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Stﬂl enother eb]eet is te provide video scenmng and'

‘control means for automatically effecting the measure-

: ment or inspection of an object for obtaining dlmensmnal |

The present mventmn relates to magnetlc recerdmg |

and pertlcularly to arrangements whereby video picture

© - signals may be used for effecting a multiple of computing,

operatwe ‘measurement and control functions.
__ it is known in the art to record a series of plcture sw—
- nals on a moving magnetic tape and for repreduelng sa1d

- signals at essentially the time rate of recording to create
" a motion picture on a video or television screen for
- _j_-fwsuf.-.l observation.
- Serial Number. 688, 348 Now- abandened descnbes means
.' ;;'fer recerdmg a video SLgnal of a smgle frame or screen
sweep of the video scanning beam of a camera or flying
- spot. scanner which. may be. reproduced ‘thereafter and
- used to prewde a sull Image pleture on a Vldee memter -

My copendmg patent apphcatlen

'?f-':. -.screenm,

signal is recorded on a megnetlc. medium whereby a

- point in-said 31gna1 which is preferably the start of said
~ frame sweep, is known and is indicated by a sync pulse
. also recorded on said medium and a second signal thereon”
- is used to effect the reproduction of parts of - said video

signal.
~ signal recording and reproduction, various autematlc

10

or cther phymeal characteristics. S
- Still another object is to provide apparatus fer the aute- .

-f"matle inspection by photoelectric or video means of work

in process or fimshed geeds Wltheut manual atte‘ndanee o "
--thelei,e | o

Another cbject is to prowde new and 1mproved ap-

‘paratus which may be used to effect Varmus mspectlen,'

- ‘control and dIgItIZII'lg functions.

“Another object is to provide autemetlc apperatus for

measuring an: eb]ect or surface including means for
-selectively- measurmg predetelmmed parts of said eb]ect o
and for providing information in code form resulting

from said. measurement Wthh may be utﬂlzed by a digital

- 'eemputer -

- In accordance Wlth ene embedlment of the present in- .
~vention, all or part of a video picture single frame sweep

 embodiments thereof, it will be understood that this is

~ Another eb]eet of thls mventmn is to prowde 1mpreved' o

-~ means for prowdmﬂ picture information on . magnetic

1eeerdmg tape for record keeping and other functions.

The circuits and recording - arrangements  described

above are intended to be merely illustrative. Many dif-
ferent types of circuits could be substituted for each of
the component circuits illustrated. Thus, while the pres-
ent invention has. been described by reference to partleular

by way of illustration of the principles involved and that

those skilled in the art may make many alterations and: ]

By using such a method of programming video
30

- operations may be perfermed on or in coaction Wlth pert o

- -of said video s:tgnal

Aeeordmgly, itisa pnmary ob]eet of thls 111Ve11t1en 1o -~

~ provide means: WheIeby video picture signals and the like

may be used for eutemetic computmg, centrel and meas-
urement eperatlons | . |

| Another object of tlus mvenﬁon is to pr0v1de sunple :
©and 1mpreved means for . -operating on “a' video picture
o ~signal which is recorded on a ‘magnetic recording medium
- for investigating and/or changing part of said signal.
- . Still another ‘object is to provide. Ineans whereby a
. video picture signal may be used to e

quahty control by the mvestlgetlon of part
- - Another ob]eet 1s to prowde an automatic means where-

by a video picture signal may be used to efiect. dlmen-
’-smnel measurement and. investigation of tolerance. -

fect automatic
of said signal.

‘modifications in the arrangement and mode of eperatlon SR

Therefore, I contemplate by the appended claims to cover

“any such modifications as fall Wlthln the true spmt and

se-epe of my invention. = .
The invention will new be descrlbed in greeter detall.

B 'mth reference to the appended drawings in which:

39

* FIG. 1 illustrates a portion of a recording member and

- an arrangement of picture signals and control or gatmg

sienals prewded theleen 111 predetermmed relatwe p051- :

" tions;

40 .

ing member containing both picture and code. signals re- - '
corded on different tracks thereof and also illustrates in
block diagram notation, gating and cemputmg c:lrcultry

"~ Another object is to provide a means for eﬁectmg?-'

o _”:-eutematlc measurment and quality control functions using
- iwo video picture signals, one a standard signal of known
- characteristic and the other a sample or test signal, where-
by all or parts of said signals are investigated and com- °

pared by their simultaneous reproduction from a mag-
‘netic recording medium on' which they are reeerded 111__ '-

~ predetermined relative positions.

| Another object is to provide automatlc means for Te-
 producing a specific or predetermined.part or: parts of a-

- . video picture signal for eemputmg, meesurement or con-
- trol purposes, = - B
~ " Another object is 0 prewde automatic means fer re-
- _preduemg that part of a video signal derived durm,:, the
scanning of a specific area of a total image. field without

~the need to centrel the scanmng beam of a vldee scan-

' ning devicec .~
o Stll another. eb]ect is to pre‘i.flde means fer Dp&lﬁtlﬂ“ |
on video picture signals and for modifying or changing

specific portions of said signals whereby the altered pic-.
ture signal may be used to produce a video image or stﬂl

~ picture of modified image characteristics.

| Anether object is to provide means for recerdmg a

video. p1eture signal with digital pulse code signals ad-

~ jacent thereto for effecting the reproduetmn of sald Vldee
-- 51011&1 |

: e'f the computing circuitry of FIG. 1B;

50 centemmg pleture signals and control signals and cir-

FIG. 1A 1lluetrates a portmn ef a multl—track recerd-

_ing member having plural picture- signals recorded ad-
- jacent each other and associated control or- gatmg 51gnals -
‘tandemly aligned with said picture signals; =

FIG. 1B illustrates a portion of a multi-track record-

'fer utilizing repmductlens of recordings;

FIG. 1B’ is a circuit diagram showing detalls ef part _'
~FIG. 1C illustrates a portion of a recerdmg member-

cuitry provided in the output of the repreduetmn trans-

,dueers which scan said recording member;

- FIG. 2 illustrates a portion of a multi-frack 1eeerdmg

‘member having signals of predetermined duration or

~ length recorded thereon in predetermined positions rela-
tive to recorded picture signals for indicating, when re-

60

'preduced smultaneeusly with said picture signals, di-
mensional ranges of the physical phenemenen or eb]ects
-scanned to generate said picture signals; | '

FIG. 3 illustrates a recording and reproduction arrange-

- "ment whereby control means are ‘provided for blanking
- all but predetermined or particular portions of one or |
- more picture signals so that the remaining portion or por-

69

70

tions of said picture signals may be anelyzed wﬂhout |
interference from the other portions; |
FIG. 4 illustrates a reeerdmg and repreductlou arrenge—

ment for operating on a picture or analog signal in a

manner similar to Lhat illustr ated in FIG. 3 to effect one
or more dimensional 1 easurements or control functions;
FIG 4’ 1S a fragmentary view. of a scannmﬂ ﬁeld il-
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lustrating the physical significance of certain of the signals
recorded on the recording member of FIG. 4;

FIG. 4A illustrates a circuit applicable as a replace-
ment for a portion of the circuit of FIG. 4;

FIG, 4B illustrates a digital code generator or clock
applicable to the circuitry of FIG. 4 to effect measure-
ment functions;

FIG. 5 illustrates a recording arrangement with prede-

termined positioned sync and gating signals;

FIG. 6 illustrates the recording arrangement of FIG.
5 and circuit components utilizing the signals provided
thereon; |

FIG. 7 illustrates a modified form of the recording ar-
rangement and circuit components of FIGS. 5 and 6;

FIG. 8 illustrates a recording arrangement and a re-
production circuit diagram utilizable for effecting auto-
matic dimensional measurement; | |

FI1G. 8 illustrates a scanning field showing physical
aspects of the signals recorded in FIG. 8;

FIG. 9 illustrates a recording arrangement and repro-
duction circuitry therefore applicable for measuring the
various dimensions of distances in an image ficld and
providing said measurements as coded signals;

FIG. 10 illustrates a clipping level adjustment means
applicable to part of the apparatus of FIG. 9;

FIG. 11 is a more detailed view of a portion of FIG.

10;
FIG. 12 is a more detailed view of a portion of FIG. 9;
FIG. 13 is an isometric view of a scanning station
utilized to provide picture signals which are applicable
to the recording and mecasurement arrangements illustrated
in the other drawings; |

FIG. 14 is a plan view of FIG. 13, which view also
iHlustrates recording and dimensional measuring com-
ponents; and

FIG. 15 illustrates a circuit which may be substifuted
for the Schmidt cathode coupled multivibrator circuit of
FIGS. 8 and 9.

A number of recording, reproduction, scanning and
comparison measurement, counting, control and comput-
ing functions will be described hereafter together with
apparatus which will utilize a video picture signal derived
by electron beam or flying spot scanning of an object or
mmage field or a video storage tube surface. For most
of the above functions, said picture signal or signals are
recorded in a fixed or predetermined position, on a
magnetic recording member such as a magnetic tape or
drum, relative to one or more controls and/or gating sig-
nals which will be denoted by the notations SC or CS.
While these control signals are specified as constant ampli-
tude pulse signals of a short or predetermined duration,
they may also be of variable amplitude and/or frequency
depending upon the type of operation or function con-
trolled thereby.

- One technique presenfed hereafter comprises the scan-
ning and investigation of an image or optical field such as
a spectfic area of a surface of a work piece or assembly
or an image field in which a portion thereof contains an
object or plurality of objects having an optical charac-
teristic which is discernable from the characteristic of the
surrounding field or background by, for example, different
color or light reflectivity, which investigation involves
the analyzing of a length or lengths of the video picture
signal produced when said object or field is scanned by
a video camera or flying spot scanner. If automatic
scanning or comparison measurement using a change in
a portion of a video signal is to be employed for measure-
ment or analysis of the optical characteristics of the field
from which the signal was derived, then a requisite for
such measurement, if it is to be meaningful, is that the
area, object, or other phenomenon in the field being
scanned must be at a known distance from the scanning
camera optical system or the flying spot scanner so that
its scanned area will be to a predetermined scale in the

image field. The attitude of the object or plane being
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scanned must also be fixed or predetermined relative to
the axis of the video scanning device. Also, a plane,
point or arca of said object should be or referenced in
position in said field being scanned. The requirement
for any automatic measurement is that a base or bench-
mark be established. Since measurement or comparison
is effected in this invention by scanning means, which
1s utilized to indicate the existence of an area, line or
plane in the field being scanned, the above mentioned
scale, alignment and positional requisites must exist to a
predetermined degree or tolerance in order to attain a
predetermined degree of precision in said measurement.
It 1s thus assumed, for those functions described here-
after where dimensional measurement, comparative image
analysis or other investigations involving the scanning
and analysis of a specific area or areas of the total field,
that said object, surface, or area being scanned is pre-
positioned, aligned and provided at a predetermined scale
in the scanning field. For the automatic and rapid in-
vestigation of multiple articles or assemblies by this
method, a jig, fixture, platform or other form of pre-
positioning stops may be provided to preposition said
arficles at a fixed distance and attitude relative to the
video scanning device and preferably with at least one
surface area or point of said article at a predetermined
point, plane or position in space.

‘The following are physical conditions which may be
1easured, indicated or compared by means of the auto-

matic measurement apparatus provided hereafter:

(1) Indication of the position of a line, point, border
of a specified area, or a specified area in a given image
field. This may be provided as a coded signal or series
of coded signals which are indicative of said position or
positions from a base point or line in said field or at a
specfied distance from said field.

(2) Determination if said point, line or area is posi-
tioned in a predetermined area or position in said field,
and if not within limits, how far said image falls or is
positioned away from said predetermined position.

(3) Determination if said point, line or area in said
field being scanned falls within a specified distance or
region such as a tolerance range, one or either side of a
specified position.

(4) Determination in which of several specified regions
in an image field being scanned, each of which encom-
passes a different area either or both sides of a specified
posttion or area in said field, a point, line or area falls.
This function pertains to automatic sorting operations.

(5) Determination if a predetermined image exists or
does not exist in a specified area of an image field. If
so, determination also how much or to what extent said
area falls 1n said specified area. This function pertains
to inspection functions to determine if image conditions
exist such as surface defects, markings, assemblies, or in-
ternal defects whereby X-rays are used to provide the

image,. |

(6) The measurement of the dimension or dimensions
of an image in a field by scanning part of said image at a
constant scanning rate and timing the scanning from one
point in its travel across an image to another.

The various electrical circuits used hereafter for per-
forming the described measurement, comparison and in-
dicating functions are illustrated in block diagram notation
for the purposes of simplifying the descriptions and draw-
ings. Unless otherwise noted, the circuits and compo-
nents illustrated in block notation are standard circuits
which are known in the art. The following assumptions
are also made regarding the circuitry to simplify drawings
and descriptions.

In the diagrams, where junctions are illustrated between
two or more circuits which are electrically connected at
sald junction with a further single circuit, it is assumed
that a logical OR circuit is employed at said junction.

Where a single circuit extends from a junction to two or
more circuits, it is assumed that either a single input, multi-



) crrourts

"'output transformer is "provided ‘at. said junt:tioﬁ or said

3,081,879

~ -output circuits are resistance balanced permitting any m— |

_put signal to travel over both said outputs..

Wherever circuits which require a power source, sueh"“

- as switching or logical circuits, gates, clipping circuits,

- multivibrators, servo motors controls, amplifiers, trans- .

- ducers, are promded 1t is assumed that a source of the
~ correct electrical power or potential is provrded for said-
Power is also assumed to be provided on the_

10

o correct side of all gates and relays where needed.

Various automatic measurement and eomparreon scan— :

- ning techniques are provided hereafter whereby a. plcture

6

“duce an output srﬂnal when, and only when srgnals are .

present at all inputs to said circuit. o

CL-: A wvacuum tube or eemr—conductor crrppmg cir-
cuit, preferably a Vldeo chpper operatmg at a desrred clip-
ping level.

CM, CM'-: A Sohmrdt cathode coupled multl-vr- '

~ brator circuit, which comprises a cathode coupled multi-
- vibrator with an associated signal inverter at the- cutput

_signal, derived from photoeleetrrc or video scanning an. -

. image field or part of a field, is recorded on a magnetic
" recording member such as a megnetw tape along a pre—-'_ig”
* “determined length of said tape and in predetermined posi-
* - tions relative to other signals used for gating and control.

‘When reproduced together, said other signals ‘may be

~ used to effect one or more predetermined functions rela-

tive to said prctLre signal. While the method of record-
ing all signals in predetermmed relative posmone on .a

N ’1ecord1ng member and then reproducing and using said -

" _signals in one or more manners described hereafter, has a

- number of advantages including the provision of a record

~ which may be rechecked if necessary or otherwise moni-

. tored, in.the embodiments provided hereafter it is not

~ necessary to record the video or picture. signal on the re-
- cording member provided that means are provided for

23

presenting said picture signal in the respective measure-

" ment or control circuit at a predetermmed time 111 relatron-s 30
o - depending on the described application.
It is noted that for rnany of the funetrone descrlbed

.parttcularly those Where it ds only necessary to measure or-

to said other signals.-

: compare images, a picture ergnal may be passed: drreetly

from a video storage tube or other photoelectric scanning

- device to .the reproductlon amphﬁer through which the

¢ reproduced signal passes.

.. record keeping, may require that the prcture signal be re-
* corded, hence recording arrangements are illustrated.

- However,_ functlons suich as

In the various magnetic reeordmg arrangements and ap-

"""paratus plovrded hereafter, picture signals are shown re-

- corded on a magnetic recordmg member which also has

. cther signals recorded thereon in predetermmed positional

- relationship to said picture signals, = Said recording mem-

of the multi-vibrator. duce a ]
~output when the leading edge of an elongated pulse ap-
~ pears at said circuit and a second pulse output When the -

' conetem |

1input circuits to one of two cutput circuits,
signal from a single mput circuit over one of two. outputs

This circuit will produce a pulse

trarlmg edge of said pulse reaches said circuit. |
D-: Delay line or time delay relay of reqmred time

to be delayed D swruﬁe'Ez a delay line. =
1F; IFF-: - A scanning image field where video beam |

--'_seannmg is employed for inspection.

N-: A normaily closed, monostable switch or logleal

- ;NOT smtehmg circuit which will ‘open and break a cir- |
20

cuit when a signal is present at ifs switching input. May

'be a vacum: tube, semi-conductor - or electro- meehemoel
device or any other logical circuits or gates.

OR-— A logical OR swrtchm circuit adepted to pass
a signal from any of a multrple of 1npt.ts OVer a srnﬂle '_
output circuit. B |

PF-: A flip-flop switch," electro-meehemeal vacuum -
tube or semi-conductor circuit.

- A Dbi-stable switch
adapted to: (a) switch an input srﬂnel from one of two
“(b) switch a

The flip-flop
switch may have two or three sw1teh1ng inputs depending

on the application; a complement input C which, when

energized, switches a smgle inout from one output to the

35.

other and/or two inputs, each of which, when energized,
switches the flip-flop to its respective output. |

PB:— A preture signal, preferably derived from beam

i scanmng 4 fixed image field IF. The signal may be ampli-

" tude modulated or frequency modulated and may be the

4G

ing spot scanner or the like.

output of a conventional television scanning camera, ﬂy-_
‘It may be a continuous. s18-
nal or may consist of a multitude of short pulses depend-

- ing on the type of soannmg and srgnel formation em- .

- ber is illustrated as an elongated flexible rn'e;gnetie_'tepe or
. -the developed surface of a magnetic disc or drum. = While
- not illustrated, it is. assumed that known means are pro-

45._;_'.-3, fixed photo multiplier tube with the image or object

- being scanned, being moved to provide variations in said

- vided for driving said tape or drum at constant speed

erate at prede termined rates.

. the t1m1ng device operates at a predetermined constant
" rate and is started at an instant determined by the time of

~reproduction of one or more signals on said magnetic re-

cording member, then 2 partreular reading or value of the

~ timing device may be converted to a lineal distance or a

" coordinate in the field whtch was scanrled to produee sard
-pleture signal. -- o

Deﬁnmon of Terms

Components and known cn'cmts prowded hereafter bear

If the magnetic recording -
member is driven at a predetermmed constant speed and -

~ bast magnetic reproduction apparatus when constant speed

. is a requisite for said measurement.

- an automatic timing circuit is utilized to effect a measure-
- ment between two predetermined points in said picture

~ -signal, said timing device and the drive for said tape must
- be synchronized to start at predetermlned times and op-

For example, when
50

ployed
The PB signal may also be derrved from the output -of

signal. For some application, the PB signal may be any
analog signal derived from s-oa'nning, .-an_analo'g or digital
eomputer or other means. | |

PC—: Pulse code number; this may be any type of code

(binary digit, decimal, etc.) recorded either longitudinally

along a single channel of a magnetic recording member

~ or recorded laterally along a single channel of a mag-

60

65

the following general alphabetical notations in the various

drawings.

provided.
A—: Amplrﬁer suc:h as a reproductron amplifier for

. amplifying signals reproduced by an associated magnetic
~ reproduction transducer or pickup head PU. .'
. RA-: Recording amplifier, used to record pulfze or video

picture signals on a magnetic recording member.

AN-: A loglcal AND smtehmg cn'cult WhICh wﬂl .pro-

o Where a dash (=) follows the letter, it is as- :
7 sumed that a multrpherty of said dewees or crrcurte are

70

75

“netic recording member or laterally along a ﬁﬁ»:ed path or
‘line across multiple channels of said recording member,
there being code positicns where said code line crosses

each recordmg channel which either (a) contains or does
not contain a pulse recording or (b) contains a positive

 pulse recording or a negative puise recordmg depending
on the design of the digital. compuunrr or switching ap-
paratus to which the reproduced code is trensnntted
recorded ‘along a lateral line of the recording member,
the code PC may be reproduced at a specific point in the
‘reproduction of one or more picture or analog signals
adjacent thereto and may be used to effect a.
~switching action when reproduced to affect a . speerﬁc. :
‘section or length of the assoerated pleture srgnal(s)

I

specific

SW-A—: A limit swrtch |
SC, CS—: A signal or signals preferably reeorded in.

jPOS_ltmns. on 2 ma_gnetre recording member to be repro-
duced. simulfaneously with a specific section of another

picture or analog signal and used for gating or control

purposes.

ST- refers to Vldeo storage tube or storage device hav-

If a signal such as a video preture signal is
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ing writing input W1 for recording a picture signal on the
storage element of said fube and an output RI which,
when a second input R2 is pulsed or energized, passes a
picture signal derived from the scanning of the read beam
of said tube.

CL- refers to a clipping circuit adjusted to clip at a
specific clipping Ievel. A diode, triode or other clipper
such as used in video clipping.

I¥, IFP- refers to an image or object ficld being
scanned to produce a picture signal. The field may be
an optical field in a production or test area such as the
scanning field or image field in the optical system of a
conventional or special television scanning camera., The
field may also be the screen of an optical comparator or
projection microscope having a video scanning camera
or flying spot scanner focused and positioned relative
thereto in a predetermined manner. The image or images
in said field may be any optical or radiation phenomenon
which provides an area or areas therein of different radia-
tion or light characteristic relative to other areas so that,
in scanning across said different areas, the resulting pic-
ture signal will change sufficiently to permit a measure-
ment or measurements to be made by electrically noting
sald changes or differences.

