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BHRABESELPLLTHIRRORBAEEEL, 2K
FTEEYMENSE LTRD, EBERLH-> TV
B, 3RTMAEOEFA R ERTIBELRLEVR
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Fig.1 Light plane intersecting method

SIFEELBET ARBOEE, 2 L n s, OBE
DA AT ERBATEERER, Tt 2 TORBIC
Eh¥, XYEER, KPHFRCEES A SEEL#E
WaTBLD LTS,

L2 L, RVL/A Ti%, BEEERC X 2960ERY
FROLETEEAABOER LML BRI E Lickd, =
ROOHEIEbI. FRL TR, REONSYEE
FOEBEBO A X 35 X O LT H A ALEAEIME o
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depth RANGE PROFILE DATA

A

).
)

ey

" OBJECT ::= SINPLE OBJECT | COMPLEX OBJECT
COMPLEX OBJECT ::= SIMPLE OBJECT (x SIMPLE (BJECT ) | COMPLEX OBJECT (* COMPLEX OBJECT)
SIMPLE OBJECT ::= PROFILE DESCRIPTION (+ PROFILE DESCRIPTION )
PROFILE DESCRIPTION ::= VIEW CONDITION ; PROFILE
VIEW CONDITION ::= CAMERA POSITION ; LIGHT FLANE PROJECTION CONDITION
PROFILE ::= PROFILE ELENENT (* PROFILE ELEMENT )
PROFILE ELEMENT ::= PROFILE TYPE ; PROFILE PARAMETERs
PROFILE TYPE ::= POINT | LINEL | LINE2 | STEP1| CORNER1| CORNER2 | ARCI
PROFILE PARAMETER ::= RADIUS | EDGE LENGTH |CORNER ANGLE | INTERVAL | « -«

| means "either”.
( ) means repeated item.

; separates required description terms.
* peasns "and condition”. + means "or condition”.

h';riz.
Fig.2 Range profile data
i fRFEIs. ABETR, =ILEREE, FhET
BTARBABEGST OV THAT .
4.1 SkATHGEEFILOELE
Fe 7, —AR ) SKTHEOBRE TR T BHR
¥, &y bPRAE LTHETS (Fig.3). »» FOFR
R F OB TRE VMR A ER D &, BAH 120 O
2AOES L LTHETE S, MED 20K [N RR
Lxzit, 3HEDEEREDNNOLD 2 0D/EFF IR
LLTEBTAZELTES, Lo TYBERINTZO
wEE T PiERiEEL, oS r7 4 —n% Fig 4
DXbhERERLETvT 4 —LTELT, HEMHED
MR ET5DETE. ZhbDFeT 4 —A&T
vy, —AEELRELS Fr7 A BEL TOHED
B (Fr7 4 —A247) &, AORIVAERED
E (Fr74—n72—2) TRBEIHD.
VIEW 1
Z .

L 2 L2
ANGT

VIEW 2

N—

<~ VIEW DIRECTION
Fig.3 Profile descriptions of a nut

e

‘ X g1
LINE1 LINE2 STEP1
N Ly t
CORNERT CORNER2 ARC1

Fig.4 Examples of profile element type and
their attached coordinates
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Fig.5 Structure of the model description

DL, REHOERB L TWBMHDTRT 4 —
AMET T 4 —VERE, FOS e T 4 A EBBED
DEELIETIRECTED. chik T a7 4 —A DL
& WEEMTE, H 2 7 EWEORRIE, FINE
B LY RY D, EcpRCE LT, 2R
E&EOTCHEbhE ey 4 — L EHOT R 7 4 —
AEERY DS RAFHFC I3 RAFTOECEE
BT NERLLEHEY, HRO 7w 7 4 — A RBDHR
mRE LT, Hhkvitdd s (Fr7 s —AERORE
BrEVD L, XhEVERRARENRD).

PErB—ghoRbEThdh, B—mhoimdixE
BICiEE T3 L EEYHOEE A B bR 3. L LOM
BaHie Fig.5 ¥ Lol. ROLELATXETLE
BT HEELYTL, BUEE0 BN EMYRT.
COFER AGTIER Eh b B&R e 7 A OfERO—
#aF v bxflice v, Fig.6 R, 7r7 4 —LH
DI BEEAIEET Ao, FEH w7 4 -1 ik
Fig. 4 R Lk b ndkie L i s BEER (S ¥ 5.

== NUT DESCRIPTION ==

FATHER FRAME NIL ;N0 UPPER OBJECT.

