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- mwew and improved automatic scauning and iaspectio
| Bpparaius.

. spparatus employing one or more electron beams whic

4,979 @29

1

METHOD AND SYSTEMS FOR SCANNING AND
INSPECTING IMAGES

This & a continuation of my npplimﬁoa Ser. No.
206,969 filed Sept. 13, 1986, which in turn is & continna-
ticn of application Ser. No. 723,183 filed Apr. 13, 1985,
mow 1.5, Pat. No, 4,660,086, izsued MApr. 21, 1987, U.S.
Pat. No. 4,660,086 is 8 continuation of Ser. No. 394,544,
filed July 2, 1982, sow U.5. Pat. No. 4,511,218, U.S.
Pat. No. 4,511,918 iz o division of Ser. No, 13,608 fled
Feb. 16, 1979, now U.S. Pat. Mo. 4,338,626, which s a
division of Ser, No. 778,331, filed Mar. 16, 1577, zow
1.8, Pat. No, 4,142,061, which is 2 continuation of Ser.
Mo, 254,710, filed May 18, 1972, now U.5. Pat. No.
4,118,730, which is & continuaticn-in-part of application
Ser. No, 267,377, filed Mar, |1, 1963, pow abendoned,
which is a continuation-in-part of Ser. No. 626,211, filed
Dec. 4, 1956, pow U.S. Pat. No. 3,801,379 and Ser. No.
477,467, filed Dec. 24, 1954, now sbandoned.

BACKGROUND OF THE INVENTION

Al i3 Known @ e arl 10 yeCord & senes ol pelure
signals on a moving magnetic lape and subsequently
reproduce the picturs signals ai essentially the same rate
of recording to create a motion picture on & video or

television screen for visual observation. My patent ap-

plication Ser. Mo. 638,348, now abandoned, describes
means for recording a video signal of e single frame or
screen sweep of the video scanning beam of & camera or
flyimg spot scanner. The video signal may be repro-
duced theresflier and used 1o provide p still image pic-
ture on & vidco monitor screen.

- disciosed for obtaming ..‘1: avmse Oor mean dunm-_

" sions of small particles by counting pulses generated in
scanning @ large number of small particles. In this par-
- ticular disclosure, it is necessary to mihemnmﬂy cal-
- culage the aversge or mean-particle size and possibly the |
area covered by the pﬁrLlClES by using mathematical
formulas. However, it is not possible to speciﬁcsl!y pick.

out a particular particle and measure its size or arza
directly by using this prior art method and apparatis.

In U.S. Pat. No. 2,735,202, an apparatus is provided
for mumms the number of particles mppmnng in a fleld

of view agsinst a background cnntmstmg in sppearance
| with the particles In this pa.mcular prior art structure, 3
_beam s mplnged on the mwtng field. Whenever there

n .5 Pat. No. 2,454 441, 3 method and an apparatus;

5

23

k7]

35

45

i 4 change in the beam intensity, an electrical pulse &=

produced and counted. That is, this prior art method
and apparatus merely provides a simple sounting tech-

..r.pe:nﬁc d:mmons Lherzof
FURPOSE OF T‘n“'_m'VF”'E'!DH _
B a iy cojec: of Lis vy muon s pm‘v‘:d.

Ancthes object s to provide as automatic image fel
scanning apparatus which i capable of automaticall

. detarmining various charscteristics of the field bein
. scanned or any predetermined portion thereol.

Another object is to provide an automatic inspectio

apparatus is highly versatile and may be used to perfon

::_: ' a plurslity of different scanniag snd inspection func- |
| tioms without major modificatioa to eaid apparatus,

H

-

"'mque There is absolutely no disclosure for digitizing
the image on the field of view o nmnde n.: Iac:mcn ot

35

plurality of different image ﬁelds wl.uch may mmpme_ i
differsnt ar=as of 2 war&pam

2
A further object 510 pmwﬂ.-. an aulomatc Qspccuon .-:_er--
appmhn including beam scanning means for analyzing -
2n image or feld with wid Apparatis capable of provid. -3

ing the resulis of scanning directly in coded form which

oay be used by a computer.

Another cbject is to provide en automatic mspect:m-
aopmm for automatically ::ompmng ot measunng L

plurality of different dimensions ip a0 image field in ¢
substantially shorter time interval than possible by con-
ventional mspection means.

Another object is to provide an improved means f(,r
..-:ctrmﬂy controlling and selecring portions of o
nzuge field being inspected.

- A still further object 15 to provide &n improved des,-'
trooptical comparator means employing beas scanain g
which does pot require masking &3 image field for ef
fecting selective area scanning.

Another object is to provide an sutomatic mspecnnr
apparutus employing beam scanning to determine di-
meansions and other characteristics of articles of manu:
Tacture, whereby both the work and &he b.-.am scannin 3

Eeans Tngy 1-..1 noet -._.\..1.1.. I-. ..... oma=ally

mmupuluors to pmem prede:grmmd porunns of the X

. articles 1o be inspected in the field of the beam scanning

means.
Another oh,,ect is to provide sutomatic inspection|
Seam gcanning mesns for scanning and mspecung L

54l xnother object is to prow&c means whmby a
video picture signal may be vsed to effect automatic~
qualmy control by the mvestigation of part of said sig-

Anoiher object iz to provide a means for effecting
automatic measurement and quality control functions
using two wvideo picture signals. One is & standard signa)
of known characteristic and the other is a sample or test

signal whereby all or pants of aaid signals are investi

gated and compared by their simultaneous reproduction
from 8 magnetic recording medium on which they are
recorded in @ predetermined relative position,

Another object is to provide automatic means for
reproducing e specific or predetermined pant ot parts of
4 video picture signal for computing, Mmeasurement or
control purposes.

Another object is to provide automatic means (or
seproducing that part of a video signal derived during
the scanning of s specific dred of & (otal imdge field
without the need to control the scanning beam of a
video scanning device.

Ancther object is to provide means (or operating on
video picture signals and for modilying or changing
specific portions of said signals whereby the aliered
picture signal may be used to produce & nde:o imsge or
m.u}mu.ﬁ:ofmodzﬁzdm" S

Another object ks 10 prowdc nutomne scanning and
control means for effecting messurement or mspection
of an article of manufacture on & production line for
determining the dimensional or other physical charac.
teristics thereof.

Another object is to provide new and improved appa-
ratus which may be used to effect various inspection,
control and digitizing functions.
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3
Asother object @ 10 provide sutowatic apparatus for
mgmobmmmﬁmmdudmgmfm
Hmuvﬂymwmgpradamaedpamdmw
Ject and for providing imformation in code form resuit-
ing from said measurement which code may be uiilized 3
by a digital computer.

SUNQVL&..RY GF "“I—EE DW'ENTION

il
~ In one embodiment of this invention, & beam scanning
(apparatus includes an electron beam which may be
moved relative 1o 3 workpiece or image feld to provide 20
‘mformstion or 8 picture field from o code signal which
—unS Demid geneleieh windly dic Dean M:.u.ms appAriciL.
The apparatus further includes means for analyzing the
code signal to determine certain characteristics of the
image field such as the presence or sbsence of images or 13
'i:mge portions such as components of an assembly,
flaws, or other objects in the field, and the locaticn
and/or dimension therzof.
-‘-'I‘he paratus of this invention & applicable for the /
; n of articles of manufacture. In additon, the 30
: 3ppﬂmtus may be used 1o automatically analyze a ficld
such as 8 drawing, photograph, map or electronic pic-
‘ture as found on en oscilloscope. The analysis provides
-2 determination of the degree of certain characteristics
of the field such as light or dark areas which are indica- 35
dve of certain known conditions. Such characteristics
are pbiainable in code form in one aspect of the nven. =
" tion and ere thus capable ol’bem? analyzed by # com-
puter-or other device. In another of the invention, '
apparatys is presented for sutmmtimﬂy nm!mg ‘2 40
changing condition in an image Geld.

In snother specific embodiment, the digitizing can be
effected either automatically by 8 flying spot scanner or
by a cathode ray tube or by manual technigues which
currently use a photoslectric cell or some other form of 45
sensing device. Therefore, the digitizing may be accom-
plished either in constant speed or variable speed. That
=, it can be done either by Gming of s constant speed
scanner OF in propoman to the degree ﬂf movemzm ‘of

: Cmnponmm gnd knows cirsuits prow:.ded hm
| bear the followmgigmer ﬁpmbcnc:a.f nounon-'- m; Lh:

the art. General titles, notations or terms such as '*mniu—
circuit timer or coatroller™, “computer”, “computing
cireuit™, “recorder and/or computer”, “mignal analy-
zer”™  *“analog/digital converter”, “clipper”, “alarm”,
“storage tube”, and “binary adder”, are well kmwp._'
“ components and perform specific funcﬂom kanown =

the prior art. The varjous components referred to, while 53
they perform their normal {unctions, have been com-
bined together in a new and unobvious way 1o effeciu-
at: 2. new and unobvious result nofl known in the prior

0

4§

‘art before the effective fling date of the present. applica-

‘tion. Such prior art patents as U.S. Par Nos. 2,494,44;

2,731,202; 2,749,034; 3,081,379; 3,098,119; 3,239,602;
3,339,7185; 2,429,223; 2,726,038; 2,754,959'; 2.‘!’35.032;
3,146,343; 3,027,082; 2,979,568; 2,336,508; 2,615,306,

and 2,729,771 are exemplary of the manner in which

such terminology is acceptable in the prior art 1o fully
disciose the inventions ¢laimed therein. As shown in
tbese prior art patents, all of the terminology referred tc

h 10 m the mstant casz is clearly known I the prior art ang
:f_?.hnby p‘cv:dc the skilled artisan sufficient disclosure

effectuate tha invention of the p-ra;cnt disclosure.
%crc & oyphen (-] follows the letter, it 15 2ssumed that
= multiplicity of the devices or circuits are provided in
the disclosure,

A-Amplifier, such = 2 reproduction mplifier for
2mplifying signals reproduced by an associnted mag-
actic reproduction transducer or pickup head FU.

RA-Recording amplifier, used to record pulse ov
video picture signals on a magnetic recording member.

AN-A Jogical! AND switching ecircuit which will
i edlee al VUIpU Signal wuen, sud Oty woen, stgnals
are present st all inputs to said circuit.

"CL-A vacuum tube or semiconductor elipping cir-
cuit, preferably a video clipper operating 8t & desired
clipping Jevel,

CM,CM'-A Schmitt cothode coupled multi-vibrator
circuit, which comprises i cathode coupled multivibra-
tor with an associaied signal inverter at the output of
the multivibrator, This gircuit will produce a pulss
output when the leading edge of an elongated puls:
appears at said circuit and o second pulse output when
the trailing edge of said pulse resches caid cirewmit

D-Delay line or time delay relay of required time
constant. If o signad such o8 & video picture signal s to
be delsyed, D mignifies a delay lins.

iF,IIFP’»A scanning fmage field where wideo beam
scanning & employed for inspection.

-N-A normally-closed, monostable switch or logica!
NOT switching circuit which will open and break 2
circuit when o signal i present st e switching input. It
may be a vecuum tube, semi-conductor or electro-
mechanical device or any other logical circuits or gaizs.

OR-A logicel OR switching circuit adapted 1o pass a
signal from any of a muldple of mputs over a single
output circuit.

FF-A Flip-flop switch, electro-mechanjcal, vacuum
tube or semi-conductor circuit. A bi-table switch
adapted to: (8) switch an input signal from one of two
mpin circuits to cne of two cutput circwis, (b) switch »
signal from & single imput circuit over one of two out-
puts depending on the described application. The fip-
flop switch may have two or three switching inputs
depending on the applicadon, a complement mput €
which. ~hen energized, switches a single input from
one cutput to the other and/or two mmputs, each of
which, when energized, switches the flip-flop to its
respective ouiput.

PB-A picture signal, preferably derived from beam
scanning & fined image field IF, The signal may be am.
plitude modulated or frequency modulated and may be
the output of a coaventional television scanning cam-

‘era, flying spot scanner or the like, it may be a continu-

ous signal or may consist of & multitude of short pulses
depending on the type of scanning and signal formation

: employed.

The PB signal may also be derived from the output of
2 fixed photo multiplier tubs with the image or object

1

L e

()

P
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being scanned, being moved W provide veriatioms in  otatios for the purposes of simplifylag the descriptions
said signal, For some applications, the PB signal may be md drawings.
any apalog signal derived from scanning, an analog or The following assumptions are also made regarding
digital comp uter or other computing device. the cirewitry to dmplify drawings and descriptions:

PC-Pulse code number. This may be any typeofcode 5 In the diagrams, where junctons are llustrated be-
(binary digit, decimal, eic.) recorded either longitudi-  twees two or more circuits which are electrically con-
sally along & single channel of @ magnetic recomiing  2ected at said junction with a further single circuit, it s
member or recorded laterally along @ single channel of ~ assumed that 2 Jogical OR circuit is employed at said
a magnetic recording member or isterally along a fixed ~ Junctom. o .
path or line scross mulliple channels of said recording 10 Where 8 single circuit extends from a jusction 10 two
member, there being code positicns where said cods  ©F More circuix, it & assumed that either s single input,
ine crosses cach recording channel which either () S ld-output transformer s provided ut said juaction or
eatains or does 20t coatain 8 pulse recording or (b)  *d ouiput circuits are resistance balsaced permitting
ecniains n positive pulse recording or o aegative pulse  28Y mput signal to travel over both of said outputs.
recording depending ou the design of the digital com- 15 Wherever circuits which require g power source,
puting or switching sppararus 10 which the reproduced  *96h # switching or logical circuits, gates, clipping
code s transmitted. If recorded along a lateral line af gircuits, multivibrators, servo motors, controis, amplifi-
the recording mensber, the code PC may be reproduced ~ ST% traasducers, are provided, it i aswmed that o
at & specific point in the reproduction of one or more _ #02rce of the correct electrical power or potential is

; 20 provided for mid circuits. Power is also assumed 1o be
picture or anslog signals adjacent thereto and may be ; sid all
used to effect a specific switching sction when repro- provided on the correct side of all gates and relays
dypad 10 o ffant o e:u\-'rr\- emmtian o '!.._.,.a'l. Af ha mems i where nseded.
ated picture signal(s).

SW-A, limit gwitch.

SC,CS-A signal or signals preferably recorded =
positions on & magnetic recording member to be repro-
duced simultaneously with n specific section of ssother
picture or analog signal and used for gating or control
purposes. ) ; { rep
$T-refers to a video slorage tube or storage deviee ~ 5o, signais may be used to effect one or inore pmde
having & writing input W] i‘cr_r&co;rdmg a picture gignal sarmined fimetions relaiive to said p:cm-e signal.
on _e.he slormge eﬁemcnt.uf said tute and an output RI, The method of recording all signals in predetermined
which, when a second input R2 is pulsed or energized,  pujstive positions or a recording member and then re-
passes a picture signal derived from the scanning of the 45 producing and using said signals n one or more man-
read beam of said tube. pers described berein has o number of advantages in-

ClL-refers to a clipping circuit adjusted to clip at 2 cluding the provision of a record which may be re-
specific clipping level. A diode, triode or other clipper  checled, if necessary, or otherwise monitored. How-
such as used in video clipping. - ever, in the embodiments provided, it is not necessary 0

IF, IFP-refers to an image or object field mns 40 record the video or picture signal on the recording
scanned 10 produce & picture signal. The field in the  member if means sre provided for presenting said pic-
scanning camers. The field may also be the screen of an circuit at a predetermined time in relation (o said other
optical comparator or projection microscope having 2 gignaly, For many of the functions described, particu-
video scanning camera or flying spot scanner focused 45 larly those where it is only mecessary to measure or
and pomriqned _re‘la'nve &hchto ing predetermined man-  compare images, a picture signal may be passed directly
et The {mage or images in aid field may be any opti-  from a video storage tube or other photoelectric scan-
cal or.radistion phenomenon which provides an areaor  ping device w the reproduction - amplifier through
arens therein of different radiation or light shuactcﬁ-s- which the reproduced signal passes. However, fune-
tic relative to other areas 8o that, in scanning across said 30 tioms such as record keeping may require that the pic-
different areas, the resulting picture signal will change  rure signal be recorded; hence recording arrangements
sufficiently 1o permit o messurement Of MeASUPEMENLS are illustrated,

10 be made by electrically noting said changes or differ- In the various magnetic recording arrangements and
ences. The ficid: may :.isc_ COmpTIsE 3 map, photograph, apparatus provided berein, picture-signals are shown
recordes ou a magnstic recording member which also
285 other signals receeded thereon in predetermined
positional relatiemshiy to said picture mgnals The re-
cording member B illustrated a5 an elongated flexible
magnetic tape or the developed surface of & magnetic
disc or drum, While not illustrated, it is assumed that
known means are provided for driving the tape or drum
at constant speed past magnetic reproduction apparatus
when constant speed is o requisite for the desired mea-
surement. For exzmple, when an automatic timing ¢ir-
BRIEF DESCRIPTION 'DF DMWGS &5 cuit is utilized 10 effect a messurement betwesn two

The verous electrics! circuits wsad bersin for per- predetermined points in the picture signal, the timing
forming the described messurernent, comparison ‘snd  device and the drive for the tape must be synchronized
ndicating functions ece llustrated o block disgram 10 start ot predetermined times and operate at predeter-

Bl1is by the skilled artisan, The dnwmss s

S perform the dmmd ommuom__md ..!fer.jtnte -
_T' 135 :{u{ .. 1 Py ,' ;\,
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mimed rates. If the magnetic recording mezber & driven
2t o predetermined constant speed, and if the timing
device cperntes at a predetermined constant Fute and i
=arted o an instant detzmmedbylheimeofrepmdw
tica of cog or more signals on smid magnetic recording
member, then & particular reading or valus of the timing
kmmybemvemedwa linea] distance or 8 eoor-
dinate == the field which was scanned 10 produce said

= g =
x=d yn arrangement of pmun.- ggnals and control or
oting signals provided thereon in predetermined rela-
ave positions;

FIG. 1A flustrates a porbon of a8 multi-track
fng mamber bavingalue] siotesocipoalvrocordad adies
c:nt e2ch other md mocmted control or gating signals
tandesnly aligned with said picrure signals;

F1G. 1B fljustrates o portion of a multi-track record-

ing member containing both picture and code zignals

.recorded on differeut tracks thereof and also Mustrates

in block diagram notation, gating and computing cir-
cuitry for atilizing reproductions of recordings;

m mg m.rtde o the mmpanyma dnwmp form-
] mg a ?n"l of t.he spemﬁcmcn wbc:em lﬂne rcfﬂmce

3
FIG. 8 illostrates 1 recording armengement and 2
reproduction circuit disgram utilizable for effecting
aptomatic dimensional measurement;
FIG. 8 lustrates o scanning field showing physical

5 aspects of the signals recorded in FIG. 3;

FIG. 9 illustrates g recording arrangement and repro-
duction eircuitry therefore applicable for measuring the
various dimensions of distences in an nsge field and
sroviding said messurements 15 coded signals;

FIG. 10 illustruces & elipping level adjustmen: m=ans
applicable :o zart of the apparutus of FIG.

FIG. 11 = a more deteiled view of a porticn of FIG.
}'\-

FIG. 12 = 0 more detailed view of 3 portion of FIG.
¥

FIG. 13 5 a perspective view of a peanning station
atillzed o provide signals which are applicable to the
recording and messurement arrangements illusirated in
the othzr drawin

g%
record- 20 FIG. 14 is s plas view of FIG. 13, which view 1ls0

(Hﬂ_ﬁ?f‘tt(‘q rnﬁr\r'rhnc and fhmﬂﬂ"ﬂ'mﬂT mﬂ-'rul-m-* T

nents;

.. FIG. 15 is a schematic disgram showing a circuis
employing @ summing amplifier 0 generate pulse sig-

25 naly

FIG. 16 is an kometric view of an inspection statian
employing meang for prepositioning both a mn.nmg
appareius and a workpiece;

FI1G. 17 s s disgram of control apparatus for the

EG"“'“ weircuit diagram showing denuils ﬂf}ﬂﬂ 30 apparatus of FIG. 16 and also illustrates means for re-

of the computing circuitry of FIG. 1B;

FIG. IC illustrates o portion of a recording member
containing picture signals and controls and eircuitry
provided in the output of the reproduction transducers
which scan said recording member;

FIG. 2 dlustretes a portion of & multi-track reconding
member having signals of predetermined duraticn or
iength recorded thereom in predetermined positions
relative 1o recorded picture signals for indicating, when
reproduced simultaneously with said picture signals,
dimensional renges of the physical phenomenon or ob-
Jects scanned to generate said picture signals;

FIG. 3 illustrates 8 recording and reproduction ar-
mngement whereby comtrol means are provided for

olanking all but predetermined or particular porﬁom of 43
* cog or more picture signals 3o that the remaining por-

tion or portions of said picture signals may be gnalyzed
withowt mierference from the other_portions;
FIG. 4 illuserates 8 recording and reproduction ar-

| FIG. 20 shows a scanning arrangemen

cording and analyzing the resuits obtained by scanning;
FIG. 18 shows another conirol arrangement applica-
blamdmnppmmofﬁﬁ 16;
. FIG. 19 shows an automatic scanning system having

35 a scanner which is positionally controllable to continu-

ously scan different imsage lields and includes means for
mdicating when changes occur in said image field; and

9 max-be.denyed by asin a»cimsx ‘j'}:}i’gh@
- : - J -&M e

A nnmbcr af mcordmg. mpraducuon, scanning and

comparison messursment, couating, control and com-

puting fenctions are described herein. Additionaily, an

rangement for opersting on a picture or snalog signal in 50 spparatus utilizes a video picturs signal derived by elec-

& manner similar to that dlustrated in FIG. 3 1o effect
one O DOoFe dxmemnni measurements or coatrol fung.

Sons;
FlG. d'kafmsmmmmuf:mmgﬁdd

llustruting the physical significance of certain of the 55

signals recorded on the moordmg member of FI1G, &
FIG. 4A illustrates a circuit applicable as a replace.
ment for a portion of the circuit of FI1G. 4;
F10. 4B lustraies a digital code generator or clock

ment

FIG. 8 Eﬁlusn-mﬁ 8 recording arrangement with pre.
determined positioned sync and gating signals;

FIG. 6 Tlustrates the recording arrangement of FIG.

tron beamn or flying spot scanning of an object or image
ﬁeld ot a video storage fube surfam.

Ptant l.mphmdc pulse mgmls of a short or predeter-
applicable to 1he airguitry of FI1G. 4 to effect messure: 50 mined durstion. However, they may aleo be of variable

xmplitude wnd/or frequency depending upon the type
of operation or function controlled thereby.

Ome technique comprises the scanning of an image or
optical field such as a predetermined area of a surface of

5 and circuit components utilizing the fignals provided 65 & workpiece or assembly, or an image field in which a

thepeqn;
FI1G. 7 illustrates a modified form of the recordiag
arrangement and cirquit components of FIGS. § end §;

. portion thereol contains an object or plurality of objects
or aress having an optical characteristic which b dis-

- cernible from the characteristic of the surrounding field

t employing

‘rine video mfumtion mgmls mm-ded on ﬁie !nla.,_j
Anetic recordmg mcdlums illustrated in F'EGS il &hmugfﬁ deay:
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or background. For example, the image may have dif-
fexent color or light characteristics which investigation
nvolves the analyzing of 3 length or lengths of the
video picture signal produced when the image or opt-

N

10

ares falls in the specified area. This function pertains to
inspection functions to determine i image conditions
exist puch as gurface defects, markings, assemblies, or
nternal defects whereby X-rays are used to provide the

cal field js scanned by a video camers or flying spot 3 fmage.

BCANNET

I suilomatic SINNING OF COMPAIHon measurement

=ing & change in & porton of 2 video signal is to be
employed for measurement or analyis of the optical

characteristics of the field from which the signal was 10~

derived, then there ¥ a requisite for nuch megsuremens
B = & to be meanin area, object or other phe-
zomenon fn the Reld being scanned must be st 8 known
distance from the scanning camera, optical gystem or

t2¢ flying spot scanner 50 that its scanned ares will be to 15

a predetermined icale & the image feld.

The asnitude of the object or plane belng scanced
must 8ls0 be fined or predetermined relative o the axis
of the video scanning device. A plane, point or ares of

the object should also be known or referenced in posi- 20

tion in the field being scanned, The requirement for say
automatic measurement is that & base or berchmark be
established. The measurement Or comparison is effected
in (his invention by & scanning means which = wilizdd

to indicate the etistence of an area, line or plane in the 25

field being scanned, Therefore, the above mentioned
scale, alignment and positional requisites must exist to &
predetermined degree or tolerance in order to artain &
predetermined degree of precision in the measurement.
It is thus agsumed that where dimensional messurement,
comparative image analysis or oiher nvestigations in
volving the scanning and analysis of a gpecific area or
arens of the total field are desired, the object, surface, or
area being scanned is prepositioned, aligned and pro-
wided nt 8 predetermined scale in the scanning fleld. For
, the automatic and tapid investigation of multiple ar-
cles or assemblies by this method, a jig, fixture, platform
or other form of prepositioning stops may be provided

- io preposition the articles at a fined disiance and artitude -
selative 1o the video scanning device, Preferably at least +

one surface ares or point of said article is a1 & predeter-
mined poiat, plane or position in space.
~ The following physical conditions may be measured,

indicated or compared by means of the automatic mea.
surement apparatus provided herein:

(1) Indication of the position of & line, point, border of
8 specified nres, or & specified srea in 3 given image
field. This may be provided as a coded signal or serjes of
coded gignals which are indicative of said position or
positions from a base point or line in the feld or at a
specified distance from the feld. .

