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SﬁECIFICATICN TI TLE OF THE | NVENTI ON THREE- DI MENSI ONAL
MEASURI NG APPARATUS AND THREE- DI MENSI ONAL MEASURI NG METHOD BACKGRBUNE ¢,
. OF. THE | NVENTI ON The present invention relates to a three-

di mensi onal neasuring apparatus, as well as a three- dinensional neasuring
met hod, for neasuring the height of projections and depressions on the
surface of an object to be neasured. The object is exenplified by a
circuit board, and the height of electronic conponents nounted on the’
circuit board is neasured by the three-diqfnsional measuri ng apparatus and
t he three-di nensi onal neasuring nethod.” - There have been

proposed various three- dinensio BERT | appar atuses for measuring
t he height of projections and depr2§%$ons %%fﬂﬁ% surface of an object

TITLE OF THE INVENTION

THREE-DIMENSIONAL MEASURING APPARATUS AND THREE-

DIMENSIONAL MEASURING METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a three-
dimensional measuring apparatus, as well as a three-
dimensional measuring method, for measuring the height of
projectioné and depressions on the surface of an object to
be measured. The object is exemplified by a circuit board,
and the height of electronic components mounted on the
circuit board 1is measured by the three-dimensional
measuring apparatus and the three-dimensional measuring
method.

There have been proposed various three-
dimensional measuring apparatuses for measuring the height
of projections and depressions on the surface of an object
to be measured. Among them is a three-dimensional
measuring apparatus in which the objeét is scanned with a.
laser beam and the resulting reflected light is received by
a PSD (photo-receiving Position Sensitive Detector) or the
like, by which a light-spot position that is a position on
the PSD or the like of a light spot focused on the PSD or

the like is detected to determine the heights by the



to be neasured. Anong them is a three-dinensional neasuring
apparatus in which the object is scanned with a |aser beam and the
resulting reflected light is received by a PSD (photo-receiving Position
Sensitive Detector) or the like, by which a light-spot position that is a

position on the PSD or the like of a light spot focused on the PSD or . the
like is detected to determ ne the heights by the

-2- principle of triangulation. Her ei nbel ow, a conventi ona
t hr ee- di nensi onal neasuring apparatus as_disclosed in, for exanple,
Japanese Lai d-Open Patent Publication NoZ 5-312536 i s described with

reference to the_acc yi.n raw_ngs, Fig. 7 is a block
di agram showpﬁ&nﬁi ggpg%%s U thtQ§ * the conventional

three-di mensional  nmeasyd,ng ;yuRakAL ug %nvention?l t'?ﬁfé;é-r b d s S 7

reference nuneral 1 denotes a phot'o-transmitting | aser; enotes a
photo-transm {ddR@iring apparatus as disclosed in, for example, Japanese

Laid-Open Patent Publication No. 5-312536 is described with
reference to the accompanying drawings.

Fig. 7 1is a Dblock diagram showing the
constitution of the conventional three-dimensional
measuring apparatus 30.

Referring to Fig. 7, reference numeral 1 denotes
a photo-tra:nsmitting laser; 2 denotes a photo-transmitting
condenser lens; 3 denotes a polygon mirror; 4 denotes a
drive motor for rotating the polygon mirror 3 in the
direction of an arrow I; 5 denotes a motor controller which
transmits a control signal for performing operational
control of the drive motor 4; 6 denotes a current driver
for feeding current to the drive motor 4 in compliance with
the control signal transmitted by the motor controller 5;
7 denotes an object to be measured; 9 denotes an oscillator
for generating a pulse signal; 10 denotes a photb-receiving
condenser lens for condensing a laser beam reflected on the
surface of  the measuring 7; 11 denotes a PSD (photo-
receiving Position Sensitive Detector) for detecting a
light -spot position of the laser beam condensed and focused
by the condenser lens; 12 denotes an A/D (analog-to-

digital) converter for converting an output signal of the



condenser lens; 3 denotes a polygon mirror; 4 denotes a drive notor for
rotating the polygon mrror 3 in the direction of an arrowl; 5 denotes a
notor controller which transmts a control signal for performng
operational control of the drive notor 4; 6 denotes a current driver for
feeding current to the drive notor 4 in conpliance with the control signa
transmtted by the notor controller 5; 7 denotes an object to be neasured;
9 denotes an oscillator for generating a pulse signal; 10 denotes a -

phot o-receiving condenser |ens for condggsjng a | aser beamreflected on
the surface of the neasuring 7; 11 denot®s a PSD (photo- receiving
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| aser beam con condenser an A/D

(anal og-to- i gitpl )k GORVALERM By GAeLkla1aR0uUt Ut 5 gaRhdted Ng

-3- PSD 11 fromanalog to digital”form based on the pulse signal

transmtted yodher Ds§i haitor fr 1O ®ing calculation of height
information based on an output signal of the A/D converter
12; 15 denotes a transfer tablé for resting thereon the
object 7; and 16 denotes a pulse motor for transferring the
transfer table in the Y direction; and 25 denotes a
controller for controlling the driving of the pulse motoxr
16.

With reference to the conventional three-
dimensional measuring apparatus 30 comprising the
components as described above, the relationships among
those components and their operation are described below.

First in the photo-transmitting system, a laser
beam emitted from the photo-transmitting laser 1 passes
through the photo-transmitting condenser lens 2, being
applied to the polyéon.mirror 3. A motor current generated
from the current driver 6 in compliance with the control
signal transmitted by the motor controller 5 is fed to the
motor 4, by which the motor 4, or the polygon mirror 3, is
rotated at a constant speed in the direction of the arrow
'I. Accordingly, as the polygon mirror 3 rotates at the
constant speed in the direction of the arrow I, the laser
beam 20 reflected by the polygon mirror 3 and applied onto

a surface 7a of the object 7 scans on the surface 7a of the



conputing unit for performng cal cul ation of height infornmation based on
an out put signal of the A/ID converter 12; 15 denotes a transfer table for
resting thereon the object 7; and 16 denotes a pul se notor for
transferring the transfer table in the Y direction; and 25 denotes a
controller for controlling the driving of the pulse notor 16.

Wth reference to the conventional three- dinensional neasuring
apparatus 30 conprising the conponents as described above, the

rel ati onshi ps anong those conponents and their operation are described
bel ow. First in the photo-tréﬁ%nﬁtting system a |aser beam

emtted fromthe nhato-tran t] ase Ses. ough th

phot o-trans m‘i‘%encgc S%na en%ec?ﬂée%ééﬂg,é ee?élgiln app? [ eldr%%glfgﬁrg ?)%I %réo%rﬁﬂ’r or
3. Anotor c e ener «fro : drgqv 6 i | ian W th
the control Lfsfl gﬁ%?ﬂt %an%n‘iﬁi' ?%leﬁdé bgt%ﬁg %&[S é’?qgg_ntjrlol %rafs%cgaql'gg'd{ “flogit%ﬁe
motor 4, by Wigh ide 7Denetald’y bN8nBotHER diFdHich alsSshbwhaigdtak a
constant speéd in the direction of theTarrow |. Accordingly, as the

pol ygon mirrfigurfe®sates at the constant speed in the direction of the

arrow |, the laser beam 20 reflected by the polygon mrror 3 and applied
onto a surface 7a of the adiEciorn, swlahke orh¢ hsusfadacea 7af ofhée hebject

7 is scanned with a laser beam, the object 7 is transferred
at a constant speed in the Y direction by the motor 16
under the control of the controller 25. Therefore, the
scanning on the surface 7a with the laser beam is effected
actually not in full parallelism with the X direction but
in a slight inclination with respect to the X direction, as
shown in Fig. 10.

Next, in the photo-receiving system, a laserx
reflected beam 23 reflected by the surface 7a of the object
7 is focused on the PSD 11 by the photo-receiving conden_sex_'
lens 10. In addition, the light-spot position on the PSD
11 will move responsive to the projections and depressions
of the surface 7a of the object 7, as shown in Fig. 9.
Therefore, detecting the amount M of move on the PSD 11
allows the amount H of projections and depressions to be
determined by the principle of triangulation.

In the photo-receiving position detecting system,
outputs proportional to the position and light-quantity of
a light spot focused on the PSD 11 are transmitted from

output terminals 1lla, 1lb of the PSD 11 to the A/D
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object 7 at a constant speed in the direction of an arrow

| froma

scanning start position 21 to a scanning end position 22 generally al ong
the X direction as shown in the figure. I n addition,

surface 7a of the object

transferred at a constant speed in the Y direction by the notor
the control of the controller 25. Therefore, the scanning on the surface
7a with the |laser beamis effected actually not in full parallelismwth
the X direction but in a slight inclination with respect to the X

direction, as shown in Fig. 10.
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object 7, as fa0WE i fhdi Bulfe signal transmitted by the oscillator 9,

and transmits digital values A, B to the computing unit 13.

