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ABDUT THE CATELOG

THIS CATELOG CONTAING OVER 100 PAGES OF TLLUSTRATIONS ﬁNH INDINFFR(NL
DATA PERTALNING TO THE DESTGNING ANk CONSTRUCTION UF ROBOTS, THH 3
EDITION WAS CREATED FROM HAND- r)Fi{\bJPQ DIAGRAMS AND COFIES OF AaFPLICATIC JTE.
A BHORT DICTIONARY WAS FUT TOGETHER A8 & FIRST DRAFT OF AN OFFICIOL LIST OF
TERME AND DEFFINITIONSs WHICH WILL EF REVISED A% THE YEAR FROGRESSES. GalLAHER
RESEARCH WIGHES TO GATHER A% MUCH Mé LAk A% POSSIELE FROM OUTSIDE INVESTIGH-
TORE GO AL TO BE ABLE TO COMPILE AN OFFICIAL GLOSSARY AND ENCYCLOFEDIS FOR THE
BUBJECT OF ROBOTICS. LF YOU CAN SUBMIT ANy INFORMATION: FLEASE DO 80 AS S00N AR
FOSSTELE ., ALB0O IF YOU HAVE ANY COMMENTS, OR WISH TO RECIEVE FREE UPDATE SHEETS
FOR YOUR CATELOGy PLEASE WRITE TO THE ABOVE aDDRESS,

ABOUT THE GRIVET SERIES

: THE  GRIVET ﬁERIE% 18 A BELECTION OF MODULAR ROBOT Df:IﬂN& WHICH ARE
BEING OFFERED TO THE PUBLIC IN KIT FORM. IDEALLYy ALL SUBASSEMELIES AND SUE-
GOMPONENTS TNTERCONNECT» FORMING A STANDARD FOR OUTSIDE COMFITION WHICH May
WESH TO MARKET COMPATAELE HARDWARE AND SOFTWARE ., THE SERTIES-1 ROBOT WeE THE
ORIGINAL. GRIVET THAT WAS MARKETED IN 1978y BUT WHICH WaS DISGONTTNUED IN DE-~
CEMBER OF THAT SAME YEAR. THE KIT-1L THAT AFFEARS TN THE CATELOG 1S AlL THhT 18
LEFT OF THE BASE MODULE KITy ORIGINALLY FART OF THE FIRST PRODUCT. THE SERIES-2

G NEMER FUT CINTO FRODUCTIONs GINCE IS5 WAS A SINGLE-ARM VERSION OF IT5 DUAL-

M FREDECESSOR, ‘ :

THE SERTES-3 WS ACTUALLY THE RESULT OF WORK ON & DESIGN THAT FakalL.-

LELED THE DEVELOPMENT OF THE SERIES=-L. INFADTy IT WAS FUT ASIDE WHMILE THE
ORTGINAL GRIVET WAS BEING FROMOTED. NOW T AFPEARS IN THE CATELOG AS A CHESE-
FLECE MOVING ROBOT MANIFULATOR. IT REPRESENTS & LOW-COST AFPROACH TO THE MORE
FaMILLaR THNDUSTRIAL HANDLING TABKE BEING DONE BY MORE EXPENSIVE MACHINES, XT
WAS FROM & SERTES-3 PROTOTYFE THAT MOST OF THE INTERFACING AND SOFTWARE EXFERT-
ENCE WAS GATNED . ' |

WARNING

Sovreses suas sbae bars sabe

A% OF FERRUARY OF 1979 THE SERTES G4 ROBOTS HAVE NOT BEEN FROTOTYPFED
NOR HAVE THEXR i'.)‘iiil?%'l.(ﬁ;Ni: BEEN TESTED. UNTIL alU[.H EBENCHMARKINGy  ANY ORDERS FLACED
FORTE SROGOME RISKy AND  GAll.Al N"'F'\ RESEARCH WOULD FREFER THAT THE
PLANS BE PURCHASED FIRST. WE ARE SEEMKING INDUSTRIAL CONTRACTS FOR THE SERIES-4
SO AS TO BE ABLE TO BULLD AND TEST THEM. WHEN WE HAVE SUCCESSFULLY COMPLETED
OUR- PROTOT l|| S WE WILL SEND ANNOUNCEMENTS TO EVERYONE INTERESTED IN BUYING A
KIT. THE SER a3 RITE ARE SPECULATIVE AND BEAR THE SoME RISKs EVEN THOUGH PLANS
ARE ALSO OFF e WE ARE PIONEERING THE LOW+END OF THE ROBOTICS FIELD AND THIS
LEAVES US WITH LITTLE TO Fall BACK ONs S0 WE NEED ALl THE ENCOURAGEMENT WE CAN
GET! 8
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NOMENCLATURE

ACCOMODAETION UNLTS  ARE SPECIOL-FURFOSE COMPLIANT MOUNTINGS BETWEEN THE MANI-
s i FULATOR WRIST AND THE WORKFIECE ,

ACTIVE ACCOMODATION X8 FORCE CONTROL USED TO FUSH UR PULL FARTS AND TO TESY
e s s st s s s s e OO (5 SECURE FILT.,

ADDENDUM T8 THE HELGHT BY WHLECH o TOOTH PROJECTS SBEYOND THE PITOH CIRCLE.

b aans suce sant seny sass sus

AGENTE  ARE SUBCOMPONENTS OF WORKFIECES 'Tlﬂﬂhfr ARE TIED TOGETHER BUT ARE SEFERATE .,

Al SWEEF TS THE ROTATIONAL RONGE OF THE BaSE ABOUT THE Z-axXIH,

ARTICULATION T8 THE NUMBER OF JOINTS. OR MEASURE OF COMPLEXTTY,

1 oeap ovva weap ane

ATTETUDE XS THE ORIENTATION OF THE WORKFIECE WITH REFERENCE TO THE COORDINATE
e SYETEM TN LSE . c

AURAL. COMMUNICATION I8 THE RECTEVING OF VOLCE COMMANDS .,

[y 2o

ALUTOMATIC MODE L8 ACTIVE WHEN THE STORED FOINTS ARE USED TO GENERATE THE DESIRED

e ol e FaTHSy WHICH ARE THEN MODIFIED BY THE CORRENT POSTITION SENSOR
READING .  THE COORDINGTES OF THE TAUGHT POINTS ARE CHANGED EBY AN
AMOUNT EQUIVALENT TO THE DISTANCE BETWEEN THE FOSTITION OF THE
WORKFIECE AT WHICH THE FOINT WAS TAUGHT AND THE POSTITION OF THE
WORKPFIECE AT WHICH THE PFOINT IS REFLAYED.

BACK DRIVAEILITY IS THE CAFACLITY TO MOVE THE WORKFIECE AWAY FROM THE FIXTURE.
e SEE - GETIVE ACCOMODATION,

CEAKLAGH TS THE AMOUNT BY WHICH THE WIDTH OF & TOOTH SFACE EXCEEDS THE THICKNESS
v OFCTHE ENGAGLNG TOOTH ON THE QFERATING FLTOH CIRCOLE .

R BEFORE OR AFTER PROCESSING.
RO PEXELS AND GREY TONES.

