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ABSTRACT 

This a r t i c l e proposes a s l i de r stereo matching 
method, which employs a coarse- to- f ine cont ro l 
strategy to overcome the false targets problem. At 
f i r s t , a stereo pair is taken at a short basel ine, 
and a match is assigned to i t . The resulting dispa
r i t y map is then used to res t r ic t search range and 
to predict occlusion for e f f i c ien t ly and rel iably 
matching the succeeding stereo pair taken at a 
longer baseline. The system i t e ra tes the s l i d i ng 
and matching to obtain an enough disparity range. 

1. INTRODUCTION 

I t has been p o i n t e d out by the e a r l y 
researches[1,2] on stereopsis that at the heart of 
the matching problem l i e s the problem of fa lse 
targets, whose severity is enhanced by both a wide 
d ispar i t y range and a f ine reso lu t ion . To obtain 
both, which are necessary for accuracy, Marr and 
Poggio [2] proposed a zero-crossing algor i thm 
(implemented by Crimson [3]) based on the coarse-
to-f ine strategy. The stereo images were f i l te red 
at d i f f e ren t scales, y ie ld ing a set of p r i m i t i v e 
image pairs of di f ferent resolutions. A match of a 
wide disparity range but of a coarse resolution was 
assigned f i r s t , and th i s resu l t was then used to 
reduce search space, f o r matching the f i n e r 
detailed pr imit ive pairs. While the algorithm was 
successful ly applied to a var ie ty of images, it 
resulted in incorrect matches along occluding zero-
crossings, because the con t inu i ty constra int was 
used along those depth-discontinuous contours. 

Tn t h i s paper, we present a new stereo matching 
method, which is based upon a dif ferent coarse-to-
f ine strategy. A camera is s l i d along a s t ra igh t 
l ine to take stereo pairs at d i f f e ren t baselines, 
resu l t i ng in a set of stereo pairs of d i f f e ren t 
d ispar i t y ranges, images are convolved wi th a 
smal l -s ized Laplacian-Caussian operator, which 
assures us of a f ine reso lu t i on , and the zero-
crossings in the f i l t e r e d images are extracted 
along hor izontal scan l i nes . Then the matching 
process proceeds in a coarse- to- f ine i t e r a t i v e 
manner. The pair taken at the shortest baseline is 
matched f i r s t ; the matching is easy, at the expense 
of reduced d ispar i t y range. This r esu l t , a narrow 
range d ispar i t y map, can then be used to reduce 
search space for matching the longer baseline pair, 
again making the process easier. We i t e ra te the 
s l i d i n g , imaging and matching several times to 
obtain a wide d ispar i t y range. One important 
advantage of our method over the conventional ones 

is that we can predict occlusion, helping avoid 
mismatches. 

Motion stereo methods have been studied for a long 
time by Moravec and Nevatia. The idea, however, was 
used to make rel iable depth measurement[4 ] and to 
save computing t i m e [ 5 ] , wh i l e the d i s p a r i t y 
in format ion avai lab le from the already matched 
pairs was not u t i l i zed in matching the other pairs. 

2. COARSE-TO-FINE RULE 

Both our algorithm and Marr and Poggio's are based 
on the coarse-to-fine control strategy, aiming at 
obtaining both a wide d i spar i t y range and a f ine 
resolut ion at l as t . The two a lgor i thms, however, 
take d i f f e ren t routes to reach the goal. F ig. l 
helps to understand the difference. While the depth 
accuracy in Marr and Poggic/s algorithm is improved 
by making the r e s o l u t i o n f i n e r over a wide 
d ispar i t y range, that in ours is improved by 
widening the disparity range in a f ine resolution. 

It is important to note tha t , the only physical 
constraint we use here is that features should not 
disappear, nor features newly appear, through the 
s l i d i n g , because the scene and the i l l um ina t i on 
condi t ion are supposed not to change during t h i s 
period. In general, i t is sa t i s f i ed except the 
cases where some feature points are occluded, as 

F i g . l There are two routes leading to the f i n a l 
goal, the accurate depth measurement. The diamonds 
indicate the possible errors in estimates of loca
t ion of a point in scene, (a) The ver t ica l diagonal 
of the diamond becomes shorter with the f iner reso
lutions (R->r), while a wide disparity range(D) re
maining unchanged, (b) The v e r t i c a l d iagona l 
becomes shorter w i th the d i spa r i t y range get t ing 
wider(d->D)), whi le a f i ne reso lu t ion ( r ) remaining 
unchanged. 



G.Xueta l . 893 

the camera is s l i d . These feature points, however, 
are assigned with dispari t ies before occluded and 
the probabil i ty of occlusion is predicted from the 
d ispar i t y in format ion obtained already. As a 
consequence, not only can we avoid the incorrect-
matches due to occlusion, but it is also possible 
to obtain more d i spar i t y in format ion about the 
feature points occluded f i n a l l y than the other 
stereo matchers. 

3. SLIDING AND MATCHING 

A camera is s l i d from l e f t to r ight , along a 
s t ra igh t l i n e , taking a sequence of images at 
predetermined i n t e r va l s . The s l i d i n g is kept 
p a r a l l e l to the hor izonta l axis of the camera 
coordinate system, so that the epipolar l i n e s , on 
which correspondences can be found, are completely 
hor i zon ta l . Let the f i r s t image be the only l e f t 
image and the remainders r ight ones. Note that such 
an arrangement is purely for s imp l i f y i ng our 
description, and the following matching algorithm 
can be easily modified for other arrangements. 

