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Abstract

Matching two images is an essential step for many computer vision applications. A new approach
to the scale and rotation invariant scene matching, using linear features, is presented. Scene or model
images are described by a set of linear features approximating edge information, which can be
obtained by the conventional edge detection, thinning, and piecewise linear approximation. A set of
candidate parameters are hypothesized by mapping the angular difference and a new distance measure
to the Hough space and by detecting maximally consistent points. These hyvpotheses are verified by
a fast linear feature matching algorithm composed of a single-step relaxation and a Hough technique.
The proposed method is shown to be much faster than the conventional one where the relaxation
process is repeated until convergence, while providing matching performance robust to the random
alteration of the linear features, without a priori information on the geometrical transformation
parameters.
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Step 4: for all j {
If (Z. P(i,5) > 1) select (k,j) pair,
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Table 1. Estimation of 8 and # on Fig. 5.
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Table 2. Estimation of 8 and # on Fig. 6. S 3. AI7HA] dakellxie) AEERA =&
(True 8 = 90", ¢ = 067 Table 3. Linear Feature Extraction on Three
Estimated | Accumulator |Estimated| Reliability Image Sets.
6 value o Measure & B Linear CPU
Image Featur Time(sec) Rotation Scale
114 223 056 223 Set cabares e Angle( 8) |Factor( )
168 164 0.58 111 Model | scene | Model | scene
130 231 0.75 287+ Fig.5| 51 | & | 2% |3% | 70 067
16 202 0.88 88 Fig. 6| 3% | 66 | 240 | 454 | -%0° | o067
88 205 0.66 257
50 149 0.88 106 %
E 4. 29 5olxle] AE S8 A3} njE
74 166 0.72 191 # Sellrs] Ag S A vl

Table 4. Comparison of Matching Perfor-

144 202 0.87 178 ,

35 188 0.66 69 mance on Fig. 5.

0 177 0.81 148 T tatehea] Matching] oo T omputed] Trenslation

100 175 038 236 Aleorthm | Tpairs | T | Angle(9) | Scale )| YA

156 161 1.09 127 Relaxaon| 2 | 220 | 7L7° | 069 |(-148 -24)

120 133 0.40 85 Fast | 25 | 19 | 7177 | 069 |(-148 -24)
Matching

E:d 5. 2% 6l AH¥ 3 F3) vlw

o b s, Table 5. Comparison of Matching Perfor-
o AN mance on Fig. 6.
" . Translation
.| Matched | Matching |Computed|Computed
Algorithm, ™ o | Time(sec) | Angle( 8 )| Scale( ) ( g’f“’gv)
= Rd;"a;i‘)“ 5 72| 910" | o083 |@l 50
Ma;fm 15 50 910" | 063 |(2L1, BO)
(d) ]
a7 7. AN 4l A o . 8 8
Fig. 7. Example of Matching to Slant View Wl o .
= o3 A} ;
Image: (a) Model 94, (b) TR model ~ 1ough?IHel &3] 57Hel Ggajels] st el
A AzdE () H88 d Aade @ 2 BHE FHske A2 W relaxationsl] 23 A¥
scene 94, (e) AEH scene A AlZME, A dvelEe XS relaxation Aol

@ T2 22 Asksies AR BHE 2t A¥SAT o

v g AES Hough 33tox HAd2 dxishe
o]zl E At T doid oiSEHE A 4
AEY & Uk B =FX AAE 719Ee Intra-
distance ¥]-&-& AMS7] wiitel] HAe] Ao F
5 A AlowE Zole] W] wizkelA] o2 BA

Aek=l A dwe]E&E single-step relaxation
3} Hough7H o2 FA=e] lom 7]&9 relaxa-
tionol]l &% ALAANE ® 49 5ol vlmsieivh 949
F 71 dAdel disll g ue] &S relaxation®} F
d3t APAHE Bl whd whE APETE Mol

