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o - 2159624 VI DEO MEASUR| NG
SYSTEM-The present invention relates to a video nmeasuring syste@}anﬁ&(@myul, dég
patticularly, to a fast, efficient, usertfriendly video measuring system

It is known to enploy a solid state TV canera for industri al process
control . For exanple, U S Patent No. 4,135,204 to Ray E. Davis, Jr. et al,
which is entitled "Automati c 3 ass Bl ow ng- Apparatus and Method" and is
assiwred to VIREQMEASURING SY8TEMesent application, discloses the use of
an anal og video signal to control the growth of a ther noneter end openi ng
blister in a hedih® PRESAL gl B¥entbenbyehatesotong wihdeot measurehg system
controlling the growth of the edges of the blister using anal og e@ge .
det ecti on t édithi qiRke particylanlynotd 2 ofesbl o9f&ichendt,susee-Tyieaddya in
a video inspection system For exanple, U S. Patent No 4,344,146 to Ray E
Davis, Jr. ef1%f° HrIRE P PEEBd " Vi deo | nspection Systent and is
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Iglslt a\éflniel €, 8 {He S FgiddTos DA pFEEAit VEDY1 1 BEEPERS! ¥8sBPEs¥E Yhe
e’ - use of an analog video signal to control the growth of a

thermometer end opening blister in a heated hollow glass rod
by monitoring and iteratively controlling the growth of the "
edges of the blister using analog edge detection techniques.
It is also known to employ a solid state TV camera in a video
inspection system. For example, U.S. Patent No 4,344,146 to
Ray E. Davis, Jr. et al, which is entitled "Video Inspection
System" and is assigned to the assignee of the present
application, discloses the use of such a TV camera in a high
speed, real time video inspection system wherein the TV camera
has at least sixteén levels of grey scale resolution.

The present invention represents an improvement over both
of these prior art systems and complements the video inspection
'system of U.S. Patent No. 4,344,146. In addition to being user-
friendly, the present invention is highly efficient because it
can e:fectively'perform measurementsusing.only a small part of
the information obtained by the system. It is extremely fast
while, at the same time, being relatively inexpensive and

very reliable.



“ -2- In a preferred enbodi nent, the present invention enploys a pair of
spiid.state TV canmeras, a pair of interface/menory circuits (also known as
" fe grabbers"), a pair of TV monitars, a conputer, a keyboard, a o7
joystick and strobe lights. In the systemare stored a series of "nenus"

whi ch gui de the operator in defining those features of the object which are
to be neasured. These nenus and the manner in which they are presented . -~

render the gyshepréeiyrélel chibodidlent | Hild Prdsed o PPOHEI OF ddfESyd >
pi cture of an object such as a package using the TV canera. The p|c¥ure S

stored hAnpAREDLY 8bdid SRlateedVORame:a®Nid Pair G ONPESE Phc MREmySHS the
joystick to manipulate a cursor on the nonitor and specifies those Teatures

of the ebpeqt tko (At soeknvwed asThe ropRy Fraibbtass ' gnatLspHPDE Nés There t he
systemis to start searching for the features and al so specifies intensity

gr adi enmohlitesshohdeomputielre, facdteybemrdiha ijuystsi dly amddserdbéslirisate
of change of light intensity at a particular point on the nonitor and has
bot h a dagmheudysdeth ard rsdoiriegna [senims ef dwiemes!' ashicie gufder €hee in

i ntensity between nei ghboring picture elenments. If the object is a package
havi ng aperasareiandedindipa those deatanes f ithe ehieptickiieh aréines the
closure and defines the |label. In addition, the operator specifies

t ol er an&esbpomeprasedme Ih@sek Menuspyndyftheimanreychn vipi ¢l theyadsest ance
of various nmenus which are presented to the operator_and provide

st ep- by PEREENEEAIZREL S0t heh STSHOMMVERY tSanietRigRM Y After this

i nformati on has,bﬁin entered and stor%g, t he |, .
Initially, the operator takes a picture of an object

such as a package using the TV camera. The picture is stored
in memory and displayed on the monitor. The operator then
uses the joystick to mani pulate a cursor on the monitor and
specifies those features of the object to be measured. The
operator designates points where the system is to start
searching for the fe;tures and also specifies intensity
gradient threshholds for the features. The intensity gradient
is the rate of change of light intensity at a particular point
on the monitor and has both a magnitude and a direction. It

may be defined as the difference in intensity between ~
neighboring picture elements.

If the object is a package having a closure and a label,
the operator defines the package, defines the closure and
defines the label. In addition, the operator specifies
tolerances for these measurments. All of this is done with
the assistance of various menus which are presented to the
operator and provide step-by-step guidanée for the operation
of the sytem.

After this information has been entered and stored, the



3 the systemis ready to operate. A picture is now taken of each package as

it noves: past the TV canera, for exanple along a high speed fill line. The:
pecture 'is stored and the system neasw es -t he package, the closure anzigye
| abel for each package. The systemw || indicate when these features

out of tolerance or mssing altogether so that corrective action can be
taken. An inportant advantage of the present invention is that it permts
acchwiat e nesber ststem Hist réedy ot opequitee |Armictamnts mdw dgdleed o £f f ect
t he neasurenents. Thus, to nmeasure an object the systemstarts at specific
poi nts and saghcpeskaigengs iirtemoyespipaiatr ehel dANkntmnera ' pf oael estammibki ng f or
gradi ents which exceed the selected threshholds. It is not necessary for
the system B60Bgafi HéghpsPeetad id s ddine .pSheemigfany ihestoned and theer
to measure an object or a particular feature of the object. For exanple, |f
the TV canef¥SEERpRLISYTES: kbhed PRSHKAESHalther o sime @And he\iabsD, Hoo
phot odetectors, it is possible to neasure an object by exam ning fewer than
400 pi xel s, BFH 8§§5<?ﬁ§n dhe sastem W3dl Hadicedenghem therarkeh tunes are
presented on %he T¥ gnnrtor. Sirri,lar,lé%;;1 i.t is possible to neasure a series
of features®HSi R FRIETRRES P BiFS tal&,oge&ﬁae‘;, ¥ sthagde GARREYHIV R deo
nmeasuri ng s i ser-friendly, and because it is highly efficient in
its use of %ﬁ%ggha anﬁeigakgnan extremely val uabl e industrial tool. Thus,
it can be used or.ﬁroc ss,.control in nﬁnggacturin operatiqns, .for tqg
18 - 8hd de

quality control *Bf 'BBPRT#RY AAVAPFaEE PnP§ﬁ§8%§od&¥F5&ﬁ8ntdspﬁﬁﬁ
Sensory Sigfé'ﬁeiﬁitQOQBELSQte measu:ements but does not require large
St amounts of data to effect the measurements. Thus, to measure
an object the system starts at specific points and searches
along lines of picture elements or “"pixels' looking for N
gradients which exceed the selected threshholds. It is not
necessary for the system to examine more than a small
percentage of the pixels in order to_ﬁeasure an object or a
particular feature of the object. For example, if the TV
cémera comprises a two dimensional array containing over 50,000
photodetectors, if is possible to measure an object by
N examining fewer than 400 pixels, or less than one percent of
the information captured and presented on the TV monitor.
Similarly, it is possibie to measure a series of features
using less than five percent of the pixels.
Because the video measuring system is user-friendly,
and because it is highly efficient in its use of information,
it is an extremely valuable industrial tool. Thus, it can be
used for process control in manufacturing operations, for

the quality control of both raw materials and finished goods,

and to provide sensory signals for robotics.



