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With the recent development of information processing and automated systems, the new
types of technological and social circumstances are being constructed. To make them more
human-adaptable, human mental and physical characteristics against the engineering or artificial
circumstances should be reviewed and examined from the new viewpoints, and the results should
be effectively utilized for constructing the coming information processing and automated sys-
tems. Miscellaneous functional configurations with diverse objects and aspects such as FA
(factory automation), OA (office automation), HA (home automation), etc. are being formed, and
some new problems are appearing. For example, in FA, methods for 1/0, preprocessings preceed-
ing to automatic processes, certification of efficiency and safety for robot controls, ete. are now
problems to be solved.

Based on the recognition of the states abovementioned, we intend to collect and analyse basic
data on human perception and motion, and to get basic materials to construct more effective and
human-adaptable information processing and automated systems. The items to be studied in the
research are as follows:

(1) Recognition of 3D objects,

(a) Recognition of polyhedral objects based on multiple views,
(b) 3D shape recognition of metal products,
(c} Autonomic robot arm with visual recognition,

(2) Recognition of free-hand drawings,

(3) Robot language based on verbs for aperations, and

{4) Visual recognition and positicning movement.

B3R B # bDEEZ NG, CNEBRAAMICE - T, K
VAEDEETHR - T, ReDBBICER KIFZLLEOELATIFERN LY, 200
L WIEREDETN, SNBSS sTRENTH S i), 4 BSOS EH 2808, pk



PR E T L WD SN, SRRy 27
LPET) Y R T L OREITEN L TW T M
EThrLEbh s, Bic, FA OA HA HEX
£ AR LB EFoRARENER E
2odY, E{ olENERIN 55, k&
AIFARMT2b0ER%E, v2F74~DA
TFEEDILR, B » TiTiRbha~E
F < OUEMIFEOMMOHRL, vky bDLS
TSR i B B oM O SRR e Ol
8, WEMNH B,

ANie, - BB va7 0L 3HAT VA
FLDRGEHFALLEE, ThooMicEET 3
RDES RGBT N EEEEBT B &hTE
%,

(1) BAICRBLAEMNOE LT TE AT
6T, BRbiELZLFhLvbe, L&A,
3IRTMEAZHERNICHMIL, ohasbiyac
Cl—'—o

(2) Fx OFZZABVIBERIC L - THEBRL,
TAABES LD a=r—vg YicHOTY
A, TOEEOL bR rRF LS
BANZIHET L, HEAE, 7Y - Tl
WREE O FHEICEAATE R 2 L,

(3} HAVBEHEE->TOVIEELMEORR
FEOESCATLVYRF LIKBLAHLZD,, 1=
LA, ZolHlodhREL{Dr—-Fr 2425
ATNE T &R VEE & 2 ERIcE
WAELTS, HIARIEN Y —7 v X TR
EVHECHETERLVLOT, TALhDHEL
DFEEMIRBNETE 5,

AEEC DX S uiEicE o %, HERER
W EHBEEEPHEO DD T~y TR
L, FOREDOLALOAT YA LNEETS
HOpERAS L E LB, AMOME, Tifscia
9 SELMENY 7 — 2 BUNEE, MBI L, X oERhas
MBS B I BT R 5 & 2 B 2 ofk
WEREE LS LT 2007T, Biffcikok
HIHEEMD L 3,