FRAME SHIFT (0.0 0.0 0.0) :TRANSLATION OF THE ORIGIN.
FRAME ROTATION (0.0 0.0 0.0) ROTATION OF THE AXES.
PART CLASS ELEMENT +INDICATES SIMPLE OBJECT,
VIEW LIST (NUT_T NUT_2) :PROFILE DESCRIPTIONS.
NUT_1 :1ST PROFILE DESCRIPTION.
ELEWENT LIST (NUT_1_1)

NUT $1ST ELEMENT OF NUT_1.

1.1
FATRER FRAME NUT ;NUT_1.1 IS RELATED TO NUT.
FRAME SHIFT (0.0 -17.0 0.0) ;(UNIT=mm).
FRAME ROTATION (0.0 0.0 0.0)  ;(UNIT=deg).
PROFILE TYPE CORNER1 sPROFILE TYPE IS CORNERT.

PROFILE PARAMETERS
L1 1700 L1_T (500 300) ;LEFT EDGE LENGTH.
L2 1700 L2T (500 300) :RIGTH EDGE LENGTH.
ANG 24000 ANG_T (1000 1000) :CORNER ANGLE, .
SEPA 0 SEPAT (0 300) ;GAP AT THE CORNER, *
NUT_2 :2ND PROFILE DESCRIPTION.
ELEWENT LIST (NUT_2 1)
NUT_2_1
FATHAER FRAME  NUT
FRAME SHIFT (0.0 -14.7 0.0)
FRAME ROTATION (0.0 0.0 30.0)
PROFILE TYPE  CORNERZ
PROFILE PARAMETERS
L1 1700 L1.T
L2 1700 L27T
L3 1700 L3T
ANG1 24000 ANG1_T (1000 1000) :1ST CORNER ANGLE VALUE.
ANG2 24000 ANG2TT (1000 1000) :230 deg < ANGZ < 250 degs
SEPA 0 SEPATT (0 300) ;0 < SEPA < 3mm.

;1ST ELEMENT OF NUT_2.

;PROFILE TYPE IS CORNERZ.

(1000 300) ; INDICATES Jam < L1 < 20mm.
(500 300) ;UNIT=0.01mm.
(1000 300)

Fig.6 Model description of the nut

December, 1984



SRIEMEDORIE - WERT S dDrFy Y a VERK 539

774 —AEOBRIE, —DBEERO MO EER
a5 RAOFIEE & EERHOBE RIS,
Fig. 6 £2> FATHER FRAME i1, A5k v~ i
#r 35 L OBERYIRT. ERECEHNIhE 7
4 =T — 2L, EUMTEO B H SR ACREKEOKIL
mER LD, EFALLRRISNfER LD I EAE
D1, BDERBECIIT T 4 —ARTF A= 2%,
F O X OMEOFAHEY 52 5 1o 0 HEEIc
w5 MEEEMBEORTIEET 5. flLEr» +D
OE, HHEE L LmEMEe mEf oy A LLT
THREIND.

Pl = 7 4 — A X B FAfER L, CAD TH
WHRBHF—7 4 AEFARY Yy FEFLIFERIE—
bR E 7o, LacL, RVL/A offgE+aRET
BHEOWO Tl N D, Tl —F -l
THENCERLLTL, AENEETHD L5 HE
PH5.

4.2 7A7 4—ILABICAVEF—y0DHEE

Tr 74 —AAETHRS F— 2 OSSO WTHTIZ
BB, FoxRIE3ODEBN DL, ETRTIECY
BRERL L~V E LT, AT — 2 X bihil S
Fr7 o, —AdHbH ThiL, 1KRTEFICBEH I
L. HoBRESHER LAV THD, BRo FIND ©
FETEBE T 5 MTAEE X DB LD EHREN, VA
MREEDF -2 L LTEBRINS. ThEEHI AL
s (Fig. 7). i, Fe7 4 -2V EED &1 7,
BAENME, BooEELErbs. BRERR, 71 E
Bv_AThY, EFAGBARS, NEHOLINTA
BEL-BiEEE LTREIhTWw5. FIND D4,
EFATRICH & A 72 L CEF OB RT 5 —,
FRODBITOEREBONLER I A rORBLETL
SRR HBITAZ L THEDLRS.

