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Abstract; Computing disparity images for stereo pairs of low texture images is a challenging
task because matching costs inside low texture areas of the stereo pairs are almost similar.
This problem can not be solved straightforwardly by increasing the size of aggregation win-
dows or by using global optimization methods, e. g. dynamic programming, because those
approaches will smooth depth discontinued boundaries as well. This paper proposes a new
method that is able to robustly perform stereo matching for low texture stereo images. First,
edge detection and Sobel filtering are performed for the images; second, edge maps is used to
guide the aggregation of pixel matching costs; Finally, disparity computation and left-right
validation(==88% ) are used to get the disparity maps. Experimental results demonstrate that
the proposed method utilizes the edge maps computed from the stereo pairs to guide the cost
aggregation process in stereo matching, and can produce a larger number of and a better ac-
curacy of reliable disparities for low texture stereo images than the moving average method.
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Fig. 1 Proposed stereo matching system
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Fig. 2 (a) Segments defined by an edge row/column. (b) Cost row/column corresponding to the edge row/column given
in (a),window’s mid-point and the window’s mid-segment for a window. (c¢) An example of the proposed aggre-

gation method.
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Fig. 3
for the proposed aggregation method.

(a) Correspondence between cost rows and edge rows of the left and the right edge map. (b) Data structures used
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(a) Cost aggregation guided by edge maps; (b) Explanation of the proposed aggregation method

(b)

(a) Add new cost on the rightmost side of the window:
buffer[r] = cost_in[r];
aggr_cost = buffer[a] + cost_in[r];

N =,

enter_segment_( on_Ieft: |_edge[r-1]~'|_edgelr];
lf(entersegment on lefty’

| sr=1sr+

[“scost[l sr] —oost tinr];

}I—soounf[l srl=
else {

|_scost[l sr]+=cost in[r];
|_scount]l_sr] +=1,
1

“labellr] = | sr;

W= OO RN UTA W

as s

enter_segment_on_right =r_edge[r-1-d] ~ r_edge[r-d];

15. if(enter_: segment on_righty
16. rsr=r_sr+1;
17. r_scost]r_sr]= cost Ein[r];
18. r_scount[r_sr]=1;
19.
20. else{
21. r_scost[r_sr]+= cost_in[r];
2%. r_scount[r_sr] +=1;
24. r_labellr] = r_sr;
g%) Remove the element that the window has left:
. leave_segment_on_left = | edge[r-W] ~ |_edge[r-W+1];
26. if(leave_segment on_left) I_sl=1 sl +1;
27. elsef| scostfl sl}-=bufferfl]; |_: soount -=1; 0}
28. leave_segment_on right = r_edge[r-W-d] " r_edge[r-W+1-d];
29. if(leave_segment on_right) r_sl=r_sl+1;
30. else{r_soostr_sl]-= buffer[l]; r_scount -—1}

31.  buffer[] = aggr_cost - buffer][l];
gc) Com J)Ute the average cost forthe window:
2 ); seg = |_label[mid];

33. |f((WI soount[seg]) 1=0)f

34. |_cost_out[mid —I soost[se /| scount[se
alpha™{buffer(l] - | “scost[seg])/[W-|_s soou %seg])

35  J}else| cost out[mld] = |_scost[seg]/l_scount[seg];

36. mid=r- DIV 2) - d; seg =r_label[mid];

37. if((W-r, w(vé{mt[seg;]) 1= ){g fricl

38. r_cost out[mid] = r_scost[seg]/r_scount[seg] +
alpha*(buffer[] - r ~_scost[seg]) /(W-r_scount[seg]);

39. J}elser_oost out[mid] =r_scost[seg]Tr_: soount[seg]

(d.) Move the window to right:
40.

N

at+; ++; r+

(a.) Add new cost on the rightmost side of the window:

1-2.
3-13.

14-24.

gb .) Remove the element {called

28-30.

31

Add new cost to the previous accumulated value

if new cost lies at the beginning pixel of a segment on left edge map
Make one new segment at ({_sr + 1)
Set new segment’s cost = new cost

. Set hew segment’s number of pixels = 1

else

Accumulate new cost to the rightmost segment indexed by / sr
dlr:fcrease the total number of pixels of the rightmost segment by 1
en
Fill the mapping from pixel to segment for the left image

if new cost lies at the beginning p|xe| of a segment on right edge map
Make one new segment at (7_sr + 7)
Set hew segment’scost = hew cost
s Set new segment’snumber of pixels = 1
else

Aoccumulate new cost to the rightmost segment indexed by r_sr
Increase the total number of pixels of the rightmost segment™

F|II the mapping from pixel to segment for the right image

“.element” that the window has left:
if the window has left the leftmost segment identified by [ s/