FIG. 1 1s a plan view of a magnetic recording member
19 such as a magnetic tape or the developed surface of a
magnetic recording drum, showing signal arrangements
thereon which are basic to this invention. It is noted
that the lateral and longitudinal dimensions of the signal
recording channels or areas illustrated hereafter are not
necessarily to scale or of equal scale, and are provided
merely to illustrate the relative positions of the various
signals on the recording member so that their coacting
functions may be described. It is also noted that in all
the figures illustrating relative signal areas, one of several
recording and reproduction systems may be provided,
whereby, while the total recording pattern may vary, the
positions of the various coacting recordings relative to
each other will essentially remain the same to permit the
same functions to be accomplished in one recording system
as the other. For example, if the magnetic recording
tape or drum is moved relative to one or more recording
heads which remain stationary, then a series of parallel
arcas or tracks will be traced by said heads as illustrated
in FIG. 1. However, if the recording heads are driven
in a rotary path and sweep across said recording medium
as the latter moves in a fixed path relative to the rota-
tiona] axis of said heads, then a series of recording areas
oblique to the longitudinal axis of the tape will be traced
thereon by said heads and will be characterized by the
fact that the end of each obligue recording channel area
or head sweep will be continued further along the tape as
the beginning of a new oblique trace. Thus, any video
and controi signal recording arrangements illustrated in
one figure as provided on recording areas or channels
which extend parallel to the longitudinal axis of the
recording medium or tape, may also be provided on the
oblique, repeating recording areas of others of said draw-
ings such as FIG. 5, if the same relative positioning of
said adjacent signals is maintained in said oblique re-
cording.

Hiustrated schematically in FIG. 1 as being recorded
on multiple side by side recording areas of the member
10 and each on a separate channel thereof in a prede-
termined position relative to the others, are respectively
(a) a sync signal S1 on a first channel or track C-1 which
indicates and may have been used to effect the precise
positioning of (b) a picture signal, PB, derived from
beam scanning of field, such as a video signal, which may
or may not contain the frame blanking signal component,
which picture signal is shown recorded on a second
channel C-2. Said picture signal PB- may be a re-
cording of the signal output of a video scanning device
such as a video camera employing a vidicon, iconoscope

or other scanning tube or a flying spot scanner. If it
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is desired to provide a visual display of the PB signal
at some time after its reproduction from 18, the dura-
{ion and character of said PB-1 signal is preferably such
that it may be used when reproduced therefrom to modu-
late the “write” beam of a video picture or storage tube.
In my copending application Serial Number 683,348,
means are provided for recording and reproducing a
still video image by recording the output of a video
camera or storage tube equivalent to the signal derived
from the video camera scanning read-beam, during a
single frame or screen sweep and either recording said
signal in an image storage tube or on a moving record-
ing member, and thereafter reproducing it at video fre-
quency and using it to modulate the picture generating
write-beam of a video monitor-screen. The PB—1 signal
of FiG. 1 if intended to later reproduce a visual image
on a monitor screen, is thus preferably an image, single
frame video picture signal with the beginning of said
signal (i.e. for raster scanning the start of thec picture
signal may be defined as a predetermined point occur-
ring at or afier the frame vertical sync signal appears
when the so-calied “read” beam starts its frame sweep)
starting or positioned adjacent to or in predetermined
relation to Si such that Si may be used to control the
reproduction of said picture signal. In the inter-laced
scaniiing system, each complete sweep of the camera
scanning beam is referred to as a “field” sweep and two
cf such image ficlds make up an image “frame.” As
stated, the PB-1 signal preferably has provided there-
with the associated irame blanking signal so that it may
be used to effect the production of a video image, if neces-
sary, for display purposes. IFor specific computing or op-
erational functions, it may be desirable to merely com-
pare part of the PB sighal with another signal, whereby
only part of a single frame signal need necessarily be
recorded and the PB blanking component of said signal
may be eliminated. It is noted that the S—1 signal may
be used as a trigger signal recorded on a predetermined
position of 10 and wused thereafter to trigger or other-
wise effect the recording of the PB-1 signal on a pre-
determined recording area or channel of member 10, If
the PB signal is recorded at random on 18, S-1 may
be used as an indicator of the position of the PB signal
and of another signal or signals also recorded thereon.

(c) A third channel or band recording area C3 par-

allel to C-1 and C-2, contains the necessary video hori-

zontal line sync signals HS recorded in a predetermined
position relative to PB-1 for the correct horizental de-
flection and synchronization of the picture and blanking
sicnal PB-1 to effect the production of a wvideo image
and (d) a fourth channel C-4 also running parallel to
the other channels, contains the associated vertical syn-
chronization signal V for vertical line and frame syn-
chronization of the picture signal PB. The latter two
signals are optionally provided in the event that it is
desired to reproduce for monitoring or other purposes,
the PB signal as a picture on a video screen.

One or more additional recording channels or areas,
preferably extending in a parallel direction to those de-
scribed and referred to by the letter notation CS, are
provided adjacent to those described and contain one
or more operational gating or command signals. Said
signals CS-1, CS~2, CS-3 are either pulse or analog
signals and are preferably provided in predetermined
fixed positions relative to said picture signal on channel
(-2 of 10, to be reproduced therewith and are used to
moaify, gate or operatively coact with said video signal.
While the control signal or signals CS may be recorded
at any time on medium 16, if their precise position rela-
tive to the video signals is an important factor, their
recording may be effected or triggered by the synchroniz-

mg signal 5—1 which indicates the position of the video
signals. If precisely positioned relative to S—1, the CS
signals will also be precisely positioned relative to the
video signal or signals and may be used to effect one or




 action with said PB sig

more operative or measurement functions on or in co-

al.

~ Said command signal or sig

~one or more forms."
be recorded on a smgle channel of 16 and positioned

adiacent a specific léngth of the video signal or signals.
- When reproduced therefrom as said medium 1 moves
" relative to respective reproduction heads, said pu] se signal

1als may be provided in

- CS-1 may be used, for example, to gate an ad}acent _-
similar length of the video signal over an output circuit
for scanning, modlfylng, measuring, clipping or other-

~wise operating on or cooperating with said video signal.
“Thus, the position as well as the length of the pulse

-signal CS-1 will determine what section and length of |
~ the- video signal will be gated or otherwise operated on.

- A single pulse, such as CS-1, may

5

10

15
.-.-.Sald other operations controiled by CS—1 may include
magnetic erasure, attenuation, amplification or other

o -3,081537’9 -
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the reproductlo*l of said picture or analog mgnal or in
“relation to at least part of said signal. If the series
code PC’ is utilized for computing and control purposes

adjacent a picture signal PB, then stiil another channel

(not shown) is preferably prowded with a series of equi-

spaced, equi-duration pulses recorded thereon at prefer- )

abiy :,he interval of the pulses of PC’ to act asa clock when

repmduced sunultaneously therefrom ' thus sm]phfymg-, o

digital operations in a switching circuit or computer using
said pulses code. Although the recording of the. picture
swnal PB, and the associated sync signals on the mag-
netic member 18 has many advantages such as the pro-

~viston of.a permanent record which may be referred to

at any time or reproduced by selective means whenever

needed and visuaily monitored by modulation of the -

picture generating beam of a monitor device, said PB sig-

~ nal need not be recorded provided that said signal may

,-modlﬁcatmns to said video Slgﬂal adjacent or behlnd sald )

pulse signal on channel CS.

- While the CS-3 s1ﬂna1 may be 'a. constant amphthde
SIgnal or pulse of any desired length, it may also be an

| “analog signal of varying amphtude and/or: - frpquencyf |
- whichr 18 utilized to perform a more complex function
" on a particular section or sections of the video signal. -
- 25

Tllustrated also in FIG. 1 are a semes of other com-

. CSN.

:Imand or control signals CS-2.. In FIG. 1,

20

these are provided as a series of Iaterally aligned b1t

| ‘pulses, each on a di ferent channel and capable of being

“be otherwise generated in'a measuring or computing cir-
cuit at a predetermined instant relative to the generatmn'
of said other illustrated signals. I -
It is further noted that multiple tandem recorded plC- -
ture signals may be provided on one or more of the

~channels of the recording member 10 of FIG. 1 with
the associated gating and/or code signals  for record

keepmg and computing purposes. - -
FIG. 2 shows a second recorded picture signal PBZ
WhICh may be selectwely reproduced by use of a- prede-

- termiuning  counter receiving the position indicating sig-

-ﬁsm‘uutaneously Tepr oduced therefmm by respective mag-

- netic heads, which are preferably aligned and scan a 30
- -geparate track or area referred to be the notations C6

30

to Ci4. Said pulses may be in the arrangement- Gf a

rchﬂrtal code PC, such as a btnary code, “and. may be f

. used to effect computing and/or switching functions or 5
3

- nal PB.
Imay effect a specific switching or adjusting action.

 circuit selection functions such as operative to. (a) affect

a spec1ﬁc sectmn o1 length of the video signal, (b) se-
~ lect a specific section or sections of said video 31gnal for

- repmdmtlon (c') ‘adjust or otherwise affect one 01‘ more

-electrical componems or circuits in ‘the output of the

reproduction head or heads of the video signal or (d)

“select one of a multiple number of circuits through which
- part or parts of said video |
. measurement, Inspection or scamnng functmns to be

- performed thereon. |
- While the CS2, CS3, CS4

signal may be gated for

o CSN S1g'nals_ illust_raied
in FIG. 1 are shown aligned laterally across the medium

40

' f'_fil" fﬂpﬂ 10 for simuitaneous reproduction by aligned mag-

- of the magnetic reproduction heads and the requm,d
| ;'1an:t10!1 of said signals. 'While said signals CS2...CSN
- i FIG. 1 may be formed as a puise chain by ps owf_mg
:the necessary delay lines or elemenis in the output cir-
“cuits of the respective reproduction heads, a pulse chain
~ for computing and/or control or smtchmg purposes may
‘be provided on a single track adjacent the video smml
~in the form of the. appropriate tandem pulse signals or

multlple pulse chains ‘may be provided thereon prefer-

- ably sufficiently in advance of the video signal of a sec-

~ “tion of the video signal which it is to affect or gate, to
s '”parn ita sm‘cchmg, computing or shaft positioning action-
to take place prmr to the reproductmn of the desu‘ed
3 The position ‘of said re-
corded signal or slgnals on 1@, will'alsc be a function of
- the relative positions of the various reproduction heads.

section of said video signal.

AISG 1ﬂustmted in FIG— 1 18 a code or bit number

¢ heads, they may be provided in any positional ar- :
._,_rangement which will be determined by the positioning

'50

nals on channel Ci and which, upon reaching a preset
count, closes a switch between the: mproducuon iransducer.

‘reproducing from the channels C2 to C4 when that sec- |

‘tion of the tape 1¢ containing the selected picture 51gnal
“PB is adjacent the r&pmductmﬂ transducer.- |
The paraliel ‘code PC may be plaaed prior to or after
‘the reproduction of the associated picture or analog sig-
If recorded prior to said signal, said code PC
Dur-
ing the reprodur’-twn of a particular segment of the PB
signal, said PC signal may gate or effect an action on

a specific length of said PB recording. - If placed on 18
in a position to be repmduced after the reproducuon
.of the PB signal, the PC SIgnaI may be used for ef ecting

a computation obtainable in digital form from other op-

- ‘erations on the assccmted picture s1gﬁa1 or'a part or parts
45 |

of “said signal.. | o
It is noted that the 1ecord1ng arrangement of ”:IG 1

- 18 subject to modification depending on the switching and

logical circuitry Gperatlvely connected to the output of
the transducing apparatus for measuring ‘and perform-
ing operations on the associated picture signal, viz:

‘1. The laterally aligned pulse code PC which, in FIG., 1
is prevzded for reproduction prior to the reproduction

~of a section or length of the associated picture signal,

55
~picture signal for effecting a

- predetermined length of said picture signel.

to perform a switching, gating, computing or other func-
tions, may be recorded. ad]acent a particular point in the

specific switching function
or “other action on or snnultamoasly occurring with. a

One such
funciion described here after providing saj.d code or signals

"‘60. in relay storage to be subtracted from or added to a

~ numerical code derived fmm operatmg on a SP c ific length o :

: ef the picture signal.

6o

"PC’ shown as series of tandem pulaes on the channel

Ci6 and having the binary value 1110101, The code

“PC’ is provided as a scries ‘recording to. 111ustra.te that-;,m
~such a means. of recordmg numerlcal 111f01matmn may

“be used with an adjacant analog or picture signal to be

_reproduced prior to, during or after the reproductmn of
~:said picture signal for eﬁectmg ccmpunng and/or con-

-"'*'?3'?-11“01 opera‘fmm to- be perfmmed o1t Or in coactmn mth}

1. The ﬂluatrated palse code PC wmch 18- shown re-

| corded for a short duration in’ FIG. 1, ‘may’ be recorded
on a longer section of 10 and may vary in length from =

a short pulse such as the shortest signal which may be
reccnded thereon, to the entire length of the picture

~signal PB. When the code 10 is reproduced, the output

- circuits  of the associated reproduction heads PU will

75

each either have a signal or no signal present during the
period a parucular code is reproduced whereby said mul-

a tlple output circuits define a cede. pattern or bit number
.~ atany. mstant

If it is desired to have this code present
“foria ‘specific permd of time which may raplesent such
phenomenon as a tolel ance range it will be necessary to
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record the signals reproduced to provide the PC code
recorded on member 1§ for a time during which said
nredetermined condition or change in said picture signal
will occur. If said code PC is thus recorded as one
or more pulse recordings of prolonged and predetermined
duration or length next to a predetermined section of
the picture signal whereby said position is such that it
will be known that said prolonged code PC will exist
in output circuitry for a time duration during which_ a
particular change in amplitude or frequency in the pic-
ture signal will occur, then said code wiil be known to
exist when said change occurs and will be availlable for
reproduction therewith for effecting switching or con-
trol functions, some of which will be described.

IiI. A series of parallel code recordings PC may exist
in tandem array along 19 in a manner whereby, when the

10

end of one code stops the next begins on the next length

of said tape. Thus, every point or length of 18 will have
an associated parallel code, such as a binary digital code,
which will identify said point or length. If a signal or
sienals such as an analog signal, video picture signal, or
other signal or signals are recorded adjacent said chain
of said pulse codes recordings PC, the output circuits of
the transducers reproducing said codes will be energized
with a predetermined code array during the reproduction
of a particular length of an adjacent signal which condi-
tion will be indicative of the position of the part of said
adjacent signal being reproduced at the time the code 18
reproduced.

If the PC signals are of a binary or other numerically
progressing order, whereby each code array occupies the
same length of member 10 as the others and each succes-
sive code array is of and each successive code array is
of a numerical progressing order (i.e. a binary digital
signal order whereby one signal array is a unitary increase
over the prior recorded code or the same Increment as
each successive number from the prior number), then
the recording member 10 may be used essentially as a
digitizer. If driven at constant speed, 1} may be used
as @ digital timer or clock whereby a code, existing in the
output circuits of the transducers reproducing said
recorded code tracks, will be indicative of the time lapse
from the start of travel of said member 18 provided that
the code recorded the start of the cycle is known. The
member 19 may be a closed loop tape or drum running
continuously and at constant speed. It may be used as
a digital clock by providing a normally open electronic
switch or gate in the output of each of the reproduction
transducers reproducing from channels C-6 to C-19, the
code recording channels and pulsing all said gates simul-
taneously to effect their closure for a brief period of time
at the start of the interval being measured and at the end
of said interval. The pulse code passed through said
gates when first closed may be held in relay storage and
may be added to or subtracted from the pulse code passed
therethrough at the end of said interval. The result of
subtracting the smaller of said two code numbers from
the larger number will be indicative of the time lapse be-
tween the two provided that the speed of the recording
medium is known and the lengths of the code arrays are
also predetermined and similar. If the drive shaft of
the recording medium 1§ is connected to an analog mech-
anism, then the recording medium and drive may be used
as an analog to digital converter of much greater capacity
and duration than the conventional coded disc converter.

FIG. 1A illustrates a recording arrangement of analog
and digital or coded pulse signals, which are functionally
related to each other. An elongated magnetic recording
member 10 is provided having multiple recording chan-
nels C1 to CN thereon. The channel C1 has a series of
pulse signals recorded as a group or as trains thereon,
referred to by the notation PSG and comprising pulse
recordings positioned at equi-spaced mntervals, which may
be reproduced and transmitted to a binary counter or
other device for identifying any specific section or length
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of member 19 as a result of the nature of said particular
code. The signals PSG comprise equispaced, short pulse
recordings which, when reproduced therefrom and passed
to a pulse counter such as a decade counter, will indicate
any position on said member 1% by the existing value of
said counter. On the even channels CZ, C4, C6, ctc, are
provided signal recordings including one or more pulse
codes PC such as digital codes, followed by one or more
analog signals ASG1 which may be the aforementioned
picture signals PB derived by scanning a fixed path in a
field. The odd channels C3, C5, C7, etc. may contain
other information in pulse or code form such as a signal
Si-3, for indicating the position of the start of the asso-
ciated analog signal such as ASG1-3 indicated by Si-3.
The signal SE— may also be used as a switching signal and
may be positioned at any predetermined position along
the respective channel, for switching the output of the
reproduction transducer reproducing a particular part or
all of the associated analog signal. The satd output may
be switched thereby for example, from an input to a
digital computer mechanism adapted to receive the as-
sociated PC codes to the input of an analog device for
recetving the ASG signal reproduced thereafter. The
swiiching signal on the odd channels may also be incorpo--
rated and positioned on the even channels between said
digital code signals and analog signal such as the jllus-
trated SWS— signals of FIG., 1A.

The analog recording or recordings ASGI-1, ASG2--1,
ASG3-1 . may be recorded in one of several forms.
Said signals may comprise picture signals of different but
related phenomena such as derived from the scanning of
one or more surfaces of a work member from different
angles, two or more signals derived from scanning a
standard field and fieid to be compared therewith, or the
simultancous output of one or more analog recording
devices or instruments which are all functioning simul-
taneously to measure for example, simultaneously chang-
ing variables of a process or test. The digital signals
preceding each analog signal or signals on each recording
channel may be used to preset one or more measuring cir-
cuits in a manner to be described, to select a particular
length of the analog signal for reproduction, to gate said
signal or predetermined sections of said signal as indicated
by said code signal, over one or more of a multiple of
circuits.

An application of the recording arrangement of FIG.
1A is in the field of machine tool or process control.
For example, the analog signals ASG may have each been
obtained from the output of a synchro or selsyn genera-
tor which 1s operatively coupled to the shaft of a motor
driving a part of a machine, The significance of provid-
ing a recording of the type illustrated in FIG. 1A where-
by one or more command analog signals on one or more
channels of the recording member 10 are preceded by
one or more pulse codes PC is that the pulse codes may
be used for effecting broad control of the tool driving
motor whereas the analog signal there-following may be
used to effect a finer control or microposition. Also,
while the pulse code on a specific channel or 18 may be
used to effect a stepped or intermittent control of the
motor driving the tool, the analog signal may be used to
cfiect continuous control of said motor speed and posi-
tion. Numerous machine tool and materials handling
applications exist where the combined digital-analog re-
cording means of FIG. 1A is applicable to advantage.
The digital signals may also be used to preset measuring
devices and perform other switching functions in coaction
with the operation controlled by the analog signals, which
functions are not conveniently derived from said analog
signal per se. As a further note, the digital codes PC
may be used to control the direction and speed for the
motor driving the recording member 1@ in a predeter-
mined manner. For example, it may be required, in the
cycle of operation of the device controlled by analog

75 signal associated therewith, to repeat the control effected



 zero at the point X1 and the number 32 at X2.
* called natural binary cade recording may also be used as
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| by a 111n1ted duration analog 51g11al The digital or pulse '

~ code preceding the analog signal may be used to preset
 a recycling timer or may be held in relay storage and used

to control the future motion of the tape or recording -
-~ member 18 so that the analog signal associated therewith
is repeated thereafter or parts of said signal are repeated

‘in a predetermined manner. Pulse recordings 52" to S8’
are provided on the even channels between the groups of
serially recorded pulse bit codes PC’ and the analog or
picture signals- ASG—-. The recordings SN’ are preferably
several times the length of the pulses comprising the PC’
recordmgs so that they may be used to actuate a relay,
responsive only to the longer signal, to switch the out-

put from the respective reproduction transducer from a

- digital control device to an analog device or circuit prior
to the appearance of the reproduced ASG signal. It is
noted that the odd channels C3 to CN may contain a
parallel pulse code for effecting an operation at a specific

point or points in the reproductlon of one or more .of
the analog signals.

FIG. 1B shows multiple recordmgs on a magnetic re-

cording tape or drum 10, driven at constant speed past
multiple magnetic reproduction heads PU. ' The heads

- PU-1 to PU-8 reproduce the signals recorded on the re-

~.spective channels C-1 to C-8. On channel C1 is re-

10
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corded a sync signal, such as S1 of FIG. 1, for indicating

the position of the start of a picture signal such as a
video picture signal PB recorded on channel C2. PB may
also be any analog signal on which a measurement or
operation is to be made. On channel C-3, one or more
‘gating signals CS is recorded for switching a selected
~length or lengths of the reproduced adjacent PB signal to
one or more measurement or clipping circuits. The chan-
nels C-4 to C-8 contain multiple pulse recordings ar-
ranged in a multiple code or binary scale order such that

- the heads PU-4 to PU-8 will, at any particular instant

while reproducing from said channels, be energized in a
~specific code order. That is, -at any instant, the parallel
- outputs of said transducers will be energ1zed in a s1gnal
array equwalent to a code. The code scale recorded in
FIG. 1B is a so-called progressive code with the number

A SO~

e

‘be used to provide a binary or other pulse code for effect-
“ing computational or control functions at various in-

stances in a measurement cycle whereby each instance is
characterized by an associated pulse signal. The running

- code .may also be recorded on additional channels of 16.