4.3 EFLEHEZHNALLEELESGS

WEYOBENE, AT SRR T — 2 i BEDE

LIST HEAD ( BX. LINEL)
st - (@] [0 pomvmr Lo pomer ——x
; (@ {1 ProFre TvRE 1 2
(9] 2 smerrom ) IS
3 END POINT 3 &
4 FEATURE VALUE 4 GRADIENT (A)
5 ” 5 DEPTH (B) AT X=0
[ ” [ EDGE LENGTH
7 7” 7 -
8 ” § ORIGI. SEGMENT NO
9 FITTING ERROR 9 FITTING ERROR
HERE, Y = TAN(A) * X
Fig.7 Structure of the profile feature list
BXReFEy VERFE 2865

RANGE PROFILE DATA

P
~ SEGMENTATION

~N -
N ! B @
~ - SCREENING
vy~
FIND - LINE FITTING
ANALYSIS & ~
EXTRACTION [\, Vo
N _~  DIRECTION CHECK
—
LINE2 \ 4 @
' - LINEARITY

Ll CHECK

ANALYSIS
PROCEDURES - LENGTH CHECK

- GAP CHECK

DESCRIPTION

Fig.8 Detecting process of LINE 2 by FIND

DRI TIET WA NFET BN E I 2 EFITUTS.
ZDwOR4H FIND Th Y, (FIND R#%4) O
WofERT5. FIND i3, g0 eFriidx R L.
ABEIhEeF—2& 7 w7 4 —A LM EDOBERIECH
ZB, Te7 4 —AERMDE, TOBRERTHD 7
r7, —AEZNECRYHER, FTe7 - x147
IR TR L BAMENET S h 5. AEHT, #
P L V%I AL ELTELRL S m 7 4 —VE
R l, BETRCLCHATIERILRILRLD
HEeviET A UBEZEET. Thbo—EONHEIL,
FdTrT 4 A TSECFORBERELT, v
AFADT —ZB_N—ALBHFIN T 5.

7r 74 - ORBFEROBEY, A—ERLCH
2ADHSE LT RGBEhSE Fr7 4 —AEFRE (LINE
2 by A THTRS) OHBBRYFIcE D, HH
T2 (Fig.8). ANF— &bl = 7 4 — A 2l
XhaE, ¥FFSr7 4 N EOREOEEEYRENT,
w7 AV ERSEGRRS T TE. ¥R, A
v FREATTGEULY, BNEREEE AW TELTR
HEYTIHE (D). tOLE, €72V POKRE
X, FOFEERBIMON TV & ERIE, TOIE
REAEYERMEY TS (O). BHD B TIHHE KD
L, TEFALFDOTRT 4 —A AT A —a%BEL, T
CHEETARHSOELEE Y ET%. LINE2 Of]T
X, 2Oo0BABERCHL, HEOE (@), AI—ERL
CHETAENE S (@), BIVHIAOMEE &40
BEX (®) AT, #aTsfiooxitTs.

s r 7, —LOFENCIE, Bk sERDM, PR
OYTHYAVE. BREREAMITAS L&, %
TWHD > B, 1HACHTHY, SUHOAELR—ED
Stpm BT O EY, MRS TIEDERARD. £
DIERLEFALERBEL, TR 74—V OMEROR
HEfT5. '
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FIND oz, b5 7 r7 4 —LEBRREHL, Th

CETATRTD 7 e 7 4 —VEROBRICRIIT 55,

BiEwE, TRCOTSr7 4 —A BB EDBELRALK

z25&, BTT5.
4.4 HARMBICEATIAE
WEmtkc BT 5 AIEis, %4 MEASURE %A

V5. MEASURE !t FIND i Xhi-HEoEE
YEHWT, NEWho CBLRSE HETS. chik
(MEASURE 't 44 '"BIEHB4) OB CERT .
Zotbie, BEEBCHE LICAEFLES FIND ©
BEIALIIRTF— 2 _-ACBHLTHS. ThD
DFHEOHTIE, IbRTr7 4 —A x4 THONEY
ToTHIEMEYET. NEEXELCIB®Y At eE
B3, ZoLE BHOEEOXSCERY A OfE
REDEE FVWBEEE, 4 TEECHES, Tr7
4 —LVEFRC G URHEY T B$&& 2 H5. MEA-
SURE «© L 2 BIER Sz, SsgmohLBE, Hkx
EHTLHMOERE L conE, BEACRLEVWHE
HE COEMREN DB,

5. RVL/A O
ABETRREERFECL Y, ~VY FTAEETYE

E+5, MEORE L FORBHROMENTEE RS,

AETIE, Z0X5ARIEREY EHT5HH0, RVL/
A OB oW TERNS.

51 HhMESE

RVL/A i3 LISP %S5 PETL® 2L L, Zhic
BN RG4S PETL OfE LTHmMTsILT
EHIR T 5.

