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(3-D Object Recognition Using Surface Normal Images)
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Abstract

This paper presents a new approach to explicityly use surface normal images(SNIs) in 3-D
object model description and recognition procedure. The surface normal images of an object are
" defined as the projected images obtained from view angles facing normal to each surface of the
object. The proposed approach can significantly alleviate the difficulty of obtaining correspondence
between models and scene objects by explicitly providing a transform for the matching. The
proposed approach is applied to the construction of a model-based 3-D object recognition system
for the selected five objects. Synthetic images are used in the experiment to show the operation
of the overall recognition system.
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RESULT OF WORKPIECE IMAGE

I0B.1 RII.1 <——> M0B.2 SNI.t (dn = 0.924130)

I0B.1 RII.2 <——> M0B.2 SNI.2 (dn = 0.989924)

I0B.1 RII.3 <—-> MOB.2 SNI.2 (dn = 0.834897)

108.2 RII.1 <—-> MOB.1 SNI.2 (dn = 0.917775)

108.2 RII.2 <—-> MOB.5 SNI.1 (dn = 0.792247)

10B.2 RII.5 <—> MOB.1 SNI.7 (dn = 0.947850)

IOB.2 RII.6 <~-> MOB.1 SNI.6 (dn = 0.762872)

10B.2 RII.7 <—-> MOB.1 SNI.8 (dn = 0.775386)

10B.2 RII.8 <—-> MOB.1 SNI.9 (dn = 0.886509)

10B.3 RII.1 <—=> MOB.3 SNI.1 (dn = 0.930991)

108.3 RII.2 <-~> MOB.3 SNI.2 (dn = 0.858674)

10B.3 RII.3 <--> MOB.3 SNI.3 (dn = 0.805727)

I0B.3 RII.4 <—-> MOB.3 SNI.4 (dn = 0.973405)

I0B.3 RII.6 <--> MOB.3 SNI.5 (dn = 0.988295)

INPUT OBJECT 1 IS MATCHED TO MODEL OBJECT 2

INPUT OBJECT 2 IS MATCHED TO MODEL OBJECT 1

INPUT OBJECT 3 IS MATCHED TO MODEL OBJECT 3

RESULT OF TOY IMAGE

I0B.1 RII.1 <-—> MOB.5 SNI.1 (dn = 0.997498)

I0B.1 RII.2 <~-> MOB.5 SNI.2 (dn = 0.963242)

I0B.1 RII.3 <--> MOB.3 SNI.1 (dn = 0.709939)

I0B.1 RII.4 <——> MOB.5 SNI.4 (dn = 0.957283)

I0B.1 RII.5 <—-> MOB.5 SNI.5 (dn = 0.840000)

I0B.1 RII.6 <~-> MOB.5 SNI.6 (dn = 0.753394)

108.1 RII.8 <--> MOB.5 SNI.6 (dn = 0.852190)

I0B.2 RII.1 <—-> MOB.4 SNI.1 (dn = 0.923936)

I0B.2 RII.2 <-—> MOB.4 SNI.2 (dn = 0.847066)

I0B.2 RII.4 <—-> MOB.4 SNI.4 (dn = 0.903943)

I0B.2 RII.5 <—-> MOB.4 SNI.5 (dn = 0.832509)

INPUT OBJECT 1 IS MATCHED TO MODEL OBJECT 5

INPUT OBJECT 2 IS MATCHED TO MODEL OBJECT 4

agh4 =i A
Fig.14. Result of matching.
V. & =
2 x990 u] wlaod A (Surface Normal Image) &
ol gelel Bl wolAE TEHeL UHoZ Fole
oAl A o gtz slAste] S d
S e sl0E Ao Azg AT odAg Ao
shotch AlakE AL AEstel 334 24 o
Al Azl FAetT S EAlz o] el alF
o Aol dlated AHS Faldek 1 Az Aol wiA A
B4l & 4 UFel RE Aol ol WF2
Q4 AHE 9 4 AUk W YA &
A 74l SlolA A 27 Bl PAeNF, 2
Pn qlEedael 2 el 547% A o F
Soll oaf o HALE A 29 AAE o
ehis gloch ol 1 E49) B 0 JFeR 3
bowl QA AES Aol e ud & UL
% 4 ek
2 Efold Aerd HE $AL B} 2L B

AES Ak Az & A Pl o) 2l

(737)

Erd
T

#28% BWE % 9%

)
ofl

2

,_
N ool
o

%
. o

o

o

by
L o

© k2

LI )
e Lol A oox oo (L

Ag-olid, obA
gl d Ae
Urke A
Holslojo} &
A
2 Aol
2o

2ol

o jo
o
ap ™ AN
B

a7 ehokeh.
| olfol Mo} @

fo oy ot

Do o > odood e
m\l
fe
to
N
0
2
o
=2
M
nJ
o]

[1] D.H. Ballard, C.M. Brown, Computer Vision,
Prentice-Hall, Inc. , 1982.