The output of each of the magnetic reproduction heads -
PU4 to PUS is passed to a respective reproduction am-
plifier, A4 to A8, and thence to the input of a respective
normally open monostable gate or switch G4 to G8. The
output of each gate is passed to a computer or computing
mechanism CO, one form of which will be described and
is illustrated in FIG. -1B’. Device CO may also be an
automatic recorder. . The outputs of the reproduction
amplifiers A4 to A8 are only passed to computer CO
when the switching inputs to said gates G4 to G8 are
energized. Simultaneous energization of all gates 1is
effected to provide a code output indicative that the heads

~are reproducing from a particular unit length U of 10

by passing a pulse to the input of a multiple output pulse
transformer PT, each output of which is connected to a
switching input of one of the five normally open mono-
stable switches G—4 to G-8. The gates G4 to G8 are
electron tube or semi-conductor devices capable of switch-
ing in the megacycle range. Thus, any condition oOccur-
ring in the signal PB during the interval defined by re-
production of the SC signal or signals may be indicated
as a code. If the code occurring on channels C4 to C8

- 1s of a numerically progressing order, then the distance

30

or time between the appearance at the input of PT of

two pulses may be indicated by subtractmg one code SO
generated from the other.

If the recording member 16 of FIG. 1B ‘having the
code scale recordings illustrated on channels C4 to CN,
1s provided as a closed loop magnetic tape, it may be used |
as a component of an analog to digital converted of
greater versatility than the conventional coded disc type
of converter. Assuming that the tape 10 is driven by the

- conventional capstan-depressor drive and there is no slip-

40

- may any code means 'which will provide a different code

or signal array during each unit length or increment U
“in the tape or drum 16. It is noted that on channel C-8,

" the pulse 51gnals which are equispaced have a length of
If the reproduction heads

20U or twice the unit length.
are aligned, as shown, laterally across the member 10,

the code existing in. thelr output circuits wiil depend on
which unit length of the recording member said heads
‘are reproducmg from at the particular instant. If the
member 10 is a closed Ioop tape or drum and is driven

45
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~at constant speed relative to said heads PU, then the re- |

~cordings on channels C-4 to C-8 may be used for timing

. or clocking purposes or may measure the distance between

any two pomts or changes in the associated PB signal.
~Yllustrated in FIG. 1B are means for automatically de-
- termining as a numerical or blnary code, the time be-
tween any two 1nstantsneous or short durstlon occur-

rence. By applying the proper constant Or conversion
factor to the result, the distance between any two points

. ..__-:111 the assocmted p1cture s1gnal PB uand/ or the dlstance'

':duce said SIgnsl may be obtamed Ths combmatmn of

----_--':_the recording member 10, a constant speed ‘drive there-

. for, the reproduction apparatus and the illustrated cir-
- -cuitry may be used for performmg any automatic timing
““function in which a rapid readout in-pulse code form. of
“a time interval between two pulses passed thereto, is

- -desired. The time interval may be any two instances in

. a timing or measurement cycle of any event whereby
‘means are provided at each instance to produce a pulse

- of short duration. The apparatus of FIG. 1B may also-

Db

60

- specific length of PB
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C4 to CN may be used for a number of purposes.

page m the driving means, then the shaft of the Cspstsn |
or a shaft coupled thereto may be digitized, that is, sny

degree of rotation of said shaft may be indicated as

numerical code or number =by providing a pulse at ths |

| mput to PT at any instant in the rotation of said shaft.
1ince the code reproduced from 1§ will be a function of
the rotation of the capstan shaft, a coded number may

thus be obtdined for any degree of rotation of said shaft.

‘It is noted that an elongated flexible magnetic tape with

the code recordings as illustrated in FIG. 1B offers a
coding surface of considerably greater length than the
conventional coded disc and, as such, the code may ex-
tend as a greater numerical value than on the conven-
tional disc converter surface, thus eliminating counting
mrcmtry and providing a considerably higher numerical
value in code form than on the surface of the disc. If
the recordings on channels C1 toc C3 comprise multiple
plcmre signals or information in the form of bit record-
ings such as bmsly code, the recording of a progressing
numerical code as in FIG. 1B on said adjacent channels
Said
code may be used for the selective reproduction of any
specific adjacent recording such as a bit number or a
signal, or the reproduction of one
of a multiple of said picture signals for transmission to
further control or computmﬂr apparatus. ~ Said code may
also be used to identify a particular section of said tape

for recording a selected signal or bit information. These

functions may be effected accurately without the use of

- a counter counting :drive shaft rotations or short pulse :
| recordmgs and has an advantage over the latter techniques

in that each point in the length of 19 is identified by an -

associated code, whereas counting means are subject to

~errors if -a pulse should be scmdsntally erased.

76

~ If the device of FIG. 1B is used as a2n automatic inter- N
~val timer, | .
speed and means are provided in the computing circuit

recording member 1€ is driven at constant
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CO for computing the time lapse between two occurrences
by subtracting the code occurring at the reproduction
heads at the start of the interval to be timed from the code
appearing thereat at the end of said interval. The differ-
ence will be proportional to the actual time it takes for
said codes to pass said reproduction heads. A means for
obtaining sald difference automatically is illustrated in
FIG. 1B’ which shows part of the circuit. If the code
on C4 to CN is a binary code, subtraction may be ef-
fected by a method known as complement addition, which
consists of forming the complement of a number in a
complementing circuit (CC) and adding this complement
to the second number. The result is the difference be-
tween the two numbers. In FIG. 1B’, the circuitry for
effecting this operation is illustrated in part and com-
prises one single input dual-output bistable switch or
flip-flop FF- in the output of each gate G—. The switches
FF8 and FF7 which are part of the chain of said switches,
are each shown with a complement input which, when
pulsed, switches the output of said switch from the exist-
ing condition to the other of its switching conditions.
Said switches FFF- preferably also have a reset input which
when pulsed, switches the input to the other of said two
states in which it has been placed, or if in said reset state,
maintains said reset condition. Assuming that the reset
condition of each flip-flop is the illustrated “0” or left
hand output and that all flip-flops are in this condition
prior to the appearance of the first point in the timed
interval, then any pulses of the coded number passed
through the gates G4 to GN will pass through said “0”
outputs of said flip-flops. The “0” output of each fiip-
flop is thus connected to a respective input of a first shift
register SR—1 which converts the parallel bit code passed
through the gates G4 to GN to a series code which is
passed to the complementing circuit CC. From the com-
plementing circuit CC, the complement of the number is
passed to one input of a binary adder BA. The second
coded number which is obtained at the end of said meas-
uring cycle when a pulse appears at the input to the pulse
transformer PT, is passed through the flip-flops FF4 to
FF8 to a second shift register R2 from which it is passed
as a series code to the other input of the binary adder
BA. The result, which is transmitted from the adder as
a code, is the difference between the two numbers and
is proportional to the time between the receipt ef the two
pulses at the input of PT. Switching of all flip-flops to
their output conditions “1” is effected by passing a re-
production of the first pulse passed to PT through a delay
line or time delay relay D and then to the input of a
 multi-output pulse transformer PT’. Each output of PT"
is connected to a respective complement input “C” of a
respective flip-fiop to switch said bi-stable switch to its
other cutput condition. The next signals to pass through
the flip-flops are thus passed over the “1” outputs to the
shift register SR2. The duration of the delay D will de-
pend on the switching times of the gates G- and r¥F- as
well as the shortest time intervals to be measured. The
pulses to PT, as will be described hereafter, may be de-
rived from such a phenomenon as a specified change in
the associated recorded PB signal., The technique may be
used to measure distances in the image field scanned to
nroduce the picture signal PB as described hereafter. If
the flip-flops and circuits CC, BA and SR2 are eliminated,
the resulting outputs of SR1 or of the gates G— may be
recorded as indications of the coordinate positions of:
specified lines or areas in the field scanned to produce the
picture signal PB. For the circuit of FiG. 1B to func-
tion, the code scale on channels C-4 to C8 will be a
binary code, = | |
- The input to the pulse transformer PT of FIGS. 1B

and 1B’ may be transmitted from such circuit arrange-
ments as the foliowing:

(A) In FIG. 3, the output of the Schmidt circuit CM
may be passed to PT to measure and present as a bit
code signal the length of the signal passed through the

-“not” .circuit N. The output of either clipper CL1. or
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CL2 may also be passed to a Schmidt cathode coupled
multivibrator circuit, the output of which is connected
to the input of PT. If the gating signals illustrated in
FIG. 3 are provided in predetermined positional relation-
ship to the associated picture signal, such that that part
of the picture signal which was produced during the line
scan of a predetermined portion of the image field con-
taining an area, the width of which it is desired to
measure, and the clipping circuit produces a signal output
when the input is that part of said picture signal produced
during scanning said area, the leading and trailing edges
of said signal will cause said Schmidt circuit to produce
short pulse outputs and the circuits of FIG. 1B and 1B’ 1n-
cluding the recordings on channels C4 to CN will provide
q code at the output of the binary adder BA which will
be indicative of the time lapse between said two signals
produced by said multivibrator circuit, | |

(B) In FIG. 4 the outputs of any or all of the circuits
or logical switching circuits AN2-3, AN2-4, AN2-5, may
be passed to a Schmidt cathode coupled multivibrator cir-
cuit and then to pulse transformer PT shown in FIGS.
1B and 1B’ to present in bit form a number which repre-
sents the length of the signal passed through said AND
circuits. The same may be effected for the outputs of
the various NOT switching circuits of FIG. 4.

(C) In FIG. 7 the output of either CL2 or ANZ-3

“may be passed to a Schmidt circuit and the resulting

pulses therefrom to the pulse transformer PT of FIGS.
1B and 1B’.

(D) In FIG. 8 the output of the switching circuit
AN2-4 or N may be passed to a cathode coupled multi-
vibrator Schmidt circuit having its output connected to
PT of FIGS. 1B and 1B’. | B

(E) In FIG. 9, the output of CM may be passed to PT
of FIGS. 1B and 1B’ or the output of AN2-3 to a Schmidt
circuit and then to PT for measuring the respective length
or difference signal duration.

The resulting output of the binary adder BA of FIG.
15" may be passed to a recorder or computing mechanism
such as the code matching relay to be described and illus-
trated in FIG. 1C. The output of BA may be used as an
error or difference signal in machine control. It may be
used for example to correct a machine tool or adjust its
position to provide a production or assembly result indi-
cated by the make-up of the picture signal PB which is
closer to an acceptable tolerance or standard.

In FIG. 1C, means are provided for effecting automatic
control and switching by what will hereafter be referred
to as code matching. The apparatus comprises a mag-
netic recording member 10 such as a magnetic tape, drum
or disc having multiple recording channels C1 to CN on
which said described syne, picture and gating signals may
be provided, as illustrated, adjacent to a group of re-
cordings on channels C4 to CN comprising a pulse code
array such as a binary or other code running scale which,

if used to energize the associated reproduction transducers

PU4 to PUN, will provide at any instant during said re-
nroduction, signals in the output circuits of said trans-
ducers equivalent to a particular coded number. If the
signals on C4 to CN increase with the length of 10 in a
numerically progressing order, and each unit increase in
said recorded code scale occupies a particular unit length
or any predetermined length of 10, then each of said
lengths is identified by a particular code which may be
used for control purposes. Said control signal may be
cenerated and used, for example, to effect such functions
as closing a normally open gate having an input from the
reproduction amplifier through which the associated pic-
ture signal PB is being reproduced to pass the part of the
picture signal over a further circuit, effect the recording
of a signal adjacent the code recording, effect any control,
timing, or programming function whereby the tape 10 i1s
driven at a constant speed and a particular code is used
to represent a particular time in a cycle.
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In FIG, 1C a seneeof switches R4 to RN are prcmded |

- which may be manually, pulse or signal operated or
- be the switches of a card or punch tape reading device.

the preselected code, condition the illustrated circuitry so

~that a signal will be provided over an output circuit OC

when and only when said preselected code appears at the
multiple heads PU-4 to PUN reproducing from the mag-

- netic recording member 10. - Said recording member may'

~be driven continuously past 'said heads by a motor or in

- an intermittent manner by a solenmd actuated ratchet

f'and pawl drive.

- ‘When one of the. smtches Ris closed a Slgnal 'S trans.
~ mitted to a switching input “I” of a. smgle input, double

output bistable switch FF switching it from an “0” or
-reset condition to a first, “1” condition. ‘When so actu-
“ated, FF switches its input to an output circuit which ex-

18

tapejl'(},.having recorded on separate tracks or channels '

~adjacent viedo signals PB2, HS2, and V2, a number of

- Said switches, when closed and .opened in the order of

pulse signals CS-11, CS-12, CS-13, CS-14, CS-15. The
latter signai CS—15 which is recorded.on channel C9 is the
shortest of all the pulse signals and, while it is preferably

of a duration in the order of ten microseconds .or less

- when reproduced therefrom, said duration will depend on

10

15

‘what phenomenon it is being used to indicate or measure.

It s noted that the C-1 to C-15 signals are of decreasing
length or duration along 16 and are shown symmetrical

with a longitudinal line PL extending across and preferably

~ perpendicular to the direction of recording and passing
‘through the center of the shortest pulse CS-15. This ar-

rangement of recorded signals may be used to indicate the
position or region on which a particular point in the video
picture signal falls or is expected to fall and may be used

-~ for measurement or quality ‘control purposes involving

tends therefrom to a corresponding input of an N input :

AND switching circuit AN4N. Referring to flip-flop bi-
- stable switch FF4, when said switch is in the reset or

said picture signal.

- picture.signal PB was produced has a particular charac-

20

“0” ‘condition, an input signal thereto, from reproduction -

amplifier A4, is passed to the switching input of a nor-
mally closed monostable switch or NOT circuit N4 open-
ing N4 and preventing a signal from a power supply PS

from passing to its-output. The output of N4 extends to

~an input of a bi-stable switch FF’4 and therefrom to the
same input to AN4N that the “1” output of FF4 ex-

tended to. A logical OR circuit may be provided at the

junction of the two outputs which connect to the single
input to AN4N if said circuits are not resistance matched.

25

teristic indicative of a position; plane, edge of ‘an cbject

‘therein or the beginning of a specific area of said image,

and said characteristic is scanned by the video scanning

~camera or device as a change in color or light reflectivity,
-.then the video signal will change in amplitude, which may

comprise an inflection in its amplitude if the color or light
characteristic of the ficld suddenly changes. This change

- in amplitude may be indicated electromeally by the use of

- a proper clipping or filter circuit in the output of the video

The bi-stable switch FF’4 is switched to its closed or “1”

- - condition by the reproduction of a reset signal passed to

illustrated input “1” .of FF’4. Said reset signal is also

passed to the “0” switching input of FF4 thereby condi-

tioning ‘the circuitry so-that a signal will be passed to the

~ corresponding input to AN4N only when there is no out-

35

~ put signal from reproduction amplifier A4 (i.e., where =
- there is no signal on channel C4 at the reproduction head

A signal transmitted from. A4 will pass through

o 'passa,ge therethrough of the constant output of PS.

- reproduction amplifier for the video signal reproduction
30

head. By comparing said clipped signal and noting the
position of the leading edge of said signal in relation to

the position of the CS-12 to CS-15 signals, ‘its position |

or the region of its position may be indicated electrically. . -

~ The CS-13 signal may be used to indicate the precise
norm or desired position of the surface, plane, line or posi-
- tion of the beginning of the unknown area in the field be-

ing scanned. The CS-14 signal recording may ‘be posi-
tioned -and of such a time duration or length to indicate a

~range of aeceptable tolerance for said picture signal in-

40

The output of switch R4 1s also paseed to a “0” switeh--i

| '.mg input of FF'4 SWItCl]lng FE’4 to open and preventing
- any signal from PS5 to pass therethrough when in said con-

a signal will be. " 45

“With FF4N switches to state “1,”

signal is present at the head PU4 on channel 4. - A delay
- line or relay D4 may be prowded in the output of “1”

 of FF4 to account, if necessary, for the time it takes the

. switches N-3 to N-N to switch, if provided in the switch-
mg action, by the action of the correspendmg R switches.

It is thus seen, that by opening and closing particular or
- selected of the R switches, provided that all flip ﬂeps Pr-4
~ to FF-N have been reset to “0,” a code array is .set up
" in relay storage which will provide a signal-over circuit
~“OC when the same code- exists as recordings at the

heads PU4 to PUN. If the code on channels C4 to CN

o - is a binary code as 111uetrated and is of a numerically

ﬂectmn or image position. For example, when the medi-
um 10 1s moving at video frequency or the frequency or |
speed at which the video signal was recorded on 10, then

‘the length of the CS—~14 signal may be such that its repro-
~duction will occur in a time interval during which the cam-
era scanning beam will travel across a few thousandths
of an inch of surface of the object or image being scanned.

~which will be equal to the combination of the plus and

minus tolerance permitted for said image line to be off a

- desired or predetermined position P1 indicated positional-

G ly by CS-18.

It is assumed that an area, benchmark,

points 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 is at the correct attitude

| pmgreesmﬂf order, then the 111puts for activating switches |

- R may be derived from a digital computer and may rep--

- ate any electronic or electro-mechanical device, switch, -
Reset of switches FF and FF’ is efected
. oby manually or autemetmally closing a switch SW which

~ gates a signal from a power supply PS to a pulse-trans--
EE former PT transmﬁtmg energizing sigrals to the respeetrve
%0 switching inputs: of the FF emtches and the

H-l 'H

..'“_.i'j--ef. the FE' swﬂehes e o 5
| FIG 2 shows a eectlen ef a reeerdmg medmm eueh ae

mpute § "

- - 60
. resent the desired shaft rotation of the power means drive
 ing the member 10. A signal output from AN4N rep-
vesents the attainment of a degree of movement of 16, as-
~indicated by the code input to the switches R4 to RN."
o Said output elgnal may be used to start or stop a SeIvo
" motor such as SM by activating a relay RE which may aiso.

| ' be used to pulse a solenoid, to sound an alarm, or to actu-. i

“and distance from the video scanning camera or .device.

5 _;_SLeh a method of automatic. mspecuen or -
7 may be effected by fixing the video scanning device or

waeurement

camera to scan a particular.aréa or field and providing a

- fixture or stops in said field being scanned for aligning the -
~object being scanned so that all objects will have a com-
_mon base, and will be of equal relatwe scale in the i image
field. Thus a particular degree of sweep of the scanning
“beam will represent each prepositioned object being __
- scanned the same leneth on the surface of eaeh ether ob-... L
i,Jeetseenned |

‘While the leneth onf the CS signals. 18 pmpc}rtlonal to

a pwrtleular length or distance along any plane in the
image field, the positions of the leading and trailing edges -
- of these signals may be electronically detected and may
_..’{be used to mdwete the pesmon of :a partlcular line, plane SR
“or small area in the image field or to effect the measure-

70

~ ment -of said line or plane from a predetermmed hne
- plane, or point in the ﬁeld _
-~ be used pmmenly as a means tc gate a emﬂar length of -

- the video signal PB to an output circuit and the position
ef C:::" Wlﬂ determme Wh&t partzcular length of tthe vzdeo'_'

As stated, the CS1 signal may

If the image from which the video
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signal will be gated. Assuming that it 1s desired to indi-
cate or measure the distance along a video scanning line
between two lines oblique to the beam scanning line which
are of different light reflectivily or intensity than the image
background and that the position of each of said lines
may be indicated as a result of the inflection in the am-
plitude of the video picture signal by a pulse created as
the signal passes a video clipper, such as a pentode clipper,
then the CS1 signal will be provided on 10 in a position
such that, when reproduced therefrom, it may be used
to gate that part of the video signal produced when the
scanning beam of the wvideo camera crosses said lines.
Since the distance between said lines in the image field
may vary from one sample or image field to the next, if
the maximum variation for all samples being scanned 1is
known, a gating signal CS1 may be provided of suflficient
length to pass the correct section or sections of the video
sienal for each field or sample being scanned such that
each will contain that part of the picture signal contain-
ing said two lines. The CS1 signal thus acts to pass only
that part of the image signal PB in which it is known
that the two lines or points will appear regardless of their
variation from tolerance, to the exclusion of all other
lines or images in the total video image field. There may
be other lines or images of similar light intensity in the
field which would ordinarily prevent the comparative or
quantitative measurement of the desired length or dis-
tance in the image field, the PB sections of which would
have to be blanked or otherwise discriminated.