ELNARY TMAGE 185 THE STORED VISUAL IMAGEy E TI‘
e RESOLUTION DEFENDS UFON THE - NUMEE

Q\L.Jiﬁiﬂ’i:ﬁ'f'lli(Z'JN I8 THE MEASURE OF THE m:c:uwuﬁ;v OF SERVOING CBEY FUTTING THE SERVO
e PROGRAM TN A CONTINUOUS TRACKING MODE AND  THEN AlLLOWING L7 70
MAINTHIN A FOSITION OVER A STATIONARY TARGET. SEE VISUAL SERVOING.)




GALLAHER RESEARCH INC.
P. 0. BOX 10767 = ¢ SALEM STATION
WINSTON-SALEM, NORTH CAROLINA 27108

' ‘ Phone (919) 748-8761

NOMENCLATURE 2

.l I (‘nlul“lNlJ L8 THE AMOUNT EBY WHICH THE I)I I NI)UM IN A GIVEN GEAR EXCEEDS THE
e QDDENDUM OF TTE MATING GEAR,

CLOSED LOOF I8 A SOFTWARE PROGRAM BETING liil)(lﬁlf.j:l.l'\"l‘élll) CONTINUOUSLY TN THE ALTOMATIC
S T8 1 T ‘

CONTINUOUS FATH 16 USUALLY A CURVED FATH AND 1S FOLLOWED WITHOUT FAUSING. THE
s e MOST FREQUENT USE OF CONTINUOUS FATHS IS DURING SFREYING.

(Z)L..Cl!?'il IN SFEED IS THE SPEED AT WHICH M Mi"lNlF ULATOR CAN alDJUST TTE FINAL POSTTION
et s s OYNEY TGS U"'il.l(“...l...\" ASHBOCTATED NHH I)ll(%l ..... ~HPEED SYBTEMS.

i(lMFUH h* r"um]S:-HD H\ﬁ.INJ.N(-.- I8 CONDUCTED WITH SOFTWARE ROUTINES IN THE OFEN LOOF
R A 1118 1 4 SRS 18 8 1 e o MODE AND 18 USUALLY CONDUCTED WITH TRATINING ATDES.

HINL)J.T.I.(JN M(]Nl H]l-\'f.:- ARE. GOFTHARE STATEMENTS U% ROTO TEST FOR SOME CONDITION SUCH
i s s e (8 CTHE ACTIVATION OF A& TOUCKH SENSOR WHILE BEING RUN CONTIN-
UOUSLY DURING & SFECIFIED FORTION OF AN APFLICATION FROGRAM.

)Nl Llialllxﬁ\ LON XS A MECHANICAL ARRAONGEMENT OF MANIFULATORS BASBED ON CYLINDRICAL
v st $SF"I'-IEZRIII(.'1M.. r OR JOINTED-SFHERXCAL COORDINATE SYSTEM.

[UNN\IUI LERCENITIATES AND TERMINATES THE MONIFULATUR MOTIONS IN OHOSEN SEQUENCES

- o e e AT BFECTFIED FOINTS, USUALLYy ACTIVITY I8 BEGUN AFTER XNFORMATION
LS RECTEVED FROM SENSORS (FOINT-TO-FOLNTYy OR CONTIMUED UNTIL A
COUNDITION X8 ENCOUNTE RE. DG UNHNU[)U FATHD

CRITIOCAL THRESHOLD  REFERS TO THE IMAGE I LGk AT INTERNSI Y. AND  THE LIMITS OF THE

Rl UI&‘SUfi‘xl... SENSOR

WOS LS THE STUDY OF FEEDBACK AND ::l VO BYSTEME o THE  SUBJECT  COVERS
o THE ENTIRE FKANGE OF ME (,H(?sNI")M.n FROM AaNNIMALS T AalUTOMASTONSG .

CYLINDRICAL COORDINATE ROBOT IS BASICALLY A MOREZONTAL ARM MOUNTED ON & VERTICAL

e s o s e s s v COLUMNG WHEGH XS TN TURN MOUNTED ON & ROTATING BASE .
THE aRM MOVES TN AND OUT A8 IT MOVES UF aND DOWN ON
THE COLUMNG BOTH ARM AND COLUMN ROTATE A% & UNIT
THE BASE. THW WORK ENVELOFE 1S A FORTION OF a Gy
LINDAF .

|)| D Ni)UM LS THE DEFTH OF & TOOTH SFACE BELOW THE FITOH. CIRCLE.

» sexe bes ore 4bre sust

l")l l I:L( UUN IS THE ACTION OF INERTIAL FORCES UFON THE LINKAGE

seon gene paay anve

‘l"lL ai LH) Mﬂl;l: L8 THE USE OF A MIGH-SFEED TRAVERSE AND A SLOW-SFEED CLOSE-IN.
o i e o e e TM’IZ'S MUI)I: IH USUaLLY AVATLAEBLE ONLY WITH DUAL-ACTUSTORS,
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NOMENCLATURE 3

ELEBOW EXTENSTON I8 THE ROTATION OF THE fl.ll‘:;l““liill’?: ARM AROUT THE JOINT AT THE LOWER
“ae Gneseass 1ebu aoie sins 4045 sosh ahss Hed srse ere vat sase sear ”hM (‘,L[‘]N(‘; '“.IE Y'{,‘)x:(s) .

END-EFFECTOR X8 THE SUBSYSTEM OF ﬁfBDMUDﬁTIﬁN‘UNITﬁsTHﬁT MﬁKE CONTACT WETH THE
s WORKFTECE FOR CTHE PURFOSE QF‘HQNDLING O INGPECTION. '

IND IUJNT> ARE THE BEGITNNING AND TIIMlNﬁTKNh FUINY“ ALONG & PATH SEGMENT .

Seih oaen avus auve " o2em sor

FAGE TS THE THICKNESS OF & GEAR AT THE TEHTHQ

FEEDEACK IS EXTHER THE DIGITAL OR ANALOG DATA THAT X6 TRANSMITTED TO THE CON-
e TROLLER FROM THE SENSING DEVICES THAT MONITOR FOSTTLONS OF THE |INK-
AGES AND JOINTS. |

kﬁh(h CAFACITY I8 THE ABILITY OF A LINKAGE TO EXERT FORCE SUFFICIENT TO MEET
o e THES FAYLOAD  REQUIREMENTS MEABURED AT THE END-EFFECTOR,

‘lhuuuamnwx

ES 1IN THE FREE MODEs REACTION IUF\Lh‘&i Al i LW FASETVE ACCOoMODATION SUGCH
AS ALLOWING FPARTS TO FaLL INTO PLACES WHILE IN THE GENERATION MODE
FARTS ARE FUSHED TOGETHERS DURING THE COMPLIANT MODE: & "PROGRAM-
MABLE SPRING" GENERATES FORCES PROPORTIONATE TO DISTANCE.

urs sans beve sass

FORCE SENSING I8 THE MEASURING OF THE FORCES AFFLIED TO THE END-EFFECTOR IN THE
s FOSTTIONING AND COMPFLEIANT MODES.

................................................

FORCE SENSOR MAY BE A STRAIN GUAGE FRESSURE TRANSDUCER, OR CURRENT SENSOR

THOTO TEETHy - OROTHE RATIO OF TEETH TO THREADS OF
EED S REDUCTION ALWAYS REQUIRES 6 LORGE ReTLO.

GEAR RATIO IS THE RATIO OF TE
e MATING GEARS .