- 4- The present invention is described with reference to the follow ng
drawi ngs which forma part of the specification and wherein: Fig. | is a

fun Q;onal bl ock diagram of a preferred enbodi nent of the video neasuring °*
sys of the present invention; Fig: 4,73 and 4 are line drawings
illustrating ways in which the systemof Fig. 1 can be used to define.
various features of the package shown in Fig. 1; and Figs. 5 6, 7 and 8 -

line drayy il ' .in,whi.ch f Fig. bes*’
Hsed 1o meas e SRESHILY Ll?%*'f%%ﬂ“%%il'?2%?5'?%@%?ewﬁﬁéi?&%gsﬁéﬁow# ?E“Fi g
1. * T ' ' i_ment. . i
Flo 1. ThS SRS AR s o hoRn b bRER 0 TBY SRR £ iRAY iGN

"B". Com%%aeﬁbé£553Acaneras 10 and 12 ‘are two interface/ menory units. 16
and 18, al'so designated "A' and "B". Associated with TV caneras 10 and 12

is a TV nmoni tgrg 14 whi o f&néﬁ’{‘é‘:?&ieﬁ'léek?&fl&gi-%#\”ta??Baﬁa‘i‘-/fg%%%}éclﬁ or

I nterface/ menory 18, depending on the positio swtc anera 10

and i nt erdmy IHRSY Yo A 6t KOT ¥l ¢80 MAsufi ng B 58eh Vo2 aRWRE2 phesdnd

interface/ menory 18 form channel "B'. Two channels are enpl oyed because
when t he jsisdetidis; used, for exanple, to inspect packages on a high speed
fill line, these packages frequently have both front and rear |abels and it
i s desirabl e Rigzi IBpeTtadhdtd spdelsnel db£wings/ tEIusYratihg Wayand 18 are
connected to conputer 22 via a conventional nultibus arrangenent. Al so
connectedit which the system of Fig. 1 can be used to define various

features of the package shown in Fig. 1; and

Figs. 5, 6, 7 and 8 are line drawings illustrating ways
in which the system of Fig. 1 can be used to measure and
analyze various features of the package shown in Fig. 1.
The basic system architecture of a preferred embodiment

is shown in Fig: 1. The system employs two TV cameras 10 and

12, designated "A" and "B". Connected to TV cameras 10 and

12 are two interface/memory units 16 and 18, alsé designated

"A" and "B". Associated with TV cameras 10 and 12 is a TV

monitor 14 which is connected to either interface/memory 16

or interface/memory 18, depending on the position of switch

15. TV camera 10 and interface/mémory 16 form channel "A",

while TV camera 12 and interface/memory 18 form channel "B'".

Two channels are employed because when the system is used,

'for example, to inspecf packages on a high speed fill line,

these packages frequently have both front and rear labels and

it is aesirable to inspect both labels.

| Interface/memory units 16 and 18 are connected to computer

22 via a conventional multibus arrangement. Also connected to

computer 22 are joystick 26, strobe iights 28, keyboard 23



conputer 22 are joystick 26, strobe |lights 28, keyboard 23 5 and noni tor
24. The aperator uses keyboard 23 to conmuni cate with conputer 22 and uses
joystick:26 to manipul ate the cursor on gounitor 24. Strobe lights 28 &9
il lum nate package 30, which conprises a top closure 32 and a | able 34\l
containjng the letter "V." The strobe lights are synchronized with the TV
canera and the novenent of package 30. Monitor 14 and fronitor 24 may, for

exampt e, be anfPameadobe 2B 93Reduperampdirt asesntte yhpaal 23sid adumaiidate
OCsaka, Japan. Joystick 26 may be a 91 MOB-6 joystick nade by Machine
Conmponent s Gei ph, c@fipliter TB2eanRoadesP|jaystielk, @6 tb8tanifulate [tights 28
may be a nodel 834 -dual stroboscope control unit by Power |nstrunents,
I nc., 7352 Neutrsoraendabsit8koRide, Stirobe018 ghiteyB8arid 12®immt eb pacc RAZe3301
keyboard data term nal made by RCA M croconputer Marketing, New Holl and
Avenue, Lanc3@tieWhiph ¢oBprisesnputeopr 22osuyeb82aandmageddes-3¢ sussaimisig
Monoboar d Conputer made by Advanced M cro Devices, 901 Thonpson Place, P.O
Box 453, SunEQQaFEFt€A 8¥o8eThenhsdrebepdd ghtiss agef sHmchnadzashrith tthe ode
witten for the SBC-86/05 and SBC-86. 12A conputers. Interface/ nmenory units
16 and 18 nayYbe2meFandnd, §Bgcnovepgnds ofp@arkege1 393 made by Dat acube,
Inc., 4 Dear VA 01962# These units ac uir%1a full screen
d

born Roag, P zbodg, .
of video informa¥PBA ?Fo& aRPIEMRNI Q8 241 M3V e § OLo GHRTP 'Pn'ed ¢ f®r mat i on ihs
di - board f b L US- ter. T
model VG 1208203308 6, SBparLari o BRE TeRt Btk B NRERY IR A
on-board mengLy,for ;apd¥. "BLERY cxM282hY be a 91 MOB-6 joystick made by

hd Machine Components Corp., 70 New Tower Road, Plainview, NY

11803. St:obe lights 28 may be a model 834 dual stroboscope
control unit by Power Instruments, Inc., 7352 North Lawndalg,
Swkwokie, IL 60076. Keyboard 23 may be a VP-3301 keyboard data
Ferminal made by RCA Microcomputer Marketing, New Holland
Avenue, Lancaster, PA 17604, Computer 22 may be an Am
97/8605-1 8086 16 bit Mbmdxnmd Computer made by Advanced Micro
Devices, 901 Thompson Plaqe, P.0. Box 453, Sunnyvale, CA
94086. This computer is software transparent to code written
o for the SBC-86/05 and SBC-SG.lZA.cbmputers. Interface/memory
units 16 and 18 may be 'frame grabber'" boards Model VG-120B
made by Datacube, Inc., 4 Dearborn Road, Peabody, MA 01960.
These units acquire a full screen of video information from
'any EIA-standard video source. The information is stored in
an on-board memory fqr access by any MULTIBUS-based computer.
The model VG-120B frame grabber also generates EIA-standard
video from the oﬁ-board memory for a TV monitor. Finally,
TV cameras 10 and 12 may be Model KP-120 solid state TV

cameras made by Hitachi Denshi America, Ltd., 175 Crossways



TV canmeras 10 and 12 nay be Mddel KP-120 solid state TV caneras nmade by
H t achr Denshi Anerica, Ltd., 175 Crossways 6 Park West, Wodbury, NY
117 This is;a solid state bl ack #d white TV canera enpl oying solid
st i magi ng. It has a two-di nensi onal photosensor array with 320
hori zontal and. 244 vertical picture elenments or 78,080 pixels. The frane
grabbers capture information froman array by 320 by 240 photosensors ar -
76, 800 pPaeksWeSite WypsdbmrypeNt ili7omd.| ITHicw ie exgd bl desttaté holaérr encst o
a preferred enbodi nent of the invention using an illustrative object, in
t hi s casengawvhige IV chmera emplgpyihg |svpliint sraferimagimpodi trehas t he
i nvention enploys a "Master Menu" from which the operator nakes sel ections.
The Mast ar twendimeaisidadlt iphoteisensory agp@aatwitth r320 i besizantskl 2od.
Product 2. Teach Product 3. Measure 4. Run 5. Stop Run 6. Tally Assum ng
t he oper 8#ér veriheelt pisduget el emesdisctorary® ¢t nistehst hBrepfvamet to the
system the_ operator turns the power on, initiates the "Select Product"”
routi ne §KALBRTS: sapRars: dafermaticmefram,an rahdhntd0ipyt24fes the

"Teach Product” routine, which has its own nenu, and includes the follow ng
sub- r out PREEOSEnSELS P& 800 pixels.

The system operation will now be explained with reference
to a preferred embodiment of the invention using an
illustrative object, in this case package 30 shown in Fig. 1.
In the preferred embodiment, the invention employs a ''"Master
Menu" from which the operator makes selections. The Master
Menu includes the following operating routines.

Select Product
Teach Product
Measure

Run

Stop Run

O O e W N

Tally

Assuming the operator wishes to select a product and then '
teach that product to the system, the operator turns the

power on, initiates the ''Select Product" routine and enters

the product number. Next the operator initiates the '"Teach

" Product" routine, which has its own menu, and includes the

following sub-routines.