The CS12, CS13, and CS1i4 signals may serve one or
more of several purposes. They may be used to indicate
the actual position and variation from a desired position
indicated by the center of said signals, of a point, plane,
line or area as indicated by an amplitude change or in-
flection in the PB signal occurring in the range indicated
by the CS1 signal. For example, if the pulse created by
the inflection in said video signal occurs between the time
the leading edge of the CS12 signal is reproduced and
the leading edge of the CS13 signal is reproduced then
said point in the video signal is known to occur in a par-
ticular tolerance range or distance from the norm which
may be indicated by the position of the CS15 signal.
Similarly, the ranges or distances between the leading
edges of the CS13 and CSid4 signals and between their
respective trailing edges may be second tolerance regions
and between the respective leading and trailing edges of
CS14 and CS15, third tolerance regions. For inspection
of machined parts, the tolerance regions between CS14
and CS15, for example, may be indicative of acceptable
tolerances between CS13 and CS14 indicative of accept-
able but also of an impending required change in tool
adjustment; between CS13 and CSi4 indicative of a
dimension scanned as not passing inspection and quality
requirements but capable of rework; and outside the lead-
ing and trailing edges of reproductions of signal CS13
indicative of complete rejection of the part and either
shut-down of the machine for readjustment or the requi-
site that the scanning inspection apparatus be checked.
The CS12 to CS15 signals may also bz used for auto-
matic sorting purposes whereby an object having a dimen-
sion which falls in the range of one of said pulse signals
buf not in the range of the next smaller signal may be
so classitied 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 apparatus for the automatic comparative measure-
ment of a similar length or lengths of two scanning signal
recordings which are signals derived from photoeleciric
scanning of moving objects or video beam scanning of
image fields. Said picture signals include a sync or posi-
tion indicating signal S1 provided on a first channel C1%
of 10, two picture signals PB1A and PBiIB recorded on
channels C2 and C4 and in lateral alignment with each
other and the signal S1, and one or more discrete signals
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SC11, SC12 . . . SCIN shorter than either of said pic- 75

-reproduced to gate specific and similar

29

utre signals and recorded in predetermined positions on
10 relative to said picture signals. It is noted that 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 various other gating, con-
trol and operative functions described elsewhere in this
specification. In FIG. 3, said SC signals are used when
lengths of re-
productions of the two recorded picture signals, over
respective output circuits for automatically comparing the
characteristics of said similar Jengths of said two signals.
For example, one of said picture signals PB1A may be
derived from scanning what will hercafter be called a
standard rmage field, which is defined as a field of meas-
urement or inspection which to the optical scanning sys-
tem of a beam scanning video device contains one or more
images or image areas which are (ag) in a predetermined
position on said field, resulting from a predetermined
alignment therein, (b) exhibit other predetermined optical
characteristics such as predetermined color or light char-
acteristic. The other signal, PBIB, is preferably derived
from scanning another field containing an image area or
areas similar in shape, position, or light characteristic to
corresponding areas in said standard image field but which
may vary in any of said characteristics. Since the am-
plitude and/or frequency of the picture signals PBIA
and PB1B change as the optical characteristics of the
image field being scanned changes, said two signals may
be compared point by point. Two similar segments or
lengths of said signals may thus be compared for am-
plitude or frequency variations by the means provided
and the resulting differences in signal variations indicated
by apparatus such as illustrated. Before describing the
technique of comparative measurement of FIG. 3, it will
be noted that while the method of measurement ufilizing
the recordings of said two picture signals provided in fixed
relation to each other on a magnetic recording member,
has numerous advantages, it 1s possible to perform the
same function by recording said standard image field sig-
nal PBIA in a fixed or predetermined position relative to
sync signal Si, for example, and providing said second
picture signal in the circuitry illustrated during the same
time 1t 1s provided 1n FIG. 3 by the reproduction appa-
ratus illustrated, by utilizing the reproduction of said S1
signal to trigger, for example, the sweep of a video storage
tube read-beam to scan a charge pattern recording of said
second picture signal and produce said second signal over
said illustrated circuitry. Similarly, it is possible to pro-
vide both said picture signals recorded on respective
storage tubes and to effect their simultaneous reproduc-
tion by means of a signal derived by the reproduction of
the sync signal S31, whereby the member 1 serves as a
signal generating medium for generating said SC signals
at predetermined instants during the reproduction of said
two picture signals. The method of recording all signals
in predetermined positions relative to each other has
numerous advantages including the provision of a record-
ing which may be rechecked or rescanned if necessary or
changed in characteristic and which may be filed for
future reference or used to modulate the write beam of
a picture tube for visual monitoring. The recording of
at least said standard image field signal on member 10
has additional advantages in that it may be one of a multi-
ple of related but different picture signals recorded on
said member and may be selectively reproduced there-
from adding flexibility to the apparatus and permitting it
to be used to perform a multiple of inspection functions
relative to different image fields or devices. |

Assuming that the signal PB1A has been derived from
the surface of a work member or X-ray structure of an
object or subject which conforms to specified dimensions,
surface characteristics or light characteristic and that said
image field contains areas of different light or radiation
intensity or other characteristic which will result in sig-

nal variations in a predetermined segment or segments
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~of said pmture 51gual then the posmon or posﬂmns of
- similar variations in the signal derived from scanning

field containing images to be measured or compaied
- While the apparatus shown in block notation in FIG, 3

pmwdes one method of comparing the positions of image
areas.in the standard image field with image areas of fields

to be compared therewith,

29

tains an image area of one color or. light mtenszty on a

- field of a different color or mten51ty, then as the beam

modifications to said apparatus

are possible which will provide not only the same type of

~ measurement but other inspection functions such as count-
~ ing, noting image variations of areas in a parttcular area
~ or areas of the field being scanned which do or do not
”_jjconft}rm in position,. light intensity, shape or SIZB with-
'areas of said standard image field. —

- It is also assumed that means are pmwded fer pre- |
| posmt}mnﬂ at least part of the scanned image area or the
object being scanned in the scanning field of the video

~ scanner to produce said picture signal, PB1B, with varia-
tions therein representmg particular- areas of said image

field, and provided in a predetermined range or area of

-]_JDSS!lblB scatter so that a basis for measurement and com-

10

15

crosses from said.field to said image area or vice-versa,
the picture signal produced during said beam crossing
will experience an inflection in amplitude. Scanning and
video systems are known which produce a picture signal

which changes in frequency when the field scanned

changes in optical characteristics or radiation intensity

and, while amplitude change and detection of said change
is utilized throughout this invention for measurement
purposes, it is noted that known means for detecting pre-
determined changes in frequency may also be applied.

Thus, if it is desired to compare the position of an -image '_
~or part of an area in the standard image field with the
position -of a similar area in another field, the locations

of the respective inflections in said two signals produced

during scanning said similar areas may be compared by

20

parison is provided. For example 1if it-is desired fo com- -

pare ‘the position of one or both of two areas in a field

“being scanned with the position of similar areas in-a stand-
ard or known image field, and said areas are perm1tted {0

fall at random in said-field, then - One of said areas of one

field may : pos1t10nally overlap the comparative area of the
standard image ﬁeld whlch may resuh in an mcorrect |

o measurement

The electrical apparatus of FIG. 3 comprlses a multlple

 of reproduction transducers PU1L, PU2, PU3, and PU4
- for reproducing the signails from respective channels C1
~ to'C4. Said transducers are shown laterally aligned across
' ithe member 10 for simultaneously reproducing -aligned
. sections of signals recorded on said channels.
-may be staggered provided that similar provision is made
in positioning of the respectwe recorded signals, it being

-~ desirable to repmduce the start of said two picture sig-
nals simultaneously by their respective transducers. It

is assumed that both picture signals were initially gen--

‘The heads

erated by respectw scanning ‘beams mttlally p031t1011~3d

‘at the same points in each field being scanned or-at a pre-
“determined point on the surface of the object: being

scamled so that if said image areas being scanned are to

comparing their time relationship in the output circuits
of the respective amplifiers A2 and A4, The outputs of
G1 and G2 are passed to respective cltppmn circuits CL1

‘and CL2 which may be standard video diode or tricde

clippers adjusted to a -desired clipping level, which will
indicate by a signal output therefrom or termination of a.

- signal -output therefrom, when said inflections in said

25

respective picture signals occur. - The gates G1 and G2 -

~ have ‘the further advantages in limiting the input to the

30

clipping circuits CL1 and CL2 to predetermined lengths
of the respective PB signals which, for example, may cor-
respend to segments of said signal produced during the
scanning -of a specific area or areas of said total fields.
Thus, any other areas in said respective image fields,

. which vary the same degree in light intensity or charac-
~ feristic' as those being measured, will not confuse the

S0
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the same scale in relation to the scanmng device, and are .

similarly aligned, similar points in the resulting picture

| '31gnals will have similar field coordinate positions.

The signals reproduced by reproductmn heads PUI to

5"'f’PU4 are amplified by means of reproduction amplﬁers :

Al to A4 respectively. - The output of amplifier A2 is '

- passed to the input of a normally open, monostable elec-
tronic gate or switch G1 and the picture signal output of
A4 to the input of a second gate G2. The switching in~
- puts of G1 and G2 receive. the’ cutput 'of A3 amphfyrmﬂ :
) . Said gates G1-and G2 may be
~any monostabie electrtcal swﬂchmg device ‘adapted to-
 switch at the required rate and to effect the completion -
~ of a circuit between its mput and output whenever a 51g-_-'_
- nal reproduced from C3 is present at the switching in-
puts and to disconnect said circuits or when said signal

the signal SC1, SC2 .

is no longer present theteat Various electron tubes and

~‘semii-conductor gates are known in the art and ‘may be.
,_uqad for switches G1 and G2. Thus, if it is {}nly desired

to ‘compare image segmuﬂts in .predetermined areas of
~'said “two fields belng scanned or compared, or partlcular .
~lengths of said respective picture signals, the positions of

~ ‘the SC signals and their lengths will pmwde segments of
- both said signals on measurement circuits which segments
- were produced during beam scanning said predetermined
~ ‘areas of said fields or’ s.tud spemﬁed lanfrths of Sald &g— .

| 'nals

o0

measurements and will not give false results.

‘The outputs of clippers CL1 and CL2 aré passed to a
logical two-input AND switching circuit AN1-2 which

produces a signal over an output therefrom when a signal

is present at both inputs. Thus, if a line 1mage is in the

same coordinate position in the standard image field: as
in the other field being scanned, provided that the other

mentioned conditions of recording and reproducing said

two signals simultaneously and initiating said beam scan- =~

“ning actions at the same point in each of said fields are

met, and- each of said line 1mages as It 1s scanned, causes

- an inflection of short duration in said respective picture

~ signals and said inflections cause respective pulse outputs
from said respective clipping circuits, then an cutput-

be produced from the AND circuit AN1-2 which will

s 1

be indicative that said two mla,ges where crossed by re-

spective scannmg beams and are in the: sa*ne coordmate |
| 'pf}smons in said two fields.

The mentioned mdmatmg ntﬂchmque wﬂl sufﬁce 1f it 1is

. __mnrely desirable to compare a point in one scanned field
-with a point in a second or standard image field whereby

- from a
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“Ttis also assumed that the plcture 1ﬂnals PBlA a*ld':_ |

:'PBIB were derived by beam sccmmng means which pro-
- vides a picture signal during scanning which varies in
amphmde as the beam scans areas of different light char-

- acterlstlc 1If, for ehamplﬂ tﬂ“ ﬁeld bemg scanned con- 75

~or recorder.” o

area of a field to determme if one-or more pmnw in‘said -
field, -or one or more border sections vary in position

-standard, or where a specific border or line starts

the output of the AND circuit may be passed to a counter
‘However, if it is desired to scan a larger

to vary {from a standard, then further mdmatuw and cr:)rn-f -

puting apparatus is necessary.

In FI(. 3 the ocutput of AN 1—-2 1S pasc:ed to the smtch-'

- - ing input of a normally ciosed monostabtt.. switch or logi-
cal NOT switching cir curt NI,
from’ AN1I-2 is present at N1, said ‘swi tch wﬂl open and
break a circuit betwepn its input and output.
puts of CL1 and CL2 are also passed to the inputs of a
logical OR switching circuit 0—-1 the cutput of which is

~Whenever an output.”.

The out-

connected to the input of Nl Thus if ‘either chpplng |
circuit produces an output at a time when the other ciip- -

_pmg c1rf.,,u1t is not pmdmm? an ﬁutptlt said. output signal o
~will be passed through the NOT circuit N1,
from N1 will thus be

An output

e indicative that the inﬂectmn or
fchange in the signal PBEB occurs either prmr to or after -
the octurrunce of the r@&pectwe mﬂectmn in the: standard o
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signal PB1A. Physically this may be interpreted as the
shifting of the position of a border or line in an image
field being scanned, either side of a predetermined posi-
tion as determined by the position of a similar section of
an image in a standard or quality acceptable field or pat-
tern, If it is desirable to determine which side of the
standard or desired coordinate position, border or line
said image being investigated falls, then one of several
techniques may be employed. For example, one of the
two inputs to the OR circuit O-1 may be eliminated or
may be opened by manual switching means at some time
after an output has appeared at N1.

A technique for determining where in the picture sig-
nal PB1B or said field scanned to produce said signal,
an 1mage varies from a desired or standard position de-
fined by the PBIA signal, is illustrated in FIG. 3. The
technique employs what will hereafter be referred to as
a digital clock or timer referred to by notation DIT.
The timing device DIT is started by pulsing an input
F thereof and will produce a pulse code such as a binary
digit code over parallel circuits 22 whenever a trigger
input TR of said timer is pulsed. Thus, if the output
of NOT circuit N1 is passed to the ftrigger input of
DIT, a signal code is available which indicates the time
lapse from the time the timer is first energized. If the
output of N1 is of such a duration and occurs during
a time interval whereby the timing element of DIT ad-
vances more than one position or time increment, then
multiple code signals will be transmitted over the parallel
output circuits 22 and by counting the number of said
codes transmitted, the degree of which said sampled
image area varies from a standard image position may
be determined. The output of 2Z is shown extending
to a computing circuit which may be an input CO fto
a digital computer adapted to record or otherwise utilize
said digital information for computing or control pur-
poses. In a simpler form, CO may be a counfer or
switching circuit adapted to energize servo devices for
performing such functions on work being scanned as
sorting, marking, assembly, or the like. In more com-
plex arrangement, CO may be one of a number of digital
computing mechanisms adapted to convert the digital 1n-
put, after operating thereon, into one or more signals
for controlling various actions which control results from
a decision or decisions made by utilizing said input in-
formation. Such actions as readjusting a machine, stop-
ping, starting, marking, and the like may be controlled
by computing mechanisms, and will depend on the re-
sults obtained from scanning.

It is further noted that other circuitry hereafter de-
scribed may be utilized to improve or extend the utility
of the apparatus of FIG. 3 and the use of such appa-
ratus will depend on the characteristics of the phe-
nomenon being measured and the design of the com-
puting or measuring circuits CO. For example, the
output of the NOT circuit N1 may be passed directly to
a recording device or to a computer CO” which may
be used to record said signals and provide an output for
operating a warning device or servo when said signals
become greater than a predetermined duration or length.
The output of N1 may also be connected to a cathode
coupled muitivibrator CM, the output of which is con-
nected to the input TR of DIT. Said multivibrator
Schmidt circuit is adapted to produce a first short pulse
at its output when the leading edge of a longer pulse
appears at its input and a second short pulse when the
trailing edge of said longer pulse appears at said input.
If these pulses are each used to provide a respective
coded output over the circuits 22 which are indicative
of their relative time relationship, then by subtracting
said first digital code from the second generated code
by employing known digital computing means in CO, a
difference signal or code will be obtained which will be
indicative of a difference betwecen the coordinate posi-
tion of that part of thc image area of the standard field
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being scanned and that of the part of an image area
being compared therewith in the field scanned to pro-
duce the PBiB signal. The resulting difference digital
signal obtained from subtracting said two outputs of DIT
may be recorded and/or automatically compared with a
code or number recorded in the recording section of
the computer CO. As a further variation in the illus-
trated technique provided in FIG. 3, a pulse code such
as the binary digit pulse code PC on channel C5 of
member 18 may be provided, reproduced and passed to
the computer CO. The code PC’ is reproduced by re-
production transducer PUS and amplified by reproduc-
tion amplifier A5 prior to being transmitted to CO.
Code PC’ may represent, for example, in binary digital
notation, a number equivalent to the maximum permis-
sible difference between the mentioned two pulse code
outputs from 22 resulting from said two, leading-trail-
ing edge signal created short pulse outputs of said cath-
ode coupled multivibrator. By matching said two digital
codes (i.e. the reproduction of PC and the difference
signal computed by CO) it can be automatically deter-
mined if the variation in that part of the position of
that part of the article or image being scanned and the
position of associated part of the standard image, i1s
greater than the degree specified by the code recording
PC’. The difference signal or number which has been
obtained by subtracting said first input number from DIT
to CO from said second input, may be subtracted from
the digital signal obtained by reproduction of the record-
ing PC and the result is a number which indicates how
close the deviation in the position of said article or
image area being scanned is to a maximum permissible
deviation from a standard position. This latter result
may be used to effect the positioning of a tool or other
device by operating a servo motor through an equivalent
degree of motion or angular position proportional to
said difference signal or code.

The signal PC’ of FIG. 3 may also be replaced by
one or more laterally aligned code recordings of the
type referred to by notation PC illustrated in FIG. 1. If
additional recording channels C5 to CN are provided
with means for simultaneously reproducing a particular
array of pulse recordings at one time by, for example,
providing a digital code signal output over parallel cir-
cuits to CO at a particular instant or short time interval
in the measurement cycle, then said codes PC may vary
in value from point to point along 10 and may be used
to perform or effect different operations or functions.
If multiple PC codes are provided to indicate maximum
permissible variations in the positions of the standard
image and that being measured, then each PC record-
ing may be used to indicate the variation in the posi-
tion or dimensicn in a particular part or dimension of
the total image or article being scanned. For example,
the maximum variation or permissible tolerance from a
specified position of a first object or component assem-
bled on a chassis may be X inches and of a second
object Y inches. A first code PC is provided opposite
or just prior to those parts of the picture signals pro-
duced during beam scanning said first object which 1is
indicative of said first permissible maximum variation.
A second code PC is provided in a position or posi-
tion along 10 to be reproduced just prior to or during
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 10 may be used for switching purposes in
the computer CO such as switching the associated PC
code, reproduced from 210 during the time interval de-
fined by said SC signal, to a particular storage unit such
as a relay storage where 1t is held and used for com-
parison with the associated output of DIT. Further
details of such a switching function will be described
hereafter.

I'1G. 4 shows magnetic recording means and associated




- mark or base for said mmgparatwe measurement.
~ means of FIG. 4 may also be used in determining if lines,
or areas on a map, scope, drawing or photograph, fall -
j ‘Tt is again assumed that

25

- reproduction circuitry for d...,tenmmﬂg one or more of the

foljlemng phenomena: (g) if a given image portion or
N ‘area in a field being scanned falls in a partleular posHion

in said field or if reference points, lines or planes of a
given 1mage fall in predetermined positions in said field,
(b) where in said total field or how far off a reference

‘point, line or area in the scanned field a given point, image

~area orline falls, Examples of the. abeve scanning means

3:0_8'15379'

include such investigative functions as determining if

the border of an area or areas such as the edge of a work

piece, part or assembly falls along a pam'c:ular array of
.- coordinates to determine if the workpiece is pleeisely p031-
tioned on-an assembly or is fabricated to tolerance. It is

~assumed that another surface or area -of said work piece

1s in a fixed position in said field to establish a bench-

-along (pred'etermined 'pos’itiens |
- part of said map or drawmg is in a referenced position in
said field being scanned. The- arlangement of FIG. 4

~ tnay also determme the degree of variance of phenomenon
- siich as described above from a predetermmed position or
o -p031t10115 in said field; and if any other image phenomenon -
- which is eharactenzed by a varlatmn in ﬂlght eharacterzsae

- exists in a given scanning field. |
For the purpose of mmqphfymg the dESCI‘lptIOIl of the

-signal reeerdmg arrangement and - apparatus -of FIG. 4, -
In FIG. 2, multlple |

reference is made to FIGS. 2 and 4,

pulse signals are provided each on a different channel
~of the magnetic recording: member 18 to indicate the pOsi-

- 4ion of a change or inflection in a Vvideo picture signal by
~ noting during which of said pulse signals said variation
- is reproduced, and similar recording arrangements are -
- provided in FIG. 4 at various positions illustrated as sig-
~ nals P1 and PN recorded on 10 which represent precise

 coordinate positions or distances generated from the start

- of the pzcture signal recording where changes such as
- inflections in said ,pxcture signal will .occur if the surface
:bemg scanned is precisely positioned relative to the scan-

ning. apparatus when the field scanned to produce the PB

~ signal is similar to a standard image field. Thus at each

- -of the P coordinate positions multiple pulse signals are
~ provided -which bear the general notations SCIN, SC2N,
'SC3N. The SC3N signals are located at the P positions.

-~ When said inflection in said PB signal is reproduced simul-

~ taneously with the corr esponding SC3N signal, the con-
. -dition may be indicated by use of a logical switching AND
- circuit “which predfuces an output when said condition

.oocurs, said 'output signal mdmatmg that the line or area

- being measured falls-at a predetermined location or co-

- ordinate position in the image field. Reference is also

resent the trace of a raster scanning beam. The record-
. -ing means and apparatus of FIG. 4 may be utilized to

- 'The
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field uhewld fall beyend the band or area having the

width SCN in FIG. 4’, then that part of the picture signal
PB obtained when the camera beam scanned line LN
will not be gated by the associated SCN signal. From
FIG. 4', it is noted that a definition of the SCN signals

of FIG. 4 is that they are pulse signals of such a length,
duration and position on magnetic recording member 10

relative to the associated video picture signal PB, that

when said SCN signais ar¢ reproduced therefrom, their
presence at the switching input of a normally open mono- |
stable electronic gate may be used to gate only those seg-
menis of the PB signal which were produced when the

-~ video scanning beam scanned the band area ASCN (of

15

F1G. 47) having the width SCN. A 'narrower band area

“ASC2N having a width SC2N and centered within the

larger band area, similarly defines the SC2N signals of
FIG. 4. It is noted that while these band areas are as-

~ sumed to be fixed in the field IFP and provide increasing-

20

30
“are of equal duration and are equispaced, for other meas-

1y smaller regions which approach the area or line P, the

actual position of ‘the image area or line LN may shift

from one sample being scanned to the next and may fall

either side of the line P of FIG. 4’. As stated, the area

~of maximum expected dispersion of LN is assumed to
“have the width SCN.