RVL/A 3@ v~ TORBMEOFMRY BRI E L,

Er<iDFe7,; —AaBit=—-FIXEZERLT.

By 7 r 7 4 —AMBEBIET eY . - BT R

FORTRAN 74 —+ v TEFLTW5. RVL/ADE

BETRLO $TA—F VO TRFHERT & S
as v FEECHIEST T3, RVLIA R8T 58HE

ABEGFIFHEEGTCERSh, FHEHES v 5 -

Table 1 Type of the basic instructions

FUNCTION TYPE ( number of the implemented instructions )

SYSTEM CONTROL ( 4) | FEATURE VALUE TEST (10)
1/0 DEVICE CONTROL (16) | FEATURE CLASSIFICATION (8
RANGE PROFILE EXTRACTION  ( 2) | PROFILE DATA SYNTHESIS (3)
PROFILE FILE MANIPULATION  ( 3) | PROFILE DATA DISPLAY (5)
PROFILE DATA OPERATION (11) | CAMERA CALIBRATION (5)
PROFILE.DATA ANALYSIS (31) | FEATURE LIST MANIPULATION (17)
FEATURE VALUE CALCULATION  (26) | OTHER UTILITIES (5

HISTOGRAM AND STATISTIC (8

JRSJ Vol2 No.6

( EOBJ "NUT ) ; INITIALIZE THE MODEL OF NUT. @
(EVIEW 1) ; BEGIN 1ST DESRRIPTION (1ST VIEW). @
( EELMNT "CORNER! ) ; BEGIN 1ST ELEMENT DESGRIPTION. @

( FFRAME "NUT ) ; DEFINE FATHER FRAME (COORDINATES).®

( FTRSLT "(0.0 -17.0 0.0) ) ; TRANSLATION OF THE FRAME. ®

; ROTATION OF THE FRAME. &

 FROT "(0.0 0.0 0.0) )
( SETPR 'L1 1700 500 300 ) ; SET EDGE-1'S LENGTH AND RANGE. @
( SETPR "L2 1700 500 300 ) ; SET EDGE-2'S LENGTH AND RANGE.  ®
( SETPR "ANG 24000 1000 1000 ) ; SET RANGE OF THE CORNER ANGLE. @

 ENDEE ) : CLOSE THE ELEMENT DESCRIPTIGN. @
( ENDRW ) | CLOSE THE VIEW DESCRIPTION.
( EVIEW 2 ) ; BEGIN 2ND DESCRIPTION (2ND VIEW). @
( ELDANT *CORNER? ) "
( g0 ) : CLOSE THE (BJECT IESCRIPTION. @
( POBJNUT) : PRINT THE WODEL OF MUT. s

Fig.9 Model construction by model
manipulation instructions

T RN DES %%ﬁbf%7»—%/%@&fh6

5.2 EXGS

RVL/A RS ER SO FhFRIC HIE LA
NHy, chriEiRas gy A4, EaNk
é%ﬁé%%ﬁ?‘%ﬁ%np%%%ﬁ?% e fAINS.
4.3 85, 4.4 BiTHNI, Fe T —A O LEED
HREL, ERLED &Lﬁi%A%&mLfﬁtfa
HTW5., HEAGATIL, Tr7 4 —AMRETTIR
<,T%klkmbnlétﬁﬁmﬁvz?A@%ﬁﬁ
DB OBBBIZRILT A S ONE D, BAERH 150 O
REVEHR IR TS,

5.3 E?kﬁfﬁ%

EFAERRRTSE F—2X RVLIADHEETH 5
PETLORE#Y » F DfE: LCBRERS. =710 (F
o fER St e 7L OBEC, =7 ERESSER
Wb, EFAERE, WEHL-SL, Tr 7 ARl
e, —AEELAOFRFhEHL, B
HAo@fc Ly, HEATREELATLTUTS.

Fig.9 iz = S ER 4% HWT Fig.3 TRULF
v PO EFAEREITIWNTHS. WEHoD iFHFHD
Fuv ; —AERIE ol T, A0 ] BEOERIX oi-
j TEAHNTEB. Fr 77 20@0~OF BE 1 OFAL
bREZR 7, —AORBBTHS. @, OEEREM
HHTHY, ThFER NUT 0o Fie NUT1 2%, 3bI0
T NUT_ L1 2714 & LCERZhD. £O%
R A b7 — 23 RAMCHBELCEEE LT
AEERD. £LU-L 0RO, @fEORERSD
%Lkﬁﬁﬁ%1%7?6.®,@Tihﬂ%ﬁ%kﬁ
THEHOOBEROEREYHEL TS, BREDOT
7+ MERXETH D, ZOFHTIIEOIREEITERTHS.
O~@RBHEMD T v T 4 =T 2 — ZDIWEDHIT
5%5. @Ti3, LI oF#E(ES 17mm & L, <1 7 A
@ 5mm, 73 Afilic 3mm OBEEDHEMEL 52T
Wh. EFABEGASTIEIRALDMN R, BECEBE
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B v AT MCFRER, REMCTFLRERFERT
LD mAR, =FADaE—, HREED DO
SMBB.

