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Abstract: Due to line fragmentation, occlusion and projection of conjoint coplanar space straight lines, there are
many “one-to-multiple” and even “multiple-to-multiple” mappings between two features sets in the process of
stereo matching, but few reliable methods exist to deal with these cases. In this paper, an algorithm based on feature
grouping is proposed to solve these problems. Different from the existing approaches, feature grouping is
implemented among the feature set which is composed of linear features extracted from two images, and each
feature group contains its associated matching relationships. Therefore, stereo matching becomes equivalent to
extracting a set of mutually compatible feature groups from the two images. Two major steps involve in the whole
matching process. As much putative feature groups as possible are constructed and their match measures are
computed by exploiting some viable geometric and photometric constraints, and then a subset of feature groups is
searched so that the sum of the associated match measures is the maximum under the condition that any extracted
linear feature at most belongs to only a selected feature group. In order to solve the integer optimization problem, a
two-stage method is devised. First, the whole problem is divided into many sub-problems. Second, for each
sub-problem, a branch-and-bound method is implemented to find the optimal solution. The proposed algorithm is
applied to match straight lines extracted from many pairs of real stereo images, and satisfying experimental results
are obtained.
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Case 1 of the projection of a space straight line
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Fig.4 Case 4 of the projection of a space straight line
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01={l11, 112,113,021, 122,023,126, 1273 92={ 111, L12, 121, 122,124} 93={ 12, 25}

(@ (b)
Fig.7 An example for demonstrating the process of extracting feature group

7

Tabel 1 Match group set of each line in Fig.7

1 7
Line  Match groupset Line Matchgroupset Line Match group set
I {123}, {124} L2 {1} L2s {2}
l, {367} {4} {5} Lz {1.2} Lo7 {23}
li3 {7} L2s {12}
L21 {l} L25 {2}

Line No.

L R S R > Label
Group No.

Fig.8 A feature group tree created by the match group MG;={1,2,3} in the left line I,

8 |11 MGl:{l,Z,S}
2
2.1
V={L1UL2}={Vi|1§i§N,N:N1+N2},
N;. \Y K .
G={gilgi=((i), #(i)).1<i<K},  ofi) 9i L a(i) gi L (i)=
4,14, =1, vi eV, 1< j<R()}, R(i) 9i i) :

© PEBSFERSAIIFT hipd/ www. jos. org. cn



2478 Journal of Software
1, gi
5@0) = {O,
K
max[Zéd,(i)a)(i)J
i=1
K
D> oy <L 1<ISN
:Z}p(i)
2.2
(i) N, My, M;
Oi axXi)
] M; M,
o(i) = mz;; Match(ly, ,Izwili,Nl))
,Match(lli,lzj) |1i |2j ’
0,
Match(ly, I,;) =1 LOv; + ROV 1 gdiff,*
X exp| —
2 J2xPlIxa, 2x0,°
(5) ,LOVij,ROVij , Ili |2j
, 1.3.2 , )
0 . )
2.3
2 (3) ,
1. G, 2 (3)
Gopt-
2. gi gj y ’
g g G
1. Gopt ;
g 9
g 9;
, 3
3. Gi Gj
Gi Gj
2. G ,
G M
,Q(i) Gi :
G, NG, =NULL

(léél cD(I)) N (n:éj cD(n)j = NULL

Vol.17, No.12, December 2006

()

@

@)

M2=R(i)-My,

(4)

(®)

[29]

9;

i
g . )

Gopt

G ={u, lu, =1,0,cG,1<i<M,1<j<Q()},
iZj(1<ij<sM)

(6)

