is not more than   35  tion servo mode. said predetermined number of
Indicia from said sec-   In another aspect of the invention, the velocity
ond target Indicium.                               and position servo
circuits operate to control a fine A fine actuator/carriage is mounted for
relative  actuator carried by a coarse actuator. The coarse ac- movement
upon a coarse actuator/carriage for posi-  tuator is slaved to the
positioning of the fine actuator tioning movement along a path over a set
of serially  40  through a position control servo circuit. The servo
arranged positioning indicia. In a disk recorder, the  drive signal to the
fine actuator Is fed forward through positioning indicia can be record
tracks on a disk sur-  a coupling circuit to the coarse positioning circuit
for face. Such record tracks can be indicated by grooves  enabling more
faithful following of the coarse actuator in the record surface,
opaque/transparent areas and  to the fine actuator for movements during
seeking. the like. In every seek for traversing more than a cer-  45  An
embodiment of a position servo according to tain number of indicia or
tracks, a velocity servo cir-  the present Invention may comprise a system
a cuit controls the motion of the fine actuatorfor rapidly  coarse actuator
carrying a fine actuator, the fine ac- positioning the fine actuator with
respect to the pos-  tuator being movably mounted on the coarse actuator
itioning indicia. A position to the fine actuator for  along a first axis,
a frame supporting the coarse ac- maintaining position of a work object
(transducer or  5o  tuator for movement along the first axis, relative pos-
work element) carried on a fine actuator carriage with  Ition detection
means (RPS) operatively connected to respect to a first position-indicating
indicium on a  the fine and coarse actuators for indicating the rela- track
In the positioning path. The positioning servo  tive position with respect
to a reference position rel- circuit incudes short movementmeansforcausing
the  ative of the fine actuator to the coarse actuator, ab- fine actuator
to move the work object over not more  55  solute position detection means
operatively connect- than said first number of the positioning indicia to
an-  ed to the frame and the fine actuator for indicating a other Indicium
from the first indiclum. The short  relative position of the fine actuator
to the frame; the movement means In the position servo circuit extends
improvement including, in combination: a first posi- 4    
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connected to the fine actuator and  A further embodiment of the present
invention to said absolute position detection means for supply-  can be
realised wherein said first positioning servo ing a servo drive signal to
the fine actuator to control  loop having a stop lock mode for maintaining
relative short relative motions between the fine actuator and  position of
the fine actuatorwith respectto said frame the frame; a velocity
positioning servo loop connect-   5   and a seek mode operative within said
predetermined ed to the fine actuator and to said absolute position  range
and operating under a first positioning motion detection means for
supplying a servo drive signal to  profile when switching form said
velocity positioning the fine actuator to control long relative motions be-
servo loop to the first positioning servo loop including tween the fine
actuator and the frame; control means  a profile beginning at an amplitude
corresponding to connected to said first and velocity positioning loops  10
the amplitude of the servo drive signal of the velocity to switch control
there between respectively for said  positioning servo loop and declining
to a reference short and small relative motions between said fine ac-
potential usable in said stop lock mode; and a second tuator controlling
the actuator between said frame;  position motion profile when seeking from
Initial stop- and a second positioning servo loop connected to the  lock
position which increases an amplitude to a pre- coarse actuator and to said
RPS position detection   15  determined value at a target position and
having means for controlling motions of the coarse actuator  means for
reducing the profile to said reference po- such that the relative position
of the fine actuatorwith  tential at said target position. respect to the
coarse actuator during positioning mo-  A still further embodiment of the
present inven- tions of the fine actuator controlled by either said first
tion can be realised wherein said absolute position and velocity
positioning servo loops is continuously  20  detection means supplying a
digital number Indicative servoing toward said reference relative position.
of distance to go; said control means being operative- A further embodiment
of the present invention  ly coupled to said absolute position detection
means may comprise feed forward means operatively inter-  for indicating a
commanded distance to go and sup- coupling said fine actuator and said
second position-  plying the indication to said absolute position detec-
ing servo loop for supplying a servo positioning alter-  25  tion means;
said absolute position detection means, ation signal such that said second
positioning servo  including down counting means, down counting from loop
supplies a higher amplitude signal to coarse ac-  said commanded distance
to go toward zero, which tuator for preventing the fine actuatorfrom being
dis-  represents reaching a target position; wherein each placed from said
reference relative position greater  down countof said absolute position
detection means than a predetermined distance whereby the coarse  30  is
representative of an addressable stop-lock position actuator moves faster
during periods of time that that  of the fine actuator with respect to the
frame as main- fine actuator is being strongly actuated by either of
tainable by said first positioning servo loop; and said first or velocity
positioning servo loops.    means in the control means limiting said
predeter- A still further embodiment of the present Inven-  mined range to
not being less than two of said stop tion may comprise distance to go means
in said con-  35  lock positions. trol means for supplying a motion command
indicat-     The foregoing and other objects, features, and Ing direction
of motion and distance to go from a cur-  advantages of the Invention will
be apparent from the rent relative position of the fine actuator and said
following more particular description of preferred em- frame as indicated
by said absolute position detection  bodiments of the Invention, as
illustrated in the ac- means toward a target relative position of said fine
ac-  4o  companying drawings. "    tuator to said frame; output means in
the control means being connected to said distance to go means  Brief
Description of Drawings for receiving said motion command and supplying
said motion command only to said first positioning     Fig. 1 Is a
simplified block and diagrammatic servo loop when said distance to go is
less than a pre-  45  showing of an optical disk recorder in which the
pres- determined range of motion from said target position  ent invention
may be advantageously employed. and quiescing said velocity positioning
servo loop for  Fig. 2 Is a simplified block and diagrammatic such motion
and being further operative when said  showing of a preferred
implementation of the inven- motion command indicates motion greater than
said  tion In the fig. 1-illustrated recorder. predetermined range to
actuate the velocity position-  50  Fig. 3 is a graph Illustrating a seek
operation con- ing servo loop for an initial motion while quiescing the
trolled by the fig. 2-illustrated servo circuits. first positioning servo
loop; and mode change means    Fig. 4 is a graph showing operation of the
fig. 2- in the control means operatively coupled to said ab-  illustrated
circuit switching from velocity to position solute detection means for
receiving an indication  modes of servo operation. therefrom that said
relative position is actuating the   55   Fig. 5 is a block and
diagrammatic detailed show- fine actuator and causing said first position
servo  Ing of fig. 2-illustrated servomechanism. loop to complete the
motion to the target relative pos-  Fig. 8 is a simplifled block diagram of
a coarse ition within said predetermined range.             position
circuit used in the fig. 5 illustration. 5    
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ented in the write direction, i.e., binary ones record- ed on disk 30
normally are north pole remnant mag- Referring now more particularly to the
appended  netization". To erase disk 30, magnet 48 rotates for drawings,
like numerals indicate like parts of structu-  moving the south pole
adjacent to disk 30. Control 49 ral features shown In the various figures.
Referring   5   for magnet 48 Is mechanically coupled to rotatable
particularly to Fig. 1, a magnetooptic record disk 30  magnet 48 as
Indicated by dashed line 50 to control is mounted for rotation on spindle
31 by motor 32. The  the write and erase directions. Magnet 48 may be re-
optical elements 33 on head arm carriage generally  placed by an electric
coil wherein the electrical cur- denoted by number 34 move radially of disk
30. A   rent directions are reversed for write and erase oper- frame 35 of
the recorder suitably mounts carriage 34   10  ations. Microprocessor 40
supplies control signals for reciprocating radial motions. The radial
motions of  over line 51 to control 49 for effecting reversal be- carriage
34 enable access to any one of a plurality of  tween the recording and
erasing magnetic directions. concentric tracks or circumvolutions of a
spiral track  It is necessary to control the radial position of the for
recording and recovering data on and from the  beam following path 47 such
that a track or circum- disk Linear actuator 36, suitably mounted on frame
15  volution is faithfully followed and that a desired track 35, radially
moves carriage 34 for enabling the track  or circumvolution is quickly and
precisely accessed. accessing. The recorder Is suitably attached to one or
To this end, focus and tracking circuits 54 control both more host
processors 37, such host processors may  the coarse actuator 36 and fine
actuator 46. The pos- be control units, personal computers, large system
itioning of carriage 34 by actuator 36 is precisely con- computers,
communication systems, image process-  20  trolled by control signals
supplied by circuits 54 over ing processors and the like. Attaching
circuits 38 pro-  line 55 to actuator 36. Additionally, the actuator con-
vide the usual logical and electrical connections be-  trol by circuits 54
is exercised by control signals trav- tween the optical recorder and the
attaching host  elling over lines 57 and 58 respectively for focus and
processors 37.                                     fine tracking and track
switching actions of fine ac- Microprocessor 40 controls the recorder
includ-  25  tuator 46. Ing the attachment to the host processor 37.
Control   The focus and tracking position sensing is ach- data, status
data, commands and the like are ex-   ieved by analyzing laser light from
laser 67 reflected changed between attaching circuits 38 and micropro-
from disk 30 over path 47, thence through lens 45, cessor 40 via
bidirectional bus 43. included in micro-  through one-half mirror 60 and to
be reflected by half- processor 40 is a program, or microcode, stored in
30   mirror 61 to a so-called "quad" detector 62. Quad de- read only memory
(ROM) 41 and a data and control   tector 62 has four photo elements which
respectively signal storing random access memory (RAM) 42. This  supply
signals on four lines collectively denominated microcode enables
microprocessor 40 to operate the  by numeral 63 to focus and tracking
circuits 54. Quad recorder and for effecting other machine operations
detector 62 also Includes optics such as semicylind- usually employed in
signal recorders.         35  rical lens for optically processing the light
beam foref- The optics of the recorder include an objective or  fecting
focus error detection. Aligning one axis of the focusing lens 45 mounted
for focussing and tracking  detector 62 with a track center line, track-
following motions on head arm 33 by fine actuator 46. Actuator  operations
are enabled. Focussing operations are 46 includes mechanisms for moving
lens 45 toward   achieved by comparing the light intensities detected and
away from disk 30 for focussing as well as radial  40  by diagonal photo
elements in the quad detector 62. movements for track-following and seeking
move-    Focus and tracking circuits 54 analyze the signals on ments.