1. Get Image

2. Teach Product Name
3. Define Package
4

. Define Closure



2. Teach Product Nanme 3. Define Package 4. Define Cosure 7 5. Define
Label 6. ‘Define Feature 1 7. Define Feature 2 8. Teach Tol erances The _
operator initiates the "CGet |nmage" rout i7ne_ and then deci des whet her a ’,
contiinuous inage or a single image is desired. A continuous inage is used;
for exanple, when the systemis being set up, to adjust lighting levels. A
single image is enployed, for exanple, to capture the imge of the package
as-w nmoves al 0By peliiala 3p@Rd fill line. Taking the inmage is synchronized
wi th the physical |ocation of the package on the fill line and the TV

canmera and i nvolgyepelfh@elFeadfure rnobe. i ghts 28 shown in Fig. 1. Once a
satisfactory inmage is obtained, the operator so indicates and the inage is
stored in nenory. DedinesFeatien Zeturns to the Teach Menu. The operator
~now initiates the "Teach Product Nane" routine and teaches the product

nanme, either by8selMeaichn@cdrerniceds ng nane or by entering a new nane. In
the preferred enbodinent up to ten product nanmes nmay be stored in nenory.
The oper at or noWheeopgew toretimdrt itnd esndiilee G| Imege'tl/ xout e 2Bl théel A
may be the front |abel while | abel B may the rear |abel. Enabling | abel A

i nvol ves endgicidgsTwhedhers aa canfiiguouse/imags o gl ndke abRage ai®s strobe

light and tells the systemthat |abel A should be taught. Enabling | abel B
desired. A continuous image is used, for example, when the

system is being set up, to adjust lighting levels. A single
image is employed, for example, to capture the image of the
package as it moves along a high spéed £ill line. Taking the
image is synchronized with the physical location of the
package on the fill line and the TV camera and involves thev
use of strobe lights 28 shown in Fig. 1. Once a satisfactory
image is obtained, the operator so indicateszagd the image is
stored in memory. The system then returns to the Teach Menu.
The operator now initiates the '"Teach Product Name"
routine and teaches the product name, either.by'selecting
an existing name or by entering a new name. In the preferred
&; embodiment'up to ten product names may be stored in memory.
The operator now decides whether to enable label A and/or
label B. Label A may be the front label while label B may the
rear label. Enabling label A involves enabling TV'camera A,
'interface/memory A and the associates strobe light and tells
the system that label A should be taught. Enabling label B
involves enabling'TV camera B, interface/memory B and the
associites strobe light and tells the system that labgl B
should be taught. Once images of one 6r both labels are taken

and stored, the system returns to the Teach Menu.



“invol ves enabling TV canera B, interface/nmenory B and the associ ates strobe
light~and tells the systemthat |abel B should be taught. Once inmages of )
oﬁﬁﬁgg both | abel s are taken and storgd, the systemreturns to the Teach. °
Menus -8- The operator now initiates the "Define Package" routine. This
can nore easily be understood by referring to Fig. 2, which shows package
30 drawn in outline on TV nonitor 24. The first step is to designate thg?&_

starting poi nfh@hpefatOrahiondihieisebs edgerpbrpack PaRrkd@e Thicutihe.
acconpl i shed by using joystick 26 to nove a cursor until the cursor has

reached pmiig c4h mér&heasilipebestndefistbodi byneederaing coddliggna e a
starting point to the left of the actual |eft package edge because, when

t he | magevipifch hshdpes kpgekage oOB0adnadnasnt batpinkaga TV monirtgpr t3e iThege
will not always appear in the centre of TV nonitor 24. The cursor is now
nmoved to fintst 2Bpwhscho desipratef thedgtavtipgcipajat3@A Miorclldeting
~tenmporarily held. Next the cursor is noved to point 2C, which. is the
starting o nteforedgeacf npackagei 3ot This o5 peckagd izhedvbycudingl so
stored. Thereafter, the cursor is noved to point 2D, which is the right
edge of pir¥ekEcR26 ke cROYE & surserpuniil| fhRecyrsrre hasraaahfth stores
the difference between points 2B and 2D, which is the neasure of the
package wReint &;nvhiol pfgtbherngtarad: BE dfomegessiry Sidesignafifer,
joystick 26 is used to locate starting points 2E and ZEj(N et erm pi ng the
left and #igFRTEHRS p&%}(’ébetﬁdﬁgepB?ﬁFs°gFt5ﬁda§ﬁ.‘_‘a1r‘1lotl§ tth 2 PHER s‘e‘{]ﬁ:e and
gfea;ga§g§£$§u§8,tv9§ea' BRL OhakheokehhePagkREge L on bl i el YL hSC and 2H
. . | _ \J
package is moving, the image will not always appear in the
centre of TV'monitor 24, The cursor is now moved to point 2B,
which is the left edge of package 30, which is temporarily
held. Next the cursor is moved to point 2C, which is the
.starting point for ioCating the right edge of package 30,
which is also stored. Thereafter, the cursor is moved to
point 2D, which is the right edge of package 30, which is also
temporarily held. The system then stores the'differenCe
between points 2B and 2D, which is the measure of the package
width. Points 2B and 2D need not be stored. In a similar o/
manner, joystick 26 is used to locate starting points 2E and
2G for determining the left and right top package edge points
2F and 2H. Note that points 2E and 2F are spaced to the right
'pf the left package edge, while points 2G and 2H are spaced to
the left of the right package edge. This ensures that the top
edge of the package can be detected even'if the image of
package 30 is not centered on TV monitor 24 because of less
than perfect synchronization. Only points 2E and 2G need be

stored.



the left of the right package edge. This ensures that the top edge of the
package cah be detected even if the imge of package 30 is not centered ©
TV noni t'or 24 because of |ess than perfect synchronization. Only points igz)
and 2G need be stored. 9 At points 2B~ 2D, 2F and 2H there exi st

gradients in light intensity corresponding to the transitions at the edges
~of .the package. In addition to |ocating the points 2B, 2D, 2F and 2H, the

vt Or. .al S j.en | h ' . ._b
e ha b o ar B AN S U a8 WP U A1 {rd 1OREPORRL oS 000y,
th at’ i - i . . i _ 2 di. .
Wiy P okigh IR0 & SO fd) 61 B LRARSTO0HS APOLAYSLARLS
poi nt on thefMN{ P YUdWagdy HE!£fd{ 1ibRPRS ORbéRL £n gl AL CPLi hEECER- 280! g%

for points 2B, 2D, 2F and 2H and storing themin nmenory, the operator

ensur es t hatg dd@redagnOflogdia 1€ kfioss Cadl Lt SCebsdi 6hy tRBEERH01H8I Rbg 2A,
2C, - 2E and 2G together wth gradient threshholds for points 2B, 2D, 2F and

2H, are storgfbde poiRAKags. Pf f W Ssd Pl €ind\ $Oovsl @& eBetWebiani pagkegeand
of fsets table are the package wi dth and the package el evation, which is the

average of pliusd SPHemkeasdh pdinpackagessi evathenopapatsrf dnnsheosing an
hori zontal reference, is also stored in a work table for later use. Also

stored in tlopmodrisais egralidet paukesihakd) ethe whyshemswi bt , aonr agquest ,
points 2B and 2D, and forns a vertical reference. After these various
val ues have Wesialsordidspkar tystamdiant hichtéxiFbacat\ny. given point
on the TV monitor. By selecting appropriate gradient thresh-
> holds for points 2B, 2D, 2F and 2H and storing ‘them in memory,
the operator ensures that the edge of the package can be
accurately located;

Points 24, 2C, 2E ﬁnd”2G, together with gradient threshholds
for points 2B, 2D, 2F and 2H, are stored in a package offsets
table. ' Also stored in that package offsets table are the
package width and the package elevétion, which is the average
of points 2F and ZH,.Thé'package'elevaticn,'whiéh forms a

" horizontal reference, is also stored in a work table for later

et | use. See—sitop—247-of-the—program. Also stored in the work

‘table is the package center, which is the average of points

2B and 2D, and forms a vertica1 reference. After these various
values have been'stbred;'th system returns to the Teach Menu.