© PEEREBEAD

http:/ www. jos. org. cn



2479

,NULL .
K . M Q(i) K Q)
max| > &,q,@(i) | max 225¢(u.j)w(ui,) = max 25¢(u. yo(u;) ©)
i=1 i=1 j=1 i=1 j=1
(|
2, G , )
G
23.1 G
G , )
: G :
G , G
2.3.2
: 4 , (1) Bg:(2) O,
ng ' CBg HE))
Energy;(4) Cy, Energy Etotal
) :
i) R, R Bg=-1, CBg ,Energy=0,Esa
ii) S, R ;
iii) maxE ,maxE=0; maxP ,maxP=NULL.
O]
i) s . (4);
if) P, Etotal maxE Ce, i), ®)
(3) P :
i) P CBg ;
i) P CBg 1 S o P ,
By=s, Cg, P Cg, s ,Energy P Energy s ,
Etotal CBg Energy, C Energy maxE, maxE=Energy, maxP=C;
iii) C CBg S ;
iv) i) ii), P CBg ;
V) , S
Vi) (2)
4) maxP , ,
3
) 4 :
1 1.3.1 , ;
2 13 ) 2.2 ;

© PEBREBRELDIGT  hups/www. jos. org. cn



2480

,Dimin=—20,Dnx=20,G1=20, oy

12

13

Journal of Software

2.3

20,

73t o o
5 5 7
11 10 -]
11 T
1
1z i 15
i 1
1 0
24 s
M
ar o [
o £
nos B g R
o at
L] P a6
¥ s
5 62

Fig.11 The left line set from Fig.9
11 9

1
14 15

00:1000000000000000000000000000000000000000000000000000
02:0000000000000000000000000000000000000000000000000000
04:0000000000000000000000000000000000000000000000000000
06:0000001000000000000000000000000000000000000000000000
08:0000010000000000000000000000000000000000000000000000
10:0000000010000000000000000000000000000000000000000000
12:0000000000000000000000100000000000000000000000000000
14:0000000000000000000001000000000000000000000000000000
16:0000000000000000000001000000000000000000000000000000
18:0000000000000000000000000000000000000000000000000000
20:0000000000000011100000000100000000000000000000000000
22:0000000000000000000000100001000000000000000000000000
24:0000000000000000000000000010000000000000000000000000
26:0000000000000001100000000100000000000000000000000000
28:0000000000000000000000000000010000000000000000000000
30:0000000000000000000000000000000000000000000000000000
32:0000000000000000000000100000000000110000000000000000
34:0000000000000000000000100000000000010000000000000000
36:0000000000000000000000000000000000001000000000000000
38:0000000000000000000000000000000000000100000000000000
40:0000000000000000000000000000000000000000000100000000
42:0000000000000000000000000000000000000000000000000000
44:0000000000000000000000000000000000000000000010000000
46:0000000000000000000000000000000000000000000001000000
48:0000000000000000000000000000000000000000000010000000
50:0000000000000000000000000000000000000000000000000010
52:0000000000000000000000000000000000000000000000000000

Fig.13
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Fig.12 The right line set from Fig.10
12 10

;0 . ()

01:0000000000000000000000000000000000000000000000000000
03:0001000000000000000000000000000000000000000000000000
05:0000000000100000000000000000000000000000000000000000
07:0010100000000000000000000000000000000000000000000000
09:0000000000000000000000000000000000000000000000000000
11:0000000000100000000000000000000000000000000000000000
13:0000000000000000001000000000000000000000000000000000
15:0000000000000011100000000000000000000000000000000000
17:0000000000000000000000010000000000000000000000000000
19:0000000000000000000000000000000000000000000000000000
21:0000000000000000000000000000000000000000000000000000
23:0000000000000000000000000010100000000000000000000000
25:0000000000000011100000000100000100000000000000000000
27:0000000000000000000000000010100000000000000000000000
29:0000000000000011100000000100000100000000000000000000
31:0000000000000000000000000000000010000000000000000000
33:0000000000000000000000000000000000000000000000000000
35:0000000000000000000000100000000000010000000000000000
37:0000000000000000000000100001000000110000000000000000
39:0000000000000000000000000000000000000000001000000000
41:0000000000000000000000000000000000000000001000000000
43:0000000000000000000000000000000000000000000000000000
45:0000000000000000000000000000000000000000000000000000
47:0000000000000000000000100000000000110000000000000000
49:0000000000000000000000000000000000000000000000001000
51:0000000000000000000000000000000000000000000000000001

The match matrix between the left and right line set
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16 , 63 .
31 , {00,91,08,93,95,06,97,022,941,958,948,910,915,912,920,928,

935,916,932,923,933,939,947,951,954,053,955,056,960,061,962}.