Remove the segment by increasing / s/ by 1
else

Remove L-element from the segment identified by /_ s/

Decrease the total number of pixels of the leftmost segment by 1
end if

if the window has left the leftmost segment identified by r_s/
Remove the segment by increasing r_sl by 1
else
Remove L-element from the segment identified by r_s/
d I%ecxease the total number of pixels of the leftmost segment by 1
end i

Remove L-element from the current window
Save the accumulated value for the current window at  buffr/]

{c.) Compute the average cost for the window:
32-35. The aggregated cost of the current window for left-to-right volume =

Avergge oost of the mid-segment +
alpha*(Average cost of pixels outside of the mid-segment)

36-39. The aggregated cost of the current window for right-to-left volume =

Average oost of the mid-segment +
alpha*(Average cost of pixels outside of the mid-segment)

{d.) Move the window to right:

40.

Move the window to right by increasing a, /, and r by 1

2.2.2 EHEA

TR AR AKFREMRMAETEE W -
WRAE N 1 FR B RA 2 BIX costlge (us
vsd) Fl costiige (usv,d) B4 AR H 45
PLZE 1 %% K131 edger. Cu,y o) FI AT 1 4% K 31 edgex
(w, OERREGH R, HF52, SREILRAHN
G| COStiugee (u=u; svsd = d,;) A XN 1Y 1] 3 351 % 3]

H edger (w=u, ,v) . 1M 5 BEILEAANF costlg
(w=uw;sv.d=d;) ¥ XN ) T 25 R edger
(u=u,—d;,v),

EHRAS H5AKERAG WIS BARL, LLXT
COSthge (s vsd) B TE EL R A R B s costhge (u=u;
vod=d;) Fl edge, (u=u,,v) 5 MW AF4E T HAH
cost_in,|_edge, AT B X N F 38 1 () A9 3~13
1T,25~27 47 F 32~35 17, fH &, i FUCEAL
A5 5 AN 0 2 B ) 580 467 T ] — Ak e 5 4k
b AR 2 I 7% A A BB b 2 58 5% AN AEAE
T M2 LA RRIT 14 4T 5R A 1 3 AR X B4

PEH 28 17 <A S 23 ) B
A -

enter_segment_on_right =

REHE BT XA
r_edge[r—1]r_edge
[r]Hll leave_segment on_right=r_edge[ r—w]r_
edge[ r—w+17,
2.2.3 MEBHN A AL L —SHEE
Zliﬁ{zﬁﬁﬁﬁﬁﬁﬂhﬁ%ﬂ% KM T WTA 57,
54 R A 520 e ARG T B B AT ROR
o WTA RN — MR RN E M RLEN
R E/NRAA VEEAC MY 5 AR XS B Y B 22 18 B
HIZB R A2 2 K,

arg mincost iy, (u,v,d)

mapy, (u,v) (2)
mapyg (u,v) = arg mincosth,, (u +d,v,d)
3
Fo A — BOMEAG 56 R A I 2 A R 2 3
B s S B3 1R DE TR U\ﬁﬁﬁﬁﬂ—:ﬂﬁmﬁﬁrﬂﬁl&
T A AR SRR v, 0 A — B A 56 A 14 D D)

Tk (D,



K ke W 45 < T 1 U 230 9 PR 440 0¥ B 8 7 Ak DG T 455

map; (u,v) = {O

else

3 EZBERKAMN

U PR T PR [ R A S R
KRR 217875 SR SR T e 75 L3k 352
FI3E 864 X 0 L AR R XS, B4R K /Ny 320 X
240, AR o3 FE8 v Y T 8% DX IR ik = S0 . AU

map; (u,v) if map, (u,v) = mapg (u — map, (u,v),v)

Y FR R 904 200 R I B8 7K RG5Ok
/N 512 X512, Har ¥ 5 0 i 5 RS AR L
(SR

FA DB A 7 AR DE L 3 5 SCwik[2, 15 P (35
B (SHEE T T R, P RS B0 R
2w, W4 (). (IEHSEZE IR

®2 EEREEESHEE

Table 2 Parameters used for computing disparity images
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Fig. 4 Examples of disparity images computed from the real sequence. (a. e, 1): Left images. (b, {, j): Disparity images compu-

ted by the proposed method. (¢, g. k): Disparity images computed by the referred method. (d, h, 1): Disparity images

computed by the referred method with the cost function and the window size used for the proposed method.
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Fig. 5 Density comparison for disparity images computed

from the real stereo image sequence
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Examples of disparity images computed from the artificial sequence. (a, e): Left images. (b, f): Disparity images com-

Fig. 6

puted by the proposed method. (¢, g): Disparity images computed by the referred method. (d, h): Disparity images

computed by the referred method with the cost function and the window size used for the proposed method.
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Fig. 7 Density and accuracy comparison for disparity images computed from the artificial stereo image sequence
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