(2) Determination if’ the point, line or area & posi-
tioned in 2 predetermined area or position in said feld,

and if not within limits, how far the image falls or &

positioned awsy from the predetermined pasition.

(3) Determination if the point, line or nrea in the feld
being ecanned falls within a specified distance or region
such &s a tolerance range, one or either gide of a speci-
fied position.

{4) Determination in which of several specified re-
gons in an imsge field being scanned, each of which
encompasses a different area either or both sides of a
specified position or ares i said field, & point, line or
ares falls. This function pertains o sutomatic sorting
operations,

{%) Determination if a predetermined image exists or '

does not exist in a specified area of an image field. If s0,
determination also as to how much or to what extent the

{6) The measurement of the dimension or dimensions
©f 20 i=pge in @ field by scanning past of said image at
@ constent scanning rate and timing the scanning from
int in its travel across an image to another.

scale or of equal senle and merely ilustrate the relative
pogitions of the various signals on the recording mem.
ber 30 (hat their coacting functions may be described,
In all the figures illusirating relative signal aress, one
of seversl recording and reproduction systems may be
provided whereby, while the total recording patiern
mey vary, the positions of the various coacting record-
mgs relative (0 esch other will sssentiplly remain the

‘samne to permit the same function (o be sccomplished in

ONE recor.Jing system as in the other. For enample, if the
magnetic recording tape or drum s moved relstive to

+ gne pr more recording heads which remain stationary,

then a seri= of parallel areas or tracks will be raced by
ihe hesds as Mlustrated in F1G. 1. However, if the re-
cording heads are driven in & rolary path; and sweep
across the recording medium s the latter moves in s
fined path relative to the rotational axis of said heads,
then a series of recording areas oblique 1o the longitudi-
nal azis of the tape will be truced thereon by the heads.
The end of each cblique recording channef ares or head
sweep will be continued further nlong the tape as the
beginning of & new oblique trace. Thus, any video and
eontrol signal recording arrangerments filustrated in one
figure .3s provided on recording aress or channels
which estend paraliel to the longitudinal axis of the
recording medium or 1ape, may also be provided on the
oblique, mepesting recording areas of others of said
drawings such as FIG. 5 if the same relative positioning
of said adjscent signals is maintained in the oblique

B

More specifically, referring to FIG. 1, # syne signal
51 and a picture signal PBI are recorded on multiple
side by side recording zrens of the recording member

"730. Eadh of the signals 81 and PBI is recorded on a
30 separate channel thersof in & predetermined position

with respect 1o the other channels, The syuc signaf ST is
recorded on a {irst channel or track C1 which indicates
and may have been used to effect the precise positioning
of the picture signal PB1. The picture signal PB1 i
derived from beam scanning of the image feld such as
a video gigeai. The field may or may nol contain the
frame blinking signal component. Tae picture signal
PB1 & showh recorded on 2 second channel C2. The
picture signal PB1 may be ¢ recording of (he signal
output of a video scanning device such as a video cam-
era gmploying & vidicon, iconoscope or other scanning
tube or  flying spot scanner,

If it is desired (0 provide a visual display of the FB1
signal at gome time after its reproduction from 10, the
durstion and character of the PB1 signal is preferably
such tha it may be used when reproduced therefrom to
modulate the write beam of a video picture or storage
tube. In my copending spplication, Ser. No. 688,348

—
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fied in 1957, the output sigoal of 8 video camem or
stomge wbe equivalent 1o the signal derived from the
video camera scanning read-besm is recorded during &
smgle frome or screen sweep ether in an image storage
tube or a2 @ moving recording member. Thersafier, the
signal & reproduced ot video frequency and used to
modulate the picture genersting write-beam of a video
monitar-scresn.

Toe PBI signal of FIG. 1, T intended to later repro-
duce o visusl image on a monitor screen, s thus prefera.
biy an image, single frame video picture signal. The
beginring of the picture signal is positioned adjscent to

' & in predetermised relation 1o sync signal 81 such that

sync signal $1 may be used 1o control the reproduction
of 1he picture signal PBI, For fester scanaing, the start
of i5e picture signal may be defined a5 a predetermined
point occurning at or after the frame vertical syne signal
sopears when the socalled read beam sarts its frame

FwesD. "
In the iter-laced scanning system, each complete 20

sweep of the camers scanning beam is referved 0 25
“field” sweep and two of such image fields make up an
mmage “frame”. As siated, the PB1 signal preferably has
pro Jided therewith the associated frame blanking signal
80 that it may be used to effect the production af & video
image, il necessary, for display purposes. For specific

' eomputing or operational functions, it may be desirable

40 mevely compare part of the PBI signal with another
signal whereby only pert of a single frame gignal need
necessarily be recocded snd the blanking component of
said signal may be eliminated. The sync signal S$1 may
be wsed as 4 trigger signal recorded on & predetermined
position of member 10 and used therealter to trigger or
vtherwise effect the recording of the PBI signal on a
predetermined recording ares or chenne! of member 10,
Iif the PB1 signal is recorded &t random on member 10,
syne signal 51 may be used as an indicator of the pogi-

3

12

the synchroniring signal 1 which indicates the position
of the video signals. If precisely relative to sync signal
81, the CS signals will also be precisely positioned rela-
tive to the video signal or signels and may be used o
effect one or more operstive or messurement functions
on oF in coection with the PBI signal.

The commsend signal or signals CS1, CS2, etc, may be
provided in one or more forms. A single pulse, such as
CS1, may be recorded on & single channe! of member 10

10 gnd positioned adjacent a specific length of the video

signsl or signals. When reproduced therefrom as said
member 10 moves relative to respective reproduction
heads, the pulse signal CS1 may be used, for example, to
gate an ndjscent similar length of the video signal over

15 2n output cirewit for scenning, modifying, messuring,

25

30 A series of other command of sont .
54, C55 and CSC are laterally aligned

tion of the PBY signal and of another signal or signals

* alsd recorded thepeon.

A third channe! or band recording area C3 parallel to
bands C1 and C2, contains the necessary video horizon.
tal me sync signals HS. The tync signale HS are pe-
corded in a predelermined position relztive (o PB1 for
the correct horizontal deflection and synchronization of
the picture and blanking signal PB1 to effect the pro-
duction of & video image.

A fourth channel C4 runs paraliel to the other chan-

45 the video sig

zels and conteing the associated vertictl synchroniza-

tion signal Y81 for vertical line and frame synchroniza-
tion of the picture signal PB1. The larter two signals HS
end V81 are optionally provided in the event that it is
desired 1o reproduce the PB1 signal a8 o picture oo &
wideo sereen for mouitoring or other purposes.

One or more addidonz! recording chanpels or aress
©8, C6, C7, C8, 9 and Ci0 prefernbly extend in &
direction paralle] to and are adjacent to those channels
described hereinabove. The channels C1, €2, etc. con-
tai ome or more operational gating or command signals
€81, €52, ete. which may be either puice ar aralog
sigoals. The cammand signals €81, C8Z, etc. are prefer-
sbly provided in predetenmined fined positions relative
m the picture signal PB1 Jocated on channe]l C2 to be
reproduced therewith and are used to modify, gate or
operatively cosct with the video signal PBL. While the
warious control signal or signals CS1, €52, ete. may be

0

53

elipping or otherwise operating on or coopernting with
2aid video signal, Thus, the position as well 53 the Jength
of the pulse signal CS1 will determine what section and
length of the video signal will be gated or otherwise
opereied on. The other operstions controlled by CS
sooyiselds mpenats crosuns Susmuddes, smsliton.
tica or other medifications 1o said video signal adjacent
<or behind said pulse signal on channel C3.
While the CS1 signal may be a constant amplitude
signal or pulse of any desired length, it may also be an
.onslog signal of varying amplitude and/or. frequency
which is utilized to perform 2 more complex function
cn o particular section or sections of t!+ video signal,
signals CS3,
: pulses. Each
pulse is on a different channel and capable of being
simulisneously reproduced thersfrom by respective
magnetic heads which are prefisrably aligned and scan e

35 separste track or ares referred to by the notations C6 to

C10. The series of pulses may be in the arrengement of
a digital code PC, such 35 o binary code, mnd may be
used to effect circwit selection, computing and/or
switching functions. Cireuit selection functions may be

40 operative to () afect o specific section or length of the

video signal, (b) select o specilic section or sections of
said video signal for reproduction, (c) adjust or other-

wise affect one or more electrical components or cir-

cuits in the output of the reproduction head or heads of

or (d) select one of a multiple number of
eircuits through which part or parts of said video signal
may be gated for measurement, inspection or scanning
functions to be performed therean,

' While the €S2, C33, CS4, éte. signils Uustrated in
F1G. 1 are shown aligned laterally scross the medium
or tape 10 for simultaneous reproduction by aligned
magnetic heads, they may be provided in any positional
arrangement which will be determined by the position-
ing of the magnetic reproduction heads and the required
function of ssid signale, The signals CF° 22, may b=
formed 25 a pulse chain by providing the mecestary
delay lines or elements in the output girruits 2f fhe
respective reproducuon heads, Furthermore, & pulse
chisin for computing and (or) control or switching pur-

50 poses may be provided on a single track adjscent the

&3

recorded a1 sny time on the recording medium 10, ¥

their precise position relative to the video signals & 20
imporant fsctor, their recordation may be triggersd by

video signal in the form of the appropriate tandem pulse
signals or multiple pulse chains may be provided
thereon, Preferably, the pulse chains are sufficiently in
advance of the video signal or a section of the video
signal which it is to affect or gate, to permit & ewitching,
computing or shaft positioning ection to take place
prioe o the repreduction of the desired section of said
video signal, The position of said recorded signal or

205 R 'wm 2k y
e
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Wgnals on member 10, will also be & function of the  pwitching function or other action on or mmuitanecusly
relative positions of the various reproduction heads. _zocugring with a predetermined length of said picture
A code or bit number PC’ & shown as @ series of  gignel Od such function described bereinbelow pro-
tandem pulses on the channe] C10 and having the binary  vides sid code or sigoals in relay siorage 0 be sub-
value [110101, 5 gracted from or added 10 & sumerical code derived from
The code PC’' i provided 25 2 peries recording o opemting on 8 specific length of the picture signal,
Hlustrate that such means of recording aumerical for- IL The lluwsrrated pulse code PC which is shown
mation may be used with aad edjacent znalog or picture  recorded for a short dursdon in FIG. 3, may be re-
signal to be reproduced prior 10, during or after the  corded on & longer section of member 10 and may vary
reproduction of said picture signal for effecting comput- 10 = leagth from a short pulse such as the shoriest sigaal
mg snd /or control operations to be perforned gn orin. which zay be recorded thereon, to the endre Jength of
coaction with the reproduction of said picture or mmalog the picturs signal PB. Whed the sede PC 55 reproduced,
sgnal, or in reiaticn to ot least part of said signal, If the the ourput eireuizs of the sssociafed reproduction heads
series code FC' & ntilized for computing and ecatrol will each sither have a signal or 20 signal present during
purposes adjacent a picture signal P3, then still another 15 the period a particalar code s reproduced whereby said

5 g
. l.t""'"l
I
P -
§ -
|-
 flel
1
l T
! 1Y
I A
i‘
I o

channel (not shown) 15 preferebly provided with a series
of equi-spaced, equiduration pulses recorded thereen a2
oreferably the interval of the pulses of PC tp act =3 8
clock when reproduced smultaneously therefrom thus

multiple grouits define & code pariern or bit sumber 4
any mstant. I 1t #s desired (o have this code present for
a specific period of time which may represent such
phenomenon as @ tolerance rangs, it will be pecessary 1o

simplifying digital operations im a switchinz cireuit or 20 record the signals reproduced o provide the PC code

computer using said pulse code.

The recording of the picture signal PB ind the associ
wted sync signals on the magnetic member 10 has many
ndvantages such ss the provision of a permanent record
which may be referred (o et any time or reproducaed by
gelective means whenever needed and visually moni-
tored by modulation of the picture generating beam of
a monitor screen device. However, said 2B sigaal need
not bz recorded provided that said signal may be other-
wise generated in a measiring or computing circuit al a

_predetenmined instant relative 1o the generation of said

other {llusteated signals. 1t is further noted that muliple,
tandemly recorded picture signals may be provided on
one or more of the channels of the recording member 10

of FI1G, | with the associsted gating and/or code signals J:

for record keeping and computing purposes.

FIG. 2 shows a second picture signal PB2 which may
be selectively reproduced by wse of a predetermining
counter peceiving the position indicating signafs on

- channel C1. Upon reaching a preser count, signsl PB2

closes n switch between the repreduction transducer
reproducing from the channels €3 to ©4 when thst
section of the tape 10 containing the selected picture
signal PB is adjacent the reproduction transducer.

The parallel code PC may be placed prior 10, or afier
the reproduction of the associsted picture or anaiog
signal PB. If recorded prior to signal PEB, said code PC
may sffect o specific switching or sdjusting action.
During the reproduction of o particifar segment of the
PB signal, said PC signal may gate or eflect an ection on
a specific length of said PB recording Il placed on mem-
ber 10 in a position o be reproduced after the reproduc-
tion of the PP signal, the PC signal may be used for
effecting & computation obtainsbie in digital form from
other gperation on the associated picture signal or @ part
of parts of said zmgnal.

It % noted that the recording arrangement of FIG. 1
. subject to modification depending on the switching
and logical circuitry operatively connected to the out-
pul af the transducing apparstus for measuring and

orming operations on the associated picture signal,
wiz:
1. The lsterally aligned pulse code PC which, in FIG.
1, i provided for reproduction prior o the reproduc.

recorded on member 10, for & time during which said
predetermined condition ar change jn said picture sig-
nal will occur. If szid code PC is thus recorded 2s ane

« or more puwise recordings of prolonged aod predecer-
25 mined durativs or leagth next 40 a predetermined pec-

don of the piciure signal whereby said position is such
that it will be known that said prolonged code PC will
enist in output circuitry for 8 time durstion during
which a particular change in amplitude or frequency in

30 the picture signel will occur, then mid code will be

Enown fo exist when said change occurs and will be
availsble for meproducticn therewith for effecting™
switching or coatrel functions, some of which will be
- described =

R I'
4 picture signal, or other signal or signals are re-
corded adjacent seid chain of said pulse codes record-
ings PC, the output circuits of the transducers repro-

45 ducing said codes will be emergized with & predeter-

mined code srray during the reproduction of & particu-
tar length of an adjacent signal which condition will be
indicative of the position of the part of said adjscent
sigrial being reproduced at the time the code iy repro~

%0 duced.

If the PC signals are of a binary or other numerically
progressing order, whereby each code srray cecupies
the same length of member 10 as the others and each
successive code array & of a numerically progressing

53 order {ie. 2 binary digital signal order whersby one

gsignal array is 8 unitary increase over the nrior recordad
code or the same {nsremens as each successive number
from the prior numoer), then the recording membar 15
may be used esseniially & & digitizer, I7 driven at con-

& mant speed, recording member 10 may be used 2s &

digital pmer or clock whereby o code, existing in the
output circuits of the transducers reproducing said re-
sorded code wacks, will be indicative of the time lapse
from the start of travel of said member 10 provided that

ton of @ section or length of the sssocisted picture 63 the cade recorded at the start of the cycle is known.

signal, 1o perform 8 switching, galing, computing or
other functions may be recorded adjacent 2 pmmm{hr
point in the picture signal PB for effecting a specific

The member 18 may be o closed loop tape or drum
running continuously and & constant speed. It may be
used a5 g digital clock by providing a normally open
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electronic switch or gate @ the output of sach of the 2als on each recording channel may be used to preset

reproduction transducers reproducing from channels
©5 to C19, the code recording chaanels, and pulsing all
oaid gates smultaneounsly to effect thetr closure for 2

brief period of time at the gart of the hierval being 3

mezsured and at the end of said interval. The pulse code

" passed through taid gates when first closed may be held

i relay storage and may be added to or subtracted from
the pulse code passed iberethrough at the end of said

mterval, The result of subtracting t>e zmaller of said 10

two code sumbers from the larger aumber will e mdic-
ative of the time lapse between (he two provided tha:

- the speed of the recording medium & known and the

lengihs of the code arrays are 8130 predetermined aad

similar. If the drive shaft of 1he recording medium 18 15 15

connected (o an analog mechanism, then the recording
medium and drive may be used 25 an analog to digil
converter of much grester capscity and duration than
the conventional coded disc converter.

FIG. 1A fllustrates a recording armangement of aox- 29

log and digital or coded pulse signals, which are fune-
tonaily selaied 10 cach vilicr. Al elongied wagneic,
recording member 10 & provided having multiple re-
cording channels CI to CN (where N &5 any desired

zumber). The channel C1 has a series of pulse signals 25

PSG recorded as a group or a3 trains thereon compris-
ing short pulse recordings positioned at equi-spaced
mtervals, which may be reproduced end transmitted to
@ bimary counter or other device for identifying any

specific szction or length of member 10 as o result of the 30

nature of said particular code. When the equi-spaced,
short pulse recordings PSG are reproduced and passed
1o o pulse counter such as o decade counter, they will
indicate any position on said member 30 by the existing
value of sid counter.

The even numbered channels C2, C4, C8, etc. contain
signal recordings including one or more pulze codes PC
such as digital codes, followed by one or more analog

. signals ASC1 which may be the aforementioned piciure

signals PB derived by scanning a fixed path in 8 field,
The odd numbered shannels C3, C8, C7, ete, may con-
tain other information in pulse or code form such a5 a
signal, §1, $13, for indicating the position of the start of
the associated analog signal such es ASG1-3. The signal

33
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S1-may also be positioned at any predetermined loca- 45

tion mlong the respective channel for switching the
output of the repreduction transducer reproducing a
particular part or all of the associsted anelog signal. The
said output may be switched thereby for example from
an input 1o 8 digital computer mechanism adapted to
receive the associsted BC codes to the input of an ana-
log device for receiving the ASG signal reproduced
thereafier. The switching signel on the odd channels
may also be incorporated and positioned om the even
channels between said digital code signals and analog
signal such as the illustrated SWS-signals of FIG. 1A.

The snalog recording or recordings ASG1-1, ASG1-
2, ASGi1-3, etc. may be recorded in one of several
forms. Said signals may comprise picture signals of

different but related phenomens such as derived from 50

the scanning of one of more surfaces of a work member
from different angles, two or more signal derived from
scanning & standard field and field to be compared
therewith, or the simultaneous output of one or more

analog recording devices or instrumenis which are all &5
' functioning simuitaneously to measure for example,

simuitaneously changing variables of & process or test,
The digital signals preceding esch analog signal or sig-

30
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ofne or more measuring circuits in @ manner to be de-
scribed, to select o particular length of the analog signal
for reproduction, or to gule said signal or predetes-
mined sections of said signal ss indicated by said code
signal over one or more of a muldple of circuits.

An application of the recording arrangement of FIG,
1A 5 ia the field of machine tool or process control, For
example, the analog signal recordings ASG may have
each been obtained from the output of a synchro or
selsyn generator which = operstively coupled 10 the
shaft of & motor driving a part of & maghing,

The #ignificance of providing a recording of the type
flustrated n FIG. 1A whereby one or more command
analog signals on gne or more channels of the recording
member 10 are preceded by one or more pulse codes
PC’' I that the pulse codes may be used for effecting
broad control of the tool driving motor wheress the
analog signal therefollowing may be used to effect &
finer control or micropositioning. Also, while the pulse
code on a specific channel of member 10 may be used to
silcwt 4 stepped Or Mernuueni ¢onwoi of the molor
driving the tool, the analog signal may be used to effect
éontinnous control of the speed 2nd position of said
motor. Numerous machine tool and materials handling
spplications exist whete the combined digiwml-analog
recording means of FIG. 1A is applicable to edvaniage.

The digital signals may also be used 10 preset mexsur-
ing devices and performn other switching functions in
goaction with the operation controlled by the analog
signals, which functions are not conveniently derived
‘from said analog signal per se, Further, the digital codes
PC may be used to control the direction and speed to
the motor driving the recording member 10 in p prede-
termined manner. For exsmple, it may be required in
the cycle of operation of the device controlled by ana-
log signal associated therewith to sepeat the control
effected by a limited duration analog signsl. The digital
-or pulse-gode preceding -the analog signal may be used

fo preset a recyeling timer or may be held in relay stor-
age and used to control the future motion of the tape or
recording member 18 so that the anslog signal associ-
ated therewith iz repested thereafter or pans of said
signal are repeated in @ predelermined manner,

Pulse recordings $2' to S8’ are provided on the even
numbered channels between the groups of serially re-
corded pulse bit codes PC' and the analog or picture
gignals ASG-. The recordings SN’ are preferably sev-

- eral times the length of the pulses comprising the PC’

recordings so that they may be used to actuate a relay
which is responsive anly to the longer signal. The relay
s nsed to switch the ocutput from the respective repro-
duction transducer from a digital control device to an
analog device or circuit prior to the sppesrance of the
reproduced ASG signal. It is noted that the pdd aum-
bered channels €3 to CN may contrin a peiatlel pulse
code for effecting xm operstion at v specific point or
points in the reproduction of one or muie ui the snalog
signals.

FIG, 1B shows multiple recordings on 1 magnetic
recording tape or drum 10 driven at constant speed past
multiple magnetic reproduction heads PU. The heads
PU-1 to PU-3 (heads PU4 10 PU-3 are shown in FIG.
1B) reproduce the signals recorded on the respective
channels C1 to C2. On channel C1 there is recorded a
gync signel, such as S ef FIG. 1, for indicating the

‘ position of the start of a picture signe] such as a video

_picture signal PB recorded on channel C2. Signal PB

FGIR
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may also be any analog dgnal on which a mensurement
or operation i 10 be made. On channel C3, one or more
gating signals SCN are recorded for switching 2 se-
lected length of lengths of the reproduced adjacent PB
wgnal 10 one of more measurement or clipping ¢ircuin.

The chagnels C4 1o C3 contain multiple pulse record-
ings arranged in & multiple code or binary scals orde
such that the heads FU$ o PUS will, ot asy partic
nstant while

Tae code scale recorded n FIO, 12 = 8 so-called
progressive gode with the nuxmber zero it the poin: X1

A

andsthe number 32 ut X2. A so-called natural bimary 15

cods recording may also be wsed = may say code
meaps which will provide @ different code or signal
array during =ach uait length or increment U i the tape
or drum 10. Cn channel C8, the pulse signsls are equis

spaced and have a lengt= of 2U or twice the unit Jeagth. 20

If the reproduction beads PU1 to PUE are aligned s
shown laterslly across the member 10, the code enisting
inother cutont plroiibis 4l deme=d oo Subich g-i
lengths of the recording member said heads are repro-
ducing from wt the particular instant. If the member 10
is a closed Joop tape or drum and is driven at constant
speed relative to said heads PU, then the recordings an
channels C4 1o C8 may be used for tming or clocking
pUrposes ofF may measure the distance between any two
points or changes in the associated PP signal.

The time berween any two instantaneous or short
duration occurrences may be determined automatically
3 8 numerical or binary code by the mechanism as
shown in FI1G. 1B. By applying the proper constent or
conversicn factor o the result, the distance between
any two points in the associsted picture signal PB and-
/for the distance between any two points in the image
field scanned to produce said signal may be obtained,
The combination of the recording member 10, a con-

4,979,029
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reproducing from sald channels, be ener- -
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stant speed dfive therefor, the repreduction apparatus 40

and the Bilustented circuitry may be used for performing
any automatic timing function in which a rapid readout
is desired in pulse code form of a time interval berween
two pulses passed thereto. The time interval may be any

two instances in a timing or measurement cycle of any 45

event whereby means are provided at each instance to
produce a puise of short durstion. The spparatus of
FIG. 1B may also be used to provide a binary or other
pulse code [or effecting computationa! or control fune-
tions ai various instances i a measurement cycle
whereby each instance is characterized by an sssociated
pulse signal. The running code may also be recorded on
additional channels of member 18.