, 17 18 .
00: 0; 01:; 02:; 03:3; 04:; 05:10; 06:6; 07:2-->4; 08:5; 09:; 10:8; 11:10; 12:22; 13:18;
14: 21; 15:14-->15-->16; 16:21; 17:23; 18:; 19:; 20:14-->15-->16-->25; 21:.; 22:22-->27; 23:26-->28;
24:26; 25:14-->15-->16-->25-->31; 26: 15-->16-->25; 27:26-->28; 28:29; 29:14-->15-->16-->25-->31; 30:;
31:32; 32:22-->34-->35; 33:; 34:22-->35; 35:22-->35; 36:36; 37:22-->34-->27,35; 38:37; 39:42;
40:43; 41:42; 42:; 43:; 44:44; A5:; 46:45; A47:22-->34-->35; 48:44; 49:48; 50:50; 51:51; 52:;
Fig.14  All possible match groups of each left line
14

00:0; 01:; 02:7; 03:3; 04:7; 05:8; 06:6; 07.; 08:10; 09:; 10:5-->11;.11:; 12:; 13:;

14: 15-->20-->25-->29; 15: 15-->25-->29-->20,26; 16: 15-->25-->29-->20,26; 17:; 18:13; 19:; 20:;

21:14-->16; 22: 32-->34-->35-->37-->12,47-->22 47; 23:17; 24:.; 25:25-->29-->20,26;

26: 23-->24-->27; 27:22-->37; 28:23-->27; 29:28; 30:; 31:25-->29; 32:31; 33:;

34: 32-->37-->47; 35: 32-->34-->35-->37-->47; 36:36; 37:38; 38:; 39:; 40:; 41:;

42:39-->41; 43:40; 44:44-->48; 45:46; 46:; 47.; 48:49; 49:; 50:50; 51:51;

Fig.15 All possible match groups of each right line
15

g0: [L:0,R:0,E:0.1132] g1:[L:3,R:3,E:0.0048] g2:[L:5,R:10,E:0.1492] ¢3:[L:6,R:6,E:0.0220] g4: [L:7,R:2,E:0.1759]
g5: [L:7,R:4,E:0.7603] ¢6: [L:8,R:5,E:0.0001] g7: [L:10,R:8,E:0.7364] ¢8:[L:11,R:10,E:0.2709]
g9:[L:12,47,R:22,E:0.5080] g@10: [L:13,R:18,E:0.4018] ¢11:[L:14,R:21,E:0.0008] g12:[L:15,R:14,E:0.1932]

g13: [L:15,R:15,E:0.9058] g14:[L:15R:16,E:0.3395] ¢15:[L:16,R:21,E:0.1367] g16: [L:17,R:23,E:0.0361]

g17: [L:20,R:14,E:0.0012] ¢18:[L:20,26,R:15,E:1.8992] ¢19: [L:20,26,R:16,E:0.5472] g20: [L:20,26,R:25,E:0.2653]
g21: [L:22,47,R:22,E:0.7843] @22: [L:22,R:27,E:0.0299] ¢23:[L:23,R:26,E:1.7782] @g24: [L:23,R:28,E:0.1204]

g25: [L:24,R:26,E:0.7375] @26: [L:25,R:14,E:0.0113] g27: [L:25,R:15,E:0.2282] (@28: [L:25,R:16,E:0.6617]

g29: [L:25,R:25,E:0.0043] @30: [L:25,R:31,E:0.0032] ¢31:[L:27,R:26,E:0.0526] @32: [L:27,R:28,E:0.0729]

