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1 I n t r o d u c t i o n  

This paper explains the last updates made on the trinocular passive stereovision. This research is done 
for the ESPRIT Project P940 whose goals are, among others, to integrate this algorithm on a DSP 56000 
board in a real time environment. The main idea of these improvements is to reduce the processing time 
and memory size. However, the basic philosophy keeps being the same as in the past publications:J1,2,3]. 
The main modifications brought to the algoritlim are: (1) a better use of epipolar constraints, and (2) the 
introduction of a new pred!ction checking test in the 3rd image (avoiding the neighborhood validation which 
was memory and time consuming). 

The paper only presents shortly the second improvement and results. An exhaustive presentation in- 
cluding the description of the algorithms can be found in a companion report [4 I. 

2 Improvements to the Stereo Matching Algorithm 

2.1 V e r i f i c a t i o n  

The problem is to compare a predicted 2D segment S~ in image 3 with a potential match segment $3. This 
is done by the following method: 

1. Perform first some simple loose tests to select quickly a subset of potential matches: selection is 
based on position, orientation and edge contrast comparisons. Buckets are used to cut the algorithm 
complexity. 

2. Perform conservative tests using colinearity and overlapping measures. 

2.1.I CoUneari ty 

Colinearity can be tested using the parameters (a*,p*) and (a,p) of the lines supporting S~ and Ss (see ap- 
pendix). Moreover, it is possible to account for the uncertainty attached to these parameters by introducing 
the covariance matrix h = cov(a,p) within a Mahanalobis distance: 

d2($3'S~)=(Aa'Ap)A-' ( Aa )Ap  

Matrix A is computed from the knowledge of the uncertainty attached to the position of the endpoints 
of segment $3. Typically, we assumed independent covariance of 1 pixel 2 for each endpoint coordinate. 

The advantage of such an approach, is that a single threshold, chosen from a X 2 table with two degrees 
of freedom allows for the homogeneous testing of very disparate segments ( in terms of length, orientation 
and position). This method is similar to the one presented by Skordas et al [5]~ 

2.1.2 Overlapping 

First, we compute $3, the projection of $3 onto the line supporting predicted segment S~. Second, we 
compute the length of the intersection of this projection with S~. Finally, the overlapping ratio is defined 
by the ratio between this intersection length and the length of S~. 

ll(s~)}l 

If the overlapping ratio is greater than a reasonable threshold, for instance 10~, segment $3 is considered 
as a potential match and added to the list of hypotheses~ 
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2.2  V a l i d a t i o n  

The new above-described prediction scheme yields much better results than the older one. Typically, the 
number of false matches ties between 0 and 5 % of the total number of matches, the upper bound being 
attained only on very cluttered scenes. Moreover, it is now possible, due to qualitative improvements, to 
remove most of the errors by a simpler and cheaper final validation procedure. 

It appears tha t  most errors produce multiple matches, but not all multiple matches are errors, because 
a given segment can be broken differently in two or three images. Our new validation procedure detects 
multiple matches, and only keeps those corresponding to the correct matching of broken segments. This 
procedure removes almost all the errors. 

3 E x p e r i m e n t a l  results  

We have tested this algorithm on a number of industrial and office scenes, and we present in table 1 its 
performance on 5 typical examples. The programs are written in C and run on a SUN-3 workstation. 
Note that  these results are obtained with fixed point arithmetics (in order to implement the algorithm on 
dedicated hardware). In the average, memory requirements have been reduced by more than 30 % and 
computing time has been reduce d by a factor three. 

For the first scene, Figure 1 presents the 3 camera images and the final results of matching and 3D 
reconstruction. On the "above view" we can recognize the table, the calibration grid and the edges of a box 
placed below and left of the table, Figure 1 also shows the reprojection of reconstructed 3D segments on 
each image plane. 

a b 

Figure 1: Scene 1: (a) Triplet of images of an indoor scene and 3d reconstruction results. (b) Reprojection 
of 3D segments on each image plane 

4 Conc lus ion  

We have presented the last developments made on our trinocular stereovision algorithm. 
The final version of the presented algorithm is currently being implemented on a multi DSP 56000 

board to produce depth maps at 5 Hz rate. This is done within a European E S P R I T  Project (Project 
P940 involving ELSAG, GEC, INRIA, MATRA, NOESIS, Univ. of Cambridge, Univ. of Genova) where 
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preprocessing (edge extraction, edge linking, polygonal approximation) is performed by a dedicated hardware 
at the rate of 24 Hz. 

Nb. Segments l Results 
t image 1 [ image2 i image 3~ Nb. Matches C P U S u n  3 Time 

Scene I I 570 554 
Scene 2 495 489 
Scene 3 329 361 
SCene 41 333 361 
Scene 5 I 333 369 
Scene6  I 400 1 3 4 2  
Scene 7 i 404 l 380 

63O 
520 
349 ! 
282 1 
361348 ..... 

1 365 ' 

3i7 102s 
298 8.2s 
100 " 4.2s 
93 4.2s 
107 4.4s 
186 6.1s 
215 i 6.6s 

Table I: Performance of the trinocular stereovision algorithm on seven indoor scenes: computing time 
includes all processing comprising the reading of the image edge segments and the 3D reconstruction of 
matched triplets. A preliminary simulation on a DSP56000 multiDSP board yielded a computing time of 
300 ms on scene 4, before optimization. 

A A P P E N D I X  : M a h a l a n o b i s  D i s t a n c e  a n d  C o v a r i a n c e  M a t r i x  

Let us consider a non vertical 2-D segment whose endpoints are (zl, Yl), (x2, Y2). Given these two endpoints 
and their associated uncertainty ,we wish to find the parameters h and p representing the 2-D line as well 
as their uncertainty. These segment verify the line equation : ax + y + p = 0, so, a and p coefficients can be 
computed from segment coordinates: 

y~ - y: xly2 - x2yl 
a = x2 - Xl P = x2 - Xl 

The covariance matrix h = cov(a,p) is given by: 

A x 2 + A y :  ( 2 - - ( x l ÷ x ~ ) )  
A a ,  p - -  _ _  

The determinant of' this matrix: Det = (a=~+~u2)2 cannot be zero because we assume that  the segment is ~ x  6 

non vertical (resp. non horizontal) and not reduced to a point. 
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