The output of each of the magnetic reproduction
heads PU4 1o PUS is passed 1o a respective reproduc-
tion amplifier A4 10 A8 and thence to the nput of &
respective normally open monostable gate or switch G4
to G8. The output of each gate is passed o a computer,
or computing mechanism CO, one form of which will
be described and is Mustrated in FIQ. 1B Device CO
may also be an automatic recorder. The outputs of the
reproduction amplifiers Ad to A8 are oaly ptm.cd to
computer CO when the switching inputs to aid gates
G4 to GE ere energized,

Simultaneous energization of all gates G4 to G3 is 65

effected to provide a code output indicative that the
heads are reproducing from a particular unit length U of
member 10 by passing a pulse to the input of a multiple

50
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ocutput pulse transformer FT. Each output of pulse

- transformer PT is connected to a switching input of one

of the five normally open monostable gates or switches
G4 to GB. The gates G4 1o GB are electron tube or
semi-conducior devices capable of switching in the
megacycle range. Thus any condition occuwrring in the
signal PB during the interval defined by reproduction of
ghe SC gignal or signals may be indicated s a code, If
the code cccurring on chennels C4 to C3 is of a numeri-
cally progressing order, then the distance or tme be-
tween the sppearance at the input of pulse transformer
PT of two pulses may be indicated by mubtracting coe
code 50 generated from the other. !

If the recording member 10 of FIG. 13 Raving the
cod scale recordings ilustrated on channels C4 10 CN is
a closed loop magnetic tape, it may be ysed at a compo-
zent of an 20slog to digital converter of greatar verxatil-
ity than the conventional coded disc type of converter,
Amume that the member 10 is driven by the conven-
tionz] capstan-depressor drive and there is no dlippsge
in the driving means. Then the shaft of the capstan or &
ghafl epupled thersto may be digitized. That is, eny
Aoco=e of rotsbon of said she® may be indicated 2w
aumerical code or number by providing & pulse af the
input (o pulse transformer PT at any instant in the rota-
tion of raid shaft. Since the code repreduced {rom mem-
ber 10 will be o function of the rotation of the capstan
chafl, a coded number may thus be obtained for any
degree of rotation of said shaft.

An elongated flezible magnetic tape with the code
recordings as Hustrated @ FIG. 1B offers o coding
surface of considerably greater length than the conven-
tional coded disc. As such, the code may extend as o
greater pemericel value than on the conventional disc
converter surface thus eliminating counting circuitry
and providing o considerably-higher numerical velue in
code form than on the surface of the disc.

If the recordings on channels C1 to €3 comprise
multiple picture signals or information in the form of bit
recordings such &s binary 'code, the're¢ording of a pro-
gressing numerical code as in FIG. 1B on said adjacent
channels C4 to CN may be used for & number of pur-
poses. Said code may be used for the selective repro-
duction of eny specific adjacent recording such os 8 bit
pumber or a specific length of PB signal, or the repro-
duction of one of a multiple of said picture signals for
transmission to further control or computing apparatus.
Said code may also be used to identify a particular sec-
tion of said tape. Jor recording » selected signal or bit
information. These functions may be effected accu-
rmiely without the use of a counter counting drive shaft
rotations or ghort pulse recordings and has sn advan-
tage over the latter technidques in that each point in the
length of member 10 is identified by an associsted code,
whereas counting means are subject to errors if a pulse
should be accidentally eraged.

If the device of F1G. 1B is used as an automatic inter-
val timer, recording member 10 is Jriven at eonstant
speed. Then the computing sircuit CO includes means
for computing the time lapse between two occurrences
by subtracting the code ccourring at the reproductivn
beads af the start of the interval to be timed from the
code appearing there at the end of said imterval. The
difference will be proportional to the actual time if takes
for said codes to pass said reproduction heads, A means
for obtaining wid difference nutomatically is Hustrated
in F1G. 1B, which shows part of the circuit. If the code
on channels C4 to CN is a binary code, subtraction may
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e effected by 8 method kmown as complement addi-
won. That =, the complement of 8 aumber s formed in
o complementing cirvuit (CC) and added to the second
number. The result & the difference betweea the two
anbery,

In FIG. 18, the circuitry for effecting this operation
s liustrated o part. The circuit comprises one mingle
input, dusi-output bistable switch or flip-flop FFN &
the putpul of cach gate GN. Tze switches FF8 and FF7
are par of the chain of said switches and are wach
shown with a complement mput. When pulsed, the
complement mput switches the ourpul of said switch

" from the existing condition 1o the other of its switching

cocditions. Said switches FFN preferably also have &
resel imput which, when pulsed, switches the ipput to
the other of mid two states in which it has been placed
or if in said reset siate, maintaing sid reset conditen,
Azsume thet the reset condidon of each Aip-flop s the
Hustrated “0” or left hand output and that all Hip-flops
2re in this condition prior 1o the appearance of the first
point 1 ne mmeg wlerval. hen any pulsss of the
coded number passed throagh the gates G4 10 GN will
pass through said “0" outputs of said Mip-flops. The “0”
output of sach fip-fiop it thus connected 1o a respective
input of o first shift register SR1 which converts the
parallel bit code passed through the gates G4 to GN'to
a series code which s passed 1o the complementing
circnit CC. From the complementing circuit CF, the
complement of the number i5 passed 1o one inpui of »

- binary sdder BA.

The second coded number i obinined at the ¢and of
s2id measuring cyecle when a pulse appears ot the input
to the pulse transformer FT. This second coded number
s passed through the flip-flops FF4 to FF3 io 8 second
shift register SR2 from which it & passed as a series
code to the other input of the binary sdder BA. The
result, which is transmitied from the sdderasacode.
the difference between the two numbers and & pftpor-
tional 10 the ime betwesn the receipt of the two pulses
at the mput of pulse transformer FT.

Switching of all flip-flops 1o their output conditions
=1 is effecied by passing s reproduction of the first
pulse passed to pulse transformer PT through a delay
line or time delay relay D and then 1o the inpu! of 2
multi-output pulse transformer P17, Each output of
pulse transformer PT" is connected 10 8 respective com:

- plement imput “C™ of a respective {lip-flop to switch

said bi-stable switch 1o 5 other outpul condition. The
aexl signals to pess through the flip-flops are thos
passed over the 1™ putputs 1o the shift regisier SR
The duretion of (he delny D will depend on the
switching times of the gates GN and (lip-flops FFN as

well as the shortest time intervals 1o be measured. The

pulses to pulse transformer PT, as will be described

* bereinbelow, may be derived from such & phenomenca

35 & specified ¢hange in the stsociated recorded B2
gignal. The technique may be wsed to messure distances
in the image field scanned to produce the picture signal
PB as described bereafier,

If the flip-lops and circuits CC, BA and SR2 are
eliminated, the resulting cutputs of shift register SR1 or
of the gates GN may be recorded as indications of the
coordinate positions of specified lines or aress in the
field scanmed to produce the picture signal PB. For the
circuit of FIC. 1B’ to function, the code scale on chan-
nels C4 10 C8 will be 2 binary code.

e
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The input 1o the pulse trensformer PT of FIGS, 1B
xnd 1B’ mey be trensmitied (rom such circuit arrange-
ments 23 the following:

(A) In FIG, &, the cutput of the Schinitt circuft CM
may be pamsed to puise transformer PT as shown in
FIG. 1B to messure and present a5 8 bil code signal the
length of the signal passed through the “aot™ circuit N.
The output of either clipper CLI or CL2 may also be
passed (0 @ Schmint cathede coupied multivibrator cir
cuit, the cuzpm of which 3 connected {0 the mput of a
pulse trensiormer, the alternate arrangement o0t being
showa. In cue embodiment, the gailng zignals flus-
tated o FIG. 3 are provided in predetermined posi-
ticonl relacnship to he associated pictuse signal such
that part of (he picture signal which was produced
during the line scan of 8 predetermined portion of the
image feld contains an ares the width of which it is
desired t0 measure. The clipping circuit produces a
mignal output when the input is that part of zeid picture
signgl produced during scanning said eres. Conse
'\ueﬁﬂu the 1 'lan.rhnr- aod tm 1:-:- ad’-—-r— afeaid —;g-n T
cause, said Schmitt circuit to [pmduce short pulse out-
puts. The circuits of FIGS, 1B and 18’ including the
recordings on channels C4 to CN will provide a code ut
the output of the binary adder BA therein which will be
indicative of the me lapse betwesn said two signals
produced by said multivibrator tingit,

{B) In FIG. 4, the cutputs of any or alf of the circuirs
or Jogical switching circuits AN 2-3, AN 24, AN 2.5,
may be passed to o Sehmit cathode sonpled multivibira-
tor gircuit and then to pulse transformer FT shown in
FIGS, 18 and 1B, The seid outputs present in bit form
a number which represents the length of the signal
passed through said AND circuits. The same muy be
effected for the outputs of the varipus MOT switching
circui of F1G. 4. »

{C) In FIG. 7 the output of rither clipper CL2 or
mtchmg circuit AMZ-3 may be passed 1o 8 Schmin
cireuit and the ‘resulting pulses therefrom to the pulse
teasformer FT of FIGS. 1B and 18"

(D) In FIG. 8 the output of the switching circuit

 AN2<4 or N may be passed 10 a cathode coupled muiti-

vibrator Schmitt cirewit €M having its output con-
secied to pulse transiormer FT of FIGS. 1B ond 1B’
(E) In FIG. 9, the output of Schmitt circuit CM may
be passed to pulse transiormer PT of FIGS. 1B and 1B’
or the output of swilching circuit AN2-3 0 o Schmitt

.circuit and then to pulse transformer PT for messuring

the ive iength or difference signal duration,

“The resulting mtgmnfﬁahsmrxﬂde:ﬁ& of FIG.
1B’ may be to & recorder or mecha-
nitm suckh as the code matching reisy o e described”
and Mustrated in FIG. 10. The output of binary addar
BA may be used 1s an error or difference signai in ma-
chine comtrol. it may be used for example to correct #
machine o0l or adjust its position to provide @ produg-
tion or assembly result indicated by the make-up of the
picture gignal PB which & closer 10 an ecceptable ioler.
anee or stapdard,

FIG. 1C shows 3 means for effecting nutomatic con-
trod and switching by what will herzinafier be refermed
O 2% mde mwhin e 0y

YCN. The recordings comprise a pulse
- cede array such as 4 binary or other code running scale
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which, i weed o energize the associated reproduction
transducers PU4 1o PUN, a3 shown in FIG. IB, will
provide signals at any mstant during eaid reproduction
in the cutput circuits of sald transducers equivalent to a
particular coded sumber,

The signals on channels C4 to CN may increase with
the length of member 10 in @ aumerically progressing
order, Each unit increase in sald recorded code scale
may cccupy 8 particular anit length or any predeter-
mined length of member 16. Then, exch of said Jengths
5 identified by a particular code which may e nsed for
control purposes, Control signals may be generated and
used, for example, o effect such fuoctions as clcsing a
zormally open gate having an inpat from the reprodug-
ton amplifier through which the awsocisted picture
signal PB s being reproduced 0 pass the part of the
picture gignal over a further circuit, secording of a
signal sdjscent the code recording. Controlling, timing
or programming functions whereby the member 10 s
driven at & constant speed and a particulsr code ¥ nsed
1o represent & particular time o 8 cyele.

Iy BYG, 1C,; 2 sories 8f mpiiches DL 19 AN pusy Ba
mapually, puise, or signal operated or may be the
swilches of @ eard or punch tape reading device. Said
switches, when closed and opened in the order of the

20
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The output of switch R4 is also passed to a “0

gwiitching fmput of flip-flop FF'4 thereby switching

FF'4 to open and preventing any signal from power
supply PS to pass therethrough when in ssid conditian,
With fip-flop FF4 switched 1o state “1™ a gignal will be
passed o the corresponding mput of circuit ANSN only
when a signal is present gt the head PU4 on channe] 4.
A delay line or relay D4 may be provided in the output
of “I™ of flip-flop FF4 to sccount if necessary for the
time i takes the switches N-3 to N-N to switch if pro-
vided in the switching actica by the sction of the corre-
sponding R switches. It & hus seen that by opening and
ciosing pardculsr or selegied of the R switches, pro-
vided that all flip-flops FF4 to FFN have been reser 1o
“0”, a code army B set up o relay storage which will
provide a signal over the output cirouit when the same
code exists as recordings a¢ the heads PU4 w0 PUN.
/g Tlustrated, the code on channels C4 o CN is a
binary code and is of & numerically progressing order,
Cansequenily, the inputs for activating switches R may
te derived from 2 digital computer and may represent
the desired thaft rotation of the vower means driving

. the member 10. A signal owiput from circuit AN4N

preselected code, condition the fllustraied circuitry.

Therefore, o signal will be provided over an output
circuit when and only when said preselected code ap-
pears ot the multiple heads PU4 to PUN as shown m
FIG, 1B reproducing from the magnetic recording
member 10. Said recording member may be driven
continuously past said heads by 8 motor or in an inter-
mitent manser by 1 tolenoid actuated ratehet and pawl]
drive.

When one of the switches RN s closed, a signal is
transmitted 1o a switching input “I” of a singlc input,
two gutput bi-stable switch FFN switching it from a

“0" or reset condition to 2 first, *1” coadition. When so

netuatled, the particular FFN pwitch switches its input
to an output circuit which extends therefrom to a corme-
sponding ioput of an N input AND switching circuit
AN4N, For ezample, when the (lip-flop bistable switch
FF4is in (he reset or “0” condition, an input signal sent
thereto from reproduction amplifier Ad is passed to the
switching input of a normally closed monostable switch
or NOT circuit N4 opening circuit N4 and preventing a
signal from & power supply PS from passing to its out-

m’f’he output of circuit N4 extznds 10 an input of a
bi-stable switch FF'4 and there{rom to the same input of
ANEN that the “1” cutput of FF4 extended to, A logi-
cal OR circuit may be provided at the junction of the
two outputs which connect to the single input 1o ANEN
if said circuits are not resistance matched.

The bi-wable suritch FF'4 is swiltched to its closed or
“I" gondition by the reproducticn of a reset signal
passed 10 circuit Mlustrated input *1” of FF 4. Said reset
signal is also passed to the “0” gwitching input of FT4
thereby conditioning the circuitty 3o that a signal will
be passed to the corresponding mput to ANSN enly
when there is #o output signal from reproduction ampli-
fier Ad (l.e. where there & no signal an channel CA4 at
the reproduction head PU4.) A signal transmitted from
amplifier A§ will pass through “0" of flip-flop FF4 to
the switching input of NOT ecircuit N4 and preveat the
passage therethrough of the constant output of gower

supply PS.

33
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represents ihe attainment of & degree of movement of
member i0 as indicated by the code input to the
switcher R4 1o RN, Said output signal may be msed 1o
siart or siop 8 servo motor SM by activating a relay RE,
The relay RE may also be used to pulse a solenoid, to
sound aa alarm, or 10 actuate any electronic or electro-
mechanical devics, switch, relay or motor. Reset of

fip-flop swiiches FF and FF' is effected by manually of

antomatically cloging & switeh SW which gutes & signal
froim a power supply PS to & pulse transformer FT
thereby transmitting energiring signal to the respective
“0™ gwitching inputs of the FF switches and the 1"
nputs of FF' awitches. P

FI1G. 2 shows g section of e recording medium 10
having a sumber of pulse signals C511, CS32, C813,
Cs14, C515 recorded on separute tracks or channels
adjecent video signals PB2, HS2, and V82, The latter
tignal 518 is recorded on channel ©F and is the shon-
st of all the pulse signals, While signal CS18 is prafera-
bly of a durstion in the order of ten microseconds or less
duration when reproduced therefrom, said duration will
depend oa what phenomenon it is being used to indicate
or measuse. The C11 to C18 signals are of decreasing
length or duration along member 10 and are shown
symmetrical with a transverse Line PL exstending across

"ang preferably perpendicilar €0 the direction of record-

ing and passing through the center of the shortest pulse
CS513. This arrangement of recorded signals may be
zsed to indicate the position of region on which 2 par-
ticular point in the video picture signal falls or is ex-
pected to fall and may be used for messurement or
quality control purposes involving said picture signal,
Assume the image from which the video picture sig-
2al PB was produced bas a particular characteristiv,
indicative of a position, plane, edge of sn object therein
or the beginaing of a specific area of said image and said
characteristic is scanned by the video scanning camers
oz device as n change in color or light reflectivity.
Then, the video signal will change in amplitude. The
change in amplitude may comprise an inflection in its
amplitude if the color or light characteristic of the field
suddenly changes. This change in amplitude may be
ndicated electronically by the use of a proper elipping
or [ilter gircuit in the output of the video repreduction
amplifier for the video signal reproduction head. By

FI6L



eomparing said clipped sigual and noting the position of
the leading edge of said signal in relation to the position
of the CS12 o CS1S signals, its position or the region of
its position may be indicated electrically.

The CS15 signal may be used to indicate the precise 5
norm or desired positon of the surfoce, plane, line or
position of the beginning of the area in the field being
scanned, The CS14 signal recording may be positioned
and of such a time durstion or length to indicate 3 range

of acceptable tolerance for said picture signal inflection 10 4

of image position. For example, when the member 10 is
noving at video frequency or the frequency or speed at
which the video signal was recorded on member 10,

then the length of the C814 sgnal may be such that iy

reproduction will occur in 8 time interval during which 15
136 camers scanning beam will travel across a few thou-
sandths of an inch of the surface of the object or image
being scanned which will be equal to the combinaticn of
the plus and minus tolerance permitted for said image
Ene (o be off o desired or predetermined positica Pl 20
nelicntad nositionally Sv signal CE1E,

It = pssumed that ap ares, benchmark, point or a
reference line or plane of the object being scanned is
prepositioned in the image field and that the object or
surface being scanned 3 at the corvect atdtude and 25
distance from the video gcanning camers or device.
Such a method of sutomatic inspection or measurement
may be effected by fixing the videp scanning device or
camera 80 scpn a particular ares or field. A fixture or
slops are provided in said field being scanned for align- 30

"ing the object being scanned so that all objects will have

a commen base and will be of equal relative scale in the
image field. Thus a pardeular degree of swesp of the
scanning beam will represent for each prepositicned
object being scanned the same length on the surface of 35
esch other cbject scanned.

The length of the C8 signals is proportionsl to a
particular leagth or distance along any plape in the

' image field. The positions of the lesding snd trailing

edges of these signals may be electronically detected 40
and may be used to indicate the position of & particular
line, plane or small ares in the image field or to effect
the measurement of said line or plane from a predeter-
tined line, plane or point in the field. As stated, the CS1
signal may be used primarily as 8 means 1o gate 8 similar 45
length of the video signel PB to an output circuit and
the position of €51 will determine what particular
length of the video signal will be gated. Assume that it
is desired to indicale or measure the distance slong a
video scanning line between two lines cblique to the 30
beam scanning Hna which are of different light refllectiv-
ity or intensity than the image background. Further
assugme that the position of each of said lines may be
indicated as a result of the inflection in the amplitude of
the video picture signal by a pulse created as the signal 55
passes a video clipper, such as a pentode clipper. Then,
the C31 signal will be provided on member 10 in &
position such that, when repreduced therefrom, it may
be used to gate that part of the video signal produced
when the scanning beam of the video camers crosses &0
Since the distance between said lines in the mmage
field may vary from one sample or image field to the
asext, if’ the maximum varistion for all samples being
scanned is known, 2 gating signal CS1 may be provided 65
of sufficient length 1o pess the correct section OF s&c- -
tions of the video signal for each field or sampie being
scanned such that each will contain that part of the
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more of several purposes. They may be used to indicate

the actual position and variation from e desired position
indicated by the center of said signals, of & point, plare,
Line or area, as fndicated by an smplitude change or
mflection in the PB sgnal cccurring in the mange indi-
cated by the CS1 signal. For example if the pulse cre-
sted by the inflection in said video signsl cccurs be-
tween the time the leading edge of the CS12 gignal is
reproguced and ihe Jeadicg odge of the 2010 siglial s
reproduced, then said point in the video signal is known

“4o occur in a particular tolerance range or distance from
the norm which may be indicated by the position of the
CS15 sigmal.

Similarly, the range or distances betwean the leading
edges of the C513 and C314 signals and between their
respective trailing edges may be gecond tolerance re-
gions and between the respective lesding and trailing
edges of CS14 and CS515 third tolerance regions. For
inspeeton of machined pans, the tolerance regions
between C514 and €818, for example, may be indica-
tive of acceptable tolerances between €513 and €814
signals indicative of acceptable but alss of an impending
required change in tool adjustment; between CS13 and
CS14 signals indicative of & dimension scanned not
passing inspection and quality requirements but capabie

- ofrework, and putside the leading and trailing edges of

reproductions of signal CS13 indicative of complete
rejection of the part and either shut-down of the ma-
chine for readjustment or the requisite that the scanning
inspection apparstus be checked. The €312 to CS13
signals may also be used for automatic sorting purposes
whereby an object having a dimension which falls in the
range of one of said pulse signals but not in the renge of
the next smeller signal may be 20 classified or sorted by
pulse means to be described.

FiG. 3 shows a magnetic recording member 10 hav-
ing multiple recordings thereon and also illustrates asso-
ciated spparatus for the automatic comparstive mes-
surement of a similar length or lengths of two scanning
signal recordings which are signals derived from photo-
electric scenning of moving objects or video beam scan-
ning of image fields, Said picture signals ihclude a gync
or position indicating signal 81 provided on a first chan-
mel C1 of member 10, two picture signals PBIA and
PB1B recorded on chanmels C2 and €4 and in laters!
alignment with each other and the signal 51, and one or
more discrete signals SC11, $C12, etc. shorter than
either of said picture signals and recorded in predeter-
mined positions on member 10 relative 1o said picture
signals. Said reproduced SC signals may be used per se
or with signals recorded on still other channels of the
recording member to perform one or more of the vari-
ous other gating, control and operative functioas de-
seribed elsewhere in this specification,

In FIG. 3, said SC signals are used, when reproduced,

" 10 gate specific and similar lengths of reproductions of

513 and CS14 signals may scrve one or

%63




4,979,029

25

the two pecorded picture signals over respective output
gircuits for automatically comparing the characteristics
of axid similar lengths of said two signals. For example,
ooe of waid picture mgnals PBLA may be derived from
ecanping what will hereafler be called a standard image
field, Such s standard is defined a3 & Geld of measure-
ment of inspection which (o the optical scanning system
of a beam scanning video device contains one or more
images or image aress which () are in & predetenninad
position @ gaid field resultiag from determined align-
ment therein and (b} exhibit other predetermined opti-
cal characterstics such s predelermined eolor = light
charscieristic,

The other mignal, PBIB, = preferably derived from
scanning another field containing sn image ares or areas
similer in sbape, position or light charscteristics to cor-
responding areas in said standard image feld but which
may vary in sy of said characteristics, Since the ampli-
tude snd/or frequency of the picture signals PR1A and
PBI1B change 2s the optical characteristics of the image
field being scanned change, taid two signals may be
compared pomt by powmne [I'wo sumilar segments or
lengths of wid signals may thus be compared for ampli-
tude or frequency variations by the means provided and
the resulting differences in signal varistions indicated

. by apparstus such as {Hustrated.

While the method of messurement otilizing the re-
cordings of said two picture signals provided in fixed
relation to esch other on a magnetic recording member
hes numerous advantages, it is possible to perform the
same function by recording satd stendard image field
gignal PBIA in o fixed or predeiermined position rels-
tive to sync signal $1, for example. Said second picture
signal is provided in the circuitry illustrated during the
same time it is provided in F1C. 3 by the reproduction
apparstus iffustrated by utilizing the reproduction of
said S1 signal to trigger, for example, the sweep of a

video storage tube readbeam to.scan a charge pattern,

recording of said second picture signa! and producs seid
second signal over said illustrated cirouitry. Similarly, it
is possible to provide both said picture signals recorded
on respective storage tubes and to effect their simulta-
neous reproduction by means of a signal derived by the
reproduction of the sync signal 81, whereby the mem-
ber 10 serves a5 o signal generating medium for generat-
ing said SC signals at predetermined instants during the
reproduction of said two picture signals.

The method of recording all signals in predetermined
positions relstive to each other has numerous advan-
tages. These include the provision of 4 recording which
may be rechecked or rescanned if necessary or changed
in characteristic and which ma be filed for future refer-
ence or used to modulate the write Beam of a picture
tube for visual monitoring, The recording of at least

gaid standard image field signal oo member 10 has addi- .

tional sdvanizges in that it may be one of a multiple of
elated but different picture signals recorded on said
member and may be selectively reproduced therefrom
adding flexiblity to the apparatus and permitting it 10 de
used to perform & multiple of inspection functions rela-
tive to different image fields or devices.