Numeral 47 denotes the two-way light path   lines 63 to control both focus
and tracking. between lens 45 and disk 30. The coarse actuator
Recording or writing data onto disk 30 Is next de- continuallyfollows
thefine actuatorfor monitoring, as  scribed. It is assumed that magnet 481s
rotated to the much as possible, the fine actuator at the radial cen-  45
desired position for recording data. Microprocessor ter of the fine
actuator's range of motion. In magne-  40 supplies a control signal over
line 65 to laser con- tooptic recording, magnet 48 provides a magnetic
trol 66 for indicating that a recording operation is to steering or bias
field for controlling the remnant mag-  ensue. This means that laser 67 is
energized by con- netization direction of a small spot on disk 30 illumin-
trol 66 to emit a high intensity laser light beam capa- ated by laser light
from lens 45. The laser light spot  50  ble of heating a spot on the medium
to the Curie point heats the illuminated spot on the record disk to a tem-
for recording signals; in contrast, for reading recorded perature above the
Curie point of the magnetooptic  signals, the laser 67 emitted laser light
beam is a layer (not shown, but can be an alloy or rare earth and  much
reduced intensity which does not heat the laser transitional metals as
taught by Chaudhari et al., U.  illuminated spot on disk 30 above the Curie
point. S. Patent 3,949,387). This heating enables magnet  55   Control 66
supplies its control signal over line 68 to 48 to direct the remnant
magnetization to a desired di-  laser 67 and receives a feedback signal
over line 69 rection of magnetization as the spot cools below the
indicating the laser 67 emitted light intensity. Control Curie point
temperature. Magnet 48 is shown as ori-  68 adjusts the light intensity to
the desired value, de-    11                  EP 0 387 224 B1
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pending on whether a write operation is occurring.  circuits 75 for
detection. The detected signals include Laser 87, a semiconductor laser
such as a gallium ar-  not only data that is recorded, but also all of the
so- senide diode laser, can be modulated by data signals  called ancillary
signals as well. The term data as used so the emitted light beam represents
the data to be  herein is intended to include any and all information-
recorded by such intensity modulation. In this regard,   5   bearing
signals, preferably of the digital or discrete data circuits 75 (later
described) supply data indicat-  value type. Other forms of information
signal record- 2    ing signals over line 78 to laser 67 for effecting such
ing may be used. modulation. This modulated light beam  passes          The
rotational position and rotational speed of through polarizer 70 (linearly
polarizing the beam),  spindle 31 is sensed by a suitable tachometeroremit-
thence through collimating lens 71 toward half-mirror  10  ter sensor 90.
Sensor 90, preferably of the optical- 60 for being reflected toward disk 30
through lens 45.  sensing type that senses dark and light spots on a Data
circuits 75 are prepared for recording the micro-  tachometer wheel (not
shown) of spindle 31, supplies processor 40 supplied suitable control
signals over  the tach signals (digital signals) to APS (angular or line
76. Microprocessor 40 in preparing circuits 75 is  rotational position
sensing) circuit 91 which detects responding to commands for recording
received from   15  the rotational position of spindle 31 and supplies ro-
a host processor 37 via attaching circuits 38. Once  tational
information-bearing signals to microproces- data circuits 75 are prepared,
data Is transferred di-  sor 40. Microprocessor 40 employs such rotational
rectly between host processor 37 over bus 77 into  signals for controlling
access to data storing seg- data circuits 75 through attaching circuits 38.
Data  ments on disk 30 as Is widely practiced in the mag- circuits 75 also
include ancillary circuits (not shown)  20  netic data storing disks.
Additionally, the sensor 90 relating to disk 30 format signals, error
detection and  signals also travel to spindle speed control circuits 93
correction and the like. Circuits 75, during a read or  for controlling
motor 32 to rotate spindle 31 at a con- recovery detection, strip the
ancillary signals from  stant rotational speed. Control 93 may include a
crys- the readback signals before supplying corrected data  tal controlled
oscillator for controlling motor 32 speed, signals over bus 77 to host
processor 37 via attaching   25  as is well known. Microprocessor 40
supplies control circuits 38. A data buffer (not shown) in data circuits
signals over line 94 to control 93 in the usual manner. 75 provides data
buffering, as is well known for       For the Fig. 1-illustrated embodiment
to follow DASDs. During a reading operation, MO detector 79  the "Gardine"
servo positioning approach, sensor 97 converts the two phases of polarized
light into data  is mounted on carriage 34 and is operatively coupled
signals; the data signals are fed to data circuits 75.   30  to fine
actuator 46, as diagrammatically Indicated by Reading or recovering data
from disk 30fortrans-  dashed line 98. The operative coupling is preferably
mission to a host processor requires optical and elec-  an optical
communication path. Forexample, fine ac- trical processing of the laser
light beam from the disk  tuator 46 carries an opaque/transparent flag or
re- 30. That portion of the reflected light (which has its lin-
flective/transparent flag. Sensor 97 shines a light to- ear polarization
from polarizer 70 rotated by disk 30   35  ward the flag with the
transmitted or reflected light recording using the Kerr effect) travels
along the two-  being intercepted by photocells (not shown) of sensor way
light path 47, through lens 45 and half mirrors 60  97, which faithfully
indicate the relative radial position and 61 to the data detection portion
79 of the head  of fine actuator 46, with respect to carriage 34. Sen- arm
33 carried optics. Half-mirror or beam splitter 80  sor 97 includes
circuitry of known design that trans- divides the reflected beam into two
equal intensity  40  late the intercepted light Into a relative position
indi- beams both having the same reflected rotated linear  cating signal
(RPS) traveling over electrical line 99 to polarization. The half-mirror 80
reflected light travels  focus on tracking circuits 54. The relative
position sig- through a first polarizer 81 which Is set to pass only  nal
on line 99 actuates focusing and tracking circuits that reflected light
which was rotated when the rem-  54 to slave the movement of head carriage
34 by ac- nant magnetization on disk 30 spot being accessed   45  tuator36
through signals supplied overline 55, as will has a "north or binary one
Indication. This passed  be later detailed. light impinges on photocell (P)
82 for supplying asult-  Referring more particularly now to Fig. 2, focus
able indicating signal to differential amplifier 85.  and tracking circuits
54 operation is described with When the reflected light was rotated by a
south"  respect to the control of actuator 46 and the position or erased
pole direction remnant magnetization, then   5o  controls of working object
or lens 45 with respect to polarizer 81 passes no or very little light
resulting in  the record disk or work element 30. Focus and track- no
active signal being suppled by photocell (P) 82.  Ing circuits 54 Include
two track servo circuits, 105 The opposite operation occurs by polarizer 83
which  and 106, respectively of the position and velocity ser- passes only
south" rotated laser light beam to pho-  vo type. Position servo circuit
105 not only controls tocell (P) 84. Photocell 84 supplies Its outputsignal
in-  55   actuator 46 to ensure that lens 45 faithfully follows dicating
its received laser light to the second input of  (also termed a "stop-lock"
mode) a record track on differential amplifier 85. The amplifier85supplies
the  disk 30, but also has an extended range of radial op- resulting
difference signal (data representing) to data  eration for controlling lens
45 positioning over a plur- 7    13                  EP0387224B1
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ality of record tracks of disk 30.                 use by a compare circuit
108. Track counter 111 sup- For example, the extended range of position
ser-  plies the current track count over cable 114 to micro- vo circuit 105
may be plus and minus ten tracks of a  processor4O and position servo
circuits 105 and 106. current track being followed. With respect to a
current  Circuits 105 and 106 use the track count In a usual track being
followed, for seeks of radiation beam 47   5   manner. over a number of
record tracks greater than ten, ve-   A track seek operation is Initiated
under control locity servo circuit 106 controls actuator 46. Electron-  of
microprocessor 40. Microprocessor 40 supplies a ic switch 107 selectively
transfers the servo drive out-  seek Initiate signal over line 115 which
extends to put signals of circuits 105 and 106 over line 57 to fine  switch
107 and circuits 105 and 106. Fora short seek, actuator 46. Switch 107 is
controlled such that on a   10  the seek signal keeps switch 107 connected
to the P long seek (more than ten tracks are traversed) the  terminal such
that position servo circuit 105 controls switch electrically connects input
terminal V, which  the seek operation through its extended range of op-
carries the velocity servo drive signal from line 109,  eration. The line
115 seek signal activates position to line 57. When radiation beam 47 is
approximately  servo circuit 105 in the short seek, while in a long ten
tracks from the target track, then switch 107 dis-  15  seek quiesces a
later shown signal compensation cir- connects terminal V from line 57 and
reconnects ter-  cuit in preparation forthe track seekmode switch. The
minal P to transferthe position servo circuit 105 servo  seek command also
goes to velocity servo circuit 106 drive signal over line 57 to actuator46.
This lattercon-  for activating samefora long seek, as will become ap-
nection enables the position servo circuit 105 to util-  parent. All seeks
are completed by position servo cir- ize its extended range of operation to
faithfully and   20  cuit 105 entering a track-following or stop-lock mode.
quickly complete the long seek to the target track.  When the
track-following operation begins, circuit Switching from terminal V to
terminal P is performed  105 supplies a seek complete signal over line 117
to when the drive signals from circuits 105 and 106 are  microprocessor 40.
Coordination of the operation of approximately equal. To effect this
switching syn-  the track counter 111 and circuits 105 and 108 is
chronization, power compare circuit 108 receives the   25  through the
position error signal supplied over line 63 respective servo drive signals
over lines 109 and 110  from detector and optics 79. Fig. 4 illustrates the
spa- for comparing the RMS (root mean square) parameter  tial
synchronization of circuit operation using the PES of the signals. Such
comparison is a well known tech-  signal not only for track-following and
position servo nique and not described for that reason. When power
seeking, but also track counting. compare circuit 108 detects approximate
equality of  3o  Fig. 3 broadly illustrates a seek operation using the two
servo drive signals, it emits a mode-changing  both velocity and position
servo circuits in a move signal over line 113 for actuating switch 107 to
discon-  from a current track centerline C to a target track can-
nectterminal Vand reconnectterminal Ptooutputline  terline T. The graph is
in the space domain; does not 57. Line 113 also extends to velocityservo
circuit 108  illustrate the signals in any time base. The beam 47 for
quiescing the signal compensation circuits there-  35  velocity or speed
curve with respect to the recording In, as is well known.
surface of disk 30 Is Illustrated by line 120. Velocity, Compare circuit
108 is activated when laser     of course, begins at zero and proceeds to a
maximum beam 47 is approaching the outer extremity of the  value whereas
deceleration begins toward and fol- range of operation of position servo
circuit 105. Such  lows line 122 to track T. The velocity servo circuit 106
positioning is indicated by track counter 111 which   40  servo drive
signal is represented by dashed line 121 was initially set by
microprocessor 40 to Indicate a di-  which effects the resultant velocity
signal curve 120. rection of motion and number of record tracks (posi-
During deceleration, numeral 122 designates that the tion indicia) to be
traversed during the seek. Cable  velocity curve 120 and velocity servo
circuit 106 ser- (electronic bus having a plurality of electrical circuit
vo drive signal are coincident. When trackocunter 111 lines) 116 carries
the distance to go and direction sig-  45  contains a count TK equal to K
(K is ten in the prefer- nals to track counter 111, as well as to velocity
servo  red embodiment), track counter 111 emits its com- circuit 106.
