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Optical processing techniques in the quality control of

micromechanics

G. Indebetouw, T. Tschudi, and J. Steffen

Cuherent optical processing methodn huve been investigated for the real time recugniiion and eontrol ol
maes: produced pieces in automatic machining and sssembling lines. In particular, an opticsd vorzeluior
proposed in which the information of a master piece is stored (o« hologram. Problems such as the optiona
tion and generation of the holagram, the detection of particular defects, the aduptation ul the responae curve
Lo the practically given tolerances, and the relisbility have been vyt 1gaLted, and protolypes of coiteol sys

tems have been realized.

. Introducilon

Actual technologies in mass production need work-
pieces and components of an extremely high reliability.
Automatic machining and assembling lines ask there-
fore for 100% nondestructuve testing and for piece
recognition methods working in real time.

Figure 1 shows schematically an automatic produc-
tion and assembly line, where different pieces are
manufaciured and assembled. The control system
supervises the production, selects bad pieces, and rejects
them from the process. To guaraniee a continuous
operation of the assembly line, an intermediate storage
is required, where the position of the pieces is usually
lost. Therefore, the control system can in addition be
used as a sensor 10 detect the pusition and orientation
of the pieces in order to grip and mount them correctly.
Soume reguirements of an automatic mass production
for the control system are

(1) noncontact tesling,

(2) testing rates corresponding to piece production
rales,

(3) real-time evaluation,

(4) piece positioning requirements realizable with
existing handling equipment,

(5} reliable operation in industrigl environment,

{6) control costs in reasunable refation 1o production
costs,

Must conventional nondestructive Lesting methods

J. Steffen is with LASAG AG, Thun CH 3600, Switzerland; the
wther authors are with University of Herne, Institute of Applied
Physics, Berne, Switzerlund.

Recerved 1) July 1977,
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are either visual systems ur image scanning aud recog

nition systems. ‘Fhese methods are however stow com-
pared to the usual production rates and allow only 4
statistical control.

Therefore, optical comparisin techingues have heen
studied and tested. ‘The coherent aptical correlution
method was found to be able to perform s N control
in real time and Lo fulfill in many cases the above
mentioned requirements.

T'he coherent optical correlator is well known in op-
tical information processing.! Figure 2 shows such an
optical correlator which was applied to piece control,
The spectrum (Fourier transform) of the test piece is
compared with the spectrum of the master picce which
is stored in the hologram. The dutted beam path was
used to generate the hologram. The optics € generates
a second Fuourier transformation su the detector pro-
duces a signal proportional to the correlation of the twe
object transmission functions, This signal is maximum
if the test piece is identical with the master piece and
decreases if any defect exists. Such syslem gives a
global signal on all the defects. “The main interest in the
coherent optical method is its high processing speed., a
major requirement for a real-time control system linked
to autematic production and assemnbly lines.  Practical
applicability of this method required the investigation
of the following points:

(1) the resolution of the method (smallest recogniz-
able deviation), which shauld be in the practical range
of (.1% 10 a few % of the piece dimension;

(2) the response curve (correlation signal vs devistion
uf the tes( pieces from the master piece), which has to
be adapted w the given tolerance;

(3) the recognition of different characteristics with
different individual tolerances;

(4) the piece positioning requirements, which have
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Fig. 6. Adaptation of the response curve to the required tolerances
by varying the spectral bandwidth.

LAGER PIECE OPTICS HOLDGR AM DE TECTOR
FT
BEAM DEFLECTOR \
ROTATOR b

1
BEAM PARTITION

Type T

Fig. 7. Coherent optical correlator (type D) with beam partition and
beam deflector/rotator used to control several individual features of
the piece separately; eight-channel hologram.

complete system.* Figure 6 demonstrates the influence
of the spatial bandwidth of the hologram on the re-
sponse curve for a rectangular piece (theoretical and
experimental values). The hologram can therefore be
matched to the searched signal and optimized for the
best possible evaluation of a particular feature. Insome
cases it was necessary to use adequate additional masks
in the piece or in the spectral plane in order to select the
desired features.?

C. Information Selection

If several features of a piece have to be evaluated
separately, or if features with different individual tol-

erances exist on the same piece, it is necessary to sepa-
rate the information about these features on the holo-
gram. Figure 7 demonstrates an arrangement (type D),
which was used to separate different information about
the piece. The holograms matched to each different
feature were taken by beam partition and were arranged
on the photographic plate on a circle by a rotatable
prism (beam deflector, rotator). Figure 7 shows in
addition a photo of an eight-channel hologram of a
piece. For the control operation the rotating prism
allowed a check of the features sequentially with one
detector. The number of different features is limited
by the cross talk (cross correlation of one feature with
the filter of another feature).

itl. Optimization and Realization of the Hologram

The essential point of the described correlators is the
hologram, more precisely the possibility of generating
the desired response curves with the maximum SNR.
Photographic hologram manufacturing is the most di-
rect and easy way, but it is limited by the dynamic range
of the photographic emulsions. Figure 8 shows a pho-
tographically produced hologram of a rectangular piece
with three holes, where the position deviation ¢ of the
central hole had to be controlied. The hologram re-
cording parameters which are most readily avail-
able—the exposure and the ratio of reference to object
beam—were adjusted experimentally in order to get the

Ac=3Imm

#1742=1mm

#3:2mm a Fc =10 Ljmm
b Fc = 5 Limm

Fig. 8. Photographically recorded hologram of a piece with three
holes and relative correlation signal {As}/s vs deviation of position
¢ of central hole.

