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ThePresentStateofindustrialRobot3inJapan

andTheirProspectSfortheFutUre

YasuhiroKomori

JapanlndustriaiRobotAssociation

Introduction

Theindustrialrobotmanufacturing

mdustryinJapangotitsstaltback

h11967whenplaybackrobotswerefrrst

introducedtothiscountryfromthe

UnitedStates.・Today,afterthepassage

ofjusttensomeoddyears,itisstilla

veryyoungindustry.・

Dur口1gthisinte】rval,eachofthe

manufacturersinthis垣dustryhascon-

centratedthebulkofitsenergiesinthe

areaofresearchanddevelopmentin

effortstocomeupwithnewproducts

andapPhcations.

Asaresultoftheseefforts,thein-

dustry・asawholeachievedproduction

outputequivalentto¥78.4bi皿ion

inl980.By1981theindustry'syearly

productionbyvaluehadexceeded¥100

bi皿ion,indicatingthatithadatlast

establishedasolidfoundationfblitself.

Industrialrobotshave .beencontri-

butむ1gtothevarious㎞dustriesthey

serve'byincreasingtheproductivity

ofthoseindustries,thusstrengthening

theirinternationalcompetitivepower

andthebusinessfbundationsofthe

individual'enterpriseswhichcomprise

them..、

Industrialrobotshavealsobeen

conducivetothepreventionof'work・

relatedaccidentsandtheoutbreakof

occupationa1(iieases.

Therearealsothose,hOwever,who

expectthatrobotsWj皿playaneven

biggerroleinindustryduringthe1980's.

Forexample,theirabilitytoreduce

thepercentageofdefectsandraise

productquality,aswellassaveresources

andhllprovetheefficiencyofplant

imdequipmentinvestmentsisexpected

tocontributegreatlytoWardsthecreation

ofinte皿ectuallystimulating,genialwork-

placeswhichcorrespondtothemOVe

towardwhiteco皿arjobsthatisaccom・

panyingresourceandenergyconselvation

po血ciesandhigherlevelsof-formal

educationamongworkers.Overthe

nexttenyearstheneedsofsociety

shouldincreasetremendouSlyandthe

robotildustryisexpectedtodeveloP

intoa¥1trMionindustly・underthe

bannerofmecha・tronics.

Wllata托 】[ndush㎡alRobots?

Thereisnoone,standard,inter・

nationaUy・accepteddefmitionfbr』in・

dustrialrobots,'butltheyhavebeen

describedas"Devicesthatpossess・func-

tionsenablingthemtoperforma'・ †a亘ety

ofactio血swithahighdegreeoffreedom

inathreedimensioialspace.　 In・thejヒ ・

1 JipdecReportNo.50



mostmodernforms,theycanbedefined

as``Mechanicalsystemscapableof

flexiblemovementssimilartothose

ofthehumanupper1㎞bs(amsand

hands)orwhichcombinethesefunctions

wi廿hsensoryandrecognitioncapabilities

toenableautonomousaction(intenigent

robots)."

Astechnologyprogressesinfuture,

however,、robotswi皿notbelimited

tomovementsresemblingthoseof

humanupperlimbsalone,butwi皿

alsobecapableofimitatingthemove-

mentsofthelowerlimbs(legs)aswen.

Therewillevenbethoseindustrialrobots

thatcanmovelikesnakesandcrabs

andotherlowerformsofanimallife

asthesituationca皿sforit.Whatever

thecasemaybe,thefactthatindustrial

robotsarecapableofflexiblemotion

isinitselfunique,anditisthisunique

ab血tytomovethatwillenablethe

automationofavarietyoflimitedpro-

ductionprocesses,somethingthathas

notbeenpossiblewi廿1conventional

automaticmachines.

Inotherwords,themajordifference

betweenindustrialrobotsandother

speciahzedautomaticmachnesisthe

fact廿hatwh皿ethelatterareaneffective

mea皿sofcarryingoutmassproduction

operations,theformer,industrialrobots,

arecapableofhandlingchangesinthe

typeofproduCttheyworkon,as、well

asmodelanddesignchanges,without

thenecessityofretooling.Thisisdue

totheirsupple,flexible,nearlyfree

movementcapab血tiesbothintermsof

timeandspace.Itisforthisreason・that

industrialrobotsareexpectedtoprove

JipdecReportNo・50

apotentmeansofautomatingavariety

ofl㎞itedproductionprocesses.

Tablesland2showhowtheseindus・

trialrobotshavebeenclassifiedby

inputinformation,teachingmethodand

typeofmotion.Thisclassificationis

inaccordancewiththeJapaneseIndus・

trialStandards'regulationJIS.13-0134

1979,establishedonFebruary1,1979.

Theaboveishowindustrialrobots

aredefinedinJapan.However,since,

asstatedpreViouSly,thereisstillno

internationa皿y・acceptedstandarddefmi・

tionforthesedevices,itbecomesrather

confusingwhenwetrytocomparethem

onaninternationalbasis.

Forexample,robots(industrialrobts?)

aredefmed㎞theUnitedStatesas

foUows:``Areprogra皿mable,muitifunc・

tionalmanipulatordesignedtomove

materials,parts,toolsorspecialized

devicesthroughvariableprogrammed

motionsfortheperformanceofavariety

oftasks."

Thus,whenweattempttocompare

the、numberofrobotsbeingproduced

inJapanwiththoseofo廿hercountries

bytypeweareforcedtoeliminate

manualmanipulatorsandfixedsequence

robotsasclassifiedinTablelfromthe

comparlson・.

Table3㎞dicatesthetotalnumberof

industrialrobotsproducedinJapan

bytypeasof廿leendof1980.Ifwe

assumethatmostofthesearecurrently

inoperation,thenthesefigurescanbe

consideredtobethenumberofindustrial

robotspresentlymaintainedinJapan.

Whenthesenumbersarecompared

witkthenumberofrobotsmaintained

2



Table1

Manualmanipulator

Sequencerobot

Fixedsequencerobot

Classificationby;nputlnformationandTeachingMethod

{JapaneselndustrialStandardJISBO134-1979}

Variablesequencerobot

Playbackrobot

Numericallycontrolledrobot

lntetligentrobot

Amanipulatordirectlyoperatedbyaman.

Amanipulator,theworkingstepsofwhichoperatesequentiaiiy

incompliancewithpresetprocedUres,conditionsandpositions.

Asequencerobotasdefinedabove,forwhichthepresetinfor-

mationcannotbeeasitychanged.

Asequencerobotasdefinedabove,forwhichthepresetinfor・

mationcanbeeasilychanged.

Amanipulatorthatcanrepeatanyoperation ,itisinstructed

todobyaman.

Amanipulatorcapableofexecutingoperationsincomptiance

withnumericallyloadedworkinginformationone.g.position ,

sequenceandconditions.

Arobotthatcandetermineitsownactionsthroughitssensing

andrecognitiveabilities.

Cylindricalcoordinaterobot

Polarcoordinaterobot

Cartesiancoordinaterobot

Articulatedrobot

Note:

Manipulator:

Robot:

Table2 ClassificationbyMotion コ
{JapaneselndustrialStandardJISBO134・1979}

Amanipulatorwhichmovesprimarilyinthecylindricalco-

ordinatesystem.

AmanipulatorwhichmovesprimariJyinthepolarcoordinate

system.

Amanipulatorwhichmovesprimarilyinthecartesiancoordinate

system.

Amanipulatorwhichconsistsprimarityofanarticulatedarm,

thatis,revotuteioints.

Adeviceforhandlingobjectsasdesiredwithouttouchingthem

bVhandandwhichhasmorethantwomotionalcapabilitiessuch

asrevolutio,out-in,updown,right・lefttravelling,swingingor

bending,sothatitcanspatiallVtransportanobjectbVhotdingit,

adheringtoit.andsoon.

Arobotisdefinedasamechanicalsystemwhichhasflexible

motionfunctionsanalogoustothemotionfunctionsofliving

organismsandwhich,insomecases,combinessuchmotion

functionswithintelligentfunctions,andwhichactsinresponse

tothehumanwitl.lnthiscontext,intelligentfunctionsmean

theabilitytoberformatIeastoneofthefollowing:judgement,

recognition.adaptationorlearning.

inothercountriesaroundtheworld,

wemustfirstelminatethenumberof

manualmanipulatorsandfixedsequence

robotsfromthecomparison,leaving

Japanwithatotalofbetterthan14,000

0fwhatcanpassinternationa皿yas

robots.Evenso,asTable4shows,Japan

maintains62.6%.oftheworld'stotal

robot`population'.Ifwegoonestep

furtherilour'effortstomeetwiththe

Americandefinitionofarobot,wemight

thenalsoeliminatevariablesequence

robotsfromthecomparison,dropping

thetotalnumberofJapaneserobotsto

3 JipdecReportNo..50



1essthan7,000units.Ascanbeseen

fromTable4,Japanwouldsti皿come

outaheadoftheothercountriesinterms

oftotalnumbersofindustrialrobots

currentlybeingmaintained.

Table3TotalNumberoflndustrialRobotsProducedinJapanbyTypeasof

A.

B.

C.

D.

E.

F.

theEndof1980・{lncludesestimatedfigures}

Manua!Manipulators

FixedSequenceRobOtS

VariabteSequenceRobots

PlavbackRobOts

NCRobots

tntetligentRobOts

9,226

53,189

7,347

4β05

1,124

1.470

{12%}

{69%}

C10%}

{6%}

{1%)

(2%)

14.246

{19%[

Total 76β61 tlOO%}

67,454

{88%}

76,661

{100%1

Table4WorjdlndustrialRobotPopulation

{ExcludingManualManipulators&FixedSequenceRobots)

Japan

U.S.A.

Canada

Belgium

Denmark

Finland

France

W.Germany

ttaly

Netherlands

Norway

Sweden

Swiss

U.K.

Remarks: 1}

2)

3}
4)

5}
6}

7}

Units

1}{76
,700}14,250

C62.6%}

念コ一 三㌔
422)

662)

1162[

6004)

2)1
,420

3S35)

512}

1706}

9407[

SO2}

3712}

Europe

4、179

{18.3%}

8,529

t37.4%}

」旧ASurvey{endof1980[,1いncludingMenualManipulatorsandFixed

SequenceRobots

RIASurvey{1981}

NationatResearchCouncil(endof1981)

Jetro,PerisSurvey{1981t11)

ltalianlnduStrialRobotAssociation{1981}

RIASurvey{1980[

SwidishComputorsendElectronicsCommissiontMinistry・oflndustry{1981}.

BritishRobotAssociationSurvey{Dec.1981};

U.S.A.5,000

Germany2β00

Sweden.1,700

U.K.

France

ttaly

713

600

450

」iPdecReportNo.50 4



S叩plyandDemandTrends

(1)ProductionTrends

Theimportationandpubhcdisplayof

thefirstplaybackrobotsfromAmerica

inl967provedaverystrongstmlulus

.toJapan.Thiscanbeseenfromthe

factthattheverynextyear,1968,

researcha皿ddevelopmentintoaswe皿

asutilizationofindustrialrobotsbegan

inearnestinJapan.The1960'swasa

decadeofhigheconomicgrowthfbr

Japanwithrises血1theGNPaveraging

12%peryear.However,laborpower

during廿1issa皿eperiodwasinexceed-

inglyshortsupPly(theshortageofskilled

workersin1968wascalculatedatrough-

・ly1
.8m皿ion).

Forthisreason,theindustrialrobot

waswelcomedasakmdofsaViour.The

businessrecessionwhichfb皿owedthis

in1971,combinedwiththecrippling

effectsofthefirsto皿crisisinOctobel,

1973,puta.damperoninvestments

inplantandequipmentinJapan,and

thisinturndashedexpectationsfor

rapidgrowth口1theildustrialrobot

manufacturingindustry.

Theperiodof『Sloweconomicgrow廿1

thatfbUowedtheoilshocktended'

toholddownnewinvestments,especia皿y

inplantandequipment.However,the

ris血gcostofcrudeo∬,aresource・which

Japandependsalmostentirelyonovers

seassuppliesof,broughtwithitsteep

risesinthepriceofcommoditiesand

laborcosts.Inordertodealwi廿lthis

situation,thedesireto・investinmeasures

thatwouldincreaseproductivity,cut

laborcostsandautomatethep兀oduction

processgrewinintensity,1eadingtoa

steadygrowthin廿leproductionof

industrialrobotsinandafter1976.

Annualproduc廿onoutputbyvalue

fbr1977didn'texceed¥21.6b且1ion,

butby1979thisfigurehadnearly

doubledto¥42.4b且hon.Outputof

industrialrobotsbyvaluefol1980

amountedtoarespectable¥78.4biUion,

up85percentoverthepreviousyear's

figures.

Industrialrobotproductionisex-

pectedtoriseevenmorerapidly㎞

futurejnanswertothestrongdemand

forincreasedproductivityandworker's

safetycomingfromtheworldofindus・

try.Increasednumbersofindustrial

robotswouldalsobeameansofdealing

withthesteadiyi皿creasingshortage

ofskiledlaborbroughtaboutrecendy

asaresultofuniformlyhigherformal

education.(Thisshortagewasest加ated

atapproXimately840thousandasof

June,1980,accordingtoaJapanese

MinistryofLaborStudy.).

Accordingtoademandforecast

madebytheJapanIndustrialRobot

Association(JIRA)which声akesinto

considerationrobotutiUzationinboth

themanufacturingandnon-manuf口ctur-

ingindustries,robotrequirementsona

valuebasisareexpectedtoreachnearly

¥300b皿ionby1985(¥290bilion

forthe ..manufacturingsectorand¥6.4

bihonforthenon-manufacturingsector)

andalmost¥600bilionby1990(Manu・

facturing¥525billion;non・manufactur-

、ing¥66.5b具lion).v

FurthermOre,thislgroWthindemand

isseenasfoUowingthesalnecourse

ofdevelopmenttime-wiseasNCmachnes

5 Jlpdec』ReportiNo.:50
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andcomputers.(Seefigures1,2and3.).

Figure4,0ntheotherhand,shows

changesinproductiontrendsforindus・

trialrobotsasclassfiiedbyinputinfor-

mationandteachingmethod.Moreover,

theshareofoverallproductionoccupied

byrobotspossessingadvancedfunctions

suchasplaybackandintelligentrobots

isexpectedtoincreasequiterapidly

fromhereonoutinanswertorlsmg

demandforautomationofassembhng,

inspectionandmeasuringProcesses・

100

90

80

70

60

50

40

30

20

10

(10billionYen)

ノGr(ms

Demand

!59

Non・Menufacturing

lndu5ttles

52.5

Manufacturing

0
1970197519801985199019952000

ActualResults-ForecastedResuttS

Fig.3Long-RangeDemandForecastfor

lndustria)Robots

(2)DemandTrends
Demandforindustrialrobotsis

spleadingthroughoutthesecondary

manufacturingilldustries.AsFigUre5

indicates,theprincipaldemandsectors

aretheautomobileindustry,electrica1

JiPdecReportNo・ ㌧SC

machineryindustry,plasticprocessing

industry,metalwor㎞gindustryand

metalworkmgmaehineryindustry.