The computing unit 13 is also fed with the pulse signal

transmitted by the oscillator 9. The computing unit 13

performs operations based on a calculation equation,

A/ (A+B), with respect to the digital values A,

B,

outputs the operation results as height information.

P =

and

In the conventional three-dimensional measuring

apparatus 30 as described above, the photo-transmitting

system is often implemented by a system, for high-speed

scanning, in which the polygon mirror 3 is rotated by the
motor 4, or by a system, for low-speed scanning, in which
the table with the object 7 placed thereon is moved by a
pulse motor or servo motor. In these éystems, in order to
maintain each motor at a constant rotational speed, the
motor current to be fed to the motors is frequently turned
on and off. Meanwhile, since electrical noise would be
generated at the turn-on and -off of the motor current, the
electrical noise would have influence on the light-spot
position detecting circuit, making an obstacle to
improvement in the measuring accuracy of height information
as a disadvantage. This is explained in more detail below

with reference to Fig. 8.



Therefore, detecting the anount M of nove on the PSD 11 allows the anount
H of projections and depressions to be determ ned by the principle of
triangul ati on. In the photo-receiving position detecting system
outputs proportional to the position and light-quantity of a |ight spot
focused on the PSD 11 are transmtted from output termnals 1l1la, 11b of
the PSD 11 to the A/D -5-  converter
12. The A/D converter 12 converts the output values of the PSD 11 from
analog to digital formby making use of the pulse signal transmtted by
the oscillator 9, and transmits digital "vlldes A B to the conputi ng unit
13. The conputing un|t

d
by the oscillator 9. %Eh%g!{f% fed'r%l u%n‘}eggc?f Jfﬁ% ?JgFgFﬁs i tt'gn a
cal cul ation quﬁE'Bﬁtgﬁt ofVelfa Bap ‘%frb%] é%n t?o%QQ dh%%%%or%ﬁlgﬁs £

B, and outputs the operation results as orma In

t he conventi onghjiERr ge- Hbﬂgéséﬁgﬁéln?fsig'ﬁﬁbsent in a waveform as shown
in Fig. 8B. The motor controller 5, on the other hand,
transmits a control signal 43 as shown in Fig. 8A. In
addition, the motor current is fed to the motor-4 from the
current driver 6 in response to the control signal 43.
Therefore, the electrical noise is generated at times t1,
t3 and the like, which are rising and falling edge times of
the motor'}current, causing the noise signal 41 to be
generated in the output.signal of the PSD 11. Accordingly,
in the A/D converter 12, as shown by the time t2 in Figs.
8B and 8C, if the sampling of the output signal of the PSD
11 performed at the rise of a pulse signal 44 (see Fig. 2B)
fed from the oscillator 9 is effected within a time period
for which the noise signal 41 remains generated, then the
noise signal 41 would be sampled such that noise
information 45 would be created in the height information
outputted from the computing unit 13. At time t3, however,
since the falling edge of the control signal 43, i.e. the
falling edge of the motor current, and the rising edge of
the pulse signal 44 of the oscillator 9, which is the
sampling timing of the output signal of the PSD 11, are '
coincident with each other, the noise signal 41 is not

sampled so that the height information would undergo no



apparatus 30 as descri bed above, the photo-transmtting systemis oft
I npl emented by a system for high-speed scanning, in which the pol ygon
mrror 3is rotated by the notor 4, or by a system for | ow speed

scanni

ng, in which

en

the table with the object 7 placed thereon is noved by

a pulse notor or servo notor. In these systens, in order to nmnaintain each
at a constant rotational speed, the nptor current to be fed to the

notors is frequently turned on and off. Meanwhile, since electrical
be generated at the turn-on and -off of the notor current, the

not or

woul d

el ectrical noise would have influence oh the |ight-spot
circuit,

hei ght

below wth rgfer e to Fig. - 6-
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becomes a nopmel uedel B4 idte the accuracy of height information

outputted by the computing unit 13.
SUMMARY OF THE INVENTION

An object of the present invention is therefore
to provide a three-dimensional measuring apparatus and a
three-dimensional measuring method which are capable of
measuring height information with high accuracy.

In accomplishing these and other aspects,

according to a first aspect of the present invention, there

-is provided a three-dimensional measuring apparatus

comprising: an optical beam scanning unit for scanning a
projected-and-depressed surface of an object to be
measured, with an optical beam while controlling scanning
operation; and a detector unit for receiving a reflected
optical beam reflected by the projected-and-depressed
surface through the scanning operation, thereby obtaining
height information about projections and depressions of the
object, and transmitting the height information from the
detector unit, excluding noise information due to noise
generated during the control of the scanning opefation.with
the optical beam in the optical beam scanning unit.
According to a second aspect of the present

invention, there is provided a three-dimensional measuring

noi se

posi tion detecting
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whi ch no noise signal 41 is present in a waveformas shown in Fig. 8B

The notor controller 5 on the other hand, transmts a control signal 43
as shown in Fig. 8A In addition, the notor current is fed to the notor
4 fromthe current driver 6 in response to the control signal 43.
Therefore, the electrical noise is generated at tines t1, t3 and the liKke,
which are rising and falling edge tines of the notor current, causing the
noi se signal 41 to be generated in the output signal of the PSD 11.
Accordingly, 1in the A/AD converter 12, as shown by the tine t2 in Figs. 8B

and 8C, if the sanpling of the output §i§né| of the PSD 11 perforned at
the rise of a

uls% signal 44 (see Fig. gB% 1f d_fromthe, oscillat 91is
effect ed wi t APESESEIFe OGN, o CRELHRLNEREY SGRHIIS PBME Hor
fed. t e | ] .
?ﬁ?g;?ratei on %gg\/\n%gﬁg %gb%rsg\g%‘ggai %é(t}he #e?%%%d?né or%g? is%f\m%trjbt%&étkge}e? rom
the conputingeUnpbabdred, 'WABL! 3anNQYVRIal Htf WIR 1A |d'di‘&r‘%ﬂgﬁ.r@¥] the
control signal 43, i.e. the falling edge of the notor current, and the

rising edge gkanbieigpubpersicdenl; 44 odetéder@®sCiudial Orfk Widdiving hey
sanpling timng of the output signal of the PSD 11, are coincident with
each ot her, tk€leatse soghatalll beamatef baampdddbyo that pivded dudegivand-

i nformati on woul d undergo no

depressed surface through the scanning operation and
thereby obtaining height information about projections and
depressions of the object; and an information-transmission
adjusting unit for transmitting the height information from
the detector unit, excluding noise information due to noise
generated during the control of the scanning operation with
the optical beam in the optical beam scanning unit.

According to a third aspect of the present
invention, there is provided a three-dimensional meaéuring
apparatus according to the second aspect, wherein the
information-transmission adjusting unit is a synchronizing
unit for synchronizing a noise-generation timing at which
the noise is generated during the control of the scanning
operation and a sampling timing of the height information
in the detector unit with each other.

According to a fourth aspect of the present
invention, there is provided a three-dimensional measuring
apparatus according to the third aspect, further comprising
an oscillator for generating a pulse signal which is fed to

the detector unit to determine the sampling timing, the



-7- adverse effects. As seen above, electrical noise due to the turn-on
and -off of the notor current fed to the nmotor 4 would deteriorate the
accuracy of height information outputted by the conputing unit 13.

SUMVARY OF THE | NVENTI ON An object of the present invention is
therefore to provide a three-di nensional neasuring apparatus and a

t hr ee-di nensi onal neasuring nmet hod which are capabl e of neasuring hei ght

i nformati on with high accuracy. I n acconplishing these and ot her
aspects, according to a first aspect of the present invention, there is
provided a three-dinensional neasuﬂﬁm? “apparatus conprising: an
optical beam scanni

opt1 oo DA SPRIT I kR LAYS LSRR ol SR SR AU 2o
oo 2% TP AARE bt ot () poreich oo petigctss aiti oo
optical beam emitted £rom the optical-beam generating
source; a reflecting-surface drive unit for moving the
reflecting surface so that an angle of reflection of the
optical beam with respect to the reflecting surface is
changed so as to allow the projected-and-depressed surface
to be scanned with the laser beam; and a drive control
signal generating unit for transﬁitting a drive control
signal to the reflecting-surface drive unit in compliance
with the control of the scanning operation to accomplish
the control of the scanning operation with the optical beam
by controlling the drive of the reflecting surface, wherein
the pulse signal transmitted by the oscillator is fed to
the synchronizing unit, and the synchronizing unit makes
the drive control signal transmitted from the drive control
signal generating unit in synchronization with the £fed
pulse signal.