GOAL. TS THE UUFRﬁII ACHIEVEMENT SOUGHT BY TASK DESCRIFTIONS. THE TOTAL NUMEBEFR
e OQF TABKE AND THE EXCUTION TIMES ARE ﬁ MEASURE OF & ROBOT'S BEFFTCLENCY.

GREY LEVE]

00s saes uns cons aors war

. RESOLUTION I8 THE NUMEER OF rJr; OF DIGITAL DATA AVAILAELE FROM AN A/
e 3 GONVERSTON FROCESS THAT DESCRIBES THE LUMINOSITY OF A
FIXEL . FOR MOST (:)Mrljllbw;y -EIT RESOLUTION I8 NORMAL .

............

HOTWEDITINH L8 NOT HAVING TO RESTART THE ﬂPWLlLﬂTLUN FROGRAM ﬁhThh EDYLTING XT.

HUE T8 THE PART OF A& GEAR THaT ﬁﬁTES NITHfﬁfﬁHﬁFT.

‘um
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NOMENCLATURE 4

TMAGE lN! l(*aNU MENT I8 A PROCESS THAT IMPROVES THE QUALLTY OF AN IMAGE Y FIRST

e e v e LNCREASING  THE XNTENSITY ‘(JF THE FIXELS ALONG THE BOUNDRIES OF
THE UEBJECTS, THEN SMOCOTHING THE DATA BY ERGSING YSOLATED FaLsSE
EDGES CAUSED BY TRREGULARITIES TN THE BACHGROUND AND BY TNSER-
TING MORE EDGES ALONG THE OBJECT BOUNDRIES. FURTHER OFERATIOMS
INGURE THAT THE BOUNDRIES OF ALL THE OBJECTS aRE CLOSEDs AND
THAT ANY "HOLES®" INSIDE THE CONNECTED PARTS r'*al’il"; FILLED TN,

THMAGE PROCESSING INVOLVES STORING THE BINAORY IMAGEs FERFORMING ANY IMAGE EN-
e e HEGNGEMENT - THEN  AFFLYING ALGORLTHMS IN ORDER TO EXTRAGT T
FORMATION NECCESSARY FOR DETERMINING FOSTTION AND ORIENTATION.

INETIAL SCREENING OF BINARY IMAGE ELIMINATES SPURRDUS DATA FROM BAD FIXELS.

90 4504 4040 440} sune tvan Meus SHek S00e saER SRES 4000 S20e 00k 200k snbs

IIE:JLUN %-Y‘»TEZM BENSES AND. INSFECTS THE WORKFIECE TO DETERMINE POS-

INTERNMITIVE
e e TION AND  ORIENTATION FOR VISUAL SERVOING aND SORTING.

SJUENT TE THE TIEING TOGETHER OF MOVABLE LINKAGES WITH A SHAFT AND BEARINGS,

‘]INH AL ‘“3! Hl I\H,HI f[]lllld)lN{Hl Ix(ll:l)'\" IS A BYSBTEM COMPRISED OF A B&SE PFLUS aN UFPER
v A A 181 o 5t e i 5 0 e ARMAND . FOREARM WHICH MOVE IN A VERTICAL
FLANE: THROUGH THE BASE. XT INCLUDES A SHOUL-
DER JOINT BETWEEN THE UFFER aRM AND FOREARM,
CHORTZONTAL  PLANE. ROTARY MOTION IS5 AT SHOUL-
DER JOINT, WORK BENVELOFE IS A& PORTION OF @
SFHIERE .

xJUIi‘H I‘(J‘:I IIUN INP L]I-\i"il’u"HUN IS GATHERED EBY FOSTTIONSL FEEDEACK FROM SENSORS SUCH
e s e (3G SHAFT CENCODERS AND CaMs,

SJOTYETION TH A TRATNING ALD THAT IS COMPRISED OF FOUR POTENTIOMETERS THAT CAN

s DERECT THE MOTION OF A JOINT THROUGH & SINGLE PLONE. & CENTROL LEVER
CONNECTS EaACH POT, ‘

REINE i"if"»l li: IEXTE I'\J TY L6 THE MEASURE OF THE END-EFFECTOR'S EFFECTENCY TN HANDLING

B s (4 WORKFLECGE a8 OFPOSED TO. A HUMAN OFERATOR,

LINKAGES aRE STRUCTUALS THAT ARE COMBINED THROUGH JOINTS TO FORM & MANIFULATOR.

LOGCKING X8 M (Z?[I)i\!lﬁ)il'T'IIIJN OF A JOINT WHEREEY ALL REACTION FORCES ARE DIRECTLY
TRANSMITTED THROUGH THE JOINT TO HIP LANKAGE WITH DAMPING .

M(‘:NHM! ATOR CONSTSTE OF MECHANICAL LINKALES ﬁNI) SOINTS THAT DaAN MOVE LN VaRIOUS
e DTREGTIONS a8 DRIVEN DIRECTLY I’Jl'\ ANDIRECTLY BY ACTUATORS.,

.lh LK ['.JI"' ERETIONG ARE USED FOR COMPUTING ARGl ‘UTE AND  RELATIVE FOSTTIONS anbD
e e s s o ORTENTATIONS OF QBJECTS USING 4X4 AFFINE TRONSFORM MATRICES.
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NOMENCLATURE 8

MODEL. OF LXI [ UT LON- TIer ﬁ"YSZi'T'I&iZM INCLUDES  WORSE-CASE SERVO RESFONSE FOR THE V-
s sttt o s o s e s s (S MODES  OF . MOTIONs KNOWN DELAYS s AND  SYNCHRON -
ZATION REQUIREMENTS aS NEEDED FOR THE COMPUTER
TO CINTERFRET THE TASK DESCRIFTIONS. THIS WOULD
B THE BASES FOR THE f\(JI:‘[J'ILL OFERATING SYSTEM.

MOEOT X8 & MODULAR ROBOT. THE GRIVET .‘:-l"h.l(l"u ARE MODULAR TN CONCEFT AN MOBT OF
s THED FPARTS  ANS SUBASSEMBELIES ARE INTERCHANGARLE .

NP }‘.l""i\--‘Ll 1 TION CODE IS A& STORED LINK BETWEEN FATH-SEGMENT STATEMENTS AaND 18 USED
s e e UEKED A FROGRAM-COUNTER  OR O THE LINK IN & LINKED-LIST.

aNIH(]N I8 A 'i(']l"'TNﬁI'REZ SUBE-GOAL  THAT DETERMINES HOW TO FICK UF AN
OQBEJECT BY MATCHING T 7O KNOWN OBJECTS OR USING A CLASS -
FICATION FPROCESS THAT RELIES ON SHAFES. TREE-SEARCHING AND
OTHER MEURISTLC I-l'\‘U(BI:?.ﬁMM.I.N[.; TECHNIQUES ARE USUALLY EMPLOYED.

CEWJEC '}’ l xl"’ ("‘(')(

ovn gens 2000 aas

H

QEST ACLE r“:k‘(]il)x"iN(.,lr USES LABER OR ACOUS 'TI(; RANGING SENSORS TO AVOID OBJECTS. SOME
e END-EFFECTORS ARE BEQUIFFED WITH TACTILE SENSORS FOR THE SAME

' ‘ FURFOSE .