Next,ifweview㎞dustrialrobots

inte㎞softheprocessestheyarecaUed

upontoperfom,weseeethattheir

m勾orapPlications .areinassembly

work,welding,cuttingprocesses,press

work,plasticmolding,diecastoperations

andpainting(SeeFigure6).

In1980therewasasharprisein

demandforindustrialrobotsinthe

electricalmachinerymanufactu血gindus-

try,especianyforNCandassembly

robots.Thisriseindemandwasdueto

theneedforrobotstoperformthetask

ofinsertingParts(condensors,resistors,

etc.)intoprintedcircuitboards.

Infuture,industrialrobotsareex・

pectedtobeapp血edmoreandmore

tothecarryingoutofcomplicated

assemblyand/ormspectionprocesses

astheirlevelsofartificialinte1匠gence

aremcreasedthankstotheincorPoration

ofsensorsandcomputersintotheir

operatingsystems.

Thedevelopmentofrobotscapable

ofthiskmdofassemblyworkisexpected

toincreaseddemandfortheminthe

electricalmachineryandtoolsmanu-

facuturingindustlyandothermachine

mmufacturingindustriesinparticulaL

Inaddition,itisfeltthatdemandfor

industrialIobotswhichcansubstitute

formanintheperformanceofdangerous

andgruelingtasksandintheconduct

ofworkthatmustbecaniedoutunder

abnorma皿yhar曲orunfavorablecon-

ditionswinrapidlyexpandthloughout

theindustrialsectoringenera1.
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Furthemore,demandforindus励

robotsmfuturew田notbe㎞ited

simplytothemanufactur㎞gindustries,

butwillalsofinditswayincreasmgly

intosuchdiverse,non・manu飴cturing

areasasmarinemdustries,fieldsrelated

tonuclearpower,medicalcareand

socialwel飴re,aswe皿astheaghcultural,

forestryandconstructionindustries.

Also,asFigure5shows,theper.

centageofindustrialrobotsexported

byJapanisanextremelylow2to3

percentoftotalannualoutputeach

yeaL

Thereasonsfbr血isare1.)The

robotindustryisstiUadevelopingyoung

㎞dustryandthereforefindsitselfin

asituationwhereitispressedtodeal

withlargenumbersofnewcomersto

itsdomainfromotherindustries,fierce

domesticcompetitionandadomestic

marketwheresharesarenotfixed,and

2.)inordertoensurethesmoothintro・

ductionandoperationofindustrial

robotsattheworkplace,itisnecessary

tofirstcarryoutthoroughinvestigations

astotheirfeasibility,andoncethis

hasbeenestabhshed,toperfomap・

propriateengineeringstudiesfortheir

㎞sta皿ation.Oncethenewrobotshave

been血1staUeditisalsonecessaryto

provideadequatemaintenanceandafter

service.Thus,itisn,tsimplyamatter

ofprovidingthecustomerwitharobot,

butentailsmuch,muchmore.

Forthesereasons,theleiscurrently

atrendamongJapaneseindustrialrobot

manufacturerstoenterintotie-ups

withprom血1entoverseasflrmsthat

possessmanufacturing,engineeringand

JipdecReportNo.50

maintenancetechnologyrelatedtoindu$

trialrobots.

Therefore,theexportofindustrial

robotsmfutureaswe皿isseenaspro-

9ressingalongthehnesofinternational

industrialcooperationaimedatmaking

possiblethemutualexchangeoftech-

nologyandcreationof,employment

opPortunitiesinpartnercountriesvia

suchenterprise・leveltie-ups.

Thefollowingaresomerepresentative

examplesofhowindustrialrobotsare

envisionedasbeingut皿izedinindustries

otherthanthosedealjnginmanufactur㎞g

infuture.

(1)Applications㎞NuclearPower-

RelatedFields

Robotswmbeemployedilawide

rangeofapPlicationsmnuclearpower

PlantstoincludeavarietyofhandUng

operationssuchasthedisposalofradio・

activewastematerials,Plantmaintenance

workandeveninspections.

(2)ApplicationsRelatedtothe.

FieldsofMedicineandSoc皿

Welfare

Helperrobotsw姐mosth1(elyappear

whichw沮aidthehandicappedand

bedriddenelderlypeople血theconduct

oftheireverydaylives,aswellasact

asassistantstonursesintheperfbrmance

oftheirda且yduties.Othertypesof

helperrobotswiUserveasthearms

andlegsofhandicapPedpersons,enabhng

themtodothesamedaysworkasa

normal,he鋤yperson.Robotsshould

also伽dapPlicationmsuchtasksas

fhefightmg,rescueoperations,disposa1

12
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Fig.7 Assemblyoftransistors
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ofdangerousmaterialsandevensanita-

tionwork.

(3)UtiliZationinFieldsRelated

toOceanDevelopment

Robotswinbeutilizedtoperfom

avarietyofhandlingoperationsinthe

constructionofunderwaterstructures,

andintheconductofunderwaterma・

c㎞eprocessingandmultipurPosesur-

veys・

(4)AgricultUralandForestryAp-

plications

Robottechnologywillbeappliedto

theareasofagricultureandforestry

insuchendeavorsastheharvestingof

fruit,cropdusting,andavarietyof

logging・operations.

(5)ApplicationsintheConstruc-

tionIndustry

Robottechnologywi皿beapphed

㎞theplacementofreinfbrcingrods,

paintingofbridgesandmpainting

andassemblyworkbothinsideand

outsideofhighrisebuildings.

(6)ApplicationsforRobotTech-

nologyinsuchFieldsasTrans・

portationandOtherService

Industries

Theadvancementofrobottechnology

holdsfbrthgreatpromiseforthedeveloP・

mentofevenmorenewareasofpossible

applicationinadditiontothosemen-

tionedabove.
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LiStofJIRA Regular Members

Ca|phabeticaSordef) Asef1.Apr.1982
層

Companv`

.

Po5ta{

Code

己

Address Telephone

A∫DAENGINEERING、LTD. 229 2.10,0hvamocho,Sagamih畠 田City,KanagawaPre` . 10427)72・5231
DAIDOSTEELCO..LTD. 460 1-11-18,Nishiki,Naka-ku,NagoVaCiW.AichiPref. 1052)291・5111

DAIKINKOGYOCO,,LTD. 530 Shin十48nkVu81dg.,1-12・39、Umeda.Kita-ku、 (06}34昏1201

OsakaCitv
DAIN6CHIKIKOCO,,LTD. 40004 Ko領1・Kogvodanchi、Ko鍋iモho,Nakakomagun ⑩5528}2-5581

Y3m加ashiPre`.

、ENGINεER「NGSYSTEMCO.,LTD. 39965 5652-83Sas8gaMatsumotoCitV,Naganopre`. {026312G'212
FUJIELECTRICCO.,LTD. 100 Shin-Y町8kuchoBldg.,1-12-1.Yurakucho 103}211・711

Chiyoda・ku.Tokvo

FANUCLTD. 194 3-5・1,Asahig日oka.HinoCitV、Tokvo {0425B4・1111
HITACHI,LTD. 100 ShinMaru81dg.,1'51,Marunouchi 、Chiyoda・ku' 103)212-1111

Tokvo.

lCHIKOHENGWε εR↓NG,CO..LTD. 379'21 1297-3,NinomiVachoMaeba$hiCi`V
,GunmaPreσ. 10272)68-2131

ISHIKAWAJIMA・HARIMAHEAVYINDUSTRIεS 100 Shin<)htem配hi81dg,,2-2・1,0htem拭hi, 1031244-6105

CO..LTD. Chiyoda・ku,Tokvo.

KANTOHCO,.LTD. 153 2-7-2ShimoMeguro,Meguro-ku,Tokvo {03)491・5191

KAWASAKIHEAVYINDUSTRlES,LTD. 105
.W

or}dTradeCenter別dg.,24-1,Ham3matsucho、 103)435・2326

M面atO・ku,Tokヅo.

KAYABAINDUSTRYCO、 、LTO. 105 WorldTradeCenterBldg.、24・1.Hamamatsucho, 103)435唱451

M栖atO-ku,Tokvo

KITAMURAMACH`NERYCO,.LTD. 939'11 1870Toide{ho.Takaokashi、ToヅamaPref. ゆ766)63-1100
KOBESTEEL,LTD. 651 1・3-18.Wakihamacho、Fukiai・ku,KobeCitV 1078)251・1551

HヅogoPre`.

KOMATSULTD. 107 2-36,Akasaka.MinatO・ku,Tokvo {03)584・ 刀11

KOYOAUTOMATIONSYSTEMS 135 1・26・3.TovoKohtO・ku.Tokyo. {03)615・2611

KUROGANECRANECO.,LTD. 457 60Shiba<ho,Minami・ku,Nago亨aCitv. 1052)822-3211

KYORITSUENGINEERlNGCO.,LTD. 730 MiyadoBldg.,6・19,HacVoboriNak8ku, 10822)28-g747

Hiro$him8CitV,Hiroshim∂Pre1.

KYOSHINELECTR`CCO.,LTD. 146 6-20,lkegamiOht∂.ku,Tokvo. {031751-2131

MATSUSHITA}NDUSTRIALEQU|PMENＴCO..LTO、 561 3・1-1,bazumachiToyonakaCi【V,OsakaP了ef. (06)862・1121

MεIDENSHAELεCTRICMFG、CO.,しTD. 141 21-17,0$aki,Shinagawa・ku,Tokげo {03)492-1111

MITSU{ENGWEER`NG&SHIPBUILDING,CO.,LTD. 104 5・64.Tsukiii,Chuo・ku、Tokvo. {03)5443455

MITSUBISHIεLεCTRICCORP. 100 2-2'3,Marunouchi.Chiv(由 －ku,Tokyo 103)21合2164

MITSU81SHlHEAVYINDUSTRIES,LTD. 100 2.5-1、Maruoouchi.ChiyOd巳 －ku,Tokyo 103)212・3`11

MOTODAELECTRONICSCO.,LTD. 156 4-32-9,Kamiki【azawa、S帥agava・ku,Tokvo 103)3038491

MURATAMACHINERYLTD. 601 3MinamiochiaichoKishoinMinami・ku,KVoto{itV ⑩75)681・9141

NACH`・FUJIKOSHICORP. 105 WorldTr8deCe川er81dg.,24・1,Hamam8`5ucho. 103)435・5036

MinatO-ku,Tokvo

NIPPONELECTRICCO..LTD. 108 533-1,Shib6,Mi旭tO・ku.Tokvo (03)454・1111

州PPONROBOTMACHINεCO.、LTD. 446 73Yoge,Nihongi{ho、A吋oCitv,AichiPref. 10566け 牛1101

NISANDENKICO..LTD. 144 3-352、Nishikou▲iyaOhta-ku,Tokvo (03)7430201

OKAMURACORP. 210 144,Ki口ko,Mshi・ku.YokohamaCity,Kanagawa {0451319-3401

OKIELECTRICINDUSTRIεSCO.、LＴD. 105 1.7-12、Toranomon,Minato・ku,TokVO {03[501・3111

OMRONTAT∈ISIεLECTRON`CSCO. 617 IgaderaShimok∂iiniiNag∂okakvoCitv.KyOtO ⑩75)921・51111

ORIICORP. 259-11 6Suzukawa,15eharaCiIv,Kanag3w3Pre∫. 10463}930811

OSAKATRANSFORMERCO.,LTD. 532 2.ト11,T3gawaYodogawa・ku,OgkaCiw 106}301-1212

PENTεLCO.,LTD. 340 4-1・8Yo$hi{ho,SokaC}ty、SaitamaPref. 10489[22・1111

SANKIENGINEERINGCO,,LlrD. 100 SanshinBldg..14・1、Yurakucho,ChiVoda・ku,Tokvo 103150261111

SANKYOS自KlMFG,CO.,LTD, 105 1-17-2,Shinba5hi,MmatO・ku,Tokyo {031508-1156

SHINKOELECTR|CCO.,LTD. 103 Asahi81dg,,3・12『2,Nihon由 ⑰i、Chuo'ku,Tokyo {031274-1111

SHINMEIWA↓NDUSTRYCO.,LTD. 665 1・1,Shiomeiwacho,TakarazukaCitv,HvogoP了e1. {0798)52・1234

SHOKUCORP. 103 3・14・1,Mhonbaめi.Chuo・ku,Ｔokvo 103)281・1231

STARSEIKICO.,LTD. 467 2・36、S◎kam∂cが.Mizuho・ku,NagoヅaCitY.Aichip了ef. 1052}881-2817

SUM8TOMOHεAVYINDUSTRIεSCO"LTD. 100 Shin-OhtemポhiBldg.。2'2・1.Ohtem3chiChivoda-ku, 1031243イ 〕561

Tokvo.

SUMITOMOε しECTR`C`NDUSＴR`ESLＴD. 554 1・1・3,Shim8vaKonohana・ku,0口kaCilV {061461・1031

TAlYO,LTD. 533 48Kit●-Eguchicho,Higashi・Yodog8wa-ku.Os8ka 106)34ひ1111

TεXASINSTRUMENTSJAPANLTD. 334 18・36,Min四mi3<h㎝e,Hatogav8CitV、Sai・maPreI. 10482[82・2211

TOE`ELECTRICCO.,LTD. 108 Keik∀u81dg,,2-21一 お,Takano㎜MinatO-ku冶Tokvo 103)4428300

TOK`CO.LTD. 210 1-6'3,Fuiimi,K∂wa$aki・ku,K8wa～akiCitv ⑩44)244・31111

KanagawaPref.

