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Tracking of Polyhedral Object by Strategic Change
of Projection Pattern

TAKESHI MITA,* SHINSAKU HIURA,t HIROKAZU KATO?
and SEIJI INOKUCHIY

This paper describes a new range finding system named Reactive Range Finder, which
actively acquires the necessary range information according to each task. This system can
generate projection pattern that enables an efficient measurement adapted to the change of
the scene caused by movement of the object. To confirm the efficiency of this system, we made
tracking application of polyhedral object moving with 6 degrees of freedom on this system.
In order to determine the position and posture of the object, it selects measurable planes by
using the object model. And it projects three spot lights to each selected plane. As the result,
the image processsing algorithm became easy, and reliable video-rate tracking was achieved
without using particular hardware.
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Fig.1 Example of FA systems. (a) 3-D measurement sys-
tem for holes, (b) Vision system for depalletizer in
automated storage.
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Fig.2 Hardware component of Reactive Range Finder.
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Fig. 10 Tracking experiment of polyhedral objects.
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Fig.11 Error evaluation of translation measurement.

ICEHH SN RN B O FHRE Hv i nwizo
EITRBEL 2V

4.1 6 HBHOETF

AEWEE LT, 1B 16cm DY HE, 1 LOESH
5cm ORAHTHEAR, BEH 21em OBEHERE
vz, RPN EICRET 27201, Sudx
75 THBPEOGETREREL, FOHBEIY
KDLy I —HTALHIYWEREHEBL. (H9).
X 10 i3 6 HBIF L FERR T 5720 FIC L > TREEICE
BT BERETH L. Ao T HRESnL
ARy M ETHY, FHERTBEVHSHRELTAD
EBICEREHLETERLTWAE, 7 AXRY M LA
AU THEPIITL TV IHT2HETE 5. FHIE
BIRFEL Th 2 AR Y b BB R ARDEH
S L o TEALT 5. L HRIL 28.0fps, AT
it 26.4 fps, MAFFIE I 23.3 fps O HE TR %
FTHZ DT E.

4.2 BEFE (FiTEE)

B 11 (a) D& I EREBLREL, YHEERT
AR RAF =TT 1mm T2 300mm ¥ TP E 3¢

, AHAIGR

7o. ADEEF T, Y HRCSET» 645 E~BE{
b, HREERO X, Wi AT AT -V OBE S
MAIHTFAITI LB EIICERBELTWE, HATDL
VAFEEREEEL, Ly XMy ZE#E 35 XYZ

FERERF RET S,

B 11(b), (c), (d)2id, EHEOBEREY XYZ
JERERO X #y, Y 8, Z® (BTX) FEcomL,
ZoFHEEEZRL TWD, HFREER X, #HH
~O 300mm DBEL, XYZEERIIBWT, X i
FHANIZ 202 mm, Y #AHANE —153mm, Z @8
Mg 158 mm DBETH o7z, HLENHDS 5712
%HoTWAEY, THIEEEBORTIEL Y XODFHIC
IAFv )7L =Y a VEENELTWEEDTH S
LEZOND. Fi2, M11(d) BT, KE8—
UHMBESN I HEIICOE T Oy L TWA, KER
FWATF v TROBADPEL TOAEFTE —F&L T
BOWGHE. TR FEROBEENKE L R Y3
Y-V EERETAILICE ST, ANEERTHR
Ry MEOMEBERBICBWT, BENEL 220 EE
ZoN 5. EREETREEFAORBEEN1E 7 &



1962

TR AL 270 O0RE

June 1998

BT — T w #1.5[m]
B S 54 |08 4
i, O 71 * .
— 1 tRERR
#1.3(m]
(a)
AY‘"
4 200 H i : i i
3 [O:BRE/NF-—HBE|
3 34
E .
2 g 150 30 55
— = 937
7. = 337N
F‘fg 0 dl {%{ 100 / 54
g ”'ﬁf ............ ] x .
%2»~ . Wl fg 350 \ 19
e T2 W ] % 4&\ 78
Tl > Xw
-4 0 &
s 8 g g ° 8 8 8 8

Bé 7 — 7V E#RA EE[deg]
(b)

XS (#REEHER) [mm]
©

B 12 [EREH)IC B S AR R

Fig. 12 Error evaluation of rotation measurement.