According to a fifth aspect of the present
invention, there is provided a three-dimensional measuring
apparatus according to the second aépect, wherein the
information-transmission adjusting unit is an invalidating
unit for invalidating the height information £for the
detector unit during noise-generation periods in which the

noise is generated during the control of the scanning



surface through the scanning operation, thereby obtaining height
I nformati on about projections and depressions of the object, and
transmtting the height information fromthe detector unit, excluding
noi se information due to noise generated during the control of the
scanni ng operation with the optical beamin the optical beam scanning
unit. According to a second aspect of the present invention,
there is provided a three-di nensional neasuring appar atus
conprising: an optical beam scanning unit for scanning a
proj ect ed- and- depressed surface of an GbPch to be neasured, with an
opti cal bean1mhi|q%controllinq) scanni.ng operation; a detector unit for
I

receiving a PRy Hbttrl'é% Bl é:f tséchWrﬁeuerr ] ect ed- and-
depressed surface through.thes C§ar%i ng opera i Q) t rEH¥ E?}g%gﬁgg
lons of the object;

hei ght information about projections an epres ns « _ and an
i nformati on- rARsE 66k Ot hdl U bRGveBEl hofnié@Dathihsfonilendeighing

i nformation from

apparatus according to any one of the second to fifth
aspects, further comprising a transfer unit for
transferring the object in a direction perpendicular to a
direction of scanning with the optical beam only when the
scanning with an optical beam by the optical beam scanning
unit is out of operation, so that an area of scanning is
changed.

According to a seventh aspect of the present
invention, there is provided a three-dimensional measuring
method comprising: scanning a projected-and-depressed
surface of an object to be measured, with an optical beam
while controlling scanning operation; receiving a reflected
optical beam reflected by the projected-and-depressed
surface through the scanning operation; thereby obtaining
height information about projections and depressions of the
object; and transmitting the height information excluding
noise information due to noise generated during the control
of the scanning operation with the optical beam.

According to an eighth aspect of the present
invention, there is provided a three-dimensional measuring
method according to the seventh aspect, wherein in the

transmission of the height information excluding the noise



t e detector unit, excluding noise information due to noise generated
during the control of the scanning operation with the optical beamin the
optical beam scanning unit. According to a third aspect of the
present invention, there is provided a three-dinensional neasuring
apparatus according to the second aspect, wherein the :

I nformati on-transm ssion adjusting unit is a synchronizing wunit for
synchroni zing a noi se-generation tinmng at which the noise is generated
during the control of the scanning operation and a sanpling timng of the
hei ght information in the detector unit WM each other.

A di t , | th t of.th f inyention, there is proyided a
Chr ee- di mensi GHAFOTRRELPThg® MBHEF29TRTRELPRI hYTHRS (R YRiTh LBpoBpise

i her omvr 64 Wenasacea: algs L0F SSHELEL B8 Bygkakial o0 tboalL ol
-9- optical bgadn sCain iHY { cSRTRE SR i HRUIGER - BA2BYymation are
synchronized with each other.

According to a ninth aspect of the present
invention, there is provided a three-dimensionallmeasuring
method according to the seventh aspect, wherein in the
transmission of the height information excluaing the noise
information, the height information is invalidated during
noise-genefation periods in which the noise is generated
during the control of the scanning operation.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and features of the
present invention will become clear from the following
description taken in conjunction with the preférred
embodiments thereof with reference to the accompanying
drawings, in which:

Fig. 1 1is a Dblock diagram showing the
constitution of a three-dimensional measuring apparatus
which is a first embodiment of the present invention;

Figs. 2A, 2B, 2C, 2D, and 2E are timing charts
for explaining the operation of the three-dimensional
measuring apparatus shown in Fig. 1;

Fig. 3 1is a block diagram showing the

constitution of a three-dimensional measuring apparatus



generating source; a reflecting surface for reflecting an optical beam
emtted fromthe optical -beam generating source; a reflecting-surface
drive unit for nmoving the reflecting surface so that an angle of
reflection of the optical beamw th respect to the reflecting surface is
changed so as to allow the projected-and-depressed surface to be scanned
with the | aser beam and a drive control signal generating unit for
transmtting a drive control signal to the reflecting-surface drive unit
in conpliance wth the control of the scanning operation to acconplish

the control of the scanning operation Wi th® the optical beam by controlling

he dri f fl i f . wWher ei h I s |t ' d
by the osci |1 4EoFD 5 BuSEBORHEREGREAFOR 2FnRBNPESSRRE LAY CByAERFoNI 21 ng
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signal generating unit 1rn~synchfonrzatirén wth the ul'se sl gna
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t hree- di nensi onal neasuring “apparatus according to the second aspect,
wherein the gpkhehBRbhaN- heaBaHif§ 8Ppadhtaki BHoWR inl Fign Bnvalidating
unit for invalidating the height rnformation for the detector unit during
noi se-generati on peri od¥Fign WE chighe a nobsecks ddrerrated showiggt hehe

control of the scanning
constitution of a three-dimensional measuring apparatus
which is a third embodiment of the present invention;

Fig. 6 1is a view showing the direction of -
scanning on an object to be measured in the three-
dimensional measuring apparatus shown in Fig. 5;

Fig. 7 1is a Dblock diagram showing the
constitution of a conventional three-dimensional measuring
apparatus;

Figs. 8A, 8B, 8C, and 8D are timing charts for
explaining the operation of the three-dimensional measuring
apparatus shown in Fig. 7;

Fig. 9 1is a view showing the principle for
obtaining height information from ©projections and
depressions of the surface of the object; and

Fig. 10 is a view showing the direction of
scanning on the object in the three-dimensional measuring
apparatus as shown in Fig. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the description of the present invention

proceeds, it is to be noted that like parts are designated



= 10 - operation in the optical beam scanning unit. Accor di ng
to a sixth aspect of the present invention, there is provided a

t hr ee-di nensi onal neasuring apparatus according to any one of the second
to fifth aspects, further conprising a transfer unit for
transferring the object in a direction perpendicular to a direction of
scanning with the optical beamonly when the scanning with an optical beam
by the optical beam scanning unit is out of operation, so that an area of
scanning is changed. According to a seventh aspect of the
present invention, there is provided a YHhree- di nensi onal measuring nethod

conprising: scanni,ng a _projected-and- ressed .surface of an object to be
ronsur od. wi BN a0 ERETEEER RAMTE LonEPGPLSI e ani? n ARG RS
receiving a gg%hggé@d optical beamreflected by the

pr oj ect ed- and-depréessed surface through the scanni ng operation; thereby

obt ai ni ng A three-dimensional measuring apparatus which is
a first embodiment of the present invention, as well as a
three-dimensional measuring method to be executed by the
three-dimensional measuring apparatus, are now described
below with reference to the accompanying drawings. It is
noted that like components are designated by like numerals
throughout the drawings and their description is omitted.
In the embodiments of the present invention, the
function of the optical beam scanning unit is fulfilled, as
an example, by the photo-transmitting laser 1, the photo-
transmitting condenser lens 2, the polygon mirrxor 3, the
drive motor 4, the motor controller 5, and the current
driver 6 as described above. Also in the embodiments of
the present invention, the function of the detector unit is
fulfilled, as an example, by the photo-receiving condenser
lens 10, the PSD 11, the A/D converter 12, and the
computing unit 13 as described above. |
The function of the information-transmission
adjusting unit is fulfilled, as an example, by a flip-flop
circuit 8, an invalidating unit 14, and a controller 17 in
later-described embodiments.
The function of the reflecting-surface drive unit

is fulfilled, as an example, by the drive motor 4 in the



hei ght informati on about projections and depressions of the object; and
transmtting the height information excluding noise information due to
noi se generated during the control of the scanning operation with the
optical beam According to an eighth aspect of the present

i nvention, there is provided a three-dinensional neasuring nethod
according to the seventh aspect, wherein in the transm ssion of the height
i nformati on excludi ng the noise i nformation, a

noi se-generation timng at which the noise is generated during the control
of the scanning operation and a sanpling?ining of the height information
are synchronized.wth_ e cording to a ninth aspect of

acg ﬁher. N ﬁc
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hei ght information excluding the norse in grnatlon, thé5 I'nformation
I's invalidatqgeﬂéféﬂgr is fulfilled, as an example, by the motor
controller 5 and the current driver 6 in the embodiments of
the present invention.