00[)@ I8 THE TERM USED FOR THE DIAMETER QF "l"HlEEﬁ ADDENDUM CIRCLE (OUTSIDE DIAMETER )

(JI'“F“'! [Nl: l}kt [,UII(JN I8 THE MaAaNUAL OVE l'\hIL)L(.NL; OF THE COMPUTER INCORDER TO FUT THE
s s e MGNTRFULATOR. THROUGH CERTAIN MOTIONS: USUALLY TO TEST LT,

Ul 'P i‘-! lll(]l‘ 18 A SOFTWARE FROCEEDURE THAT WOULD NORMALLY LOOF CONTINOUSLY BUT I8
meeeeeeee GTORFED ELTHER DURING THE TRAXNING MODE OR CONCLUDES PREMATURELY .

FaRTIaL DRIENTATION X& THE ATTITUDE OF THE WORKFIECE FRIOR TO FINAL TNSERTION.

4982 USeE 4400 S8un BASL Suas Sane BLE Suab 2000 130n SUNE Sbeb SEER

‘{iu)é.‘(kﬂ A UMIJH:’H"IL)N I8 ALLOWING THE WORKFIECE T0 Fall INTO FLACE.

$905 4000 4300 2 00s ueny 0ke nbbe ons faat Bhse Sva: o vass sess sous ase s

FK\E?SI(W L(Ji"ﬂ LIANCE FROVIDES AN OFEN-LOOF }E;UL;U'T'III(.']N FOR INSERTION.

FATCHING I8 A METHOD OF DBJECT RECOGNITION THAT DIVIDES OBJECTS INTO REGTIONS.

l‘r’ﬂH LL]NTI&.UL CAN EBE FOINT-TO-FOINT OR CONTINUOUS, WHEN THE FATH CONSISTS OF

e STROLGHT  SEGEMENTS THAT ARE NOT COLINEARy AN ALGORITHM OFERATING
IN REAL-TIME SMOOTHS THE TRANSITIONS BETWEEN THE FATH SEGMENTS

. TO ELTMINAGTE THE ACCELERATION AND  DECELERATION ASSO0TATED WITH
EACH INTERSECTION OF NEIGHEORING FATH SEGMENTS AND THUS INCREASE
THE DPFERATIONAL. SFEED AND MINIMIZE THE HAND VIERATION.

H’HH ("'L’"NP Iu"ﬂ CON I8 FROM THE CONTROLLER INTERFRETING STORED POINTS AND DETERMIN-
Bttt e THED FATH BETWEEN THEM USING MATRIX OFERATIONS .
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iN (I]MEEIN('“VI. ATURE &

e GHARE COMMON ENDe FOINTS

FATH SEGMENT CONSEHTS OF TWO END-FOINTS AND A LINE BETWEEN THEM DEFINED LN TERMS
L e e OF Xy Y2l COORDINATES,

| (1Yl U(‘II) LG THE MAXIMUM LIFT CAFACITY OF A MANIFULATOR MEASURED AT THE MaND.

e vhes neun srue orin sen

Folde LS THE TERM FOR THE DIAMETER OF THE PITCH CIRCLE.,

Orve vses nade sase

FLTCH T8 THE ROTATION ABOUT THE Y-AXIS AT THE WRIST WITH FREEDOM OF MOVEMENT
------------------ I & VERTICAL PLANE THROUGH THE ARM.

F lT( bCGEARS)Y L6 THE aRC BETWEEN FaRALLEL SIDES OF ADJOXNING TEE
--------------- TORQUE LOAD FOR GEARS WITH THE SAME NUMBER OF TEE INCRESSES

WITH DECREASING FITCH. FITCHES RANGE FROM 120 TO 20y WITH 64 AND
. : A48 BETING TYFICAL. ALSO GEARS WILL ONLY MESH WITH OTHER GEARS OF

THE SaME PXTOH.

FLTOH CIRCLE IS FORMED AT THE MXID-FOINT OF EACH TODTH AND 18 ALWAYS LESS THAN
e THED (o ey EXCEPT FOR CINTERNAL. GEARS AND RACKS. PITOH CIRCLES OF
MATING GEARS SHOULD INTERCGECT HJI‘\ BEST FIT AND LEAST BACKLASH.