Whereas, in FIG. 4’ 1t is assumed
that'the line LN may shift in its absissa or X value only,
from Xp-+SCN/2 to Xp—SCN/2, where Xp is the X
coordinate value of the lme P, other scanning arrange-
ments may have a line image or area of any predetermined
shape.” Whereas in FIG, 4, the SC3N signals, which in-
dicate the desired or basic position of the line or band LN,

urement problems the spacing of said SC3N signals will

a depend on the shape or other characteristic of the line or

35

phenemenen being scanned and the type of image scan-
ning employed to produce the picture mgnal -
In the upper left hand corner of the image field IFP is

shown the image of a line LA which may comprise a mark

on-the article, map or surface, part-of the edge of said

image .or some ether characteristic. of said image being

scanned which may be used to indicate if said article or

~ surface being scanned is aligned in the field IFP and/or

40 pulses are shown on channel C—6 of FIG. 4 and are re-
ferred by -the mnotations CS6-1, CS6-2 . |
-pulses CS6-N are all produced mmultaneeusly Wlth a cor-

- -responding pulse C&USud by the inflection in the video sig-
50

provided in the correct scale therein. The i rage 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 10. Said

Jf the

nal PB, each time it scans the line LA, then by the pro-
vision of logical swmhmg circuits in the outputs of the

| ©Tepr oduction apparatus and a clipping circuit for clipping

- made to FIG. 4" which shows a fragment of an image
‘field IFP being scanned. The horizontal lines ST-L rep-

sard infiections in the PB signal, an automatic indication.

may be attained that the object or surface eentammg the

55

- «determine if an area’'such as the band LN is positioned

~in'said field IFP with its borders at predetermined co-

ordinate posm.ens therein. LN may be such phenomena

::-__ as the silhouette image of a maehmed part, a line or curve

on a graph, map or drawing, etc. For many measure-

. to the scanning device, a maximum variation of an image
" thereof such as LN, from a predetermined position in said -
7 field may be determmed andnoted by means of measurmg

- the llengths of the SCIN 51gnals
- a different color or light intensity than the surrounding

area, it will cause, when scanned, a. ehange 1n the result-

.--;-_:'part of the signal produced when the Camera scanning -

oo beam scans said image line. ‘The maximum expected shift
- in the position of LN 611'.1161‘ side of the predetermined
o ..._-.@0511:1011 111uatrated is indicated by the length of the 10110-.

eet 51gna13 ‘*CN en e‘l 1111e1 CS If the lme 111 the 1mage

I the area ILN"is of -

60

. ment fonctions, if another surface of said machined part
SRS 1 o]y epesnlened in the field IFP or prenoeltwned relative

line or optical phenomenon LN is properly aligned in the o

image field and/or provided to correct scale therein.
these conditions are not met, a warning device may be

~actuated to indicate that corrective action must be - taken
by a human eperater before automatm scanmng may be

continued.: |
The apparatus of FIG 4 is illustrated in block dlagram o

~notation  for the purpose of simplifying the drawings.
. Various standard electrical components such as reproduc-
~tion amplifiers Al to A6, video clipping circuits CL,
65_-"faamae}nznﬂr cironits N and the like are provided and are .
~ known in the art. It is assumed that each of these circuits

gates G, logical AND sw;tchmg circuits AN logical NOT -

~ is provided with a power supply of sufficient magnitude.

- Similarly, these circuits are assumed. to be: capable of
- ing video szgnal such as’ an 1*1ﬂeetmn i amplztude in that  »,

70 .

switching at the reqmred frequency for e"fectmg pr ec1smn

! measurement.

The circuitry 111ustrated in the bloek dlagram of FIiG. 4
may be utilized to determine, (a) if the surface article,

| map, drawing, photograph or other object contammg the
75

1mage LN to be scanned 13 te the correct scale in- ﬂle
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image field IFP and is correctly aligned relative to the
optical or flying spot scanning system of the video device
effecting said scanning and, (b) just where in the area of
possible dispersion said LN image falls. Multiple magnetic
reproduction heads PU1 to PUG are provided aligned
across the tape 10 over channel C1 to C6 for simultaneous
reproduction of any of the illustrated signals.

The head PU2 rides against channel C2 containing the
picture signal PB and the signal reproduced thereby 1is
amplified in a reproduction amplifier A2. From A2, the
signal is passed to a clipping circuit CL2 adjusted 1n

clipping level to pass only those parts of the PB signal |

of a desired amplitude such as the inflection portions gen-
erated as the scanning beam scans LA and LN. The
output of CL2 is passed to a monostable, normally-open
electronic gate G2 having a switching input from A3
and a logical AND switching circuit AN6-2. The other
input to the logical circuit AN6--2 is from the amplifier
A6 of the reproduction head PUG6, so that the signals
CS6-N will be passed thereto. If the reference line or
area LA in the image field in permitted to be a predeter-
mined degree off scale or off a specified position or basic
position in the field, IFP, the permissible scatter may be
accounted for in the length of the CSé signals. The out-
put of A6 is also passed to a delay line D6, the output
of which is connected to the input of a logical NOT
circuit N6, The switching input to N6 is from the output
of AN6-2. Thus if a signal is reproduced from the track
C6 at a time when no signal is produced at the output of
CL2, an indication that the reference line LA on the
object or surface being scanned, is not at a predetermined
position or attitude in the image field IFP, a signal will
be produced at the output of the NOT circuit N6. The
delay circuit or line D§, is provided of a time duration to
account for the time required to switch AN6-2 and N6
although for many applications, it may not be required. If
signals are simultaneously reproduced at the output of
CL2 and A6, ANG-2 will produce an output and switch
the normally closed NOT switch N6 to “open” so that
the signal from A6 will not pass therethrough to an alarm
or other device AL6. ALG6 may be a relay, which when
energized by an output from N, is adapted to effect such
actions as the stopping of the measuring apparatus, re-
jection of the part of article being scanned, etc., by
energizing an electrical device such as a relay actuated
solenoid.

Circuitry is provided to determine where in the image
zone referred to by notation A-SCN, the image LN
falls. Respective reproduction heads PU3, PU4, and PUS

scan channels C3, C4 and C5 and reproduce the illus-

trated signals therefrom. The reproduction amplifiers AJ,
A4 and A5 amplify the signals reproduced by their re-
spective heads. The output of A3 is passed to the switch-
ing input of gate G2, closing said gate while present thereat
and permitting any signal or signals, produced at the out-
put of CL2 while said gate G2 is closed by the presence
of a reproduced SCN signal thereat, to pass to three
circuits including inputs to AND switching circuits AN2-3,
AN2-4, and AN2-5. The other input to ANZ-3 is from
A3 so that when CL2 produces an output at the same
time that one of the SCN signals on channel C3 is be-
ing reproduced, an output will be produced from AN2-3
indicating that the change or inflection in the PB signal,
caused by the scanning beam sweeping across the area
I.N, falls in the region A-SCN of the scanned image
field, The output of AN2-3 may be passed to a counter,
recording device or further logical switching circuit I2.
The output of A3 is also passed to the switching in-
put of a NOT circuit N2-3, the signal input of which 1s
derived from clipper CL2. Thus if the area or line LN
falls outside of the area A-SCN, such that the change
in the PB signal occurs and is passed to CL2 at a time
when no signal is present at A3 to be passed to open N2-3,
said signal clipped by CL2 will pass through N2Z-3 to
a circuit 12-3 which may be an alarm, recorder or relay
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adapted to energize a counter or actuate a solenoid or
other device. The oufput of switch G2 is also passed
to one input of a logical AND switching circuit AN2-4.
The other input to AN2-4 is from A4 so that, if an
SC2N signal is reproduced at the same time an output
is produced from CL2, a signal indication is obtained
that the line LN falls in the region or area ASC2N hav-
ing the width SC2N shown in FIG. 4° as a narrower
band or area closer to the required position of LN, at
X=Xp, Y=0 in FIG. 4’. The output from AN2-4 may
be passed to a counter, recorder or relay I4. If 14 1s
a pulse counter, it may be adapted to produce
a pulse over an oufput circuit upon receipt of a partic-
ular number of pulses from AN2-4. If LN is a curved
line or band or is oblique to the horizontal X-axis of
the image field, a predetermined number of pulses prod-
duced from AN2-4 will indicate that a particular part
or percentage of the total line LN falls within the area
A-SC2N. If it is desired to discover where in the image
field the line LN deviates in its position so and falls outside
of a given limit, defined for example as the band area
A-SC2N, assuming that said line can vary from one
sample scanned to the next in a manner whereby part
of said line may fall within said given area and part
beyond said given area, a code indication of where said
deviation occurs may be derived as follows: A pulse
counter PCO is provided having a counting input PC
connected to a normally inactive pulse generator PG.
The trigger input to the pulse generator PG is from the
output of reproduction amplifier A1l which receives the
reproduction of the S1 signal on channel C1. Since
the S1 signal is indicative of the reproduction of the start
of the PB signal, and is used to trigger the pulse gen-
erator PG, the number of pulses produced by PG afier
being so triggered is an indication of the length of the
recording member 19 moved past the reproduction heads
and, hence may be used to indicate the position of a
particular point in the picture signal PB such as a devia-
tion from tolerance.

The pulse count or pulse signals received by said
counter activate said counter for indicating where in said
video PB signal or in said image field said deviation or
other occurrence takes place. The phenomenon measur-
able by the apparatus of FIG. 4 is a point or area in the
image field IFP where the line LN first extends beyond
or leaves predetermined area A-SC2N which may physi-
cally be interpreted as a deviation from tolerance, a
change in a predetermined image condifion, or an image
change such as in the shape of a manufactured part. Said
indication of position may be attained as follows: It
is assumed that the counter PCO is initially set at zero
and 1s adapted to start to count upon receipt of a first
pulse from the pulse generator PG which 1is triggered
by reproduction of a S-1 signal as the recording passes
head PU-1. When a second input PCR to the counter
PCO is pulsed, said counter either stops counting or pro-
vides signals therefrom indicative of the count received
prior to energizing PCR by means of said pulse which
signals are transmitted to a circuit I-6 which may be a
recorder, relay, part of a logical computing circuit or
other device. In FIG. 4 the input PCR is adapted to re-
ceive a pulse when the inflection or change in the PB sig-
nal caused as the beam of the scanning camera first
sweeps across the area LN, is reproduced by PU-2 when
part of the SCZN signal associated therewith is not re-
produced therewith. The pulse transmitted to PCR is
indicative of this condition since it iIs the output of clip-
per CL2 and can only be passed through a normally
closed NOT gate NCR when there is no signal at the
switching input of said gate from A4. 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
defined by the SC2 signals yet, due to the gating action
of the SC1 signals, when said line falls within the limits
defincd by the signal on C3. Two other functions which
may result when a signal is produced and passed through
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to the resetting input RT of PCO to automatrcally reset

said trmer to condition it for the next measuring func-
~ tiom.

‘RE6 which may actuate a warning device, solenoid or
 motor for causing such an action as rejection of the
. art1c1e being inspected, stoppmg a production machine,
The output of the counter PCO may be provided on

“The output of NCR 18 also connected to a relay

ete,
a smgle or multiple parallel  circuits- for transmitung a
- parallel pulse code therefro

~ switching circuit, relayr or other device.

'The pulse generator PG of FIG. 4 may be elimmated |

15
single pulse S1 on channel C1, multiple equi-spaced shert“

~ pulses are reccrded thereon. preferably . extending the

from the circuitry as follows.. Instead of recording a

length- of the PB signal. ‘The length’ of these pulse signals,

- which will ‘be referred to -as SN signals, will depend on

| Jf the heads PU-1 to PU-6
- are later ally aligned across a magnetlc tape 19, then the
first mgnal S1 will preferably be positioned at or near the

start of the PB signal and the number of SN signals which

“the length:of the PB slgnal

| » whenever PCR is energized
~to ‘the input of 16 which may be a recorder, computer,

o NCR are also rllustrated ‘The eutput of NCR may alsc_? :
be.passed through a time delay switch or- delay line D2

10

pass-and-are reproduced. by. the head PU1 at any instant

~ during the. reproduction, will be an indication of the
~ length ‘of the PB signal which has been reproduced up to
 that instant. . If the output of amplifier A—1 is thus passed
~ directly: to- the pulse counting, input.of a counter such as-
PCO which has. been. set at zero, and said counter is

stopped..and caused.to read out a value of the total num-
ber..of counts received by an input such -as from NG,

30

~ then thetotal pulses. received. until receipt said latter' )

. the PB- mgnal at which said latter pulse was received.

| In FIG. 4A a code. generating means is provided in
 place of the pulse counter PCO of FIG. 4 to indicate the
- - -position. or .positions of specific images: or parts of images -

in the total image field represented by the video picture

 signal. PB. For -example, various measurement, com-
~ puting.or contrel functions may. requrre the autc-matlc.

~ indication by means.of electrical signal means indicating
the. pcsmen of a lme in the image field or a portion of a

If the

line in a predetermmed part-of  the image field.

- jnput.will .be an indication of the length or position of -

driven,

contactors which sweep a coded contact-area of a coded
- disc which produces a digital code over parallel circuits

20 |
in said field where said curve.or line falls, then the input -
to TC is connected to the gate G2 of FIG. 4. Each time - -

pulse code on parallel circuits CKC wh1ch are ccnnected -
to the input of a digital computer CO. The converter -

ADC may comprise for example a constant speed motor
shaft switching device  having multiple brush..

indicative of the position of sald shaft at the instant an-
input TR is pulsed. The output of the amplifier A-1 -
which is - connected - for - reproducing the recorded S1.
pulse, passes said pulse to the starting input- S~ADC of
the .converter driving motor to start the cycle. It is
therefore assumed that- the shaft of said converter is at -

‘a zero position prior to starting. The code triggering signal

to the trigger input. TR of ADC may originate from any -

of the IOgICﬂl SWltChmg circuits or gates of FIG 4 de-.*-l": |
pending on what is desired to be indicated by means of

a d1grtal code signal. For example if the image phe--
nomenon in the field IFP comprises a line such-as LN .

of .FIG. 4" or a simple analog curve, and it is desu'ed-. .

to indicate by coded signal means the. coordinate -points .

an inflection occurs in the reproduced picture signal PB, .

a parallel digital code will be produced over the multlple.:f._ |
parallel circuits. CKC and transmitted to the computer - -

CO. If it is desired to 1nd1cate where the area AC if

- FIG. 8 for example, varies from the predetermined area

position as indicated in FIG. 8’, then the pulse input.to .-
TR may be derived from one of the. eutputs of the logical
AND smtchlng circuits AN2. - The selection of which-
output to use will depend on which of the limits, denoted -
by the signals SC1, SC2, SC3 . . . it is desired -to meas--
ure. variations relatwe to.

N23, N24, etc., will provide a code indication at the.

computer, by activating the-input TR of ADC, when .-
a change in the: PB signal occurred resulting frc_m the. .

area scanned falling outside the limits. defined by the.
signals on channels C3 and C4. The input RE-ADC

- to the analog to digital converter is connected to a repro-
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field IFP. of FIG. 4’ is. cens1dered the X—Y plane of a2
| coordinate system and the. origin is predetermined by the

coordinates as X=0, Y= 0 located at the lower left hand

~ corner of said field,. then any point in said field may be
A o

referred to as having a positive. X, Y ccerdmate

- means. for determining the coordinates of a point in field
- IFP in FIG. 4 of a particular point in the PB signal is
- to initiate counting when. first reproducing the PB ‘sig--

- nal by -gating the output of a pulse generator PG-and ~tion. Pulsing the control A~ADC during the next cycle

noting ‘the- tetal count: or number- of pulses gene ated
-thereafter at any instant. . However, if device I6, con-

- nected to the output of- ccunter PCO, is a dlgttal com-
. puter. which is adapted to. utilize the output, of PCO
. for. automatic ccmputatlenal purposes, then said output
1S preferably provrded in binary digital pulse form.
Counters are known in the ‘art which will prcvrde a bi-
nary. pulse code. output at- any instant during their cper-ﬁ
- If counter PCO is such a
- digital output counter, a lese transrmtted thereto from .
' NOT circnit NCR may. be utﬂ1zed to indicate by means
~of binary codes,. variations . in - the p1cture signal PB. re-' |
~ corded on channel C2 of member 10. In FIG. 4A means
~ are also shown for providing an ‘instantaneous ‘binary -

- ation by. pulsmg their input.

' _pulse code. eutput on parallel circuiis to the input of a
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duction amplifier A-7 which. reproduces a
- a seventh channel of .recording member 10 (not shown) -
- which signal is positioned thereon to be repreduced after .
the reprcductmn of the PB signal .and is used to either .

signal from . .

stop ADC at its zero pemtlcn or activate start a servo..

which drives ADC to position a shaft thereof:at: said zero .

position. If the swmthmg shaft cf ADC is adapted to .

the PB 31gnal then a limit switch may be provided mount-

~ ed adjacent said switching shaft of ADC adapted to be

50

clased when. one revolution of said shaft has been made :

and to thereby stop said driving motor at said zero posi-

by means of a signal reproduced from channel C—1 may be

 digital clcck or timer of the type DIT utilized in FIGS.
3 and 4. As stated, the digital clock is adapted when

used to bypass switch RE-ADC and start said. cerwerter |

:drmng motor to start the next inspection cycle. -

FIG. 4B is a diagram showing further details of a

 operative, to transmit therefrom a d1g1t bmary code at

- digital ccmputer CO whrch ccde is an indication ef the

o dependmg en the c1rcu1try emplcyed to energlze sard cede
producing. apparatus said ' code -may serve as an indi-
~ cation of the location of a particular change in said pic-

(4 U

'-ture srgnal thereby dlnltally mdlcatrng the pesrtcht cf a

- particular part of the image in field IFP. L
. In FIG. 4A, an analcg to dlgttal ccnverter ADC cf T
conventlcnal de51g11, IS employed tc prDVIde a dlgltﬁl

75
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any instant after starting when an input TR is pulsed .

said code being indicative of the time passed from the

startmg of said clock. 1If the cycle of timer DIT is acti-

wated at a predetermined time during the. reprcductmn.
of the picture signal PB, the position cf any point.in said =
PB signal may be indicated by generating a. pulse signal
‘at the instant sard point in said picture SIgnal 18 repro~
“duced or exists in a circuit and by passing said pulse
signal to the input TR of DIT. The resulting code =
transmitted over parallel circuits 22 will e mdlcative
of- the time. said -clock was pulsed |

“The digital clock of FIG. 4B is electrc-mechamcal and_
is a modification of the conventional shaft position encoder

- in that it is driven after starting at a constant speed and
indicates unit time lapse whereas. the - ‘conventional. en-'f* |

ccder 1s a varlable speed device Wthh is drwen by a

The output of NOT circuits o
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variable speed motor the shaft of which is speed con-
trolled by an analog signal. The clock DIT may utilize
certain components of a convenfional shaft encoder,
namely a shaft digitizer assembly ADC’ having the con-
ventional code disc therein and readout means. Assum-
ing that ADC’ is a photoelectric type of encoder, it may
contain the conventional code disc driven by shaft 16
and has a readout flash light source which is energized
when a signal is present at input TR, a radiation limiting
slit between the code disc and light, a slit system on
the other side of the code disc and a multi-element photo-
electric PbS cell on the other side of the slit system.
The cell elements which receive light through the disc
pass pulse signals over te output circuits 22 to CO. These
elements, while not illustrated in FIG. 4B are known in
the art and are part of the encoder secticn of the type
309-13, the photoelectric shaft position encoder produced
by Electronic Corp. of America. The shaft 16 is driven
by a constant speed motor 12 through reduction gears
preferably of a ratio of 100 to 1 or greater depending
on the time constant of the clock and the running speed
of the motor 12. The motor 12 may be any constant
speed, rapidly accelerating motor. It is noted that during
the time of acceleration accurate code signal indications
of time lapse can only be obtained if the acceleration is
constant or occurs always in a predetermined manner, If
the motor is provided to accelerate at constant rate or
always In a predetermined manner and contains the
necessary controls to maintain a constant speed there-
after, it may be calibrated so that a particular pulse code
generated on the oufputs 22 with the shaft 16 initially
provided at a zero set point, will always indicate by code
the same time lapse from said starting. Notation 12
also represents known automatic control apparatus for
rapidly accelerating said motor in a predetermined man-
ner and control means for maintaining the speed of said
motor constant thereafter.