The function of the transfer controi unit is
fulfilled, as an example, by the pulse motor 16 and the
controller 17 in the embodiments of the present invention.

Noise will be generated by the motor current of
the drive éystem as described above. However, the first
embodiment 1is designed to obtain the synchronization
between the generation timing of the noise and the sampling
timing of the A/D converter 12, for adjustment of the
transmission of information so that the noise will not be
transmitted as the height information. As an example of
fulfilling the function of equipment that implements such
synchronization, a flip-flop circuit 8 is provided in this
embodiment as described below.

The three-dimensional measuring apparatus 100 in
this embodiment as shown in Fig. 1 differs from the
conventional three-dimensional measuring apparatus 30 as
shown in Fig. 7 in that a £flip-flop circuit 8 which
performs data latch operation responsive to a control
signal outputted from the motor controller 5 for

controlling the turning-on and -off timing of the motor



noi se-generation periods in which the noise is generated during the
control of the scanning operation. BRI EF DESCRI PTI ON OF THE DRAW NGS
These and ot her aspects and features of the present invention will becomne
clear fromthe following description taken in conjunction with the
preferred enbodinents thereof wth reference to the acconpanyi ng

drawi ngs, in which: Fig. 1 is a block diagram show ng the
constitution of a three-dinmensional neasuring apparatus which is a first
enbodi nent of the present invention; Figs. 2A, 2B, 2C, 2D, and 2E

are timng charts for explaining the opelétfon of the three dinensional
nmeasuri ng apparatus shown in Fi a blo

di agram show9WrreHe %nEFP?BgﬁénQﬁ ﬁh?hr‘é‘étﬁ’ilﬁerﬁslr%apfneﬁgﬁr|Th‘§t°r

appar at us i ch a n
eﬁgodinent of qqﬂ;§9¥%ﬁ§nslqg§eﬁpl he input side o% the curren%sdrlgggos?

The rest of the constitution is the same as that of the
conventional three-dimensional measuring apparatus 30. The
flip-flop circuit 8 is fed with a pulse signal transmitted
by the oscillator 9 as a clock signal. It is hoted that
the function of the drive control signal is fulfilled, as
an example, by the motor current transmitted by the current
driver 6.

The operation of the three-dimensional measuring
apparatus 100 having the aforementioned constitution is now
described below.

As shown in Fig. 2A, the motor controller 5
starts to transmit a control signal 43 to the flip-flop
circuit 8, for example, at time tl1 as in the prior art.
Since the flip-flop circuit 8 is fed with a pulse signal 44
transmitted by the oscillator 9 as a-clock signal, the
flip-flop circuit 8 operates in synchronism with the pulse
signal 44. Therefore, the flip-flop circuit 8 transmits
the control 'signal 43 to the current driver 6 in
synchronization with the pulse signal 44. Accordingly, the
current driver 6 starts to transmit a motor current 101 to
the motor 4, not from the time t1l when the motor controller
5 has started to transmit the control signal, but from time

t2 in synchronization with the pulse signal of the



Figs. 4A, 4B, 4C, 4D, 4E, 4F, and 4G are timng charts for explaining the
operation of the three- dinensional neasuring apparatus shown in Fig. 3;
Fig. 5is a block diagram showi ng the constitution of a three-di nensional
measuring apparatus which is a third enbodi nent of the present invention;
Fig. 6 is a view showng the direction of scanning on an object to be
nmeasured in the three- dinensional neasuring apparatus shown in Fig. 5;
Fig. 7 is a block diagram showi ng the constitution of a conventi onal

t hr ee- di nensi onal measuring apparatus; Figs. 8A, 8B, 8C, and 8D
are tinming charts for explaining the opé&fation of the three-di mensional

measuring appar s. sho in Fig. J7; _. Fig. 9 is a view show ng
t he princiMeé%?ﬁEi%ﬁﬁﬁj i Y S?ﬁﬁ%ﬂﬂﬂ F¥9or¥ation from projections and
depressions of the surf of 1t ohj X . Fi 1Q. ] Vi ew
showi ng the direction o}?}?q;s}%:eaﬁlr#%é giﬁ%%ﬁgtgg?]écgl?%lrf%grﬂ#r gg-edlglr%%g?%nal

measuring a If%EyN%anSEH&ﬂmonEi 2, & nd¥stladonaited Hechhtledtbe

PREFERRED ENMB Bef or e scri pt present
I nvention generated in the output of the PSD 11 over a specified time

period from a time point, for example t2, which is the
rising edge time of the motor current 101 as shoﬁn in Fig.
2D. In addition, the noise signal 41 depicted by dotted
line in Fig. 2D shows a case of the prior art.

Meanwhile, since the pulse signal 44 transmitted
by the oscillator 9 is also fed to the A/D converter 12 and
the computing unit 13, the timing at which the output
signal of the PSD 11 is sampled by the A/D converter 12 is
synchronized with_the pulse signal 44. Therefore, whereas -
the noise signal 102 begins to be generated in the output
of the PSD 11 at time t2 as described above, the A/D
converter 12 samples the output signal of the PSD 11 at the
time t2, so that the noise signal 102 will never have any
influence as height information. Also, as shown in Figs.
2A, 2C, 2D, the sampling of the output signal of the PSD 11
is effected even at a falling edge of the motor current
101, as it is at time t6. Thus, the resulting height
information transmitted from the computing unit 13 is free
from any effect of noise as shown in Fig. 2E.

As seen above, the three-dimensional measuring

apparatus 100 of this embodiment is enabled to measure



proceeds, it is to be noted that |ike parts are designated

-13 by like reference nuneral s throughout the acconpanying draw ngs.

A t hree-di mensi onal neasuring apparatus which is a first enbodi nent of the
present invention, as well as a three-dinensional neasuring nethod to be
executed by the three-dinensional neasuring apparatus, are now descri bed
below with reference to the acconpanying drawings. It is noted that |ike
conponents are designated by |like nunerals throughout the draw ngs and
their description is omtted. In the enbodi ments of the present
invention, the function of the optical Bdam scanning unit is fulfilled, as

| e, I h - { 1 tLi ] 1, th hoto- t 1tti
Conaenser | M RUSTABIoH T1F BSH ASSURASE: hotor 4, (he motor
|1 5, dth ' . 6, d [ : [ h
cmbodi ment s of - the pr SAEOIT ety LY PR: FERR MR PORYE 1. ik Peorll

enbodi nents of the presen I on ect or
used to compute the light-spot position in this embodiment,

S

an analog computing unit may be used instead.

It is also possible that a delay element to which
the pulse signal of the oscillator 9 is fed is piovided so
that a delayed pulse signal is transmitted to the A/D
converter 12 and the flip-flop circuit 8, in which way the
sampling timing in the A/D converter 12 as well as the
timing at which the current driver 6 transmits the motor
current are fine adjusted.

Besides, also for the driving of the pulse motor
16, the flip-flop circuit 8 may be used to perform the
above operation.

It is also possible that the control signal 43 to
be transmitted by the motor controller 5 is generated based
on the pulse signal 44 transmitted by the oscillator 9. In
this case, there is no need of providing the above-
described flip-flop circuit 8.

Next, a three-dimensional measuring apparatus 110
according to a second embodiment of the present invention
is described. In this three-dimensional measuring
apparatus 110, with a view to adjusting the transmission of
the height information so that the noise as mentioned above

will not be transmitted as the height information, there is



fulfilled, as an exanple, by the photo-receiving condenser lens 10, the
PSD 11, the A/D converter 12, and the conputing unit 13 as described
above. The function of the information-transm ssion adjusting
unit is fulfilled, as an exanple, by a flip-flop circuit 8, an _
invalidating unit 14, and a controller 17 in later-described enbodinents.
The function of the reflecting-surface drive unit is fulfilled, as an
exanple, by the drive notor 4 in the _ -
14 - enbodi nents of the present invention. The function' of the
drive control signal generator is fulfrll8d; as an exanple, by the notor
controller 5 and th eéyrrent ri,ver, 6 in, the enbodi nents of the present

i nventi on. providedipn dpxaligdating yrit (14 fonr inyadidatine: apy noise
fulfilled, as . ; ul se tor 16 and the  controller 17 in
t he enbodinenfgﬁ% (ﬁ%ﬁegéﬁgggﬁgghiﬁogg’ hoise” Yenerated during the

control of the scanning operation. Note that, as shown in
Fig. 3, the three-dimensional measuring apparatus 110 is
similar in construction to the conventional three-
dimensional measuring apparatus 30 shown in Fig. 7 except
that the invalidating unit 14 is provided.