Assume that the signal PBIA has been derived from
seanning & standard or quality-scceptable image field
such as derived {rom the surface of & work member or
X.-ray structure of an object or subject which conforms
to specified dimensions, surface characteristics or Tight
characieristic. Further assume that said image Geld
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other charncteristic which will result in signal varia-
tions In @ predetermined segment or segments of gaid
pecture gignal. Then, the position or positions of similar
varistions in the signal derived from scanning field
eontaining images may be measured of compared. The
apparstus shown in block notstion in FI1G. 3 provides
pne mathod of comparing the positions of image areas in
the stendard image field with image areas of fields to be
compared therewith. Modifications to said apparntus
are possible which will provide not only the same type
of messurement but other inspection functions such as
eounting, aoting mage variabons of aress in o particu-
lar area or are=s of the field being scanned which do or
do not conform m position, light intensity, shape or glze
with nress of said standard image field

it is also sssumed that means are provided for prepo-
sitioning af least part of the scanned {mage area or the
object being scanned in the scanning field of the video
acancer (0 produce said picture signal PB1B. Variations
in picture signal PB1B represent particular aress of said
image field provided in 2 predetermined range or area
oF possiDie SCAer B0 (LOAL 4 oasis {or Mmeasurement and

' gomparison is provided. For example, if it is desired 1o
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eompare the position of one or both of two arens in a
field being scanned with the position of similar areas in
2 standard or known image figld ond said areas are
itted to falf at random in said feld, then one of said
areas of onz field positionally may overlap the compara-
tive ares of the standard image field which may result in
an ingorrect measursment. »
The electrical apparatus of FIG. 3 comprises & multi-
ple of reproduction transducers PUL, PU2, PUS and
PU4 as shown in FIG. 1B for reproducing the signals
from respective channels Cf to 4, Said transducers are
shown in FIG. 1B as being laterally aligned scross the
member 10 for simultaneously reproducing aligned
sections of signals recorded on said channels, The heads

. may be staggered provided that similar provision ig

4]

0

&3

made in positioning of the respective recorded signals, it
being desirable to reproduce the start of said two pie-
ture signals amultaneously by their respective transdue-
ers. It is assumed that both picture signals were initially
generated by respective beams initially positioned at the
same points in each field being scanned or at a predeter-
mined point on the surface of the object being scanned.
Therefore, if said image aress being scanned are to the
same scale in relation tg the scanning device and are
similariy aligned, similar points in the. resulting pisture
signals will have similar field coordinate positions.

The cignals reproduced by reproduction heads PUL
to PU4 are amplified by means of reproduction amplifi-
ers Al w Ad respectively. The output of amplifier A2 is
passed to the input of a normally open, monostable
electronic gate or switch G1 and the picture signal
output of repreduction amplifier Ad o the input of a
second gate G2. The switching inputs of gates (51 and
G2 receive the output of reproduction amplifier A3
thereby amplifying the signals 5C11, SC12, etc. Said
gaies Gl and G2 may be iy monostable electrical
switching device adapled to switch a1 the required rate
and o0 effect the completion of a circult between it
input and output whenever a signal reproduced from
channel C3 is present at the switching inputs and to
disconnect said circuits or when said signal is no langer
present therest.

Various electfon tube and semi-conductor gates arc
known in the art and may be used for switches 1 and

contains aress of different light or radiation intensity or

02 Thus il it is only desired to i seg-
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ments i predetermined aress of aid two fields being
scansed or compared, or particular lengths of said re-
spective picture signals, the positions of the §C signals
and their lengths will provide segments of both s=id
signsls on measurement which segments were produced
during beam scanniag said predetermined arsas of gaid
fields or said specified lengths of =id dganls,

It 5 also assumed that the picture signals PR1A axd
PEIB were derived by bear> scanning mesns which
provides a picture signal during sceoning which varies
= amplitude as the bearm scan aress of different light
charscteristic, For example, the ficld being scanned

© may contain an wnage arex of coe coler or hght nten-

ity on a field of & different color or imtensity, Then, =
the beam crosses from said field to said image ar=s or
vice-verss, the picture signal produced during aid
beam crossing will experience a0 nflection I ampli-
twde.

Scenning and video systems are known which pro-
duce 8 picture signal which changes in frequency when
the field scanned changes in optical characteristics ot
radistion intensity. Amplitude change snd detection of
said change & utlized throughout this invention for
measurement purposes. However, means for detecting
predetermined changes in frequency may also be ap-

. plied. Thus, if it is desired to compare the pcsition of an

" image or part of an area in the standard image field with

ihe position of 8 dmilar u\g‘ in ancther field, the loca-
tions of the respective inflections in said two signals
preduced during scanning ssid similar sreas may he
compared by comparing their time relationship in the
output circuits of the ctive amplifiers A2 and A4,

“#he outputs of clippers CL-1 and CL-2 are passed to
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wheréby the output of the AND circuit may be passed
o 8 counter or recorder, However, il it is desired to
gcan & farger area of & field to determing if one or more
points in said field, or one or more border sections vary

5 m position from o stsndard, or where & specific border

or line starts to vary from o standard, (hen further indi-
cating and computing apparatus is necessary,

in F1G. 3, the output of AND circuit ANI-2 is passed
to the switching mput of a normally closed monosuble

10 switch or logical NOT switching circuft N1, Whenever

1 output frem gate ANI-2 is present ai circuit N1, said
switeh will open and bresk a circuit between ig ioput
and outpui. The outputs of clippers CL-1 and CL-3 are
also passed to the inputs of a logical OR switching

15 cireuit 0-L, the outpul of which is connected (o the input

of cireuit N1, Thus, if either clipping eircuit produces
20 output at a time when the other clipping circuit is not
producing an oufput, said cutput signal will be passad
through the NOT drouit N1. An output from circuit N1

20 will thus be indicative that the inflection or change in

the signal PBIB nccure sither nrier to or 2fer the o
curreace of the respective inflection im the standard
signal PB1A.

Physically this msy be interpreted as the shifting of

25 the pusition of g border or line in an imege field being

scanned either side of & predetermined position as deter-
mined by the position of e similar section of an image in
e standard or quality acceptsble field or pattern. If it is
desired to determine co which side of the standard or

30 desired coordinate position, border or line zaid image

‘being investigated falls, then one of several techniques
may be employed. For example, one of the two inputs
to the OR circuit 0-1 may be eliminated or it may be
opened by manusl switching means at some time aflter

35 an output has appeared at cirenit N1,

FIG. 3 shows technique for determining where in the
picture signal PBIE or said field scanned to produce
said signal, an image varies from a desired or standard
position defined by the PB1A signal. The technique

0 employs what will hereinafler be referred 10 as a digital

clock or timer referred to by notation DIT. The timing
device DIT is sturted by pulsing an input I¥ thereof and
will produce a pulse code such &5 @ binary digit code
over paraliel circuits 22 whenever a trigger input TR of

143 gaid timer is pulsed. Thus, if the output of NOT cirsuit
,NI is passed to the trigger inpwt of timer DIT, a signal

code is available which indicates the time lapse from the
time the timer is first energized. The cutput of circuit
N1 may be of such & duration and occur during a time

a logical two-input AND switching eircuit AN3-2 50 interval whereby the timing element of timer DIT ad-

which produces s signal over an cutput therefrom when
a signal is present at both inputs. Thus, a line image may
e in the same coordinate pasition in the standard image
field as in the other field being scanned. Frovided that

vances more than one position of time increment. Then,
multiple code signals will be transmitted over the paral-
el output circuits 22, By counting the number of said
codes transmitted, the degree of which said sampled

the other mentioned conditions of recording and repro- 55 image srea varies {rom a standard image position may

ducing said two signals simultaneously and initiating
said beam scanning actions at the same point in each of
id fields are met, and each of said line images.asd

ey

" said two

Enages where crossed by res
in the same coordinate positions in said two fields.
The mentioned indicating technique will suffice if it is
merely desired to compare a point in one scanned field
with o point in 8 second or standard image field

be determined.

The output 22 s ghown extending to @ computing
circuit which may be an input CO to a digital computer
adapted to record or otherwise utilize said digital nfor-

' 20 mation for computing or contro} purposes. In a simpler
+ form, stage ©O may be 2 counter or switching cireuit

adapted to energize servo devices for performing such
functions on work being scanned as sorting, marking,

pective seanning beams are agembly or the like, In more complex srrangements,
65 stage CO may be one of a number of digitsl computing
. mechanisms adapted o convenl the digital input, after

opersting thereon, into one or more signals for control-

- ling various actions which control results from a deci-

o1
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wion of decisions made by utilizing sad mput informa-
tion. Such actions ns resdjusting o machine, stopping,
sarting, marking and the like may be controlled by
eomputing mechanisms and will depend on the value of
the results obtnined from scanning,

Other circuitry, hereinafler described, may be uti-
lized to improve or extend the wiility of the apparstus of
F1G. 3. The use of such apperntus will depend om the
characteristic of the phenomenca being messured and

30
‘device by operating 8 tervo motor through an equiva-
t=nt degree of motion or angular position proportional
to gaid difference signal or code.

The signal PC’ of FIG, 3 may also be replaced by one

5 or more laternily sligned code recordings of the type

referred to by notation PC lustrated in FIG. 1. Addi-
tiona! recording channels C3 to CN may be provided
with means {or simultaneously reproducing 2 particular
arroy of pulse recordings st one time. For example, »

the design of the computing or measuring circuits CO. !0 digital code signal output may be provided over parallel
For example, the output of the NOT circuit NIl may be  circuits to computer CO at 2 particulsr instant or short

passed directly (o a recording device or 10 2 computer
CO’ which rmay be used (o record spid signals and pro-
vide an output for operating a waming devies or serve

time intervel in the messurement gyecle. Then, said
codes PC may vary in value from point to point along
member 10 and may be nsed to perform or effect differ-

when said signals become greater than predetermined 15 ent operations or functions,

durstion or length, The cutput of circult NI may also be
connected to a cathode coupled multivibrutor Schmiti
circuit CM, the output of which is connecied to the
input TR of timer DIT,

Multiple PC codes may be provided 1o indicate maxi-
mum permissible variations in the positions of the stan-
dard image and thet being measured. Then, each PC
recording may be used to indicate the varation in the

The multivibrator Schmitt circuit is adapted to pro- 20 posidon or dimension in & particular part or dimension

duce a first short pulse at its output when the leading
edpe of a fonger pulse appears at its input and a second
shori pulse when the trriling edge of said longer pulse
sppears ot snid input. These pulses may each be used to

of the total image or article being scanned. For example,
the mazimum veristion or permissible tolerance from a
,specified position of a first object or component assem-
bled on o chassis may be X inches and of a second ob-

provide 8 respective coded outpur over the circuits 22 25 ject, Y inches. A first code PC is provided opposite or

which are indicative of their relative time relationship.
Then, said first digital code may be subtracted from the
second generated code by employing known digital
computing means in stage CO. Consequently, & differ-

just prior to those parts of the picture signals produced
'during beam scanning said first object which is indica-
tive of said first permissible manimum variation. A sec-
ond code PC is provided in & position or positions siong

ent signal or code will be obtained which will be indica- 30 member 10 to be reproduced just prior to or during

tive of & difference between the coordinate position of
that part of the image area of the standard field being
scanned and that part of an image area being compared
therewith in the field scanned to produce the PB1B

those parts of the picture signals produced during beam
scanning said second object. The first output of the
cathode coupled multivibrator or the signal SC repro-
duced from member 10 may be wsed for switching pur-

signal. The resulting difference digital signal obtained 35 poses in the computer CO, For example, switching the
from subtracting said two outputs of timer DIT may be  associsted PC code reproduced from member 10 during

recorded and/or automatically compared with a code
or mumber recorded in the recording section of the

computer CO.

the time intervel defined by seid SC signal may be
switched to0 a particular storage unit such ss a relay
storage where it & held and dsed for comparison with

A3 a further variation in the illustrated measurement 40 the associatet] output of timey DIT. Further details of

technigue provided in F1G. 3, a pulse code such as the
binary digit pulse code PC’ on channel C5 of member 10
may be provided, reproduced and psssed to the com-

such s switching function will be described hereinafter.
FIG. 4 shows magnetic recording meens and associ-
ated reproduction determining one or more of the fol-

puter CO. The cade PC' is reproduced by reproduction  lowing phenomena:
transducer PV3 and amplified by reproduction ampli- 45  (a) If 2 given image portion or srea i o field being
fier AS prior to being iransmitted to computer CO.  scanned falls in a particular position in said field or if
Code PC’ may represent, for example, in binary digital  reference points, lines or pianes of o given image fall in
notation, & number equivalent 10 the maximum permissi-  _predetermine positions in said field,
ble difference between the mentioned two pulse code {b) Where in said total field or how far off @ reference
outputs 22 resulting from said two, leading-trailing edge 50 poing, line or area in the scanned field a given point,
signal created short pulse outputs of said cathode cou-  image area or line falls. Examples of the operations of
pled multivibrator. the above referred to scanning means include such in-
By matching said two digital codes (.e. the reproduc-  vestigative functions as determining if the border of an
tion of code PC' and the difference signal computed by ares or areas such es the edge of n workpiece, part of
computer OO) it can be automstically determined if the 55 assembly falls along a particular array of coordinstes;
variation in that part of the position of that part of the  determine if the workpiece is precisaly positioned on 1n
article or image being scanned and the position of asso-  assembly or & fabricated 10 tolerance. 1t is assumed that
ciated part of the standard imsege is greater than the  another surface or area of said workpiece is in a fized
degree specified by the code recording PC'. The differ-  position in said field 10 establish a benchmark or base for
ence signal or number which has been obtained by sub- 60 wmid comparative measurement,
tracting said first input number from timer DIT to com- (c) The means of FIG. 4 may also be used in deter-
puter CO (rom said second input mey be subtracted  mining if lines or areas on a map, scope, drawing or
from the digital signal obtained by repreduction of the  photograph fall along predetermined positions. It is
recording PC’. The result is & number which indicates  again assumed that part of said map or drawing is in 2
bow close the deviation in the position of said article or 65 referenced position in said field being scanned.
image ares being scanned is to 3 marimum permissible The arrangement of FIG. 4 may also determine the
devistion from a standard position. This Iatter result  degree of variance of phenomens such as described
may be used 1o effecs the positioning of a tool or other  above from a predetermined position or positions in said

e 4
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&eld; and if zny other bmage phenomencn which &
characterized by a varistion i light charscterisiic existy
in 0 piven scenning feld. ;

For the purpose of amplifying the description of the
mgnal recording arrangement and sppamtus of FIG. 4,
reference is made to FIGS. 3 aad 4'. In FIG. 2, multiple
pulze signals are provided each on o different channef of
the magnetic recording member 18 to indicats the posi.
tion of @ change or inflection in a video picture signal by

2083 during which of said pulse signals said variation 10

% reproduced. Similar recording arTangements are pro-
vided n FIG. 4 2! various positions iHustrated as signals

- P1io PN on wember 10 which represent precise coordi-

nate positions or distances recorded from the start of the
picture signal recording where changes such 23 nflec.
tozs o said picture signal will ocour if 1he surface being
scanned i precisely positioned relstive o the scanning
apparatns when the field scanned 10 produce the PB
sgnal = similar to & standard image field.

Thaus, al each of the P coordinate positions, multiple
pulse signals are provided which bear the general nota-
gons SC1-N, 3C2-N, SC3-N, The SC3-N ggnals are
focated nt the P positions. When said inflection ip said
7B signal s reproduced smultaneously with the corre.
sponding SC3-N signal, the condition may be indicated
by ‘wee of a logica! switching AND circuit which pro-

“duces an output when raid condition occurs. Said out-

put signal indicates that the line or area being messured
{alfs at a predetermined lecation or coordinate position
m the image field.

Reference is also made to F1G. 4° which shows &
fragment of an image fleld IFP being scaased. The
dorizonw] lines ST-L represent the trace of a rasier
scanning beam, The recording meanss and apparatus of
FIG. 4 may be utilized to determine il an ares such as
the band LN i positioned in seid Geld IFP with i
borders at predetermined coordinate positions therein,
Band LN may be such phenomens 23 the sithouetie

- image of a machined part, & line or curve oo & graph,

map or drawing, etc.

For many measurement functions, if another surface
of said machined pant is prepositioned in the field IFP
or prepositioned relative to the scanning devics, a maxi-
mum variation of an image thereof such as band LN
from & predetermined position in said field may be de-

* termined and noted by means of measuring the Jengths

of the SCI-N signals. If the ares LN i of a different

_color or light intensity than the surrounding ares, it will

cause, when scanned, @ change in the resulting video
signal. Such a change may be inflection in amplitude in
that part of the signal produced when the camera scan-
ning beam scans said image line. The manimum ex-
pectied shift in the position of band LN either side of the
predetermined position illustruted » indicated by the
length of the longest signals SC-N on channel C3. i the.
Jne ta the image field should fall beyond the band or
aren having the width SCN in F1G. 4, then that part of
the picture signal PB obtained when the camera beam
scanned Tine LN will not be gated by the mssociated CS

signal. )

FIG. 4°, it iz noted that a definition of the C§ dgnals
of FIG. 2 is that they are pulse signals of such a length,
duration and position on magnetic recording member 10

" relative to the sssociated video picture signal PB that,

when said C§ signals sre reproduced therefrom, their

5
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when' the video scanning benm scanned the band 2rea
ASCN, AS having the width SCN a5 shown in
FiQ, 4. A parrower band ares ASC2N having e width
SCIN and eentered within the larger band pres, simi-
larly defines the SCIN signals of FIG. 4.

While these band areas are assumed t0 be fixed in the
field IFF and provide increasingly smaller regions
which approach the ares or line P, the actual posicion of
the image mrea of line LN may shift from one sample
being scanned to the sext and may fall on efther side of
the Iz P of FIG. 4. As nated, the ares of manimum
expected dispersion of band LN is assumed to have the
width SCN. Whereas, in FIG. 4’ it & 2ssumed that the
Hoe LN may shift ia its absissa or X value oaly from
Xp-+5CN/Z to Xp-SCN/2 where Xp % the X coordi-
agte valus of the line P, other scanning srrangsments
may bave s line image or area of any predetermined
shape. Whereas I FIG. 4, the SC3-N signal which
indicate the desired or basic position of the [ine or band
LN are of equal durstion and are equi-spaced, for other
messurement problems, the spacing of said SCI-N sig-
nais will depend on the shape or other characteristic of
the line or phenomenon being scanned and the type of
ims ge scanning employed 1o produce the picture signal.

In the upper left hand comer of the image field IFF in
FIG. &, the iznage of o line LA may comprise e mark on
the srticle, map or surface, part of the edge of said
image or some other characteristic of said image being
scanned which may be used 10 indicate if said article or
surface being scanned is aligned in the field IFP and/or
provided in the correct scale therein, The image line or
area LA will produce changes or inflections in the PB
signal and these may be compared for position in the
picture signal with short pulses recorded on member 10.
Said pulses nre shown on channel C6 of FIG. 4 and are
referved (o by the notations CS6-1, €386-2, stc, The
pulses C56-N may all be produced simulianeously with
a corresponding pulse caused by the inflection in the

‘videa signal PB each time'it scans the line LA, Then, by
40 the provision of logical switching sircuits ia the outputs

of the repreduction apparatus and » clipping circuit for
clipping said inflections in the PB signal, an automatic
indication may be atiained that the object or surface
containing the line or optical phenomenon LN is prop-
erly aligned in the image (ield and/or provided to cor-
rect scale therein. If these conditions are mot met, a
warning device may be actuated to indicate that gorres-

JHive sction muse be taken by & humsn opemtor beforc
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presence at the switching mput of a normally open

monostable electronic gate may be used to gate oaly
thoss segments of the PB signal which were produced

automstic scanning may be continued.

The apparatus of FIG. 4 &2 Qlustrated in block dia-
gram notation for the purpose of simplifying the draw-
ings. Various sandard electrical components such as
reproduction amplifiers A3 o A6, video clipping cir-
cuits CL, gates G, logical AND gwitching circuits AN,
logical NOT switching circuits N and the like are pro-
vided und are known in the art. It s sssumed that each
of these clrovits is provided with a power supply of
sufficient magnitude. Similarly, these circuits are as-
sumed to be capable of switching at the required fre-
quency for effecting precision in measurement,

The cirguitry illustented in the block diagram of FIG.
4 may be utilized to determine (a) if the surface, article,
map, drawing, photograph or other chject containing
the image LN to be scanned is to the correct scale in the
image feld IFP, (b) i same is correctly aligned relative
to the optical or flying spot scanning system of the
video device effecting said scanning, and (c) just where

- in the ares of possible dispersion sid LN image falls.

psenl
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Multiple magnetic reproduction beads PUT o PU§ are  aircuit 12. The output of amplifier AJ is also pasged 10
provided aligned across the tape 10 over channels Cl1 o “the switching input of 8 NOT circuit N2-3, the signal
5 for gimultaneous reproducticn of 20y of the fllus-  imput to which is derived from clipper CL2. Thus, if the
trated signals. ares or live LN falls outside of the aren ASCN, such

The head PU2 rides agninst channel C2 contsining § that the change in the PB signal occurs and s passed to
the picture signal PB and the signal reproduced thereby clipper CL2 at & time when no signal is present sl ampli-
; ified ! i i ?  fer AS 1o be passed to open circuit N2-3, said signal
clipped by CL3 will pass through circuit N2-3 10 a
cireuit [3-3 which may be an alarm, recorder or relay
o 10 sdapied io smergize ¢ counter or actuate a solenoid or
andioN. The output of clipper CL2 is passed 10 3 e output of switch G2 ks 1lso passed 1o one inpoe of
zable, sormally open electronic gete G2 having 2 2 logical AND switching cirouit AN2-4. The other
swilching mput from amplifier A3 and logical cirewit  input o switcheircuit ANZ<4 5 fom amplifier A4
ANE2 5 from the amplifier A6 of the reproduction 15 Therefors, if an SCAN signsl & reproduced at the same
bead PUG, so that the signals CS6-N will be passed  time an output 3 produced from clipper CLZ, o gignal
thereto. If the reference line or ares LA in the image  indication s obiained that the line LN falls in the region
field 9 permitied to be 2 predetermined degree off scale  or pres ASCIN hoving the width SCZN, The width
or off o specified position or basic position in the field  SC2N i shown in FIG. 4 13 & narrower band or ares
IFP, the permissyble scatier may be sccounted for in the 20 closer (o the required position of line LN at X=Xp,

length of the CTS§ signals. : Y=0O in FIG. & The output from switching circuit
The output of amplifier A8 is aiso passed to o dalay AN2-4 may be passed to & counter, recorder or relsy 14,
line 4, tne ourput of which is connected {0 tie iuput of  if relay 14 i 4 puise counser, It may be adapied (o pro-

a logical NOT circuit N6, The switching input to NOT  duce a pulse over an output circuit upon receipt of 8
circuit M6 & from the output of AND circait ANG-2. 15 particular oumber of pulses from switching eircult
Thus, if @ signal is reproduced from the track Cé st 2 AN2-4. If LN is g curved line or band or & oblique (o
time when oo signal is produced at the output of clipper  the horizontal X-auis of the imsge field, 3 predeter-
CL2, an indication thst the reference line LA on the  mined number of pulses produced from switching cir-
object or surface being scenned i mol af a predeter-  cuit AN24 will indicate that & particular part or per-
mined position or attitude in the image Geld IFP will 30 centage of the total lme LN folls within the srea
produce a signal at the putput of the NOT circuit N§, ASCINM.

The delsy circuit or line D is provided of a time "It may be desired to discover where in the image feld
durstion to sccount for the time required to switch  the line LN deviates in its position and if it falls outsjde
circuits ANG-2 and N6 although {or many applications  of 2 given limit defined, for example, as the band area
it may mot be required. If signels are simultanecusly 33 ASCIN. Assuming that said line can vary from one

uced at the output of clipper CL2 and amplifier  sample scanned to the next in & manner whereby part of
A, AND circuit ANGZ will produce an output and  sid line may fall within said given area and part beyond
switch the normally clozed NOT switch N§ to open s0 said given ares, @ code indication of where said devia-
that the signal from amplifier A€ will not pass there- tion ocours may be derived as follows:
through to an alnrm or other device ALS. Device ALS 40 A pulee counter PCD having o counting mput PC is
may be a relay which, when energized by an output  connected to 8 normally inactive pulse generstor PG,
from NOT circuit NG, i adapted to effect such actions The trigger input to the pulse generator PG i from the
as the stopping of the measuring apparatus, cejection of  output of reproduction amplifier Al which receives the
the part or article being scanned, efc., by energizing an  reproduction of the S1 signal on channel C1. Since the
electrical device such as o relay actuated solencid. 43 31 signal is indicative of the reprodustion of the start of

Circuitry is provided to determine where the imsge  the PB signal and is used (o trigger the pulse generator
of LN fails m the image zone referred to by notation PG, the number of pulses produced by pulse generator
ASCN in FIG. 4. Respective reproduction heads PU3, PG after being so triggered is an indication of the length
PU4 and PUS scan channels C3, C4 and C5 end repro-  -of the recording member 16 moved past the reproduc-
duce the illustrated signals therefrom. The reproduction 30 tion heads. Heace, it may be used io indicate the posi-
emplifiers A3, A4 and AS amplify the signals repro-  ion of a particular point in the picture signal PB such as
duced by their respective hesds. The output of amplifier  a deviation from tolerance.