Velocity servo circuit 106 responds to the  pare enable signal over line
112 which corresponds to distance to go signal tosetup a mode of operation
op-  dashed line 123 in Fig. 3. Atthis time, the position ser- timizing the
seek operation. Track counter 111 de-  vo circuit 105 servo drive signal
POS is turned on as tects when the track count is approaching ten forsup-
50  indicated by signal wave 124. Signal wave 124 follows plying a compare
circuit 108 activating signal over  the deceleration curve 122 at spatial
line 125. Com- electrical line 112. Compare circuit 108 responds to  pare
circuit 108, detecting that the RMS value of POS the line 112 signal for
comparing the servo drive sig-  signal 124 is equal to the velocity servo
circuit 108 nals on lines 109 and 110, as above described. Line  servo
drive signal VEL on line 109, actuates switch 112 also extends to position
servo circuit 105 for acs o 5   1 7to disconnectthe Vterminal from and
connectthe tivating same to follow the positioning of radiation  P terminal
to actuator 46. Since the RMS amplitudes beam 47as effected by velocity
servo circuit 106; that  of the signals on line 109 and 110 are
substantially is, circuits 105 now produce a servo drive signal for
Identical, no transients are introduced into the oper- 8    15
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ation of actuator 46. The power compare circuit 108  ries a seek command
Irrespective of the length of the signal on line 113 also quiesces the
operation of ve-  seek for setting seek latch or flip-flop 140. Seek latch
locityservo circuits 106 as indicated in Fig. 3 bydash-  140 being set to
the seek condition, conditions posi- ed line 126.
tion servo circuit 105 for its extended range opera- The detection of the
position of beam 47 during   5   tion, as will become apparent. The line
139 signal the track seek Is enabled by the line 63 (position --
identifies a seek longer than ten tracks, i.e. a long tracking- error
signal) PES 129, as best seen In Fig.  seek. The long seek signal travels
over line 139 for 4. PES 129 is shown in the spatial domain as a sine
setting velocity mode latch 141, which In turn ac- wave with positive going
zero crossings atthe various  tuates electronic switch 107 to move from the
track- track center lines T-10 through T+1. The negativego-  10  following
P position to the long seek velocity drive ing zero crossing occurs at the
midpoint between two  position V. Line 139 also extends to velocity servo
cir- adjacent track centerlines. Track counter 111 in-  cuit 106 for
enabling the circuit for performing a long cludes a zero crossing detector
for counting the track  seek operation. Circuit 106 can be of any velocity
cir- crossings. Two zero crossings are counted for each  cuit design and is
not described for that reason. The traversal of a track. As laterdescribed,
PES 129 is dif-  15  long seek signal activates circuit 106 to receive and
ferentiated to create signal PES' 130. Of course, dif-  respond to the
commanded distance-to-go number of ferentiation causes an effective phase
shift of 90 de-  tracks supplied by microprocessor 40 over cable 116 grees.
For position servo circuit 105 to fully utilize the  as well as the current
number of tracks to go as sup- position errorsignal, the negative signal
portions 131,  plied by track counter 11 over cable 114. Velocity also
shaded, are inverted to become positive be-  20   mode latch 141 supplies a
first output indicating the tween the successive zero crossings 156
intermedi-  velocity mode over line 142 as one condition of actua- ate
adjacent track centerlines. Zero crossings 156  tion of power compare
circuit 108. To this end, analog correspond to the one-quarter point
between adja-  AND circuits 143 and 144 are electrically interposed cent
tracks. POS signal 124 is enlarged in Fig. 4 for  respectively between
lines 110 and 109. The enable- showing its relationship to PES 129 and PES'
130.  25   ment of AND circuits 143 and 144 is completed by the Dashed line
123 of Fig. 3 is shown as being coincident  line 112 signal (Fig. 4) for
supplying an input to com- with the centerline of track T-10, i.e., ten
tracks to go  pare circuit 108, which operates as previously descri- to
target track T, no limitation thereto Intended. Dash-  bed. ed line 125 is
shown as occurring asynchronously       Track counter 111 responds to the
line 63 PES with respect to the PES 129, I.e., Independent of the   30
signal 129 through zero crossing detector (OX) circuit actual radial
position of beam 47 with respect to any  147. OX circuit 147supplies two
pulses foreach track track centerline. If desired, the transition can be
syn-  crossing to track counter 111 which responds thereto chronized to
such track centerlines. The line 112 sig-  for down counting the tracks to
go. A direction signal nal is shown immediately below the signal POS 124.
derived from the detector (not shown) may be used At the one-quarter track
pitch position before beam   35  for controlling the directional count of
track counter 47 reaches the trackcenterline of trackT, the line 112  111.
In the present embodiment, because of the ex- signal is removed.
tended range of operation of position servo circuit Position servo circuit
105 not only provides for  105, the velocity of beam 47 with respect to the
sur- terminating a long seek and track-following, but also  face of disk 30
always has a sufficient velocity to ac- provides for jumping one track,
I.e., to an adjacent  4o  commodate run-out. The zero crossing signals from
track as well as providing short seeks up to ten tracks  OX circuit 147
also are directed to AND circuit 148 for from a current track. Numeral 133
designates such a  resetting velocity mode latch 141 to the position single
track jump from target track T to new target  mode state. AND circuit 148
is enabled to pass a sin- track T+ 1. The mode switching from
track-following to  gle zero crossing pulse by the line 112 signal and ve-
jumping occurs at maximum amplitude of PES 124.  45  locity mode latch 141
being set to the velocity mode Signal 133 ramps as a sawtooth wave with
maximum   state (VS). The AND circuit 148 output signal travels amplitude
at about the centerline of T + 1 whereupon  over line 149 thence through
AND circuit 150, as en- itrelaxestozero amplitude. Theoperation issuch that
abled by the line 113 signal received from compare the POS control signal
133 and a later described error  circuit 108, to reset velocity mode latch
141. This ac- signal which results In the servo drive closely follows   50
tion by the connection over line 145 to electronic signal 133 such that
relativelysmall signal amplitudes  switch 107 actuates the switch to
disconnect terminal are always present within position control circuit 105.
V and line 109 from line 57 and reconnect terminal P See the Fennema
application for patent, supra.     and line 110 to line 57. Line 145 also
extends to later Referring now more particularly to Fig. 5, the de-
described EPROM 170 within circuit 105. tailed discussion is provided for a
currently preferred  55  The detailed operation and construction of posi-
embodiment of the invention. The microprocessor 40  tion servo circuit 105
are next described. The line 63 seek command line 115 actually consists of
two elec-  PES signal 129 is differentiated by differentlator trical signal
lines, 138 and 139. Electrical line 138 car-  (DIFF) 153 to produce the
PES' 130. PES' 130 goes 9    17                  EP 0 387 224 B1
18 



to polarity reversing circuit 154. Circuit 154 includes  indicating to
EPROM 170 that the numberof tracks to zero crossing detector (OX) 155 which
detects the  go is unity, i.e., the next track is target track T. zero
crossings 156 of PES' 130. AND circuit 157 re-   Sensor 97 supplies its
error signal RPS over line ceives the zero crossing 156 indicating signals
and  99 to coarse position servo 180. Line 181 connects when enabled by the
seek signal on line 160 and the   5   the servo drive signal at actuator 46
to coarse posi- line 112 signal from track counter 111, actuates elec-
tion servo 180 as a feed forward signal to ensure that tronic switch 158 to
disconnect the plus terminal from  coarse actuator 36 moves head carriage
34 in an op- its output to signal integrator 164 and connect the  timum
manner such that fine actuator 46 follows the minus terminal thereto. The
plus terminal directly con-  center line of a track as closely as possible.
nects the output of differentiatorcircuit 153 to integra-  10  Fig. 6 is a
simplified diagram of a coarse position tor 184. The minus terminal
connects the output of  servo circuit 180. Analog summer 185 receives the
differentiator 153 through signal inverter or polarity  sensor 97 position
error signal over line 99. The pos- reversing amplifier 159 to Integrator
164. Inverter 159  ition error signal is compared with ground reference
inverts the polarity of negative signal portions 131 of  potential at
ground point 186. The summer 185 error PES' 130. The unipolar PES' signal
is integrated by  15  signal is supplied through compensator 187 to analog
integrator 164 then applied to analog summer circuit  summer 188. Summer
188 combines the feed forward 165, thence compensator 166. Compensator 166
signal on line 181 with the compensated error signal supplies the position
servo circuit servo drive signal  and supplies a coarse position drive
signal through over line 110. Compensator 186 Is designed, using  amplifier
189 to coarse actuator 36. Circuit 182 Is known techniques, to enable
maximum bandwidth  20  electrically Interposed between line 181 and summer
with adequate stability margins, as is common in the  188 for providing
smoothing and amplitude transla- servo art.
tion of the line 181 carried signal from fine actuator The control signal
for summer 165 to be mixed  46. with the position (tracking) errorsignal
from integrator 164 is generated by a self-sequencing EPROM 170.  25 EPROM
170 Is activated by the line 145 signal indi-  Claims cating the position
servo mode. Track counter 111 supplies the number of tracks to go to EPROM
170   1. A position servo system having an actuator (46) over cable 114.