As shown in Fig. 3, the invalidating unit 14
comprises a flip-flop circuit 113, an XOR (exclusive-OR)
circuit 114 and an AND circuit 115. The flip-flop circuit
113, to which the pulse signal 44 transmitted by the
oscillator 9 is fed as a clock signal, is fed with the
control signal 43 transmitted by the motor controller 5,
and the resulting output is transmitted to one input
terminal of the XOR circuit 114, the other input terminal
of which is fed with the pulse signal 44 of the oscillator
9. The output of the XOR circuit 114 is transmitted to one
input terminal of the AND circuit 115, the other input
terminal of which is fed with the pulse signal 44 of the
oscillator 9. The output of the AND circuit 115 is
transmitted to the computing unit 13 as a clock signal.
The invalidating wunit 14 having the aforementioned
constitution will not transmit a clock signal to the
computing unit 13 during periods in which the noise has

been generated, as will be described later.



Noi se will be generated by the notor current of the drive system as
descri bed above. However, the first enbodinent is designed to obtain the
synchroni zati on between the generation timng of the noise and the
sanpling timng of the A/D converter 12, for adjustnment of the

transm ssion of information so that the noise will not be transmtted as

the height information. As an exanple of fulfilling the function of

equi pnent that inplements such synchronization, a flip-flop circuit 8 is
provided in this enbodi ment as descri bed bel ow. The

t hr ee- di nensi onal measuring apparat us 100t?n~ this enbodinent as shomn I n
Fig. 1 differs fromthe_, convent onal %hree I mensj onal r|n aratus
30 as shown in Fig. 7 Fﬁetﬂg?rﬁ PP 2 &Rt %?%ﬂﬁ%ﬁp Iﬁéta

| at ch operati S t d.f

controller ggpa%%%%%rgﬁﬁ cgn tr%%@Eg,ag oﬁg%%&s%%fgﬁﬁv% ng o é

- 15 - below. Its operatlons except those related to the

invalidating wunit 14 are similar to those of the
conventional three-dimensional measuring apparatus 30.
Therefore, the following description will be made primarily
on the operations related to the invalidating unit 14.

As shown in Fig. 4A, the current driver 6 starts
to pass the current to the motor 4 at time tl in compliance
with the control signal 43 transmitted by the motor
controller S. Accordingly, as described abéve and as shown
in Fig. 4F, the noise signal 41 keeps generated in the
output signal of the PSD 11 over a specified time period’
starting at time t1. Meanwhile, since the flip-flop
circuit 113, the data terminal of which is fed with the
control signal 43 transmitted by the motor controller 5,
receives the pulse signal 44 (see Fig. 4B) of the
oscillator 9 as a clock signal, the resulting output signal
111 starts to rise at time t4 as shown in Fig. 4C. Such an
output signal 111 of the £flip-flop circuit 113 is
transmitted to one input terminal of the XOR circuit 114,
the other input terminal of which is fed with the pulse
signal 44 of the oscillator 9. Thus, an output signal 112
of the XOR circuit 114 results in a signal that keeps risen

for the period from time t1 to time t4 as shown in Fig. 4D.



current is provided on the output side of the notor controller 5 and on
the input side of the current driver 6. The rest of the constitution is
the sane as that of the conventional three-dinensional neasuring apparatus
30. The flip-flop circuit 8 is fed with a pulse signal transnitted by the
oscillator 9 as a clock signal. It is noted that the function of the
drive control signal is fulfilled, as an exanple, by the notor current
transmtted by the current driver 6. The operation of the
t hr ee- di nensi onal neasuring apparatus 100 having t he af orenenti oned
constitution is now described below. - 20 - shown in Fig. 2A the

not or control Ler starts to trans tro al 43 to. the fli,p-flo
circuit 8, fof EPan"N‘e °‘€Ftp“’ct1 rrﬁl?’iag‘s ]r]nztf'? pFRBr }%q’t ClEFHLE thit s P

fl fl h I
osLPIIaSgrcbrgﬁlgrgfgifi |gn % 2 pyh%?°§5?ﬂ§ 'éﬁrgﬁl ] n%;éﬁgtgg %%D
synchroni sm wbh ot pulse §i{38é" 5&& otﬁ'%%fe vt Eé‘zem{d;{éf ékogh‘é! Gt 8

transmts the contro S|gna urrent rrver

synchroni zat i ea yehtift 1he BYl 88aSk IR t U pUCSOT S dHH Y .4 4 RGarditalq &y ver
6 starts to transmt a notor current 101 to the motor 4, not fromthé time

t1l when the meher eestldhker &, has lwdkedstignwlansmst Wikl C(H&v‘é)} Yegnal ,
but fromtine
transmitted fxrom the AND circuit 115 to the computlng unit
13 during the period from time tl1l to time t4 as shown in
Fig. 4E.

As described above, the noise signal 41 is fed to
the computihg unit 13 over a specified time period starting
at time tl. However, because the clock signal 116 is not
transmitted from the AND circuit 115 to the computing unit
13 during the period from time tl1 to time t4, the
information fed to the computing unit 13 during the period
from time tl to time t4 is invalidated. Accordingly, the
computing unit 13 will not transmit the information fed
during thé period from time tl to time t4 as height
information. As a result, the noise signal 41 will never
be transmitted outside as height information. In this way,
the three-dimensional measuring apparatus 110 is enabled to
measure height information at high accuracy without being
affected by noise due to the motor current.

As the height information for periods involving
the invalidation of information, the computing unit 13

transmits height information, for example, at time tA as



t'2 in synchroni zation with the pul se signal of the osci |l I at or
9 as shown in Fig. 2C By the nmotor current 101 flowing fromthe
current driver 6 to the notor 4, a noise signal 102 begins to be

generated in the output of the PSD 11 over a specified tinme period froma
time point, for exanple t2, which is the rising edge tinme of the notor
current 101 as shown in Fig. 2D. In addition, the noise signal 41 depicted
by dotted Iline in Fig. 2D shows a case of the prior art.

Meanwhi | e, since the pulse signal 44 transmtted by the oscillator 9 is
also fed to the A/D converter 12 and thélconputing unit 13, the timng at

which the Ut Bt Sk O 1° AR RTRE2Y,BY bl thDCRRE b 12

oL onal 102 Dealianl PoRS.aRISat NS AULRL (AL BUSCRRD AR AR 12,

PSD 11 at theat the time tA as it is, but does transmit height
information of higher accuracy obtained by executing an
interpolation, such as average values between height
information at time tA and height information at time tC oxr
information averaged from height information at time tB
before and after one scan in the Y direction.

Further, the constitution of the second
embodiment enables a scanning of higher accuracy to be
accomplished because of less influences upon the control of
the drive system, as compared with the constitution of the
first embodiment.

Next, a three-dimensional measuring apparatus 120
according to a third embodiment of the present invention is
described with reference to Fig. 5.

In the three-dimensional measuring apparatuses
100, 110 _of the first and second embodiments as described
abo.ve, the surface_ 7é of the object 7 is scanned with a
laser beam while the objéct 7 is moved in the Y direction
at constant speed, as in the conventional three-dimensional
measuring apparatus 30. Therefore, noise would be
generated also due to the motor current fed to the motor 16
as shown in Figs. 1 and 3, affecting the output signal of

the PSD 11. In view of this, the three-dimensional



tifme t2, so that the noise signal 102 will never have any influence as
hei ght information. Al so, as shown in Figs. 2A 2C, 2D, the sanpling of
the output signal of the PSD 11 is effected even at a falling edge of the

motor current 101, as it is at tinme t6. Thus, the resulting height
information transmtted fromthe conputing unit 13 is free fromany effect
of noise as shown in Fig. 2E As seen above, the

t hree- di nensi onal neasuring apparatus 100 of this enbodinent is enabled to
measur e - 17 - height information
wi t h hi gh accuracy. Al t hough-tB&@ digital conputing unit 13 has

been wused to conpute the Iight-sgot positjion in this epbodjnent an
anal og conput IMRASHE INFRPREE 2F3& 12RsPEdchls embodimenty hassbger dewised) o
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converter 12 aa{pféé?etilé.\;)ért lb?/p a%i}f %'gitsesduient\gni:ﬁg %xokhgurrent fed to
the motor 16 for moving the object 7 in the Y direction.
Fig. 5 shows a constitution which is based on that of the
three-dimensional measuring apparatus 100 in :the first
embodiment, and in which the output signal of the PSD 11
will not be affected even by any noise due to the motor
current fed to the motor 16 for movement in the Y
direction.q However; the constitution may be based alsoc on
that of the three-aimensional measuring apparatus 110 in
the second embodiment. Besides, the constitution may be
only that of the three-dimensional measuring apparatus 120
of the present third embodiment without having the
constitution of the three-dimensional measuring apparatus
100 or 110.