A3 is passed 1o the switching input of gate G2 thereby The pulse count or pulse signals received by said
¢losing said gate while present thereat and permitting  ©ounter activale said counter for indicating where in
sny signal or signels produced at the output of clipper 33 3aid video PB signal or in said image field said devistion
CL2 while said gate G2 is closed by the presence of a  0r other occurrence take place. The phenomenon mes-
reproduced SCN signal therest 1o pess to three circuits m?le by the apparatus of FIG. 4 is 2 point or area in
including inputs to AND pwitching circwits AN2.3,  the image field IFP where the line LN first entends
AN2-4, and AN2-5. beyond or leaves predetermined ares ASCAN. This may

The other input 1o circuit AN2-3 & from umplifier @ physicaily be imzrpreted 23 2 devistion from tolerance.
A3. When clipper CL2 produces an output 21 the stame 2 change in » predeiermined image condition, or an
time that one of the SCN signals on channel CJ is being  3mage change such 2s a %ep in the shape of s manufac-
reproduced, an output will be produced from circuit  fwred part.

AN2.3 indicating that the change or inflaction in the PB Said indication of position may be attained as follows:
signal caused by the scanning beam sweeping across the 35 The counter PCO is assumed to be initially set at 2er0
mres LN falls in the region ASCN of the scanned image  and & sdapted to glart o count upon receipt of a first
field. The output of circuit AN2-3 may be passed to & pulse from the pulse genersior PG which is triggerad
counter, recording device or further logical switching by reproduction of an $1 signal as che recording passes
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Bead PUL When a tecond input PCR o the counter
PCO & pulsed, seid counter either stops counting or
provides signals therefrom indicative of the count re-
eeived prior 1o energizing mput PCR by means of aaid
pulse. Said signals are transmitted to a circuit 1§ which
may be a recorder, relay, part of o logical computing
circuit or other device.

In FIG. 4 the input PCR s adapted to recsive 8 pulse

: whzn the inflection or change in the PE signal, caused

= the beam of the scanning camers first swesps acrosg
the area LN, is reproduced by heud PU2 when part of
th: SCIN signal associated therewith 3 a0t reproduced

- therewith. The pulsa traasmitied ta input PCR & tndics-

tve of this condidon because it = the output of clipper
CL2 and can only be passed through a sormally closed
NOT gate NCR when there 5 00 signal at the switchiag
nput of said gatz from amplifier Ad. An output through
NOT circuit NCR indicates that the line or border of
the area LN in FIG. 4’ falls outside of the limits or area
deficed by the SC2 gignals yet, due to the gating sction
of the SC1 signals when said line falls within the limits
defined by the signai on channel 3.

Two other functions which may result when a signal
is produced and passed through eircuit NCR are also
illustrated. The output of circuit NCR may alio be
passed through a time delsy swiich or delay Ine D2 w
the resetting input RT of pulse counter 2C0O to auto-
mastically reset said timer to condition it for the nem
measaring function. The output of circuit NCR is also
connected to & relay RES which may actuste 8 warning
device, solenoid or motor for causing uch an acticn as
rejection of the article being inspected, stopping a pro-
duction machine, etc. The output of the pulsz comnter
PCO may be provided on a single or multiple parallel
circuits for transmitting a parallel pulse code therefrom
whenever input PCR is energized to the input of siage
16 which may be a recorder, computer, gwitching eir-
cuit, ralay or other device.

20

25

30

The pulse generator PG of FIG. §may be eliminated - -

from the circuitry as follows: Instead of recording a
single pulse $1 on channel C1, multiple equi-spaced
short pulses ars recorded thereon preferably entending
the length of the PB signal. The length of these pulse
nignals SN will depend on the length of the PB signal. If
the heads PU1 1o PUG are laterally aligned across 2
magnetic tape 10, then the first signal 51 will preferably
be positioned at or near the siart of the PB signal. The
number of SN signals which pass and are reproduced by
the heid PUT at any instant during the reproduction
will be am indication of the lenglh of the PB signal
which has been reproduced up to that instant. The out-
put of amplifier A1 may be thus passed directly to the
pulse counting input of & counter such as counter PCO
which has been set at zero and said counter may be
ptnomed and zsused to read out 8 value of the tatal
aumber of courts received by an input such = from
circuit M& Then, the total pulses recaived until receipt
of sid latter input will be an indication of the length or
posstmn of the PB signal at which said latter pulse was

funcuons may mqmm t.he anto-

40
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indicating the position of & line in the image field or 2

3¢

potticn of a line n @ predetermined part of the image
Beld. if the field IFP of FIG. 4' is considered the X-Y
plane of a eoordinate system and the origin is predeter-
mined by the coordinates 23 Xm0, YO a1 the lower
beft hand corner of said ficld, then any point in said field
may be referred 10 13 having positive Y coordinate,

A means {or determining the coordinates of 8 point in
field IFP in FIG. 4 of & particular point in the PB signal
5 10 mitiate counting when first reproducing the PB
signal by gating the output of & pulse generator PG and
noting the total count or number of pulses generated
theseafter af any instant. However, device 16 connecied
10 the output of counter PCO may be s digital computer
which s adapted to atilize ihe ontput of counter PCO

- for automatic compuistional purposes, Thexn, said out-

put is prefersbly provided in binary digital pulse form.
Counters are known in the art and will provide a binary
pulse code output at any insisat during their operation
by pulsing their input. If counter PCO is such a digital
output counter, & pulse transmitted thereto from NOT
girgul NCR may be utilized to indicate, by menns of
binary codes, variatons in the picture mgnal PB re-
corded on channel C2 of member 36,

“ ‘In FIG. g means are also shown for providing an
instantansous binery pulse code output on paraliel cir-
cuits to the input of a digital computer CO. The said
code is &n indication of the location of o particular point
in the picture sigml. Depending on the circuitry em-
ployed to energize said code producing apparatus, ssid
eode may serve =s an indication of the locstion of o
particular change in said picture signal thereby digitally
mdautmg the position of a particuler part of the image

;| motor
drivenr and & shaf} nwhcluns device having multple
brush contactors whick sweep a coded contsct ares of
& coded disc to produce a digital code over parallel
gircuits indicative of the position of eaid shaft at the
mnstant an input TR is pulsed. The output of the ampli-
fler Al is mnnecmd far wproducmg the recorded S1

of mmmywmmcycue Itis
therefore assumed that the shalt of said converter is at
zero position prior (o starting.
* The eode triggering ngmu 1o the trigger ﬂnpul TR of
converier ADC may originate from any of the logical
gwitching circuits or gates of FICK 4 depending on what
is desired to be indicated by means of a dlgwﬂ code
signal. For example, the image phenomenon in the field
IFP may comprise a line such as LN of FIG. 4 or a
simple anslog curve and it & desired to indicate by
coded signal means the coordinate points in said field
where zaid curve or line falls. Then, the input to input
TR s conneciad 1o the gate G2 of F1G. 4. Each time an
inflection cccurs repreduced in the picture signal PB, &
parallel digital code will be produced over the multipie
garallel circuits CEC and transmitted to the computes
0.

i1 may be desired to indicate where the ares AC, for
example, varies from the predetermined area position as
indicated in FIG. 3'. Then, the pulse input to input TR
may be derived from one of the outputs of the logical
AND gwitching eircuits AN2, The selection of which
outpui 1o use will depend on which of the limits de-

7¢°

l»\’_f -



4,979,029

19
noted by the dgnuis SCI, SC2, $C3, ete. &t 3 desired io
measyre varistons relative to, The output of NOT ciz-
cuits N23, N24, etc. will provide s code mdication ag the
computer by sctivating to the mput TR of convertar
ADC when 8 change in the PB signal
from the area scanned falling outside the limils defined
by the signals on chanpels C3 and C4.

The mput RE-ADC (o the saslog/digital convertar
ADC ADC is connected 0 & reproduction amplifier A7

which reproduces a signal from o teventh channef af 10

recording member 18 (not shown). The seventh channal
mgnal & positioned thereon to be reproduced after the
reproduction of the P3 signal and 5 mad 1o efther oy
eonverter ADC ot its zero position of activate a serve

which drives converter ADC position to 2 3haf} therenf 1§

Bt waid zero position. [T the swiiching shaft of converter
ADC i adapted to make one revolution during the fime
it takes to reproduce the PB signal, then a Hmit switch
may be provided mounted adacent arid switching shaft

of converter ADC adspted to be closed when one reve- 20

jution of 1aid shaft has been made and to thereby stop
said driving motor at sid zero position. Pulsing the

gontrol $-ADC during the next ¢ycle by menns of 4

signal reproduced from channel Cl may be wed 1o

bypass gwitch RE-ADC and start said converter driv. 28

g motor 1o sart the next inspection cycle.

T FIG. 4B iz a dingram showing further details of a

digital clock or timer of the timer type DIT orilized in
FIGS. 3 and 4. As stated, the digital clock s adapted,

when pperative, to trensmit o digit binary code thers- 20

from at pny instant after starting when an input TR &
pulsed. Said code is mdicative of the time passsd from
the starting of said cleck. If the cyele of tmer DIT &
sctivaied st a predetermined time during the reproduc-

tion of the picture signai PB, the position of eny point in 39

said PB signal may be indicated by genersting o pulss
signal at the instant ssid point in said picture signel i
reproduced and by passing ssid pulse signal 1o the imput

. TR of timer DIT. The resulting code transmitted over .
paralle] circuits 22 will be indicative of the time aaid 40

clock was puleed.
The digital clock of FIG. 4B i electro-mechanical

and is a modification of the conventional shaft position
encoder in that it is driven after starting at & constant

speed. The clock DIT indicates unit time lapse wherens 45

the conventional encoder is & veriable speed device
which is driven by a variable spead motor the shaft of
which s speed controlled by an asalog sgnal The
clock DIT may wtilize certain components of 8 conven.

tonal shafi encoder; namely, & shafl digitizer ascembly 20

ADC’ having the conventional code disc therein and
readout mesns, Assuming that digitizer ADC' s a pho-
toelectric type of enceder, it may contain the conven.
rional code disc driven by shaft 16, It alsc has o readout

Mash Light sowrce which is energized when o signal &5 33
_ present at input "R, a rediation fimiting slit between the

code disc and Fzhe, 2 slit system on the other side of the
sode disc and & multi-element photoelesiric PBS cell on
the other sde of the slit sysiem.

The cell elements which receive light through the &

disc pass pulse signals over the output circuits 22 to
computer OO, These elements, while aot illustrated i
FIG. 4B sre known in the art and are part of the en-
coder section of the type 309-13 electric shaft position

encoder produced by the Elecironic Corp. of America. &

The shaft 6 is driven by a conmstant speed motor 12
through reduction gears prefsrably of a ratio of (00 to |
or greater, The ratio depends on the time constant of

resultng §

38
the clock ind the runaing speed of the motar 12, The

" motor 12 may be any constant speed, rapidly accelerai-

IE mOor.

%u_ﬁng the time of sccelerniion, sccurste code signal
indications of dme lapse san only be oblsined if ¢he
secelerntion is constant of eccurs slways in 8 predetar-
mined manner. If the motor & provided to nccelerste at
1 consiant rete or always in o predetermined manner
25d containg the necessary controls to meintain 8 con.
stant gpeed thersafier, it may be calibrated so that a
particular pulse code that is generated on the outputs 22
with the shaly 16 initially provided at a zero set point
#il ahways mdicsie by code the same time lapse from
s2id gtartmg. Known sutomatic control apparatus 12 is
ssed for mpidly sccelerating said motor in & predeter-
miped manger and meludes control means for maintain.
ing the speed of said motor constang thersafier,

The starting and stopping of clock DIT and its reset
o zero mey be effected by a combination of switches
including a pulse sctuated flip-flop switch for starting
and stopping the motor 12, The switch is indicated by
ihe blocks having notations F and 5, Whea mpumt F is
pulsed, & circuit is complefed between a power supply
PS ond the motor 12 and/or its constant speed control.
When the input S to the {lip-flop switch is puised, raid
Jwritch switches (o open, thereby cutting off the power
supply. In the apparatus of FIG. 4, if the input to F is
derived from amplifier Al and if member 10 is driven at
constant sgpeed, then at any particular instang afier input
F is energized by the reproduced S1 pulse, a particular
code will be transmined from the encoder and said code
will be indicative of said time interval,

The cutput of the convenier ADC’ consists of multi-
ple paraliel circuits 22 over which said digital pulse
code is transmitted whenever an input pulie appears at
a line 20. The input line 20 entends from the gate GS
and the outpet code from digidzq@en(‘:’ effected when
line 20 is energized will indicate the point at which an
inflection occurred in the PB signal.

The digil timer ot clock DIT may be reset 1o Zero
s follown: A bi-stable solenoid 21 = mounted sdjacent
the shaft 1€. & cam projection 18 is provided on shafl 16
which during normal operation of the device rotates
and clears the retracted shaft' 26 of the puzh pull tole-
noid 21. The solenoid bas two inputs F and R. When
input F is pulsed its shafl 26 projects and when input R
s pulsed shaft 26 retracts. Mounted on the end of shaift
24 s 5 limit switch 28 which s projected into the path

" of cam I8 Wwhen input F of solenoid 21'ls pulsed. The

Limit switch 28 is provided in circult with 2 power sup-
ply PS and when closed as it engages cam projection 18,
» signal thereby transmitted to the stop control § of
motor 12 and input R of 21. The solenoid shaft 26 is thus
retracted and the motor 12 stopped with the shafy 16
provided in a predetermined or zero position. & defay
relay 30 in the circuit of limit switeh 28 and input & of
solenoid 21 may be used (o delay the retraction of shaft
26 so that the shaft 16 may come 1o rest against shafi 26,
The pulse transmitted to input F of solenoid 21 is de-
rived from sn amplifier A7 which emplifies signals re-
corded on a seventh channel C7 of the member 10, The
seventh channel signals are providad to indicate the end
ot the particular recording or desired computing func-
17058 =
In FIG. 8, a signal recording arrangement is provided
o0 o magnetic recording member 10 and is applicable
for operating on or gating particular lengths of a video
pieture signal which correspond 1o those parts of the

Mofor ?
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wideo picture signal P3 derived during the beam scan-
aing of @ particular 8rea of aress of the image feld or
object being scanned. The recorded signals of FIG. &
comprise o sync signal 51 provided on & first recording

chanmel Ci for indicating the position of & video picture 4

signal PB on o recording channel C3. Multiple pulse
gating signals §C1, SC2, 8C3 . . . ete, prefersbly of
predetermined duration, are provided cn a third chan.
zel C3 in predetermined positions adjacent the FB gg-

aal. Tise SCN signals are preferably of 8 length and/or 10

pesitioned selative 10 the picture signal PB such tha
they may be osed to gate or effect ppersticns oo dmilar

- lengths of the PB signal I the leagth, spacing and

positions of the $C signals are predetermined, then that

part of the fota] video picture signal PB which way 15

preduced during the camera beam scanning of & partic-
ular ares of the iota) Beld being scanned may be gated
thereby or operated opon. The segments of the P3
signal which are so gated will be determined by simulta-

neously reproducing the P3 smgnal and the SC signal. 2

If the reproduction heads are [sterally aligned across
the magnetic recording member 10, as illustrated, then
esch SC signal may be used 1o gate an equivalent adja-
cent Jength of the PB sigoal. For gating or operating

apon those segments of the PB signal created during the 25

video scanning of 3 specific ares or areas of the total
fizld being scanned, the lengths, spacings and positions
of the SC signals relative to the PB signal will be deter-
mined by the shape of the selected ares or patch of the

wial Beld being scanned and by the type of scanning 10

employed. For example, rusier scanning may be em-
ployed gcrpss a rectangular scanning field. Conse-
quently, a recrangular area or patch in said todal field
which has its sides paralle! to the borders of the total

field will be represented in the PB signal by a series of 15

equi-length, equi-tpaced segments of the picture signal,

The egments of said picture signal may be repro-
duced and scanned or otherwise operated upon by hav-
g similer lengihs of equi-speced gating signals SC

recorded on channe]l C3 and by reproducing said SC 4

wgnals simultaneously with the picture signal. The pres-
emee of the reproduced SC signal at the switching input

of a sormally glosed electron tube gate will gate an
equal of the PB signal. By predetermining the

lengths, spacings and positions of the recorded SC pig- 43

zals, any particulsr area or areas of the total fleld being
scanned may be gated in this manner or otherwise upon.
The SC signals may be provided by a pulse generator.of
known design. Either reproduction of the sync pulse 51

or the first part of the picture signal may be utilized to 30

trigger the operstion of said pulse generator to cor-
rectly provide the SC sigoais for recording onto chan-

ne] .
Sall another mesns for providing SC or CS signals on

stember 30 of the vorrect length, spacing and position 53

may comprise scanning an objest or image field by
beatm scwnning mear: wed passing the resulting video
picture signal 1o a beam storage tube and recording it o2
the storage slement thereof Next, the recording mem-
ber 10 & driven :

beads. Reproduction of the S1 signal i wsed 10 trigger
the read beam of suid storage tube. The resulting output
of said tube is passed to a clipping circuit of the type
described. The output of the elipper is recorded on

channel C3 as a geries of discrete signais. If the signal 63
. permissible shifting or movemen: of srea A-C in the

recorded in the storage tube is derived by scanning 3
nevk of mep having position predetermined black or
white aress of sufficient light contrast on beckground

its recording and reproductica &

iD

fields and sajd mazk or msp i correcily positioned in
the zcanning Beld of said beam scanning means and
provided ai the proper imsage scale, then SC mignals of
the desired length, spacing snd position may be gener-
ated and recorded on chennel C3 by selection of the
correct mask pattern.

. A preferable means for providing such s mask s ss
follows: An image field IF fs shown in FIG. 3’ at the
scanning plane of a video scanner or video camers opti-
cz! gystem. Raster scanning is utilized in FIG. 8’ and ihe
scanning field is 1ssumed 10 be rectangular, The hori-
zontal lines ST are traced by the video camers scanning
team which sweeps across several arzas A-A, A-B and
AL, Baid areas are esch crossed by o number of hori-
zontal scanning rweeps. Esch of zaid areas gre stsumed
to havg different light charscteristics or color than the
background BF of seid field IF. To determine il the aren
A-C falls within a specific band area A-C’ of the field,
the apparatus of F1G. 4 may be used 1o effect said deter-
mination, The gignal recordings of FIG, 3 consist of 2
series of gating signals SCN orovided of equal length
snd equal spacing along the recording member if e
arezs A-C' 5 rectanguler and if the borders of said
scanned area are paraliel to the borders of the imape
field IF. Each gme the beam scans a peth §T and
crosses the leading edge El of nrea A-C, an inflection
occurs’ in 'the amplitude of the picture signal, If the
background area to the right of imsge area A-C is the

same light intensity as the ares on the lelt side of the

A-C picture, said signal will exhibit the same smplitisde
generated before scanning A-C when the beem sweeps
past the trailing edge E2 of ares A-C, The area A-C
may represent any optical phenomencn such as a cutout
in & panel, 2 component assembled on a device having a
zeneral surface of different color than area A-C, the
cross section shadow or end view of an cbject, one
object or area in & field of many such as flustrated by
aress A-B and A-C.

The area A-C of F1G. ¥ mey be positioned in 2
known position in the field IF and it may be required to
messure or indicate only the positions of similar shaped
areas in other scanned image {fields, Then, the signals 10
be recorded on channel C3 of FIG5. § may be obtuined
by placing a mask over the areas A-A and A-B of essen-
tially the zame light characteristic as the background of
suid field, scanning the field IF with o video imaga
scanning camera such as a vidicon or iconoscope tube,
passing the resulting picture signal to & clipping siecuit
such as clipper CL~2 of FIG. 4 and recording the output
of said clipping circuit oo the magnetic tape 10, The
recorded signal S1 is used 1o start or trigger beam scan-
aing of the field IF. -

Hence, the phenomenon to be measured i recorded
and may be reproduced at the correct instant so thap the
signals SC1, 8C2, 5C3 .. . SCN may be used to gate
only those parts of the picture signal PB penerated
during the scanning of the ares A-C while excluding
signals generated on scanning aress A-A and A-B, In
order 1o generate and record, signais SCN on member
10 for gating portions of the pictura signal PS generated
in scanning an arex A-C' which ares is larger than A-C
and has a marginal area around area A-C to account for
permissible small shifts in the position of area AL from
one workpiece or specimen being scanned to the next
and 10 generate gating signals modified 1o sccount for

image field, the optical system of the ecanning davice

- may be enlarged the ascessary degres 10 make the sides

B-b amdk-b 5
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or borders of the ares A-C fall on the coordinate tines
LE and TE which respectively represent the sides of
the aren A-C and determine the lesding and traiing
edges of raid SCN signals. Afer effecting 2nid enlarge-
ment of the image area A-C and mssking of the areas
AsA gnd A-B 1o that the background of image Feld IF
= gmsentally of one light characieristic, the modified
field may be scanned and the picture signal passed to 2
clipping circuit the output of which = recorded as de-
scribed fo provide the SCN gignals on member 0L
FIG. & illustrates & recording arrangement and assoc-
ated wransducing spparatus for peproducing snd/cr
modifying a2 portion or predetermised portons of a
video picture signal PB recorded on 2 magnetic record-
ing member or tape 10 whereby control of said repro-
duction or signal medifying is effected by one or more
signals recorded in predetennined positions relative to
said PB signal. In FIG. &, a single control signal CS1 4
shown provided on channel C3 of the recording mem-
ber 10 adjacent the PB signal. Signal CS1 is in such a
position whereby it may be nsed to gate or otherwise
gifect an operston oo a similar spd predetermined
length of the PB signal. .
The signal S5 on chansel C1 may be used o record
sither the P3 signal or CS1 signal in 8 predetermined
relative positions, one afler the other is recorded
thereon. The CS signal may be pessed as described to
the switching input of normally open gate G2 afler
being reproduced by reproduction tramsducer PU3,
When switch G2 is closed by the signal reproduction of
the CS recording passed thereto, that part of the P3
signal present at reproduction head PU2 will be passed
through said gate G2. A particular gegment or segments
of the PB signal such as the segments produced during
\ the beam scanning of a particuler ares in the image field
may thus be gated and passed to a circuit DCK which
is ndapted to operate in » predetermined manner on said
. gated segments of the reproduced. picture signal by
means of the gating signal or signals recorded on chan-
nel C3. ;
The cirevit DCK is provided to perform one or mo
of » number of functions on the gated segments of the
PB signal passed thereto. If segments of the PB signals
are gated by multiple pulse signals on ©3 of predeter-
mined length and positioned such thal mid gated seg-
ments correspond to the picture signal sections gener-
ated during the scanning of a particular ares of the field
being scanned, then functions such as amplification,
attenuation or erasure of the gated signal portions may
be effected by operation of circuit DCK to produce a
madified video signal which will provide 2 correspond-
ing change in the image field generated thereby. Gs
51 may be operated to close and pass predetermined

—

i 6

Ao

herelnabove provided, from clijping portioas of the
repi oduced video picturs signe! muelf (i.e. the output of
nead PUZ) which may fall above or below a cenain

“level.

td . B

head RH2, gate GT may be opersted o close by the
same clipped gating signals. Thus either the output of
the signal changer circuit DCK or the picture signal
genernting storage tube ST may be passed to recording
head RH2 sfter approprizte delay introduced by delay
lines DT or DCK is effective in presenting the new or
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F;&Dﬂﬂd picture signal PB or the portion defined h;[
gignal CS1 is present a1 recording head RH2. :
The pew or medified video signal portion may either
be recorded directly over the segment of the video
3 signal recording it is to modify or replace or on the
appropriate length of the chaanel €3 which bas been
erased, Such erasure may be effecizdby cither passing
the clipped portion of the reproduced video picture
signal or the reproduced CS signal(s) through & delay
10 line D3 io the switching input of 8 normally open mono-
mable electronic gste GE which gates a power supply
PS 1o energize o magnetic erpse bead EHI
The delay period of delay D3 is such that head EF2
will be eoergized during the mterval the length of the
15 tape containing the portion of the P3 signaf recording
which was clipped upon reproduction is passing erase
bead EM2 or during the iaterval that portion of the
mem signal recording associsted with signal CS«s
passing erese head EHI. Thus, the modified picture
20 signal passed through circuit DCK will then be re-
sorded on an ernsed section of the channel C3 in the
_axact position previously occupied by the original gated
section of the reproduced mignal.
Th apparatus of FiG. 6 may also be used to perform
2§ functions which are commonly empioyed in still or
motion picture photography, suck as: (a) fading or
blanking or erssure of a particular ares or areas of a
picture of imsge field such as 5 commonly done in
retouching a photograph, (b) fading or reducing the
30 mage inlensity of an area or aress of the total imape —
field being wwanned snd reproduced, (¢) incressing the
brightness or amplifying the image field being scanned
and repreduced, cr (¢) recording @ second image signal
over @ particular area or aress of an image field.
In order to effect the last function, i.e., recording a
new signal or signals on o series of lengths of the re-
corded picture signal to effect the production of s new
inage in soid image fleld when said picture signal is used
- to medulate the write beasm of 8 video siorage or picture
40 tube, it will be neceszary to obtain said mew picture
signal by reproducing it from a recording device.
. FIG. 6 sbo shows means {or effecting this action of
recording & new picture signal oato a particular length
or lengths of the channel C2 between the leading and
45 trailing edges of the PB signal already recorded
thereon. Said recording nrrangement comprises a video
stornge tube ST having an input W1 energizable for
writing 8 video signal into the stornge element of said
tube and a reading gutput R1 on which iz generated a
50 reproduction of the recorded video picture signal when
a wigger pulse is received ot read beam trigger input R2.
The erigger input to R2 may be derived from amplifier
A3, If the storage element of tube ST is capable of
producing o signal when scanned by its read beam,

33

‘portions of the vid~~ signal by gating signals derived, 25 33 which, when recorded on member 10 of FIG. 6.25 1aid

recording member s driven at the same speed in which
PB was recorded, it will produce a recording having
the pame length as recording PB. Furthermore, if the
mage area in the storage tube recording element is

storage element as in the field scanned to generate the
PB signal . signal segments for affecting said image area
may be recorded onto the correct lengths of channel C2
as follows:

65 The signal 51 is reproduced by & reproduction head
PUI as the lesding edge of pictura signal PB first passes

modified picture signal segment 2t the recording bead  reproduction head PUI. The reproduced signal passes
LRH: ot & time that either the clipped portion of m’g 1o the trigger mput R of storage tube ST. The read

Adte

A

If the cutput of delay DT" is connected to recording 60 located along the same coordinate of the storage tube, & 7
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beam of storage tube ST atarts i3 sweep and the result-
og ontpul stignal thereof s passed through a gate GT
which = normally open and & closed when o zgnal
preseat 3t its switching input that s connected to ampli-
fer A3. A delay line DT is provided between smplifier §
A2 and zate GT to sccount for the time required for
mgsmnsthsmdbcam Ima.ssumedrbuﬁuSlﬁgnﬂ
s provided in a position to permil the reproduction of
sgzal 51 o trigger Rorage tube 8T ¢o provide an out-
put dZz==l therefrom st the instant the leading edge of 10
sgnal PB passes head PU2. This lag, if 10y, can be also
accounied for I delay fine DT which 5 connected

-tetween gate GT sad the recording smplifier RAZ2 for

recording head RH2. The recording amplifier RAZ
positioned where stage RA-CK i connected to delay 13
line DT a0d recording head RH-2. The tme delay
consant of delay DT’ & such as to delay the passage of
the ggnal Fom storage tube ST a sufficient dme
permit the member 10 to travel the distance between
heads PU2 and RH2. The gate GT is utilized 1o blank 20
oufi ol parts of the signal transmitted from siorage tube
ST except those of equivalent length and reproduced
_ wl.en the signuis €S on channel C3 are reproduced.