When track counter 111 has a zero     movably mounted on a support and
carrying a track count, then EPROM 170 causes position servo   30  working
object (45) to be positioned over a pre- circuits 105 to be in a
track-following mode. The line  determined travel path with respect to a
work ele- 180 seek signal also goes to EPROM 170 forensuring    ment (30)
and being disposed in operative rela- that circuit 105 remains in the
track-following mode in  tionship to the work element (30), the work ele-
the absence of a seek signal irrespective of the nu-  ment (30) having a
plurality of spaced-apart pos- merical contents of track counter 111. EPROM
170 is  35  ition-indicating indicia along said predetermined programmed to
generate a position drive signal in the  travel path and being sensible by
the working ob- digital form which Is supplied over cable 172 to digital
ject such that the working object (45) supplies a analog convertor (DAC)
171. DAC 171 in turn sup-      local position Indication of the positional
relation- plies the analog position command signal to summer    ship
between the working object (45) and any in- 185. EPROM 170 includes an
electronic table repre-  4o  dicium currently being senses, position error
senting the desired position reference signals In dig-  means (79) being
operatively connected to the ital form for each track count received from
track    working object (45) for receiving said indication counter 111. The
generation of such tables in opera-  and forsupplying a position
errorsiqnal Indicative tions of EPROM are sufficiently well known so that
of a position of the working object relative to atar- detailed description
may be dispensed with.   45      get indicium, the system comprising a
velocity The seek complete signal to be supplied overline   servo circuit
(106) operatively connected to the 117 to microprocessor 40 Is generated by
AND circuit  position error means and the actuator (46) for 175. The
one-quarter track position from target track  controlling the actuator to
move the working ob- T Is Indicated by the zero crossing signal carried
over  ject towards a target indicum; line 176 from OX 155. EPROM 170
supplies a signal  50  characterised by over line 177 indicating that the
position of beam 47       a position servo circuit (105) operatively with
respect to track T centerline is approaching the  connected to said error
means (79) and to the sc- one-quarter track pitch position, as shown in
Fig. 4.  tuator (46) for controlling the actuator (46) to AND circuit 175
responds to the two signals to supply  maintain the working object (45) in
a predeter- the seek complete signal over line 117 which not only  55
mined relationship to an indiclum currently being goes to microprocessor 40
but also resets seek latch  sensed by the working object (45) and upon com-
140 to the off or non-seek condition. Line 177 signal  mand to move the
working object (45) along said from EPROM 170 corresponds to track counter
111       predetermined path to a first target indicium with- 10    17
EP 0 387 224 B1                 18 



C   L   M   S to polarity reversing circuit 154. Circuit 154 includes
indicating to EPROM 170 thatthe numberof tracks to zero crossing detector
(OX) 155 which detects the  go is unity, I.e., the next track is target
track T. zero crossings 156 of PES' 130. AND circuit 157 re-    Sensor 97
supplies Its error signal RPS over line ceives the zero crossing 156
indicating signals and  99 to coarse position servo 180. Line 181 connects
when enabled by the seek signal on line 160 and the   5   the servo drive
signal at actuator 46 to coarse posi- line 112 signal from track counter
111, actuates elec-  tion servo 180 as afeed forward signal to ensure that
tronic switch 158 to disconnect the plus terminal from  coarse actuator 36
moves head carriage 34 In an op- its output to signal integrator 164 and
connect the  timum mannersuch that fine actuator 46 follows the minus
terminal thereto. The plus terminal directly con-  center line of a track
as closely as possible. nects the output of differentlatorcircuit 153 to
Integra-  10  Fig. 6 is a simplified diagram of a coarse position tor 164.
The minus terminal connects the output of  servo circuit 180. Analog summer
185 receives the differentiator 153 through signal inverter or polarity
sensor 97 position error signal over line 99. The pos- reversing amplifier
159 to Integrator 164. Inverter 159  ition error signal is compared with
ground reference inverts the polarity of negative signal portions 131 of
potential at ground point 186. The summer 185 error PES' 130. The unipolar
PES' signal is integrated by   15  signal is supplied through compensator
187 to analog integrator 184 then applied to analog summer circuit  summer
188. Summer 188 combines the feed forward 165, thence compensator 166.
Compensator 166       signal on line 181 with the compensated error signal
supplies the position servo circuit servo drive signal  and supplies a
coarse position drive signal through over line 110. Compensator 168 is
designed, using  amplifier 189 to coarse actuator 36. Circuit 182 is known
techniques, to enable maximum bandwidth  20  electrically interposed
between line 181 and summer with adequate stability margins, as is common
in the  188 for providing smoothing and amplitude transla- servo art.
tion of the line 181 carried signal from fine actuator The control signal
for summer 165 to be mixed   46. with the position (tracking) error signal
from integrator 164 is generated by a self-sequencing EPROM 170.  25 EPROM
170 is activated by the line 145 signal indi-  Claims cating the position
servo mode. Track counter 111 supplies the number of tracks to go to EPROM
170   1. A position servo system having an actuator (46) over cable 114.
When track counter 111 has a zero      movably mounted on a support and
carrying a track count, then EPROM 170 causes position servo   30  working
object (45) to be positioned over a pre- circuits 105 to be in a
track-following mode. The line  determined travel path with respect to a
work ele- 160 seek signal also goes to EPROM 170 for ensuring    ment (30)
and being disposed in operative rela- that circuit 105 remains In the
track-following mode in  tionship to the work element (30), the work ele-
the absence of a seek signal irrespective of the nu-   ment (30) having a
plurality of spaced-apart pos- merical contents of track counter 111. EPROM
170 is  35  ition-indicating indicia along said predetermined programmed to
generate a position drive signal in the  travel path and being sensible by
the working ob- digital form which is supplied over cable 172 to digital
ject such that the working object (45) supplies a analog convertor (DAC)
171. DAC 171 in turn sup-      local position indication of the positional
relation- plies the analog position command signal to summer    ship
between the working object (45) and any in- 165. EPROM 170 includes an
electronic table repre-  40  dicium currently being senses, position error
senting the desired position reference signals in dig-  means (79) being
operatively connected to the ital form for each track count received from
track     working object (45) for receiving said indication counter 111.
The generation of such tables in opera-   and forsupplying a position error
siqnal Indicative tions of EPROM are sufficiently well known so that     of
a position of the working object relative to a tar- detailed description
may be dispensed with.   45       get Indicium, the system comprising a
velocity The seek complete signal to be supplied over line  servo circuit
(106) operatively connected to the 117 to microprocessor 40 is generated by
AND circuit   position error means and the actuator (46) for 175. The
one-quarter track position from target track  controlling the actuator to
move the working ob- T Is indicated by the zero crossing signal carried
over  ject towards a target indicum; line 176 from OX 155. EPROM 170
supplies a signal  50  characterised by over line 177 indicating that the
position of beam 47       a position servo circuit (105) operatively with
respect to track T centerline is approaching the  connected to said error
means (79) and to the ac- one-quarter track pitch position, as shown in
Fig. 4.  tuator (46) for controlling the actuator (46) to AND circuit 175
responds to the two signals to supply  maintain the working object (45) in
a predeter- the seek complete signal over line 117 which not only  55
mined relationship to an indiclum currently being goes to microprocessor 40
but also resets seek latch   sensed by the working object (45) and upon
com- 140 to the off or non-seek condition. Line 177 signal  mand to move
the working object (45) along said from EPROM 170 corresponds to track
counter 111        predetermined path to a first target indicium with- 10
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M        S in a predetermined number of indicia from the   4. A position
servo system as claimed in any pre- current indicium;
ceding claim, further including the velocity servo circuit (106) being
oper-       command means coupled to said switch- atively connected to the
position error means and  ing means for supplying a seek command thereto to
the actuator (46) for controlling the actuator   5  and to said position
and velocity servo circuits for (46) to move the working object (45) a
number of   supplying direction and number of indicla to be Indicia from
the current indicium greaterthan said  traversed in reaching a one of said
target Indicia; predetermined number of indicia along said pre-    and
determined path toward a second target Indicium;         mode selection
means In the command and                                        10
means responsive to a number of Indicia to be switching means (107)
operatively inter-     traversed during a seek less than said predeter-
posed between said servo circuits and said ac-     mined number of
actuating the switching means tuator (46) for enabling the velocity servo
circuit  to connect the position servo circuit to the actua- (106) to
control the actuator (46) for all move-   tor and disconnect the velocity
servo circuit from ments of the working object (45) over Indicia  15  the
actuator, and being further responsive to the spaced from said second
target Indiclum more       number of Indicia to be traversed being greater
than said predetermined number of Indicia along    than said predetermined
number of indicia to ac- the predetermined path and for switching control
tuate the switching means to initially connect the of the actuator (46)
from the velocity servo circuit  velocity servo circuit to the actuator and
enabling (106) to the position servo circuit (105) when the   20  the
switching means for switching control to the working object (45) is not
more than said prede-   position servo circuit from the velocity servo cir-
termined number of Indicia from said second tar-   cult when the work
object Is not more than said get indicium.
predetermined number of indicla from said target Indiclum. 2. A position
servo system as claimed In claim 1,  25 wherein
5. A position servo system as claimed in claim 1, said position and
velocity servo circuits re-  further wherein spectively supplying servo
drive signals to the ac-      said position servo circuit Includes: tuator
for controlling same; and                         an analog signal
summercircuitforsupply- said switching means, Including signal  30   Ing a
servo drive signal for controlling the actua- compare means operatively
coupled to said pos-     tor and having first and second inputs; ition and
velocity servo circuits for separately re-     the position servo circuit
being connected ceiving the respective servo drive signals and for  to said
work object for receiving said local posi- comparing the amplitudes of said
servo drive sig-  tion indication; nals, when the amplitudes reach a
predetermined   35     a signal differentiating circuit receiving amplitude
relationship, then said compare means    said local position indication for
differentiating actuates the switching means to switch control     same for
supplying a differentiated local position from the velocity servo circuit
to the position ser-  indication; vo circuit if the working object (45) Is
not more        signal polarity reverse means electrically than said
predetermined number of indica from   40  connecting the differentiating
circuit to said sum- said predetermined indiclum.                       mer
circuit for transferring the differentiated local position Indication to
one input of the summer cir- 3. A position servo system as claimed In claim
2,      cult; wherein said switching means further Includes           the
reference potential means connected proximity means operatively coupled to
said pos-  45  to the second Input to said analog summer circuit Ition
error means for receiving said position error  for supplying a stop lock
reference signal to said signal and being responsive thereto for indicating
summercircuit for maintaining the working object that the relative position
of the working object   In a stop lock condition over a one of said
Indicia; (45) with respect to said second target Indicium is      track
movement control means for supply- approaching said predetermined number of
indi-  5o  Ing a position servo control signal to said analog cia from said
second target Indicium and to ac-    summerfor replacing the positional
reference sig- tuate said compare means to begin comparing        nal when
the position servo circuit is moving the said servo drive signals; and
working object within said predetermined number said compare means
including inhibit          of indicia; and means for inhibiting comparison
of the servo   55        said command means further including a drive
signals until said proximity means actuates  connection to said position
servo circuit for ac- said compare means.
tuating said track movement control means and said polarity reverse means
when switching con- 11    
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from the velocity servo circuit     said actuator and transducer being
mount- to the position servo circuit for synchronously re-  ed on said head
carriage with the transducer be- versing the polarity of the differentiated
local   ing mounted on the head carriage forradial move- position signal
with respect to Indicla crossings  ments with respect to the disk; and for
maintaining a small error signal as said servo   5   means for radially
moving the head car- drive signal from the position servo circuit to the
riage with respect to the disk and means for rel- actuator during position
servo circuit controlling  atively controlling the actuator and the moving
operations.                                        means for the carriage,
such that both the trans- ducer and carriage can be simultaneously moved 6.