The <constitution of the three-dimensional
measuring apparatus 120 in this embodiment is now described
below.

The three-dimensional measuring apparatus 120 as
shown in Fig. 5, as compared with the constitution of the
three-dimensional measuring apparatus 100 as shown in Fig.
1, comprises a controller 17 instead of the controller 25
that controls the driving of the pulse motor 16 and besides

a rotational position detector 18 for detecting a



sanpling timng in the A/AD converter 12 as well as the timng at which the
current driver 6 transmts the notor current are fine adjusted.

Besi des, also for the driving of the pulse nmotor 16, the flip-flop circuit
8 may be used to performthe above operation. It is also

possi ble that the control signal 43 to be transmtted by the notor
controller 5 is generated based on the pulse signal 44 transmtted by the
oscillator 9. In this case, there is no need of providing the above-

described flip-flop circuit 8. Next, a three-dinensiona
nmeasuring apparat us 110 accordlng to a §écond enbodi nent of the present
I nvention is .descri E t hr ee- di nensi_onal neasurlng
appar at us 116°§39*P%F¥|BRF9518818 tﬁﬂft?@e??aﬁsﬁﬁQNQﬁ?Qﬁ LY eFhht

ggf ?L?Lg?ghfogsﬁﬁkﬁ Le %:(.)elgsweari ﬁnlggrga[lo ot beO\c/:%ntvrmolllle Ot17b.e &‘Bgngrensg ed_
18 - of the constitution is the same as in the three-dimensional
measuring apparatus 100 and is therefore omitted in
description. '

The operation of the three-dimensional measuring
apparatus 120 constituted as described above is now
explained.

The polygon mirror 3 is formed into a polygonal
shape as sﬂown in the figure. Therefore, while the laser
beam continues being applied to a boundary 123 between a
reflecting mirror 121 and a reflecting mirror 122 adjacent
to each other, the scanning on the object 7 will not be
effected. Thus, by feeding from the rotational position
detector 18 to the controller 17 a signal representing the
period for which the laser beam continues being applied to
the boundary 123, the controller 17 transmits a motor
current to the motor 16, only during the periods in which
the laser is applied to the boundary, so that the transfer
table 15 will be moved by a specified distance 421 in the
Y direction as shown in Fig. 6. Whereas noise would be
generated upon the transmission of the motor current to the
pulse motor 16, the scanning is not effected at that time

so that even if noise is mixed into the output signal of

the PSD 11, the noise will never be transmitted as height



provided an invalidating unit 14 for invalidating any noise infornmation
attributable to noise generated during the control of the scanning
operation. Note that, as shown in Fig. 3, the three-di nensional neasuring
apparatus 110 is simlar in construction to the conventional three-

di mensi onal neasuring apparatus 30 shown in Fig. 7 except that the
invalidating unit 14 is provided. As shown in Fig. 3, the
invalidating unit 14 conprises a flip-flop circuit 113, an XOR
(exclusive-OR) circuit 114 and an AND circuit 115. The flip-flop circuit
113, to which the pul se signal 44 transnm?fted by the oscillator 9 is fed
as a clock si| transnitted_by e

|, is.fed wi.th th trol _si L 4 h
not or contrcﬂ#ﬁgg%ﬁéééﬂg'th anbﬁFPF §Qobgaﬁslgggﬁfh 1T 392 0hR Phput
termnal of t XOR:CLELCWI ts 4 | ) f [ is fed
with the pul sée}?esi gﬁgﬁh&%fmtlh]secao&s%ﬁ ﬁgﬁ &@QU%ﬁég%%%%n oafci?lgl %ﬁl X

' it 114 is; 1 tt t i ' f [ ' 15,
Che ot her 1 iy TEG08Eh; L0k (b0 curdBil WRIT e ng Bl EheCiilelly,
oscillator 9.motdhe1OUEHUNKN HdisARLCitChe mdidri surkbansFell ed taet he

conputing unit 13 as a clock signal. The invalidating unit 14 having the
af or enent i ongshlsonsdtdritiowilill hewratr bhe aramdtated liorkhal gnabutosigaal
of the PSD 11.

As to noise due to the motor current fed to the
motor 4, the noise will never be outputted from the
computing unit 13 as height information because the timing
of generation of noise and the timing of sampling of the
output signal of the PSD 11 are synchronized with each
other, as described before on lthe three-dimensional
measuring apparatus 100 of the first embodiment.
Therefore, the three-dimensional measuring apparatus 120 is
enabled to measure the height information with higher
accuracy and to achieve high-accuracy measurement by virtue
of its being capable of higher-accuracy sampling, for
example, when the sampling period is so short that noise
cannot be eliminated within the period.

As described i.n detail above, according to the
three-dimensional measuring apparatuses of the first and
second aspects of the present invention, as well as the
three~-dimensional measuring method of the seventh aspect of

the present invention, height information is transmitted

excluding noise information due to the noise generated



conputing unit 13 during periods in which the noise has been generated, as

wi |l be described |ater. - 19 -
The operation of the three-dinensional neasuring apparatus 110 constructed
as descri bed above is explained below. Its operations except those

related to the invalidating unit 14 are simlar to those of the
conventional three-dinensional neasuring apparatus 30. Therefore, the
foll owi ng description will be nade primarily on the operations related to
the invalidating unit 14. As shown in Fig. 4A, the current driver
6 starts to pass the current to the not&> 4 at tine t1 in conpliance with

th trol | t tted th t { 5 A di
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data term nal Hohv\WakCh tﬁré@dd%éﬁb{&?al measuring apparatus and method

capable of measuring height information with high accuracy.

According to the three-dimensional measuring
apparatus and method of the third and eighth aspécts of the
present invention, because the noise generation timing, at
which noise is generated, and the timing of sampling of
height information in the detector unit are synchronized
with each r'other, the noise will never be sampled at the
timing of sampling. Thus, there can be provided a three-
dimensional measuring apparatus and method each of which is
capable' of preventing noise information from mixing into
the outputted height information, and of measuring heigh't
information with high accuracy.

Also according to the three-dimensional measuring
apparatus and method of the fifth and ninth aspects of the
present invention, since the height information including
noise 1is invalidated during noise-generation periods in
which noise is generated, there is no possibility that
height information including the noise ig transmitted as
the height information. Thus, there can be provided a
three-dimensional measuring apparatus and method capable of
measuring height information with high accuracy.

The entire disclosure of Japanese Patent



control signal 43 transmitted by the notor controller 5, receives the
pul se signal 44 (see Fig. 4B) of the oscillator 9 as a clock signal, the
resulting output signal 111 starts to rise at time t4 as shown in Fig. 4C
Such an output signal 111 of the flip-flop circuit 113 is transmtted to
one input termnal of the XOR circuit 114, the other input term nal of
which is fed with the pulse signal 44 of the oscillator 9. Thus, an output
signal 112 of the XOR circuit 114 results in a signal that keeps risen

for the period fromtine t1 to tine t4 as shown in Fig. 4D

- 20 - Such an output signal 112 of theeXR tircuit 114 is inverted and
fed to the one cijrcuit 115. Since the other

i nput termnal ABP tlﬁ@tter 5 ﬂ& r%uﬁoall%’\’ipjsle?ded’nv\ﬁ?ﬁu?ﬁe9puﬂ%%5 sﬂgwamdmg
tranam 1 od 11 SReCEERAD S oL £12T85 ot AERRLRBRL | ngA i ¢ SUERRRN | nghe
period from ti fRcblphaltie® nkteds BYOWRrBence in its entirety.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of tﬁe present invention as defined by the appended

claims unless they depart therefrom.