In FIG. 7, a series of gating signals 5C1, 8C3, SC3
SCN are provided on channe) C3 of magnetic recording 25
member 10 adjeceni a video picture signal PB, which,
= in the other hereinabove described examples, may
compeise 4 composite video signal with picture, blank-
mg horizontal, and vertical sync pulses provided there-
with. Bach of said SC signais are of a particuisr length %0
and are recorded spaced ampart in positions relative to
s2id PB signal, The 5C signals may be used, when re-
produced simultaneously therefrom with said PB signal,

1o gate particulsr or predetermined lengths of said PB
signal which lengths were generated when a video 35
mmmgmmbummedmmwmuhrm

or boundary in the image field being investigated.

An chiect o surface may, be prepositioned in the field
bnngmmedmh that a point or points on the surface
of the object are at predetermined coordinate positions 40
in the scanned image field. Then, o particulsr ares or
aress, determined by said multiple gating signals SC,
may be investigated 10 determine if smaller areas, spots,
lines or the like of different light characteristic than the
background of said selected mrems exmist therein, For 43
example, surface defects such as scratches, marks, holes,
discoloration and the like which appear as images of

“different Tight characteristic than the general surface

due 1o shadows, change of reflectivity or greater ab-
sorpticn of light, will cause a variation in the amplitude 30
ar frequency of the video picture signal when said sur-
face & scanned.

-
'3

J

are repmduced by head
PU3 and passed to aoe mpm of a logical AND switch-
ing circuit ANI3. The picture signa] recording PB i

“.

reproduced by magnetic reproducing head PU2Z and
passed through a reproduction amplifier A2 to a clip-
ping cirenis OC%&%&mtpmafCCﬁ azw;dsme.hc
othcr inpui of’ i A b

pper CBmdampszerMmprmut

czrcn:: AN23 az output sigual is produced therefrom,
Said output sgneal mey be utilized in one of @ aumber
of manpers. The ce of such gn ourput rignal may
wdicate 8 defect or apdesirable charscteristic of (he
surface being secanned 3od may be used (o energize a
relay which may effect one or more of such functions as
the ringing of & bell, coergizing of other types of alarms,
ihe siopping or Marting of a servo motor, actustion of's
solenoid for rejecting or transferring the part being
scanned, or the pulsing of a counter. It may also e
desirable to count the pulses pamed from AND circuit
AN23 in 2 counter such gs counter TC which may

‘contain circult means for smitting a pulse therefrom for

control purposes of a predetermined count is gxceeded
daring the passage of the entire PB signal. Notation AM
rTagrs to an glarm triggered by an output from counter

FlIG. 38 is p schematic dingram illustrating signal re-
cordisgs and reproduction means including control
eireuits for sutomatic dimensional measurement. Means
are provided for automstically and rapidly determining
if # dimension I an imsge field, such as the distance
between two surfaces, which dimension s discernible
by variations or inflections in the light or eolor of the
mmage defined 3t the limits of the investigated dimen-
sion, is positioned in & particular or predetermined ares
therain and is of the same length as & standard or com-
parstive dimension. Said comparative dimension may
be the length of or distance across s similar component

.ot area conforming.to a.given dimensional standmrd

such 24 across an article of manufacture which is dimen-
sionally eeceptable and conforms to precise dimensional
mesasuremenis according 10, for example, an engineer-
ing specification.

Measurement and position of the dimension or dimen-
sions being inspected and compared is accomplished in
F1G. 8 by use of » video picture signal derived by video
camera beam scanning the surface of the object or aren
being measured or compared. The said picture signal
PB may be recorded or otherwise provided whereby it
may be pazsed to a messuring cireuit or circuiis at a time
whereby the generation of said signal is synchronized to
the reprodurtion of other gating and position indicating
signals recorded on a magnetic recording member.

in the hereinsbove described video measuring and
control techniques, one or more video picture signals

_are recorded on & magoeetic recarding member in 3

precise position relative 10 one or more eontrol or gat-
ng signals go that said other signals may be reproduced
1o gate particular lengths of the video signal and 1o
indicate the position of particular points or areas in said

'0 video signal. The same results may be attained by re-

cording the video picture signal on any other medium
such as the surface of & storage tube provided that it can
be reproduced therefrom in & manner whereby it is
synchronized in time 1o the generstion of said other

45 mignals, This may be accomplished in the arrangement
+ of FIG. 1, for sxample, by reproducing the frame indi-

eating or gyne signal 871 and employing said signal to
‘trigger the sweep of the ‘read beam' of a storage tube.

- F16 8
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Said video picture sigral is thereby provided ov sn . FIG. 3, dimensions D represents the required or speci-
outpyt circuit at the same mstant that it will be repro-  fied width of area A-C 1nd s shown in FIG. 8 ss o
duced from s recording oo & magnetic recording mem-  distance between centerlines drawn through signal
‘et adjncent the other signals 22 descrived. C84-1 and gignal C54-2. The tolerance or aceepiad
Similaxiy, the picture signals of the other fgures in- 3 dogree that the leading edge El of the area A-C may be
chuing FIG. 4, may be recorded on other than the  whifled from fts specified position may be indicated by
ilustrated magnetic recording members. Said video  13e length of the signal CS4-1. The acceptable degree
storage tube may also be replaced by a deflection con-  tluat the trailing edge E1 of area A-¢ may vary from its
zolled camern scanning the image feld being investi-  specified position may be indicated by the length of the
gated such thai the video scanning beam & triggered to 10 signal CS4-2. Thus the distance between the eenterline
effect & controlled scan by the signal reproduction of  of signal CS4-1 and the leading edge of signal CS4-1
the gyne sgnal vecording § co track CLL. In FIG. 2, the  =ay be considered @ plus tolerance and the distance
article oy surfece being Lnuemgnmd 5 jocated relsfive  from said centerling to the trailing edge of signal £S4-1
t0 the video scanner such that the image preseated 1o may be considered a minus tolerance s defined in con-
the optical sysiem of said scanning apparutus & of a 15 ventional messurement practice. These dimensions are
predetermined scale and is sligned in sid scanning field  respectively referved (0 in FIGS. 8 3d 3' by the nots-
= o predetermined position so that comparison can be  Soms +T and =T,
made by the reproduction of said prerecorded multiple The length of signal C54-1 % eqmvnimt t0 2T having
gating and switching signals at predetermined intervaiz  a dimension or length determined by the speed at which
during the reproduction of said video picture signal. 20 the picture signal generating beam is scanning the image
In FIG. 8, multiple signals are shown recorded on  field BF and the acceptable variation of sald ares from
magnetic recording member 10 including @ sync signal 2 desired or specified point or line in the image field. If
Sl for jocating & video picture signal PB which is re- . the area A-C has within its borders image chrrecteris-
corded adjacent signal S1 on a second track C2, A third  tics which would interfered with the comparison-mens-
and fourth signal CS3 and CS4 are recorded oa tracks 25 urement function, the gating signal C5-3 may be pro-
(3 and C4, respectively, For measurement of a particu-  vided s two or more signals falling sufficiently on both
lar length or distance in the video image field, the fg- ' sides of the centerlines of the CS4N signals to permit
zals on track C4 comprise two signals CS4-1 and C©84-2  the comparative mensurement to be effected.
which represent the end limits of the dimension or Ia F1G. 3, reproduction heads PU1 w PU4 pass sig-
length being measured. Signal CS4-1, for example, 5 30 nals from their respective channels to respective repro-
positioned relative to the PR3 signal such that it will be  duction amplifiers A-§ 10 A< 2 member 10 moves
reproduced therewith and with an essociated length of  relative thereto, The reproduction of the PB signal is
agid PB signal which is generated when the video cam-  passed to a clipping circuit CL2 and is adjusted in clip-
" eru scanning beam crosses thot part of the acceptableor  ping amplitude or level to produce o signal output
standard image in the scanning field which is located at 35 therefrom when the increase or decresse in ‘amplitude
-one end 'of the dimension being compared. caused by the sweep of the camera beam in moving
Referring now to FIG, 8' 1o illustrate the significance  across the edge of area A-C sppean in the reproduced
of the spacing, positions and lengths of the gating sig-  signal PB. The appearance of this signal at clipper CL2
nels of F1G, 8, in FIG. ¥ there is provided & rectanguiar  thus indicates -the position-of the leading edge of the
image field BF which is scanned on a raster type scan by 40 image ares A-C being compared. The reproduction of
the video camera scanning beam. [n said image field BF,  signal C83 is passed 10 the switching input of a normally
multiple black or dark areas denoted A-A, A-B, A-Carc  open, monostable gate or switch G2 to maintain said
located on o bright or white background B-B such that  gate closed and complete a circuit while gaid reproduc-

each of said aress or patches will effect a variation in tion of signal C33 is passed therethrough.
43 The output of clipper CL2 & passed to a Schmiit

amplitude in the video picture signal when scanned.

circuit ©M which is a cathode coupled multivibrator
having an inverter at the output of the multivibrator.
Said Schmitt circuit will preduce a short pulse output
cach time a signa! at itz mput inflects & predetermined
degree in amplitude, For exnmple, if an elongated pulse
& passed to Schmitt circuit O, the leading edge of said
puluwﬂlmmnzhortpuhewbeprodumd at the
output of Schmitt circuit CM and the trailing edge of
2aid pulmmﬂmmamdshonpulsembepm
~duced 2 said output. Thus, if the clipping circuit CL2
produces s gignal of a given duration genersted as that
‘part of the reproduced PB signal which was preduced
2 (he scanning beam scanned across an ares such s
A-C in the image field of a differant light intenasity or
color than the surrounding field, the distance scross said
area along a specific scanning line of the scanning path
STL may be determined by measuring the length of said

, said pictu Litisd

e dimension D represents the widh or iength of
that part of an acceptsble or standard area A-C which is
crossed or scanned by the video camera sweep beam. In

signal or the dls:ancc betwm the two points where
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wh"énshe:mdmgmdmmng
adm g{mcmgmm from clipping circuit CL2 arrive

therest The gating signal CS3 will determine which of 3

the gweeps scross 2rea A-C will be wsed for measure-
=eut and will prevent the passage of signals produced
oy Schoufi circuit CM 23 the result of scarning the
cther preas A-A and A-B o the feld BF.

The output of Schmitt circuit CM s passed 0 ope 10

put of a bogical AND circuit AN2-6. The other input
of ANZ< 5 conaected 10 the cutput of amplifier A4
The outpz of Schmitt circuit CM Is also passed throuzs
a defay Hne D2 1o the input of & logical NOT circait N2,

The pwitching inpat of circuit N2 & comnected to the {5

cutput of the AND circuit ANZ4. Delsy D2 s pro-
vided o0 scoouat for the switching time of circul
ANI4 50 (hat, i & pulse 5 produced st the cutput of
Schmitt circuit CM at the seme time that CS$4 is being

reproduced, it will not paws through the NOT circuit 20

N2 but will be mopped by the appearance of & pulse
generated by AND gircuoit AN24. When there = 20
ompnt from NOT circuit N2, the leading edge and/or
trailing edge of area A-C fall within the ares or position

i3

] than fts surrounding field area BF. To simplify the de-

scTiption, the sides or borders of area A-C are parsilel to
the borders of the field BF. The width D of area A-C
may be automatically determined by sutomatically mea-
suring the fength of that part of the picture signal pro-
duced during scanning the width of said ares, or, assum-
ing that scanning speed s constant, determining the
time it takes for the beam to travel from one border to
the other, If it & known how long it takes for the scan-
ning beam (0 travel a unit distance scross the ares or
surface AC, then the width or any predetermined di-
mensicn of area A-C may be measured by timing the
mterval it takes for points in or portions of the picture
signal generuted by such scanning to each exist in or
wrive at a measuring circuit.

Frovided that the area A-C is of 3 known and prede-
iermined scale n BF, the actual distance D is obtamed
by multiplying the time it takes for wid beam (o sweep
across said aren by the proper time constanl. The latter
may be derived if the speed of scanning is known and
the time it takes for the scannming beam to sweep Or
iravel & nnit distance is determined. Assume the picture
signal generated in scanning the fiald is recorded om 2
magnetic recording member 16, as shown in FIG. 9,

mdizated by signals ©S4-1 and CS4-2. [If the pulse 25 swhile said member s driven ut constant speed. Then,

should be produced from Schmin circuit CM when
there & 0o signal ourput from amplifier A4, the AND
cirenit AN2-4 will not produce an output and said pulse
will pass through the NOT circuit N2.

The output of NOT circuil N2 may be connected to 30

ooe or more of a nurnber of electrical devices guch a5 a
relay or 7ecording head. TheuleEm; be used 1o
activaie & waming signal generating device, stop a ma-
chire, effect 2 visual or magnetic recording, send s
signal 10 & computer, &4c.

A simplificaticn of the recording arrangement and
apparatus of FIG. 3 involves the eliminstion of the
signal C83, its reproduction apparatus and the gate G2.
However, the channel C4 must be noise free and cannot

coutain other signals which would give a false indics- 40

tion of the condition of the PB signal. If the recording
member 10 is 3 magnetic drum or closed loop tape, it
may be rotated or m%ﬁed at constani speed and may
be used to repeat the described comparative measure-

ment by either intermittently recording and erasing a 43
PB signal of the phenomenon being measured from

member 10 or providing said position mdicating signals
CS at time intervals and synchronized to the generation
of a video picture signal generated in scapning said

pheaomenon. The signal 51 on chmelcxmybemd 30

ta trigger the sweep of a video camera scanning device
to smart producing said picture signal at a predetermined
tnstant when & particular length of the recording mem-
ber 18 is passing the reproduction heads or & in a prede-

termined position relative to said beads, during its 33

travel, 50 that the similar effect will be attained a3 ob-
tained in recording said tignal vn @ specified lengts of
anid member 10 relative to said other dgnals and simul-
___ taneously reproducing said signals thereflsom.

FIG. 2 illustrates means for automatically messuring 50 b

2 distance or distances between points in & video image
Beid such s the distance between two coordinales
where a scanning line STL crosses the borders of 2
particular area in said field or the borders of two prede-

termined or specified aress. An example of such mea- 43

surement is the rectangular image field BF having an
ares or patch A-C as shown in FIG, 8. Thearea A-C ks
characterized by & different radiation or light intensity .

distance D may be determined by sccounting for the

. speed of said tape, the time interval between the, repro-
duction of thet segment of the PB gignal generated

when the scanning beam crosses the border EI of area
A-C during 2 single line and the reproduction of that
segment of PB generated when said beam crosses the
barder £2.

Fi1G. 9 shows means for effecting a measurement
whereby the picture signal PB derived by scanning (ield
BF is recorded in a predeiermined position on a mag-
netic recording member 10 relative to multiple, gating
signals CS3 recorded st predetermined positions oo
channe! C3 and signal C54 recorded on channel C4.
Signal PB need not be so recorded if it may be gener-
sted in 3 messuring circuit such zs that illustrated in
FiIG. § at 3 predetermined time relstive to the genero-
tion of the other Hlustrated signals,

Whereas in FI1G, 8 the length of a short pulse signal
on channel C4 determined a tolerance munge for the
position of a line or border image in the field, in FIG. 9

such a positional tolerance is determined by the posi-

tions of the respective lesding edges of signal record-
mngs CS83-1 and CS4-1. This is effected by passing the
output of reproduction amplifier A3, which output is
the reproduction of recorded signal CS3-1, to an input
of a dual inpot AND circuit AN23 and the _output of
reproduction amplifier A to the swiching input of a
sormally closed monostable gate or NOT ﬂW‘ltch NZ
;éi;h is swnched 10 open when a reproduction of the
1 s5ig

g and trailing

being measured.

Signal C53-1 of F1G. § has the length equivalent of L
in F1G, 8' and signal C34-1 has the length equivalent to
L minus 4T where T is the distance in the field BF along
which field the border of area A-C may shift either side

ot The pcmunns o!‘ um
edges of signals C33-1 and CS4-1
thns determine the tolerance range of the position of the
border of the area or other optical line phenomenon
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of a sormal ar stacdard position without falling cutside
of 8 desired tolersace mage. .

For example, the area across which it & desired to
effect a lineal measurement may not be an arca baving
shanges or interruptions (such as
tion of the image pattern within it bord
tause variations in the picture signa! which will confuse
of prevent measurzment. To effect dimensions! mea-
surement by scanning, it i5 necessary to block any out-
put from Schmitt circuit CM to the messurement appa-
rotus Hlustrated which is not 2 pulse generated by sig-

- nals produced nt the leading edge and trailing edge of

the border of the ares being scanned for dimensionul
measurement. The position of signal C84 is guch that,
when reproduced and passed to a logical NOT circuit,

it will prevent the output signal from Schmirt cireuit |

LM produced during the same time interval as signal
S84 is generated from passing o the AND circuit
AN23. This s effected by connecting the output of
amplifier A4 to pass the reproduction of the T84 signal
or gignals to the pwitching input of NOT circuit N2
thereby disconnecting or breaking the circuit between
circuit CM and AND circuit AN23.

Also Mustruted in F1G. 9 are means for automatically
adjusting certain of the circuit varisbles such as the

- tlipping level of the clipper C€L2. This may be effected

sutomatically without adjustment by the provision of
gne ot more signals recorded on said recording member
in positions 1o be reproduced o effect the desired ad-
justment by contralling & servo motor coupled for pro-
viding said adjustment. ;

FIGS. 9 to 12 illustrate means for automatically ad-
justing the clipping level of clipper CL2 one or a num-
per of limes during said automatic measurement cycle.
Menans are zlso provided for eflecting the selection of
ove of multiple of outputs K1 to KN over which to gate

30

{or mepping a switch 20 4 selected position to select one

.27 o plurality of output circuits on which to Gransmit.
The results of measurement digita! code recorded

zither in geries or in paralle! on & multiple of s2id auxil-

3 jary channels may be passed to the digitl-to-anslog

converter or shaft positioner which is adapied to adjus
2 warizble potentiometer or rotary switch. In FIG. 3
servo motor SM is coupled through gears GR to the
3hafl of a variable potentiometer R9 ia the grid-cathode

en 10 circuit of the clipper CL2 wo effect & predetermined

adjustment of the potentiometer shaft by means of 3
sgnal reproduced from C3. The motor SM s controlled
by forwsrd and reverse controls F and R which are
znergized by mgnals seproduced from channels C8 and

13 C7. Thus, if member 10 is driven at a predetermined aad

25

a3

40

43
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the results of measurement. & number of other fune- .

tions may also be automatically adjusted by reproduc-
ing prerecorded signals (rom member 18. For example,
the degree of amplification or attenuation of all or part
of the picture signal may be adjusted by recording one
or more signsls on channels C3 to CN of the member 72
in positions 10 be reproduced aad effest the required
adjustment or control prior to or during a Mmessurement

If recording member 10 & driven af constan: speed,
the duration of u signal recorded on and reproduced
therefrom prior 1 or during the reproduction of the
picture signal may be employad to drive a servo motor
from a zero st condition for a predetermined time 1o

position the shaft of & variable resistor, capacifdtor or 45

mductance s predetermined adjustment. A series of
squi-spaced, equi-duration pulses reproduced fn_}m.a
single auniliary channel may also be passed to a solénoid

33

50

of 2 signsl recorded on said member will be equal to a
specific tme oaid signal edsts in the output of the ze-

s LA") in the composi-  spective reproduction amplifiers.
ers which will 30 A signal of 2 particuler duration recorded on channel

3 will maintain the control F of motor M energized
for o particular time whereby the zhaft of the servo
motor SM will be driven a predetermined number of

' rotations which is used to preset or to pradetermine the

clipping level of clipper CL2. This may be effected by
controlling said motor to positionally control the shaft
of the potentiomeier Rg in one direction by signals
reproduced from channel C7 of member 30 and in the
other direction by signals reproduced from channel C3
by the reproduction amplifier 48, Amplifier A3 is oper-

atively connected to the forward drive contrel F of -

servo SM as shown im FIG. 11 to preset the shafl of the
variable potentiometer Rg in the grid-cathode circuit of
gl%me tube &7 of the clipper CL3 25 illustrated in

1G. 10.

A signal recorded on channel C©7 may be of such a
length to reset the shaft of potentiometer Bg to zero e
shown in FIG. 11. Subsequently, a signal reproduced
from channel C8 is fed to the forward drive control F of

motor-SM: to preposition said shaft, thereby adjusting -
opernted bi-stable solencid actuated
switch adapied 1o effect the reversal of motor SM. The

motor SM continues its reverse travel until the shaft of
the potentiometer Rg has reached & zerp position. |

In FIG, 11, a limit switch LSW is shown sdjacent a

zero stop pin SMS. When sctuated by the brugh arm BA
of the verisble potentiometer Rg, stop pin SMS is
2dapted to stop motor SM at a reset shaf) position. For
conventional video apparaius variable potentiometer
Rz has & range of 5000,000 ohms 10 3 megohms permit-
ting any predetermined level of video amplitude i the
picture signel range to be clipped secording (o the set-
ting of said shaft RPS.

A second method of presetting the potentiometer Rg
5 to record one or more digital codes on one or mora
chanacls of member 10. These digital codes are then
reproduced at a particular instant during the reproduc-
#ion of the picture signal recording PB or prior thereto
and ueed (o effect the angular positioning of said shaft.
FiG. 10 lustrates apparatus for effecting such shaft
positioning by means of a digital-to-analog converter
DAC. The input to converter DAC may be 2 series or
paralle] digital code reproduced from recordings on the
member 10. The digital to analog converter consists of
a setting oait DAC” and a control unit DAC' for receipt
of said digital input from amplifier AS. The setting unit
DAC” positions the shafi 1o the number of revolutions
and fractions of a revolution determined by the coded

LA
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signal mput reproduced from recording member 10,
The catput shaft of setting unit DAC"” & coupled by
jear means GR to the shaf} of the variable resistor. The

. setting of the resistor Rg determines the clipping-level
. of clipper CL2.

Also illustrated in FIG. 9 are means for nutomatically
slecting owe or more circuits over which to gate infor-
mation devived from the measuring operaticn de-
ecribed, Tos output of pulse counter CT & connected to
the imput of 8 oult-output selection switch MS which &
a Tolary sepping switch (hat is capable of sflaining coe
of @ particular sumber of switching positions 23 prede-

. =amined by pulse mignals provided a2t ao mput ST

ibereto. A signel to a resetting input R8T resets said
swiich 1o » 2870 switching positicn.