WHEL L&, XYZ EERIIBIT 5 AFy b OE
BAEZXWMBICY#MAETIE 1lmm BT, Z 84
T 3mmBEAELAZEE Y Ial—Yarilk
DHERRL 72, 72, X WAMOEHRERED 2 FTFY
X 0.77mm TH Y, Y #HFEIT 1.15mm, Z 8
1.7l mm TH o7z, BATEHMOBRENKE (ko
T, $7:, BEmARE—ETHLEED, RAT
b 1deg BEDEETH o712

4.3 FEME (E&%E)

M12(a) L) CEREELZREL, AATH
HEHEET —7 VI, 1T D 350 BT CTHEES
7z, K12(b) REEEADEHIEEEZRL TV, &
RE L CTRIR - BENEL TV B, W% 8
NMEBIRET IBOBRENH D LEZLND.
ZITHNY - OYNEBIILL AT v TIROE
EEAPHEL T D, RNy~ DBEETo /)
BIZOR Ty FLTWwW5., FHEIEEED 2 FFHIT
1.48deg Th > 7.

X 12 (c) 1T HFREEZER X, Yy FHEICBIT S 120

FIZHGEEZ L T ABTP 00 5. TOEERFIC,
Wy — v OBERE 52 b o7z, sy —>
PBEESN-HET, BZ o TREZEIMEEL AL

TVAEEDZICOE T Ty hLTWwWA, 5L 2 8Ei3
fAIAIEDBIETH o722 BIRL T b, VHKDF
TBHTEORIZFEL 3 D0@EIC Ay P REREL
Ty, Afat+ T HEEOMETIE R R HAEILT 5
2, ARy FHEHEEL COREOBED TN S
BR6NERLL 7. mESSVIEE FHOMEEE
EHBMTELOT, FHUBREICOEHVEL TW5.
e ziE, CATHEEIE s 2L 4N, O22BLY
O 24 TREED 4—5—4 L BLL TW5,

5. ¥ & ®

LSI ik #InHL €, @#fbEERL LY
T7AYTFHBEINTOLY, HEL A7 L2084
B taem R RABE, £V TOARDYERTIEIAR
TR THAEI EEBR, APREL-VT 754
T LTI AT, FARAZINE TRE/NY —
VEERETAILICEST, FRNEFNDOFI AT LI
VELZBEREZDHRRBLIEZEHELZLDOTH
5. ZEBOZEICARY P REEHET S L) Rk
INF = R EHEICERL, EFANR— A MY —
CEEHL TV E VI BIFFELREL 2. e
E0, BHREN—F 27 5HWR T, BE%E
BHTRETH D Z & 2R, WRYEDORL HRR



Vol. 39 No. 6

ROBHESIT L o T, FHAEBEIIRILT 5002 7
FL—F TOBBPIETH /2. 72, DRITHT
BB e BB Kb B0, EhlEENERET R
FIBHEAT) L bHEREL . B EOERY»S, £
IBREE L I DOWTHIRENTEAT 2747
CoarnELFNE, LI T7 4TI EBEHNC
BOTRBICANTH LI L ERLL

KV A7 ATIEBHGRE L CEHEEOAZ R
HoTHBY, WL ECWEROBITIILE ML
THEEZOLND., LW EELTEROWEE EHT 5
CENLSBOBETH L. FOIOIIT AR Y IS
DN =V HBVWALZENVNETHSH . k2
X, AEE? EUWEOBIRTIZRY) v P REREL,
Moo E*RHET LENEZLNDL. T,
Iy VKL THEBRO AT v M REREL, BELL
ANy MEOFYN BB L 72 mERET 5L
12T, Ty T 3RTEMNEL KD, FDIEHREF
ATAZLLMWRETHILLEEDNS,

2 £ X W

1) HOMEL, EBEMN . S RITHEGENE, BERE
(1990).

2) B B, RN, Ao REZ, HOMEL
FEELT 4 b VLSI & ¥ 4 % v /- E R R B
EgEH— ) ar Ly Y77 A0 Y, BTFER
WEFAWIEE, Vol.D-II, No.9, pp.1942-1500
(1996).

3) FREEE, HHEES  AFx v R FEIC LS
MNEIEEL VYT 7 AV Y, BT EREBESRH
3G, Vol.J76-D-11, No.8, pp.1528-1535 (1993).

4) Beraldin, J.A., Rioux, M., Blais, F., Cournoyer,
L. and Domey, J.: Registered intensity and
range imaging at 10 mega-samples per sec-
ond, Optical Engineering, Vol.31, No.1, pp.88-
94 (1992).

5) &M, KM HEEFIFL—F-AFL AT
v, BERDER v M EREE, Vol.13, No.3, pp.322—
326 (1995).