Fig. 4E. As descri bed above, the noise signal 41 is fed to the
conputing unit 13 over a specified tinme period starting at tine t1.
However, because the clock signal 116 is not transmtted fromthe AND
circuit 115 to the conputing unit 13 during the period fromtine tl to
time t4, the information fed to the conputing unit 13 during the period
fromtinme tl totime t4 is invalidated. Accordingly, the conmputing unit--13

will not transmit the information fed during the periogn [
time t4 as height information. As a FE_S%L;L ,_ the noise l "m"mlmlm "vm;/er
be transmtted outside as height informati‘on. In this way, ¢tthe » s &

three-dinensiﬁﬁ%& a ' apparatus 110 is enabled to neasure hei ght
i nformation at |gﬁ§a§%%¥g§9 ﬁ#fhout being affected by noise due to the

motor current. 5 A As e heighisidior mat Hé%sfif%firit%e” Oﬁﬁph&‘é%h‘é ng

the invalidation of information, the conputihg unit ransm s hei ght
information, é@hpexafmbge, at time tA as

an optical beam scanning unit (1, 2, 3, 4, 5, 6)
for scanning a projected-and-depressed surface (7a) of an
object to be measured (7), with an optical beam while
controlling scanning operation; and

a detector unit (10, 11, 12, 13) for receiving a
reflected optical beam reflected by the projected-and-
depressed surface through the scanning operation, thereby
obtaining height information about projections and
depressions of the object, and transmitting the height
information from the detector unit, excluding noise
information due to noise generated during the control of
the scanning operation with the optical beam in the optical
beam scanning unit.

2. A three-dimensional measuring apparatus
comprising:

an optical beam scanning unit (1, 2, 3, 4, 5, 6)
for écanning a projected-and-depressed surface (7a) of an
object to be measured (7), with an optical beam while
controlling scanning operation;

a detector unit (10, 11, 12, 13) for receiving a
reflected optical beam reflected by the projected-and-

depressed surface through the scanning operation and



-21- shown in Fig. 4G QOherwise, it is also possible that the conputing
unit 13 does not transmt the height information at the tine tA as it
is, but does transmt height information of higher accuracy obtained
by executing an interpolation, such as average val ues betmeen hei_ght

information at time tA and height information at tine i nf or mation
averaged from height information at tine tB before an ﬁm "ﬂﬂlwﬂm
the Y direction. Further, the constitutio *

enbodi ment enabl es a scanni ng of hlgher Q%furacy to be acconpllsh d*
because of |ess influences upon the contr the drive system as

conpared with n ngg

t hr ee- di nensi %%gfe%gaéh{%%%ia% lgérléé%ﬁ ]fgéoéﬁ%ccg;r%gl n pr03 tdlonn% a{gjﬁd(nent
of the presengebgggggbgg b¢ tHesebibed;WahA reference to Flg 5.

In the three-di hensional measurijng apparatuses 100, 110 of the first and

second enbodi ments as daacrinfRAmatiwe.t Sy idee c?xﬂétiﬁtg abjiect(g/, is
scanned with a |aser beamwhile the object 7 is noved in the Y di recti on

at constant speedi7as fior thmmnianiricortte the bghidi irfisrnatlonmEasur igige

apparatus 30. Therefore, noise would be generated also due to the

not or curr ent detdctort haint cexdbuding noise information due to noise
generated during the control of the scanning operation with
the optical beam in the optical beam scanning unit.

3. A three-dimensional measuring apparatus according
to Claim 2, wherein the information-transmission adjusting
unit is a simchronizing unit (8) for synchronizing a noise-
generation timing at which the noise is generated during
the control of the scanning operation and a sampling timing
of the height information in the detector unit with each
other.

4. A three-dimensional measuring apparatus accoxrding
to Claim 3, further comprising an oscillator (9) for
generating a pulse signal which is fed to the detector unit
to determine the sampling timing,

the optical beam scanning unit comprising: an
optical-beam generating source (1); a reflecting surface
(121, 122, 3) for reflecting an optical beam emitted from
the optical-beam generating source (1); a reflecting-
surface drive unit (4) for moving the reflecting surface so

that an angle of reflection of the optical beam with

respect to the reflecting surface is changed so as to allow



view of this,

as shown in Figs. 1 and 3, affecting the output signal of the PSD 11. In
t he three-di mensi onal -
22 - measuring apparatus 120 of this enbodi nrent has been devised so that

the output signal of the PSD 11 will not be affected-even by -any-noi-se due

to the notor
direction

Fig. 5 shows a constitution which is base

( _ current fed to the notor 16 for noving tni ﬂ@b i 7.in the Y
t hr ee- di mensi onal neasur i ng apparatus 100 i n the fi rsﬁi * ,! E mmls”mlli in

whi ch the output signal of the PSD 11 w,.J| not be affected even by any

noi se due to
di recti on.

the notor current fed to tﬁ@ notor 16 for novenent in the Y

I
t hr ee- di nensi ona[% %sur%%%%é%%éa%gsg%ogﬁ%{%dg&%gﬁ (t)&ghr}e%[ the
Besi des, the constifpehhOrad@ls Reivenbbnkhan afghe th@%a@'ﬁ&%“%h&'&a|

nmeasuring apparat us 120" of the present third énbodinent w tHhout haV|ng t he

constitution

of thert htegnehiBNShonad NBABVWEI NBoRPPsLlat HSgnal to the
reflecting-surface drive unit in compliance with the
control of the scanning operation to accomplish the control
of the scanning operation with the opticai beam by
controlling the drive of the reflecting surface,

wherein the pulse signal transmitted by the
oscillator is fed to the synchronizihg unit, and the
synchronizing unit makes the drive control signal
transmitted from the drive control signal generating unit
in synchronizatiop with the fed pulse signal.

5. A three-dimensional measuring apparatus according
to Claim 2, wherein the information-transmission adjusting
unit is an invalidating unit (14) for invalidating  the
height information for the detector unit during noise-
generation periods in which the noise is generated during
the contrel of the scanning operation in the optical beam
scanning unit.

6. A three-dimensional measuring apparatus accoi:ding
to any one of Claims 2 to 5, further comprising a transfer
unit (16, 17, 18) for transferring the object in a
direction perpendicular to a direction of scanning with the
optical beam only when the scanning with an optical beam by

the optical beam scanning unit is out of operation, so that



100 or 110.

The constitution of the three-dinensional

measuri ng apparatus 120 in this enbodi nent is now descri bed bel ow.

The t hree-di

mensi onal measuring apparatus 120 as shown in Fig. 5, as

conpared with the constitution of the three-dinensional neasuring
apparatus 100 as shown in Fig. 1, conprises a controller 17 instead of

controller 25 that controls the driving of the pulse notor 16 and besi

a rotationa

- 23 - rotational position of the notor 4 and transmyigh

detection signal to the controller 17. T rest  of trm'!l!ﬂmun mt"ILEMIE

sane as in the_th - di o] . yuring apparat us 3
CBoLPERS, derseahata (I°RRLLg

ation of the three-di nensional

omtted in

position detector 18 for detecting a S

can
rp

measuring apparatys 12Q enpstliuheds ASndeSedd Aed AP NN WWprising:

scanning a projected-and-depressed surface (7a)
of an object to be measured (7), with an optical beam while
controlling scanning operation;

receiving a reflected optical beam reflected by
the projected-and—dépressed surface through the scanning
operation;

thereby obtaining height information about
projectioné and depressions of the object; and

transmitting the height information excluding
noise information due to noise generated during the contreol
of the scanning operation with the optical beam.

8. A three-dimensional measuring method according to
Claim 7, wherein in the transmission of the height
information excluding the noise information, a noise-
generaﬁion timing at which the noise is generated during
the control of the scanning operation and a sampling timing
of the height information are synchronized with each other.

9. A three-dimensional measuring method according to
Claim 7, wherein in the transmission of the height
information excluding the noise information, the height
information is invalidated during noise-generation periods
in which the noise is generated during the control of the

scanning operation.

t he
des

i ng
t he

erefore



expl ai ned. The polygon mirror 3 is forned into a pol ygona
shape as shown in the figure. Therefore, while the | aser beam conti nues
being applied to a boundary 123 between a reflecting mrror 121 and a
reflecting mrror 122 adjacent to each other, the scanning on the object 7
will not be effected. Thus, by feeding_fyomthe rotational .position
detector 18 to the controller 17 a signal Tepresenting the period for

whi ch the | asABSTRAMICOH: THEPISLMBBpl ied to the boundary 123, the
controller 17 transmts a nptor _current to th nDtcr 16 nly during the
peri ods i n wiTThE PRe TRESINVENTION; THRyE-1Y M E%iﬁ e
transfer table 15 will be noved by " sDM 0 Y
direction as shown in Fig. 6. Wer generated upon the

transm ssion of the nnt@gecurEﬁg tglaggs Héfe naégsu Hgfﬂfsip% gn ot

not effected at that time Ven TTonorse 18 nxe

signal of the,PHadd. alirheopeaéslwﬂéannegsanﬂﬁnyaa}ﬁret!fsg S h B 2

projected-and-depressed surface of an object with an

optical beam while controlling the scanning operation, and
a detector unit for receiving a reflected optical beam
reflected by the projected-and-depressed surface through
the scanning operation and for thereby measuring height
information on the projections and depressions of the
object, in.cwhich noise information due to noise generated
during the control of the scanning operation with the
optical beam is prevented from being transmitted as the

height information from the detector unit.