A position servo system as claimed in claim 1 or  10  with respect to the
disk. 5, wherein said position error means includes: a down counter having
a count contents    10. A position servo system as claimed in claim 9,
representative of a number of Indicla to be tray-  further including ersed
to reach a one of said target Indicia opera-        coarse servo circuit
connected to said tively connected to the work object for receiving   15
moving means for controlling movements of the said local position
Indication being responsive to  head carriage; said local position
indication to down count as the      a relative position sensor on the head
car- work object passes over indicia In traveling to-   riage and
operatively connected to the transduc- ward a one of said target indicia
and generating   erfor indicating relative position of the transducer a
count indicating the position error of the work  20  with respect to the
head carriage; object with respect to the target indicium.
said coarse servo being connected to the relative position sensor for
receiving the signal 7. A position servo system as claimed in claim 1,
therefrom for actuating the moving means to further Including, In
combination:                 move the head carriage for servoing the trans-
said position servo circuit including:  25    ducer to a reference position
on the head car- control means for controlling operation of   riage; and
the position servo circuit, for causing the position     an electrical
connection between said ac- servo circuit to move the working object away
tuator and said coarse servo circuit for adjusting from a current indicium
by supplying a ramp sig-   operation of the coarse servo circuit for feed
for- nal beginning at a reference potential which rep-  30  warding signals
from said actuator to the coarse resents a stop lock condition over a
currently     servo circuit to move the head carriage faster positioned
Indiclum and Increasing In amplitude    when the relative position sensor
indicates a representative of a distance between the current   greater than
a predetermined relative displace- indicium and a target indicium and
resetting the   ment between a transducer and a head carriage. ramp to a
reference potential upon reaching the  35 target Indiclum, and further
including means for  11. A method of positioning a working object along a
supplying a ramp signal In response to the switch-  path on a work element
wherein the path has a Ing means beginning at a maximum amplitude
plurality of sensible spaced-apart location marks; and declining to said
reference potential.              Including the steps of. 40
detecting the relative position of said B. A position servo system as
claimed In claim 1,      working object along said path; further Including,
In combination:                       relatively moving the working object
along a data recording apparatus including said     said path from said
detected relative position to- servo system and having a moveable
transducer      ward a target relative position such that the de- as said
working object, a record medium as said  45  tected and target relative
positions are separated work element; and
along said path by a first plurality of said marks; a plurality of spaced
apart record tracks on       during a first portion of said relative move-
the record medium with each track being a one of   ment controlling the
movement according to a said location Indicia.
predetermined velocity profile; 50           sensing fora predetermined
range relative 9. A position servo system as claimed in claim 1 or
location along said path displaced from said tar- 8, further including
get mark by a second plurality of said marks, said a frame in the record
apparatus;              second plurality being less than said first
plurality said record medium being a disk mounted       but greater than
two; for rotation on the frame;                 55            upon sensing
said range relative location, said support being a head carriage mov-
switching from said predetermined velocity pro- ably mounted on the frame
for reciprocating mo-    file to a predetermined position error profile for
tions along a radius of said disk;                 completing the relative
movement of the working 12    
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path to the target mark travers  Patentanspr Ache ing said second plurality
of marks; and stop locking the working object and work  1. Eln
Positlonlerungsservosystem mit einem Stell- element at the target mark
using a predetermined   glied (46), das beweglich an elner Halterung be-
position reference signal.                 5       festigt Ist, und das sin
Arbeltsobjekt (45) umfat der Oiber elnem vorbestimmten Bewegungspfad 12. A
method as claimed in claim 11;                   bezflglich
einesArbeltselements (30) positionlert further including the steps of.
warden soil, und das In elnern operativen Verhilt- in said sensing step
sensing both said pre-  nri zum Arbeltselement (30) angeordnet lst, wo-
determined velocity profile and said predeter-  10  bel das Arbeltselement
(30) elne Mehrzahl in ei- mined position error profile and when the
profiles  nem bestimmten Abstand zueinander befindli- indicate Identical
movement of the working ob-     cher positlonsanzelgender Indkzien entlang
des ject, then In said switching step, switching from  genannten
vorbestimmten Bewegungspfads um- the predetermined velocity profile of the
working  fait und elne Empfindlichkeit far das Arbeitsob- object along said
path, to the predetermined pos-  J6  jekt besitzt, wobel diese
EmpfIndlichkelt darin be- ition error profile.
steht, dal das Arbeitsobjekt (45) sine lokale Po- sitionberungsanzeige des
Positbonierungsver- 13. A method as claimed In claim 11, wherein the
hiltnbises zwischen darn Arbeltsobjekt (45) und working relatively moveable
with respect to the    elnem bellebigen Indiz bereltstellt, das zu diesem
moving carriage along said path and the moving   20  Zeitpunkt Messungen
darstelit, eln Positionie- carriage being moveable also along said path;
rungafehlermittel (79), des operativ mit dam Ar- further Including the
steps of:               beltsobJelt (45) verbunden lbt, um diese Anzelge
sensing the relative position of the working  zu empfangen, und um eln
Positionlerungsfehier- objectwith respecttoa reference position with re-
signal bereltzustellen, das die Positionierung des spect to the moving
carriage and;          25      ArbeltsobJekts beziglich sines Zielindkzes
an- continuously moving the moving carriage       zeigt, wobei das System
elne Geschwindigkeits- for causing the working object to be closest to
servoschaitung (106) umfait, die operativ an des said reference position on
the moving carriage as  Positionsfehlermittel und an des Stellglied (48)
possible, including any movements while using      zur Stbuerung des
Steliglieds zur Bewegung des either the velocity or position error
profiles.  30  Arbeltsobjelts zu einem Zlelindlz hin ange- schlossen ist;
charalterislert durch 14. In a method of relatively moving first and second
elne Posilonierungsservoschaltung (105), die objects along a predetermined
path of relative     operativ mit dem genannten Fehlermittel (79) und
movement from a first relative position to a sec-  mit dam Steligled (46)
zur Stbuerung des Stall- ond relative position displaced from the first
rel-  36  glieds (46) verbunden let, um des ArbeitsobJekt ative position a
predetermined distance, path lo-  (45) in elnem bestimmten Verhaltnis zu
einem In- cation indicating marks on the second object;      dkz, das zu
diesem Zeitpunkt vom Arbeitsobjekt Including the steps of:
(45) gemessen wird, zu halten, und um des Ar- determining the number of
said marks to       beltsobjelt (45) auf eanen bestimmbtn Befehl hin be
moved to achieve a predetermined relative  4o   entlang des genannten
vorbestimmten Pfads von movement of said predetermined distance;
elnem aktuedlen Indlz zu elnem ersten Zielindlz if said number is greater
than a first num-   innerhalb einer vorbestimmten Anzahl an Zielin- ber,
then firstly relatively moving said objects ac-  dizien zu bewegen; cording
to a predetermined velocity profile until a  wobei  die
Geschwindigkeitsservoschaitung relative position Indicated by a second
plurality of  45  (108) operativ mit dam Positionierungsfehlermit- marks
from said second relative position Is        tel und dem Stailgiled (46)
zur Steuerung des reached, then changing control of the movement
Steliglieds (46) zur Bewegung desArbeitsobjekts to a first predetermined
positioning control profile  (45) um sine bestimmte Anzahl an Indizien vom
which ends In a stop-lock control at said second   aktuellen Indkz
verbunden ist, wobel diese Anzahl relative position, sald second plurality
being less  5o  gr8fer lst als die genannte vorbestimmte Anzahl than said
first number but greater than two; and   an Indizien entlang des genannten
vorbestimm- if said number Is less than said first num-   ten Pfads zu
einem zwelten Zieiindiz hin; ber, then relatively moving said objects using
a   wobel sich das Schaltmittel (107) operativ zwi- second predetermined
positioning control profile   schen den genannten Servoschaltungen und
Including a slope negative with respect to said  55  dam genannten
Steligiled (46) befindet, so dag first predetermined positioning control
profile    der Geschwindigkeiltsservoschaltung (106) er- and ending at said
stop-lock control.              magiicht wird, das Stelglied (46) far aile
Bewe- gungen desArbeitsobjekts (45) Oiberlndizien, die 13    
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Zielindiz mehr als die ge-   ses Schaltmittel und an die genanntb
Positionie- nannte vorbestimmte Anzahl an Indizien entlang
rungsaservoschaltung und die genannte Ge- des vorbestimmben Pfads entfernt
let, zu steu-     schwindlgkeltsbervoschaitung bereltatelit, um ern, und
zur Urnschaltung der Steuerung des        Richtung und Anzahl derzu
Oberquerenden Indi- Stoilglieds (46) von der Geschwindigkeitsservo-   c
zion zur Ermeichung eines der genannten Zielindi- schaltung (106) auf die
Positbonierungsservo-      zien anzugeben; und ein Modusauswahimittel im
schaitung (105),wenn sich dasArbeitsobjekt(45)     Stbuermittbl, das auf
eineAnzahi vonwAhrend el- nichtrmehraisdiegenanntevorbestimmteAnzahl
nor Suchoperation zu Oberrquerenden Indizien an Indizien vom zweiten
Zielindiz enffernt befin-  reagiert, wobel diese Anzahl geringer ist als
die det.                                      10       genanntb
vorbestimmto Anzahl an Betatigungen des Schaltmittbis, urn die
Posltlonierungsservo- 2. Ein Positionierungaservosysten gemArI  An-
schaltung mitdem Steilglied zu verbinden und die spruch 1, be! dem
folgendes gilt                   Geschwindigkeitsservoschaltung vom
Stellgiled die genannte  Positionierungaservoschaltung        zu trennen,
des weitren reagierend auf die An- und die genannte
Geschwindigkeitsservoschal-  i5  zahl der zu Oberquerenden Indizien, die
gr8oer tung liefern Servoantriebseignal an das Steil-   sind als die
genannte vorbestimmte Anzahl an In- glied zur Stbuerung desselben; und
dizien, um das Schaitmittel zu betatigen, um an- das genannte Schaitmittel
umfa~t ein Signaiver-   fanglich die Geschwindigkeitsservoschaltung
gloichsmittel, das operativ an die genannte Posi-  mit dem Stbilglied zu
verbinden und dam Schalt- tionierungsservoschaltung und die genannte Go-
20  mittel zu orm8glichen, die Steuerung von der Go-
schwindigkeitsservoschaltung gekoppelt let, um
schwindigkeitseervoschaltung zur Positionle- die entsprechenden
Servoantriebasignale sepa-     rungaservoschaltung ufmzuschalten, wenn das
rat zu empfangen und die Amplituden der ge-       ArbeitsobJekt nicht mehr
als die vorbestimmte nannten Servoantriebasignale zu vergloichen,
Anzahl an Indizien vorn genannten Zielindiz ent- wenn die Amplituden ein
vorboetimmts Amplitu-  25  fernt lot. denverhaltnbs erreichen, dann
betltigt das ge- nannte Vergleichrnittel das Schaltmittel und    . Ein
Poaitionisrungsservosystem  gemari An- schaltt die Stbuerung um von der
Geschwindig-    spruch 1, wobei die genanntb Positionierungs-
keitsservoschaitung zur Positionierungsservo-     servoschaltung weiterhin
urnfa~t schaitung, wenn das Arbeitsobjekt (45) um nicht  30  eine analog.