TOKYOKEIKICO.,L了D. 144 2-16,Minami・Kamata,Ohta・ku.Tokvo {03[732-21111

TOKYOSHIBAURAEしECTRICCO.,LTD. 100 1'ね3.Uchi-Saiwaicho,Chivoda-ku,Tokvo {03)454・7111

TOSHI8ASEIKICO.,しTD. 243 514・33,Higashi・Kashiwagav8,EbinaCi呼. ゆ462}31・811"

KanagawaPref.

TOYODAMACHINεWORKS,LTD, 448 1・1.A5ahicho.KariVaCily,AichiPrel. {0566}22-2211

TSU8AKIMOＴOMACH`NERY&ENGIN∈ERING 100 Koku埴iKankoKaikan81dg.、1・8-3,Marunouchi, (03[214-7571

CO.,LTD. Chivoda如,TokYO.

YASUKAWAELECTRICMFG.CO.、LTD. 100 Ohtem欲hi81dg,,14シ1,0htemochi,Chiyoda・ku, {03)2`フ ・4111

TokvO.
.
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Trends intheResearchandDevelopment

ofhntelligentRobots

1.TheGapbetweenResetirchand

PmcticalApplications

Therecentspreadofindustrialrobots

hasbeenquiteremarkableandtheir

perfomanceissteadilyimproving.More-

over,devicesfordetermmingtheposition

ofobjectsasweUasdefectsbymeansof

visualsensorshavebeenmadepractical.

Hasdlespreadof也esekindsofrobots

beenbroughtaboutbynewdevelopments

intechnology?TheanswerisNO.The

manipulatorsandvisualtechnologythat

havecomeintouselatelyweredeveloped

overtenyearsago.Themajorreasons

whytheyweren'tputintopractical

useatthattimecanbesummedupas

follows:

a)Thehigh'costofprocessorsand

memorydevices;

b)Inefficientperformanceofmotors

and;

c)Thehighcostofthevisualsensors

themselves,asweUasthatinvolvedin

theinputtingofvisualinfo㎝ation

intotheprocessors.

Noneofthesefactorsareproblems

inherent㎞robotsthemselves,and

havebeenatleastpartiaUysolvedwith

recentadvancesinhardwaretechnology.

CaseswherethesolVingofa)inparticular

hasledtosuccessfulcontrolofcompli・

YoshiaktShirai

ElectrotechnicalLaboratory

catedmanipulatorsandtospeedy,10w

costdetectionofdefectsarenumerous.

Thus,.thereexiststhesekindsof

gapsbetweenresearchintointelligent

robotsandtheirpracticalapPlications,

andsincethegoalsfbrresearchand

practicalapPlicationalsodiffer,the

twomustbetreatedseparately.The

purposeherethen,istodealalmost

exclusivelywithresearchanddevelop・

mentaspects,limitingexamplesof

robotsthatarealreadyinpracticaluse

to廿10sewhichareofparticularinterest

technologicaly.

2.TheDirectionofResearchon

intelligentRobots

ResearchonintenigentrobotsinJapan

didn'tgetstarteduntUthelate1960's,or

roughly5yearsafters㎞ 皿arresearch

hadalreadybeguninAmerica.In1970,

血eHitachiCentralResearchLaboratory

togetherwithdleElectrotechnicalLabo-

rato]y(ETL)cameoutwitharobot

thatpossessedboth``hands"and``eyes".

AsshowninFigure1,Hitachide-

monstratedthatthisrobotwascapable

ofrecogniZingdrtiw血gs,i.e.dist血guish・

ingbetweenthreedifferentdrawingswith

one`eye',andthenassembhngsimple

buildingblocksintothefbrmsshown

JipdecReportNOi』50・ 16



inthosedlawingsusi皿ghand1㎞gequip・

mentandanother`eye'capable.ofre・

cognizingobjects.

ETLforitspartcontributed㎞the

followingaエeas:

(a)Controlcapabilitiesforanhydrau・

lically・operated,multiplejointed

manipulator;

(b)Avisualsystemcapableofinputting

suchvisualinfo㎜ation・ashght,

colorallddistance(range);

(c)Objectrecognitioncapabihtiesuti-

hzingtheaboveVisualinformation;

(d)Hand/eyecoordinationcapab血ties;

and.

(e)ObjectrecognitioncapabiUtiesbased

onasenseoftouch,i.e.dist血guish・

ingobjectsbygraspingthembetween

thefmgers。

Withtheexceptionof(d),a皿ofthe

abovecapabilitiescanbeseparatedロ1to

eitherhandoreyefunctions.Asfbr(d),

however,thiscapabUityenablesassembly

worktobedoneutilizing(1)visual

classificationofobjectsandtheirhand1・

ingbasedthereon,and(2)visualfeed・

back.TheonecapabUitywhereeye

'、

翻 、.n.〆 ・・、.

鵬:、,、。n

亟 ㊥

Fig.10utlineofHitachi'sdemonstration

andhandfunctionscan'tpossiblybe

consideredseparatelyisvisualf3edback.

Thisisbecausethiscapabiljityrequ口es

也atthehandandeyeoftherobotwork

togetherintheaccomplishmentofa

s㎞gletask.Forexample,eventhe

s㎞pletaskofassemblingwoodenblocks

demandsconsiderablehand/eyecoordina-

tion.First,thehandoftherobotpicksup

theappropriatewoodellblockandmanue-

vers・itovertheslotintowhichitistobe

血se貢ed.Havingdoneso,也eeyeofthe

robotthenexaminesthepositionofthe

blockinrelationtotheslotanddeter-

minesthedisplacement.Thisvisualdata

isthenfedbacktothehandwhichad-.

juststhepo&itionoftheblockbasedon

thatinformation.Thjsprocessisrepeated

untitheeyeissatisfiedthatthehand

hastheblockperfectly・lineupwith

Fig.2Manipulationbyvisualfeedback

η JipdecReportNo.50.



theslot,atwhicht㎞etheblockis

insertedintotheslotandtheassembly

processcompleted.Figure2shows

theresultsofthatprocess.

The1970demonstrationwasan

epoch・makingoneforitstime,but

itwasimpossibletoputthesystems

utj皿セedtheremtoprac廿caluseatthat

time.Furthemore,boththehandand

eyetechnologiesintroducedthenwerein・

sufficienttobuildamoreadvanced

mtelhgentrobot.Thus,development

ofacomprehensiverobotwassuspended

andresearchmtohandandeyecapa-

bUitiessteadilypromoted.Othertypes

ofresearchalsohadtheiroriginsinthat

formteUigentrobotsandweregeneral・

izedasresearchintobroaderfbrmsof

a血ficiahlltenigence(Le.problemsolv-

ing).Also,theresearchdivisionsofrobot

manuf口cturersraisedspecificapplications

andthenproceededtodeveloPPractical

systemscapableofcarryingoutthose

apphcations.

Meanwhjle,asindustrialrobotshave

spreadandtheautomationofs㎞ple,

repetitiveworkprocessessprogressed,the

demandforautomationofmorecomplex

workprocesseshasarisen.Currently,

industrialrobotsarebeingequipped

withsensorsandtestedintheirability

toperformsimplerecognitiontasks.

ThesetypesofrobotsarealsocaUed

intelligentrobotsinindustrialcircles.

Inthisway,thespecializedtechnology

ofthe1970's⑮beconlingintegrated

onceagaininthe1980,s.Aユso,the

combinationofCADICAMwjthdatabase

technologyisexpectedtoresultin

comprehensivesystemsapPlicableto

flexiblemanufacturingplans.Figure3

isasimplediagramofthedirectionor

fiowofresearchanddevelopmentin

Japansinceitsinception.

JiPdecReportNo.50



P
i

3.ResearchandDevelopmentof

Manipulators

3.11ndustrialRobotManipulators

TheprincipalfUnctionofamani・

pulatoristomovethetipofitsarm

accuratelyandpreciselytoadesignated

spot.Sinceindustrialrobotsjustrepeat

workthattheywerepreviouSlytaught

todobyahumanbeing,thenitiss㎞ply

amatteroftheirab皿itytoachieve

repetitiveaccuracy.Thisproblemcan

besufficientlyhandledwiththeaidof

astepmotorandpositiondetecting

encoder.

Anotherproblemistheweightof

theobjectbeinghandled.Multiple

joロlted.manipulatorswhicharewidely

usedrequireaconsiderableamount

ofpowerjustto
.movetheirempty

weight(i.e.whentheyarenothandhng

onobject).Forthisreason,theweight

oftheobjectbeinghandledmustbe

lessthanthemanipulatoritself.In

ordertocopewiththisproblem,torque

orturningforcethatisproportional

toandintheoPPositedirectionof

theemptyweightofthemanipulator

andtheobjectwhichitisholdingmust

beprovidedtotheprincipaljohltsofthe

manipulator.Robotsareinpractical

usenowthatsolvethisproblemby

supPlyingacounterweightbymeans

ofanaircylinderalldpistonmechanism.

3.2ForceSensing

Eventhoughthehumanhandisn't

capableofaccuratepositioning,itcan

insertarodorshaftinto.aholethat

hasonlyaboutlOμmclearance、To

getamanipulatortodothissamejob,

itisn'tenoughjusttoraisetheposition－

口lgaccuracyatthetipofitsarm.

Onthecontrary,itsbettertousea

flexiblehand.Figure4givesanexample

ofashaftbeilg口lsertedintoahole

utiHzingsuchadevice.Thegripthatis

holdingtheshaftisconnectedtothe

wristbyaspring.AsFigure4{a)in-

dicates,theon・offsensorin廿lewrist

ofthemanipu丑atorwUIremain.`on'

aslongasaunifOrmfbrceisbeingapplied

inadownwarddirection.Itisinthis

statethatthemanipulatorsearchesfbr

thecenterofthehole.

On・Oft

{a}Search【b)tnsertion

Fig.41nsertionbyforcesensing

Whentheshaftenterstheholesthe

gripmovesdownwardandtheon-off
sensorswitches`ofP.Inotherwords,

thissensorknowswhenthepressure

orforcepushingupagainstithasdi-

minishedandthenmovesthewrist

downward.Atthispoint,thewrist

detectsthelateralorsidefOrceand

controlstheremainderoftheoperation

untiltheshaftisproperlyinplaceinthe

centerofthehole.

ThismechanismresemblestheRCC

(RemoteControlCompliance)developed
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atMIT'sDraperlaboratorybutitwas

builtearlierandputtopracticaluse

foramotorandcompressorassembly.

3.3ForceControl

Researchisalsobeingcarriedouton

howtogetmanipulatorstoperform

skilledlaborbymeansofcontrolling

notonlytheirpositioningandspeed

butalsotheirforce.

TwomanipulatorsdevelopedbyETL

haveaUoftheirjointscontronedby

wires,thetensionofwhichisdirectly

specifiedbycomputer.Sincethis

makesitunnecessarytoinstallmotors

atthemovablepartsofthesemani-

pulators,itwaspossibletohold廿heir

weightdowntoalow5kgeach.These

manipulatorsarecalled・therobotcar-

penterandarecapableofdoingcar-

pentryworkusingthesametoolsas

men,thatis,hammers,vises,saws,

dnllsandsoforth.

鐘ぷ ㌧ 二 ・,___ 、..

Fig.5Fo`rcecontrolmanipulators

'

晦2三
ペ ヘコ

∴ ご ・'i
・ 汲 丁 ・ 〈

㌧ ∴ ・1・右 ∴ ・ 、

Figure5ミhowsthesemanipulators

workingtogetherusingahanddri11

todri皿holesmapieceofwood.First,

theleftmanipulatorpositionsthetip

ofthedri皿overthespottobedrined.

Next,therightmanipulatormaintains

thedrillinanuprightpositionand

appUesauniformdownwardforceto

thetopofthedr血.Themanipulator

ontheleftthenapPliesforceinsuch

awayastorotatethedrillinacircular

motion.Sincethepositionofthis

manipulatorisdeterminedbytheposi-

tionofthedrill,there孟snoneedfor

ittohaveaccuratepositioningcontro1.

Inthisway,itispossibletoproduce

movementthatisrestrictedbyanother

object.Itisalsopossibletocarryout

ataskthatrequiresthecoordinated

effortsoftwomanipulatorsinthisway.

3.4HandswithMultipleDegreeof

Freedom

Thehandsofordinarymanipulators

onlypossesstwofingerscapableof

simplyopeningandclosing.Inorderto

havethenperformcomplextasks,special

gripsmustbeutilized.However,itis

difficulttokeepallthegripsavailable

thatarenecessarytocarryoutvariable

l㎞itedproduction .operationsand/or

machineryrepairwork.

Thethree・fingeredhandshown血

Figure6hasbeentestedatETL.Two

ofthesethreefmgershave4degrees

offreedom(thenumberofjoints)and

onehadonly3degreesoffreedom.

Eachdegreeoffreedomisoperatedby

aWire.Whenfingertipmovement

isspecified,therotationofeachofthe

otherjointsofthatfingerisautomatica皿y

calculated.Force・controlisutiized
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tomakethisthree・fmgeredhanddo

worksuchastumingashaftortightening

anut.

犠 ⇔
ぷ

簿

Fig.6Multiplejbintedfingers

4.ResearchandDevelopmentof

Eyes

4.1TheIndustrialEye

Theretinaofthehumaneyeiscom-

posedofanabundance◎fcellswhich

arecapableofdetectingandprocessing

lightandcolors.Theresultsofthis

initialprocessingarethentransmitted

to廿lebrain.However,theyalsoundergo

parallelprocessingalongthewayby

meansofthousandsofnervecells.Foran

血dustrialeye,ontheo{herhand,the

usualinputdeviceforvisualdataisaTV

camerawithabout250×250resolution.

Thateyedoesn'tutilizenearlythenum・

berofelementstoprocessthevisual

dataitreceivesthatthehumaneyehas

nervecens.Therefbre,thequickrecog-

nitionofacomplexobjectbyamachine

isn'taneasymatteratal1.Accordingly,

an`eye'hasbeenbroughttopractical

applicationthatgetsbywithsimple

processlng・

Afew㎞dustrialeyesweredevised

andmadepracticalduringthe'first

halfofthe1970's.Devicesthatrec・

ognizedefectsonprintedcircuitboards,

orthatdeterminethepositionofbolts

sothattheycanbetightenedorloosened

arerepresentativeexamplesofthese

industrialeyes.