- 'Having completed the "Define Package" routine, the operator
now initiates the "Define Closure" routiﬁe, since ﬁackage 30
has a closure 32. If there were no closuré, this routiﬁe would
be bypassed. Referring to Fig. 3,'fhe operatdr'uses joystick 26

to position the cursor at point 3A, which is then stored. This

is the starting point for locating the top closure. Next the



g conpl eted the "Define Package" routine, the operator now initiates
Def.ine C osure" routine, since package 30 has a closure 32. If there
&€ no closure, this routine woul d-bggobypassed.: Referring to Fig. 3, the °
operator uses joystick 26 to position the cursor at point 3A, which is then
stored. This is the starting point for locating the top closure. Next -he
-10- operator noves the cursor to point 3B,. selects an appropriate “ £
gradi ent aperstdol Mo¢engbheudersod $bgppinwhidd)). iselidetrs FWoragsbropriate e d
process is repeated for the remaining points 3C through 3H which together
define t qpradibsnt etBResPoohds (BAgn3CudE and 3Ggane sihdrodd.isThrheh fdtomwede
bet ween pointss 3B and 3F and the difference between points 3D and SH are
al so storBuistpreeees Wit heppatgdadpenthenremhlioicog foodnis 2G 330w 3F
and 3H. If, as package 30 travels down a _high speed fill line, top closure
32 is eit¥er Wrieh tpgethberadséihneatongelpsuret B2s Asriadis ¢, BC r3adi |y
detected by the system and aggrop[iate corrective action taken. In the
pref er r e PR 2ERt StPReAabsBRULE L BEEREENDedVess Radinds 3FcamE Hhd 3G
are not stored. er, these points are stored relative to the horizontal
and verti%%f Eﬁ%Mggtg?ﬁ?ﬁ?%ns€§aﬁ?§vP86§F§-éghﬁﬂpeﬁﬂéﬁﬁgﬁﬁiﬁﬂi§FP?9Q»wnrk
table. This rmts.the, closure.to _be. | ocated .and neasured iJryespectjyve of
wher e t het?%g Sor™1 f\g _Bgﬁk§§%SéSBEa$§rFﬁg‘%‘ﬁgdﬁi % r POIRES ragatq[b/e 3¢
| ocati ons i n 3, a ' |l -a r.,adi ent thr hal ds for
poi nt's SIfjgéti?EBFigndéﬁl-ﬁgglf%Egt ggeg%ﬁggs\é\ﬁSg&rg g‘flﬁg‘ets§ete Ifglsﬂ ﬁ']’s’?‘ﬁ)ul d
be noted {hat. POLEES §ﬁ’i§Cé?@He??h?&ﬁl%@neﬁGerS%égﬁfJgid&gé?ﬁg¥f”khis
defect can be readily detegted by the¢system_and_appropriate
corrective action taken.

In the preferred embodiment, the absolute locations of -
points 3A, 3C, 3E and.3G are not stored. Rather, these points
are stbred relative to'the=horizontal and vertical package

. references previously computed and stored in the work table.
This permits the closure to be located and measured
irrespective of where the image of the package appears in the
picture. The relative locations of points 3A, 3C, 3E and 3G,
as well-as gra&ient threshho;d5<for_points_SB, 3D, 3F and 3H, W
are stored in a closure offsets table. It should be noted
that points 3A, 3C and points 3E, 3G need not be located on
opposite sides of the closure. All may be located below the

'closure. All may be located.above the closure. All may be
located within the closure. The system will operate properly
in each case.

Now the operator initiatés the "Define Label" routine.
Referring.to Fig. 4, package 30 and label 34 are shown oh v

monitor 24. Using joystick_26, the operator positions the



opp05|te S|des of the closure. All may be | ocated bel ow the closure. Al
may be | ocated above the closure. All may be |ocated within the closure. iiéga
The systemwi ||l operate properly in eachygase. Now the operator initiates
the "Define Label" routine. Referring to Fig. 4, package 30 and | abel 34
are shown on TV nonitor 24. Using joystick 26, the operator positions the
cursar at poi nt 4A, which is then stored. Next the cursor is noved to point
4B wthi ch defirssr e Boipst 04A 1 hehicleis ﬂmenpstopedat Negrtadhenturboeshisol d
is now stored for point 4B. This procedure is repeated for points 4C
through 4L, mivedftatpeintietB nevhheh| dbtinasdopereidget b€ thbelabelbeAn
| ocat ed mhen an image of the label is obtained as the package noves along a
hi gh speed fappropriateassradientthresholdrtgonay sheredafernpaistordBd-in
~ the systenldél) poi nts 4A, 4C, 4E, 4G, 41 and 4K é radi ent threshhol ds
for points i, prgcedyTe 4k ahepea ted 35 or hpodntse Gnégrﬁégheéﬁ paﬂﬂt§f4B
and 4F and/or,  the difference between points 4D and_4H, _and (4) .the
di fference HEtiERrgHERe sths %ﬁﬂPhLan h@ev%}FoEerB?H?é 3Rd SréﬂFéﬁPd

th hhol ds f t he ) Def L t t d | | offset
Tabi o As vt h LRReh e & Din, Lebehd SraBtfried 85, tBetpikarenrovES

Lhe | Defi e el EHTEE 2 ThEE A, O, BB tPhgdpl
OIS MO A L e
i”for”ati0”‘ﬁ?Peéi'iﬁhOQKEh?zﬂagfédiéﬁ€'Ehré@ﬁ&éi&gngQ Bbgnté 4B,4D, 4F,
St - 4H, 4K and 4L; (3)lthe difference between points 4B and 4F .
| and/or the difference between points 4D and 4H; and (4) the
_ difference between points 4J and 4L. "
The various points and gradient threshholds for the
"Define Label'" routine are stored in a label offsets table.
As with the "Define Closufe"-routine, the start search points'
for the "Define Label" routine are stored relative to the
horizontal and vertical package references. Again, this
permits locating thé.labei irrespective of the location of
o the package in the picture. Note also that the label need
not be defined using the label. It may be defined using
information appearing on the label itself. Referring to Fig. 5,
" the operator uses joystick 26 to position the cursor at point
'5A, which is then stored. Next the operator selects the
horizontal and vertical distances from point 54, which are
also stored. These distances are 5B and 5C and define an area
which will be searched. The operator now determines (1) whether

the search will be from right to left or from left to right

and (2) whether the search wi;l be from top to bottom or from



t he operator uses joystick 26 to position the cursor at point 5A, which is
stored. Next the operator selects the horizontal and vertical

dgggances from point 5A which are al §g stored. These distances are 5B and "

5C and define an area which will be searched. The operator now determ nes

(1) whether the search will be fromright to left or fromleft to right .and

(2) whether the search will be fromtop to bottomor from -12- botto IO

top. Thi spbbtemnesdi 6pi. sTRl soiaformetibn Hisgalso fsorea NtIbAig hes searct
pattern is fromleft to right and fromtop to bottom Finally, the operator
sel ects afg@rspoifs BAQr adeeseatrbhephitaledn Assifriomrleftocrswight Pl oyed
for point 5D. -The search area is defined by points 5E and 5F and the search
pattern ifgrémotopi gbt bbdtbmft Findlllygmthep dperadtidrorselBits iaddrsedres i s
stored in the feature offsets table. In addition to defining the | abel, the
oper at or amgradiend thresbbofldat ir ed miflarh@nomedurend s iempiigedaior
determ ne not only that the | abel has been correctly applied to the
package, bainthéb.tHhecsepseh pygel isSadefdaedamy iraints Iheant semnd
illustrative enbbdiment ,” the | abel contains the |letter "V'. Features of
this | ettthenfigapehdpptiednpy st frogpeighd: oy Liefit isnd FFramhetomet? ne
Feature 1' and "Define Feature 2" routines of the Teach Menu. %{

i || ustrat BStHSR- tﬂélﬁr dadprmation: i, stored dn & yta §§C’5$,ngb1e

Joystick 26 i tion.th t 6A wh h
spLetion 20 | inr 3Rds2aR Ry ERtimiRe ko 1 alie U e et it ST ivadSting
After point_6A |s

t he various feta%{l%gs ol}e %urﬁabel a”%"e‘%z} c{hoioé rua._yt.a,B’dea{eflr\'% Q time \:J

not only that the label has been correctly appligd to the'
package, but that the correct label has been applied. Iﬁ

the present illustrative embbdiment . the label contains the "
letter "V". Features of this letter may be defined_by the
operator by initiating thé "Define Feature 1"'and "Defihe
Feature 2" routines of the Teach Ménu.