Signalsummiererschaltung zur Be- mehr als die genannte vorbestimmbt Anzahl
an       reitatellung  eines Servoantriebesignals zur Indizien vom
genannten vorbestinmwten Indiz        Steuerung des Stoliglieda mit einer
ersten und e0- entfernt ist                                       ner
zweiten Eingabe; die Poeitionierungsservoschaltung iat mit dem 3. Ein
Positionierungsservosystern gemnA  An-  35     genannten Arbeitsobjekt
verbunden und emp- spruch 2, be! dem das genannte Schaltmittel wei-   fIngt
die genannte lokale Positionierungsanzei- terhin ein Proximitternittel
umfaBt, das operativ  ge; an das genanntb Positionibrungafehlermittel ge-
eine Signaidifferenzierungsachaltung empfangt koppelt iat, um das genannte
Poeitionierungsfeh-   die genannte lokale Positionlerungsanzelge zur
lersignal zu empfangen und daraufhln anzuzei-  40  Differenzierung
derselben mit dem ZMel der Be- gen, daB die relative Position des
Arbeitsobjekts  reitstellung einer differenzierten lokalen Positlo- (45)
bezfiglich des genannten zweiten Zielindizes  nibrungsanzeige; sich der
vorbestimmten Anzahl an Indizien vom      ein
Signalpolarltltasumkehrmittei, das die Diffe- genanntbn zwelten Zileindiz
annahert, und urn     renzierungsschaltung elektrisch mit der genann- das
genannte Vergilichamittel zu betatigen, um   45  ten Surnmlererachaltung
verbindet, um die diffe- mit dem Vergleich der genannten Servoantriebs-
renziert lokale Positlonlerungsanzelge zu ei- signal. zu beginnen; und
nern Eingang der Summiererschaltung zu Ober- wobei das genanntb
Vergloichsmittel ein Sperr-    tragen; mittel zur Sperrung des Vergleichs
der beiden      das Referenzpotentialmittil Ist mit dem zwelten
Servoantriebseignale enthait, bla das genannte  so  Eingang an die genannte
analoge Summierer- Proximitatsmittel das genannte Verglelchamittel
schaltung verbunden und loefert emn Halteverrie- betitigt.
gelungsreferenzsignal an die genannte Sum- miererachaltung, urn das
ArbeitsobJekt in einern 4. Eln Positlonlerungmservosystern gemrA  alien
Halteverriegelungazustand fiber einern der go- vorherigen Ansprfichen, des
weiteren umfas-  S5    nannten Indizien zu halten; send:
eln Spurbewegungssteuermittel zur Bersitstel- ein Befshismittel, das an das
genannte Schalt-    lung eines Positionierungsservosteuerungssi- mittel
gekoppeit ist und einen Suchbefehl an die-  gnais an den genannten analogen
Summierer, 14    
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II LI urn das Positionsreferenzsignal zu ersetzen,   8. Eln
Positionlerungsservosystem  gemarB An- wenn die
Positionierungsservoschaltung das Ar-    spruch 1, des welteren foigendes
umfassend: beitsobjelt innerhaib der vorbestimmten Anzahl    elne
Datenaufzeichnungsvorrichtung, die das an Indizben bewegt; und
genannte Servosystem elnschliebt und mit ei- wobel das genannte
Befehismittel welterhin sine   5  nem beweglichen Wandler ale dem genannten
Verbindung zur genannten Positionierungsser-      Arbeitsobjekt und elnem
Aufzolchnungsmedium voschaltung umfallt, um des genannte Spurbe-      ale
dem genannten Arbeitselement versehen lat; wegungsstbuerungsmittel und das
genannte Po-      und laritltsurnkehrmittel zu betatigen, wenn die
sine Mehrzahl voneinander getrennter Aufzelch- Steuerung von der
Geschwindlgkeltsservoschal-  10  nungsspuren auf dem Aufzelchnungsmedium,
tung zur Positionierungseervoschaltung umge-      wobei Jede Spur elnes der
genannten Positions- schaltet wird, urn eine gleichzeitlge Umkehr der
indzizen ist. Polaritit des differenzierten lokalen Posetionie-
rungesignals bezfglich der Indizlenkreuzungen  9. Ein
Positlonlerungseervosystem  gemai An- zu erzielen, urn em Ideines
Fehlersignal als das  15  spruch I oder 8, das welterhin In der Aufzelch-
genannte Servoantriebssignal von der Positio-     nungsvorrichtung einen
Rahmen umfalt; nlerungsservoschaltung zum Stellglied wahrend     wobel das
genannte Aufzeichnungsmedlum eine der Ausffhrung der Steuerfunktionen der
Posi-     Platte ist, die rotberbar am Rahmen angebracht
tionlerungsservoschaltung aufrechtzuerhalten.     lot; 20      wobel die
genannte Halterung eln Kopftrager let, 6. Ein Poeitionierungsservosystem
gemiB  An-        der beweglich am Rahmen befestigt st, und zu spruch I
oder 5, be! dem das genannte Positlo-    hin- und herlaufenden Bewegungen
entlang el- nlerungsfehlermittel foigendes umnfaBt:           nes Radius
der genannten Platte dient einen AbwArtszAhlermitZahllnhalten, diefOreine
wobel das genannte Steliglied und der genannte Anzahl von zu Liberquerenden
Indizien reprasen-  25  Wandler am genannten Kopftrager angebracht tatlv
sind, die (berquert werden mflssen, urn ei-  sind, wobel der Wandler am
Kopftrager ange- nes der genannten Zlelindizibn zu errelchen, das  bracht
Ist, urn radlale Bewegungen bezflglich der operativ mit dem Arbeltsobjekt
verbunden lot, urn  Platte auszufflhren; und die genannte lokale
Positlonierungsanzeige zu     ein Mittel zur radialen Bewegung des Kopftra-
emrpfangen, die auf die genannte lokale Positlo-  3o  gem bezfglich der
Platte und eln Mittel zur rela- nlerungsanzelge zur Abwartszahlung
reagiert,      tiven Steuerung des Stelilglieds und des Bewe- wahrend das
ArbeltsobJekt die Indizien Ober-      gungamittels fOr den Trager, so daB
der Wandler quert, urn zu einem dergenannten Ziellndizien zu  und
derTragerglelchzeNi4g in bezug auf die Platte gelangen, und sine Zahlung
erzeugt, die den Po-   bewegt werden konnen. sitlonsfehler des
Arbeltsobjekts bezlglich des  35 Zlelindizes anglbt.
10. Ein Positlonierungaservosystem  gemArI  An- spruch 9, des weiteren
foigendes umfassend: 7. Emn Positionierungsservosystem  gernaB An-
elne grobe Servoschaltung, die an das genannte spruch 1, des weiteren
foigendes umfassend:       Bewegungsmitel zur Steuerung von Bewegun- die
genanntb Positionierungsservoschaltung,  4o   gen des Kopftrigers
angeschlossen ist; die folgendes umfaBt:                             eln
Sensor auf dern KopftrAger zur Messung der ein Steuermittel zurSteuerung
der Operation der   relativen Position, deroperativ am Wandlerange-
Posltionierungsservoschaltung, urn die Positio-   schlossen ist und die
relative Position des Wand- nierungsservoschaltung dazu zu veranlassen,
lers in bezug auf den Kopftrager anzelgt; das Arbeltsobjelt weg von elnem
aktUdellen lndiz  45  wobel die genannte grobe Servoschaltung an zu
bewegen, indem ein Rampensignal bereitge-      den Sensor zur Messung der
relativen Position stelit wird, das an elnem Referenzpotential be-
angeschlossen ist und von diesem Sensor sin Si- ginnt, das elnen
Halteverriegelungazustand Ober   gnal zurAictivierung des Bewegungsmittets
emp- einem derzeit posltionlertem Indlz darstellt, und  fingt, mit dem der
Kopftrager bewegt wird, um dessen Amplitude, die elnen Abstand zwischen  6o
den Wandler in eine Referenzposition auf dern einem derzeitigen Indiz und
elnem Zielindiz wie-  Kopftrager zu bringen; und dergibt, steigt, und zurn
ZurOcksetzen der Rampe  eine elektrische Verbindung zwlschen dem ge- auf
ein Referenzpotential bel Erreichen des Zie-  nannten Stelglied und der
genannten groben lindizes, und das welterhin sin Mittel zur Bereit-
Servoschaitung zur Einstellung der Operation stellung eines Rampensignals
daraufhln umfaBt,  s5  der groben Servoschaltung fOr Zufuhrsignale daB das
Schaltmittel an elner maximalen Ampli-    vom genannten Steliglied zur
groben Servo- tude beginnt und auf das genanntb Referenzpo-     schaltung
zur schnelleren Bewegung des Kopf- tentlal abfillt.