g33: [L:28,R:29,E:0.4302] @34: [L:29,R:14,E:0.0009] ¢35: [L:29,R:15,E:5.1687] @36: [L:29,R:16,E:0.0043]

g37: [L:29,R:25,E:0.0021] @38: [L:29,R:31,E:0.1835] ¢39: [L:31,R:32,E:0.3652] @g40: [L:32,R:22,E:1.4143]

g41: [L:32,R:34,E:0.7198] g42: [L:32,R:35,E:1.1635] ¢43: [L:34,R:22,E:0.5178] g44: [L:34,R:35,E:0.0000]

g45: [L:35,R:22,E:0.5958] g46: [L:35,R:35,E:0.0000] ¢47: [L:36,R:36,E:0.0667] g48: [L:37,R:22,E:5.2433]

g49: [L:37,R:34,E:0.1879] g@50: [L:37,R:27,35,E:2.6893] ¢51: [L:38,R:37,E:0.0011] g¢52: [L:39,R:42,E:0.0668]

g53: [L:40,R:43,E:0.2451] @54: [L:41,R:42,E:0.7382] ¢55: [L:44,R:44,E:0.1043] @56: [L:46,R:45,E:0.1792]

g57: [L:47,R:34,E:0.2125] @58: [L:47,R:35,E:0.9250] ¢59: [L:48,R:44,E:0.0774] @60: [L:49,R:48,E:0.0758]

g61: [L:50,R:50,E:0.1184] g¢62: [L:51,R:51,E:0.0651]

Fig.16 All possible feature groups
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Fig.17 The match result of the lines shown in Fig.11 Fig.18 The match result of the lines shown in Fig.12
17 11 18 12
17 18 , , . , 20
26 25 14, 20 26 25 . 17
32 21 , 19 14 21
, , 16 , , 39
T 9 , 22 27
47 35 ,
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1.3.2
9 10 2, 2
Table 2 The match result between lines shown in Fig.12 and Fig.13
2 12 13
Image Line number  True match number  Match number by our approach  Correct number  Error number  Miss number
Fig.11 53 32 32 30 2 2
Fig.12 52 31 31 29 2 2
.19 20
.21 22 19 20 ( 15
). , 23 24 , )

Fig.21 The left line set from Fig.19 Fig.22 The right line set from Fig.20
21 19 22 20

3. 3, ( 46
45 ) 1.3.2
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Fig.23 The match result of the lines shown Fig.24  The match result of the lines shown
in Fig.21 in Fig.22
23 21 24 22
Table 3  The match result between lines shown in Fig.22 and Fig.23
3 22 23

Image  Line number  True match number  Match number by our approach  Correct number  Error number  Miss number

Fig.21 634 467 510 457 53 3

Fig.22 651 461 504 451 53 2
5
References:

[1] Dhond UR, Aggarwal JK. Structure from stereo—A review. IEEE Trans. on Systems Man Cybernet, 1989,19(6):1489-1510.

[2] Jones GA. Constraint, optimization, and hierarchy: Reviewing stereoscopic correspondence of complex features. Computer Vision
Image Understanding, 1997,65(1):57-78.

[3] Liu Y, Huang T. A linear algorithm for motion estimation using straight line correspondences. Computer Vision, Graphics, and
Image Processing, 1988,44(1):35-57.

[4] Schmid C, Zisserman A. The geometry and matching of lines and curves over multiple views. Int’l Journal Computer Vision, 2000,
40(3):199-233.

[5] Cheng YQ, Wang XG, Collins RT, Riseman EM, Hanson AR. Three-Dimensional reconstruction of points and lines with unknown
correspondence across images. Int’l Journal of Computer Vision, 2001,45(2):129-156.

[6] Horaud R, Skordas T. Stereo correspondence through feature grouping and maximal cliques. IEEE Trans. Pattern Analysis and
Machine Intelligence, 1989,11(11):1168-1180.