6) IWAER, €n—n - KI0vI%y—, 7V
0-NFVFqy, x—=7-Yay, Jxvs-F
A A B E S W IERER) ST A -5
DEEWIEEE, BHRLEFERFLEE, Vol32,
No.9, pp.1129-1141 (1991).

7) Hiura, S., Yamaguchi, A., Sato, K. and
Inokuchi, S.: Real-Time object tracking by ro-
tating range sensor, Proc. 13th ICPR, Vol.1,
pp-825-829 (1995).

8) ANBF&EM . 777147V ar, NLHRFS
#5, Vol.10, No.4, pp.493-499 (1995).

9) AMIEM, EHES  EHABEEELHR

Ry — v OEBEREEIC & B STHAE N 1963

ehT—V I T AYY, BT ERBBERE
AKE, D-12-200 (1997).

10) =HHERE, B#E®ESE, WD 3E, HFOiER U7
ICTFAT VYT Ay, BRORE - BE
TRV Y LHEERICE 11, pp.229-234 (1996).

11) ¥R, KBHH, FILEH, EHEL, b
it BELO ZRTAERHIS AT A OB,
32 MY A7 b kGRS R HE KRR R,
pp-297-298 (1988).

12) Inokuchi, S., Sato, K. and Ozaki, Y.: Vision
system for depalletizer in automated storage,
Proc. Jpara-U.S. Symposium on Flexible Au-
tomation, pp.711-714 (1986).

13) Stark, K. and Fuchs, S.: A method for track-
ing the pose of known 3-D objects based on
an active contour model, Proc. ICPR’96, pp.I-
905-909 (1996).

14) Armstrong, M. and Zisserman, A.: Robust
object tracking, Proc. 2nd ACCYV, pp.1-58-62
(1995).

15) Hi#E®EME, WO G, EEEEA, HOEL B
PR O FHA & A RIS X A IEE AR RO E
HLERF, BAEHEEYRWIGE, Vol.J80-D-1I,
No.6, pp.15639-1546 (1997).

16) Ikeuchi, K.: Generating an interpretation tree
from a CAD model for 3D-object recognition
in bin-picking tasks, International Journal of
Computer Vision, pp.145-165 (1987).

17) WA AR L BT 17 T A D BEIEIK,
NTHfe% 438, Vol4, No.1, pp.30-42 (1989).

18) WAIESS © 3 RICEB)RIT-—I BRI & D Fi,
R A BRI E R [EHA & f# ), Vol.34, No.6,
pp.453-456 (1995).

19) MK, EBEMIE, Heikkila, T.: Ny N7 4
VAT LD ORRER 2 RN O B m e,
HADA v b %45, Vol.10, No.2, pp.235-243
(1992).

CER 9 4 8 A 4 HEH)
(PR 10 4 3 A 6 HiRER)

=H #&

1996 K KFEHEBETHEY A
7 L THERZFE. 1998 F£RKFEKX
FhEREM TR LREET.
3 RTCE G EHI D2 HEE. B,
(Bk) HZIC875.



1964 BRI R OEE

B 8%

1993 4F KPR RS TS5
TR R R, 1995 ERIAZEK
ZREELEREBT. 1097 £RKA%
KEFEREELREGT. BETASE
- THHEFHEE LFERMER. 3

RTCENEEENE - B ORFIEICHEE. T, 1993
EERERFANAETTEAKERGESE. BT%
HBEERRE.

mEE #— (ExE)

1986 4F KB A 52 FL A T2 3R il )
TERbRsE, 1088 ERRE R
BEBRBT. 1989 ERAEBET
FEREE TEFBI T, 1996 4 HEAT.
o= Ay Tz—A, INF—
v, EEEHIoOERICREE. T#EL. ETIER
BE¥R, FHIBEHHFERERE.

June 1998

HO EE (ERR)

1962 £ AR KT ER TSk
EFE. 1964 FEFANFERERG LS
BT . 1965 4 [RIRERE T#EEhF
1969 SEBhEIE, 1984 FEHIE (B
AF LR, T2E4. 1970 4
ALEN 7 U — B DR, 1979 EBA Y 74027
KEEGLBFET. /3% —VEH), B{EuE, B
EHEMBORFFEICHE. FE [ ZRICHEEHE ] (18
Ra), [BREBHRNE ]| (F—2ott) %, BEFEHE
B%4&, SHNEEHHSES, ¥ A7 AHHBHRES,
IEEE &4 5.