B.K. P. Horn, Robot Vision, The MIT
Press, 1986,

P.J. Besl, R.C. Jain “Three-Diemsional
Object Recognition,” ACM Computing
Surveys, vol. 17, no. 1, pp. 75-145, March,
1985.

R.T. Chin, C.R. Dyer, “Model-Based
Recognition in Robot Vision,” ACM
Computing Surveys, vol. 18, no. 1, pp. 68-
108, March, 1986.

T.0. Binford, “Survey of Model-Based
Image Analysis Systems,” Int. Journal of
Robotics Research, vol. 1, no. 1, pp. 18-64,
Spring, 1982.

W. FEric, L. Grimson, T. Lozano-Perez,
“Model-Based Recognition and Localization
from Sparse Range or Tactile Data, > Int.
Journal of Robotics Research, vol. 3, no.
3, pp. 3-35, Fall, 1984,

R.C. Bolles, “3DPO: A Three-Dimensional
Part Orientation System,” Int. Journal of
Robotics Research, vol. 5, no. 3, pp. 3-26,
Fall, 1986.

0.D. Faugeras, M. Hebert, “The Represent-
ation, Recognition, and Locating of 3-D
Objects,” Int. Journal of Robotics Research,
vol. 5, no. 3, pp 27-52, Fall 1985.

K. Ikeuchi “Generating an Interpretation
Tree from a CAD model for 3D-Object
Recognition in Bin-Picking Tasks, > Int.

(2]

[31

(4]

{s]

(6]

(7]

(8]

[91]



53
ot
o
ox

Khegil o+

Journal of Computer Vision, vol. 1, no. 2,
pp. 145-165, 1987,

T.J. Fan, G. Medioni, R. Nevatia, “Recogniz-
ing 3-D Objects Using Surface Descriptions,”
IEEE Trans. on PAMI ,vol. 11, no. 11, pp.
1140-1157,1989.11.

D.G. Lowe, ‘“Three-Dimensional Object
Recognition from Single Two-Dimensional
Images,” Int. Journal of Artificial Intelli-
gence, vol. 31, pp. 355-395, 1987

P.J. Besl, R.C. Jain, “Invariant Surface
Characteristics for 3D Object Recognition
in Range Images,” Computer Vision,
Graphics, Image Processing, vol. 33, no. 1,
pp. 33-80, 1986.

T.J. Fan, G. Medioni, R. Nevatia, “Seg-
mented Descriptions of 3-D Surfaces,”
IEEE Trans. on Robotics and Automation,
vol. 3, no. 6, pp. 527-538, December 1987.

[10]

[11]

[12]

[13]

A & Eh(E®E)
19615 8 H 15H4.
%OQLEHiLﬂ

19864 2 1 Fehsha ekl
A zp-gsta Aapebe] FH5. 1989
2~ Foddlsta gt

19847 2H
2z} 5 2}

ZFol
2y .

2 W

N

o Aabgsta Ay ek
g A7 ol 3RS E9.
¢
g F F (LER) 2% Bai Fo4 2H

A Fduiste ms T8
Aldtoke o G4, A
el A17 A4l S9.

o

&

(738)

of

e

[e]
RN

Al
ol

23 32 &A 47

[14] R . Hoffman, A.K. Jain ,“Segmentation and
Classification of Range Images ,” IEEE
Trans. on PAMI, vol. 9, no. 5, pp. 608-620,
1987.9.

R, AU, HES, 0w HA
g 3l &l AT AI33] o A g
of Mgk 9z 4F wbg
2.

CH. Chen, A.C. Kak, “A Robot Vision
System for Recognizing 3-D Objects in
Low-Order Polynomial Time,” IEEE Trans.
on Syst. Man Cybern ,vol. 19, no. 6, pp.
1535-1563,11/12, 1989,

G. Stockman, ‘“Object Recognition and
Localization via Pose Clustering,” Computer
Vision, Graphics, and Image Processing, vol.
40, pp. 361-387, 1987.

[15] FAE o

ol &l
pp. 4252, 1991,

N ruo

3T o
=54,

[16]

[17]

® ¥ E(E®R)
1955%F 118 13H’E. 19794 2H
Aesd A7ed £ 1981

4 28 ATl A 9

HAbgakah £ (F3tA A, 1981

gk 3Jj~1984" 61 &l oz

ol (F), dojabd A AL (F) -
19874 8§ H EE et} EHEL Hr)lge e 4
(Fahabal) . 19874 7 B ~1990%F 2 H eivl4] 3
feta g, 19904 3 A ~#HA Foduistm Al
AFFary zug, FRAYeks AlaAe], Hral
A 54