主

Fig.7Assemblyoftransistor

Laterindustrialeyeshavealsobeen

appliedtotheassemblyprocessfor

transistors.AsFigure7indicates,they

areusedinthebondingprocesswhere

goldwiresaresolderedtoappropriate

spotsonatransistorchipandtheposts

whichflankthem.Sincethespots

wherethesegoldwiresmustbesoldered

areminute,itisn'tpossibletogetsuf-

ficientprecisionby.mechanicalposition-

ingalone.Thus,precisepositioningis

carriedoutwiththehelpofaTVcamera

whichlocatesthetwomainpointsonthe

chipwherethewiresatetobebonded.

Sincethechipisseenasablackandwhite

patternbythec{mlera,a皿ithastodois

lookaroundunt∬thedesignatedpattern

comesintoitsfieidofVision.This

particularmethodofpositioningis

caUedpattemmatching.By
,means

ofautomatingthetransistorbonding

processliketh輌s,laborsavingshave

beenrealizedandthecostoftransistors
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reduced.

Folowingthis,thesamepattern

matchingmethodwasappliedtothe

bondingprocessesfbrICsandLSIs,

too・ApPlicationsfbrindustrialeyeshave

rapidlyadvan㏄dintosemiconductor

assemblyprocessessuchassiliconwafer

aljgnment,position㎞gofsemiconductor

peUetsandsofbrth.Eventheinspection

ofICandLSImaskpatternshasrecently

beenundergoingautomationinthis

fashion.

Thesuccessofmachinevisionin

thesemiconductorindustryhasspurred

onthedevelopmentandpracticalap-

phcationofvisualinfbrmationprocessing.

Forexample,Visualinformationproces・

singisbeingapPhedintheinspectionfor

flawsin刷mandsteelsheet,theexami－

nationofcontainernds,也echec㎞g

forflawsintablets,thea(ljustmentof

colortelevisionsets,thegrad㎞gand

selectingoffarmproduceandtheselec.

tionoffish,tonamebutafew.

Figure8showsacucumberselector

andFiguregthemeasurementmethod

usedmthatselectionp'rocess.ATV

cameraislocatedaboveandlooking

downonthecucumberswhichare

lyinginindividualwhitecases(buckets).

Whenthevisualdatareceivedbythe

carneraisinputtotheprocessor,a

binary(black&white)imageisobtained

withthecucumbersformingtheblack

portionsandeverythingelseappearing

aswhite.Thus,themeasurementprocess

outhnedmFigure9isrea皿yquitesimple.
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Fig.9Measurementoflengthandcurvature

Fig.10Sceneofblocks

Fig.11 Linedrawing

Fig.12 Exampteofheterarchical method
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4.2ProcessilgofGmy㎞ages

Asdescribedabove,visualdatainput

viaanindustrialeyeismostoftena

binaryimage.However,asFigure10

indicates,ab口1aryilageisn'tsufficient

torecogniZeevensimplewoodenblock

arrangements.Genera皿yspeaking,this

㎞dofrecognitiontaskisperfomed

inthefollowingmanner.

(1)Thosepoints(edgepoints)where

thebrightnessabruptlychangesare

detected;

(2)Edgesareformedbyconnecting

theseedgepoints;

(3)Alinearequationisfittedtothese

edges,andlinedrawingssuchas

thoseshowninFigurellaremade;

and

(4)Theselinedrawingsareinterpreted

asathree・dimensionalscene.

This㎞dofprocedureis㎞own

asthehierarchicalmethod.Among

thestepsout㎞edabove,(3)isvery

easy,(4)wasdevelopedintheUnited

Statesand(1)and(2)arequitedifficult.

WhenahumanbeinglooksatFigure10,

hemorethanlikelypicksoutthose

edgesmosteas皿yperceivedfirstand,

then,usingthemasaclue,setsabout

lookmgfor血emoredifficulttorec・

ognizeones.Acomputercanbemade

toperforminthesamemanneLFirst,

asFigure12illustrates,thecomputer

locatestheeasytorecognizecontouI

edgesandthenest㎞atestheboundary

edgesbetweenobjectsandbasedon

thoseestimatessealchesfbrthehard

tofindedges.冊enitlocatesone

oftheseedges,itthenusesitasaclue

inlocatingtheotheredgesofthatobject.
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Thisprocedureisca皿edtheheterarchical

method.Thelinedrawingshownin

Figurellwasobtainedusingthis

method.

4.3RecognitionofComplex

Scenes,

Whentheobjectoftherecognition

taskisacomplexscene,thenmethods

forefficientprocessingmustbecarefully

considered.If,forexample,thetask

istorecognizeobjectsinanoutdoor

scene,thentheskyandthetopsof

mountains,treesandbuildmgswillbe

restrictedtotheupPerpartofthescene,

carstothemiddleoftheroadandwin-

dowstotheareainsideof廿lebu皿dings.

Iftheseconstraintsareusedproperly,

recognitioncanbeperfomedquite

efficiently.If,however,廿leobjectof

therecognitiontaskisadesktopscene

suchasthatshowninFigu?e13,then

constraintsinvolv祖gthepositionalre－

1ationshipsofthetargetobjectscan

notbeuti丘zed.Inthatcasethefo1・

lowingProcedureshouldbeconsidered・

(1)Exammethedegreeofcontrast

ateachpointoftheinputmlage;

(2)]レ)catethoseportionsoflines

wherethecontrastisaboveunifo動m

levels(thresholdvalues),andtrace

thoselines;

(3)Fitellipsesorstraightlinestothose

linesandrecognizeobjects.by

titilizingthoseapProximatedlines;

and

(4)Ifthenumberofobjectsrecognized

isinsufficient,lowerthet血reshold

value「forcontrastandbeghaga口1

atstep(1).

Thisprocedure
.isquiteefficient

fromthestandpointthatthereisno

needtosearchforlinesjnsideobjects

already㎞own.Furthermore,.since

processingiscarriedoutonthosepor・

tionsofthescene
.whichareapparent,
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recognitionreliabilityisincreased.Figure

13{b}i皿ustratestheresultsofsuch

P「ocessmg・

4.4RangeDataAcquiSition

Ifthedegreeofhghtintensityat

numerouspointswithinafieldofvisionis

㎞ownasabrightnessimage,thendata

onthedistanceofnumerouspoints

withinafieldofvisioncanbecaUeda

rangehnage.InputdivicesfOrrange,

imageshaveasyettobemadepractica1 .

Principalmethodscurrentlybeingutihzed

inthisendeavorcanbebroadlydivided

into廿1efo皿o曲gcatego亘es.

(1)TimeofFlight

(a)・Sound-Ultrasonicwaves:reso-

1ution.

(b)ElectromagneticWaves-Laser

rays:offersbroadmeasurement

capabilities,butthedeviceis

ratherelaborate.

(2)Triangulation

(a)PassiveMethod-Binocular

three-dimensionalvision:canbe

apPliedinspecialcases.

(b)ActiveMethod-1」ghtPr()jec-

tion:canbeusedtomeasure

distanceaslongastheohiect

isn'ttoofaraway.

(3)AutomaticFocus:canbeappliedto

specificpatterns.

Ultrasonicwaves'areusedtodetemine

theexistenceandapProximatesizeof

ohlects
.andafecurrendybeingtested

withrobotsasa
.meansofavoiding

obstacles.Asfbrbinocularthree-

dimensionalvision,itisdifficultto

determ㎞ethepointswherethe'two

imagescoHespond,butthismethod

25

canstj皿beusedwhentheobjectof

therecognitiontaskissimple.There

isalsothemethodwherebyalightis

projectedontothetargetobjectin

Placeofoneofthe`eyes'in.thebinocular

three・dimensionalVisionapproach.ETL

haddevelopedarangefmder也atprojects

asheetofhghtontotheobjectsofthe

recognitiontaskthroughaslit,aswe皿

asaIasertrackerwhichutilizesalaser

spotlight.Thesetwomethodsarecur-

rentlybeingutilized'inobjectrecogni-'

tion.TheautomaticfOcusmethod

isbestvis-a-visspecificpattems.This

methodhasbeenputtopracticaluse

inthemeasurementofthethic㎞ess

ofICsandhasprovenaccurateto2μm.

ThisisdOnebyadjustingtheposition

oftheIenstokeep・pattemcontrast

toamaxirnum.'、

4.5TheProCess血1gofRangeData

Herewew田discussm'simPleterms

amethodfbrrecognizmgcomplex

oblectsbyprocessirigtherangedatainput

bytherangefmder.Figure15shows

anexampleofSlitimagesofobjecfsas

observedthrougha'camera.Thisdata

isbetterunderstoodwhenitisexpressed

inmorecoherent,descriptivetemls.

Proceduresfbrascenedescriptionbased

ontheregionmethOdareshownin

Figure16.Fitst,the.numerous3・D

coord㎞ates(a)aredividedevenlyto

fbmthesurfaceelements(b).Then

eachofthesesur伍ceelementsareas-

sumedtobeplanesandthe丘formulas

derived.Followmgthis,itispossible

to.obta㎞'elementalyregionssuchas

thoseshownin(c)bymergingthose

JipdecReportNo.50



TargetObieCt

戸一《

Television
Camera

DiagramoftheRang6FinderPrincip㎏

Lightisprojectedontothetargetobject{s)throughevertica|

s"t.Whentheimagethusproducedispickedupbythe

camerajthreedimensionaicoordinatesofthesurfaceofthe

objectSareobtained.Underactualoperatingconditions..

amirrorisusedtochangethedirectionoftheproiectedlight.

Fig.15SlitimagetakenbYrangefinder

Fig.14RangeFinderPrinciple
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surfaceelementsthataresimUarand

adjacenttooneanother.Next,dle

surfacesofeachelementalyregion

areclassifiedastowhethertheyare

curvedorplane(flat)(d).Ifthosecurved

surfacesthatareofacondnuousnature

aremergedtogetherthenglobalregions

likethoseshownhl(e)canbeobtamed.

Thefinalstepintheprocessistopursue

thecharactedsticsandmterrela廿on血ips

oftheglobalregionstogetascene

description(f).

Inordertocanyoutobjectreco9・

nition,modelsofobjectsmustbestored

inthecomputerp亘ortotaskexecution.

Forexample,youcanshowthecomputer

theactualobjectsthemselves.Ifyou

weretoshowthecomputeranauto-

mobUepulleyyoumightwindupwith

adescriptionsuchasthatshownin

Figure17.Thisisamodelofthepulley.

Afterstoringmodelsofobjectsinthe

computerinthisfashion,ifthesljt・

釦mageshowninFigure15weretobe

inputtothatcomputer,resultssuch

asthoseshownmFigure18couldbe

obtained.Theseresultsindicatethe

surfacesofthemodelsthatcorrespond

Fig.17Pu)teゾsmodel

toeachglobalregion.

5.Fu加reTrends

Mostoftheindustrialrobotspresently

inoperationinJapanarenotequipPed

withsensors.This,ofcourse,isquite

natural.Sensorsandtheprocessingof

theinforrnationobtainedfromthem

aremoredifficulttocontrolthanma・

nipulators.Thus,itonlystandsto

reasonthatautomationwouldbe、carried

outinitia皿yfbrthatworkwhichdid

notrequiresensors.However,asthe

utilizationofrobotscont口1uestopro-

gress,thedesiretousetheminoperations

wherevisionisnecessarywillalsoin-

crease.Experimentsarecurrentlyunder

waytoequiprobotswithsimplevisual

㎞fomlationprocessilgfUnctions.Uti・

lizingthesefunctionstheserobotsare

thenbeingtestedastotheirabilityto

fmdthetoolstheyaretopickup,to

locateaboxonwhichtostackanother

box,toaccuratelydisinguishtherelative

positionofanobjecttotheirhands

PU

しI
PI

CO

PUしLE∨
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Fig.・18RecOgnitionresult
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oncetheyhavegraspedit,andtofbnow

aspecifiedlinewhenperformingweld・

1ngoperatlons.

Asstatedpreviously,thesedevelop・

mentsarebasedonprinciplesalready

㎞own.Forexampleitestsaimedat

apPlyingtheprinciplesofdlerange

findertoweldingtechniquesarebeing

carriedoutsimilartotheonei皿ustrated

inFigure19.Theweldingposition

isdeterminedbyasheetoflightpro・

jectedontothetargetobject・PointsB

andC・aredetectedaspointswhere

thebrightlinebeingobservedbythe

camerabends,whilepo㎞tDisseen

asadiscontinuity.Thistypeofde・

tectionoperationisquitesimple

whenviewedintemハsoftheresearch

beingdoneonobjectrecognition.None・

theless,theproblemofprecisionde・

tectionunderthesevereworkingcon・

ditionsimposedbyweldingoperations

remainstobesolved.

Yetanothertrendinthisareais

thedevelopmentofspecialharqware

forimageprocessing.Thistypeof

equipmentisneededtospeedupthe

workofimageprocessing,ataskthat

hasrequiredconsiderabletimetodate.

Suchhardwareisalsousefulforresearch

Fig.19ApPlicationofrange

findertowelding

anddevelopment.

Automationofthe飴ctoryinvolves

morethans㎞plyintroducingrobots

血1totheworkprocesses.AsFigure

20shows,theautomationofproduction

operationsisbeingconsideredfrom

thedesignphasethroughtothefinal

product.Acertainamountofresearch

workisbeingdevotedtowardthestudy

ofCAD/CAMsystemswhereitisad・

vantageoustoutihzeobjectmodels

designedviaCADinavarietyofap-

phcations.Thoughsomeworkhasbeen

doneonCAD/CAMsystems,ithasnot

yetbeencombinedwithrobotsoftware.

Whenwearecapableofusingdesigned

objectmodelstowritesemi・automatic

robotmanipulationprogramsandrecog・

nitionprogramsforroboteyes,thenper.

hapswecancomeupwithagenu㎞eFMS

(FlexibleManufacturingSystem).Re・

searchahnedatrealizingthiskindof

AdvancedFMShasbeeninitiatedre・

centlyatanumberofuniversitiesand

researchlaboratoriesinJapan.

