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Abstract: The present work investigates а simple method for determining the distance to objects in a 

scene using the principles of the canonical stereo vision systems. The objective is to prove by the physical 
experiments that using conventional digital still camera in combination with image analysis techniques 
relying on binocular cues it is possible to effectively determine the distance to particular objects in a given 
scene. The main request is that the camera should have precise horizontal movement, high resolution and 
possibilities of adjusting the parameters of the optical system. Experimental results with structured scenes 
and camera shifted on various distances demonstrate the effectiveness of the method in providing a reliable 
estimation of the depth of a scene, and also outline some of its limitations and shortcomings. 
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1. INTRODUCTION 
The human activity field is a 3D world, where the location of each point is 

represented by x,y,z coordinates. Therefore, it is highly demanded to be able to get all the 
three coordinates for the interested point in the field. However, cameras can only capture a 
two-dimensional image where each point is represented by x and y coordinates.  

There are many methods providing mechanisms for acquiring the z coordinate 
(referred to as the depth). In principle depth can be recovered either from monocular cues 
(shading, shape, texture, motion) or from binocular cues (stereo correspondences). 
Conventional methods for depth estimation have relied on multiple images. Stereo vision 
[1, 3] measures disparities between a pair of images of the same scene taken from two 
different viewpoints and uses the disparities to recover the depth. Structure from motion 
(SFM) [7] computes the 2D motion field of corresponding scene points in order to recover 
the 3D motion and the depth of the scene. Depth from focus (DFF) [5] captures a set of 
images using multiple focus settings and measures the sharpness of image at each pixel 
locations. The sharpest pixel is then selected to form an all-in-focus image and the depth 
of each pixel depends on which image the pixel is selected from. Depth from defocus 
(DFD) [6] requires a pair of images of the same scene with different focus setting. It 
estimates the degree of defocus blur, by which the depth of scene can be recovered 
providing the camera setting. 

The objective of this paper is to investigate the possibilities of а simple method for 
acquiring the depth using the principles of the canonical stereo vision systems. The aim is 
to prove by the physical experiments that in the case when a real stereo visual system is 
not available, using conventional digital still camera it is possible to effectively determine 
the z coordinates to particular object points in a given scene. The main request is that the 
camera should have precise horizontal movement, high resolution and possibilities for 
adjusting the parameters of its optical system (focal length, zoom).  

The paper is structured as follows. Section II briefly discusses the main principles of 
canonical stereo vision systems. In Section III are described the basic steps of the realized 
algorithm for determining the distance to objects in a scene. In Section IV are presented 
and discussed the results of experimental studies conducted with real scene images. In 
the last section are given some concluding remarks and directions of further research 
work. 
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2. THEORETICAL BASIS OF THE CANONICAL STEREO CONFIGURATION 
Canonical stereo configuration is an ideal stereo camera configuration, where a 

scene point, , is being projected into the image planes of a pair of stereo cameras. The 
images planes are co-planar, parallel to the baseline, and the horizontal axis of each 
image plane’s coordinate systems are coincident each other. 

The problem of determining the distance to objects within the scene from pair stereo 
images obtained by such a canonical stereo configuration is to find the length of the 
horizontal displacement (disparity) between the two matched image points. For a given 
disparity match, the basic cameras distance, the focal length of the cameras and the pixel 
size of the cameras, it is easy to apply triangulation to find the distance to the scene points 
in world coordinates: 

 

 
(1) 

 
where:  denotes the distance [in meters], between the line connecting the optical 

centres of the cameras and the scene point, ;  is the horizontal pixel size [in  ];  is 
the distance [in cm], between the optical centres of the cameras;  is the focal length [in 
mm];  and  are distances [in pixels], measured from the top left corner of the image to 
the corresponding projections of arbitrary point, within the scene on the image planes. 

The difference (disparity)  is always positive, since the projection of an 
arbitrary 3D point on the left image is located to the right of the projection of the same 
point on right image with respect to the origin of the image coordinate system. 