Fig. 6 illustrates how the present invention can accurately
measure distances. Joystick 26_is uéed.to position the cursor
at point 6A, which is the starting point for locating the
first edge of the feature to be measured. After point 6A is NS
stored, the cursor is moved to point 6B, at which time the
operator selects and stores a gradient threshhold. Pdint 6B
is temporarily held. A similar procedure is followed for
‘points 6C and 6D. The difference betwéen'points 6B and 6D is
also stored. The system can now measure the distance between
points 63 and 6D of the letter "V"'of lébel 34 on'pack#ge
30 as it speeds down a fill line. The unit of measure in the
system is a "Pixel," i.e.'; a picture element. The system

measures distance by'counting the number of pixels between,



operator selects and stores a gradient threshhold. Point 6B is tenporarily
held.. A simlar procedure is followed for points 6C and 6D. The differencgg
‘between points 6B and 6D is al so storgdlsThe system can now neasure the -~
di stance between points 6B and 6D of thé"letter "V' of |abel 34 on package
30 as it speeds down a fill line. The unit of measure in the systemis a
"Pixel," i.e. , a picture element. The system nmeasures di stance by counting
t hemnunber &fgpi Xxgbsn8t BBCANnd 6D iA3Fige §., Points 6B and 6D in Fig. 6.

It will be appreciated that, while the nmeasurenent of distances were
illustrated in atrwsilepéaspprashaeeduthag ! haillet ithle méasurimerty Iddy to
accurately neasure objects or features of objects "on-the-fly" is extrenely
val uabl e andi seancesewers ablusitdetedndnng amdimeattadys.fafshiokaging thHe
can use the present systemto performa 100% quality control check on the
di mensi ons bétpart¥8V'"ei therabililigy tar accaceatedy measuep b jretoroms t hey
are being used in an autonated assenbly operation. Al so, one can use the
present invéeatwnesoofioohjeo0s faarithe-ddnt'r dis exdalemsd vt ive ldiabdresiaons of
goods as they are being manufactured and thus correct defects before the
goods are shi&ppaumesougsebdevidergangdng e®prld cardlons:, Fan repample, one
applications, the present invention.is also useful in the on-line control -
of manuf act G*Rn¥SBpEREL PERSENLEYELEMLE, PeS IRTHEs & 4 Q0% aaddtorciditases
in the size of features as well, as increases or, decreases in the distance
bet ween fea?ﬁ?%g.°Fnt98d$9WSH598n§cE r RREEF nEd RS G Sitheh &Fe nereived

pr esent

At

from suppliers or as they are being used in an automated
assembly operation. Also, one can uée the present invention
to do a 100% quality control check on the dimensions of

goods as they are being manufactured and thus correct defec;s

- before the:goods are shipped td customers. In-a&dition to
quality gontrol applications, the present invention.is$ also
useful in the on-line control of manufacturing operations,
for example, to measure increases or decreases in the size
of features as well as increases or decreases in‘the distance
between features.

_&;_ In_addition fo accurately measuring distances, the present
invention can also examine for line signatures. Referring to
Fig. 7, the joystick is used to locate points 74 and 7B,
whicﬁ are the beginning and end of the line signature, and

‘are stored. Next a gradient threshhold is selected and stored .
The line signafure routine may be used to examines a label
for positive and negative transitions which exceed the
gradient threshholds. For.examplé, positive (dark-to-light)
transitionsjwhich exceed the gradient threshholds may be

assigned a binary one while negative (light-to-dark)



invention can also exanmine for line signatures. Referring to Fig. 7, the
jpustick is used to |ocate points 7A and 7B, which are the begi nning and
4§é%of the line signature, and are stgred Next a gradient threshhold is.
ected and stored The |ine signatur 4/ 3uti ne may be used to exam nes a
l abel for positive and negative transitions which exceed the gradient - _.
threshhol ds. For exanple, positive (dark-to-light) transitions which exgeed
t he gradignt threshho S n ar, | tive =
(1ight-t ’?’Eiaa?i 5 ons Y%cﬁ‘%x% %hg %& thll. a‘%@ﬁ)h\g{l gnagﬁ%ae

0~ |ons excee € gradi t hreshhol d

may be asgégfgx?eé | DR eEQroTh?hEe§H%thf ol rll 19 8] WY GAPET at i on

is then a~SerTes of onhe a d Z€er os accumul ated 1 n a shift

register. g&tétp Rai ¥ EhQHaEUESrE‘E)é Be uﬁedanhorze%eml“a t oty fisg enti ate

bet ween a Tront abe havrng a line signature of "1010" and a rear IabeI

having a LipgmsiqRabur enoh R0 refhetBreSeRl o 'E‘i@x'&tﬁyo%
enpl oyed to neasure area gradlents Referring to Fig. 8, the center of the

search arga hsedestgpabrdmpye0tbnaiFierentiatet datoictin A f Mt dlsel hen
stored. Next the horizontal and vertical distances frompoint 8a are

sel ect ed m#dli 8§04 elindhesgnatarBobt $18B02¢nenACaancatefliatel heawiasg ch ar ea.
Finally, a gradient threshhold is selected and stored. In determning the
area gradlené, signasuseeofstiorOoatid stores the nunber of transitions
(l'ight/dark) and/or dark/light) which occur within the area to be searched
and whi ch excEed phesgnédismenthrasihol ddsol be feopleyead|t memsurea to be
searched is a solid color, then _ :

area gradients. Referrlng to Fig. 8, the center of the search

area is designated by moving the cursor to point 8A, which ~
is then stored. Next the horizontal and vertical distances _
from point 8a are selected and stored. Thése_are Points 8B
and 8C and define the search area;'Finally, a gradient
threshhold is selected and-stored. In determining the area
gradient, the system sums and stores the number of transitions
(light/dark) and/or dark/light) which occur within the area
to be searched and which exceed the gradient threshholds. If,
for example, the area to be eearched is a solid color, then
essentially no transitions should be observed. If a number
of transitions are observed, this indicates that the area
being searched is not a solid color and may signify that an
incorrect label has been appiied or that the cprrect label
'has been applied upside down;.

‘Having completed the foregoing, the system again returns
to the Teach Menu where the operater initiates the "Teach
Tolerances" routine. At this point the operator'seiects the

tolerances for labels A and/or B. To set the tolerances the

operator employs the "Measure" routine in the Master Menu.



essentially no transitions should be observed. If a nunber of transitions
are observed, this indicates that the area being searched is not a solldg§3
color and may signify that an incorrect | abel has been applied or that t
correct |abel has been applied upside-ddén~ Havi ng conpl eted the foregoing,
the systemagain returns to the Teach Menu where the operator initiates the
"Teach Tol erances” routine. At this point the operator selects the

t ol'grances for |abels A and/or B. To set .the tol.erances t{§éc>erator

enpl oys t heUSABEsthe" JPFSTARE i Fhen OPRTHOT Mafjpulates d YIRPT Hand

' tick, t t i pul at h _ d desi t ' ,
or exanpl cAPRLERBERES 198 HRA ™0 4 o8, grapbim, dis HEHPEE A7 AR MRS, o

pi xel s between the two points, each pixel corresponding to, for exanple,
1/32 of an FiA&hr. 2Fhdh|Sishf® Ut he qrunber o4t BixelpabrEWEeB0thAy tWo _

haveboon el 1 weidie RN SioPesianits i oo, f S ebraBhe 1t £/ b8 ShatRer
val ues have Wt GRS ARbARRSR STTREET Fan o BackaLER off sBrekekBl a0: Rav
and the Lol S aRttiEge, a2, wid Bl 1P gREEeR b2l 2 ge does
Capabi 11 0y APELRRRIL A GG AR enteFedVih Tt S0 BFance,
as these Packaes, (thd)dy SHENGR tiAY £50th Ol #HO! ubRut BRaSYSt RBWON ¥

once,

ready to run.
St _ _ :
It should be noted that once the various values have
been determined and stored in the package offsets table,the
closure Offséts table. the label offsets fable, the feature
' offsets table and the tolerance table, this data may be used
so long as -the package does not change.'Aiso, in the preferred
embpdiment, the system has the babability of storing such data
for ten different packages. Thus, so long as these packages
do not change, they need be'taught to the system only once,
even if the packages are used only infrequéntly,‘
Nt : In operation,'the system captures and stores an image
of the package as it speeds aldng the fill line. The system
then searches along lines 24-2B, 2C-2D, 2E-2F and 2G-2H
until the appropriateée gradient threshholdsf are detected so
"as to locate the package and measure its width.(see Fig. 2).
The system also determines the horizontal and vertical |
package references and stofes them in the work table. Next
the system verifies that the top closure is preseh; and |

properly positioned. This is done by searching along lines

34-3B, 3C-3D, 3E-3F and 3G-3H until the appropriate gradient



v
J e =

even if the packages are used only infrequently. In operation, the system
ca res and stores an i mage of the package as it speeds along the fil
Iigg? The system then searches along {4nes 2A-2B, 2C- 2D, 2E- 2F and 2G 2H
unti4-‘the appropriate gradient threshholds are detected so as to |ocate the
package and neasure its wdth (see Fig. 2). The system al so determ nes. the
hori zontal and vertical package references and stores themin the work -
tabl e. Nextrddithoed %é’edétfé@é;ed hgéeé hej & 0p3 ¢l oReRe tRePE§SeRM and &
properly positioned. This is done searching along Iines 3A-3B, 3C 3D, .