FIXEL X8 A SINGLE ELEMENT IN THE VISUAL ﬂl"\'Rt«%Y BEING LUSED a8 aN IMAGE SENSOR .,
~~~~~~~~~~~~~~~~ LF A VIDEOCON TUBE T8 USEDy & FIXEL IS ARBITRARILY DEFINED TO BE THE
SMALLEST POINT OF LUMINATION THAT CAN BE RESOLVED.

HUN HJ I'UINT I8 A METHOD OF l" ATH GENERATION THAT FOLLOWS THE MOST DIRECT FATH
- BETWEEN STORED POINTSy RESULTING IN VECTORS,

I UnI IUN MUM B GONSTST OF LOCKED MODE FOR DIRECT TRANSMISSION OF REACTION FORCES
AND FPOSTTIONING MODE WHERE OFFSETS GENERATE ACCURATE OFFETS OF
CHAIND .
FOSETIONAL ACCURACY 1§ DETERMINED AT THE END-EFFECTOR AND 18 EXFRESSED TN L XNE®F
rremmm s e (INDZOR ROTATLONAL. TERMS . NOMINAL ACCURACY 16 .04 INCHES O
1oMMs VERY GOOD ACCURACY WOULD BE 004 INCHES OR .1 MM

POSTTIONING SENSING 18 THE MEASURE OF THE RELATIVE FOBITION IN THE FORCE MODES.

RE. ANGLE X8 THE ANGLE WHICH 16 FORMED BY THE 931(3[3"552 OF THE TOOTH WITH RE--
et 1 5 l"'l"‘T TOOTHE NORMAL. OF THE FETCH CIRCLE. TWENTY DGREES I8 AVER-

PR Ul-.k“ T'R‘QN SDUGCERS USE LIQUID Mliil["
PR —— o 490% sxen 4oes 500 ers aase sute asey anes s0es Sa0e sory \ ['] rl."m ’.)!. i\l. 3[“\
"‘l‘i.l: Ei.sLJhk . UNI

A TO CONDUCT FRESSURE FROM THE SOURCE (HOSE
: VOLTAGE SEGNAL. IH FROPORTIONAL TO
ONFIGURATION USES A SMALL FLASTIC
TH O D CLOSED AT ONE END WETH THE SENSOR
CONNECTED TO T E 0 AN LOSED END FASTENED TO ONE
THE (S OF THE HAND T s ) s A
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llxli"ilHUl’" 6 ARE THE SIX BASIC SHAFES TH(‘\Y AN fllmJH,Y CaN BE REDUCED 1O DURING
e VIGUAL FROCESSINGS CUEBES CYLINDARG FILLET: SECTORS TETRAMEDRONS
AND WEDGE o '

NOMENCLATURE 7

PhUKJMITY &tN&Uh MEASURES CLOSE DISTANCES FROM THE END-EFFECTOR TO OBJECTS»
s o s e e 8 OFFOSED TO RANGE FINDERS THAT ARE USED FOR COLLLSTOM
AVOTDANCE .

TONCE FROM THE ROEBOT TO AN i.”]lfiullfiiﬂ"f AND 16 USUALLY SENSED BY MEANS
ROOF UL TRASONTC SYSTEM.

RAMGE T8 THE DX
[N (""II' ll,‘,‘ L.‘f’lﬁ

REACTION FORGE 13 A FORCE PROFORTIONAL TO THE MOMENT OF INERTIA AND RESULTS FROM
REAL-TLIME-FROJECTIONS ARE THE RESULTING VECTORS DERKIVED FROM MATRIX CFERATIONS
s o [JURTNG FOTH GENERATION IN THE AUTOMATIC MODE .

RETRACE T& THE PROCESS OF REPLAYING AND I”"(f]L..L.{JNIIING STORED SEQUENCES OF aCTIONS.

............................

L IS AN ADAPTABLEy COST-EFFECTIVE AUTOMATON DESIGNED FOR MATERIAL HANDLING»
6 e LNSPECTIONs @ik (wml'*‘"l Y Hml’ﬂ WITH GENERAL AFPLICAELLITY TO & WIDE RONGE
OF EaTCH-FRODUCER D ETE-FART PRODUCTS. & ROEB WT MUST ALWAYE REFLACE
HUMAN  LABCOR AND BE  TRALNABLE .

ROBOTICE TS5 THE DEVELOFING  EXFERIMENTING NI THy ANALYZINGs AND DEMONSTRATING
e SEVERAL TASKE  INCORFORATING TNDUSTRIAL MANIFULATORSy SENSORSs AND
AUXTLLARY  EQUIFMENT-ALL UNDER COMPUTER CONTROL. .

ROLL. LS THE ROTATION IN & FLAONE FERFENDICULAR TO THE END OF THE ARM ABOUT THE X-
e R |

EM THAT PERFORMS ALL THE DIRECTION AND SPEED
Wk

ROS T8 & ROBOTIC OFERATING SYST

e CALCULATIONS  THAT REQUIRE F ACK AND - TAKES TNOT ACCOUNT ALL KNOWN FaRo-
METERS SUCH &8 TIME DELAYS FROM ACCELERATION AND DECELERATION: MOMENTS OF
INERTIAy AND TORQUES. THIS SYSTEM IS5 INDEFENDANT BUT SUPPORTS THE TRATNING
BOFTWARE AND SENSOR FROCESSING FACKAGES USUALLY RUN WITH IT,

BEEK MOTION IS THE MOVEMENTS OF THE MANIFULATOR DURING THE TRACKING MODE,

 SENBOR-CONTROLLED MANIFULATION INVOLVES THE SERVOING IN THE AUTOMATIC MODE
o s e (6 DETERMINED BY VISUAL OR TACTILE SENSORS.
A% DFFOSED TO "BLIND OFERATION® OF THE ROBOT.

nl |Ul.ll I)H \>w1 ‘v‘ll IS THE ROTALON THE LOWER ARM aTOR ,Tf““i%ﬁ BaBE AROUT THE Z-aXT8,

o000 wass aia o0 sane ores aees vaes oabs bes on
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NOMENGLATURE 8

SINGLE-ACTION ACCOMODATION INVOLVES A SFECIFIC FORCE IN ONLY ONE DURECTION
e e SUPFLIED TO O THE END-EFFECTOR &T THE WRISTy AND
USUALLY REFERS TO & FUSH OR FULL ACTION.

SLLFPAGE IS THE AMOUNT OF MISALIGNMENT (Z]F' THE WORKFIECE WUTH RESFECT TO THE FIX-
ok vaen sonvonae ease boes sove sane ]L”Z‘. e -
SHATIAL-RELATIONSHIF IS5 8TATED A5 A SET OF VECTORS BETWEEN THE END-EFFECTOR AND
+460 SER® a8 SEos 0300 et sen 5288 0RS A¥S0 0470 SORR S48 buns anen sies wace suvs 0né veve T '“. T i ‘.: (; l.. ‘| o

Siil“'{-f\'l"flllf-‘ul I\I ,r(]l UTION X8 & MEASURE OF THE F“F'\'E?Z[fiiiﬁ!ﬁilﬁﬁ)N EY WHICH A SPATIAL-RELATIONSHIF
p— s mesnec N BE COLCULATED .

GRS THE M“F“L.;’CEJ[‘) FORCE y a8 QFFOSED TO THE REACTION FOR
!Eiil.ll.. Hi FROM THE APPLYICATION OF THE SFECIFIC FORCE. 9

CEY  WHIOH RE
EE ACCOMODA-

CIOAL COORDINATE ROBOT CAN BE RELATED TO A TURKET WITH AN ARM THAT MOVES Xi
e e (GND OUT s FIVOTS EN A VERTICAL FLANE, AND ROTATES I
HORTZONTAL FLANE ABOUT THE BASE, THE WORK ENVELOFE 16

A FORTION OF & SPHERE.,

STORED aACTIONS ARE REFRESENTED BY POINTS AND TABKS l"('] Bk FERFORMED AT EACH POINT
et s NG IRE TNTERFRETED  BY  THE  CONTROLLER

STRATN GUAGE MEASURES THE REACTION QR SPECIFLC F'(JRII)EEIEB AFPLIED ABATNST A LINKAGE
4rse Gaon cons vans bete Bhesurs s . F‘}l"‘" l"h'\ ..”J'I.i'-..!"‘* . :

Sfil..ll:‘ltf‘:‘ﬂwﬁf MELY L& A COMBINATION OF FARTS THAT FORM A COMPONENT OF A& MODULE IN & MO-
S T 3 A

TARCTILE SE IJ‘AN\'*; RESFOND TO TOUCH aiND - USUALLY FROVIDE FEEDEACK TO THE CONTROLLER

s e e e WHECH CaNe INFORM LT ABOUT THE ORIENTATION OF THE WORKFIECE, .>U"N...
END-EFFECTORS HAVE BEEN EQUIFFED WITH TACTILE SENSORS ALONG THE
OUTSIDE OF THE FINGERS TO BE USED IN OBJECT RECOGNITION.

TAHRGET CaN BE ELTHER & WORKFIECE QR A II')EEIfESTII,"N#’\TZII(."JN WETHIN THE WORK ENVELOFE .

TARGET AFFROACH TS DURING THE CLOSE- AN FORTION OF TRACKING JUST BEFORE CONTACT
4058 drse cuss £ous eons Home Bree 4een vasn buas smns Saus are veae vtk J'“ :.':; M (},[) ﬁ‘ o

“’l'{.‘)ix UL S:-l RIFTION XS DECSRIBED BY ONE OR i"h'\hl:; MANTFULATOR PATHS . A MANIFULATOR
CAN EXECUTE OFF-LENE ONLY THOSE  TASKS THAT CaN BE COMPLETELY
HFECTFIED DURING TRAINING TIME. DURING DEBUGGINGs TASH DES-

CRIFTIONS ARE CREATED: ALTEREDy SOVEDy AND RELODADED .

'.:’M.’lH GUN T8 A& TRAETINING ALD THAT TEAC I“II S EACH FOINT OF A PATH SEGMENT .

...................................