The phenomenon of diminishing accuracy of depth measurement with increasing 
distance from the camera planes is shown on Fig. 1(a). This is a geometrical limitation 
since it depends exclusively on geometrical parameters of a stereo system [3]. 

 

  
(a) Phenomenon of a limited accuracy of depth 
measurement with increasing distance from the 

camera 

(b) Relation of depth measurement accuracy in 
respect to camera resolution 

Fig. 1: Depth resolution of a canonical stereo setup 
 
The dependence of the depth accuracy versus camera resolution and distance to the 

observed scene can be found analysing Fig. 1(b). Observing the similarity of triangles 
 and , as well as triangles  and , the following formula can be 

derived to calculate the depth measurement resolution value, 
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Assuming that  is much larger than the pixel resolution  the following 

approximation can be established, which is justified for relatively small values of  (Fig. 
1(a)): 

 

 
(2) 

 
For most image acquisition systems, the values of ,  and  are constant, at least for 

a single acquisition. This means that there is such a value  for which it is not possible to 
measure the depth of the observed scene due to geometrical limitations of the stereo 
camera setup. 

 
 
3. DEPTH ESTIMATION SEQUENCE AND METHODS USED IN THE STUDY   
In the standard stereo case the two camera images just have a simple horizontal shift 

between them. The distance to objects is then determined calculating the resulting 
disparity of the corresponding pixels in both images. This disparity corresponds to the 
depth of objects in the space. 

The depth estimation process performs the following basic steps: 
Step 1: Detection of distinctive invariant image features to perform reliable matching 

between the two camera views of an object or scene. [2, 4]; 
Step 2: Searching for matches between detected image features [3, 8]. 
Step 3: Computation of the horizontal distance between each pair of corresponding 

feature points in the images and determine the disparity values. 
Step 4: Depth estimation from disparity using the relationship between disparity and 

depth obtained on the base of the geometrical model of canonical stereo configuration [3]. 
In the present study a feature-based approach, which relies on specifying so called 

cornerness measure. The most popular one is that defined by Harris and Stephens [4]: 
 

 (3) 
  

where is 2x2 matrix from image derivatives, and  

is a Gaussian window function;  empirical coefficient ( ).. 
The use of this metric for practical purposes is often related with troubles with 

specifying the appropriate value of k. To overcome this problem, an alternative cornerness 
measure [2] is adopted in our study: 

  
 (4) 

  
The next step of the depth estimation algorithm is to find the correspondent corner 

pair in the images. A feature-based matching (as part of the local stereo matching 
methods) is adopted for this stage. It consists of measuring the degree of correlation 
between beforehand detected corners in matched images. For best match evaluation, 
instead of comparing single pixels, groups of pixels (neighborhood N) are taken 
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simultaneously for comparison. In the case of horizontally shifted images, the search can 
be restricted to horizontal displacements only.  

The metric used here is that based on Normalized Cross-Correlation (NCC): 
 

 
(5) 

 
where: I1 and I2 are two image regions being compared. The region I1 is built around a 
reference point (x,y), and the region I2 - around point (x+dx, y+dy), where with dx and dy are 
denoted the relative horizontal and vertical displacements of the two image blocks being 
compared. The matching regions are defined by a set U of offset values, measured from 
their reference points, i.e. (x,y) and (x+dx, y+dy), respectively. 

The last steps of the distance estimation process require determining the disparity 
using the corners correspondences and then performing disparity-to-depth conversion, 
based on the relationship defined by Eq. 1. The displacement length varies depending on 
the distance at which is a point in the 3D space. Less distance meets larger displacement 
and vice versa, i.e. the relationship between the distance and the horizontal displacement 
between the corresponding points is inversely proportional. 

 
 
4. EXPERIMENTAL RESULTS AND DISCUSSIONS 
Our experimental work has two goals: (i) to verify the applicability of the 

mathematical model to the practical camera system we use and (ii) to test the evaluation 
accuracy of the estimated distance in a real scene.  