3E- 3F and g¥atds WHe l1dbel wrwr@ﬁmgraﬂm@@th nesl14a-uBrealhabds are
detected (see Fig. 3). Next the systemlocates the |abel by sear chi ng

al ong | i nEs, 44 ARG-MH 4D 14T -diid , 4K-3Y Hin¥1 1 4§handpdiopriamnei graddent
approprlate gradlent t hreshhol ds are det ect ed (see Fig. 4). The horizontal
and vert ittategianKale ad cdetectedir seakBigf rén t Thewbokiabltalarddconbi ned
with the data fromthe | abel offsets table and used to anal yze the inmage of
the | abelverfhiccak epgchagde| refévenceesanadtakhenl fnput khear wombwtebdeed in the
work table. Finally, the label is analyzed in a simlar manner to see if

t he | abelamsbmambinehevitbptie data rréwranthgeéabﬁésofsssy:s rebdetpad in all
of this searching, relatively few pixels are examn . Thus, _in searching
al ong | i Maed ARk TRR) HtHK. ipage e%% thanlabsle ?P?esﬁé}”eeﬁf" &Ier

preferably | ess than about ope rcent of the, pixels ar actu tilized.
When it iZeIRRENGRE faRd AP LY %t?0a§?05°wtﬁﬁgﬁﬁ raPoF enPer tﬁ@i§rop run

code VIaﬁ@%@%ﬁy, éﬁ% iébe e1én£§£ g%ed in a similar manner to see if

the label conta1ns the proper information (see Flgs 5-8).

QD

Note that in all of this search1ng, relat1vely few pixels are
examined . Thus, in searching along lines 2A-2B through 4K-4L,
less than about five percent and preferably less than about
one percent of the pjxels are actually utilized.
When it is desired for any reason_tb stop, the operator
enters the_stoﬁ run code via keyboard 23. In the interim,

.the system has kept a count of, e.g., the number of defective
labels. These totals can be requested by the operator. If an
unusually_large.number of defective labels has been.detected, \-Q
it may indicate the éxistence of a bad batch of labels, or it
may indicate that the tolerances have'been set too tight.
anally,.upOn'request the system will display the error codes

!for the defects_detected so that the operator knqws precisely'
what is causing tha defects.

.The invention disclosed and claimed herein is not limited
td the preferred eﬁbodimént shown or to the exemplary
application qf that embodiment to the inspection of packages

- on high speed fiilﬂlines since modifications will undoubtedly



the system has kept a count of, e.g., the nunber of defective |abels. These
total s can be requested by the operator. If an unusually |arge nunber of .
defective | abel s has been detected, it may indicaté the existence of a@
batch of labels, or it may indicate tAdt the tol erances have been set t
tight.,Finally, upon request the system wll display the error codes for
the defects detected so that the operator knows precisely what is causing

t hes.lef ects. The jnvention disg%gsed and. clained hereinis not. limted to

the pref er rRECERHERA RBREORATKI biedol Rhthexaffh 4Py WhRR ithds §Fser iptden
b T 18 R AR RS T Bl B e A L
from the otatBrot nEhg  BebfeRt b BREREAN FhORSUT. ARPRE ] ey SRoEEne ot
et for hea i REERERLeE tnErEDR, Prok NEBRENEN RAE" SUBuERCEATO Wt 1€

sequence i sygefine .eesisegsredggwsrﬁéa qnseulfég&iaesébaa%at ig2e JnRAldy &

S
and define tol erances,” these eps may be perforned”in a wde variety of

sequences. Phge, while £ﬁei§ref€}§é&egehﬁeﬂééi@g,dEQ&n%XgﬁﬁhﬁgeDOH@E%d@“
and 2C before choosi ng gradient threshholds for points 2B and 2D, t hat
sequence nmeyldsurevedseinef 18Belr edei hBOEbadlibeC hndY de¥SneMteNrAlNc¥Ss ,
these steps may be performed in a wide variety of sequences.
Also, while it is preferred to define, for example, points
2A and 2C before choosing gradient threshholds for points 2B

and 2D, that sequence may be reversed if desired without

affecting system operation.



"~ CLAI M5: " I. A video Teasuring systemconprising: (a) a TV canera for taking

a pictur ' ving a two-axis array of photosensors; (b)
i nt acglm miln[ﬂﬂu y connect ed % said TV canera for digitizing and
st oRTiINg Sa&l dc PIiCT Wl €5 adigital c gputer connected to said

I nterface/menory circuitry; (d) a nonitor connected to said conputer f-or
di splaying the stored picture; (e) a keyboard connected to said conput ek,
permt an-OpAj§t or to communi cate with said conputer; (f) nmeans connected”
to said r for controlling the position of a cursor on said nonitor
to locate a pluraljty Qfvf&é&tméssﬁfﬁlngog%%e&.oeoh.la%ﬂyﬁgqre bei ng |
di spl ayed; and (g) neans for storing the Start search points. 2. A system
according to O aim1l wagheantyhganBaAS £68" taRihgOhl ip1e tlie pPaiEitld on of said
cursor conprises a . joystick. 3. A systemaccording to Clainmns 1 or 2
further igghaed NgavEAGSal Wosakest ARgagnd fSphbitdGedisadissnt threshhol ds for
a plurality of points for the picture on the nonitor. 4. A system according
to Caim3 further incduydiigtertasce fmemstprehgetibherdi ébanentedbeowsasida
pair of points for the picture on the nonitor. 5. A video neasuring system
conpri si MV ¢amera T¥oradbgitivingakndgssopiaguisaids@ictture;

{(c) a digital_computer_connected to said
interface/memory circuitry;

(d) a monitor connected to said computer for

displaying the stored picture;
| (e) a keyboard connected to said computer to
permit an operator to communicate with said computer; 
(f) means connected to said computer for
controlling the position of a cursor on said monitor to locate
a plurality of start search points for the picture being
displayed; and
(g) means for storing the start search points.
2.. A system according to Claim 1 wherein the means

for controlling the position of said cursor ccmprises a \J.

Joystick.

3. A system'according to Claims l_or.2.fu£ther
including means for selecting and storing gfadient threshholds
.for a plurality of points for the picture on the monitor.

4. A system according to Claim 3 further including
means for storing the difference between a pair of points
for the picture on the monitor.

_ 5. A Qideo measuring system comprising:

(a) a TV camera for taking a picture, said



-19- camera having a, tw-axis array of photosensors; (b) interface/ nenory
circuitry-connected to said TV canera for-digiti I w said
picture; (c) a digital conputer connectgg to salilmlmu Iﬂuﬂmmﬂlly )
circuitry; (d) a nonitor connected to said conputér for"di'%playi‘ng theégjb
stored. picture; (e) a keyboard connected to said conputer to permt an
operator to comunicate with.said conputer; (f) a joystick connected to
satd~conputaamemy haoring |4, | twptdrd posrrapnobHf ppotosensons;t he nonitor to
| ocate a plurality of start search point for the picture on the nonitor;
(g) neans for storing th t , SEAE L AL S 3 : n e¢li agsand
storing gradient: threshh@?%sﬁ? o?. ap }l}rrlgﬁ?{%/ %#%%%g?g ?8{18%%23% gtaurgglgn'
the noni torpy alighdda FBRANSI ¢ L0E1 1A% | 5  §€o P hE CERDGepPELURBED @ pair of-.
points for the picture on the nonitor. 6. A syStemaccording to Claimb5
further conprising neans(dpra sl @ctaNdconputépr tofindctedetanggifior said
difference. 7. A systemaccording to Cl'aim 6 further conprising nmeans for
det er m ni ngi itk £ fnidindvoy | D¢ @l tegpgd vertical references for the picture
on the nonitor and neans for selecting and storing additional start points
for said picture, said agt)ta anehi sorrt¢ospected poonsaildecogphivent £dr
relative to said references.

displaying the stored picture;

(e) a keyboard connected to said computer to
permit an operator to gpmmunicate with said computer;

(£) a joystick connected to said computer for
controlling the position of a cursor on the monitor to locaﬁ?
a plurality of start search poinf for the picture on the
monitor;

(g) means for storing the start search points;

(h) means for selecting and storing gradient
threshholds for a plurality of points for the picture on the
monitor; and

(i) means for storing the difference.between a

s pair of points for the picture on the ﬁonitor.

| 6. A system according to Claim 5 further comprising'

means_}or selecting and storing a tolerance for sai¢ différence.
7. A system according to Claim 6 further comprising

'means for determining and storing horizoﬁtal and vertical
references for the picture on.thé monitor and means for
selecting and storing additional start points for said picture,
said additional start search points being located relative to

said references.