Human

Fig.20AdvancedFMS
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Examples of】 ㎞dustrialRobotApplications

andTheirProblems

TohruWozumi

TheChunichiShimbun

TheTokyoShimbun

InEuropeandAmericarecently,when

peoPletalkabout　 robots"itistakenfor

grantedthattheymean``industrial

robots',.However,itwasn'tsolong

agothatpeopleinJapan,whichiscon-

sideredtherobotcenteroftheworld,

stilequatedrobotswithacartoon

chalacterquitepopularherefbrmany

yearsnamed.``TetsuwanAtom,,.In

fact,evennowadaysitsnotuncommon

forbusinessmentorefertotheshape

ofmdustrialrobots血tennsofhow

differenttheyarefromTetsuwanAtom.

Thisphenomenonisn'tasstrangeas

itmayseem.IntheUnitedStates,for

example,cartooncharacterslikePopeye

lmdOhveOiorSuperm《mare㎞own

andlovedbym皿1ionsofch皿drenand

adultsalike.Evelynationthroughout

theworldhasitsfavoritecartoonchar-

acters.InJapan,formanyyearsone

suchbelovednationalcartooncharacter

wasTetsuwanAtomcreatedby.the

very'populaycartoonist,OsamuTezuka.

Inthecartoonseries,Tetsuwan

Atomwasachjld・Hkerobotbuiltby

acerta血1scie .ntistmtheimageofthe

sonhehadlost廿1anautomobileac・

cident.Thishumanlookingrobot

wouldpititself.aga血St1血e .forcesof

evileachweek,、takingonthev田ams

nomatterwheretheymightbe,on

theground,undertheseaorf遠rout

mspace.Childrenraised㎞Japanduring

thepast200r30yealsa皿expe亘enced

thethrillofwatchingTetsuwanAtom

inactionontheT.V.everyweek.

StoriesaboutrobotshkeTetsuwan

AtomarenumerousanoverthewQrld.

Thetem1``robot"wasfirstcoined

asearlyas1920・byaCzechoslovakian

playwrightinaplayaboutacompany

thatmanufactured``mvinciblerobots".

Thenagainin1926,inaWestGerman

workentitled``Metropolis,',
.achnd-1ike

robotwiththesameoriginsasJapan's

TetsuwanAtomappeared.However,

itwasAmerica'sIsaacIsimovwho

firstattemptedtodefmerobots.In

hiswork,`¶,ARobOt,"As㎞ovsuggest-

edthatrobqtsmustadheretothreeprin-

ciples:.1)Robotsmustneverdohamto

man,2)theymustalwaysobeymanand
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3)totheextentthatitdoesn'tgoagainst

the丘rsttwoprinciples,robotscan

protectthemselvesfromharm.

ThecartoonTetsuwanAtomhas

姐themakmgsofanimmortalmaster-

pieceaboutrobots,anditwasthis

cartoonthatshapedJapaneseideascon-

cerningwhatrobotswouldbehke.Of

course,itismicroelectronicsthathave

proventobethebiggestsmglecon-

tributingfactortotoday'sroboten・

ginee血g,butasOsamuTezukasays,

``TetsuwanAtomhadaminiaturecom
・

puterfbrabrain,onesosmallthatit

couldsupPosedlyfitinthepalmof

yourhand.Infact,itwaswh∬eIwas

consideringthepossib皿itiesofartificial

intelligencebasedonsuchtinycom・

putersthattheideafbrTetsuwanAtom

wasbom　 .Isn'titfascinatinghowa

caltooncharactercreatedsomethirty

yearsagocouldbesoremarkablysim皿ar,

technologica皿yspeakmg,totheadvanced

industrialIobotsinactualoperation

today.

Japanesecitizensdonow㎞owthat

industrialrobotsdifferfromthe

TetsuwanAtom・ ㎞ageofrobotsthat

theygrewupwith,andinfactmost

arequitewe皿versedmrobotics.One

factorthathasp】 ㎞yedapar廿cularly

bigroleindeepeningtheJapaneseunder.

standmgofindustrialrobotshasbeen

massmediadescriptionsofJapanfrom

1血eU.S.andEuropecallingitthe　 ...

leadingnationintheworldmthefield

ofroboticsl'.Ifthe伽thbeknown,

however,thesereportsformedap亘ncipal

partofcriticismsaimedatJapanfrom

overseas,andwereanattemptbyforeign

jouma血ststopinpointthereasonsfor

theincreasedexportsofsma皿cars,

colortelevisionsandvideotaperecorders

fromJapan.Inthisregard,then,the

seeminglyhonorarytitleof``】Leading

nationinthefieldofrobotics"also

carriedwithitsomeratherunpleasant

aspectsfortheJapanesepeoPle.

Nonetheless,itwastheseoVerseas

newsreportsthattouchedoffaseries

of``RobotExhibitions"a皿overJapan.

Inthefal1,1981,hundredsofthousands

ofpeopleincludingch∬drentumedout

atonesuchexhibition,whichunt皿that

t口nehadonlybeenattendedbypeople

relatedtoindustry.Theya皿wanted

toseefbrthemselvesjustwhatindustrial

robotswerea皿about.Simjlarrobot

exhibitionsarescheduledtobeheld

inmorethan10differentlocations

throughoutthecountryduring1982.

Thisphenomenonhasaffordedthe

Japanesepopulaceachan㏄todeepen

itsundelstandingofindustrialrobots

andtodiscussthemeritsanddemerits

oftheseadvancedmachines.Itisour

a㎞tointroducejustafewsuchpros

andconshere.

Accordi皿gtoIsaacAs釦mov'sthlee

basicp亘nciplesconcemingrobots,one

woUldexpectthattheyaremcapable
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ofdoinghamltoman.Nevertheless,

du血g也e皿 ㎜erof1981也ereWas

,]lrobot-relatedaccidentinvolvinga

workerattheAkaishiPlantofKawasaki

HeavyIndustrieslocatedinthecity

ofAkashi,HyogohefectUre.This

wastheaccidentplayedupworldwide

bytheNewYorkTimesasthe』``Kj皿er

RobotIncident".KawasakiHeavy

Industries,togetherwithMitsubishi

HeavyIndustriesandIsh∬(awajima-Harima

HeavyIndustries,isoneofJapan's

mostprominentheavyindust亘esenter・

prisesengagedinshipbu皿dingandthe

manufactureofaircraftandindustrial

machinery.Theyalsoimporttechnology

fromAmerica'sUnimationCorporation

foruseintheproductionofthe

``Unimate"
weldmgrobot.Whatsmore,

KawasakiHeavy】 ㎞dustrieshasrecently

beguntomalketrobotsdevelopedvia

atechnologicalarrangementwith

UnimationinEuropeutUizingUnimation,s

Eulopeandistributionnetwork.This

isoneenterprisethatcantrulybecaUed

aprofessionalinthefieldofindustrial

robots.

Asfor也eaccident,itoccuredat

around5:00A.M.』onthemoming

ofJuly4,1981,atthatsiteintheAkaishi

Mantwhereautomobilegearsareput

血rou帥 血efmishingProcess.The

worker・mvolvedmtheaccident,Kenji

Urata(37)wascrushedtodeath

betweentheamlofamaterialshandling

robotandthepyocessmgmachineonto

whichitloads『andunloadsgearsfor

finishjng.

Therewere,Ibelieve,twomajor

problemsposed.bythismcident:1)

What㎞dofsafetymeasureswere

ineffectatthethneoftheaccident?

and2)Is'itreaUypossibletobuildan

industrialrobotthatisaccident・proof?

SafetymeasuresatKawasakiHeavy

Industriesincludedropmgoffofthe

areaimmediatelysurroundingtherobots

topreventworkersfromhaphazardly

enteringintothedangerzoneWithi血

thereachofarobot,smovingarm,

andadevicewhichautomaticallyshuts

offtherobotshouldsomeoneundo 　
thechamportionofthissafetyrope

whichselvesas也eentrance/exitpo口1t.

Inaddition,therewerealsoshut-off

switcheslocatedonthe.bodiesofall

therobotsasanextraprecaution.It

wouldappealthentlatKawasakiHeavy

Industries'safetymeasureswereabout

asclosetobeingfbolproofasmodem

technologywillpermit.

Yetmspiteofthisanaccidentoc・

curred.

Firstofa皿,itseemstherewassome

kmdofmalfunctionwiththeplocessing

machnery也atmadeitstoP,and血e

robot,detectingthis,alsostopPedfunc・

tioningasitissupPosedto.Thisis

wherethetroublestalted.MLUrata

gotflurriedandignoringestabhshed

safetyproceduresjumpedoverthe

safetyropetoadjustthepfocessing

mac㎞e.Assoonashef㎞shedfbdng

themalfUnctionintheprocessingma-

chme,however,therobotbegantooper-

ateonceagainanditsarmpinnedMr:

Uratato・theprocessingmac㎞eand

crushedhirntodeath.

HadMr.Urata℃ompUedwith・the

safetyprocedureSandenteredtherobot
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areabyunfasteningthechainportion

ofthesafetyropeandthenimmediately

flickedtheshut・offswitchonthebody

oftherobotpriortohavingtakensteps

torepairtheprocessingmachinethen

thisextemelyunfbrtunateaccidentwould

neverhaveoccurred.

Fonowingtheaccident,Kawasaki

HeavyIndustriesisolateda皿therobots

intheplantbehindsixfoothighmetal

enclosuresandinstalledphotoelectric

sensorswithin廿leenclosurestofurther

reinfbrcesafetymeasures.Stricter

safetymeasuresareallwellandgood,

butthequestionstMremainsasto

whatisbeingdonetechnologically

todeveloparobotthatw皿automaticany

stopoperatingwhenitcomesincontact

withanobjectotherthanthatwhich

itisprogrammedtoworkon.This

bringsustothesecondproblemposed

bytherobotaccident.

Fromallindicationsitwouldseem

thatrobotswiththiscapabilityare

indeedapossibility,andallthemajor

Japanesemakersarebusilyengagedin

researcheffortsalongtheselinesright

now.ShigeruWatanabe,Presidentof

theMetropohtanCollegeofTechnology

inTokyo,explainsthattheaimof

thisresearchistocomeupwithamethod

f()rgiv口1grobotsasenseoftouch.He

says,``Thereareanynumberofways

topreventaccidents,butintheend

itsgoingtobenecessarythattherobots

themselvesarecapableof`feelingpain',

sotospeak.Itisforthisreasonthat

currentresearchisconcentratingon

fmdingwaystoproviderobotswith

tactiesensation".Thereare・already
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twowaysofequippingrobotswith

tactilesensation,onewhichutilizes

temperaturesensorsandanotherthat

employsstrainmeasuringdevices.But

themainproblematthisstageitwould

seemisoneofcost.Ifmassproduction

ofsuchtactilesensorsweretobegin

soon,it'spossiblethattheycouldbe

attachedaUovertherobot'sbodygiving

itanalmostrealsenseoftouch.

However,presenttec㎞010gyfbrthis

typeofanendeavorisstiUfartoocostly・

Thisiscompoundedbythefactthat

thecurrenthighdegreeofinternational

competitionshowsnosignsofletting

upinthenearfuturemakingitunlikely

thateitherJapaneseoroverseasmakers

w姐beabletoapplythesemethods

toosoon.

ButevenhaVingsaidthis,thereis

agoodchancethatifinternational

safetyregulationsweretobepassed

whichstated,ineffect,thatrobots

wereprohibitedfrombeingsoldunless

theywereequippedwiththistypeof

safetyfeature,robots也atwerecapable

of`feehng'wouldberealizedmcread・

iblyquickly.

Itisourunderstandingthatthe

majorityoflaborunionsinEurope

andtheU.S.areoftheop血1ionthat

``Aslongasitdoesn'tleadtolay・offs

andunemployment,theunionswill

notoPPoserobotsandthetechnological

revolutiontheyrepresent".

Japaneselaborunionspossesssimilar

feelngsastheircounterpartsinthe

U.S.andEurope.Inthecaseofthe

Japaneseenterprise,however,therewas

astrongtendencytointroducerobots
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intotheworkplacetosupplementthe

laborsupplywhen廿lerewasashortage

ofskilledwelders,fbrexample.For

thisreason,itseemsthatthelabor

unionsinJapandidn'tfeelthatthere

wasanyincompatibiHtyinvolved血

theincorPorationofrobotsintofac-

torles.

InfactatNissanMotors'ZamaPlant

therobotshavena血essuchasMOMOE

orJUNKO,namesofpopularfemale

singingstarsmJapan,andatToyo

Kogyo(Mazda)plantstherobotshave

beennamedafterbaseba皿starswho

playontheteamownedbyToyoKogyo,

tleToyoCarps.Ratherthanbe口1g

lookedonas`enemies'bytheworkers

in、Japan,robotsareconsideredtools

thathelptoimprovetheirworkenviron-

ment,reducetheirheavylaborrequire-

mentsandevenraisetheleveloftheir

wagesbyimproVingProductivity.In

short,theyarelookeduponasfbllow

workers.

However,recentlyanotherwayof

thinkmghasbeguntotakeshapein

Japan,anewmovementwhichisdelving

muchmoredeeplyintotheprosand

consofrobots.

Thepersonwhofirstproposedthat

amorecriticaleyeshouldbetUrned

totherobotsituationwasChairman

IchiroShiojioftheJapanAutomobile

Workers(JAW),oneofthemostinflu-

entialilldividualsinthe・automobile

laborunion,theindustrywhichhas

beenthemajorproponentofrobots

inJapantodate.

Ataregularlyscheduledgeneral

meetingofJAWheldinthefa皿of1981
,
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ChairmanShi()jipointedoutthat,``The

numberofrobotsjnoperationjnthe

Japaneseautomob皿eindustrynowac・

countsfbrasmuchas40%ofthetotal

numberofrobotsinsta皿edthroughout

Japan.

However,tothebestofmyreco-

1ection,Idon'treca皿thatwe(theunions)

putupanykindofopPositiontothis

rationalizationprocesswhenaUthese

robotswerebeingintroducedintothe

workplace.Ican'thelpbUtwonder,

though,whetheritssuchagoodidea

tOcontinueonlikethis.,,

TheJapaneseautomobileindustry

experiencedaperiodofgreatdispute

inthemid4950's.Bothlaborand

managementcameaway.fromthis

strugglemmorereconciliatorymoods,

andtheunionshavebeencooperat口lg

withtheenterprisesideeversmce.