Experiments are conducted using digital still camera Olympus E-P2 (resolution 
4032x3024, pixel size 4x4 μm) mounted on a platform that provides the opportunity for 
horizontal translation to specific distances (Fig. 2). For the purposes of the study, several 
experiments with static and partially structured scenes with many different objects of 
different distances are conducted. Each of the experiments was made with series of 6 
photos: the first one - on chosen starting position, while for the remaining five the camera 
shifts to different base lengths - from 6 to 10 cm with step of 1 cm. During the experiments, 
besides the change of the starting position, the focal length was changed too. The images 
were taken at maximum camera resolution and with maximum image quality. The real 
distances to objects from the scene (Fig. 5) was previously measured by laser distance 
meter Leica DistoTMD3 with measurement precision ± 1 mm (Fig. 3), in order to be used as 
ground truth data to determine the evaluation accuracy (Fig. 6).  

 

Fig. 2: Experimental Platform Fig. 3: Laser distance meter Fig. 4: Software testbed 
 
A software testbed for the purposes of experimental research was developed (Fig. 4), 

which allows various parameters of the investigated algorithms to be specified (for 
example, the basic distance between a pair stereo images, the focal length, the pixel size, 

237 4

ASUS
Typewritten Text

ASUS
Text Box



the minimum and the maximum distance at which to look for matches, the Harris corner 
detector settings, the size of the correlation window, and etc.) during the various stages of 
the depth estimation process.  

Two types of experimental images are analyzed: images obtained at maximum 
camera resolution and images reduced in size, twice. The aim of performing reduction in 
image size was to check for any improvements of the matching process (in addition to 
speeding up the calculations), since the most scaling algorithms, perform smoothing of the 
image and thus reducing the image's high-frequency components and the image noise [9]. 
At double less resolution, however, the step between two adjacent measured distances is 
greater, as shown in Fig. 1. Therefore, even differences of ± 1 pixel in the estimation of the 
disparity values can lead to much larger uncertainty at greater distances. For example, in 
the case of image reduced in size, twice (this corresponds to twice as large pixel 
dimensions, 8x8 μm in our case), the step between two measured distances is ± 18 cm at 
5 m (Fig. 7), while at real image size this step is ± 9 cm. 

 

Fig. 5: Real Distances to 
selected objects 

Fig. 6: Estimated distances for 
base 8 cm 

Fig. 7: Depth resolution error 
for base 8 cm 

 
Table 1: Comparison between real and estimated distances for various base lengths. 

Real Base length between cameras with focal length 14 mm 
Distance 6cm 7cm 8cm 9cm 10cm 