tragers, wenn der Sensor zur Messung der rda- 15    
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tiven Position elnen gr8fgeren al den vorbe-     weglichen Tragers entlang
des genannten Pfads stimmten relativen Versatz zwischen elnem
relativ beweglich !et und der bewegliche Trager Wandler und einem
Kopftrager anzeigt.             entlang des genannten Pfade ebenfalls
beweg- lich lst; 11. En Verfahren zur Positionierung sines Arbeits-   5
welterhin folgende Schritte umfassend: objekts entlang eines Pfads auf
einem Arbeits-    Messung der relativen Position des Arbeitsob- element,
bel dem der PMad sine Mehrzahl emp-      jekts beziglich einer
Referenzposition und be- findlicher, voneinander getrennter Positionsmar-
zaglich des beweglichen Tragers; und kierungen umfalt
kontinuierliche Bewegung des beweglichen Tra- foigende Schritte umfassend:
10      gers mit dem Zel, das Arbeitsobjekt so nahe wie Erkennung der
relativen Position des genannten    m8glich an die genannte
Referenzposition am ArbeitsobJekts entlang des genannten Pfads;
beweglichen Trager zu bewegen, einschileBlich Relative Bewegung des
Arbeltsobjekts entlang      aller Bewegungen wahrend derVerwendung ent- des
genannten Pfads von dergenannten erkann-      weder des
Geschwindigkeitsfehlerproffl1 oder ten relativen Position zu elner
relativen Zielposl-  15  des Positionlerungsfohlerprofils. tion, so dal die
erkannten relativen Zielpositlo- non entlang des genannten Pfads durch sine
er-  14. In einem Verfahren zur relativen Bewegung des ste Mehrzahl der
genanntbn Markierungen go-       ersten und des zweiten ObJekts entlang
elnes trennt sind;                                      vorbestimmten Pfade
elner relativen Bewegung Sbtuerung der Bewegung entsprechend eines  20
von siner ersten relativen Position zu aener zwei- vorbestimmten
Geschwindigkeltsprofils wah-       ten relativen Position, die von
derersten redativen rend eines ersten Tells der genannten relativen
Position um elnen vorbestimmten Abstand ent- Bewegung;
fernt ist, Pfadpositionierungsanzeigemarkierun- Messung elner relativen
Position innerhalb sines  gen am zweiten ObJekt; folgende Schritte umfas-
vorbestimmten Bereichs entiang des genannten   25  send: Pfads, der von der
genannten Zielmarilerung       Bestimmung derAnzahl dergenannten zu bewe-
durch sine zweit Mehrzahl genannter Markile-     genden Markierungen zur
Erzielung iner vorbe- rungen versetzt ist, wobel die genannte zwelte
stimmten relativen Bewegung des genannten Mehrzahl kielner lst ais die
genannte erste Mehr-  vorbestimmten Abstands; zahl, jedoch gr8Ser lst als
zwel;         30      wenn die genannte Zahl gr8Boer bt als eine erste
Umschaltung vom genannten vorbestimmten           Zahl, dann zunachst
relative Bewegung der ge- Geschwindlgkeitsprofil zu ainem vorbestimmten
nannten Objedte gemai eines vorbestimmten Positionsfehlerprofii zum
AbschlulB der relativen  Geschwindigkeitsprofils, bis emne relative Positi-
Bewegung des Arbeltsobjekts entlang des ge-       on errelcht ist, die
durch elne zweite Mehrzahl an nannten Pfads zur ieimarkierung durch Ober-
36   Markierungen von der genannten zwelten relati- querung der genannten
zweiten Mehrzahl an         ven Position angezeigt wird, anschlilelend
Ande- Marklerungen bel der Messung der genanntbn        rung der Steuerung
der Bewegung zu einem er- relativen Position; und
sten vorbestimmten Positlonierungssteuerprofil, Halteverriegelung des
ArbeitsobJekts und des Ar-  das in elner Halteverriegeiungssteuerung an der
beitselements an der Zielmarkierung unter Ver-  40  genannten zweiten
relativen Position endet, wo- wendung sines vorbestimmten Positionsrefe-
bei die genanntb zweite Mehrzahl kIeiner Ist als renzsignals.
die genannte erste Zahl, aber grOlger ist als zwei; und 12. Ein Verfahren
gemalAnspruch 11, weiterhin fol-   wenn die genanntb Zahl ideiner ist ale
die go- gende Schritte umfassend:                 45      nannte erste
Zahl, dann relative Bewegung der Messung des genannten vorbestimmten Go-
genannten ObJekte unter Verwendung elnes schwindigkeitsprofils und des
genannten vorbe-    zweiten vorbestimmten Positionierungssteuer- stimmten
Positionlerungsfehlerprofils Im ge-      profils einschileBlich elner
negativen Steigung nannten MeBechritt; und, wenn die Profile elne
bezflglich des genannten ersten vorbestimmten identische Bewegung des
Arbeitsobjekts anzei-  56  Positlonlerungssteuerprofils, und AbschluB an
gen, Umschaltung Im genannten Schaitschritt       der genannten
Halteverriegelungesteuerung. vom vorbestlmmbtn Geschwindlgkeitsprofil des
Arbeitsobjelts entlang des genannten Pfads zum vorbestimmten
Positionierungsfehlerprofil.  Revendlcatlons 55 I1. Emn Verfahren gemaB
Anspruch 11, bel dem das  1. Systeme d'asserviesement de position compor-
ArbeitsobJekt an einem beweglichen Trager an-     tant un dispositif
d'actionnement (46) monte de gebracht let, wobel das Objekt bezfglich des
be-  fagon mobile surun support et portant un objet en    31
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cours de travail (45) A positionner our un trajet  n'est pas A plus dudit
nombre pr6d6tormin6 din- pr6determin6 par rapport A un 61ement de travail
dices dudit second indice cible. (30) et btant dIspos6 en relation
op6rationnelle par rapport A 1'616mont de travail (30), 1'616ment  2.
Systeme d'asservissement de position salon la de travail (30) comportant
une pluralit6 d'indioes   5  revendicatlon 1, dana loquel Indicateurs de
position espac6s le long dudit tra-     losdits circuits d'asservissement
de posi- Jet pred6tsrmin6 et 6tant sensibles A l'obJet en  tion ot de
vitesse appliquent respectivement des cours de travall de toile sorto quo
l'obJet en cours  signaux de commando asservie au dispositif de travail
(45) applique une indication de position  d'actionnement pour le commander,
et locale de la relation de position entre l'obJet en   10  ledit moyen de
commutation, incluant un cours de travail (45) et tout Indico gen6ralement
moyen de comparalson de signaux coupl6s de A d6tecter, un moyen d'erreur de
position (79)    manlbre operationnelle auxdits circuits d'asser- 6tant
connect6 de manibre operatlonnelle a l'ob-  vissoment de position et de
vitesse pour recevoir jet en cours de travail (45) pour recevoir laditb in-
separ6ment les signaux respectifs de commando dication et pour appliquer un
signal d'erreur de   15  d'asservissement et pour comparer les amplitu-
position Indicatbur d'une position de 'objet en   des desdits signaux de
commando d'asservlsse- cours de travail par rapport A un Indice cible, le
ment, lorsque lea amplitudes attoignent une rela- systeme comprenant un
circuit d'asservissement    tion d'amplitude pr6d6tormin6e, puls ledit
moyen de vitesse (106) connect6 de manire operation-   de comparaison
actionne la commando de nelle au moyen d'erreur de position et au dispo-
20  commutation du moyen de commutation A partir sitif d'actlonnement (46)
pour commander l'ac-    du circuit d'asservissemont de vitesse poru posi-
tionnement af In de d6placer l'objet on cours de  tionner le circuit
d'asservissement si l'objet en travail vers un indice cible; caract6ris6
par     cours de travail (45) n'est pas A plus dudit nombre un circuit
d'asservbasement de position      prdd6termin6 d'lndioes dudit indloe
pr6dtebrmi- (105) connecti de maniere op6ratlonnelle audit  25  nM. moyen
d'erreur (79) et au dispositif d'actionne- ment (46) pour commander le
dispositif d'actlon-  3. Systeme d'asservissement de position solon la
nement (46) afin de maintenir ledit objet en cours  revendication 2, dans
lequel ledit moyen de de travail (45) dana une relation pr6dtebrmin6e
commutation comport. en outre un moyen de par rapport A un indlce
couramment A detectbr  3o  proximiti coupl6 de maniere operatlonnelle audit
par l'objet en cours de travail (45) et lors de la  moyen d'erreur de
position pour recoevoir ledit si- commando pour d6placer l'objet en cours
de tra-   gnal d'erreur de position et 6tant sensible A celul- vail (45) le
long dudit trajet pr6d6termine vers un  cl pour Indiquer quo la position
relative de l'objet premier indlce cible a l'Intirieur d'un nombre pr6-  en
cours de travail (45) par rapport audit second d6htrmin6 d'indlcos A partir
de l'indlce en cours;  35  indice cible approche dudit nombre pr6d6btrmin6
le circuit d'asservibsement de vitosse      d'lndices A partirdudit second
Indice cible et pour (106) 6tant connect6 de manlbre op6ratlonnelle
actionner lWdit moyen de comparalson afin de au moyen d'erreur de position
et au dispositif    commencer A comparer lesdits signaux de d'actionnement
(46) pour commander Is disposi-    commando d'asservissoment; et tif
d'actionnement (46) pour d6placer l'objet en   40   ledit moyon de
comparaison comports des cours de travail (45) d'un certain nombre d'indl-
moyens d'inhibition pour empicher la comparal- ces depuls l'indice courant
sup6rieur audit nom-  son des signaux de commando d'asservissement bre
pr6ddtermin6 d'lndices le long dudittrajet pr6-  Jusqu'A ce quo ledit moyen
de proximit actionne ddtermin6 vers un second Indice cible; et
ledKt moyen de comparaison. un moyen de commutation (107) interpose  45 de
maniere opbrationnelle entre lesdits circuits  4. Systbme d'asserviasement
de position solon d'asservissement et ledit dispositif d'actionne-  I'une
quelconque des revendications prec6den- ment (46) pour permettre au circuit
d'asservisse-  tea comportant on outre ment de vitesse (106) de commander
le disposl-         un moyon de commando coupIl6 audit tif d'actionnoment
(46) pour tous lea mouvo-  so  moyen de commutation pour appliquer une
ments de IobJet on cours de travail (45) sur des  commande de recherche A
celui-ci et auxdIts cir- Indices espac6s dudit second Indice cible plus
cuits d'asservissoment de position at de vitesse dudit nombre prdhtormin6
d'lndicos Is long du     pour appliquer une direction et un certain nombre
trajet pr6ddtermin6 et pour commuter la           d'indless A traverser
pour atteindre l'un desdits commando du dispositif d'actionnement (46) A
55  Indices cibles; et partir du circuit d'asservissement do vitesse
un moyen de seloction do mode dana le (108) vers le circuit (105)
d'asservissernnt de   moyen do commando sensible A un certain nom- position
lorsque l'objet on cours de travail (45)  bra d'indlcos A traverser durant
une recherche In- 17    33                 EP 0 387 224 B1
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ferieur audit nombre pr6d6tbrmin6 d'actionne-     commutatIon du dispositif
dactlonnemont a par- ment du moyen de commutation pour connector       tir
du circuit d'asservissement de vitosse vers le le circuit d'asservissement
de position au dispo-  circuit d'assrvissement de position pour inver-
sitif d'actionnemont et d6connectbr l circuit d'as-  ser de maniore
synchrone la polarite du signal do servissoment de vitosse du dispositif
d'actlonne-   5  position localo diff6rentl6 par rapport aux croise- ment
et 6tant en outre sonsible au nombro dOin-   ments d'indicos afin de
maintonir un petit signal dices a traverser sup6rieur audit nombro pr6de-
d'orrour comme ledit signal de commando d'as- tbrmin6 d'indicos pour
actionner le moyon de      servisoment entre le circuit d'asservissement
commutation afin de connector initialement le cir-  de position et le
dispositif d'actionnoment au cuit d'asservissement de vitbsse au dispositif
lo  cours des operations de commando du circuit d'actionnement et permottre
au moyon de           d'asservissement de position. commutation de commuter
la commando du cir- cuit d'asservissement de position a partir du cir-  6.
