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3-D Shape Recovery Using a Relaxation Algorithm
Based on Surface Feature Consistency

HONGBIN ZHA,t SHOJI MURAMATSU't and TADASHI NAGATAtt

3-D surface features, such as surface normals and curvatures, are widely used in various
vision systems for recognizing complex curved objects. The features, however, are difficult to
extract accurately from raw range images because the images are usually noisy and unsuitable
for carrying out the required differential operations. This paper proposes a new 3-D shape
recovery method that obtains refined shape features by deriving an optimal approximation to
the true surfaces in a raw image. In principle, the method is mainly based on a relaxation al-
gorithm that reconstructs original shapes by means of feature consistency constraints, another
form of the surface continuity constraints. The application of these constraints makes the al-
gorithm not only invariant with the object poses but also very adaptive to complicated shape
changes. Meanwhile, surface discontinuities are preserved by utilizing a possibility function
of discontinuity (PFD) in controlling the constraint propagation to prevent edge points from
overslurred. Results of experiments using either simulation or real images all provide strong
evidence for the applicability of the method.
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Initial feature estimation and t = 0;
do /* iteration step t */
forall 7;

Determine neighborhood D.;

forall 7,;; € Dy;
(t)

rij

Compute p, . (T;) by parallel transporting

end
Compute new feature value p(**1)(7;)
end
Evaluate function ESHY
t:=t+1
untill ESYY - B 0.0
K2 BT OMRIETRE

Fig.2 Relaxation procedure for shape feature recovery.
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Fig.3 Surface representation in the local canonical
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Fig.5 Results of a simulation experiment for a complex surface.

Ferrie 5> OBEBITT VT X4 (FA) D2 ETLL.
AFELFAM, hoDTANT) XLDETIZTRT
5EORNELIMEIToN. D)L, TAHER, &%
MYy7 7o—FIc XS CHEEMBEL LTROES
BRIN:FEOVEDTHS. L L, TOFEL
FTIRERE VS RS E Y ERICRD L Z
LS, FORDELARTVT) ZLIZLEE
BBENTA—FDEDFZELSEET — Y OARE+
FIAZTNER S WRANSH D, 7, FAk
12, MR-V I HERG RS CERILF L
vz, RIS OHEE»SOBMREFIBLTEST,
HEAESE S SRR T H2 TR I SNT
Wi, KFEHFE (FCBA) KE2BROBRELINS
D4DDFEIZ L DERDBELE S5 (¢), (d) IIRT.
72720, ®5(c) ik, EMEDOTHHRET, R5(d)1F
FHROEOTHELETH Y, REMIRHIERLEE
DAFy FTEICHESINbDTHS, 7, TA
EE FAHEIZS 2EEETOKERIIRS (e), (f) IR
LThab. INHLOENS, —K&IZECHVWONDHE
TEICHEND EAFEIL Y SVKEREFLLLTW
BT ENFHLD.

5.2 REMEMRICLDEE
AMRIZCHEINILYI T 74 2 o TH
B EMEEE AV ERERLTT. EEREOKE

%1%, 128 x 120 (8 [bits/pixel]) T, LN T — ¥
BEDZRTEREDEIZE > TRABINT VS,
BYOERTIE, 37750852 RIKETHH
SWE L TEAL, ERIZGBON-FOHMEENOE
BLRRERICERL-bOYE6(a) IoT. £/
SR F LT AL, TTSOBEMOEHS I
LCEDIABEEEE 6 (b) (IRT. FOFIIBITS
RO I, HHAELITOIRELLT— Y DOKRE
kBN THY, AT YOREOEEL T
FROEERLTIENTESD, 2T, AFENE
A2 ERTLDI, S TRHREL V- S0 o
TWhEWEF— 93 FDFTANT—S L L7, KF
EICBIAREETTAVT) XL 2207 — 5 12EH
T5E, b¥23EOREE CHETEALIIIRL 7.
X 6 (b) s L - ETEEER 6 (c) 12T, F72,
HWREDEGIZBITHERZ PVRE EHMKE £
FRE6(d), (e) AT, 61, KFEILITLA
EFRREE LIS T A0, BRROBETHER?D
HE AN PFD DI L » TAER S LB L TA
7. We(f) ik, £0aHERT _MEHEERTHD. /2
720, B SR T VHEOIRIRRO KR x HiE L
7o, COEESS, bLLLOBEBIIBITLI yU1E
#Hit, HEOEOFFRILABIZL b T L) O
BCRESNTVEI LS5,



1588 WL ¥ 25 Lk Aug. 1996

500,

~400 /\ T /Too 6(;0

ay o 200

-600 /\f/w/’/{\/:oo 200
-600

(a) original image (b) a partial image

i

/’
‘&\\\‘] ///j/,/////////
SNNN NV i o o prgrr

AV
:Elli\i?/}\“l\g@\&\
~—~ 70T

PSS
=

i s

/
s

),

(d) recovered need map

(e) principal direction map (f) edge image

e ATWMABLiRs LBRONY

Fig.6 Results of an experiment using an image of artificial objects.
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Fig.7 Results of an experiment using an image of artificial objects.
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