ChairmanShi('ji,too,optedfbrapolicy

ofcooperationbetweenmanagement

andlaboratthetimeofthebigNissan

Motorsdispute.Withthiskindofcareer

behndhhn,ChairmanShi('ji'sposing

oftherobotproblemcameassomewhat

ofashock,tosaytheleast.

ChairmanShi('jiexplainedthemahl

pointsofhisthinkingasfb皿ows.``I

wasn'treferingtothenearfuturewhen

Ibroughtupthisquestion,butrather

Iwasthinkingofthesituationtenyears

fromnow.Justlikecarindustriesin

EuropeandAmerica,theJapanese

automobileindustryisalsoapproaching

thematurationstage.Thenextmajor

problemsthatwUIconfrontuswi皿

havetodowiththerelationshipbetween

technologicalinnovationsandemploy－
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ment.Iraisedtheproblemofrobots

becauseIfeltstronglythattherewill

beaneedinthenottoodistantfUture

todealwithproblemsoftechnological

innovationvsemploymentfromthe

standpointofnewmanagement・labor

relations".

Asoneconcretethemeinhisre-

examinationprocess,ChairmanShioji

stressestheproblemofannualworking

hoursandpaidvacation.Hepoints

outthat``lnAmericaandEuropeitis

theobligatiofiofmanagementtogive

workersacertainamountofpaidvaca'

tioneachyear.InJapan,however,

workersmerelyhavethe`right'totake

suchpaidvacations.If,forexample,

theentireJapaneselaborforcewereto

beginto.useupaUitspaidvacation

t㎞e,thenthecriticismsfromoverseas

totheeffectthat`Japaneseworktoo

hard'wouldquitelikelystopcompletely.

Thesurplustimecreatedbyfuture

`robotization'shouldmakethisavery

realpossibilityindeed".

.SeeminglyinstepwiththisJAW

sponsoredmovement,some540thousand

workersfrommanufacturersofelectric

homeappliancesandindustrialelec・

tronicsproductswhocompriseanorgani・

zationcalledtheElectricalLaborAsso・

ciationhaveundertakenaprojecttitled

``Mid ・termEmploymentProspectsin

theElectricalIndustryDuringthe

1980's."Oneofthemajorobjectives

ofthispr()jectalsoistosufficiently

addresstheproblemofrobots.

ThecurrentsituationinJapan,then,

isonewheretheJAW,theElectrical

LaborAssociation,andeven .enterprise
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groupssuchastheShipbμUder'sAsso-

ciationofJapanarealldebhtingproblems

relatedtorobotsfromvariouspoints

ofview.Themajorthemetobetackled

infUtureistheproblemof`worker

relocation.,

TheJapanesesteelmanufacturing

industryhasafairlylargeshareofthe

world'ssteelmarket.Onebigplusthat

theJapanesesteelindustryhasgoing

foritisitscontinuouscastingPlants

whichineffectcanbecaUedgiant`robot'

plants.Forthe60thousandmembers

oftheNipponSteelFederationofLabor

Unionswhoacceptedthiskindofrobot

planttheproblemofworkerrelocationis

takenassomethingthatcan'tbehelped.

``Mechanizationissomethingthatis

undertakentoeliminatehumanerror

inordertostandardizeproductquality.

Inotherwords,sincemechanization

isdesignedtodoawaywi廿lskmed

workers,relocationisinevitable.,itcan't

behelped."Let'sseejustwhatthe

actualsituationisasfarasworkerre-

locationisconcerned.

Themanufactureofdigitalquartz

clocksandwatchesispartof廿lepre-

cisionmachineindustry.Forthepast

severalyearsdigitalquartzclocksand

watchesproducedbyJapan'sprecision

machineindustryhaveenjoyedin・

creasingpopularityworldwide.Seiko

andCitizenWatcharerepresentative

ofsuchJapanesewatchmanuf遠cturers.

AttheCitizenplanthlthesuburbs

ofTokyothereareanumberof20

meterlongassemblylineslinedup

sidebyside.Oneachline100rmore

robotsareinstaUed,eachpossessing



differentfUnctions.

Onerobotjustplacespartsontheline,

whileanotheゴsonlytaskistoblowout

hotairtomeltthesolderthatconnects

廿1ewiring.Takenonebyone,aUthese

robotspossessreallysimplefUnctions・

IfthiswereAmericaorEuropethey

wouldn'tbecalledrobotsatall,but

ratherwouldmorethanlikelybegrouped

togetherwithautomaticmach㎞es(fixed

sequencerobots)・

Whentheythrowtheswitch廿lat

startsoneoftheselinesinthemorning,

ittakesabout15minutesfbrthefirst

analogquartzwatchtobecompleted,

butthenevery2.5to3secondsthere・

afteranotherwatchcomesofftheline.

Justonelineiscapableofturningout

10,000watchesperdaywithouthavmg

toworkovertime.

SeikoevenoutdoesCitizen,ranking

asJapan'stopwatchcompany・

Asmightbeexpectedthen,Seiko

hasmoreassemblylinesthanCitizen.

Quartzwatchesandclocksarethose

timepieceswhichrunbymeansofa

battery・poweredquartzcrystaloscillator.

Comparedtoconventionalmechanical

watches,quartzwatcheshaveconsider-

ablyfewerpartsafeaturewhichhas

enabledtheirbeingmassproduced.

Also,quartzmovementshavebrought

withthemtheageofthetrulyaccurate

timepiece,somuchsothatitissaid

廿1atwithaquartzwatchorclock,

``Accuracyistakenforgranted
.　 Even

beforetheadventofthequartzage,

inadditiontobeingcheaperthan

Swiss・madeproducts, .Japanesewatches

were㎞own・worldwidefortheirfine

precisionconstructionandaccuracy・

ThisaccompUshmentwasdueprimar丑y

tothesk且1withwhichJapanesefemale

workersa(ijustedthesemechanicaltime.

pieces.WhereintheworlddidaU廿10se

skilledwomenworkersdisappearto?

Theyarecurrentlyemployedinthe

manufactureofthenewcrystaloscillators

andasoverseersinthefinalmspection

process,jobsthatdemandevengreater

attentiontodetailthanwasnecessary

fbrthemechanicaltimepieces.Please

understandthatthisswitchwasonly

possiblethankstotheirbeingsuccessfully

retrainedin-house.

Nextlet'stakealookatwhatworker

relocationisdoingtothenumberof

workersactuaUyemployedatthefac・

tory.Agoodplacetostartiswiththe

FanucLtd.,whichisamanufacturerof

robotsthatusesrobotsinitsproduction

processes・

TheFanucFujiPlantislocatedl皿

thefboth田sjustnorthofJapan'shighest

mountain,Mt.Fuji.Thisplantisworld

famousduetothefactthatitisacom-

pletelyautomated,u㎜annedfactory

whererobotsmakethepartsfbrthe

constructionofotherrobots.

Thisplantiscapableofproducmg

$40milionworthofrobotpartsan-

nua皿y,butthetotalnumberofhuman

workersemployedheredoesn'tamount

toquite100inaU.Furthermore,since

themajorityoftheseworkersareengaged

intheassemblyofrobots,ifassembly

robotsareintroducedintotheplant

atsome血turedate,thenthenumber

ofhumanworkersattheplantwill

becutalmostinhalf.
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Inaspeechwhichhegaverecently

titled,``lnPursuitoftheUnmanned

Factory,"SeizaemonInaba,president

ofFanucLtd.,血troducedyetanother

newideafbrautomatedfactories.This

isthecompany'sLuxembourgPlant

whichitplanstobringonstreamin

EuropeinAugustof1982.1tseems

thisplantw皿lutilizebothconveyance

andassemblyrobotsinitsmasspro・

ductionprocesses,butwmemployonly

threehumanworkers,includingthe

president.

Byoperatingthisplantjustonehour

adaystartingfrom100'clockinthe

momingFanucsaysitexpectstoturn

out100automatictapeperfbration

machhlesfbruseinnumericaUycon・

troUedmachinetoolspermonth.The

decisiontolimitoperationtojustone

houradaywastakentopreventover・

production.

BothoftheseFanucplantsareun.

manned,fUUy-automatedfactorieswhere

robotsandNCmachinetoolsareef-

fectivelyintegratedintothemanu・

factu血lgProcesses,asystem㎞own

asFMS(FlexibleManufacturingSystem).

However,robotsaremac㎞nesthatcan

beintroducedintoplantsthatarecur・

rentlyinoperationtorealizethisFMS.

Andwhen廿lishappens,theworkers

heretofbreemployedatthosenewly

FMS-izedplantsw且1mostcertainly

havetoberelocatedsomewhereelse.

Itispredictedthatinfuturethisproblem

ofworkerrelocationwillnotbeaseasily

solvedbymerere£ducationprograms.

Forthisreason,itisfeltthatthegovern-

metnsoftheworldwillhavetogivesome

carefulthoughttotheprospectsof

furtherincreasingthepropagationof

robotsinindustryinfuture.Inlinewith

thissomenewindustrialandemployment

policieswillalsohavetobeprudently

workedout.

Newproblemswillalsoappearat

thoseplantswhereFMSand/orrobots

arecurrentlybe㎞gutilized.Thesenew

problemsw皿arisefromtheinfluence

thattheswitchfromphysicallaborto

supervisory,i.e.monitoring,jobsWill

haveontheworkersthemselves.

Monitoringofeachoftheseparate

worksitesattheFanucFujiPlantis

conductedbymeansofindustrialTV

cameraswhichtransmittheimages

they・receivetomonitoringscreens

locatedinacentralcontrolroom.Even

thoughtheplantisfully-automated,

someonehastocarefullymonitorthese

monitoringscreens.Thisisincaseoneof

themachinesshouldsuddenlygohaywire

andstarttoproducedefectiveproducts.

Ifsomeoneisn'twatchingthemonitoring

screenswhenthisphenomenontakes

placethenthemachineinquestionwi皿

continuetoturnoutdefectivegoods

untilsuchtimeasitusesupa皿ofits

materials.Needlesstosay,thiswould

provequitecostlytothecompany

concerned.

Thus,thiskindofmonitoringwork

hasbeenontheincreaselately.Let's

takeonemoreactualexample,thisone

aplantdealingintheassemblyofinte・

gratedcircuits(IC's).

Thisplantcarriesoutaprocessca皿ed

bond血1gwherebyconnectorsareaffixed

totheICchipbymeansofultra-thin
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goldwires.Inthepastyoungwomen

employeessolderedthesefinegold

wirestothechipsonebyone.Now,

however,thisprocesshasbeenmade

automaticbymeansofbondingmachines

andtheproductionoutputofthisplant

hasincreasedtremendously.Theyoung

womenwoTkers,too,wereundoubtedly

greadyrelievedtobeliberatedfromthe

eye-strainmgtaskofsolderingallthose

extremelyfmewiresintoplace.

Butevenso,onewomanworker

whohadbeenatthatjobfbreight

yearsconfessedthat,``lt,safactthat

solderingthosewireswasastrainonmy

eyes,but廿leoldjobwasstillbetter

thanwhatI'mdoingnow."

Shewentontosaythat,``Pmnow

inchargeof5bondingmachines.My

jobistomonitorthelittleredlamps

onthesemachinesthatblinkwhenthey

runoutofwires.Icanjustaboutfigure

outwheneachofthelampsisgoingto

startblinking,butevery・timethey

doIgetanflustered.Ifeeluneasya皿

thetime.,,Inshort,也iswomanis

troubledbytheemotionaldistressthese

lampsarecaus血gher.

ThiskindofproblematICplants

isn'tsomethingl㎞itedonlytoJapan,

butalsooccursintheU.S.aswe11.T}lis

isbecauseICmanufacturersintheU.S.,

whichusedtohavetheirbond口lgoper-

ationsperformedbyplantsinSoutleast

Asia,haverecently`repatriated,the

processtotheirdomesticplantswith

thecom㎞gofthebondingmach㎞e.

Thesekindofautomaticmachnescause

thepeoplewhomustmonitorthem

agooddealofstressandmakethem

experienceanewkindoffatigue,what

inJapaniscalled``emotionalfatigue."

Unlikephysicalandmenta五fatigue

fromwhichwecanrecoverwithagood

night'ssleep,emotionalfatigueisharder

togetoveL

Ifthisemotionalfatigueisanowedto

accumulate,thensuchphysicaldisorders

asautonomic㎞balance,alopeciaareata

(patchybaldness)andeven㎞potence

canapPeaLInmedic泊teminology,

也esekmdsofpsychologicakycaused

ailmentsarelabelled``psychosomatic

disorders."

Thus,robotsarenotsimplytobe

praisedastheultimatetoolsfbrim-

provingqualityandraisingProductivity.

Iftheireffectsonmanarenottaken

intoseriousconsideration,thenitmay

beimpossibletorealizeanenvironment

whereinmanandrobotsarecapableof

`COeXiStenCe
.,

Lastly,1et'swindupbytouching

onthepointastowhetherornotJapanese

andoverseasrobotmanufacturersw田

continuetoenterintotechnicaland

othertie-upsinfutureatthesamelively

pacethat廿heyarenow.

Thisposesaproblemfromthestand-

pointthatrobotsareabigfactorinthe

employmentsituationofaUcountries

andJapaneserobotmanufacturersdon't

wanttobeaccusedofincreasingeco-

nomicfrictionsbetweenJapanandthe

Westanyfurther.However,eventhough

theeffectsofrobotsgofarbeyondthiS,

thesizeoftherobotmarketintermsof

valueisexceptiona皿ysma皿.

RobotsalesfbrtheJapaneseindustry

during1981reachedapProx廿nately$500
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mi皿jon.Salesoflowlevelrobotsare

also㎞cludedinthesefigures.Bycom・

parison,1981robotsalesintheUnited

Statesonlyamountedtoabout$160

m皿ion.The1981worldmarketfor

robotsaccordingtotheAmericansystem

whereonlytoplevelrobotsarecon・

sideredinthecalculationswasroughly

$500m皿honifweviewtheJapanese,

AmericanandEuropeanmarketsas

beingprettymuchequa1.