The starting and stopping of clock DIT, and its reset
to zero, may be effected by a combination of switches
including a pulse actuated flip-flop switch for starting
and stopping the motor 12. The switch is indicated by
the blocks having notations F and S. When F 1s pulsed,
a circuit is completed between a power supply PS and
the motor 12 and or its constant speed control. When
the input S to the flip-flop switch is pulsed, said switch
switches to open cutting off the power supply.
apparatus of FIG. 4, if the input to F is derived from
amplifier A1 and if member 16 is driven at constant
speed, then at any particular instant after F is energized
by the reproduced S1 pulse, a particular code will be
transmitted from the encoder and said code will be
indicative of said time interval. |

The output of the converter ADC’ consists of multiple
parallel circuits 22 over which said digital pulse code is
transmitted whenever an input pulse appears at a trigger
or gating circuit 28. The input line 2§ extends from the
gate G2 and the output code from ADC’ effected when
20 is energized, will indicate the point at which an in-
flection occurred in the PB signal.

The digital timer or clock DIT may be reset to zero
as follows. A bi-stable solenoid 24 is mounted adjacent
the shaft 16. A cam projection 18 is provided on shaft
16 which during normal operation of the device rotates

and clears the retracted shaft 26 of the push pull sole-

noid 21. The solenoid has two inputs, F and R. When
F is pulsed its shaft 26 projects.
retracts. Mounted on the end of 26 is a limit switch
28 which is projected into the path of cam 18 when F
of 21 is pulsed. The limit switch 28 is provided in cir-
cuit with a power supply PS and when closed as it en-
gages 18, a signal thereby to the stop control S of motor
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When R is pulsed, Z6
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12 and R of 21. The solenoid shaft 26 is thus retracted

and the motor 12 stopped with the shaft 16 provided in
a -predetermined or zero position. A delay relay 3¢ in
the circuit of 28 and R of 24 may be used to delay the

.
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retraction of 26 so that the shaft 16 may come fo rest
against 26. The pulse transmitted to F of 21 is derived
from an amplifier A7 which amplifies signals recorded
on a seventh channel C7 of the member 10 which signals
are provided indicating the end of the particular record-
ing or desired computing function.

In FIG. 5 a signal recording arrangement is provided
on a magnetic recording member 10 applicable for operat-
ing on or gating particular lengths of a video picture
signal which correspond to those parts of the video pic-
ture signal PB derived during the beam scanning of a
particular area or areas of the image field or object being
scanned. The recorded signals of FIG. 5 comprise a
sync signal S1 provided on a first recording channel C1
for indicating the position of a video picture signal PB
on a recording channel C2. Multiple pulse gating signals.
SCi, SC2, SC3 ... etc.,, preferably of predetermined
duration, are provided on a third channel C3 in predeter-
mined positions adjacent the PB signal. The SCN signals
are preferably of a length and are positioned relative to
the picture signal PB such that they may be used to
gate or effect operations on, similar lengths of the PB
signal. If the length, spacing and positions of the SC
signals are predetermined, then that part of the total video
picture signal PB which was produced during the camera
beam scanning of a particular area of the total field be-
ing scanned, may be gated thereby or operated upon and
the segments of the PB signal which are so gated will
be determined by simultaneously reproducing the PB
signal and the SC signal. If the reproduction heads are
laterally aligned across the magnetic recording member
10, as illustrated, then each SC signal may be used to
gate an equivalent, adjacent length of the PB signal.
For gating or operating upon those segments of the PB
signal created during the video scanning of a specific
area or areas of the total field being scanned, the lengths,
spacings and positions of the SC signals relative to the
PB signal will not only be determined by the shape of
the selected area or patch of the total field being scanned
but also by the type of scanning employed. If, for ex-
ample, raster scanning is employed across a rectangular
scanning ficld, a rectangular area or patch in said total
field which has its sides parallel to the borders of the
total field will be represented in the PB signal by a series
of equi-length, equi-spaced segments of the picture signal.
The segments of said picture signal may be reproduced
and scanned or otherwise operated upon by the provision
of similar lengths of gating signals SC recorded on chan-
nel C3 which SC signals are equi-spaced, and by repro-
ducing said SC signals simultaneously with the picture
sipnal. The presence of the reproduced SC signal at the
switching input of a normally closed electron tube gate
will effect the gating of an equal length of the PB signal.
By predetermining the lengths, spacings and positions of
the recorded SC signals, any particular area or areas of
the total field being scanned, may be gated in this man-
ner or otherwise operated upon. The SC signals may
be provided by a pulse generator, of known design.
Either reproduction of the sync pulse Si or the first part
of the picture signal may be utilized to trigger the opera-
tion of said pulse generator to correctly provide the SC
signals for recording onto channel C3.

till another means for providing SC or CS signals on
18 of the correct length, spacing and position may com-
prise scanning an object or image field by beam scanning
means and passing the resulting video picture signal to
a beam storage tube and recording it on the storage ele-
ment thereof. Next, the recording member 10 is driven
past its recording and reproduction heads and reproduc-
tion of the S1 signal is used to trigger the read beam of
said storage tube. The resulting output of said tube 1s
passed to a clipping circuit of the type described and the
output of the clipper is recorded on C3 as a series of dis-
crete signals. If the signal recorded in the storage tube
is derived by scanning a mask or map having position




~ field IF.

 leading edge E1 of area AC, an inflection occurs in

. SC2, SC3 .

' areas su ch as AA -and’ AB.
'_rocord on member 10 signals SCN for gating portions.
of the picture. signal generated: in scanning an area AC’ -

.~ 'which areais‘larger than AC and has a margmal area]
- f’_--3'i‘?-:-"i-f—-".j_arouﬂd AC to: -account for permrssablo small shifts in
" the position of- AC from one. work-piece or specimen
- being scanned to the next, and to generate gating signals
S .modrﬁed to ‘account for permrasablo shifting or move-
i '_f'f-‘ment of AC in the image field, the optical system of the
-~ scanning device may be enlarged the nccessary degree
© " to make the sides or- bor ders of the area AC fall on the
. coordinate 11nos LE aod TE _whrch respectrvely repre-~ -
0 gent the sides of the area AC’ and determine the leading
 and trailing edges of said SCN- srgnals
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predetermined black or white areas of sufﬁcientlight con-
trast on background fields and said mask or map is cor-
“rectly positioned in the scanning field of said beam,

- then SC signals of the desired length, spacing and posi-

tion may be generated and recorded on C3 by selection

125k pattern.
lows:

- of the correct
a mask 1s as fol

A means for providing such

3,-031,379'
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tho area AC of a different light characterrstlc, the modi~-

fied field may be scanned and the picture signal output

- passed to a clipping circuit the output of which is re-
- scanning means and provided at the proper image scale,

- Reference is now made to FIG 8’ which shows an 111‘1--_ |

2 “age field IF provided at the scanning plane of a video

- scanner or video camera optical system. Raster scan-

ning is utilized in FIG. 8" and the scanning field is as-
sumed to be rectangular. Notation ST refers to the

~ horizontal lines traced by the video camera - scanning

- beam which sweeps across several areas referred to by

10

corded as

escribed to p‘rovido the SCN signals O mem-
ber 10. .

- FIG. 6 illusirates a recordrﬂﬂ arrangement and asso-
ciated transducing apparatus for reproducing and/or
modifying a portion or predetermined portions of a video
picture signal PB recorded on a magnetic recording
member or tape 10, whereby control of said reproduc-

- tion signal modifying is effected by one or more signals

- signal.
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notations A-A, A-B, and A-C which areas are each

~crossed by a number of horizontal scanning sweeps.
- Each of said areas are assumed to be of a different light
characteristic or color than the baokgroundj BF of said
f it is desired to determine if the area A-C

recorded in predetermined positions relative to said PB
in FIG. 6, a single conirol signal CS-1 is shown
provided on channel C-3 of the recording member 10
adjacent the PB signal and in such a position whereby
it may be used to gate or otherwise effect an operation
on a similar and predetermined length of the PB signal.

- The signal $-1 on channel C-1 may be used to recoid

20___

falls within a specific band area A-C’ of the field, the .

apparatus off FIG. 4 may be used to effect said indica-
“tion. The signal recordings of FIG. 5 consist of a series

- of gating signals SCN pr ovided of equal length and
- equal spacing along the recordmg member if the scanned

arca A—C’ is rectangular and if the borders of said scan-
‘ned area are parailel to the borders of the image field
JF. Each time the beam scans path ST and crosses the
in the

amplitude of the picture signal. If the background area

to the right of image area AC is the same light intensity

said gate.
| signal such
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as ‘the area on the left side of AC, said picture mg*ral .

will exhibit the same amplitude generatod before scan-
ning AC when the beam sweeps past the tramng edge E2
of A-C. The area AC ma,y represent any - optical
- phenomencn, such as a cutout in a panel, a component
- assembled on a device having a general surface of differ-

- ent oolor than AC, the crossoctron shadow or end view

of an object, one object or area m a ﬁold of rnany such
as illustrated by AB and’ AC. .
If the area AC of FIG. ¢’ is posrtronod in a known po-

 sition in the field IF, and it is required to measure or

indicate only the positions of similar shaped areas in

either the PB signal or CS—1 srgnal in- predetermined
relative positions, one after the other is recorded thereon.
The CS signal may be passed, as described, to the switch-
ing input of a normally off gate G-2 after being repro-
duced by reproduction transducer PU-3. When swiich

- G-2 is closed by the signal reproduction of the CS re-
25

cording passed thereto, that part of the PB signal pres-

‘ent at reproduction head PU-2 will be passed through
A particular segment or segments of the PB

as the segments producod dmrg the beam
scanning of a particular areca in the image field may
thiis be gated and passed to a circuit CK which is adapted

to operate in a predetermined manner on said gated
‘segments of the reproduced picture signal, by means of

_the gating signal or signals recorded on track C-3. The
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- gated by multiple pulse sicnals on C-3 of predeter-

circuit CK is provided to perform one or more of a num-.
ber of functions on the gated segments of the PB sig-
nal passed thereto. T1f segments of the PB signals are

' mined length and posrtroned such that said gated seg-

40

ments correspond to the picture signal sections gen-
erated during the video scanner sweep of a particular

" area of the total field being scanned, then functions such -

other acanned image fields, then the signals tobe recorded |

on channel C3 of FIG. 5 may be obtained by placing

45

a mask over the areas AA and AB of essentially the same

- light charaotorrstlc as the backnrouod of said ﬁeld s¢an-
ning the field IF with"a video image scanmfrg camera

 such as a Vidicon or Iconoscope tube passing the fesult-
~ ing picture signal to a clipping circuit such as CL-2 of

. FIG. 4, and recordmg the output of said clipping circuit
~ onthe magnetrc tape 19. )
 to start or trigger the beam scanning the field IF. Hence
. the phenomenon to be measured is recorded and may be

~The recorded signal S1 is used

- reproduced at the correct instant so that the signals SC1,

--'parts of tho pmture s1g*13.1 PB gﬂnelated during soanmng

After effecting
- said enlargement of the image area AC and maskmg of

~ the areas AA and AB, so that the background of image -
S ﬁﬂd IF is ossemla.lly of one hﬂht charactorrstlc Wlth

. SCN may be used to gate only those

Tn order to genorate and -
60
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 cording head RH2 positioned to record onto channel
- 'C-2 the modified section of the video signal.
“constant of delay line D-CX is preferably such that

- the start of the signal segment CK arrives at the record-
55

~ds amplification, attenuation or erasure of said gated -
‘Ssections may be effected by the circuit CK which will

produce a. colrespondmg change in the image gonerat{-:d-_ |
by said signal if used to- modulate the writing beam of
a video picture tube to create a still image on the screen
of an image tube. The output of CK, which provides

~ a modified segment or segments of the vrdeo signal PB,
is passed through a delay line D-CK and then to a re-

cording amplifier RA-CX operatively coupled to re-

The time

ing head RH as that point-of the recording member 10

'Whrch ‘was present at the repr oduction head PU-2 when
1s- adjacent RH.
While it may be advantagecus to reoord the reproduced - - -

said segment was first reproduced,

and medified- segment of the PB signal gated by the

signal or srgnals on track C-3 directly over the recorded -

 section of the PB signal from which it was reproduced, - =
" for certain- functions it will be necessary to-erase the
‘section of the PR signal from which the output of CK
‘was produced.  To effect this function, the signal re-

5 produced by PU-3 is also passed through a delay line

D3 and then to the. swrtchmg input of a normally open

. electronic gate G-E which is adapted to complete a cir- =

- cuit between a power supply PS and magnetic erasuro .

:.i'_':'_:;'fﬂ;_'trarrsducmg device EH such as a magnetic -erase head
o
_mput

as long as said CS s1grml is present at said switching

 gized to effect erasure of the track C-2 only dormg the '_
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"""trmo interval when that part of the PB signal which

was reproduced by PU—-—Z ard gated through Gz to CK

o The delay line D3 is of such a time constant that - -
~ the erasing transducing apparatus EH and head is ener- =
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is aligned with the erase head. The modified signal passed
through the circuit CK will then be recorded on an erased
section of the channel C2 in the exact position previously
occupied by the original gated section of the reproduced
signal.

The apparatus of FIG. 6 may also be used to perform
functions which are commonly employed in still or mo-
tion picture photography, such as: (@) fading or blank-
ing or erasure of a particular area or areas from a pic-
lure or image field such as is commonly done in re-
touching a photograph, (b) fading or reducing the image
Intensity of an area or areas of the total image field
being scanned and reproduced, (¢) increasing the bright-
ness or amplifying the image of a predetermined area
or arcas of the total image field being scanned and re-
produced, or (d) recording a second image signal over
a particular area or areas of an image field.

In order to effect the last function, that of recording
a new signal or signals on a series of lengths of the
recorded picture signal to effect the production of a new
image in said image field when said picture signal is
used to modulate the write beam of a video storage or
picture tube, it will be necessary to obtain said picture
signal by reproducing it from a recording device.

FIG. 6 also shows means for effecting this action of
recording a new picture signal onto a particular length
or lengths of the channel C-2 between the leading and
trailing edges of the PB signal already recorded thereon.
Said recording arrangement comprises a video storage
tube ST having an input W-1 energizable for writing
a video signal into the storage element of said tube and
a reading output R-1 on which is generated a reproduc-
tion of the recorded video picture signal when a trigger
pulse is received at read beam trigger input R-2. The
trigger input to R—2 may be derived from A-3. If the
storage element of ST is capable of producing a signal,
when scanned by its read beam which, when recorded
on 1¢ of FIG. 6 as said recording member is driven at
the same speed in which PB was recorded, it will pro-
duce a recording having the same length as recording
PB, and if the image area in the storage tube recording

clement is located along the same coordinates of the

storage tube’s storage element as in the field scanned to
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generate PB, then the signal segments for affecting said

Image area may be recorded onto the correct lengths
of channel C2 as follows. The signal S-1 is reproduced
by a reproduction head PU-1 as the leading edge of
picture signal PB first passes reproduction head PU2
and is repreduced and passes to the trigger input R-2
of ST. The read beam of ST starts its sweep and the
resulting output signal thereof is passed through a gate
GT which is normally open and is closed when a signal
1s present at its switching input which is connected to
A-3. A delay line D-T is provided between A—3 and
GT to account for the time required for triggering the
read beam and it is assumed that the S—1 signal is pro-
vided In a position to permit the reproduction of S1 to
trigger ST to provide an output signal therefrom at the
instant the leading edge of signal PB passes head PU-2.
This lag if any, can be also accounted for in delay line
DT’ which is connected between GT and the recording
amplifier RA-2 for recording head RH-2. The record-
ing amplifier RA2 is positioned where RA-CK is con-
nected to delay line DT and recording head RH—-2. The
time delay constant of DT’ is such as to delay the pas-
sage of the signal from ST a sufficient time to permit the
tape 10 to travel the distance between PU-2 and RH-2.
The gate GT is utilized to blank out all parts of the
signal transmitted from ST except those of equivalent
length and reproduced when the signals CS on C3 are
reproduced, |

In FIG. 7 a series of gating signals SC1, SC2, SC3
.« . OCN are provided on channel C3 of magnetic re-
cording member 16 adjacent a video picture signal PB,
which as in the other hereinabove described examples
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may comprise a composite video signal with picture,
blanking and horizontal as well as vertical sync pulses
provided therewith. Each of said SC signals are of a
particular length and are recorded spaced apart in posi-
tions relative to said PB signal such that they may be
used, when reproduced simultaneously therefrom with
said PB signal, to gate particular or predetermined
lengths of said PB signal which were generated when a
video scanning camera beam scanned across a particular
area or boundary in the image field being investigated.
If an object or surface is prepositioned in the field being
scanned such that a point or points on the surface of
the object are at predetermined coordinate positions in
the scanned image field, then a particular area or areas,
determined by said multiple gating signals SC, may be
investigated to determine if smaller areas, spots, lines
or the like of different light characteristic than the back-
ground of said selected areas exist therein. For example,
surface defects such as scratches, marks, holes, discolora-
tion, and the like which appear as images of different
light characteristic than the general surface due to
shadows, change of reflectivity or greater absorbtion of
light, will cause a variation in the amplitude or frequency
of the video picture signal when said surface is scanned.
If PB is a composite video signal recorded on channel
C-2 or if other areas of the field being scanned are of
equal or greater light variation than the surface defects
or image phenomena being investigated, the gating signals
SC may be reproduced and employed so that such phe-
nomena will not confuse the functions of measuring,
counting or of otherwise determining the existence or
extent of such defects, since said SC signals may be used
to gate only sections of the picture signal PB generated
while scanning the area of the image field in which said
defects or phenomena to be measured occurs, to the ex-
clusion of other areas of said image field.

In FIG. 7 the SC signals are reproduced by head PU-3
and passed to one input of a logical AND switching cir-
cuit AN2-3. The picture signal recording PB is re-
produced by magnetic reproducing head PU-2 and passed
through a reproduction amplifier A-2 to a clipping cir-
cutt the output of which extends to the other input of
ANZ-3. The clipping circuit AN2-3 is adjusted in clip-
ping level to detect the image phenomena or surface
d'efects in the area determined and gated by the SC
signals for investigation. Whenever both signals from
CL~2 and A3 are present at AN2-3 an output signal is
produced therefrom. Said output signal may be utilized
m one of a number of manners. The presence of such
an output signal may indicate a defect or undesirable
characteristic of the surface being scanned and may be
used to energize a relay which may effect one or more
of such functions as the ringing of a bell, or energizing
of other types of alarms, the stopping or starting of a
SCIVO motor or actuation of a solenoid for rejecting or
transferring the part being scanned, or the pulsing of a
counter. It may also be desirable to count the pulses
passe’’. from AN2-3 in a counter such as TC, which may
contain circuit means for emitting a pulse therefrom for
control purposes if a predetermined count is exceeded
during the passage of the entire PR signal. Notation AM
refers to an alarm trigeered by an output from TC.

FIG, 8 is a schematic diagram illustrating signal re-

eording and reproduction means including control cir-

cuits for automatic dimensional measurement. Means
are provided for automatically and rapidly determining
if a dimension in an image field, such as the distance
between two surfaces, which is discernible by variations
or inflections in the light or color of the image defined
at the limits of the investigated dimension, is positioned
in a particular or predetermined area therein and is of
the same length as a standard or comparative dimen-
sion. - Said comparative dimension may be the length

of or distance across a similar component or area con-

forming to a given dimensional standard, such as pro-



' fication.

. 37 | -
vided across an article of manufacture which is dimen-
sionally acceptible -and conforms to p1ee1se dimensional
measurements according for example to engineering speci-
Measurement and position of the dimension or
dimensions being inspected and compared is accom-

B plished in FIG. 8 by use of a video picture signal de-

- corde ed on mher than the illustrated magnetic record-
©Ing members.
| _plaeed by . a deﬁeetmn controlled’ camera scanning the

~ the object or area being
- assumed that said picture signal PB may be recorded
or otherwise provided whereby it may be passed to a

rived by video camera beam scanning the surface of
measured or compared.

measuring circuit or circuits at a time whereby the gen-
eration of said signal is synchronized to the reproduc-
tion of other gating and position indicating signals re-
corded on a magnetic recordmg member.
above described video measuring and control techniques,

one or more video picture signals are recorded on a

In the herein-

o

it is

10

15

magnetic recording member in a precise position rela-

tive to one or more control or gating signals so that
said other signals may be reproduced to gate particular

lengths of the video signal and to indicate the position
~of particular points or areas in said video signal.
 to be noted that the same results may be attained by
'recordmg the video pICtLI‘E signal on any oiher medium,
- such as on the surface of a storage tube provided that
it can be repmdueed therefrom in a manner whereby

it is synehremzed in time to the genel ation of said other
| This may be accomplished in the arrangement
- of FIG. 1 for example, by reproducing the frame indi-

cating or sync signal S1 and employing said signal to

trigger the sweep of the “read beam” of a storage tube
 to provide said video picture signal on an output circuit
. at the same instant that it will be reproduced from a
‘recording on a magnetic recording member adjacent the
- other signals as described.

It 1s

signals.

nals of the other figures including FIG. 8, may be re-

Said video storage tube may also be re-

Similarly, the picture sig-

20

30

- area A-C may vary from its specified position.
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te- elseummate between the dlffe1ent areas of 311111131 of

‘nearly the same light intensity, a signal CS-3 on chans
- nel C-3 is prewded to gate only that part of the video
~signal which is produced when the beam scans the area

A~C or a particular portion theréof, which is the par-

ticular area to be investigated or measured. Recorded
signal CS3 has a lencrth “L” which is derived during

scanning the distance “L” illustrated in FIG. 8’ which
extends across the rectangular area A-C and includes a
brief distance either side of A—C but not so far as to
'pesmbly overlap the other areas AA and AB. The area
A~C is shown as rectangular having side borders which
are parallel to the borders of the total image field IF.