(1) 3T ORI

(a) ZHREOWIRICE-S < EHF O
(b) AR DTZIRZI

(c) HBEEBMAFMUAEEN Ry b7 —
FN

2y 7 U =y PR EEEE O

(3) {EREEFEEHV R, +EE

(4) MRERERE & AEROTE
IR HE L URE

(1) 3 ¥orixOER

(a) ZRITFOWEEFIH L -LHEGEDORE

ok
3REHED [£FER] 2BHERY 2165
Wit FEoRAIC 2V THE~NE, RO F L7
R Lo fiEi sk, ZoFkEo
R, FREHIIRIES &% R A O O R
BTHONIBEMBEER D, b2l s~x i
WHEHOBER T~ ek b, R 3 kTHE
MOEEEREBERRTZIETH B, b
B, e R foOlin G O Bz RE AR e 5
Z&icdy, —OHFERET AT L AHE
W&, BT 30I+8T, hoils<{R
FTiw GBS ELETE) W 2hOH
PRI L TIRBL, #h o288 LToafEiks
%5, Fig 1 I A7 v A BHEHES, & X TS0
BOflEmRd, Sl & cTESOMET %+
ok, RoZ20FEeRAvTws, D%
Al SRS ERTE T & DHRMEM LA ERT 5, —&
WHREATRERTER @ EOWIEE L) KonwT
i, O RS O S, —BICHIE
PRETEL2:08H 5, 5, QHEEGHE
DR E LTEHETE S IMLiiEasEcd
5L EHERETSH B, HHEERIES IR
RS T 7%, MBEOHH GLEES, BLU
HmBE) SRR DICEeYT 3, oo
AR, 4 ROmEE THEREMET L, Fig. 2
REMRLAT7A VY —7 L —LERTH S, Fig
3 IIHAEMEOHARE2RY, #HL L CCD
HAZ, BXUF7L— A€ ) 8EGRAEOLD
TH B, MEBEAOTEREBRTHIE LI5S &
SOR/EHBOLNTVB L EBDD 5, BEME
R 6.0 mm (RAZEEEED 0.76%), HHHERZ: 25
mm PR TR EMERD T 5 T EHTER,
b)  REEEOTEIREEH



{2) Rotation angle: 0° (b) Rotation angle: 30°

{¢) Rotation angle; 130° (d) Rotation angle: 170°

(e} Extraction of vertices (f) Extraction of surfaces

Fig. 1 Original images and picture processings.



Fig. 2 Wire-frame display.
{Rotation angle: 180°)
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Fig. 3 Position errors of vertices.
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{a) Plaster (b)
{Original image)

Plaster
(Differential image)

{e) Aluminum (d) Aluminum
(Original image) (Differential image)

(e} Cast iron (£) Castiron
(Original image) {Differential image)

Fig. 4 Results of picture processings.
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(a) Aluminum (right) {b) Aluminum {left)

[Tr: 8@ }iPd: 51 AL [Tr:.95 1[Pd: &1 AL [Tr:.95 1iPdi@ ] AL

(¢} Reconstruction of surface geometry

(e) Cast iron (left)
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(f) Reconstruction of surface geometry

Fig. 5 Surface reconstruction.



{a) Right image (first)

{b) Left image (second)

Fig. 6 Contour extraction,
(Stereo-pair, convergence angle: 5°)
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Fig. 7 Visual positioning and automatic
grasping.
(Object: book}
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Fig. 8 Position errors of vertices.
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Fable 1 Precision of Free-hand drawings

Straight line (300 mm)

Circle (100 mm diameter)

Subject - -
Absolute error Linearity Absolute error, Circularity
H 4.39% 270 mm 18.6% 3.30 mm
K 18,9% 1.2 mm 36.59% 6.20 mm
I 5.6% 2.46 mm 6.3% 5.10 mm

Note: Each value is the mean of five trials.
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{a) Free-hand drawing
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(b} Reconstructed drawing

Fig. 9 Recognition of free-hand drawings.
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Fig. 10 Circumstances and cbjects.
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Fig. 11 Hierarchical structure of verbs.

Table 2 Verbs selected to describe manipulation on workbench (by thirty eight subjects)

Verbs Freq. Verbs Freq. Verbs Freq.

put-in 29 lift, lift-down 19 detach 7
direct-to 27 have, seize 19 approach 5
stack-on, place-on 26 arrange 18 support 3
put 24 touch, hit 15 memory 1
stand, sei-upright 23 push, draw 14 destroy 1
release 22 drop 14 exist i
g0 21 throw-away 13 detach (slang) i
lay, throw-down 20 lift-down 10

put-out 19 carry 3




(a) IRERU (put-in)

(by ‘TSUMU’ (stack~on)

Fig. 12 Examples of operation.

(a) Original image

(b} Result of "VISION' command

Fig. 13 Execution of 'VISION' command.

Table 8 Measurement errors of vertices (nmum) 1
Center Peripheral
X Y X Y
Mean 122 138 115 073 E
Standard 0.10 0.17 0.08 0.44 5
deviation ul

Noie: Each value is the mean of ten samples.
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