  Est. Error Est. Error Est. Error Est. Error Est. Error 
0.65m 0.65m 0.00% 0.65m 0.00% 0.65m 0.00% 0.65m 0.00% 0.65m 0.00% 
0.91m 0.88m 3.30% 0.88m 3.30% 0.88m 3.30% 0.88m 3.30% 0.88m 3.30% 
1.17m 1.18m 0.85% 1.18m 0.85% 1.18m 0.85% 1.18m 0.85% 1.18m 0.85% 
1.42m 1.42m 0.00% 1.42m 0.00% 1.41m 0.70% 1.42m 0.00% 1.42m 0.00% 
1.71m 1.74m 1.75% 1.74m 1.75% 1.74m 1.75% 1.74m 1.75% 1.75m 2.34% 
1.89m 1.91m 1.06% 1.90m 0.53% 1.90m 0.53% 1.90m 0.53% 1.90m 0.53% 
2.31m 2.31m 0.00% 2.33m 0.87% 2.31m 0.00% 2.32m 0.43% 2.30m 0.43% 
2.62m 2.66m 1.53% 2.66m 1.53% 2.67m 1.91% 2.67m 1.91% 2.67m 1.91% 
2.87m 2.88m 0.35% 2.88m 0.35% 2.89m 0.70% 2.89m 0.70% 2.89m 0.70% 
3.28m 3.28m 0.00% 3.31m 0.91% 3.29m 0.30% 3.28m 0.00% 3.30m 0.61% 
3.55m 3.56m 0.28% 3.60m 1.41% 3.54m 0.28% 3.54m 0.28% 3.57m 0.56% 
4.57m 4.47m 2.19% 4.54m 0.66% 4.52m 1.09% 4.50m 1.53% 4.49m 1.75% 
4.61m 4.57m 0.87% 4.62m 0.22% 4.59m 0.43% 4.57m 0.87% 4.61m 0.00% 
4.67m 4.57m 1.93% 4.62m 1.07% 4.59m 1.71% 4.57m 2.14% 4.61m 1.28% 
4.71m 4.67m 0.85% 4.62m 1.91% 4.67m 0.85% 4.63m 1.70% 4.67m 0.85% 
5.03m 4.88m 2.98% 4.80m 4.57% 4.83m 3.98% 4.85m 3.58% 4.79m 4.77% 
5.05m 5.00m 0.99% 5.00m 0.99% 5.00m 0.99% 5.00m 0.99% 5.00m 0.99% 
5.07m 4.77m 5.92% 4.90m 3.35% 4.83m 4.73% 4.77m 5.92% 4.79m 5.52% 
5.17m 4.77m 7.74% 4.80m 7.16% 4.83m 6.58% 4.77m 7.74% 4.79m 7.35% 
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The experimental results obtained, show that at focal length of 14 mm, higher 
accuracy is observed at distances up to 4.5 m (the error is below 3%, see Table 1, Fig. 8), 
while, with increasing the distance, the error reaches to 8%. In increasing the focal length 
to 20 mm (Fig. 9), the error is less than 5% for shorter distances, and below 3% for those 
more than 4.5 m. The accuracy of distance estimation is highest for objects located in the 
center of the frame for both shown focal lengths, due to the lack of optical distortions.  

The results obtained at the maximum camera resolution, and those obtained using 
images reduced in size, differ relatively small, but higher accuracy is achieved with 
maximal resolution, and therefore, it is preferable to operate on it.  

The conducted series of experiments, varying the base length from 6 cm to 10 cm, 
demonstrated that there are no significant changes in the achieved accuracy (Table 1, Fig. 
8-9). As the pixel size cannot be changed effectively to make estimation improvements, 
the parameter that can be mainly tuned is the focal length. Any other opportunities for 
improvement of the depth estimation accuracy are: using of a high spatial resolution 
sensor (a small pixel size is preferable); increasing the distance between the cameras; 
increasing the focal length.  

 

 
Fig. 8: Error of real vs. estimated distances for focal length equal to 14 mm 

 

 
Fig. 9: Error of real vs. estimated distances for focal length equal to 20 mm 

 
5. CONCLUSION AND FUTURE WORK 
In this paper, the effectiveness of а simple approach for determining the distance to 

objects in a static scene, using the principles of the canonical stereo vision systems is 
investigated. The objective was to prove by physical experiments that despite the absence 
of real stereo camera, good enough results can be achieved using a conventional digital 
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still camera and applying classical techniques. The experimental results discussed 
demonstrate that the accuracy of the depth estimation is subject to the spatial quantization 
which is hard to control due to the restrictions on the pixel size. The large size is desirable 
because it leads to a high signal-to-noise ratio. In the other hand, the small size of the 
pixel is preferable since it results in a high spatial resolution which reflects in a high 
accuracy of depth estimation.  

There are many difficulties in creating an accurate yet efficient algorithm for depth 
estimation (variables such as object texture, lighting, object foreshortening, and image 
noise), which are not considered in this study.  

In our future work, we will continue to investigate other more sophisticated methods 
based on the stereo vision that provides a new perspective for matching problems while 
leading to efficient numerical solutions.  
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