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Abstract: We propose an optimization approach to speed 
up the point matching process underlying the 3D 
reconstruction of complex urban scenes. We consider the 
Optical Flow technique for point matching and propose to 
introduce MMX and SSE2 instructions to accelerate 
significantly the matching process. Fast point matching 
allows using sub-pixel image resolution, which provides a 
more accurate estimation of the Optical Flow by 
exploiting wider correlation windows, and therefore 
improves the final quality of urban scenes 3D 
reconstructions. 

Keywords: calibrated stereo pair, urban scenes, 3D 
reconstruction, MMX and SSE2 acceleration.  

1. INTRODUCTION  
With the new generation of high resolution optical 

images, the problem of 3D urban areas reconstruction 
from stereo pair of images appears to be challenging. It 
finds successful applications in many areas of human 
activity such as geography, architecture or information 
technologies.  

Numerous approaches have been proposed to solve it 
[1, 2, 3, 4, 5]. Among them, the most popular consists in 
first computing a Digital Elevation Model (DEM) [3]. 
Computing this 3D model is equivalent to estimate the 
disparity map of corresponding pixels in the calibrated 
images [3, 6, 7]. Therefore, the main problem reduces to a 
matching problem between the two images.   

The accuracy of the DEM depends on many factors; 
among them the image resolution is crucial. High 
resolution leads to images with a huge size inducing 
heavy computations for constructing the DEM. Several 
hours or even several days are sometimes required to 
obtain the solution. Thus, to speed-up the process appears 
to be a major issue. 

 In this context, different techniques have been 
proposed to optimize the computation time required for 
reconstructing a DEM [8]. We present a new approach to 
this problem that significantly speeds up the DEM 
computation. To compute a dense disparity map we 
exploit the Optical Flow information [7]. We select the 
region-based matching method, proposed in [9, 10], to 
compute the optical flow on the stereo pair. This choice 
allows an implementation which extensively uses 
Multimedia Extensions (MMX)  and Streaming SIMD 
Extensions (SSE) that reduce the execution time by 
several orders of magnitude. The bulk of arithmetical 
operations, which actually are needed to compute the 
pixels matching in the stereo pair, are performed with the 
help of MMX or SSE2 instructions.  

Optimizing the DEM reconstruction reduces the 
computations time but also improves the accuracy of the 
result as it allows using larger window for estimating the 
correlation between pairs of pixels. 

Herein, we do not consider processing partly visible 
pixels and moving objects, although it can be done using 
the optical flow information. This aspect will be 
considered in future works. 

The proposed approaches are tested numerically on a 
stereo pair of aerial images. The results show a real 
impact of the proposed techniques on both the accuracy of 
the reconstructed scenes and the reduction of execution 
time needed for their computation. 

2. OPTICAL FLOW FOR URBAN DEM  
Determining a dense disparity map, leading to a 

Digital Elevation Model, is a very computationally 
expensive task. Our goal is to develop a technique that 
drastically accelerates the process in order to reconstruct 
complex urban scenes. The optical flow approach is 
selected as the simplest technique allowing a huge 
optimization of the algorithm. Several optical flow 
methods have been proposed in the literature. They are 
based on differential equations [9, 11], region-based 
matching, energy minimization or phase estimation [9]. 
The region-based matching appears to be the simplest and 
less computationally demanding [10]. 

Before giving a detailed description of the 
optimization technique for the region-based matching, let 
us note a specificity of an urban DEM. Usually, stereo 
pairs of urban areas are obtained from a rather high 
altitude. Therefore, depth of urban scenes is much less 
than the distance from the earth surface to the optical 
center of the camera. In this case, the perspective effects 
can be neglected and we can consider an affine transform 
of the scene [12]. We can even often consider only 
translations, or in worst cases a composition of a 
translation and an affine scaling along coordinate axes. 
This specificity allows a preliminary alignment of the 
stereo pair, either by the appropriate shift, or by the 
combination of a shift and an affine scaling. For instance, 
the stereo images of the urban scene shown in Fig.1 and 2 
can be aligned by simple shifts. After such an alignment,  
the maximum disparity between corresponding pixels in 
the 1st and the 2nd images is equal to 6 pixels. Therefore, 
we make the following assumption: 

Assumption: Images of a urban scene stereo pair can 
be aligned either by a shift or the combination of a shift 
and an affine scaling. 

 Since, after the preliminary alignment, the maximum

 