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NOMENCL.ATURE ¢

TEACH MODE § FOINTS ARE TAUGHT A8 NORMAL BUT EACH COORDINATE OF THE LIRNE T8
reeeeese - MODEFTED BY AN AMOUNT EQUAL TO THE CURRENT POSTTION SENSDOR RESD-
INGy FRIOR TO BEING STORED.

HBT-BED I8 COMPRISED OF & MANIFULATOR UkIIISEilJFhl... AND. TACTILE SENSORE AND JOYSTICK
e GONTROL.Sy  CONVEYORE AND JIGSy AND. ANCILLARY EQULFMENT INTERFACED TO A
COMPUTER FOR THE PURFOSE OF ROBETIC R&D.

TES

'YHI\H “r’\)ﬂl“ (‘lf [ [leN)hYIUN I8 WHEN AN aGc Ui"’illD(HIUN UNIT CaN-aPPLY SFECTIFIC FORCES
o o meeseeee - ING ALL THREE S AXES AT THE WRIST IN ORDER TO ALIGN THE
WORKFLECE WITH TI"IE FIXTURE

TLED AGENTS THAT CONNECT ARE SaXD TO BE TIED.

000t badd eaur woam vans bosd s

'H':’l(fhll\l(v MDDEI LG FOLLOWING & TARGET FRIOR TO FINAL AFFROACH .

'HMJININH lifi‘( d“““(NL‘: REFERS TO MANUALLY SHOWING EACH NEW WORKFIECE TO A COMERA

s s s GEVERAL, TIMES TN RANDOM ORIENTATIONS FOR VISUAL FROCESSTNG .

.’i:r"*JZINLIIN(I;‘ BOFTWARE UTILIZES THE ROS TO EE 'TME'l LGH STORED FOIXNTS AND TASK DESCRIF-
i TIONG THROUGH Hx(‘\LNIN(v ATDSy BUCH A8 JOYSTIOKS OR A TEACH
GUN . ,

Hu’ hJH H]h 5 RESULT FROM REAL-TIME COMPUTATIONS OF TRANSFORMATIONS FOR FATH
s e CONTROL. FOR FIXED OR MOVING WORKFLECES,

THANSLATIONAL COORDINATE XS A COORDINATE IN THE DIRECTION OF THE MOVING LINE

e e s s e CPHET LS MODTFLED o SANCE FOINT COORDINGTES ARE STORED
A RECTANGULAR AND ORIENTATION COORDINATES IN SFACE .
SINCE ALl OTHER COORDINATES REMALN THE SOME» THE THREE
CUORDINATES REFRESENTING THE ORIENTATION OF THE END-
EFFECTOR RELATIVE TO THE WORKFIECE DO NOT CHANGE DUR-
NG AUTOMATIC OPERATION,

TRAVERSE SPEED LS5 THE PRIMARY SPEED AT WHICH A LINKAGE CAN BE MOVED anND I8 THE
e s FOBTEROOF THE TWO . SPEEDS AVATLLABLE IN & DUAL-SFEED SYSTEM.
USUALLY »y  THE HIGHER SFEED MEANS LOWER ACCURALY .

VISUAL SENSORE oRE EXITHER LINEAR OR MATRIX ARRAYS OF OFTICAL SENSOR ELEMENTS,

'JI}ZESLJI*‘-II.. \si RVOING USTNG VISUAL PROCESSES TO FROVIDE FOSITIONAL FEEDEACK TO THE
e QONTROLLER DURTNG  THE TRACKING MODE s AFFROACHs AND FINGSL TN-
HERTION. '

LT MODE XS ACTIVE WHEN & MANIFULATOR I8 WATLTING FOR AN EXTERNAL TNFUT» LUStakly
ey FAUSBE BEFORE THE NEXT OBJECT TO BE SORTED COMES TNTO VIEW,
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€404 400 vees sene doni bins sons 2upe sase cren

WHOLE DEFTH IS THE TOTAL DEFTH OF A& TOOTH SFACE (ADDENDUM FLUS DEDENDUM) .

WORMING DEFTH TOTAL DEFTH OF ENGAGEMENT OF TWO GEARSES THAT ISy THE SUM OF THEIR
4408 5450 4500 4001 4900 4rs 2400 2008 44t Shen Sues Sse0 avee ‘::l‘.)[)":..N[)lJMS:) . ) :

WURK ENVELOFE T8 THE aREA OF MOTION DESCRIBED EY THE END-EFFECTOR.

WURKFIECE T8 ANY GEJECT TO BE HANDLED OR INSFECTED BY THE END-EFFEDTORs A8
s (EFOQSED TO & FIXTUREs WHICH I8 TO MATE WITH THE WORKFIECE.
WRIEST JUINT X& THE JOINT THAT CONNECTS THE END-EFFECTOR TO THA ARM OF THE MANI-~
e s FULATOR Al ACCOMODATLION UNITS RESIDE ON THIS SUBASSEMELYs WHICH

_ FROVIDE THE END-EFFECTOR WITH ONE OR MORE aXES OF FREEDOM.
X-AXLE TH IN THE SAME PLANE A8 THE Y-~AXIS AND I8 PERFENDICULAR TO THED Z-AKLS .
s s s THIS REFERENCE LINE USUALLY RUNS INTO THE aRM,
Y-AKIS LIES TN THE SAME PLANE A8 THE X-AXES AND I8 FERPFENDICULAR TO THE Z-aXXS.

.“"-"'""-"-m- THE Y-AXIE I8 ALSO PERFENDICULAR TO THE REFERENCE LINE THROUGH THE
AR .

YARW TE THE ROTATION ABOUT THE Z-aXIS IN A HORXZONTAL PLANE THROUGH THE ARM.

Ae@X LS LS A REFERENCE LINE THAT T8 VERTICAL TCO THE X-Y FLANE.,

s sune bubs siue 1ase
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MANUFACTURERS AND DISTRIBUTERS OF INDUSTRIAL ROBOTS

LINIMATION TNC, ROBOT PROD .
SHELTER ROCK .M. | NORDSON CORF
DANBURYy T+ 06810 FINTSHING . ERULFMENT DIV,
S JACKSOM 8T .
THE DEVILELSS CO. F e e B0 150
ROEQT  APPLICATIONS AMHERS Ty OH 44001
DLV OF CHAMPION SPaRK FLUG G0,
Folle BOX %13 FRATT & WHITNEY  MACHINE TOOL
TOLEDOy OH 43693 ENGINERRLNG  DEPT .
' CHARTER Oak BLVD .
HTANDARD PROGUCTS WEST HARTFORDy CT 06&101
fkSa TN, : '
FOUR NEW KING ST, ALTO-FLACE s ING .
WHITE PLATNSy NY L0604 LA0L EAST 14 MILE RD.
‘ TROY» ML 483084

TNDUSTRIAL ROBOT DIV,
CANCINNATI MILACKRCON  TNC, RESEARCH & ENGINEERING DEFT.
4701 MAREBURG &VE., GENERAL BLECTRIC CO.

CUINMCTINNATE: OH 45204

BLE CHESTNUT 8T, :
FHILADELFHIAy o 191001

IFELECTRICAL FRODUCTS DEVELOFMENT DIV,  PROE CONVEYORS, ©TNC.
3001 CENTREVILLE RD. ROBEOT DIV,
HERNDON, U 22070 P44 EAST KILGORE KD,
KALAMAZO0, ML 49003

FUBLLCATIONS

LASHED BY S INTERNATIONAL FLUIDICS SERVICES LTD.
GY HMIGH STREETy KEMFSTONy BEDFORD ME42 7ETy ENGLAND

THE INDUSTRIAL ROBOT

STANFORD RESEARCH INSTLTUE ‘ I R X
MENLO FARKy OA 99025 400 Oak GROVE DR, TROYy NY LZ181
FOCEDENSy s 91003

ORGANTZATIONS . ANk SOCTETIES

ROBOT INSTETUTE OF @MERICH Wy ROBOTICS BOCTETY
L0501 FORD RD. DEARBORNy MI - CAD GAaLLAMER RESEARCHYy  TNC,

A8 LER Felle BOX L0767y WINSTON-SALEMy NC 27108
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40 1ens dhen deee eR0S Seas ey $900 10es 0es Base bou Base

GAlLAHER REGEARCH, INC, 18 AUTIVELY SEERING AN INOUSTRIAL CONTRACT TO
FROVIDE LTS STAFF WITH THE GPPEHTUNLIY TOOCXNSTALL AND TEST & SELECTED GRIVET
BERTES LOW-COST MANIFULATOR. THE ULTIMATE GOAL I8 TO ESTABLISH & Bas FORTHE
DEVELOPMENT OF AFPLICATION SOFTWAREy WHICH WOULD EVENTUALLY FORM A ROBOTLC OFER-
ATING SYBTEM (ROS) . THE COFORATION WOULD ALSO LIKE TO HAVE THE CHALANGE OF [DE-
BLENING AND. INTERFACING TACDTILE, VISUAL» AND AURAL DEVICES TO AUGMENT THE EXIST-
ING EQUIFMENT . MUCGH EXPERIENCE HAS ALREADY BEEN GATINED IN MECHANICOL DESIGN AND
ELECTRONIC FEED-BACKy SINCE THE PREVIOUS YEARS HAVE BEEN SPENT ON LEARNING AEQuUT
THE ROLE OF MICROFROCESSING IN INDUSTRY.
WHEN GALLAHER RESEARCH WAS INCORFORATED ON MARCH L 1977y LTEG PREMARY
FUNCTION WAG TO SERVE A5 A CONSULTING FINM FOR BUSINESSES: MANUFACTURERS, AND
UNIVERSITIES. INITIAL CAPITALIZATION CaME FROM STATE SalLES OF COMMON STOODK TO
ABOUT & DOZEN INVESTORS . AFTER PURCHASTING & M6B00 DEVELUFMENT SYSTEM FROM MOTO-