‘- 20 - 8 ATvideoreasuri-ng nethod conprising the steps of: (a) taking.
prcture anera having a two-axis array of photosensors; (b) _
drg ﬂ"ﬂ , ﬂ! f picture; (c) drsplayrng the stored picture; (d) .’
Ioc art search p@rnfs for the picture; (e) storing

t he start seach poi nt's; "and (f) selecting and storing gradient threshholds

go; a ﬁluralrtydof points for the picture. 9. A net hod according to crawm
urther including the step Qf storr t.he drf nce bet ween air
points for the picture. 8t08 Vv aé’&&teﬁd“’["g G H&r %

i ncl udi ng the st%p of selectrng and storing a tolerance for the difference
bet ween tﬁéeﬁér of points. 11. A nethod according to Claim 10 further

including the steps of det 3851' q_'rar&q g}l%t&{féﬁglgq%rgnp@ disrd NEa Pi RE UM €;

anqueggptrng and storing tPonal art searc ornts or said piclure,
sai d additiqn r dgﬁ relative to said references. 12.
A net hod ﬁcgggdﬁ%égt%rgﬁgn SQ?frt er 1 ncl’uding the step of determning and
storing the |ine signature ﬁgr ﬂﬁ}%ﬂd%fdﬁalgﬁafﬁ g fide piétaréhod
according to Claim38 further I ncl'uding the step of selecting and storing an

area to be searched. (c) displaying the stored picture;
(d) locating a plurality of start search

points for the picture;

o/
(f) selecting and storing gradient threshholds

(e) storing the start seach points; and

for a plurality of .points for the picture.

9. A method according to Claim 8 further
including the step of storing the difference between a pair
of points for the picture. ’

10. A method according to Claim 9 further
including the step of selecting'and storiag a tolerance fof
the difference between the pair of points.

11, A method according to Claim 10 further
including the steps of determining and storing referenCes_
for the picture; and selecting and storing additional start
search points for said picture, said additibnal start points
being.loéated relative to said references.

12ﬂ-' A method according to Claim 8 further
including the step of determining and storing the line
signature for a line in the picture.

13. A method according to Clalm 8 further
including the step of selecting and storing an_area to be

searched.



14. A nethod according to Caim 13 further incIUﬁing the step of selecting
and storirng a search direction for the search are accordlng
t0o Claim 13 further including the step sel ecti m‘ “nmﬂnmgra
t hréshhold for the search area. 16. A hod accofdin m anysof Cla

through 15 further including the steps of presenting an operator with a
series of nenus frOnlmhich to make selections. 17. A nethod according to

anel ol & ol 1% eilsl L0cLuglgg Hhecaifhigneleshepe o (2
phOtosensor%cl(zﬂiz géklézé o9f SIPLL Hfn V\#t n§e§96‘ 18@‘3&“&& Hddﬁgéctzon

sear chi ng t e 'Seco prctu COI'TI’TEI’]CI ng he"s searc

previ ously &b Y according ‘to Caim17 further |nclud|ng t he
310 b 51% rﬂ%ﬁ&ﬁ

step of determnin e gradient for the second picture exceeds the
gradi ent threshhol ds 15.9. A ried 4106k HSO6 S 19g t fo TPA TR 1T31 PeLYAERYi hBRuding
further step of determning and storing references for the second picture.
20 A met hockras Gt el Nt tSelddt ind andeseori hfca sgpidhent theesrrONE Bogture
utilizes | ess than about five percent of the picture elenents. 21. A nmethod
according tuhellsBapct) avexein the search of the second picture utilizes
| ess than about one percent of

16. A method according to any of Claims 8 through

15 further including the steps of presenting an operator with

a series of menus from which to make selections.

hd 17. A method according to any of Claims 8 through
15 further including the additional steps of:
(a2) taking a second picture using a TV camera
- having a two—-axis arraj of photosensors;
(b)' digitizing and storing the second picture;
and |
| (¢c) searching the sécond picture commencing with
the start search points previously stored.
. 18.A method according to Claim 17 further including
'&@ the step of determining whether the gradient for the second

picture exceeds the gradient threshholds.

19.A method according to Claim 17 including the further
step of determining and storing references for the second
'picture.-

20.A method according to Claim 19 wherein the search
of fhé second picture utilizes less tpan aont five percent
of the picture elements.

21.A method according to Claim 20 wherein the search

" of the second picture utilizes less than about one percent of



‘the picLuLe—eLeﬁeﬁ%s~—22——A met hod according to Claim 17 wherein the step

,¢cat|n f start search points for the first picture
3'desL lH !ﬁng a cursor’ gg t he nmonitor using a joystick. 23.. Al
ee mpri si ng the teps of: (a) taking a first picture

using a TV canera havi ng a two-axis array of photosensors; - (b) d|g|t|2|ng
and storing the first picture; (c) displaying the first picture; (d) .

locating apd §iQt;PE @1BhEhR.ty Of start search points for the first
pi cture; ? ) ge ect?ng and storing gradient threshholds for a plurality of

points for the first pbcturmethbd halto?didegs eeP T alinf i Griiérdich acHle/ camer a
havi ng a two-axis array of photosensors; (g) digitizing and storing the
second pi gtepeof(Dpracahghanplufaliesond Pitay SR oItV fdr tiwe st art
search points previously stored; and (i) determ ning whether the gradient
for the se¢esd piectire éxnedadest thegsadpenf movanpladurkbr Aomethwd
according to Claim23 further including the step . of storing the difference
bet ween ampaitoof upbngt a {joystthekf.i rst picture. 25. A method according to
Claim 24 further including the step of selecting a tolerance for the

di fference between t h83paidr viflepomeasuring method comprising the steps

of:

(a)_taking a first picture using a TV camera

having a two-axis array of photosensors; - .

(b) digitizing and storing the first picture; ~
(¢) displaying the first picture;
(d)ﬂlocating and storing a plufality of start
search points for the first picture;
(e) selecting and storing gradient threshholds
for a plurality of points for the first picture;
(f) taking a second picture using a TV camera
having a two—-axis array of photosensors;
(g) digitizing and storing the second picture; B
o

(h) ‘searching the second picture comhencing with

the start search points previously stored; and
| :(i) determining whether the gradient for the
second picture exceeds the gradient thresholds.
I 24. A method according to Claim 23 further including
‘the step of storing the difference between a pair of pointé
for the first picture.
25. A method according to Claim 24 further including

the step of selecting;a tolerance for the difference between

the pair of points.

~



- 23 - 26. A nethod accordlng to any of Cains 23, rth
i ncl.uding the steps of determ ning and storing hor| iﬂ.m ﬂﬂi
references for the first picture; and 2@l ecting and

start search points for said first picture, said additional start search
points being located relative to said references. 27.-A nethod according to
~any of Cainms 23, 24 or 25 wherein the gradient threshhold stored has both
axsign and a nmagni 6deA B@thadmeckodddngortd mrayt @ fCCGlanms’ F3)y t3keror 25
including the steps of determ ning and storing horizontal and vertical

r ef er encesffiotheneihicludipige ttivee stepiscofi de terhistiorg mpdadstianiomnl start
search points for said first picture, said additional start search points
bei ng |ocaheuazenaaivendt@egén@aﬂeﬂaﬂem@ayeamﬁpnnihgrﬁﬂnsﬁ;pmntqnqm|ng
hori zontal and vertical references for the second picture. 29. A nethod
accor di ng #BdcPalALITnghand stoxias pdsd timmade SHifF HisaaReds RN H AW es

of packages and _the second picture is taken while the package is noving

30. A net héﬁlgcééf"&l n§iCsuzRy Srid dfd tignal, sfari W‘i%rpqlrqu%cpwg he

step of d| radient f.or a _point for the first picture. 31. A

net hod acc ﬁﬁgt Segﬁﬁéﬁe &e alsﬁgdzé' FTGRCAS wherein | ess than about five
e e by S e ST A s AT
eleaents O@h%?@iﬁe%ﬂgdggbﬁﬁﬁﬁ% U ext¥ciF S tored has both a sign and a
magnitude.