15 March 1978 / Vol. 17, No. 6 / APPLIED OPTICS 913
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the hologram offers in addition the possibility of in-
fluencing the shape of the response curve by phase
change. Figure 10 shows three synthetic holograms and
the corresponding response curves for a piece with one
hole of I-mm diam. The linear response curve has the
practical advantage of being able to detect the sign of
the deviation as well as its size.®

IV. System Concepts for Automatic Quality Contro!

An essential limitation on the coherent optical cor-
relation is its inability to use the light scattered on the
irregular (rough) surface of many mechanical pieces. In
many practical cases the surface state of the pieces to
be controlled was uncritical; only the shape (contours)
of the piece was essential. Control of such metallic
pieces in reflection was therefore limited or even im-
possible using these methods, which are sensitive to the
surface state as well as to the shape deviation.

The coherent optical correlation methods proved
successful, however, for the high speed control of
mass-produced pieces in transmission, where a large
amount of information (complicated contours) had to
be handied simultaneously. The reliability of the
methods, measured as the probability of recognizing a
good piece as a bad one and vice versa, depends on the
SNR.# Noise sources are, e.g., diffused light from piece
edges and from dust, mechanical vibrations, and elec-
trical noise. The control duration or rate depends on
the type of piece supply (continuous or stepwise feed-
ing) and on the position accuracy of the pieces (requir-
ing a scanning or not). With a continuous piece supply
at a given speed, the control rate is in addition depen-
dent on the piece size. Figure 11 gives some typical data
of control rates for a continuous piece supply and of
control durations for a stepwise supply. A piece of
o-mm diam and a tolerance of £5 um was assumed.

Several control problems for small mechanical pieces
have been investigated with a prototype equipment,
realized, and tested in an industrial environment. The
pieces are moved continuously on a turntable across the

Syster - Type
Piece Position

Contro!l Rate
Contihucus supply

Conerol Duration
stepwise supply

(x,¥) £ 25 um
A ¥z . _ > 10 pieces/sec £ us
8) < % 2107 'rad
B (2,y) = 2 6.} mm = 1 plece/sec = 20 me
gy =% z.107rad (x-scanning lkHz) (x,y-scanning 1 KHz)

1 piece/sec * 1 ms

4 .yl = 2 5 um =

{€) arbitrary {#-scanning 1 kHz) (é-~scanning 1 kHz}
Ix,y) 2 5 um £. 1 plece/nac = 1 ms

D ter < 2-1o~*rad (8~wcanning ! kHz) (6-scanning 1 kHz}
5-10 indiv. features

Fig. 11. Tvpical values of control rate (continuous pieces supply)

and of control duration {stepwise piece supply) for the four types of

correlators mentioned. Piece dimension =5 mm; piece tolerance ~5
um.
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Fig. 12. Systems description of screw testing equipment with one

filter FI in the image plane and another £S in the spectral plane. The

signals S, and S; from the detectors D, and D are analyzed to eval-
uate the screw quality.

control position. The resolution of the system vs con-
trol rate, the stability criteria, and the reliabilitv were
investigated. Very strict stability conditions (me-
chanical and electrical) are required in order to detect
small errors (=~0.1%) reproducibly. I those conditions
cannot be fulfilled practically, the described scanning
methods can be used to measure the same signal repe-
titively over a long time. Electronic processing and
averaging can then, at the price of a lower control rate,
eliminate most statistical fluctuations.

V. Examples

Applications of the described methods were found in
the automatic production and assembly of precision
mechanics, the watch industry, the electronic industry,
etc., where a 100% control in real time is needed. Some
examples are:

Production control: diameter of cvlindrical pieces
(axis, pins, connectors, screws); diameter of wires and
filaments: thickness of foils and ribbons; completeness
of punching or tool operation; particle size analysis.

Strength control:® welded or soldered wires or rib-
bons; joint springs or vibrating parts; fatigue tests.

A. Screw Control'?

One example of a realized system using a simple
spatial filtering technique is a screw testing system
shown schematically in Fig. 12. Defective screws or
screws out of dimensional tolerances had to be sorted
out to guarantee a troublefree automatic assembly.
The screws are supplied continuously on a transport
band. To check the diameter, the profile and the pitch
of the screws, the correlation signal S, with a simple
binary spatial mask FS is evaluated. To check the
length of the screws (with much larger tolerances) a
coded mask FI in the image plane is used. The two
signals are evaluated to decide whether a piece is good
or bad. Figure 13 shows the relation between the
characteristics of the screw and of its spectrum. The
developed laboratory equipment allowed a control rate
of 210 pieces/sec which was only limited by the screw’s
feeding system.

15 March 1978 / Vol. 17, No. 6 / APPLIED OPTICS 815
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