CRULA SEMICONDUCTOR, TNCOME GREW FROM CONTRACTS THAT W L GONCERNEDR WITH CUSTOM
DESTGNED MICROCOMPUTERS . WHILE SALES WERE LIMITED TO THE STATE,» FROJECTS RANGED
FROM REMOTE DATA COLLECTION SYSTEMS T SELF-CONTALNED VOTE TALLYING MACHINES,
ﬁURTNﬁ T TW Ylnhﬁ OF  RESEARTH AND DEVELDFMENTy  THE CORFDRATION
MG EXPAaNDED LT84 RS JOINCLUDE SUBCONTRACTORS WHO CaN FROVIDE METAL
R ARRTICATION lLﬁt XL MUhDLNhy Fo o BOARD ETOCHINGy COMPONENT ASSEMEBLY s AOND
JELTGEHING OF MhNUan. QUTSIDE CONSULTANTE OFFER VERSITILITY aND EXFERTISE XN
EBOARD LAYOUTy INTERFACING ELECTRONICS: AND TECHNIGAL SUPRORT, THESE FACTORS
HAVE HELFED KEEF THE N . F UL TIMh EMPLOYES SMALL s WETH ONLY THREE FEQPLE
QUOURYING THE Ly 000 SOUARE-FOOT L. )
THE CORFORATION HAS SUCCESSFULLY MenFHETELD ﬂ”urﬂul FRODUCTS,  THE VIOTE
TALLYING  MACHINE LH BEING S0LD THROUGH LONG ENGINEERING G0 v & 40-00LLUMN FRLN
TeR IS BEXING OFFERED TO MOTOROLA Ded KIT USERS, AND & NEW BUSTNESS GYSETEM AND
BOFTWARE PACKAGE ARE DOING WELL « HOWEVERy NO FRODUCT HAS RECTEVED THE TNTER-
NATIONAL RECOGNITION THAT HAS HONORED  OUR GRIVET SERIES. INTRODUCGED IN KLT
FORM TN MARCHy 1978y THE GRIVET WS THE WORLD'S FLRST HOBBEY ROBOT. TODAYs LT
L& ulIlL THE ONLY HOBEY ROEBOT THAT OF RS MANIFULATORS, TN 1979, WE ARE GOING TO
R THE I)I WETH A CATELOG OF PARTSy SO THAT MORE THAN ONE CONFIGURSTION CaN
LoARE ALSD CHANGING  THE NATURE OF THE ORIGINAL DESIGN TO INCLUDE MUGCH
HTON ARG MIGHER ACCURGCYy WITH ONLY & SLIGHT INCREASE IN PFRICE. OUR
MﬁlLJNb LIST HAS GROWN TO OVER 18,000 NAMES, OF WHICH 50% ARE TNDUTRIAL ITNQURE -~
TESy WITH THE T ENUﬁLL( IVIDED  BETWEE HN]U!I:ITTFS AND CENDIVIDUALS .
THE  FRE T SITUATION T8 VERY 3 AL THOUGH WE HAVE DESTGNED THE
BERLES -4 MﬁNTFU!ﬁ\UﬂS UTTLLZANG  THE FARTS. FROM THE COTELDGy WE HAVE NEVER BUTLT
A WORKING FROTOTYFE. OUR TEST-BED WORK AND BENCH-MaRK FROGRAME HAVE FROVIDED LS
WETH ENOUGH INILH\Mf)!liﬂN TO CLal FOSTTIONAL GUCURACY OF . 1MM LINEAR, ARD 01 DE-
GREE  ANGULAR, WE HAVE FPERFECTED THE CONTROL AND FEED-BACK ELECTRONICE AND THERE
L8 A TEST SET-UF INTERFAOED TO o GINGLE~BOARD MICROCOMPUTER FOR DEMONSTRATITON,
SLEASSEME AND  ELEMENTARY COMPONENTS OF THE SYSTEM HAVE AlL BEEN TES
WILL BE BED TN OUR CATELOG. BUT. THE CATELOG DOES NOT OFFER RFHDY
MANIFULATORE FOR INDUSTRY « WE WOULD LIKE TO BE ARLE TO PROVIDE L
g 5 TEMS COMPLETE WITH SOFTWARE AND  TRADNING MANUALYS DIRECTLY TO Eihlt)""tJi .
SHOULL YOUR COMPANY . SBTED. N FURTHER DETALLS OF QUR WORK
AND  FERMA&FS 6 DEMONSTRATIONy PLEASE GIVE JUHN thLﬁHFR MoCaLL. A5 BO0N a8 FOS-
HLELE . e e i




with 100% solid-state CID
cameras from General Electric

With both analog and digital outputs, these lightweight,
compact camera systems are readily applicable to- a
variety of automated operations, from machine tool pro-
cduction control to remote monitoring. Precise spatial
geometry and driftfree scanning, with no image burn or
lag, are among the built-in features of the PTN2200/2201

PTN2200/2201 System
Includes PN2110A Automation
Interface. Offers analog, 8-bit
cligital and binary thresholded video
outputs . . . variable pixel scan
rates to 700 kHz . . . simplifies
processor or computer interface.

GENERAL

“outputs ... . selectable interiaced
.- rorgequential scan . . . antiblooming
~-imaging ...’ automatic gain control.

and TN2500 systems. Bothare operable in high magnetic
environments and require no operating adjustments.
Added to your existing computer- or numerically-
controlled equipment, these reliable camera systems
can help reduce waste, monitor continuous processes
and perform alignment tasks in assembly operations.

TN2S00 System
Paratle! analog and 8-bit digital

For more information:
Optoelectronic Systems Operation
General Electric Company
Room 201, Building 3, Electronics Park
Syracuse, New York 13221
315-456-2832 or 2808

) ELECTRIC




PARALLEL-TRANSFER-REGISTER CHARGE-COUPLED IMAGING DEVICES

‘ A, L. Solombn
. ) Fairchild Camera and Instrument Corporation
Research and Development Laboratory
4001 Miranda: Avenue
Palo Alto, California ~ 94304

INTRODUCTION

One year ago a paper was presented to this con-
ference that included a brief description of two charge-
coupled imaging devices that had been developed at
the Fairchild Semiconductor Research and Develop-
ment I_Ja‘boratory.1 These charge-coupled imaging
devices are being produced in production quantities and
are commercially available. This paper contains a
more detailed description of these devices and of a
more recently developed image sensor.

The first produced charge-coupled sensor was
the 1 x 500 photoelement CCD 101, which may be
employed in slow-scan TV or facsimile systems.

The second product is the CCD 201, a 100 x 100 photo-
element area-array, which may be used to detect
moving images under low-light-level illumination.
The third and most recent device is the CCD F10; it
is a 1 x 256 photoelement linear array which should
find application in high-speed optical character re-
cognition systems. In comparison to other solid-state
photosensing arrays, these devices possess a higher
dynamic range by virtue of their low noise properties.
They can, therefore, be used at relatively low illu-
mination levels. This property is obtained with little
loss in image quality because of the high efficiency
obtained when photosignal charge is transferred from
the photoelement array to an on-chip detector-pre-
amplifier.

A significant portion of this paper is devoted to
a design property these charge-coupled image sensors
possess in common,. This property contributes both
to obtaining distortion-free image reproduction and in
some applications to a more flexible mode of opera~
tion. The design property is the use of separate
photosensors and signal-tranfer elements. The sig-
nal charge is transferred to the detector-preamplifier
by a charge~-coupled device (CCD) analog shift re- '
gister which is located parallel to a given linear
photoelement array.

BASIC FUNCTIONAL DESIGN CONSIDERATIONS '