Figure 1.



- 24 - information. On the other hand, while the surface 7a of° the object
7 is scanned with the | aser beamalong the X direction, the 'notor current -
will never be fed to the pulse notor 16 so that noise due to the notor
current fed to the pulse notor 16 mﬁll never be generated in the output
signal of the PSD 11. Hz noi se due to the notor current fed
to the notor 4, the noise will never % outputted fromthe conputing unit
13 as height information because the timng of generation of noise and the
timng of sanpling of the output signal of the PSD 11 are synchroni zed
with each other, as described before on the three-dinensional neasuring
apparatus 100 of the first enbodinent. Therefore, the

t hr ee- di nensi onal mneasuring apparatus 120 is enabled to neasure the hei ght
i nformation mntEi@ggﬁﬁ accuracy and to achi eve high-accuracy neasurenent
by virtue eihg capable of hlﬁﬂer-accuracy sanpling, for exanple,
when the sanpling perlod i's : at noi se cannot be elimnated

wi thin the period. etﬁ above, according to
the three-di nensi opal measur e first and second
aspects of the pres¢nt i

11
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t hree- di nensi onal neasuring nethod of the seventh aspect of the present

i nvention, height information is transmtted excl udi ng noi se i nformati on
due to the noi se gener at ed - 25 -
during the control of scanning oper ation with an optical beamdirected to
the object. This makes it possible to gPr ovi de a three-di nensi onal

nmeasuri ng apparatus and net hod capablé of measuring hei ght information

wi t.h hi gh accuracy. According to the three-di nensi onal measuring
apparatus and nethod of the third and eighth aspects of the present

i nvention, ause the noi se generation tinmng, at which noise is

gener at ed, ?g ng of sanpling of hegght information in the

det ect or uni € "synchroni zed vvlth eaGh (o] ery thce nonse WI I I| nevier be

ﬁro ide . a tnhree-
!\:hIC

sanpl ed at the 'Th |
di mensi onal . %&?g&ﬁg; d nrretr} 1 C apabl :e of
preventing n0| ) m|X| q he out putt 0l hB; ght
i nformation, an@GONTREILER(E))hei ght! ' ! ! ! ! ! !
o440 Y
[ 1 1 1 ] 1 ] 1 1
Flg_ 2B e I
OUTPUT OF l l I | I l I l l
OSCILLATOR(9)

Fig.2C
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(OUTPUT OF
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Fig.2D
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i'nformati on with high accuracy. Al so according to the

t hr ee- di nensi onal nmeasuring apparatus and nethod of the fifth and ninth
aspects of the present invention, since the height information including
noi se i s invalidated during noise-generation periods in which noise is
generated, there is no possibility th % hei ght information including the
noise is transmtted as the height i rmation. Thus, there can be
provi ded a three-dinensional neasuring apparatus and net hod capabl e of

measur.i ng height information with high accuracy. The entire

di scl osure of Japanese Patent - 26 -
Application No. 8-210914 filed on August 9, 1996, including specification,
cl ai s, draw ngs, and sumary are incorporated herein by reference
inits entirety!EZSI é; Al t hough the present invention has been fully
descri bed in cofnnesA T 8n thereof with

reference to the acc

Ain
Dout .
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apparent to those

Such changes and nodifications are to be understood
scope of the present invention as defined by the

to be noted that various changes and nodifications are
clainms unless they depart therefrom

skilled in the art.
as included within the

appended
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i nformati on due to noi se generated during the control of the scanning
operation with the optical beamin the optical beam scanning unit.

2. A three-di nensional measuri ng apparatus conpri sing:

an optical beam scanning unit (1, 2, 3, 4, 5 6) for scanning a

proj ect ed- and- depressed surface (7a) of.,an object to be nmeasured (7), with
an optical beamwhile controlling scaﬁ%?ng oper ati on; a
detector unit (10, 11, 12, 13) for receiving a reflected optical beam
reflected by the projected-and- depressed surface through the scanning
operation and - 28 - thereby
obt ai ni ng hei ght information about projections and depressions of the

obj ect; and s an information-transm ssion adjusting unit (8, 14,
17) for transm’tFlg.5e hei ght information fromthe detector unit,

excl udi ng noi se information due [

)
18
6 0+ ] fJ
. Y Ain TV Ain
) Dout, | Dout,
9 N —
J [
87 A
— Y A/(A(;_B)me

5~ 2 I



~generated during the control of the scanning operation with the optical
beamin the optical beam scanning unit. 3. A three-dinensi onal
nmeasuring apparatus according to Claim2, wherein the
information-transm ssion adjusting wunit is a synchronizing unit (8) for

synchroni zing a noise- generation tigighg at which the noise is generated
-during the control of the scanning operation and a sanpling timng of the
hei ght information in the detector unit with each other. 4. A

t hr ee- di nensi onal neasuring apparatus according to Claim3, further
conprising an.oscillator (9) for generating a pulse signal which is fed to
the detector unit to determ ne the sanpling timng, t he opti cal
beam scanni ng uni t €oQprAsi ng: an optical - beam generating source (1); a
reflecting surfacef'eldga 122, 3) for reflecting an optical beamemtted
from the optical-beamgenerating ggurce (1); a reflecting- surface drive

unit (4) for noving the refl ectd hat an angle of reflection
of the optical beamwith P2& -L@Q surface i s changed so
as to allow 21 ¢ XA~ 00

\/\7

"L



-~ 29 - the projected-and-depressed surface to be scanned with the |aser

- beam and a drive control signal generating unit (5 6) for transmtting a
drive control signal to the reflecting-surface drive unit in conpliance
with the control of the scanning operation to acconplish the control of
the scanning operation with the opticgyg beam by controlling the drive of
the reflecting surface, wherein the pul se signal transmtted by
the oscillator is fed to the synchronizing unit, and the synchronizing
unit nmakes the drive control signal transmtted fromthe drive control
signal generating unit in synchronization with the fed pul se signal.

5. A three-dinensional neasuring apparatus according to Claim2, wherein
the information-transm ssion adjusting unit is an invalidating unit (14)
for invalidati égre hei ght information for the detector unit during

noi se- generati *deriods in which the noise is generated during the.
control of the scanning operat}) \Nn opti cal
6. A three-dinensio

beam scanning unit.
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t-0 any one of Clains 2 to
18) for transferring the

direction of scanning wt
optical beam by the opti
t hat

conpri sing: . sc
an object to be neasured

scanni ng operation;

by
t her eby obt ai ni ng hei ght

3,

obj ect

h the optical

cal beam scanni ng unit
7. Athre /? mensi onal

anning a prg§ C

(7), with an optica

i nformati on about

further conprising a transfer

t ed- and- depressed surface (7a)
beam whi | e
receiving a reflected optical
t he projected-and-depressed surface through the scanning

unit (16, 17,

ina direction perpendicular to a
beam only when the scanning with an
is out of operation,

SO
measuri ng met hod

of
controlling
beamreflected
operati on;

proj ections and depressions of

i nformati on excl udi ng

t he object; transmtting th43height
noi se i nfor lg};é&ﬁg to noi se generated dﬁring the control
OUTPUT OF MOTOR
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of the scanning operation wth the optical beam 8. A

t hr ee-di nensi onal neasuring nmethod according to Caim?7, wherein in the
transm ssion of the height information excluding the noise information,
a noise- generation timng at which the noise is generated during the
control of the scanning operation and sanpling timng of the height
information are synchronized with eacﬁﬂ%ther. 9. A three-dinensional .
measuri ng method according to Caim7, wherein in the transm ssion of the
hei ght information excluding the noise information, the height
information is invalidated during noi se-generation periods in which th
noi se is generated during the control of the scanning operation. :

Fig.9
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