TheAmericanrobotmarketisex・

pectedtoexpandtremendouslyin

負」ture,reaching血e$2b皿liondoilar

levelby1990.However,thiswillstm

onlyamounttoslightlyoverl/150fthe

'81annualturnoverofIBM($29billion)

whichenteredtherobotmarketin

Marchof1982.WithamarketassmaU

astheonefbrrobots姪,evenifthe

bigenterprisesSinkabunchofmoney

intoresearchanddevelopment,itWill

betoolongbefore也eycanreapany

profitsfromtheirinvestments.Between

1981and1982,fburmajorAmerican

丘rms,GeneralElectric,Westinghouse,

IBMandGeneralMotorsaUenteredthe

robotmarket.Eachofthesecompanies

isinvolvedintechnicaltie-upswithfirms

inEuropeandJapan.Thesetie-ups

aren'tamatterofwhichcountryhas

themostadvancedtechnologyoris

technicallybehmd,butrather,arecom・

pulsoryfromabusinessstandpointin

amarketwhichissosman.

Unlesstheworld,sconsumerspurchase

tentimestheamountofgoodsinfUture

thattheyarepurchasingnow,thistrend

WUIlna皿Uk田hoodcont㎞ue.Thisis

becauseevenifpurchasmgPowerin-

creasestwo-orthree・fold,thisissome-

thingthatcaneasilybedealtwithjust

byoperatingexistingrobotsatnight

andwon't,therefore,haveanyaffect

onthesizeoftherobotmarket.
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NewsinBrief

FujitsugBritain'sICLFormallySign

TechnicalAssis舷mceAgreement

December7,1981'

Fujitsu(Ta㎞maYama㎜oto,Presi・

dent)andlnternationalComputersLtd.

oftheUK,havingreached-anaccord

earlierintheyearconcerningtheterms

ofatechnicalassistanceagreement

inthefieldofcomputers,fomally

signeda'contracttothatextentin

London,itwasannouncedDecember7.

TheSignatoriesWereFujitsuChairman

TaiyuKobayashiandC.C.F.Laidlaw,

ChairmanofICL.

The.specifictermsofthisagreement

were・as・fbUows:1)・Cooperationinthe

developmentandproductionofICL's

large-scalecomputer,ESTRIEL-Together

withconsentingtoallowICLtoutilize

Fujitsutechnologyinthedevelopment

oftheESTRIEL,Fujitsuwillalsounder・

taketheproductionandsupPlydfthat

computer'smainframe,2),The'supply

ofsemiconductorLSIsforusein'ICL's

medium-andsmall-scalecomputers,DMI

-・Fujitsuwill.developandsupplyICL

withsemiconductorLSIsforuseinitS

DMIseriesofcomputers;3)Thesupply

ofFujitsuproductstoICLonanOEM

basis-FujitsuhasagreedtosupPly

ICLwithitsgiantFACOM.M380/M382

computers,asweilasthelicensefor

thesoftwareutilizedtherein,forsale

undertheICL・brandname;and4)

Futuretechnicalcooperation-Fujitsu

alsoagreedtocooperatetechnologically

withICLinthedevelopment'ofcom-

putersinfutureaswelL

FujitsutoIntroduceTVConfer-

encingSystemLinkingTokyoand

NumaZU・ ・.

December9,'1981

FujitsuannouncedDecembergthat

itplanstocommehceconstruction

ofaTelevisionConferencing'System

thatwillhnkitsSystemsLaboratory

inKamata,Tokyo・withitsNumazu

Factory.inNumazuShizuokaPrefecture.

CompletionofthissystemisschCduled

forfan,1982.TheTokyo-Numazu

linkisonlythebeginning,however.The

Companyalsoplans'tojointhreemore

sites'viathenewsystem'bytheend

of1983.皐,

ThisTVConferencingSystemismade

upof'televisioncarneras,12rge-sized

screens,facsimiles,wordprocessorsand

anelectronicblackboard・capable『of

reproducingwhatiswritten・oniton
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screenslocatedatdistantsites.Thefirst

stageintheconstructionofthissystem

willbetheTokyo-Numazuhnk.

Whencompletedthisportionofthe

systemisexpectedtorunafound¥200

millionfbrconstructionandfacilities。

Followingthefirststageofthepr()ject,

Fujitsuwinextendthesystemtoinclude

theFACOMBu週dinginShimbashi,

Tokyo,itsKawasa垣PlantinKanagawa

PrefectureanditsOyamaPlantinTochigi

Prefecturebytheendofl983.冊en

completedtheCompanyw血beable

to・conductconferencesandmeetings

ata皿fivelocationss口nultaneously

usingthisclosed-circuitTVsystem.

JIPDECPublishers'81Computer

冊itePaper

Decemberl4,1981

TheJapanInfbnnationProcessing

DevelopmentCenter(JIPDEC)came・

out..withits'81ComputerWhitePaper

onDecember14.Accordingtothat

publication,thenumberofgeneral

purposecomputersmoperatlonln

JapanasoftheendofSeptember,1980,

totaledover79,000unitsvaluedatmore

than¥3,850bi皿ion.TheWhitePaper

wentontoreportthatinvestments

incomputersoyerthenext5years

areexpectedtoaverageabout1.9times

thatofl9801evels,thus㎞dicating

thatthespreadofcomputers・w皿

steadilyprogressinthenearfuture・

The'81ComputerWhitePaperalso

revealed・thatthetotalnumber.ofgeneral・

purpose:,:computersinoperationin

Japancould、bebrokendownasfbUows:

large・scalecomputers二3,060units

or3.9%ofthetotalnumberofunits

inoperation;medium-scalecomputers

-8
,697unitsorll.0%;smaU-scale

computers-23,045unitsor29.1%;

andverysmaUcomputers-44,479

unitsor56.0%.Totalnumberof

generalpurposecomputersinoperation

thusamountedto79,281units.SmaU・

scaleandverysmallcomputersac・

countedfbrnearly90percentofthis

totaL

Thevalueofthesecomputers,the

WhitePaperreported,amountedto

¥2,280,315millionforlarge-scalecom-

puters(59.2%ofoveraUvalue),¥881,252

m姐ionformedium-scalecomputers

(22.9%ofoverallvalue),¥427,081

millionforsman-scalecomputers(11.1%

ofoverallvalue)and¥262,116m班ion

forverysmallcomputers(6.8%ofoverall

value)fbratotalvalueof¥3,850,763

m皿ion.Large・scalecomputersaccounted'

foroverhalfofthetotalvalue.

Whenitcametothecostofmaintain-

ingthesecomputersasapercentage

ofmonthlybusinessresults,theWhite

Papercalculatedthatcomputerscost

anaverageof2.99yenfbrevery1,000

yeneamedfbraUtheindustriescon.

cerned,downSlightlyfromthe3.66/

¥1,000resultsfortheyear.previous.

Themonthlycostofbomputersper

employeeworkedouttoanaverage

of17,100yenperheadfbraUindustries

concerned.Thisfigurehadchanged

littlefromthatoftheyearbefore.
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ElectronicIndustriesAssociation

CompilesResultsofElectronic

EquipmentOutputfor1981

December17,1981

TheElectronicIndustriesAssociation

ofJapanpublishedtheresultsofpro-

ductionoutputofelectronicequipment

for1981andputtogetherafbrecast

forsaidoutputfbr1982.According

tothisreport,productionoutputfbr

1981exceededinitialpredictionsof

¥9.8tr沮ion,increasing20%overthe

previousyear'sfigurestoreach¥10.4

trillion.Thiswasthefirst『timepro・

ductionofelectronicequipmentsur-

passedthe10trillionyenmark.The

reportsfbrecastfbrproductionoutput

duringl982,whiledownSlightlyCom-

paredtothe,81grOwthrate,isnone-

thelessexpected.tostayinthedouble

figures口lcreasingbyabout12%over

lastyearsperfbrmancetoaround¥H.7

trillion.

Furthemore,industrialmachinery,

especiallycomputers,areseenasachiev・

ingdoubledigitgrowthfbrthe皿ext

6straightyearsasthedegreeofreliance

onprivateandfbreigndemandbyde-

mandsectorcontinuestoincrease.

Also,electronicpartsareexpectedto

showthehighestgrowthrateofthe

three(electronicequipment,industrial

machineryandelectronicparts)thanks

torisingdemandf()rgrowthproducts

suchasVTRsandinf()rmatioriequipment

asweUasthecreationofnewdemand

by'meansofthedevelopmentofnew

products.

NOMASurveyonMicrocomputer

andPelsonalComputefUsage

December22,1981

TheNipponAdministrativeManage-

mentAssociation(NOMA).comp丑ed

the』resultsofasurvey.itconducted

intoareporttitled``UtilizationofMicro-

computersand・PersonalComputers ."

Thesurveyitselfwas・targetedattwo

broadgroups,enterprisesandindividuals .

Thus,thesubjectsofthesurveycom.

prised2,000companiesrandomlyse-

1ectedfromamongbothlistedand

unlistedcompaniesieducationalinsti・

tutions,hospitalsandsoon,and・2,000

individualSrandomlyselectedfrom

amongparticipantsat.NOMA-sponsored

BusinessShowsandmembersofthe

JapanMicrocomputerClub..

Thenumberofrespondentstothe

surveyfromamongthoserandomly

selectedcameto267enterprisesand558

individuals.

・Accordingtothereportputtogether

fromtheresultsofthissurvey,55.6%

of廿lerespondentsansweredthatthey

werecurrentlyutilizingmicrocomputers

and/orpersonalcomputers,wh皿e・2.2%

admittedthat.theyhadinstaUed'these

computersbutrarelyusedthem.As

f()rthenumberofunitsinstalled,an

overwhelming63.8%oftherespondents

repliedtheyhadlto5unit3,11.4%said

6to10unitsand16.1%oftherespond-

ents.hadfromllto50unitsinstalled.

Reasonsgivenfbrfailingto'usemicro-

computersorpersonalcomputersafter

havingtheminstaUedfellprimarily

intotwOcategories,1)thecomputers
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hadbeeninstalledona .trialbasisonly,

and2) .therehadbeenproblemswith

programmmg・

Principalusestowhichthesecom-

putersarebeingPut,・accordingtothe

report,areforbusinesspurposes(34.5%)

and,thehandlmgofadministrativedata

(26.1.%),whichtogethercometomore

than60%of'a皿theusesstated.・Further,

thenumber,ofcaseswherethesecom-

puterswerebeingutiizedtoperform

technicalcalculationsinthemanufactur-

ingindustrywasalsonoteworthy.

Respondentswhocla㎞edtheywere

puttingmicrocomputersandpersonal

computerstopersonaland/orfamily

usesfiguredouttoahigh6L9%ofthose

surveyed.Anotherl4.8%ofthere・

spondentsstatedtheyhadnoPlans

forpurchasingthesetypesofcomputers,

butwouldliketotryandusethem

sometime,whiie8.6%saidtheywere

interestedinthembuthadnoplans

tout且izesuchcomputers.Only7.1%

ofthosesurveyedclaimedtheyhad

planstopurchasesuchcomputersin

thenearfuture.

hlstituteCompilesSurveyReport

onOASituationinJapan

March4,1982

TheJapanInstituteofOfficeAuto・

mation(JIAO)announcedMarch4

thatithadputtogethertheresultsof

asurveyitconducted14stNovember

on・the``OfficeAutomationSituation

for1982.「'Thesurveyitselftargeted

2,000enterprises,boththoselisted

on・thelstand2ndsectionsofJapanese

stockexchangesandmajorunlisted

companies.Theresultsofthissurvey

werecompiledandanalyzedbased

onresponsesreceivedbytheearlypart

ofDecemberfrom2700fthe2,000

subjectcompanies・

Arnongtheresponsesreceivedcon.

cerningthe.subjects'perceptionsof

officeautomation(OA),60%ofthe

respondents(162companies)feltthat

``OAhasprogressed㎞linewithcom ・

puterizationtodate."Oftheserespond・

ents,74.7%(1210fthe162companies)

understoodtheautomationofoffices

tobe``acomprehensiverevamping

ofconventionalcomputersandOA

equipmentandtheirsubsequentunion

forthepurposeof,improVingefficiency."

Tothe .problemof``Howshould

OAbeundertaken?"78.5%ofthe

respondent(212companies)repliedthat

``InvestmentinOAequipmentshould

becarriedouttotheextentthatit

correspondstothebusinessneedsof

anoffice."Thenexthighestnumberof

responsestothisquestionworkedout

to14.8%ofthetota1(40companies)

andwasnegativisticfromthestandpoint

thatitstatedthat"Thereconsideration

ofcurrent,workingconditionsshould

havepriorityoverequipmentinvest-

ments.,,

``TheintroductionofsuchOAequip -

mentasfacsimiles,personalcomputers,

wordprocessors(WP)andon-lineter・

minalshasgrowninparticular,"was

themainresponsetothequestionof

``WhattypesofOA ・equipmenthave

increasedlately."Brokendownby

Pe「centagethereportnotedthatuti.
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lizationoffacsimileequipmentwas

up54.8%,personal・computersup48.5%,

Japanese-1anguageWPup40.0%,on-line

terminalsup35.9%andofficecomputers

(small・.businesscomputers)up35.2%.

Asto``Problemsinvolvedinthe

promotionofOA,"46.5%ofthere-

spondents(125companies)repliedthat

"Standardizationandcoordination .of

officeroutinesarenotbeingcarriedout

priortogivingconsideration・tothe

introductionofOAequipment."

KDDApplies

OpenPacket

nationalPub血c

Service

forPe】rmission'to

Switched"Inter'

Data・Transmission

March9,1982

KokusaiDen… 血mDenwa(KDD),

Japan,sintemationaltelephoneandtele・

graphcompanysubmittedanapplication

MarchgtotheJapaneseMinistryofPosts

andTelecommunications(MPT)request・

ingPe「missiontoestablishaninter-

nationalpubhcdatatransmissionservice

calledVENUS-Pthatwouldbeopen

tothepublicandoperatedbymeansof

apacketswitchingsystem.Ifapproved,

thespecialfeatureoftheVENUS・P

servicew皿bethefactthatevenusers

whoutUizesuchinternationallines

infrequentlyw田beabletomakeuse

ofintemationaldatacommunications

servicescheaplyandeasily.KDDhopes

tobeable・tostartthisservicebyApnl1.