Systbme d'assorvissomont de position solon la cult d'asservissoment de
vitcsse lorsque l'objet  revendication I ou 5, dans lquol ledit moyen en
cours de travail nWost pas a plus dudit nombre  15  denrreur de position
comporte: pr6d6termin6 d'Indices dudit indlco cible.             un
comptour decomptour ayant un conto- nu de comptbs repr6sontatif d'un nombro
d'indi- 5. Systome d'asservissement de position solon la     ces A
traverser pourattoindrel'un desdits indices revendication 1, daen loquel en
outre             cibles connect6s de manibre operationnollo a lodit
circuit d'assorvissement de position   20  I'objet on cours do travail pour
rocovoir laditb in- comports:
dication de position locate sensible a ladit Indi- un circuit additionneur
de signaux analogi-  cation de position locale pour d6comptr lorsque ques
pour appiiquer un signal de commando        l'objet on coure do traval
passo sur leeindices en d'assorvissement pour commander le disposatif
so dirigeant vers i'un dosdits indices cibles et g6- d'actionnement et
ayant des premiero et seconde   25  n6rant un comptb Indiquant l'errour do
position do ontrees;                                         I'objet en
cours de travail par rapport aux Indices Ie circuit d'asservissomont de
position      cibles. 6tant connocte audit objet en cours de travail pour
recovoir ladito indication de position locale;  7. Systome d'asservissement
de position solon la un circuit differontiateur de signaux race-  9o
revendication 1, comportant en outre, en combi- vant ladite indication de
position localo pour la  nalson: diffirontler afin d'appliquer uno
Indication de po-    lodit circuit d'asservissement de position siton
locale diff6rentl6e;                        comportant un moyon d'inverslon
de la polarit6 de si-        un moyen de commando pour commander gnaux
reliant electriquement le circuit de diff6-  35  le fonctionnemont du
circuit d'asservissement do rentiation audit circuit additionneur pour
transfi-  position, pour conduire le circuit d'assorvisse- rer l'indicatlon
de position locale diff6renti60 a  ment de position a d6placer lobjet on
cours de une entree du circuit additionneur;              travail on
s'6bobgnant d'un Indico courant en sp- un moyen de potentlel do r6ference
pliquant un signal de ramp. commencant a un po- connoct6 a la seconds
entrhe dudit circuit addi-  4o  tontiel do r6f6ronce qul repr6sente une
condition tionneur logique pour appliquer un signal de r6-  deverroulllage
d'arretsurun Indico positionne de f6renco de vorrouillago d'arret audit
circuit addi-  maniere courantb ot augmontant l'amplitude ro- tionneur pour
maintonir l'objet en cours de travail  pr6sentative d'une distance entro
I'indico courant dans uno condition do vorroulliago d'arret sur lun  ot un
Indice ciblo ot remettant la rampe A un po- desdits indices;
45      tontlel de r6f6rence lore de l'atteint de l'indice ci- un moyen de
commando de mouvement            ble, et comportant on outre un moyon pour
appli- de plete pour appliquer un signal de commando     quer un signal de
ramp. en r6ponso au moyen de d'asservissemont de position audit additonneur
commutation commengant A une amplitude analogique afin de remplacerle
signal de r6feron-  maximum et diminuant vers ledit potontill de re- co de
position lorsque le circuit d'asservissemont  5o  f6rence. de position
d6place l'obJet en cours de travail a l'inteireur dudit nombro prid6termin6
d'indlcos;  8. Systeme d'assorvissemont de position solon la et
revondication 1, comportant en outre, en combi- lodit moyen do commando
comportb on          nalson: outre une connexion audit circuit
d'asservisso-  55    un apparell d'enregistroment de donn6es mont do
position pour actionnor lodit moyen do    comportant lodit systome
d'asservissement et commando de mouvemontde pistetledit moyen
comporiant un transductour mobile en tant quo d'Inversion de polarit6 lors
de la commando de   ledit objet en cours de travail, un support d'enre- 18
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* C   L   M   S * gistroment en tant qu'6l6ment d'obJet en cours de  de
travail le long d'un trajet sur un el6ment de tra- travail; et
vail dans loquel le traJet a une pluralite de mar- une pluralite de plates
d'enregistroment  .    ques d'emplacements espacas sensibles; espac6es aur
le support d'enregistrement , cha-          comportant les 6tapes
suivantbs: quo plato 6tant l'un desdits indices de position.    5
dteoctlon de la position relative dudit objet en cours de travail lo long
dudit trajet; >..-    9. Systemo d'asservissement de position solon la
d6placoment relatif de l'objet on cours de revendlcation 1 ou 8, comportant
en outre          travail Is long dudittrajetdopuis ladits position re- un
cadre dans I'apparell d'enregistrement;   lative d~tectes vers une position
relative cible de ledit support d'enregistroment etant un   io  toile sorto
quo les positIons relatives dhtect6o et disque monte pour tourner sur Is
cadre;            cible sont s6parees Is long dudit trajet par une ledit
support 6tant un chariotde toe monte    premiere plurallte desdites
marques; de maniere a se deplacer sur le cadre pour des           au cours
d'une premibre partle dudit mou- mouvements de va et vient le long d'un
rayon du    vement relatif commandant Is deplacement disque;
1S      conformement A un profil de vitesse predetormi- ledit dispositif
d'actlonnement et le trans-  n6; ductbur6tantmont6ssurleditcharlotdetebavec
d6tection d'un emplacement relatif dans le transductbur monte sur le
chariot de tote pour  une plage pr6d6terminee Is long dudit trajet d6- dos
mouvements radlaux par rapport au disque;      place par rapport A la
marque cible par une se- et                                         20
condo pluralite desdites marques, ladito seconds un moyen pour d6placsr
radialement Is         plurale6 etant lnf6rieure A ladits premlere
pluralite chariot de tote par rapport au disque et un moyen  mals
superieure A deux; pour commander de manlire relative le dispositif
lors de la ddtection dudit emplacement re- d'acthonnement et le moyen de
deplacement pour     latif de la plage, commutation entre ledit profil de
le chariot, de tile sorts quo le transducteur et le  25  vitesse
pr6d6btrmine ot un profil d'errour de po- chariot puissentetre dbplac6s
simultbnement par    sitlon pr6d61ermin6 pour mettre fin au deplace-
rapport au disque.                                 ment relatif de l'objet
on cours de travail le long dudit trajet vers la marque cible traversant
ladite 10. Systeme d'asservissement de position solon la     seconds
pluralite de marques; et revendlcation 9, comportant en outre       30
arret du verrouillage de Iobjet en cours de un  circuit d'asservissement
grossler        travail et de l'lment de travail A la marque cible connecte
audit moyen de deplacement pour           on utillant un signal de
ref6rence de position commander les d6placements du chariot de tote;
prd6termin6e. un d~tecteur de position relative sur Is chariot de totes
tconnectO de manlhreophratlon-   35  12. Procede solon la revendication 11
comportanten nelle au transductbur pour indlquer la position re-  outre les
etapes suivantes: lative du tranaducteur par rapport au chariot de
au cours de ladite 6tape de d6tectlon A la tote;
fois dudit profil de vitbsse predtebrmine et dudit ledit asservissement
grossler etant           profil d'erreur de position pred6termin6o et lors-
connecte au d6tectour de position relative pour  40  quo les profis
indiquent un deplacoment Identi- recevoir le signal en provenance de
celui-cl afin  quo de l'objet en cours de travail, alors dans la-
d'actionnerle moyen de deplacement pourd6pla-      dito etape de
commutation, commutation entre le cer le chariot de tote afin d'asservir le
transduc-  profil de vitesse pred6termine de i'objet en cours tour dans une
position de reference sur le chariot  de travail Is long dudit trajet, o Is
profil d'errour de tote; et                                4       de
position predtebrmines. une connexion electrique entre ledit dis- positif
d'actlonnement et ledit circuit d'asservis-  13. Procede solon la
revendlcation 11, dans loquel sement grossier pour regler Is fonctionnement
du   l'objdt en cours de travail est port6 our un chariot circuit
d'asservissoment grossler pour 'applica-   mobile, l'obJet pouvant so
deplacer d'une manie- tion de signaux directs en provenance dudit dis-  so
re relative par rapport au chariot mobile le long positif d'actionnement au
circuit d'asservisse-    dudit trajet et le chariot mobile pouvant se
depla- ment grossler pour deplacer le chariot de tote     cer aussi Is long
dudit trajet; plus rapidement lorsque le d~tectour de position
comportant en outre lesa 6tapes sulvantbs: relative Indique un deplacement
superieur A un           d~tection de Ia position relative de l'objet
deplacement relatif predtebrmine entre un trans-  ss  en cours de travail
par rapport A une position de ducteur et un chariot de tteo.
reference par rapport au chariot mobile et dbplacement on continu du
chariot mobile 11. Procede de positionnement d'un objet sn cours      pour
conduire l'objt en cours de travail A Otre 19    



37                 EP 0 387 224 B1                 38    I!HII IICI    N11
S11 plus pres possible do ladito position de r6ference sur la chariot
mobile, y comnpris tous dhplace- ments tout en utilisant l'un ou i'autre
des profile de vitese ou d'erreur do position. 5 14. Dans un proc6da de
deplacoment relatif d'un pro- mier et d'un second objets la long d'un
trajet prA- d6termine de depiacement relatif entre une pre- mibre position
relative et une seconds position relative depiac6 A partir la premiere
position re-  1o lative d'une distance pr6dtermrinee, en passant par des
marques Indicatrices de position sur le second objet, comportant les etapes
sulvantes: deermninatlon du nornbre desdites mar-  15 ques t deplacer pour
obtonir un d6placement re- latif pr6d6termin6 de ladite distance
pr6d6termi- n~s; si ledit nombre eat superieur A un premier nombre, alors
tout d'abord d6placement relatif  20 desdits objets en fonctlon d'un profil
de vitesse prdd6termln6 jusqu'A ce qu'une position relative Indiquee par
une seconds pluralfte de marques A partir de laditb seconds position
relative solt at- tbints, puis changement de la commando du de-  25
placement vers un premier profil de commando de positlonnement pr6d6termln6
qul so trmine dane une commando A verrouillage d'arret dans ladite seconds
position relative, ladite seconde pluralito 6tant inf6rieure audit premier
nombre  3o mals sup6rieure A deux; et s8 ledit nombre est Inferieur audit
premier nombre, alors deplacement relatif desdits objets on utilisant un
second profil de commando de po- sitionnement pr6dhtermin6 incluant une
pente  3S nigative par rapport audit premier profli de commando de
positionnement predetermine et se terminant A ladite commands A
verrouillage d'arrlt. 40 45 60 55 20    