Toe output of counter CT may be g digital paise o
pulse train indication of the count and may be passed to
coe of 8 number of computing, recording or cogtrol
ezrenits for effecting or performing variows computing,
recording or contro] functions. In FIGS. ® and 12,
means are shown for sutomatically gating the output of
counier £7T lo one of multiple circuits K1 to KN. Sig-
aals recorded on recording member 10 are used 1o se-
lect which of the circuits K1 to KN the output of
conntes CT will pass to.

This means may also be employed to gate segments of
the picture signal FB to one of a plurality of different
circuits or o gate the output of any of the other illus-
wrated devices such as clipper CL2 or Schmint cirenit
CM 10 one of multiple circuits for recarding, measurs-
ment or computing purposes. A multiple circuit rotary
switch MS has its input connected to counter CT.

In F1G. 12, switch MS comprises the combination of
solenoid SOL operative, when its input b pulsed, 1o
sctuate o matchet and paw! mechanism RP which steps
» shaft RPS 1o move a potentiometer electrical wiper
arm WA to the next switching position. The input to
solenoid SOL i derived from the reproduction smpli-
fier AS..If shaft RPS is-reset 10 3 zero position,-the
number of pulses recorded on channel CF will deter-
mine the position to which shaft RPS iz moved. Heace,
the switching of the input to the selecied output eirguit
& effected. A servo motor SM’ actuated by a signal
reproduced from channel AS§ may be used to reset or
drive the shaft RPS 10 8 zero position at the end of the
messuring cycle. The electro-mechanical switching
mesns of FIG. 12 may be replaced by an electronic
device such »s a magnetron beam swiiching tube with

the input from AS connected thereto for switching said

beam one switching position each time a reproduced
palse is received thereby.

The hereingbove described means for effecting auto-
matic switching may also be used to gute a selected of 8
plurality of signals or voltages to one or more selecied
circuits adapted to effect measurement of the type de-
scribed prior o or during the reproduction of the pic-
tm ﬂ‘-gnd- - P ) v

The recording arrangement and measuring apparaiis
of FIG. 9 is subject to & degnee of variation without
departing from spirit of the invention as related o aulo-
matic dimension positignal measurement. For ezample,
the pulses produced &t the output of the respective
Schmitt cathode coupled multivibrator circuit CM by
the leading edges of the reproduced control or gating
mgrals CS3 and C54 may be used to define a measure-
ment or tolerance range along s scanning line in the
field being scanned. If amplifier A3 is connected to 2
Schmitt circuit CM, # too will produce a pulse when

32

the leading edge of signal CS4 appears. The first pulse
produced by the leading edge of signal CS3 may be used
to start o digital timer of the type described and the
socond mentioned pulse to reset seid tmer. A pulte or
pulses produced by elipping 20d passing the picture
signal PB through s Schmitt circuit CM may be used to
#iTect a binary digital code output From said timer
which & indicative of the location of said change in said
picture signal between the leading edges of signals CS3
and CS4. The leading and trailing edges of the CS3 and
24 signals may thus define the limits of a dimension or
positiona) tolerance range.

The pulse counter CT may also be replaced by a
digital timer or clock DIT of the type hereinsbove

S {lustrated mnd used. A Hmer DIT indicates by e digital

output therefrom where said change occurs in said pic-
uve signal relative to said C3 signals or to the beginning
of sald picture signal. In the latier ezample, the digital
tmer DIT may be started by the reproduced signal 51,
the first pulse outpot of AND gircuit AN23 or another
signal recorded on and reproduced from channel C1 or
of agy other channel which signal is positicned in a
predetermined location of o folerance range for the
particular image phenomena being measure,

An gpparsius for automatically scanning work-in-
process and {or determining by one of the means herein-
sbove described is shown 'm FIG. 13. The following
phenomena msay be determined:

{&) If the contour or thape of a work-piece conforms
to & given contowr or falls within specified dimensional
limits of a given comtour,

{b) If a particular or predetzrmined part or dimension
of said work-piece conforms to & predetermined dimen-
»on and/or B positioned relative to other parts or aress
of said work-piece within given dimensional limis,

{¢) If predetermined image aress exist or do not exist
on said work such as production markings, components
asembled therewith, imperfections, components or

~oaterial, elc.,

{d) The sctual messurement of 2 predetermined or
specified dimension across said work or seross part of
said work, and

{e) Other of the aumerous functions commonly per-
formed by visual or manual means or mechanical mea-

43 suring devices in inspecting or measuring worl in pro-

oe3s or finished goods.

FIG. 13 shows a means {or conveying 2 series of
articles of manufacture pest a scanning station SC-5T,
The conveying means comprises & conveyor CV illus-
trated 2s an endless motor driven belt but which may be
any known type of article conveyance, For the purpose
of simplifying the description, the workpiece or article
W 1o be scanned is shown as an gblong block or box-
shaped solid with a series of steps formed therein. Any
dimension a~voss the article such 23 the illustrated dl
and 42 dimensiony extending scross the first two steps in
the upper face of workZiece may be sutomatically de-
termined by the means provided in FIGS. § 10 12 )

(Puring inspection scanning, ‘the Work is held station:
ary by en sutomatic clamping fixture. However, scan-,
sing may be effected on-the-fly upon photoelecuric |
detection thersof on the conveyor, prefersbly while in 3

1Giprovide acchrate measurement. The positions of said
snizp-like formations relative to one end W1 of work-
pieze may be sintomatically determined by the means of

* FIG. 4, or relative to the position of an area such as arsa
W1 which may comprise a bole, formation on said part

redetermined location and alignedim'the scanning field!,

(1
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or component assembled therewith delermined by the
means of FIG. 3. The recording member 10 dllustrated
= FI1G. 14 comprises a closed loop tape which is contin-
soualy driven in a fzed path at a constant speed for

effecting maid recording and reproduction relative 3

thereto by magnetic transducing heads RH and PU.
A1 o scanning station SC-ST, & video camera CAM &

fited op a mount relntive to the conveyor CV and =

focused to scan the surface WS which faces the camem

when workpiece W is aligned at a predetermined posi- 10

Zon ou conveyor CV afd the Trontend WE S al g
predetermined position in the longitudinal travel of the
conveyor CV. Simple means are provided in FIQ. 34
for aligning the work W relative to the scanning camess

CAM. However, more complex alignment means or 13

fixtyres may be needed depending on the shape of the
work, the characteristics of the scanning device CAM
and its optical system, snd the precision required for the
automatic messurement.

The work W travels in the atdtude fllustrated in 30

FIGS. 13 and 14 along the conveyor CV prior 1o reach-
mg scanning station $C-8T. An alignment bar AB ex-
sends over the conveyor CV. The work W is pusned
2gainsi bar AB by a pusher bar B1 which is operated by

an air or hydraulic cylinder CY1. The operation of 25

cylinder CY1 is eflected when the leading surface WE
of the work has resched a predetermined point in its
longitudinal travel in the scanning field BF.

A photoelectric cell PH and photeelectric control

PHC therefor are provided. Control PHC transmits 3 30

pulse over an output circuit when light from a light
source LS mounted neross the conveyor is cut or inter-
rupted by the work W a3 it moves past. The interruption
of the light source LS initiates the action which preposi-

tSong workpiece W in the scanning field. The transmit- 33
.ted pulse activates a control for an air cylinder CY2

which therealter projects an arm B2 across the con-
veyor CV. The face WE comes to rest against arm B2

. thereby aligning workpiece W in the (ield when bar Bl
i projected by eylinder CY1 to force face WS against 40

alignment bar AB.

The workpiece W is thus essentially provided in 2
predgtegmined position relative to the scanning camera
CAM with the surface W§ to be scanned at 2 predeter-

mined attitude relative to said camera scanning field. 43

The output of control PHC i thus passed over two
circuits. A first is connected to a control F of eylinder
CY2 which is one input of & solenoid actusted electro-
mechanical flip-flop switch which opens & valve and

sctuates the cylinder CY2 projecting the bar B2. The 30

pulse is also pessed to a time delay swiich D2. A pulse
& then transmitted from switch D2 to the forward con-

trol F of cylinder CY1L. ;
Thae delay period of delay switch D2 5 such that

pusher bar B1 will be projected against workpiece W a 53

time interva) thereafter which is sufficient (o permis the
surface WE to engage and align itsell against bar B2.
When workpiece W is 5o aligned, scanning of the i=id
by scanner camera or flying spot scanner CAM may

take place in such a short interval that bars B1 and B2 0

may be retracted within a fraction of a second afler bar
B1 has urged workpiece W ngainst bar AB. Therefore,
the conveyor CV need not be stopped during this sc-
Hon.

Thus, cylinder CY1 i adapted to automsticafly re- 65

tract ot the end of its forward stroke. The return tng'vei
of cylinder CY1 may be used o actuate a limllt my:h
thereby completing a circuit with a solenoid which

54
eicses or opens a valve 1o activate cylinder CY2 retract.
ing bar B2. This action is accomplished in FIG. 14 by
delny relays D2’ and D2 which provide pulses {or ener-
gizing the reverse controls of the flip-flop switches
controlling fluid ectusted cylinders CY1 and CY2 for
retrection thereof a short tirne after bar B1 urged work.
piece W against bar AB,

The scanning action is accomplished as follows: The
pulse signal output of comtrol PHC i also passed
through delay line D1 to respective time delsy relays
D3 and D4 and through line L1 25 ghown and to the
complement inpmt C of m electrical bi-stable unit or
flip-fiop switch FLZ

A first pulse transmitted throogh line L1 to switching
coatrol € of flip-flop switch FL.2 switches the picture
signal output of the video scanning device CAM over a
circuit to the writing or recording input Rl of 8 video
storage tube STT. The image signal derived from scan-
zing the surface of the prepositioned workpiece W is
recorded on the storage element of the storage tube
STT as described below.

After being energized by the signal on the outpui of
gelay iine DI, delay element D4 transmits & second
‘pulse to switching control C of flip-flop FL2 a time
delay period after transmission of said first pulse to
effect the recording of the video picture signal on the
stornge clement of STT. Thereafter, flip-flop FL2
gwitches (0 a condition whereby the circuit between the
scanner and the stornge tube 8TT is broken. Therefore,
when the workpiece W siarts moving again after bar B2
retracts, the recording in storage tube STT will have
been effected.

A delay relay D3 having o time constant equal to thag
of delay relay D4 or greater permits the picture signal
io be read into the storage tube STT before effecting the
recording of said picture signal on the magnetic record-
ing member 10 in one of the manners bereinabove de-
scribed. Said picture may otherwise be used as de-
scribed to effect a measurement or gomparisen by re-
producing it simultaneously with signals genernted by

roduction from member 10 in the manners provided

n FIGS. 1 to 12,

The cutput of delay relay D3 is passed to a flip-flop
switching circuit FL2' which is a normally open switch-
ing means. Upon receipt of a pulse from delay relay D3,
switching means FL2' closes for o predetermined pet-
fod of ume after which it automatically opens, The
input to switch FL2' is derived {rom reproduction am-
‘plifier A1. When the reproduction head PUI repro-
duces the sync signal $1 from channel €1 of recording
member 10, s2id $1 pulse is passed to read trigger con-
trol RT of siorage means STT. Control RT triggers the
read beam control of waid video storange tube STT and
causes paid beam to sweep the surface of the storage
element and produce an output therefrom which is 2
wideo picture signal. The cutput is passed 1o o recording
amplifier RA2 and reco:ded on chanpel C2 through
vecording héwd RH2 in a fired position relative to the
signal 81 recorded on channel C1.

The trigger control RT comprises 2 vacuum tube
gate for changing the potentia! of the read gun element
{not shown) of STT 1o the desired voltage for effecti

ithe ipalst fromiamplifieryA¥ The circuit between
amplifier A1 and switch RT remsins closed for a peried
to permit member 10 to travel a1 least one cyele. Thers-
fore, regardiess of where the recorded signal 81 i lo-

p2’ !
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" frame” video picture signal generaied on the output

?;umm o trigger control TC for MI frame scanning’
_-: efer 1o my U.S, Pat I‘icx.,,- - 177

‘the motion of a machine tool carriage or component,
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duction of signal S$1 will pass through switch FLI' 10
switch RT before the switch RT opens. The output of
fip-flop F1L2' is 1ls0 passed to & time delay switch FL3.
Ddaysw;mhmumxhedmminfthemrdmg 3
amplifier RAZ and the recording hesd RH2 and main-
tains said circuit closed for a period of time necessary w
offect recording of at lesst one complete video frame
picture mpul onto member 10,

FIG. 15 5 & schematic diagram thowing a further 10
means fnr producing a first positive pulse when the
leading edge of az elongated signal or pulse appears o

. & circuit and 8 second pulse output when the trailing

edge of said zrignal appesss therent. The circuit of FIG.
15 may be substituted for the Schmitt cathode coupled 15
aultivibrator cireuit CM of FIGS. 2 and 3,

The circuit of FIG. 15 includes n differentiating cir-
cuit DCT comprising & capacitator and resistance of
very small time constant, e.g., in the order of 10-12
microseconds. The input to the differentiating circait 5 20
from the clipping circuit CL2 of FIGS. 8 or 9, A sum-
ming amplifier or integrator SA is provided in the cir-
cuit with three inputs 10 its grid, One input t0 summing
amplifier SA js derived directly from a crystal diode
CD1 of the differentiating circuit DCT. Another inpuc 25
to summing amplifier SA is from the output of 8 DC
amplifier inverter IN. A second crystal diede CD2 i in
the circuit of differentiating circuit DCT and inverter
IN. A feedback Joop is shown from the output of SA to
its input. The Schmitt eircuit summing amplifier CM of 30
F1G. 18 will provide a dual signal output, as described,
when & proionged signal passes to its input.

[In FIG. 14, the output of the photcelectric detector’
PHC is connected to the trigger input TC of the video
scanner or camers CAM through o delay relay or delay 35

Ine DI and switch. When energized, the trigger con-

trol TC may be adapted to cause the camera CAM to
effect a cycle of beam scanning of the mage field in-
cluding the workpiece being inspected. Then, the single

R-CAM may be pmed directly 0 a recording member
such as @ magnetic drum or disc for direct recording
thereof without employing the intermediate storage
tube STT for storage. Synchronization of the reproduc-
zon of the video signal from the recording member 10
‘with the reproduction of a comparator video signal or

43

¢ g;ltmg signals a3 described may be effected by chppmg

‘the wvertical sync signal from the composite picture

‘signal so recorded That i, said wertical sync signal is
igised. msynch:amzz the recnrdmg and/or repmducnon_ 50

u!' zid com 'nzm.! crn hﬂj i ma=
ﬂaed nr.m‘ €. ¥
gﬁ%\%ﬁ& the wme-beam of Mﬁ

ﬁurxga tube STT. The input RI receives the vadm;

Ipictum signal genernted at the output R-CAM of

wdeo camera TAM,
When the trigger input for the reading control RT*q

pulsed by a reproduction of the frame pulse signal SL
"ﬁze stored video signal in stornge tube STT gvmemél

output OST. In FIG. 14, the video camera C&ﬁj &0

R S

1:1 FEG :C, the gutput of AND circuit ANéN may

be used for various control or computing purposes. If &3

the motion of member 10 is coupled or synchronized to
the signal from AND eircuit AN4N indicates that the

029
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Soudidcn preset m the RN rwitches has been attained
and the output from AND circuit AN4N may be used
10 start of #op o servo device driving said machine or
associated therewith. It may be desired to open or glose
2 valve, ectuate g solenoid, reverse direction of n driv-
ing motor, eic. when s2id condition hes been reached.

The relay RE of FIG. 10 may be used 85 a gate to
perform any of the gating functions described in this
mvention and may be used when energized by an output
from AND circuit AN4N to effect one of various trans-
ducing actions on the generated or mcordcd picture
signal; camely,

(a) Ao output from AND circuit ANGN may indicats
that 2 desired peint o the length of the magnetic rs-
cording member 10 has been reached (Le. one contain-
g o specific picture signal recording of a multiplicity
of different picture signal recordings), Said output may
be used to effect reproduction of said picture signal
from the recording thereof by completing a gircuit
between the output of the respective reproduction head
PU2 or amplifier A2 and snother output circuit con-
accied, for example, o a recorder, elc. Acruating the
relays R4 10 RN in a predetermined order may thus be
‘nsed for selectively reproducing picture signals from
member 16, The unit length U of the code may extend
the length of a specific signal recorded adjecent thereto
that the output gate will be open af the time said. signal
recording is present at the respective reproduction
hesd,

<+ (b) Similerly, sn output from AND gircuit AN4N
may be used to ernse g specific signal or length of a
signal recorded on member 10,

(c) If bdt information is recorded on channels C1 and
C2 and ony other channels necessary to effect numerical
recording for digital computing, control or storage of
mformation, the preselection coding means of F10. 10
may be used for selecting from a specific channel or
channels thereof n signal or signals in code form which -
may be 'present on a kmown length of said member or
tape 10.

.F1G. 16 illustrates an inspection siation, prefernbly

* along » production line, which is more versatile than the

apparatus illustrated in FIG, 14, Means are provided for
relatively moving both a beam secanning device and|

work to be inspected whereby different areas of said -

<

Flé ;g

work are presented to the scanning field of the mnnmg 3

device, The scanning device CAM may comprise 3.
deflection control beam scanning video camera, as de-
scribed, or any suitable radistion scanning means such

as one wtilizing X-rays, infra-red radistion received
from the article being inspecled. sonic or other forms of

radiation detection and scanning means.

. The scanner CAM & mounted on & manipulation
:ppantm 61 having one or more arms which are sup-
ported &om above. For duwus of o typical article ma-
nipulsior and the sutomatic control therenf 1o cause an
article such a3 the scannmg Tuuers CAM to travel 3
predetermined path in the realm of its motion, reference
s made to my application Ser. No. 477,467 filed'oh Dec.
24, 1954, and other copending npp‘lic.aliom which refer
io computer controlled or programmed manipulators.
The manipulator 61 has a first vertical arm 62 which is

rotatable and defines u joint 627 for supporting a second

‘arm 63. At the end of arm 63, the scanner camera CAM
i supported on a base 65 which i preferably power

‘pivowable and/or totatsble by means of servo znomrs_.-

' mﬂumedmmmzhcmﬂand/mbmuﬁ
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Scanning of the field immediately in froat of the opti-

cal system of the scanner CAM may be effected while
eaid gcanner s stationary afler having been sutomati-
cally prepositioned by means of & programming appara-

tas or computer and/or while it is in motion as defined 3

by movement of the menipulsator §1. The output of the
scanner CAM comprises one or more frame picture
signals and is passed to @ recording apparatus of the

type described. The output s recorded or immediately -
compared with 8 standard picture signal or signals to 10
determine variations in portions of the image field a5

bereinabove described.
The apparatus llustrated in FIG. 16 comprises an
mflow conveyor 50 dlustrated as a closed loop belt or

flight conveyor. A plurality of slide bars 81 constituting

guide means are mounted sbove the conveyor 50 t
define the alignment of articles delivered along & central
portion of conveyor 50. Therefore, said articles will be
carried onto a turniable 54 having means for preposi-

tioning and clampingly engaging the lower portion of »

the article. The surface of the article is thereby sligned
relative to the optical scanning fGeld of ihe scanner
CAM. >
The tumntable 34 & gshown pivotally mounted on
base 36, Turntable 34 is pivosble to effect discharge of
articles thereon onto s receiving conveyor 33 after
scanning hes been effected and to rotate the article
about @ yaw axis relative to the scanner. Therefore,
different portions of its surface may be presented in the .
scanning feld thereof while the scanner is beld station- -
ary or moved in s predetermined manner. The turntable
54 is also rotatable about its central agis by means of a
motor 34M which is operatively coupled to frictionally

or otherwise engage a surface of the table and rotate it 35

as the motor 54M is operated. Thus, the work held.
against the surface of the turntable 54 is movable about .
the central anis of the turntable so that a further degree
of movement of the work is attained. The turntable 34

may &lso be movable about a third axis which is parallel 4

to the direction of the conveyors 50 and 52 so that the
work may be rolled, pitched and yawed in accordance
with control signals derived from a compuier or s pro-
gramming means. Consequently, substantislly most of

the surface of the work may be presented in the scan- 43

ning field of the electro-optical scanning means CAM.
Side clamps 38 and 39 we movable by respective

gervos S8M and 39M to engage opposite surfaces of the

work after it hes been discharged onto the upper surface

of the turntable $8. A clamp or stop &0 is projectible sg

wpwardly through an opening in the turmtable 34 o
limit the forwsrd motion of the base of the work and
preposition said work prior 1o operation of the side
clamps 58 and 59 thereagainst. Clamp or stop member

$0 is preferably retractable into the turntable 54 at the 33

end of the inspection cycle. Thus, the work on the tumn.
table may be released by forwnrdly tilting said turntable
54 afier the clamps 38 and 39 have been retracied, Such
sction will result in discharging the workpiece just

inspected onto the receiving conveyor 52 whereby it is 60

carried to the nemt work station.

All of the described servos and actustors for the
turntable 34, the conveyor motors and the motors pow-
ering the camers manipulator may be computer or pro-
gram controlled to effect prepositioning of the work
relative 1o the scanner and presentation of predeter-
mined portions of the surface of the work in the scan.

ning feld.
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* applicable to the apparstus of FIG. 16. However, posi-

" tape 10 in 2 signal analyzer 30 of the type

P

tional control means for the scanner is not shown, It is
assumed that it may be provided in accordance with the
teachings of my copending spplication Ser. No. 477,467 .

and interlocked with the detection of an article gt the

The article s detected upon srriving st the turntable

or mspection station by means of & photoelectric cell

338 5
F1G. 17 illustrates article positioning control means

Fig17
%
{

and control PHC which generates an output pulse. Said -

output pulse is passed (o both the forward start control

input 32g of a multi-circuit timer or conwoller 32. Con-
troller 32 has piural outputs for controlling the projec-
tion and retraction of the servos 58M, 3%M and 0M for
elampingly engnging said workpiece and prepositioning
it at the impa:tjo:imch s on the twntable 34 of FIG.

8.
~ The controller 32 also provides a signs! to close a

normally open switch 33 disposed in the output of mag-
netic tape reproduction transducer PUR and the trigger
input TC for the deflection control chain of the scanner
camera CAM. Consequently, when the frame indicating
pulse S1 recorded on the channel Cl of the magnetic

25 recording member 10 is reproduced, it will pass to the

trigger input TC of the camers to effect deflection con-
trol of its scanning beam in a single’ frame sweep of its
image field which includes at least a portion of the
surface of the workpiece. -

The picture signal modulated on the output RCAM
of the scanner i passed through a fip-llop switch 34 w0
eme of two recording heads RH3 or RH4 depending on
the condition of flip-flop 34 and i recorded onto either
channel ©3 or C4 of the tape 10. The other channel
contains either the picture signal derived in scanning a
wiandard image field, portions of which standard image
field are to be compared with portions of the field being

- I of the tape transport drive motor MT and a trigger

st o

A
Fie (€1

inspected, or scanning the previous article or field for -

‘ comparative scanning analysis. [n other words, the

epparatus Mlustrated in FIG. 17 may also be used for the
eontinnous surveillance of a floor ares, landscape or
other form of display attained, for example, from scan-
ming a particular ares, volume or continuous flow of
materia] provided that the cycle controller or timer 32
s utilized only to time the scanning of the camern and
ot (o control the operstion of anicle prepositioning
and clamping means,

Accordingly, the flip-flop switch 34 will be generally
applied where it is desired to effect automatic compari-
son of portions of one picture signa| with similar por.
tions of the previously generated picture signal. Switch
34 may be bypassed by directly connecting the picture
signal output of camera CAM with one of the two re-
cording heads RH3 or RH4. Means may be provided
for automatically erasing th~---eviously r>corded pic-
ture sigral on the channel o receive the nev: recording
or for bumedictely comparing the jusi.generated pic-
fure Hgna! with & standard picture mignal recorded on
hereinabove
described. The signal snslyrer 30 of FIG. 17 is illus-
trated az operatively coupled for teceiving the two
picture signals recorded on channels C3 and C4 as well

" as gating signals SC recorded on channel C32 to effect

the sutomatic measurement functions hereabeve pro-
vided.

The flip-flop switch 34 may be operated to gwitch the
picture signal output of camera CAM alternately from
one channel 1o the other by the frame position-indicat-
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- standard article and the scanner.
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iag-signal on channel CI reproduced by ickup head
PUL

FIG. 17 also shows means for operating the tape 18 in
1m imtermittent menner. The operating means includss
sop contro] 8 of motor MT. Motor MT s energized by 3
the pulse output of the article detector PHC and stop
control S i energized when a repreduction head PUI
geads the frame position indicating pulse previously
picked up by hesd PUI ot a time such that the entire
picture zignai geperated by camera CAM has been re- |
corded on the tape.