¥2’ '. 28. A method accarding to Claim 27 further including
the steps of determining and.storing horizontal and vertical
references for the first picture; selecting and storing "
additional start search points for said first picture, said
additional start search points being located relative to
said refarences; and determining and storing horizontal
and vertical references for the second picture.

29. A method according to claim 27 wherein said first
and second pictures are pictures of packages and the second
U pictﬁre is.iaken while the package is moying.

30. A method according to any of Claims 23, 24 or 25

'furtaér ipcluding the step of displaying the gradient for a

point for the first_picture.

.31. A method according to any of Claims 23,24 or 25
wherein 1ess than_about five percent of the picture elements
of the picture are searched.

32._ A method according to Claim 31 wherein less than
about one percent of the picture elements of the second picture

are searched.



-24- 33. A nmethod according to any of Claims 23, 24 or 25 further including.
. the stepS of presenting an operator with a series of nenus fromwhich to ',

rﬁs;@el_e ' m ﬂl thod accordippg_to any of Clains 23, 24 or 25 .

fur r.l ml‘mmm; u“ |ms of deter mb%l ng and.storing the |ine signature

for a.line*incthe fArs$t picture; and searching the second picture to - -

gftern1nemnhether that line signature is present. 35. A nmethod according s
ai m 34 wher ei gy sai g hipeogi 9BBLHAEnES t8! Bh§JoRS Clalliaans bR . AT

nFtho?'acpordingato gnyéogoéja?ns gg?524 or gSOfurtﬁér ichudingIEﬁgﬁstep :

of se e“f&@tﬁé@ PhOlidPnanNtREC3t8hst B presknRinguad bpdiatoramaad.a 37. A

met hod according to %?a4n€36 furthgr incPuding thgustegﬂgf sel ecting and

storing agsepsshofli neaLEOPrbAr whiiehsear mAkar 8@led&ionk.net hod according to

Claim36 further including the step of selecting and storing a gradient

threshhol d for ghe sgamebhodeaccdddidgmebhadyaotodliaigns @32 oforCi26 ms 23,

24 or 25 wherein the step of designating a plurality of start search points

for the fiasthercinecbuiingudhe shepst eff deterwiimg ng eurdscrtaminghetmnitor.

40. A method according to Caim39 wherein the step of nobving the cursor

i ncl udes 1heresskgnaturanitpul at Lageaipoydei i rstl pickunele @nd BRATGRI Bt hod -

conprising the steps of: (a) taking a first picture using a TV canera
having the second picture to determine whether that line signature

is present.
35. A method accofding to Claim 34 wherein said ljpe -;)
signature is stored as a binary number. ' '
36. A method according to any of Claims 23, 24 or 2?_
fﬁrther including the step'of sélécting and storing an area of
the first picture to be searched.

37. A method according to Claim_36 further inciuding
the step of éelecting and storing a search direction for the
search area. |

38. A method according to'CIaim.36 fﬁrther including
the step of-selécting and storing a gradient threshhbld for
the search area.

39. A method according'to any of Claims 23, 24 or 25

'~ wherein the step of designating a plurality df'étart searéh
points for the first picture inCIudeé the step of moving a
‘cursor on the monitor. |

40. A method according to Claim 39 wherein the step
of moving the cursor includes the step of manipuiating a
joystick. |

41. A video measuring method cOmpriSing'fhe steps of:

(a) taking a first picture using a TV camera having



v

25 - a two-axis array of photosensors; (b) digitizing and storing—the_

first picture; (c) displaying the first picture; (d) | i ral ity

of start search points for the first picjure; (e) stor”"@'“’%!am E”E’Frch
e

- points;  (f) selecting a feature of the first picture to

designating a pair of points; (g) selecting and storing gradient
~threshholds for the pair of points; (h) storing the difference between the
pal-£0f poigt stwd4axise| fetd P ANshStOséMdoRst ol erance for the difference
bet ween the pair of points; (j) taking a second picture using a TV canera
having a two-axis @y ayi @it bhi@sei@ostor{g ¢hg@i fiFs00pasdupkqri ng the
second picture; (1) searching the second picture cormencing with the the
stored start searcfcypadidplayiggdeherfd nstigpiveether the gradient for the
second picture exceeds the gradient threshholds; (n) nmeasuring the sel ected
feature; and (o) datrrivweatinghetpburalitptofhetartisseadchepoindsi Somi t hin
tol erance. 42. A video neasuring nmethod according to Claim41l wherein |ess
than one petheerfingt tpdctuxreure el ements of the second picture are searched

to nmake the neasurenent.
(e) storing the start search points;

(£) selecting a feature of the first picture to be
measured by designating a pair of points;

(g) selecting and storing gradient threshholds for

S~ the pair of points;
(h) storing the difference between the pair of
points; "
(i) seiecting and storing a tolerance for the
difference betweeﬁ the pair of points;
| (j) taking a second picture using a TV camera
haﬁing a two—-axis array of photosensors;
.(k) digitizing and storing the sgcoﬁd picture;
(1) searching the second picture commencing with the
g%3 the stored startlsearch points;

(m) determining whether the gradient for the second
- picture excegds the gradient threéhholds;.
(n) measuring the_selected feature; and
(0) detefmining ﬁhether or not the measured
feature is within tolerance.
42, A video measuring method éccording to Claim 41
wherein less than one percent of the picture elements of the
second picture are searched to make the measurement.

43. A method according to Claim 41 wherein the step of



43. - A nethod according to G aim4l wherein the step of - 26 - ;
I ing a plurality of start search points includes the step of noving a
c\&dor anlmﬂmunuﬂmumrl A method according to Caim43 wherein the step
of novi ! he nonitor 1 P8 udes the step of manipulating a

j oysti ck. 45. A n%thod*according to any of Clainms 41, 42 or 43 wherein‘the,,
stored gradient threshhold-has both a nagnitude and a sign. 46. A net hod
according to any of dains 41, 42 -or 43 further.inoluding.the steps of
present i ngogaddiiged FluFeddS R @ lard ARy AATCH PO B hY 1‘&@8&8?‘%9} to any
of Cains 41, 42 or 44 further including the steps of: determning and
storing h&teRoRfamoyids, & U Ak Bt L %% he first picture; and

selecting and storjng additiponal  start sear i pL S, [ ir

pi ?t ure, sai 28ad(§i4t°i g\;&l:%ﬂﬁﬁ%%%ﬁ?%oﬁ%t@%ﬁﬁng&‘8@%85% gP%t ﬁ\%tgpt o said
references. A od. accor dj | m 47, ‘kngl udi he ste

of de:jer.m'orfi H&V&ﬁ}?”‘;tttyﬁ i%%ooﬁiézl{(;%f%% "zggnrgi eﬁt}%g{ﬁgg%e?g%cggb gPEt he P
second picture, - A\ p@ﬁﬁyring system or nethod substantially as
herelnbengﬁﬂﬁﬁgg%ﬁﬁgi%ﬁﬁﬁyre erence to the acconpanying dramﬁngs.y

45. A method according to any of Claims 41, 42 or 43

¥

wherein the stored gradient threshhbld'has botﬁ a magnitude
and a sign. - - |

46. A method according to any of Claihs 41, 42 or 43 (;;
further including the steps of presenting a series of menus
to an operator. | | N

47. A method according to any of Claims 41, 42 or 44
further inbluding the steps of: deterﬁining and storing
horizontal and vertical references forltﬁe first picture;'
and éelecting and storing additional start search points for
said first picture, said additional start search'points |
being locéted relative to said référehcés.' |

48, A method according to Claim 47 further including .

the step of determining and storing horizontal and Vertical N~
references for the second picture. | |

49, A video measﬁring‘éystem or method.substaﬁtially |

as hereinbefore described with reference to the aécompanying‘

drawings.