S https// www. jos. org. cn




2484 Journal of Software Vol.17, No.12, December 2006

[7]1 Medioni G, Nevatia R. Matching images using linear features. IEEE Trans. on Pattern Analysis and Machine Intelligence, 1984,
6(6):675—685.
[8] Medioni G, Nevatia R. Segment-Based stereo matching. Computer Vision, Graph and Image Processing, 1985,31(1):2-18.
[9] Atalay V, Yilmaz MU. A matching algorithm based on linear features. Pattern Recognition Letter, 1989,19(9):857-867.
[10] Lee CH, Joshi A. On correspondence, line tokens and missing tokens. Pattern Recognition, 1995,28(11):1751-1764.
[11] Bouwmans BT, Dubus JP. A new stereo matching algorithm based on linear features and the fuzzy integral. Pattern Recognition
Letter, 2001,22(1):133-146.
[12] Wu M, Leou J. A bipartite matching approach to feature correspondence in stereo vision. Pattern Recognition Letter, 1995,16(1):
23-31.
[13] Mcintosh JH, Mutch KM. Matching straight lines. Computer Vision Graph. Image Processing, 1988,43(2):386—408.
[14] Pajares G, Cruz JM. Local stereovision matching through the ADALINE neural network. Pattern Recognition Letter, 2001,22(14):
1457-1473.
[15] Henricsson O. The role of color attributes and similarity grouping in 3-D building reconstruction. Computer Vision and Image
Understanding, 1998,72(2):163-184.
[16] Nayar SK, Bolle RM. Reflectance based object recognition. Int’l Journal of Computer Vision, 1996,17(2):219-240.
[17] Xie M. Automatic feature matching in uncalibrated stereo vision through the use of color. Robotics and Autonomous, 1997,21(3):
355-364.
[18] Li ZN. Stereo correspondence based on line matching in hough space using dynamic programming. IEEE Trans. on Systems Man
Cybernet, 1994,24(1):144-152.
[19] Boyer KL, Kak AC. Structural stereopsis for 3-D vision. IEEE Trans. on Pattern Analysis and Machine Intelligence, 1988,10(2):

144-166.

[20] Lee SH, Leou JJ. A dynamic programming approach to line segment matching in stereo vision. Pattern Recognition, 1994,27(8):
961-986.

[21] Yip RKK, Ho WP. A multi-level dynamic programming method for stereo line matching. Pattern Recognition Letters, 1998,19(9):
839-855.

[22] Maciel J, Costeira JP. A global solution to sparse correspondence problems. IEEE Trans. on Pattern Analysis and Machine
Intelligence, 2003,25(2):187-199.

[23] Wilson RC, Hancock ER. Graph matching with hierarchical discrete relaxation. Pattern Recognition Letter, 1999,20(10):
1041-1052.

[24] Venkateswar V, Chellappa R. Hierarchical stereo matching using feature groupings. In: Proc. of the Int’l Conf. on Tools for Al. San
Jose: IEEE Computer Society Press, 1991. 238-245.

[25] Marapane SB, Trivedi MM. Multi-Primitive hierarchical (MPH) stereo analysis. IEEE Trans. on Pattern Analysis and Machine
Intelligence, 1994,16(3):227-240.

[26] Chung R, Nevetia R. Use of monocular groupings and occlusion analysis in a hierarchical stereo system. Computer Vision and
Image Understanding, 1995,62(3):245-268.

[27] Wen GJ, Wang RS. A robust approach toextracting straight lines. Journal of Software, 2001,12(11):1660-1667 (in Chinese with
English abstract).

[28] Luong QT, Fua P, Leclerc YG. The radiometry of multiple images. IEEE Trans. on Pattern Analysis and Machine Intelligence,
2002,24(1):19-33.

[29] Zhang QZ. Linear Programming. 2th ed., Wuhan: Wuhan University Press, 2004. 293-305 (in Chinese).

[27] b y . ,2001,12(11):1660-1667.
[29] ) L2, ,2004.293-305.

(1972 ), , .

© rhiEBRER

AT hupy/ www. jos. org. cn