Images are convolved w i th the Laplacian-Gaussian 
f i l t e r , and zero-crossings in the f i l te red images 
are found. For a fine resolution, we have chosen 4 
as the f i l t e r ' s central region width W. Besides the 
l oca t i on , an a t t r i b u t e of the zero-crossings, the 
contrast s ign, is also recorded, and used as a 
cr i ter ion for matching. 

The f i r s t stereo pair, due to i t s reduced disparity 
range, can be easily matched by simply searching a 
small region without encountering fa lse targets . 
Below, we discuss how to use the obtained disparity 
in format ion for matching the second stereo pair . 
Suppose that the baseline of the second stereo pair 
is k times that of the f i r s t one. Then for a zero-
crossing in the l e f t image at position (x,y), whose 
disparity obtained by matcing the f i r s t stereo pair 
is D(x,y), i t s correspondence's pos i t ion in the 
r ight image is estimated by 

(x-kD(x,y),y). 
Taking i n to account the error Ad in the d ispar i t y 
obtained already, the position is revised as 

(x-kD(x,y)+kAD,y). 
Therefore, we can constrain the search for the cor
responding zero-crossing in the r ight image of the 
second stereo pair to the region 
{(x',y)| x-kD(x,y)-k^Dmax<_x»^x-kD(x,y)+kADmax, 

D ^ D maxl . 
The size of search region should be selected so 
that the p robab i l i t y for double targets in one 
search region is not high. A conservative value, 7 
p i xe ls , is selected for the width of the search 
region. Then the worst case p robab i l i t y of double 
targets is 0.5 (estimated from the resu l t by 
Crimson [ 3 ] ) , and t rue matches can found by 
ut i l iz ing, "oul l ing effect" [2 ] . 

Now l e t us consider how long we can s l ide the 
camera in each step of the successive imaging. 
Given Dmax, We can determine k, the r a t i o of the 
basel ines, as 3/ADm a x . AD resu l ts from many 
factors, such as errors in locating zero- crossings 
in quantized images and the physical inaccuracy in 
sl id ing the camera. We have not estimated a l l these 

factors yet. The experimental r esu l t s , however, 
ind icate that AD x does not exceed 1.5 p ixe ls in 
most cases; 2 is c u r r e n t l y se lec ted f o r k. 
Clearly, we need less sl id ing times for obtaining 
an enough disparity range than conventional motion 
stereo methods [4,5], which take pictures at equal 
intervals. 

4. OCCLUSION PREDICTION 

In this section, we consider how the occlusions in 
the successive stereo pair is predicted from the 
disparity map obtained already. Suppose that there 
are two zero-crossings P1 and P2 at (x1 ,y) and 
(x2 ,y) on a scan l i ne in the l e f t image. If they 
are predicted as changing to the opposite order in 
the r i gh t image, i .e., 

x l < x 2 » 
x,-kD(xj,y)>x2-kD(x2,y), 

then the probability for P1 being occluded is high. 
The predic t ion is not always t rue , because of the 
error in est imat ing the zero-crossing pos i t ions . 
Therefore, the fo l l ow ing method is used to avoid 
mismatches. If the estimated distance between the 
occluding and occluded zero-crossings is above a 
threshold, then the occlusion is cer ta in and we 
search for only P1. If below, we search for both. 
In the la t ter case, if there is only one matchable 
z e r o - c r o s s i n g , then i t i s c o n s i d e r e d a s 
corresponding to P2, the one closer to the camera. 

5. EXPERIMENTS AND DISCUSSION 

We have tested the described method for a blocks-
world and an indoor scene. Fig.2 (a), (b) and (c) 
i l l us t ra te the f i r s t , second and f i f t h images of an 
image sequence of the blocksworld, respect ive ly . 
Fig.2 (d) shows the zero-crossing contours of Fig.2 
(c). The contours are displayed as br ight if the 
contrast sign is posit ive, and as dark if negative. 
Fig.2 (e) shows the d i f f e r e n c e s between the 
estimated zero-crossing posi t ions and the rea l 
ones. It can be seen that they agree wi th each 
other qui te we l l . The dark points ind icate the 
estimated locat ions of zero-crossings and those 
predicted as occluded are displayed wi th larger 
spots. The br ight points are the actual pos i t ions 
in the image. Fig.2 (f) shows the top view obtained 
by matching Fig.2 (a) to Fig.2(e). Fig.3(a) shows 
an input image of the indoor scene, and Fig.3(b) 
shows the disparity map, in which the disparity is 
displayed as proportional to the brightness. 

The experiments indicate that most zero-crossings 
appear in the search pools, provided that the 
camera sl id ing is accurate enough. The dispari t ies 
obtained along occluding zero-crossing contours 
also demonstrate that there are few mismatches 
result ing from occlusion. 

One d i f f i cu l t y in matching the stereo pair is that 
the contrast sign along occluding zero-crossing 
contours sometimes changes as the camera is s l i d . 
Therefore, the contrast sign, which played a s ign i 
f i can t ro le in the implementation of Marr and 
Poggio's a l g o r i t h m by Cr imson, r e s u l t s in 
mismatches in t h i s method. We consider that our 
method can be improved to accomodate such cases by 
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p r e d i c t i n g the changes in the background's 
intensi ty. 

At present, the camera motion is along a s t ra ight 
l ine. We can, however, modify the method so as to 
move the camera more freely in space, and give the 
system intell igence to plan motion by observing the 
coarse disparity map obtained already. 
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