The basic functions of a CCD image sensor are:
(1) to sense and store photon-generated charge in an
array of depletion regions or potential wells that are
formed by an MOS~type capacitor; (2) to transfer the
signal from each element in the photosensing array
in the form of a packet of charge which is moved or
clocked through a series of potential wells to a
detector-preamplifier, The conceptually simplest
method of accomplishing these functions is to trans-
fer the charge packets serially through the same
potential wells that perform the sense-and-store
function. This method, however, introduces image
smearing unless either the transfer is carried out at
a speed considerably in excess of the light sensing
or integration time, or the transfer is performed in

the dark. Further, when the output data rate is
different from the transfer rate, it is necessary to
provide an additional buffer store. When this method
is used for a rectangular-area photoelement array, it
is-called 'frame transfer'.

An alternative design that avoids these problems
is'the parallel-transfer-register which is shown con-
ceptually in Fig. 1. The photoelement array is form-
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Fig. 1 Gate Electrode Schematic of a Parallel-
) Transfer-Register CCD Image Sensor

ed'beneath dan electrode which runs the length of the
array and is called the photogate. Because the de-
vice is ‘most conveniently illuminated at the top of the
silicon substrate or front-side, the photogate elec-
trode consists of a film of polycrystalline silicon that
ig;thin enough to transmit visible radiation. The in-
dividual photoelements are defined or electrically
isolated by a channel stop, This may be formed in the
case of an n-channel device by a narrow p-type
region in the silicon substrate. Charge packets gen-
‘erated by light under the photogate are transferred in
parallel to the adjacent CCD shift register,: which is
opaque.. The packets are then stepped or clocked to
the detector-amplifier. In the case of an area sen-
§0r, which consists of colamns of photoelements, this
design has been called "interline transfer',

Although it is apparent that by separating the two
basgic CCD sensor functions the problems of the frame
transfer design are obviated, it is also apparent that
the interline transfer register requires-approximate-
ly half the silicon area in the area-photosensor array
to'be opaque; the photoelement charge capacity is
therefore half that of the frame-transfer design for
the same: photosensor area. Because of the low noise
properties of the device, this does not limit the
~dynamic range. In terms of silicon-area usage, the
two designs are comparable since the interline-trans-




. Fig. 2

fer does not require a buffer store. It will be seen
subsequently that the interline-transfer has other
advantages.

Another silicon-area usage aspect of the inter-
line~transfer design, which becomes apparent in
Fig. 1, is that for a 2-phase CCD transfer register
two electrodes are required for each photoelement in
the adjacent column. This difficulty is solved by
transferring packets from every other photoelement
in'a ocolumn in one field of information, which is
stepped to the amplifier; the second field of infor-
mation is then transferred and stepped. The two
fields are interlaced at the display.

ADVANTAGES OF THE PARALLEL-TRANSFER-~
REGISTER DESIGN

A summary of those advantages of the parallel-
transfer-register design over a serial-transfer
through-the~-photoelement-array design, which have
been discussed, is as follows:

® Smearing of the sensed image is
avoided.

® High speed transfer in excess of
the line data rate is not required.

® There is no need for a separate
buffer store to convert the output
data rate.

® Overall silicon area is conserved.

In addition to these advantages are two that re-
sult in a less distorted image for high spatial fre-
quency information, One of these has been des-
cribed by D. F, Barbe and M. H. White. 2 An inter-
line-transfer design is compared to a frame-trans-
fer design, where the photoelement area, which in-
cludes the interelement opaque regions, is the same.
Their analysis points out that the interline-transfer
design possesses an optical sampling aperture which
is approximately one-half that of the frame transfer.
This property results in a modulation-transfer-
function (MTF) that does not decrease as much at
higher spatial frequency, as shown in Fig. 2.
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MTEF vs. Spatial Frequency for Frame and
Interline Transfer From Barbe & White,
CCD Applications Conference Proceedings

When all factors are taken into consideration, the re~-
lative signal for the interline transfer also remains
higher at high spatial frequency as shown in Fig. 3.
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Fig,..’3 Relative Response vs, Spatial Frequency

for Frame and Interline Transfer From
Barbe & White, CCD Applications Con-
ference Proceedings

A more recent analysis in our laboratory in-
dicates that the MTF is expected to be high at high
spatial frequency for both linear and area arrays
when the video information is read out in two or more
fields. 3 This analysis relates to the influence of
charge-transfer inefficiency on the degradation of’
MTF. MTF as a function of spatial frequency with
‘transfer inefficiency as a parameter for a single-
field readout of a linear array is shown in Fig. 4;
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Fig, 4 MTEF Correction for Transfer Inefficiency

For a Single-Field Readout

N'is the number of transfers and ¢ is the fraction of
signal charge that is not transferred with the proper
packet, It may be seen that the MTF decreases mono-
tonically.to the Nyquist limit. No MTF degradation
‘other:than that caused by transfer inefficiency is

considered, This consideration also applies to Fig. 5
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