_ - _ T g T e A AzdE Yus) FesK gl
A AzEe) SRR Ml AR B AE s e e e
[0 = Rilasul [-RAtA

Sl sl ANTEel 2 astel e Amskl D ST e e

ol 28 7ellAe} o] oAk AFI LEZR s} o ozlslu 3 L
& ATAES A W] (35 A WEER @ s o Hough SR T Gl &

7o) HE gepield] dig 33& e gk
o"!‘-’] O ]F & = R T
Foll A AlamlES] gz AFE3] ZolSA|Rt V% 11 = o1 ane - _
N 271 Hd 3] 80% Bk & A7l f™ sA
o A Aadetezt g<ter HAF # e A oo s e rmsr o
e, A7MEE AR 2 A5 A 3
(1717)

“

du ek
A

1




(2 A EA S AHEE 2w AR 7)Y AN S
g ullle)r) iR 7] ok 400dsfe] odAtel digh tures, Pattern Recognition, 7, 189-203,
A Zs g el dal A3H 4EE olE + (1984).

ok ol # wielx AR sjeteE 547
| E3bHd& 2ol

X}

rot

=a
&

f17 A. Rosenfeld, R. Hummel, and S. Zucker,
scene labeling by relaxation operations,
IEEE Trans. System man Cybernet.
SMC-6, 420-453, (1976).

0. Faugeras and K. Price,
description of aerial images using
stochastic labeling, IEEE Trans. Pattern
Anal. Machine Intell., PAMI-3, 638-642,
(1981).

C. Wang, H. Sun, S. Yada, and A.

Rosenfeld, Some experiments in relaxation

[}

Semantic

image matching using corner features,
Pattern Recognition, 16, 167-182, (1983).
K. E. Price, Hierarchical matching using
relaxation, Comput. Graphics and Image
Processing, 34, 66-75, (1986).

L. Kitchen and A. Rosenfeld,
analysis using region-based constraints
filtering, Pattern Recognition, 17, 189-203,
(1984).

K. Price, Relaxation matching techniques -

scene

G. Medioni and R. Nevatia, Matching
images using linear features, JEEE Trans.
Pattern Anal. Machine Intell, PAMI-6,
675-685, (1984).

R. Nevatia and K. R. Babu, Linear feature
Comput.
33,

(9]
extraction and description,
Graphics and Image Processing,
257-269, (1980).
M. Suk and S. Oh, Region adjacency and
its application to object detection, Pattern
Recognition, 19, 161-167, (1986).
D.H. Ballard, Generalizing the Hough
transform to detect arbitrary shapes,
Pattern Recognition, 13, 111-122, (1981).
T. Pavlidis, Algorithms for Graphics and
Science

[10]

[11]

[121
Image Processing, Computer
Press, (1982).
L. G. Shapiro and R. M. Haralick,
descriptions and  inexact
matching, IEEE Trans. Pattern Anal
Machine Intell, PAMI-5, 504-519, (1981).
M. A. Eshra and K. S. Fu, An image
understanding system using attributed
symbolic representation and inexact graph
matching, IEEE Trans. Pattern Anal
Machine Intell, PAMI-5, 604-617, (1986).

[13]
Structural

[14]

A comparison, IEEE Trans. Pattern Anal. [15] M. Han and D. Jang, The use of maximum
Machine Intell, PAMI-7, 617-623, (1986). curvature points for the recognition of
[7] J. K. Cheng and T. S. Huang, Image partially  occluded  objects, Pattern

registration by matching relational struc- Recognition, 23, 21-33, (1990).

X XA 7H

. A it EEER) A % EOE®R) B 3348 % 3% BH

19964 2H 73] st A AYdetal Ayt v
E (32D, 19934 28 A3t A %

kil

b A5 HAAD, 19984 3R -
A Azt AAgst et

F W Feks AFE vA,

;ﬂ.

YRR A 4

(1718)