5.4 HEAERAGS

BEMBAA4 L LT, FIND, MEASURE Offiic,
2BDOHAFILTF—FDANELERET =7 4 —N
OFEW, FRT 4 —ADETAVT—Va, BIOS
BT 4 —A A7 AN ERTBEABNRERTS DD
BENDD.
¥ i FRRLECE U, EARARFE L TRADE
YR TORSYEBRTHLLRTHS.

6. NAFTARR

ABTE AR YY)V vy EHEH E LT
RVL/A %t~y V74 RREYRT

6.1 REATL

w8 o A7 A0 BHR Fig 10 @ & . RVLA &
PETL #f§\ T COSMO-700S Lkiz, HHEEUT®
43 VAX 11/780 k¢ FORTRAN Zf\TA v 7
va}éhfbé.::K%Lh%ﬁfﬁ,x%%F
ey e RCLHAY » PETHOHELERL, 2
BOFVEN ATCIBAT VAR THEZREH L
#vin@iﬁﬁ%ﬁxiZ%x%ﬁﬁf,WXﬁﬁB
80 cm O TAEH % 30 cm DREFLEO. HRHL
LFOn A TREBIREAY » MRV ERBCHET
240 E LT, fENSEMESANEOHETRDT
Wb, FIEEEEE B Y, 51T 80 cm OREHLT
AEH K 1.5 mm, BTHEK 2mm THD. B %
ST 5 HED & O Lie. BHLE LB
M, FhEho=y ber=72, PHEH2 YT
U = — PR VAX11/780 X 0T T 5.

6.0 =8 1:¥M—TR7 (—LEDEE
_%%1&2ﬁu¢ﬂﬁy97:v9v%ﬁﬁm%®%
BoB - BBERY T RBIALORRTE,
ki EECE R, EEHTROERELFX LT
5. kf, MEOWABRESATE), HRLLTL

COSMO700S| RVL/A (PETL)
INTERMEDIATE
VAX11/780

LANGUAGE,
SUBROUTINES
(FORTRAN)

BRIGHT LINE

ARM CON-
DETECTOR

TROLLER

ARM ‘ ‘MIRROR ‘

Fig.10 Diagram of the experimental system

TV CAMERA

HAArn £y PEAEE 2865

chbREAGSEAVTERER TS,

( CWVINT ) . SYSTEM INITIALIZATIN @
( TAKPD ) ; INPUT OF PROFILE DATA @ |
( PPPD ) ; PREPROCESSING OF PROFILE @

( FIND "TANK ) : DETECTION CF TANK @
( FIND 'SUPPORT ) ; DETECTION OF SUPPORT ®
( MEASURE 'TANK "CENT )  ; CENTER COORDINATES (F TANK® |

( MVGET "TANK ) ; MOVE AND LIFT-UP @
( MEASURE 'SUPPORT 'PFRM ) ; FRAME OF SUPPCRT @
( WVPUT SUPOPPORT ) ; MOVE AND PUT-DOWN @®

Fig.11 Outline of the hand-eye task program

BT BT —ARHCETRETHS L LT3,

FR TRIFBRLECBEIR T VIV AV
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Fig.14 Hand-eye experiment 2
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A Robot Vision Language for Detection and Measurement of
Three-Dimensional Objects*

Toshio MATSUSHITA**

—ABSTRACT -

Detecting objects and measuring their positions and orientations are the most fundamental functions

required to robot vision. RVL/A is a visual processing language for robots designed to use these
functions easily. To obtain distance informations and to process them in real-time, visual processing
of RTV/A is executed on the range data to the object surface obtained by light-plane-intersecting
method. The main fuatures of the language are as follows. (1) PVL/A provides the method to
model the three-dmensional object shape using profiles of the object section. (2) Detection and
measurement are executed by simple statements using instructions which refer to the model description.
Experiments using a gasoline engine shows that RVL/A is applicable to programming of visual

processing jobs in the hand-eye system.

Keywords : Robot vision; Robot language, Light plane intersecting method
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