KDDhasanintemationaldatacom・

municationnetworkthatlinksJapan

withごnumerousoverseas・nationsand

iscuHendyundertakmg也e``VENUS

Project"inordertoenableinternational

datacommunicationstobecarriedout

inthesamemannerasintemational

telephonecaUs.TheVENUS-Pselvice

willfbmlthefirststageofthisproject

andw沮beca∬iedoutbyrheansofa

packetswitchingsystemthatstores

digitalsignalssentfromasourceterminal

in・thatterminal'snodewherethedata

isdividedintofixed・1engthpacketsand

routedassuchtoitsdest口lation.

・kl)Discapableofdatacommuni -

cationswiththeUnitedStates,Great

Britain,France,WestGermanyand

Spainatpresent,andwi皿makesuch

services・avajlabletoItaly,Switzerland

andCanadainthenearfuture.Areas

thatwi皿becapableofutilizingthis

newservicewUIbe血mitedtothe23

wardsintheTokyometropolitanregion

asweUasthe㎞nercityregionsofOsaka.

Prospectiveusersinareasotlerthanthese

wi皿alsobeabletoavailthemselvesof

thisservicebypayingadomestichne

(additionalservice)fee.

IPAPublishesSurveyResultson

theInformationProcessingIndustry

Ap血2,1982

0nAprn2,theInfbmlation-tec㎞ology

PromotionAgency,Japan(IPA)an・

nouncedtheresultsofitssurveycon・

ducted.口1July,19810nthegrowth

andfinancialconditionofinformation

processing丘rms(softwarehousesand

computerserviqecompanies)du血9

Fiscal1980.An・ ・overviewofthose

resultsisasfollows:

(Growth)'Softwaredevelopment,
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whichoccupied54.9%oftotalsales

bycompositionforthesoftwareindustry,

increased24.2%overtheyearbefore

levelandshowedahigh26.2%average

annualgrowthrateoverathree-year

period.Theaveragethree-yearannual

growthratefbrconsignedcomputing

jobs,whichoccupied62.0%ofgross

salesintheinformationprocessingservice

㎞dustry,onlyreached14.7%.Thiswas

belowthe16.0%growthraterecordedfor

theinformationprocessingserviceindust・

ryasawhole.Thislow3・yearaverage

annualgrow廿lratecanbeattributedto

thesluggish13.2%growthrateofbatch

servicesaswellas廿lerecentrapidspread

ofoffice(sma皿business)computers.

Viewedintemsofnumberofworkers

employed,thegrowthratefolcompanies

employingsoorlessworkersinthesoft・

wareindustrywasthehighestat28」%,

whileinformationprocessingservicefirms

withbetween101and300employes

weretopsin廿latindustry,recordinga

growthrateof18.9%.

(ProfitandLosses)Oftheenterprises

surveyed,61.7%showedincreasedprofits

overtheiryearpriorresults,8.6%ex-

hibitedflatgrowthand29.7%recorded

profitlosses.Amongthelatter,8.6%

ofthecompanieseitherwentintothe

redorshowed``zero,,profits.Broken

down・by廿ldustryweseethat69.3%

ofthesoftwareindustryachievedprofit

illcreasesand20.6%profitdecreases,

wh∬eonly53.9%oftheinformationpro・

cessingserviceindustryrealizedprofit

increasesof53.9%and39.0%profit

decreases.

Thus,itcanbepointedoutthat

businessconditionsforthesoftware

industrywereslightlybetterthanthose

forthe∬1fbrmationprocessingservice

industryintermsof3・yearaverageannual

growthratesifviewedonlyfromthe

standpointofthosefirmswhichshowed

eitherprofitincreasesordecreases.

EstablishmentofInstitUteforNew

GenerationComputerTechnology

Approved

April18,1982

TheMinistryofIntemationalTrade

andIndustry(MITI)onApril14ap・

provedthefoundingoftheInstitute

forNewGenerationComputerTech-

nology(1COT),anon・profitorganization

whichwillbecomethenucleusfor

researchanddevelopmentworkonthe

large-scale丘fthgenerationcomputer

systemsprojectcurrentlyunderwayin

Japan.ThisinstitutewillassumeR&D

dutiesbeginningonJune1.

Thefoundersofthisneworganization

consistofsixmainframemanufacturers

-Fujitsu
,NEC,Hitachi,Tos垣ba,

MitsubishiElectricCorporationandOki

Electric-plustwoothercompanies,

MatsushitaElectricIndustrialCo.and

Sharp,brmgingthetotalto8enterprises

㎞an.Allofthesecompanieswmbe

takinganactivehandintheresearch

anddevelopmentofthefifthgeneration

computer.Theendowmentforthis

developmentorganamountedto¥50

m沮ionatthetimeofitsinauguration

anditsoperatingfUnds,whichwmbe

sharedbyaU8fbundingcompanies,

comesto¥400mi皿ion.
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Fujitsu'spresidentTokumaYamamoto

w皿actaspresidentofICOTandManag・

ingDirectorTadashiYoshiokaoftheElec-

tronicIndustryDevelopmentAssociation

wi皿serveasexecutivedirector.・The

centralfbrcebeh㎞dthisinstitutes

researchactivitieswillbeateamof

about30fU皿 －t口neresearchersgleaned

fromamongthestaffsoftechnical

expertsofthe8fbundingcompanies,

NTT(NipponTelegraphTelephoneand

PublicCorporation)andtheElectro・

technicalLaboratory.'

Thenewinstituteislookingfor

supportingmembersinordertoexpand

thebasisofitsresearch.MemberShip

feeswilalsobeappliedtowardresearch

aswellasotlerareas.

Theresearchanddevelopmentwork

isscheduledtobecarriedoutat㎞tervais,

wilh廿le㎞itialtel]mcoveringaspanof

3years,themidteml4yeailsandthe

fmaltem3years.Totalcostsforthis

projectarebeingestimatedataround

¥100b班ion.'

ICOTcanbecontactedbywritmg

toICOT,21Fl,MitaKokusaiBldg.,

4-28Mita1-chome,Minato-ku,Tokyo

108,0rphoning456-2511.

Admin輌strativeManagementAgency

CompilesSurvey'ResultsonCom-

puterUtilizationinAdminiStrative

Organs

May2,1982

TheAdministrativeManagementAgen-

cy(YasuhiroNakasone,Directoりcom-

p剋edand.pubhshed・a``BasicSurvey

ReportontheUt丑izationofComputers,','

inadministrativeorgansandspecial

statuscorporatlons.

Accordingtothisreport,therewere

331unitsinsta皿edin210departments

of220fthisnationsadministrative

agenciesasoftheendofFiscall981,

or22unitsmore.thantherewereat

theendofthepreviousfiscalyeaL

Thevalueoftheseinstailedunits.(in

termsoftheirpurchasingprice)amounted

to¥224.7bi皿ion.Specialnotewas

madeofthefactthatthevalueper

unithasgoneup1.6timesthatof5`

yearsago,andthetrendtowardintro-

ducinglarge・scale'computersiscon-

tinuing.

Inlinewiththis,theadvancement

anddiversificationofutilizationhave

alsoprogressedwith67.4%ofa皿instaUed

units(223units)beingusedfbron-1ine

processing.Inadditiontosuchconven-

tionalapPlications血1theservicesarea

aslarge・scalecomputationsinvolving

statistics,wagesandmutualaid,pensions,

insuranceandregistrationwork,avariety

ofdtabase.informationretriev凪work

is『beingcarriedoutat8agenciesand

thistrendisontherise.Japaneselap-

guage(KANJI)informationprocess㎞g

is:beingputtousein32departments

of15agenciestoper・formworksuchas

informationretrieva1,tabulationsand

theＬike.Thistypeofutilizationhas

increasedcomparedtofiguresforthe

preViousyear.(21departmentsin12

agencies)

TIle57thA'nnualBusinessShow

HeldStartingMay12
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May7,1982

The57thAnnualBusinessShowwas

heldfbr4daysstartingMay12atthe

TokyoInternationalTradeCenterin

Harumi,Tokyo..Thiseventwasco-

sponsoredby也eNipponAdministrative

ManagementAssociation(NOMA)and

theTokyoChamberofCommerceand

Industry.

Some15,000exhibits.weredisplayed

by173companiesinthemostspacious

areaeverutilizedataBusinessShow,

measuring18,600squaremeters.

General・purposeandofficecomputers

weredisplayed,by28firms(only22firms

showedsuchcomputerstheprevious

show)and25companiesexhibited

personalcomputers.

Japanese-languagewordprocessorwere

putondisplayby34companies,and

aspecia1``Japanese・languageWordProc・

essorComer"wasestablishedfbrthe

firsttime.CAD/CAMsystemandDe-

cisionSupPortsystemswereshown

bygcompanies.

Inaddition,otherproductsexhibited

attheShowincludedtypewriters,copy-

ingmachines,facs㎞ 丑es,calculators,

computerperipheralandterminaldevices

and.otherbusinessmachinesandequip-

ments.There.werealsoothersupple三

mentaryeventsandboothssuchasthe

l2thAUJapanComputerTechnology

Competition,the'820fficeAutomation

Symposium,the'82Business.Form

Contest,the'82GoodFilingPrize,

aManagementConsultationBoothand

aComputerConsultationBooth.
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NOMAReportonSmallBusiness

ComputerUsage

May9,1982

TheNipponAdministrativeManage・

mentAssociation(NOMA)recently

publishedasurveyreportonsman

businesscomputerutilizationinJapan.

Accordingtothatreport,ofthe511

firmswhichrespondedtothesurvey,

52.8%werecurrentlyutilizingsmall

businesscomputers.Itwasalsoreported

thatforevery5sma且businesscomputers

㎞use,oneisaJapanese・languageO(ANJI)

computeL

Themostoftengivenreasonfor

installingthesesmallbusinesscomputers

wastoraisebusinessefficiencyand58.7%

ofthoseenterprisesemployingthese

computerssaidthattheiroperations

hadindeedbecomemoreefficient.

ThissurveywascarriedoutinJanuary

ofthisyearbymailingquestionnaires

to2,000companiesincludingthose

listedonJapanesestockexchanges.

NOMAreceived .responsesfrom25.6%

ofthetarget「firms,or511companies

inan. ...・

Astheresultsofthissurveyindicated,

thetypesofcompaniesusingsmall

businesscomputersfeliintothetele-

communications,publishing,service .,pre-

cision,transportationmachineandfood

industriesforthemostpart...・

FoUowingthosefirmswhichre-

spondedthat廿1eywereculrentlyusing

small .businesscomputers,.theIhost

frequentresponse.was・that``We・have

noplans'fbrut皿izingsUchcomputers

inthenearfuture,「',occupying27.0%

46



ofthetotalnumberofresponses.Those

respondentsthatrepliedthattheyhad

``lntroducedsmallbusinesscomputers

butarenotutilizingthem,"only

amountedtoO.5%.Inadditionto

thefactthat19.2%oftherespondents

arecurrentiyutilizingJapanese-language

smallbusinesscomputers,another31.6%

repliedtheyarepresendyconsidering

introducingsuchtotheircompanies.

Itcanthusbegatheredthattheneed

forJapanese・languagecomputersisrun-

ninghigh.

``Toim

provebusinessefficiency,"

registered82」%oftheresponsescon・

cemingwhysmaUbusinesscomputers

hadbeeninsta皿ed.

ThiswasfoUowedbyreasonssuch

as``Toimprovebusinessaccuracy,"

and``Toraisethelevelofmanagement."

Asforthemodeofutilization,cases

wherethesecomputerswerebeing

usedatthesectionanddepartment

levelstoprocessjobsthatweren't

processedbythehostcomputerwere

numerous.Keypointsfbrselecting

certainmachinesoverothersranged

from``EasytoOperate,"to``lnexpen・

sive."Fromtheaspectofsoftware,

amajorfactorwasapParentlya``Superior

operatingsystem.,'

TheBusinessMachineMakersAsso-

ciation'sVisionsofBusinessMa-

chinesin1990

May13,1982

TheJapanBusinessMachineMakers

Association(YoshioKomai,Chairman)

announcedMay13thatithadput
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togetherareporttitle``BusinessMachine

Visions"fortheperiodcoveringup

to1990・Thisreportnotesthatperform-

anceforthe血1dustryduring1981by

valuewas.¥2,196.6bMionてup14.4%

overtheyearbefore),andpredictsthat

havilgachievedthe2trinionyenlevel

theindustrywi皿continuetogrow,

attain㎞gtotalsalesof¥4,138.5bi皿ion

i皿1985andastagger㎞g¥7,152.1

bilionby1990.

If1981'sperfbrmanceisbroken

downbyvaluepertypeofmac㎞e,

weseethatsalesofcopyingmachnes

reached¥420.6billion(up24.9%),

wh皿ethatfbrcalculatorsonlyamounted

to¥147.6bilhon(down27%)and

forcashregisters¥80.1bi皿ion(down

7.8%).Salesoftypewriterswasup

to¥67.8bilion(up30.9%),word

processorsto¥19.3b皿lion(up3.02

times),microphotographingmachinesto

¥14.Obillion(up7.7%)andotherbusi-

nessmachinesto¥55.4bi田on(up

25.6%).Smallbusinesscomputers

achievedsalesof¥300.Obi皿ion(up

35%),whilesalesofpersonalcomputers

alsoroseconsiderably,up2.97t㎞es

廿1atofthepreviousyearto¥100.O

bmion.Facsinilerecordedsalesof

¥107.8billion(up27.2%)andofiice

supphesalsoroses且ghtlyto¥874.O

billion(up5.1%).

Themid-temforecastforthese

principalmachinessees1985salesreach-

ing¥583.3billionfbrcopyingmachines,

¥255.6bi皿ionfbrcalculators,¥112.O

bi皿ionfbrcashregisters,¥109.Obillion

forwordprocessors,¥750.Obilion

forsmaUbusinesscomputers,¥400.0
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billionforpersonalcomputers,¥257.9

billionforfacsirnileand¥1,482.9bil・

lionforofficesupPlies.1990sales

ofbusinessmachinesareexpectedto

beevenbetterwithcopyingmachines

achieving¥843.8billion,calculators

¥335.4billion,cashregisters¥169.l

b沮ion,wordprocessors¥260.Obil・

lion,smanbusinesscomputersawhop・

ping¥1,660.Ob皿lion,personalcom・

puters¥800.Ob沮ion,facsimile¥600.O

b田ionandofficesupplies¥2,219.O

bi皿ion.Thegreatestdegreeofgrowth,

then,isexpectedfbrwordprocessors,

smaUbusinesscomputers,facsimileand

personalcomputers.
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