In FIG. 17, the magnetic recording member may

0

3

- comprise either a closed loop tape of such & length o

permit the recording of single frame video picture sig-
mals or a recording disc preferably provided with meens 15
for cither automatically or manually effecting the
change of a picture signal recording. A continuously
fotated magnetic recording drum or disc may also be
employed. The output of the signal anelyzer 30 extends

to n computer CO for analyzing, recording or operating 20
on the results which may be in digital form by means
hereinabove described. The computer CO & opera-
tively connected to the muiticirenit controller or timer

32 for changing the program thereof t0 effect changes

in the degree of motion of the fixture clamping means 25
opersted by servos 38M, 539M and §0M to sccommo-
date different articles.

The cycle controller 32 may also have sdditionsl
output control circuits for positionally controlling or
moving the scanning camera CAM in & predetermined 0
sequence or path to effect a predetermined scanning
function. Allernadvely, the computer CO may be uti.
lized o control the movement of both the article and
Bcanning camers ip 2 predetermined manner in which
feedback signals ere gemerated to accurately position 35
either or both so that an sccurale base may be estab-
lished for the generation of picture signais which may
be antomatically analyzed with picture signals gener.
2ted in @ similar end predetermined movement of & |
&

FIG. 18 Mlustrates & recording and control arrange-
ment applicable to the apparatus of FIGS. 16 and 17. A
plurality of different standard picture zignals are re-
corded and are selectively reproduced for comparison
with picture signals generated in scanning difTerent 45
articles which are related to respective of the picture
signal recordings on recording member 10.

Preceding each picture signal is & respective pulse
train PC’ recorded on track CL. Pulse train PC’ is in the
form of a binary code. The binary code is reproduced %0
by reproduction trsnsducer PUI and passed o a shift -

egister 35 which converts the code to & paralie! binsry

code on outputs 35 This code is passed 0 a code
matching relay 36 of the type illustrated im FiG, 10
having parallel inputs 36' from a computer or controller 45

The cutput of relay 36 is passed 1o the trigger coatred
TC which triggers a single deflection cycle for the read
beam of the scanner CAM only when the code repro-
duced from channel C1 matches the inpot code gener- 60
sted by controller 37. Thus, the controller or code setup
means 37 may be operative in response to means for
detecting and identifying the particular article which
article may be one of a plurality of different articles
moving on the conveyor. Consequently, it may gener- 65
ate a pariicular code associsted with said article for
effecting the reproduction of that picture signal re-
corded on recording member 10 and the gating signals

,029
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provided therewith and mssociated with the particular
grticle. Alternatively, it may be wtilized to effect th
recording of the picture signsl generated o scanning
the article sdjscent or in & predetermined position on
the recording member relative to the associated previ-
ously recorded standard picture signal,

The output 3¢ of code matching relay 36 is passed to
the scanning wigger mput TC of the scanner CAM and
through a delsy relay 36D to the retract control R of
the product positioning or clumping serve. Release and
transfer of the product is thereby sccomplished afler
scanning has been effected and after said servo has been
energized to sdvance sguinst or otherwise rewin the
product by sctivation of the limit switch or photoelec-
tric detector PHC,

FIG. 12 elso shows a connection of the output of
stage PHC with means for starting the stap control § of
the pervo MCV for siopping the mflow conveyor 30.
Consequently, the next article thereon will not be deliv-
ered to the inspection station or turntable 54 ungl scan-
ning of the srticle already thereon has been completed.
The oatput of delay relay 36D is therefore also passed
to the start control F of servo MCV a5 well as 1o any
pther servos operative in removing the article from the
inspection station 30 that the cycle may be repeated for
the next article. In a preferred form of the invention
Mustrated in FIC, 18, the magnetic recording member
10 may comprise o disc or drum which is driven at
constant speed whereby scanning is effected whenever
= code ns commanded by the input device 37 is repro-
duced from channel C1,

FIG. 19 illustrates s scanning and detection apparasus
having features hersinabove described end = scanner
such as a television camera CAM. Cimern CAM i
sutomatically controlled in position to scan either dif

" ferent image Gelds or an image field which i grester in
v zrea than the optical pystem of the camera. The camera
| CAM & mounnted on a turntable 47 which is rowmted or

oscillated im @ -predetermined manner by means of o
gervo 46, The murneable 47 may be continuously rotated

/| to provide o continucus 360° scan or oscillated by auic-
- matic mechanical or electrically controlled mesns to
~ scan gt different positions in its rotation. Such positions
' may be defined by different changeable displays such as

meter, chart or scope {aces.
Accordingly, the tumisble drive motor 46 i3 con-

ctrolled by an sutomatic controller or computer CO

which may also effect control of the movement of the
recording member or tape 10 in the event that a prede-
termined condition exists in the Beld being scanned and
i detected by o signel analyzing means or comparator
20 of the type hereinsbove described or any suitable

‘means for comparing the picture signal generated in
' scanning the same image fleld during the previous scan

with that of the mext scan,

In FIG. 18, the closad loor recording member 10
continues te
mittently. Member 10 geucsizs buth picture signals on
the imputs to the comparator 30 until o predetermined
condition exists i the picture signal derived from the

- last scanning eycle or in a portion of said picture signals

23 determined by the gating signals of the type herein

 above deccribed. When such s condition enists, the

closed loop magnetic recording belt 10 which contains
recorded thereon picture signals derived from scanning

~ areas defined by the plurality of different camera posi-
- tions 47a to 47n is not utilized for effecting nutomatic
comparative measurement. A second recording means

te at gither constan! speed or imter- .

Fe6 19
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41 comprising a magnetic tecording disc or drum 42

rotated st constant speed is utilized for Fecording both

or previous image feld and each subsequent picture
tignal generated in ecanning the changing image field 4

Therefore, a running analysis of the changing image -
* gtuation is obtamed.

Ir other words, the recording disc or drum 43 s
operative for recording just one picture signal on each

- of its tracks which may be reproduced the number of 10

times per minute the recording surface is rotated. The
aumber of rotations is preferably equivalent to the nom-

- ber of cycles per minute which the beam of scanning .
tamers CAM may be driven. The output of reproduc-
tion head PU3 which is generating the standard picture 13

signal is passed to 8 recording head &, Xaid output is

recorded on the first track of magnatic disc or drum 42 =

and the output of the scanning camera CAM is recorded
through recording head 45 on g second track of disc or
drum 42.
These recorded picture signals are reproduced by
ﬁfﬁwz pickup heads 45’ and 48’ and are passed
ugh a flip-flop switch 34" 10 the comparator 30. The
flip-Nlop switch 34’ is a double poledouble throw de-

vice, Switch 34’ is automatically switched to pass the 25

reproductions of the picture signal recordings on rap-
idly rotating recording member 42 to the comparator 30
by a signal genersted either on the output of the com-
parator 30 by the computing circuit ©O or on the out-

put thereof which energizes an alarm AL in a manner 20

bereinabove deseribed.

Thus, the scanning camers CAM is continuously
potitioned to scan different image fields. Its output
picture signal s compared with respective recordings
on the closed loop recording member 10 until a prede- 33
termined change occurs in the image field or & portion
thereof as determined by predetermined varistions m
the picture signal. Whereafler, the rapidly rotating
drum or disc 42 is employed to effect continuous com-

parative recordings which are produced and thereafler 40

the comparntor 30 determines the extent or narure of
the changing image conditions. Accordingly, the output
of computer CO or comparator 30 is also passed (o the

stop control S of the motor MW which is operative to |
either oscillate or rotate the turntable 47 thereby chang- 45

ing the scanning field of the camera.

In a preferred form of the embodiment {llustrated in
F1G. 19, synchronization between the movement of -
endless recording member 10 and the rotation of the

scanning camers CAM may be attained by conventional 59

means including use of a single drive for both the tape -
transport and the turntable mount for the camera. The
drive may be continuous or intermitient and operative

such that esch time the scanner CAM generntes a pic-

ture signal by scanning a particular image field as deter- 53

mined by the position of turntable 47, a respective com- -
parator signal will be reproduced from member 10 or
recording will be effected in a predetermined position

4,979,029
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- will be reproduced and immediately compared with a

62 :
dard signals are recorded along predetermined lengths

of the recording member 10 and are each identified by

the picture signal derived from scanning the unchanged g respective parallel code.

A plurelity or tank of reproduction beads PUC are
‘edapted to reproduce the picture signal identifying
‘codes from a plurality of recording tracks. The identify-

“ing codes are passed to g ghift register 48 which con-

verts each code to a series code which is passed simulia-
neously to a piurality of coded relays 481, 49-2, etc.
Esch of aaid relays 8 operative to generate 8 control
‘signal upon receipt of the respective code which differs
from the codes which energize the other relays.

The output of each of the relays 49 is coaneciad 1o

* operute the trigger control TC of & respective scanning

camerse. Consequently, only that camera will effect a
gcanning sweep of its image field when a particular code
is present at the repreduction hesds PUC. Accordingly,
the picture signal of the camera will be recorded in a
predetermined location relative to an associated or pre-
determined picture signal to be compared therewith or -

predetermined picture signal which is one of a pluratity

. of such signals recorded along different lengths of the

recording member 10,

Cerain aspects of the scanning, recording and repro-
duction arrangements provided herein may be utilized
in improved scanning and detection systems. For exam-

. ple, & system may be provided utilizing one or more
- slow and/or fest scan video camerss to sutomatically

scan and detect changes in en image field by comparing

the previous picture signal generated in wcanning a par- -

ticular image field with the next picture signal or an
subsequent picture signal and sutomatically determsin.

- ing ns described changes thereim,

it moy be desired to scan an image field such a3 (@) the
face of a cuthode-ray-tube displaying information |
which may vary with time, (b) a landscape, (c) or other
aren such as a warchouse floor, (d) part of & production

| process, eic. and to sutomatically rronitor all or part of

the image field being scanned, Predetermined variations
i & particulsr part of the image field may be used to
generate alarm signals, code signals, etc. Said predeter-
mined variations may be discriminated from variations
in other parts of the image field by generating gating
signals from recordings or other means which pass just
those parts of the picture signal genersted in scanning
predetermined arens of the image field 1o analyzing
circuits. As described, the analyzing circuits may be for

' putomatically noting changes i frequency and/or in-

flections or changes in amplitude of the picture signal
just generated from the previous picture signal. The
varistions in the amplitude or inflections may be auto-
matically analyzed as (o degree or amplitude, mate of
change, duration, etc. by converting such varisbles 10
digita! form end anslyzing them by means of a com-
puter. Or the analog portion of the changed or changing
picture gignal may be compared with stored analog
sgnals 1o determine the watise of the changing image

on member 10 relative to said compaerator signal, The = fBeld. : ]
control means 113 of FIG. 20 may also be employed. &  In s preferred system, an endless track erusable pe-

FIG. 20 shows means for utilizing a plurality of scan-
ning camerns CAM-1, CAM-2 etc., each of which is
sdapted to scan a different image field such as different
changing displays, special volumes, etc. The mechanism

cording member such 2s a closed loop magnetic tape or
drum is continuously driven past magnetic recording
and reproduction transducers. Any of the arrangements
Mlustrated in FIGS. 1, 2, §, 7 or & may be utilized for

of F1G. 20 is applicable to the apparatus hereinabove 85 automatically determining variations in the image field

described. It is assumed that the field scanned by v:'ach of
said cameras has a different optical characteristic than
the fields scanned by the other camerss and that stan-

being scanned: The scanning camera may be starionary
or may be automatically rotated, oscillated or otherwise

. positioned 1o present diffarent portions of the surround-
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| ing image field or envircament in its Reld. A plurality of ! to gate clipped or Bltered portions of the video picture

cameras may be employed with each adapied 0 have = gignal for analysis thereof. Such comparator signals

. the signals generated by one or more feld scans thereof = seed not be recorded as described, but may be gener-

gated (o the recording ransducing means at a ime such ~ ated in synchronized relation to the generation of the
that it may be compared with the picture signal gener- 3 imspection picture signal by other known signal generst-
sted i previously scanning the same imege ares or = ing mesns.
location. In other words, 2 monitoring system may be In another form of the invention, means for digitizing
provided in which a plurality of different images or  or snalyzing an image field is provided in which por-
areas of g single field not accessible 1o 8 single scan by  tions of the Geld such as discrete aress differing in
camers may be automatically and coniinuously moni- 10 shade, color or intensity from other portions or aress
tored. oot defined by sharp image contrast may be present. It
Referring, for example, to FIG. 3, the standard pic-  mny be desirable to analyze said portions as to such
ture signal or sngle frame sweep signal genersted in the  varisbles 1 (a) existence or coordinate location of an

‘ previous scan of the image field may be recorded as area or areas of a particular intensity, shade or eolor, (b)

signa] PBLA on track C2 and its location determined by 15 determination of the ares of 8 particulsr intensity or
its own vertical frame sync signal or frame locating  ‘color in the feld, {c) comparison of the location degree
signal 81 on track CI. Signal 51, when reproduced, 5 or coverage of aress of different color intensity or areas

thus utilized to trigger the deflection chain of the cam-  lacking discrete or sharp outline in a first image field

€72 in pcanning the same image area which was scanned  with gimilarly colored or shaded areas of 2 second fieid,
to genersie picture signal PBI1A 20 a3 10 genersie a 20 eic.

second picture signal which may be recorded as signal =~ To effect such determinations, the apparatus herein-
PB1B or is immediately directly compared with signal above described may be modified by passing the beam
PBIA. The entire picture signal may be compared generated end modulated picture signal, which picture

point-by-point with signal PB1A or just certain portions  ignal is generated in scanning the image field being

compared for any noticeable change or predetermined 25 analyzed, 10 analyzing circuitry. The analyzing cir- ¥

changes. The sdjustment of the filter or clipping level of = cuitry includes a plurality of means for filtering and/or

video clippers CL-1 and CL-2 and/or the locztion of  clipping different portions of the picture signal exhibit-

gating signals SC11, SC12, eic. may be manuaily ef-  ing different characieristics, Color separation and deter-
fected by using manual variable controls or may be  mination by wtilizing either a color television camera to

computer controfled or program controlled by conven- 30 generate a composite color television signal which may

tione! servo controlled means. be later separated into its color components or combina-

The picture signal PBIA may remain recorded or  tions thereof by employing the proper electrical filter
wmay be replaced by the signal derived from the mext = means or by employing the necessary optical flter or
scanning, [f certain changes occur in the picture gignal, © filters on the lens of the scanner camern.

i sutomatic means, controlled by the warning signal gen- 33 A plurality of electronic filters may be employed to

- erated, for example, at the output of clipper CL 1 or ' separate different portions of the picture signal of pre-

AND circuit AN1-2, may be employed to (a) stop = determined colors. Then, the output of each filter gir-
movement of the scanner camers and continue (o rcan cuit or combinations thereof may be used ac the herein
the image area so changing, (b) retain the camera scan.  described gating signals for operating or gating binary

ming the changing image ares of operntive coupling 40 digital code signals genernted by & digitz] clock circuit,

. acteristics on the area under change such as radar, ultra-

with the recorder, (c) deflection control the beam of the . The digital clock signals may be utilized to determine
* scanner to continue (0 scan the area which is changing
to the temporary exclusion of other areas, (d) control

the location of areas in the image field of o particular
eolor or shade and/or the shape or degree of coverage
the optical portion of the electro-optical scanner to be  of said area or aress of said particular color or eolors.
retzined on and magnily the general area of the image 45 An image ficld such as o photograph, map or other
field where said change is occurring, (€) bring inte ' field formation may be made up of differant sreas of
operation other scanners of the same or dilferent char- different shades of a particular color such as shades of
grey, halftone aress, #tc. said shades are scannable o

sonic, infra-red, X-ray, stc. to determine other charac- . generste a picture signal which varies in amplitude i

 teristics of the changing phenomena, and (f) sound an 30 eccordance with the intemsity or degree of the shade

alarm. | being scanned. A plurality of elipping devices such as
If it is desired to note when changes of b predeter- - clippers CL1 and CL2 shown in FIGS. 3, 4, 42, €5, 7, 3
mined charscter cecur in the field under surveillance, 8 and 9 may each be connected to receive the tame pic-
comparator signal of predetermined charscteristic, ' ture signal but with each adjusted or provided with a

. which need not mecessarily be & video picture signal, 55 clipping level which is different from the clipping level
'may be generated or recorded, for example, in place of  of the others. Thus, for a particular shede or izensity

the video picture signal which is used to compars with — being scanned, one or more of the clippes may clip and
portions of the picture signal derived in scanning the  generate an Output signal while ome of meac may not
field being inspected. For example, it may be known  provide an output signal.

thet a certain condition may exist in a certain portion of &0 The cutputs of each clipping circuit may be con-
the image field being scanned when the picture signal  nected 10 logical switching circuits such as Mustrated in
thereof exhibits a predetermined change in emplitude or  F1G. 4 w determine the scanning of a particular shade
frequency along a predetermined segment O segments  Zmage intensity or color by mesns of a further signal or
thereof. Then, comparator pulse or analog signals may  signals generated on further circuits. Each of the clip-
be recorded at predetermined positions relative the 65 ping circuits may be connected to operate 8 respective
frame sync signal S1. Signal 51 is used w0 trigger the code generator when its cutpu! is energized or to pess
read beam of the camers scanning the field being in- - the digital code output of a clock when its output is
spected. These signals may be compared with and used  emergized. If exch code generator is generating a differ-
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| ent code or codes of signals of different frequency, then.

. indications in code form may be derived of the charsc-
 teristics of the ares or areas of different or predeter-
" mined color, shade or intensity. Such codes may be.
.:_'.,g::m:ied or immediately analyzed to determine the 8

‘existence of said aress, location, extent, shape, et

. The video camers CAM msy comprise 2 conven-
tional television camers or a flying spot ecanner. Such 2
camera CAM is employed throughout the disclosure to
ecan and geoerate video msmls reprmntmve of the 10
image or images in the scanning field being mspected.
The n&mm may employ a deflection con-
trolled read beam or a polid statz image sensor contain-
ing a suitable aumber of light sensitive elements. The
light sensitive elements generatz a suitable video signal 13
when light = received from the surface of the object
being scanned or when the imsge field & focused
thereon.

One form of a suitable video camers which does not
employ deflection control beam I described in Bell 20
Telephone Laboratories note Mo, 19.3-22, dated March
1972. Light of the image fieid to be analyzed is focused
ento a solid state area imaging device, The imaging
device such as a silicon chip contains an array of light
asnsitive storage cells defining e charge coupled stornge 25

‘area wherein each of the cells thereof generates a stored

charge which is proportionate to the incident light di-
rected thereon. The integrated frame signal genersted
by ali the light sensitive cells is then transferred to 2

storage area and resd through a serial register 1o an 0

output electrode as an analog video picture signal.
Single frame video picture signals may be generated

for the purposes defined herein by controllably operas-

ing the shutter of such a camera. The camers shutter is

- predeterminedly opened when the object or image to be 358

mspected is in the field of the camera optical system,
such as in response to the described article detection
means. The shutter is closed mu:nedmely thereafter
_until the nex: object or image is in the ﬁe!d a.nd mdy__;.:,_.
for the. next scanningicycle.t o0 4 40

1 claim:

1. A method for inspecting an image field to deter-
mine if an select image phenomenon is present in said
image field, comprising:

(a} scanning an image field containing nt least one 43
optically contrasting image portion which is de-
tectable with an electro-optical scanning means,

(b) generating first electrical signals which vary in
sccordance with variations in the optical charac-
teristics of the image field scanned, 30

(¢) analyzing said first electrical signals and generat-
ing first information signals mrmpondmg to the
optical characteristics of the image field scanmed,

(d) electrically comparing said first information sig-
nals with signals from recordings in 2 memory 33
which are indicative of said select i image phenome-
non, and,

{e) generating digital ngnals indicative of the pres-
ence of said select image phonomcn in said
scanned image field.

2. A method in sccordance with claim § which in-
eludes employing said digital ngm!s 1o intelligibly indi-
cate the presence of said select image phonomenon in
the image field scanned by said electro-optical scanning
means.

3. A method in sccordance with claim 1 including
applying said digital signals to controllably afTect the
scanning operation.

&0
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4. A method in sccordance with claim I wherein seid

" electrooptical scanning means includes a camers and

means for effecting comtrolled relative movement be-
tween said camers and said image phenomens in a field
whichisgrntzrinm&hmlhemnhgﬁeld}?’sﬁd
CRMETR,

§. A method in accordance with claim 1 wherein said
select image phenomenon is a descreet image shape.

&. A methed in accordance with claim § wherein said
elecigroptical scanning means is opersble to generaie
enid first electrical signals with inflections in amplitude
when scanning said image field, said analysis of said first
electrical signals ncluding detecting said inflections in
amplitude and generating first information signals indic-
ative of said detected inflectiona,

7. A methed for inspecting en image feld o deter-
mine if 8 select image phenomenon is present in said
image field comprising:

(a) scanning an image field containing at least one
optically contrasting image portion which lacks a
discrete shape and which is detectable with an
electpr-optical scanning means,

{b) generating first electrical signals which vary in
sccordance with variations in the optical charac-
teristics of the image field scanned,

(e) analyzing said first electrical signals and generat-
ing first information signals corresponding to the
optical characteristics of the imsge field scanned,

{d) electrically comparing said first information sig-

Adspete

nals with signals from recordings in @ memory _

which are indicative of said select image phenome-
Bon, aad

(e) generating digital signals indicative that said opti-
eally coatrasting image portion which lacks a dis-
crete thape is present in said image feld.

3. A system for detecting images in an image field

comprising:

(e) first means for scanning an image field containing
&n image therein, and for generating electrical sig-
nals which vary in accordance with the optical
characteristics of the image field scanned,

{b) second means for receiving and processing said
electrical signals,

{c) third means including & memory for recording
information corresponding to an image having
defined optical characteristics,

(d) electronic comparison means for comparing said
information signals genernted by said second means
with the information recorded in said memory, and

(e) fourth means sssocisled with gaid comparison
mesns for generating digital signals indicative of
the presence of said image of defined optical char-
ecteristics in the image field acanned by said first
menns.

9. A pystem in nccordance with claim § including
means for receiving and wtilizing said dijgital ni{;nals to
intelligibly indicate the presence of an chiect haing
gaid defined optical chsncmncs in the image field
scanned.

10. A method for inspecting an image field to deter-
mine if a select i image phenomenon is present ,in said
image field comprising:

{(a) scanning an image field containing at least one
optically contrasting image portion which is de-
tectable with an electro-optical scanning means,
said electro-optical scanning means including a
camera and means for effective relative movement
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berween said camers and image pbepomens in &n
image fisid.

() generating first electrical Hgnals which vary
sccordance with veriations ia the optical charnc-
teristics of the image Geld scanned,

{c) spalyzing said first electrical signals and generat-
ing firet information Hgnals corresponding to the
optical characteristics of the image feld scanned,

{d) electrically comparing said first information sig-
nals with the signals from recordings in 8 memory
which are mdicative of said select mmuge phesome-
20D, and

(e} generating digite! pgnsls indicative of the pres-
ence of wmid eslect imege phenomencn In sid
scanned image feld.

11 A method for inspecting an fmage field to deter-
mine if o select image phenomenon ks present in said
image ficld comprising:

(8) scanning as image Beld containing at Jeast one
optically contrasting image portion which i de-
tectable with an electro-optical scanning means,
wherein gaid electro-optical scanming means in-
cludes a camera and means for effecting controlied
selative movement between ssid tamera and said
image phenomena in s field which is greater in aren
thnnxhemmngﬁeldufmdm

(b) generating first electrical signals which vary o
sccordance with varigtions in the optical charge-
teristics of the image field scanned,

() analyzing said first electrical signals and generat-
ing first information signals corresponding to the
optical charpcteristics of the image field scanned,

(d) electrically comparing said first information sig-
sals with signals from recordings in a memory
which are indicative of wid select image phenome-
non, and
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(2) generating digits! signals mdicative of the pres-
ence of said select imege pbenomenon I maid
scanned image Geld ead applying said digital sig-
pals to control the relstive movement between gaid
camers and said image phenomenon.

12 A method for inspecting an image feld w0 deter-
mine if » select image pheaomengn & present in said
image feld, comprisiag:

(a) scanning an image field contrining st least one
contrasting image portion which is detectable with
ae electronic scanning device,

(b) genernting first electrical signals which vary in
sccordance with varistions in detected contrasting
fmage portions of the image field scanned,

(¢) analyzing said first electrical signals and generst-
ing first information sigmaly corresponding to the
detected contrasting image portions of the image
field scunned,

(d) electrically oompmng said fisst information sig-
nals from recordings in 8 memory which are indic-
uuve of said select imsge phenomenon, and

() generating electrical signals indicative of the pres-
ence of said select image phenomenon .in said

“ scanned image Geld.

13. A method in sccordance with claim 12 wherein
ssid select image phenomenca i an sbaormality.

14. A method in accordsnce with claim 12 wherein
said scanniing operstion 'includes effecting controlied
relative movement between said electronmic scamning
device and said image field scanned,

15, A method in accordance with claim 14 wherein
the step of effecting controlled relative movement in-
cludes mounting said scasining device on » moveable
implement.

16. A method in sccordance with claim 15 furthar
comprising the step of controlling said mowveable imple-
ment to scan selecied image pomons of an ob,;eci.
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