"The dimension of “L” will be determined by the de-

gree that the patch area A-C may shift in position from

~one sample or area being inspected to the next and the

closeness of an adjacent area such as AB which would

- cause a similar variation or inflection in the video sig-
“nal genereted during scanning AC which would cause

an incotrrect The

measurement or prevent measurement.

“dimension D represents the width or length of that part

of an acceptible or standard area AC which is crossed
or scanned by the video camera sweep beam. In FIG.
8, D represents' the required or specified width of A-C

- and is shown in FIG. 8 as a distance between a center-
~line drawn through signal CS4-1 and signal ‘CS4-2.

The
tolerance or accepted degree that the leading edge EX -
of the area A-C may be shifted from its specified posi-
tion, may be indicated by the length of the signal CS4-1
and the acceptible degree that the trailing edge E1 of

It may
be indicated by the length of the signal CS4-2. Thus,

" the distance between the center-line of CS4-1 and the

leading edge of CS4-1 may be considered a plus toler-

ance and the distance from said cesterline to the trail-
ing edge of CS4-1 may be considered a minus toler-

ance as defined in conventional measurement practice.

image field bemg investigated such that the v1deo scan-

‘ning beam is triggered to effect a conirolled scan by
the signal reproduction of the sync signal recording S

on track C-1. In FIG. 8 the article or surfaee being

40

investigated is located relative to the video scanner such .
that the image presented to the optical system of said

'seermmg apparatus is of a predetermmed scale. and- is

aligned in said seanmng field in a predetermined  posi-

* tion so that comparison can be made by ‘the reproduc- . -
~  tien of said pre- -recorded multiple gating and switching
- signals at predetermined intervals during the reprodue-.

*'-"_uen of said video picture- signal.

edjaeent $1 on a second: track C2. -A third and fourth

signals CS3 and Cod are recorded on tracks C3 and C4.

- respectively. For mieasurement of a pertlcular length

~ or distance in the video image field, the signals on track
. C-4 comprise two signals CS4-1 and ‘CS4-2 which rep-

-~ resent the end limits of the dimension or length being

. measured. CS4-1 for example is positioned relatlve to
- the PB signal such that it will be reproduced therewith
- and with an associated length of said PB signal whleh'_ ”
- is generated when the video: camera Seanmng beam’ CrOSSes
- .that part of the aceeptable or standard image in the

.7 scanning field which is"located at one
. _:-_'_'S"ion being cempared Referrmg now {o FI1G. 8 |
= _tm i the srgnlﬂcanee of the spaumg, positions end lengths' o

end of the dimen-

01. the gating signals of FiG. 8, it is noted that in FIG.

S 8’ the1e is prewd d a 1ee1mngular 1mar-g ﬁeld IF which
| 386 ﬁe?d BF multlple bleek' 70
S or dark areas denoted A——A A-B, A-C are located on
e bnght or- white background B-—B such that each of--_”
 said areas or.patches wiil efiect when scanned; a varia-
S tmn in amphtude in the Vldeo ple;.ure swnal

A semnmg beam

Ill Sald 1

65
’ to1llus-

In orderr_ |
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' 50
- In FiG. 8 multiple 1gnals are shown recerded on meg— o
netic reemdlﬂg member 10 mdudmn a sync signal S1

for locating a Vldee picture signal PB which is reeerded'

~These dimensions are respectively referred to in FiGsS.

§ and 8" by the letter notations 4T and —T. The

| length of CS4-1 is equwalent to 2T, the dimension or

length of which, as stated, is determined by the speed
at which the. plc:ture signal generating -beam IS scanning

‘the image field and the acceptible variation of said area
from a desired or spee1ﬁed point or line in the mmge

field. If the area A—C has within its borders, image

- characteristics which would interfere with the cernpansm— |
_measuremmt functlen the gating signal C5-3 may be
- provided as two or more signals falling suil

iciently on
both sides of the centerlines of the CS4 signals to permit
Lhe eemearatwe measurement to be- effected. -

In FIG. 8 reproduction heads PU-1 to PU—4 pass

'51gnels reproduced from their respective channels as 10
-moves relative thereto, to respective reproduction amph- .

' fiers A-1 to A~4. The reproduction of the PB signal is

55

‘passed to a clipping circuit CL2, which is adjusted in
clipping amplitude or level te produce a SIgnal output

. therefrom when the increase or deerease in amphtude

60

~ caused by the sweep of the camera beam is moving across -
 the edge of area A--—C appears in the reprodueed signal -
PB. The appearance of this signal at CL2 thus indicates” = -
~ the- pomﬁen of the leading edge of the image area AC
- being cempared ‘The reproduction of signal CS3 is
- passed to the switching: mput of a normally open, mono-= -
~ stable gate or switch G2 to maintain said gate closed and
"""eomplel,e a4 circuit - while said reproductlon of CS3 is™ .
passed therethreugh The output of CL2 is passed to a -
Schmidt circuit CM which is a cathode coupled multi-
* vibrator hawng an inverter at the output of the mutiz . -
Said Schmidt circuit will produce a short pulse
‘output each time a signal at its input inflects a predeter- =
mined degree in amplitude. For example, if an ejongated
puise is passed to'CM, the leading edge of said pulse will -
" cause a short pulse to be produced at the output of CM -
- and the trailing edge of said pulse will cause a second
:_shert pulse to be produeed at smd output Thus 1f the”' S

vibrator,
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clipping circuit CL2 produced a signal of a given dura-
tion generated as that part of the reproduced PB signal
which was produced as the scanning beam scanned across
an arca such as AC in the 1mage field, of a different light
intensity or color than the surrounding field, the distance
across said area along a specific scanning line of the scan-
ning path STL may be determined by measuring the length
of said signal or the distance between the two points
where said picture signal PB changes in amplitude. If
the area AC provides, when so scanned, an increase or
positive inflection in the picture signal, then CL2 will
produce an output signal whenever its 1put is energized
by that part of the picture signal generated when the beam
crosses from border to border of AC. The Schmidt cir-
cuit CM will produce short pulses when the leading and
trailing edges of the signals from CL2 arrive thereat. The
gating signal CS3 will determine which of the sweeps
across AC will be used for measurement and will prevent
the passage of signals produced by CM as the result of
scanning the other areas AA and AB in the field IF. The
output of Schmidt circuit CM is passed to one input of
a logical AND circuit AN2-4 the other input of which
is connected to the output of A4. The output of CM 1is
also passed through a delay line D2 tc the input of a
logical NOT circuit N2, the switching input of which i1s
connected to the output of the AND circuit AN2—-4. D2
is provided to account for the switching time of AN2-4
so that, if a pulse is produced at the output of CM at the
same time that CS4 is being reproduced, it will not pass
through the NOT circuit N2 but will be stopped by the
appearance of a pulse generated by AN2-4. When there
is no output from N2, the leading edge and/or tfrailing
edge of A-C falls within the area or position indicated
by CS4-1 and CS4-2. If the pulse should be produced
from CM when there is no signal output from A4, the
AND circuit AN2-4 will not produce an oufput and said
pulse will pass through the NOT circuit N2. The output
of N2 may be connected to one or more of a number of
electrical devices such as a relay or recording head. The
relay RE may be used to activate a warning signal gen-
erating device, stop a machine, effect a visual or magnetic
recording, send a signal to a computer, etc. A simplifica-
tion of the recording arrangement and apparatus of FIG.
8 involves the elimination of the signal CS3, its reproduc-
tion apparatus and the gate G2. However, the channel
C4 must be noise free and cannot contain other signals
which would give a false indication of the condition of the
PB signal. If the recording member 10 is a magnetic drum
or closed loop tape, it may be rotated or travelled at con-
stant speed and may be used to repeat the described com-
parative measurement by either intermittently recording
and erasing a PB signal of the phenomenon being meas-
ured from 10 or providing said position indicating signals
CS at time intervals and synchronized to the generation
of a video picture signal generated in scanning said
phenomenon. The signal S on channel CI may be used
to trigger the sweep of a video camera scanning device
to start producing said picture signal at a predetermined
instant when a particular length of the recording mem-
ber 10 is passing the reproduction heads or is in a pre-
determined position relative to said heads during its travel
so that a similar effect will be attained as obtained in
recording said signal on a specified length of said member
19 relative to said other signals and simultaneously repro-
ducing said signals therefrom. |
FIG. 9 illustrates means for automatically measuring
a distance or distances between points in a video image
field such as the distance between two coordinates where
a scanning line STL crosses the borders of a particular
area in said field or the borders of two predetermined
or specified areas. As an example of such measurement
reference is made to FIG. 8’ in which is shown a rec-
tangular image field IFP’ having an area or patch AC
therein characterized by a different radiation or light

intensity than its surrounding field area. To simplify the
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description, the sides or borders of AC are parallel to the
borders of the field IFP’. The width D of AC may be

automatically determined by automatically measuring the

length of that part of the picture signal produced during
scanning the width of said area, or, assuming that scan-
ning speed is constant, determining the time 1t takes for
the beam to travel from one border to the other. If it 1s
known how long it takes for the scanning beam to travel
a unit distance across the area or surface AC, then the
width or any predetermined dimension of AC may be
measured by timing the interval it takes for points in or
portions of the picture signal generated by such scanning
to each exist in or arrive at a measuring circuit. The
actual distance D, provided that the area AC is of a
known and predetermined scale in IFP’, is obtained by
multiplying the time it takes for said beam to sweep
across said area by the proper time constant which may
be derived if the speed of scanning is known and the time
it takes for the scanning beam to sweep or travel a unit
distance is determined. If the picture signal generated
in scanning the field is recorded on a magnetic recording
member 10, as shown in FIG. 9, while said memober is
driven at constant speed, then distance D may be deter-
mined by accounting for the speed of said tape, the
time interval between the reproduction of that segment of
the PB signal generated when the scanning beam crosses
the border E1 of AC during a single line scan and tl}e
reproduction of that segment of PB generated when said
beam crosses the border E2.

FIG. 9 shows means for effecting a measurement where-
by the picture signal PB derived by scanning field IFP" is
recorded in a predetermined position on a magnetic re-
cording member 10 relative to multiple gating signals C53
provided at predetermined positions on channel C3 and
CS4 recorded on C4. As hereinabove provided, PB need
not be so recorded if it may be generated in a measuring
circuit such as that illustrated in FIG. 9, at a predeter-
mined time relative to the generation of the other illus-
trated signals. Whereas in FIG. 8 the length of a short
pulse signal on C4 determined a tolerance range for the
position of a line or border image in the field, in F1G. 9
such a positional tolerance is determined by the positions
of the respective leading edges of signal recordings CS3-1
and CS4—1. This is effected by passing the output of re-
production amplifier A3 which is the repreduction of re-
corded signal CS3-1, to an input of a dual input AND
circuit AN23, and the output of reproduction amplifier
Ad to the switching input of a normally closed mono-
stable gate or NOT switch N2 which is switched to open
when a reproduction of the CS3-1 signal is present there-
at. Thus, if there is an input to N2 resulting from a pre-
determined change or characteristic of signal PB being
clipped in video clipper CL-2, there will only be an out-
put from AN2-3 if CS3-1 is being reproduced but not
(CS4-1.  The positions of the leading and trailing edges
of CS3-1 and CS4-1 thus determine the folerance range
of the position of the border of the area or other optical
line phenomenon being measured. It is noted that
CS3-1 of FIG. 9 has the length equivalent of L in FIG.
8’ and C&54-1 the length equivalent to L minus 4T where
T is the distance in the field IFP” along which the border
of AC may shift either side of a normal or standard po-

sition without falling outside of a desired tolerance range.
The signal CS4-1 of FIG. 9 has the effect to blank and

prevent transmission to ANZ3 of any signal generated in
scanning the area or areas being measured, which may

be reproduced when a portion therecof falls beyond the
limits of the inside tclerance limits. Thus, any image
areas situated within AC which would confuse or prevent
measurement are eliminated from said measurement, if
area AC has areas within its borders similar in intensity
to IFP’. CS54 may be so positioned on the recording

member and of a length to prevent the passage of any
signal from the clipping circuit which will produce an

output and interrupt the signal passed therethrough while



- Imeasurement,

~ . times during an automatic measurem..,nt cvcle.
- are - also provided for. effecting the selection of one of .a
- multiple of outputs KI to KN over which to gate the re-
- sults of measurement, and it is noted that a number of
‘other functions may also be automatically adjusted by

reproducing prerecorded signals from member 10. For
example, the degree of amplification or attenuiation of all .

41

CS3 is present to ther eby pmduce variations or multiple

8,081,879

~pulses in the output of AN2-3 which will switch the flip

- flop FC. For example, the area across which it is de-

- sired to effect a lineal measurement may not be an area

~  void of interior images such as AC of FIG. 8 but may .

be an annular area, or an area hwmg changes or iafer-
‘ruptions such as LA’ in the composifion of the image
pattern within its borders which changes will cause varia-
- tions in the picture signal which will confuse or prevent
To effect dimensional measurement by
~ scanning, as described, it is necessary to block any output

from CM 1o the measurement apparatus illustrated which
is not a pulse generated by the signals produced at lead-
- ing edge and trailing edge of the border of the area being

~scanned for dimensional measurement. The position of

- signal CS4 is such that, when reproduced and passed to

10

15

a logical NOT circuit, it will prevent the cutput signal
from CM produced during the same time interval as CS4

18 generated from passing to the AND circuit AMN2-3.
This is effected by connecting the output of amplifier A4
to pass the reproduction of the CS4 signal or signals to
~the switching input of NOT circuit N2 thereby discon-

— - necting or breaking the circuit between CM and AN2-3.

Also illustrated in FIG. 9 are means for automfitlcally

ad]ustmg certain of the c1rcu1t variables such as the clip-

: ‘ping level of the clipper CL2. This may be eﬁected auto-

- matically without manual adjustment by the provision of
- one or more signals recorded on said recording member
In positions to be repmduced to. effect the desired adjust-

ment by controlling a servo motor coupled for pr(md-
- ing said adjustment. =

FIGS. 9 to 12 illustrate means for au omatlcally ad-

| ”]ustmg the chppm-tr level of CL2 one or -a number of

~or part of the picture signal may be adjusted by recordmg
one or more signals on channels C5 to CN of the member
- 19 in positions to be- repmduced and eff

cycle.

‘a zero set condition for a predetermined time to position

-+ the shaft of a variable resister, ‘capacitator or inductance
- . a predetermined adjustment.
. duration pulses reproduced from a single auxiliary chan- -
- nel'may also be passed to a solenoid for stepping a. switch
. to aselected position to select one of a plur ality of out-
: put cu cuits on which to transmit the results of measure- 55 o
~circuits for effecting or performing various computing, re- =

“A series of equi-spaced-

ment.. A digital cede recorded- either in series or in
_palallel on multiple of said = mmhary channels may be
- passed to the input of a digital to analog converter or

potentmmeter or rotary switch. 1In FIG. 9 servo motor

 potentiometer Rg in the grid-cathode circuit of the clipper
CL2 to effect, a predetermined adjustment-of the poten-

.+ tiometer shaft by means of a signal reproduced from C8.

- In FIG. 9, a motor SM is controlled by forward and re-f

~ verse controls F and R which are energized by signal
~ produced from channels C8 and C7. Thus if mes
19 is driven at a predetermined and constant speed past -
_'the mproductmn heads, the length of a signal recorded

S ‘said member will be equal to'a specific time said signal
. .exzsts in the output of the respective repmductmn ampli-

A signalof a p&rtlculdr duration recorded on chan- |

fiers. .

ect the required
~ adjustment or control prior to or during a measurement

If record member 10 is driven at constant speed,
. the duration of a signal recorded on and repmduced there-.
~ from prior to or during the reproduction of the picture

- signal PB, may be employed to drive a servo motor from

1ber :
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'which' is used to preée’t or 1o prede

42 __ o
ermine the clipping
level of clipper CL2. -This may be effected by controlling

- said motor to positionally control the shaft of the poten-

tiometer Rg in one direction by signals reproduced from
channel C7 of 16 and in the other direction by signals re-
produced from channel C8 the reproduction amplifier A8

~of which i1s shown operatively connected the forward

drive control F of servo SM as shown to preset the shaft
of the variable potentiometer Rg in the grid-cathode cir-
cuit of the triode tube 6J5 of the clipper CL2 as illus-
trated in FIG. 10. A signal recorded on channel C7 may
be of such a length to reset the shaft of potentiometer to
zero as shown in FIG. 11 after which a signal reproduced

from C8 and fed to the forward drive control F of motor '

SM may preposition said shaftto adjust the potentiometer.
In FIG. 11 a limit switch LSW is shown adjacent a zero

-stop pin SMS which, when actuated by the brush arm BA
of the variable potentiometer Rg, is adapted to stop

motor SM -at a reset shaft position. For conventional
video apparatus, variable potentiometer Rg has a range
of 500,000 ohms to 3 megohms pernlttmg any prede-
termmed level of video amplitude in the picture singal
range to be chpped accordmg m the settlng of sa1d shaft
RPS.

A second method of presetimg the potentiometer Rg is

‘to record one or more digital codes on one or more chan-

nels of 19, reproduce these at a particular instant during
the reproduction of the picture signal recording PB or
prior thereto and use said code to effect the angular posi-
tioning of said shaft. FIG. 10 illustrates apparatus for

-effecting such shaft positioning by means of a digital to =

analog converter DAC. The input to DAC may be a

~ series or paralle] digital code reproduced from recordings

“Means  on the tape 18. The digital to analog converter consists

4.0

from AS, and a setting unit DAC”.
DAC" p051t10ns the shaft to the number of revolutions

of a control unit DAC’ for receipt of said digital input
‘The setting unit

and fractions of a revolution determined by the coded sig-

- nal input reproduced from recording member (8. The =
-outpﬁt shaft of DAC" is coupled by gear means GR to
the shaft of the variable resistor Rg, the settmg of whlch .

- determines the cllppmﬁf-level of CL.-

45 The output of Plllae: counter CT is connected to the mput S
_ of a multi-output selection switch referred to by the no-

tation MC which is a rotary stepping switch capable of at-

Also illustrated in FIG. 9 are means for automatmally -
selpctmg ene or more circuits over which to gate Infor-
mation derived from the measurmg operation described.

taining one of a particular number of smtchmﬂ positions |
as predetermined. by pulse signals provided at an input
ST thereto. A signal to a resetting input RT resets said

- switch to a zero switching position.

~The ocutput of counter CT, which niay be a dlgltali-'*

~pulse or pulse train indication of the count, may be passed
‘to one of a number of computing, recordmg or control

cordmg or control functions. In FIGS. 9 and 12, means

- are shown for automatically gating the ‘output of ST to

- shaft positioner which is adapted to adjust a variable

70

| 60
—-SM is coupled through gears GR to the shaft of a variable

the comumatioﬂ Gf a solenoid SCL operative when its in-
: "_'p"”t 18

- cne of multiple circuits X1 to KN, - Signals recorded on
~ Tecording member 19 are used to select Wthh of the cir-
Et is noted that this
- means may also be employed o gate segments of the pic-
- ture signal PB to orie of a plurality of diff
- to gate the OLtth of any of the other illustrated devices -
- such as clipper CL2, or Schmidt circuit CM to one of

mul’uple c1rc111t.: for 1ecordmg, _measurement or comput—-'
- ing purposes.

cuits the omput of CT will pass to."

—

erent circuits or

. The notation MS refers to a multlple Cir=-
cui t mtary switch having its 1nput csnnecred to- counter

In FIG: 12, switch MS 18 111ustrated as comprising

ulsed, to actuate a ratchet and pawl mechanism

~ RP tos tep a shaft RPS to move a pt:}ff:nuemezer elecmcal”-'

nel CS will maintain the .control F of motor SM ene... gized

. _' --ff{:sr a parhcular time wnereby the shaft of the SErvo motor;: N

wiper arm RPW to the next switching posmen

amphﬁe,:. AS II RPS 18 reaet to a zem p&sﬂzmn tne num-

The in-
. put to sol anmd SOL is derived from the reproduction
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ber of pulses recorded on C5 will determine the position
to which RPS is moved and, hence, the switching of the
input to the selected output circuit. A servo motor MS,
actuated by a signal reproduced from channel A6 may be
used to reset or drive the shaft RPS to a zero position at
the end of the measuring cycle. It is noted that the elec-
tro mechanical switching means of FIG. 12 may be re-
placed by an electronic device such as a magnetron beam
switching tube with the input from A-S connecied to
effect the switching of said beam one switching position
each time a reproduced pulse is received thereby. 'The
hereinabove described means for effecting automatic
switching may also be used to gate a selected of a plu-
rality of signals or voltages to one or more selected cir-
cuits adapted to effect measurement of the type described
prior to or during the reproduction of the picture signal.

It is noted that the recording arrangement and measur-
ing apparatus of FIG. 9 is subject to a degree of varia-
tion without departing from spirit of the invention as
related to automatic dimension or posifional measure-
ment. For example, the pulses produced at the output
of the respective Schmidt cathede coupled multivibrator
circuit CM by the leading edges of the reproduced CS5-3
and CS-4 control or gating signals may be used to define
a measurement or tolerance range along a scanning line
in the field being scanned. If amplifier A3 is connected
to a Schmidt circuit CM it too will produce a pulse when
“the leading edge of signal CS—4 appeals. The first pulse
produced by the leading edge of CS-3 may be used to
start a digital timer of the type described and the second
mentioned pulse to reset said timer. A pulse or puises
produced by clipping and passing the picture signal PB
through a Schmidt circuit CM may be used to efiect a
binary digital code output from said timer which is In-
dicative of the location of said change in said picture
signal between the leading edges of said CS-3 and CS-4
signals. The leading and trailing edges of the CS-3 and
CS—4 signals may thus define the limits of a dimension
or proporticnal tolerance range. Also, the pulse counter
CT may be replaced by a digital timer of clock DIT of
the types hereinabove illustrated, and used to indicate by
a digital output therefrom where said change occurs in
said picture signal relative to said CS signals or to the
beginning of said picture signal. In the latter example,

the digital timer may be started by the reproduced signal:

S1, the first pulse oufput of AN2-3 or another signal
recorded on and reproduced from C1 or on any other
channel which signal is positioned in a predetermined
location relative to the picture signal PB and indicative
of the location of a tolerance range for the particular
image phenomenon being measured.

In FIG. 13 is shown an 1sometric view of an apparatus
for auicmatically scanning work-in-process and for de-
termining, by one of the means hereinabove described,
such phenomenon as (a¢) if the contour or shape of a
work piece conforms to a given contour or falls within
specified dimensional limits of a given contour, (b) if
a particular or predetermined part or dimension of said
work piece conforms to a predetermined dimension
and/or is positioned relative to other parts or areas of
said workpiece within given dimensional limits, (¢) if
predetermined image areas exist or do not exist on said
work such as production markings, components assem-
bled therewith, imperfections of components or mate-
rial, etc., (d) the actual measurement of a predetermined
or specified dimension across said work or across part
of said work, (e) other of the numerous functions com-
monly performed by visual or manual means or mechani-
cal measuring devices in inspecting or measuring work-
in-process or finished goods.

in FIG. 13 a means for conveying a series of articles
of manufacture past a scanning station SC-ST is pro-
vided and comprises a conveyor CV illustrated as an
endless motor driven belt but which may be any known
type of article conveyance. For the purpose of simpli-
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fying the description, the work or article W to be scanned

is shown as an oblong block or box-shaped solid with

a series of steps formed therein. Any dimension, across
the article such as the illustrated DI and D2 dimensions
extending across the first two steps in the upper face of
W, may be automatically determined by the means pro-
vided in FIGS. 9 to 12. The positions of said step-like
formations relative to one end W’ of W may be auto-
matically determined by the means of FIG. 4, or the
position of an area such as W1 which may comprise a
hole, formation on said part, or component assembled
therewith, may be determined by the means of FIG. 8.
The recording member 16 iliustrated in FIG. 14 com-
prises a closed loop tape which is continuously driven
in a fixed path at a constant speed for effecting said re-
cordings and reproduction relative thereto by magnetic
transducing heads RH and PU.

At a scanning station SC-ST, a video camera CAM
is fixed on a mount relative to the conveyor CV and is
focused to scan the surface WS of the work which faces
the camera when said work is aligned at a predetermined
position on said conveyor and the front end WE of W
is at a predetermined position in the longitudinal travel
of the conveyor. Simple means are provided in FIG.
14 for aligning the work W relative to the scanning cam-
era CAM although it is noted that more complex align-
ment means or fixtures may be needed depending on the
shape of the work, the characteristics of the scanning
device CAM and its optical system, and the precision re-
quired of the automatic measurement.

The work W travels in the attitude illustrated in FIG.
13 along the conveyor CV prior to reaching scanning
station SC-ST. The plan view of the apparatus shows
an alignment bar AB extending over the conveyor against
which bar the work W is pushed by a pusher bar B1
which is operated by an air or hydraulic cvlinder CY1
mounted adjacent the conveyor. Operation of CY1 is
effected when the leading surface WE of the work has
reached a predetermined point in its longitudinal travel
in the scanning field IF. A photoclectric cell PH and
photoelectric control PHC therefore are provided which
control transmits a pulse over an output circuit when
light from a light source LS mounted across the con-
veyor, 18 cut or interrupted by the work W as it moves
past. The interruption of the light source initiates the
action which prepositions W in the scanning field by
utilizing said pulse to activate a control for an air cylin-
der CY2 which thereafter projects an arm B2 across the
conveyor against which the face WE of work W comes
to rest aligning W in the field when bar B1 is projected
by cylinder CY1 to force face WS of the workpiece
against alignment bar AR,

The work W is thus essentially provided in a prede-
termined position relative to the scanning camera CAM
with the surface to be scanned, WS, at a predetermined
attitude relative to said camera scanning field. The out-
put of confrol PHC is thus passed over two circuits, 2
first connected to a control F of CY2 which is one input
of a solenoid actuated electro-mechanical flip-flop switch
which opens a valve and actuates the cylinder CY2 pro-
jecting the bar B2. The pulse. is also passed to a time
delay switch D2 and therefrom a pulse is transmitted
to the forward control IF of cylinder CYZ. The delay
period of D2 is such that B1 will be projected against
W a time interval thereafter which is sufficient to permit
the surface WE to engage and align itself azainst bar B2.
When workpiece W is so aligned, scanning of the field
by scanner camera or flying spot scanner CAM may take
place in such a short interval that B1 and B2 may be
retracted within a fraction of a second after B1 has
urged W against AB so that the conveyor CV need not
be stopped during the action. Thus CY1 is adapted to
automatically retract at the end of its forward stroke

and the return travel of CY1 may be used to activate a

Iimit switch which completes a circuit with a solenoid



G2, in the circuit of FIG. 4. |
| - the input of CL2.. ‘In FIG. 6 the output line FL3’ may

| - be connected to the output of A2, in FIG. 7 to the out-
; “'"}---'___phtpu., o*F AZ 1'1 FI
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" -closmw or opening valve to activate cylmder CY2 retraet— o

- ing bar B2. This latter action is acco
14 by delay relays D2’ and D2’ which provide pulses
for energizing the reverse controls of the flip-flop
switches controlhng fluid actuated cylmders CY1l and
CY2 to retract a short time after B1 urges W agamst AB.
- The scanning action is accomphshed as follows.

line D1 to respectwe time delay relays D3 and D4 and

the complement: mpu:. C of an eleetrlcal bi- stable unit or

B flip-flop switch FL2.
- "The pulse transmltted to smtchmg control C of ﬂlp-

flop switch FL2 switches: the picture signal output of

the video scanning device CAM over a circuit to the

'writmg or recordmg input WI of a video storage tube
STT. The image signal derived from scannmg the sur-

face of the prepositioned workpiece W is thus recorded

" ~on the storage element of the storage tube STT. The

- delay element D4 transmits a second pulse to C of
FL2 a time delay period after transmission of said first
pulse to eff

to a condition Whereby the cucmt between the scanner
and the storage tube STT is broken so that when the

| work member W starts movmg again after B2 retracts,
the recordmg in STT will have been effected. A delay'

relay D3 is provided with a time constant equal to that

- of D4 or greater to permit the picture signal to be read

into the storage tube STT before effecting the recording
of said picture signal on the magnetic recording member
18 in one of the manners hereinabove descrlbed or other-
“wise using said pleture as described to effect a measure-

. ment or comparison by reproducing it simultaneously with

wplished in FIG.

The
pulse signal output-of PHC is also passed through delay

. 485 -
FIG. 9 to the input of CL2. Recording on the member
10 has the advantage that said PB signal may be re-

~ scanned if the need be, reproduced  therefrom at any
- time after said reeordmg or operated upon to effect a

- desired change in said signal or in part of said signal.

"FIG. 15 is a schematic diagram showing a further

~ means for producing a first positive pulse when the lead-

~ing edge of an. elongated signal or pulse appears in a

- circuit and a second pulse output when the trailing edge

10

of said signal appears thereat. The circuit of FIG. 15

may be substituted for the Schmidt cathode coupled

multivibrator circuit CM of FIGS. 8 and 9. |
The “circuit of FIG. 15 includes a differentiating cir-

cuit DCT comprising a capacitator and resistance of very

15

20
ect the recording of the video picture signal
on the storage element of STT. . Thereafter F1.2 switches

- loop is shown from the output of SA to its input.
circuit CM- of FIG. 15 wiil provide a dual signal output,

25

30

signals generated by reproduetton from member 10 in

the manners provided in FIGS. 1 to 12. The output-

~ of D3 is passed to a ﬂlp flop switching circuit F1.2’ which
is a normally open switching means which, upon receipt

of a pulse from delay relay D3 closes for a predeter- |

mined period of time after which it automatically opens.

" .f.""-“-_The input to switch FL2" is derived from reproduc‘uon
amplifier Al

'.__beam to sweep the surface of the stolage element and

R produce an output therefrom which is a video picture

“signal. The output is passed to a recording amplifier

small time constant, in the order of 10—12 microseconds.
The input to the differentiating circuit is from the clipping
circuit CL3 of FIG. 8 or 9. ‘A summing amplifier or
integrator SA is provided in the circuit with three inputs
to its grid. - One input to SA is derived dlrectly from

a crystal diode D1 of the differentiating circuit DCT.
Another input to SA is from the output of a D.C. ampli-
fier inverter IN. The notation D2 refers to a second

erystal diode in the circuit of DCT and IN. A feedback
The

as described, when a prolonged swnal passes to its input.
I claim: |
1. Automatic scanning and eontrol apparatus oomp:rls-

ing in combination Wlth an electron beam scanning ap-

paratus including means for causing an electron beam

‘to scan an area of an image field in a single frame sweep

along a predetermined path in said field and to produce
a video picture signal of said seanmng on. an output of

said apparatus, an analyzmg means for inspecting a pre-

5 determined area of said image field by the analysis of

- that portton of the picture signal generatéd during the

45

scanning by said electron beam of said predetermined area
- of said: image field, said analyzing means meludmg an
~analyzing circuit connected to a gating means in the out- B
40
- When the reproduction head PU1 re- -
~ produces the sync signal S1 from channel C1 of recording

~ member 18, said S1 pulse is passed to read trigger con-

trol RT of storage means STT which triggers the read |
~ beam control of said wdeo storage tube and causes said

put of a circuit in which said picture signal is generated, .
- a variable programming means for controlling said gating -

~ means ‘whereby to prevent the passage of said picture

- signal to said anelyzmg circuit, said programming means .

- being synchronized in its operatlon for automatically

operating said gating means in predetermined time rela-
tion to the generatzon of said picture signal whereby to-

- switch in a manner fo pass to said analyzmg circuit only
| _that portion of said picture signal which is generated dur-

RAZ2 and reeorded on channel C2 through recording

- head RHZ in a fixed posmon relative’ to the signal S1 -
- recorded on channel C1. The trigger control RT com-

. prises a vacuum tube gate for changing, when actuated
by the pulse from A1, the potential of the read gun ele-

- ment of STT the desued voltage to efiect automatle read-

ing of the stored signal. The circuit between A1l and

~ least one cycle so that regardless of where the recorded

signal S1 is located when FL2' is first energized, the re-
~ production of signal S1 will pass through switch FL2’ to
o ' The output of FL2' is also
. passed to a time delay switch FL3 which is in the circuit
|  of the recording amplifier RA2 and the recording head
- RH2 which. mamtams said circuit closed for a- period of

I ‘ect recording on member 10 of at’
| ""-:----;,__:_;Ieast one c:omplete video frame: pleture signal.

| .. 'fa,_tel FL3 opens dlsconneeting the circuit between RAZ
_and RH2. -

RT before the switch opens.

time neeessaly to ef

s noted that. the p1eture s1gnal passed throuﬂ'h smtch

_’.i"i_.;:FL.:a may be passed directly to a computing circuit W1th-- |
~ out being recorded on the member 18." For example, in. 70

~* FIG. 3, the output FL3’ may be connected to the gate -

There- |

50

‘RT remains closed for a period to permit 10 to travel at

60 -

ing the Seannmg of sald pr edetermlned area of sald image

'ﬁeld

- 2. Automatm scanning and control apparatus in ac-
oOr dance with claim 1, said gating means having an elec-
trically operatwe switching mput said means for auto-__' |

~matically operating said gating means comprising a pro-

gramming means which includes means for generating
a pluraility of gatmg signals adapted for eWItchmg said

‘gating means, in predetermined time relation to each
other, means for conducting said gating. S1gnals to the
smtehmg input of said gating ineans, means. for syn-

chronizing the operation of said programming means with

the generation of said picture signal whereby only pre-
- determined sections of the signal derwed by scanning are-
| passed thr ough said gatmg mearns.

. Automatic scanning and eontlol apparatus in ac- -

eoroanee with claim 1, meludmg means-.for recording

said picture signal on a m’tgnede recording medium and
| "":for recording a plurality of gating signals on said medium

It may be connected to -

i predetermined posﬂtlons relative to said picture signal,

- a transducing means for reproducing said picture signal

from  said magnetic’ recording medium, a transducing
-means for reproducing said gating swnals therefrom the

- outout of ‘said picture signal reproductlon transduemg |
. means: bemg connected to-the input of said gating means, -

'-.'."the output of the gating sighal reproduction transducing

8 to the mp‘ut of CLB and 111 7 5 means bemg operatwely eonﬂeoted to- a SWItChHI“ mput-
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of said gating means, said analyzing circuit being oper-
atively connected to the output of said gating means, the
reproductions of said gating signals adapted to effect the
operation of said gating means whereby to pass only a
predetermined length of said picture signal through said
gating means to said analyzing circuit,

4. Automatic scanning apparatus in accordance with
claim 1, said analyzing means comprising a video signal
clipping means in the signal output of said apparatus
which is provided at a predetermined clipping level
whereby it will pass only those portions of the picture
signal which are beyond the range of said clipping level
to a further computing means.

5. Automatic scanning apparatus in accordance with
claim 4, said further computing means comprising in
combination, a magnetic recording medium having a
gating signal recorded in a predetermined position thereon,
means for moving said magnetic recording medium at
substantially constant speed past a transducing means for
reproducing said gating signal therefrom, means for syn-
chronizing the movement of said recording medium to
effect the reproduction of said gating signal therefrom at
a predetermined time relative to the production of said
picture signal whereby to effect the reproduction of said
oating signal during an interval of time a predetermined
length of said picture signal is present at said gating
means, said gating means adapted to be energized by said
gating signal to effect the passage therethrough of a pre-
determined portion of said picture signal to said clipping
means to the exclusion of other portions of said signal.

6. Automatic scanning apparatus in accordance with
claim 1, said analyzing circuit comprising in combination:

(a) a comparator signal generating means synchro-

nized in operation to the generation of said picture
signal and adapted to generate a comparator signal
at the same time a predetermined length of said
picture signal is present at said analyzing circuit, and
(b) a comparator means operatively connected to said
comparator signal generating means and picture sig-
nal generating means for indicating variations be-
tween said predetermined length of said picture sig-
nal and said comparator signal. |

7. Automatic scanning apparatus in accordance with
claim 6, said comparator means comprising a video clip-
ning means operatively connected to the circuit on which
said gated video signal is generated and adapted to pro-
vide on its output only those portions of the video signal
pated thereto having an amplitude beyond a predeter-
mined level, and means for indicating when the com-
parator signal and a signal passed by said clipping means
occur simultaneously. |

8. Automatic scanning apparatus in accordance with
claim 7, said means for indicating when said comparator
signal and the output of said clipping means occur simul-
taneously comprising a logical AND circuit having inputs
from said clipping means and said comparator signal
generating means, an output from said AND circuit being
indicative that the two inputs are each energized with a
signal. |

9, Apparatus in accordance with claim 8, which in-
cludes means for automatically indicating when the sig-
nal clipped by said clipping means does not appear at its
input to said AND circuit at the same time said com-
parator signal is present thereat which indicates that a
predetermined area of the image field being scanned is
not in a predetermined position therein.

10. Apparatus in accordance with claim 9, which in-
cludes means for automatically determining and indi-
cating the degree a predetermined area of said image
field is offset from a predetermined position in the field
being scanned.

11. Apparatus in accordance with claim 10, said means
for automatically indicating the degree a predetermined

‘area of said image field is offset from a predetermined

position in the image field being scanned comprising an
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automatic counting means adapted to become energized
if one of said signals is present at said AND circuit and
adapted to continue to operate until the other signal is
present thereat, said automatic counting means adapted
to indicate by means of a signal on an output thereof
the time interval between the appearance of the two sig-
nals at the AND circuit which is proportional to the de-
orce said predetermined area of said image field varies
from a predetermined position which is indicated by said
comparator signal.

12. Video scanning apparatus comprising 1n combi-

nation:

(a) a video beam scanner including means for con-
trolling a video beam to scan an image field in a
predetermined pattern which comprises a plurality
of closely spaced substantially parallel scanning links,

(b) said video scanner adapted to produce a picture
signal in scanning an image field, -

(¢) ‘means for generating said picture signal on a first
output circuit of said apparatus,

(d) said first output circuit being connected to the
input of an electrical gating means,

(¢) means for programming said gating means to oper-
ate in synchronization with the generation of said
picture signal at its input to pass through said gating
means only those portions of said picture signal
which were generated during the beam movement
across a predetermined area of the image field
scanned by said scanning means, and

(f) means for automatically analyzing the resulting
signals passed through said gating means.

- 13. Automatic scanning apparatus comprising in com-
bination:

(a) an electron beam scanning apparatus having means
for causing an electron beam to scan an area of an
image field and to produce a video picture signal of
said scanning on an output of said apparatus.

(b) means for analyzing a predetermined area of said
image field by the analysis of that portion of the
picture signal generated during the scanning by said
electron beam of said predetermined area of said
image field,

(¢) said analyzing means comprising a comparator
sicnal generating means which is synchronized in
its operation to the generation of said picture signal
whereby to generate a comparator signal of prede-
termined characteristic,

(d) said comparator signal penerating means com-
prising a magnetic recording means having said
comparator signal recorded on a predetermined area
thereof,

(e) means for reproducing said comparator signal
from said magnetic recording means for its synchro-
nized and controlled movement relative to a trans-
ducing means, |

(f) means for operating said magnetic recording means
whereby to effect the reproduction of said com-
parator signal therefrom during the reproduction of,
a predetermined length of the picture signal derived
by scanning said predetermined area of said 1mage
field, |

(g) an analyzing means in the output of said means
for reproducing said comparator signal and the cir-
cuit on which said video picture signal is generated
adapted for ccmparing the characteristics of the two
signals transmitted thereto and for indicating by
means of a further signal differences between said
two signals. |

14. Automatic scanning apparatus in accordance with

claim 13, said comparator signal generating means com-
prising a magnetic recorder and reproducer having a mag-
netic recording member having said comparator signal
recorded on a predetermined area thereof, said magnetic
recording member adapted to be driven at constant speed
relative to a reproduction transducer, means for synchro-
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 nizing the movement of said magnetic recording member

~ relative to said transducer whereby said comparator signal

" is reproduced therefrom during the interval a predeter-
mined length of said picture signal is present at said
analyzing means, said predetermined length of said plcture

. signal being that generated by said electron beam in.

movement between predetermined coordinates ‘in said

- image field, the path scanned by said electron beam be-

tween said coordinates adapted to normally vary in light
- intensity in a manner to cause a change in the character-
istic of said picture signal, said analyzing means including
means for automatically indicating said c:hange in said
picture signal by means of a further SIgnal

15. Automatic scanning apparatus in a,ccordance: with

claim: 14, said analyzing means including a switching

- AND circuit or the like, said picture signal adapted to

50
1nmcatmg when said signals are not gﬁ-nerated at the in-
puts to said AND circuit. |

- 16. Apparatus in accordance with clalm 15, including
means-for indicating the degree said predetermmed area
varies from said predetermined position in said image

- field by the measurement of the difference in time said

- for determmmg the measurements of a predeter
10

two signals appear at said analyzmg circuit,

17. An automatic scanning and measuring apparatus

ined
segment of an 1mage field being scanned, said apparatus

- comprising a beam device for selectively scanning said

15

~ be passed to a video clipping means, the field being

adjacent image field and which may vary from a predeter-
mined position in said field, said analyzing means includ-
ing means for indicating the variance of said image area

~ from: said predetermined position in the field being scan-
- ned, the 111d1catmg means including said video clllppmg-

means which is adjusted in’ chppmg levels to pass a sig-

: - scanned by said electron beam having a predetermined
image area therein of different light intensity than the

20

1image field and producing a picture signal of said scan-

ning, said beam device including means for producing

“a first signal when said beam device commences scanning

said predetermined segment and a second signal when
sald beam device completes scanning said predetermined
segment, timing means coupled to said device and adapted
to be energized and deenergized respectively by said first

and second signals whereby the output of said timing
' means indicates the time elapsed during the interval that

said beam device is scanning said predetermined segment,

25

nal therefrom only when scanning said predetermined

image area while- bl_ockmg that portion of the picture
signal adjacent said image area, means for synchronizing

the operation of said magnetic recording member with the

-movement of said scanning beam whereby to generate

30
~ said comparator signal when' said beam scans predeter-

mined coordinates in said field, said predetermined posi- N

tion of said predetermined image area being between said
predetermined coordinates, and means for passing said

] comparator signal and the signal generated at the output
- of said clipping means to said AND circuit which is
adapted to provide an output when both of said signals

- are simultaneously present thereat, thereby - indicating

35

| When said predetermined area of said image field is be- 40

tween said predetermined coordinates, and means for

and integrating means coupled to said timing means for
determining from the output thereof the distance travelled

by satd beam de*ﬂce while- lscanmng sald predetermlned
segment. - |
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