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Abstract 

We present a novel and practical stereo vision system that 

uses only one camera and a biprism placed in front of the 

camera. The equivalent of a stereo pair of images are formed 

as the left and right halves of a single CCD image by using a 

biprism placed in front of the lens of a CCD camera. The 

system is therefore cheap and extremely easy to calibrate since 

it requires only one CCD camera. An additional advantage of 

the geometrical set-up is that corresponding features 

automatically lie on the same scan line. There is also no need 

for the normalization of image intensities (needed for 

correlation matching); the calibration of intrinsic parameters 

of two cameras; nor rectification. 

A prototype system has been built and tested. The single 

camera and biprism have led to a simple stereo system for 

which correspondence is very easy and which is accurate for 

nearby objects in a small field of view. Preliminary results are 

presented. Results are extremely promising in the area of 

cheap sensors for many robotic applications. 

1. Introduction 

Depth perception by stereo disparity has been studied 

extensively in computer vision. The stereo disparity between two 

images from two distinct viewpoints is a powerful cue to 3D- 

shape and pose estimation [ I ,  21. 
For the recovery of a three dimensional scene from a pair of 

stereo image of the scene, it is required to establish correspondence 

- that is, finding a pair of image points corresponding to the same 

point in space. The establishment of correspondence is generally 

thought to be the most difficult step and can easily become the 

most time-consuming [I]. 

A correspondence algorithm can produce more reliable 

matches if the underlying images have smaller intensity and 

geometric difference. Some geometric difference between stereo 

images is unavoidable, for it is actually the local geometric 

difference between stereo images that results in the perception of 

depth. If the scene has Lambertian surfaces, there would be no 

difference in the intensities of corresponding points in the images. 

Differences in the optical properties of the two cameras. however, 

cause intensity differences between corresponding points in stereo 

images. These unwanted geometric and intensity differences 

should be reduced as much as possible to increase the ability to 

find correspondences reliably. 

For stereo images acquired by two cameras, the focal lengths 

and zoom levels of the cameras are often slightly different. Two 

cameras may have lenses that do not have exactly the same optical 

properties. These camera differences create unwanted geometric 

and intensity differences between stereo images. making the 

correspondence process more difficult 

Nishimoto and Shirai [3] proposed a single-lens camera system 

that can obtain stereo images. Stereo images are obtained with the 

plate at two different rotational positions. This camera system 

requires two shots from a scene and, therefore, should be used only 

in static environments. 

Teoh and Zhang [4] proposed a single-lens stereo camera system. 

The rotating mirror is made parallel to one of the fixed mirrors and 

an image is obtained. Then it is made parallel to the other fixed 

mirror and another image is obtained. This camera system requires 

two shots from a scene and, therefore, should be used only in a 

static scene. 

Gosthasby and Gmver [5] proposed a single camera system that 

can obtain images in a single shot and through a single lens. The 

reversed image should be transformed to appear as if obtained by 

cameras with parallel optical axes, before carrying out the 

correspondence and measuring the depth values from the 

correspondence. 

In this paper, we propose a novel stereo camera system that can 

provide a pair of stereo images from a single shot of a single camera 

using a biprism. Accordingly, this camera system considerably 

reduces unwanted geometric and intensity differences between the 

stereo images. The biprism is placed in front of the camera. An 

arbitrary object point in three-dimensional space is transformed into 

two virtual points by the biprism. As in the conventional stereo 

system, the displacement between the two conjugate image points of 

the two virtual points is directly related to the depth of the object 

point. 

2. Principles of the Biprism-Stereo 

Fig. I shows the geometry of a biprism and the associated 

coordinate system. Both the inclined prism planes R ,  and R ,  make 

the angle a with the base plane R, respectively. An arbitrary point 

in 3-D space P(X,,Y,.&) is transformed into the two virtual points 

P,(X,,Y,,i&) and P,(X,,,Y,,,Z,,,) by the inclined prism planes. 
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The disparity with respect to the new image centers of the virtual 

cameras is proportional to the inverse of depth as for conventional 

stereo systems with two parallel cameras. For the biprism-stereo 

system, however. the disparity with respect to the original image 

center of the camera satisfies equation (8). 

Virtual Camem(L) Camera Virtual Camera(R) 

(a) 
z. z, 

3. Experimental Results 

3-1 Disparity Map 

This section presents some disparity maps of real objects. 

which are computed from correspondences found automatically in 

a biprism-image. To obtain a biprism-image, a biprism is placed in 

front of a camera as shown in Fig. 5. For this particular prototype, 

distance between the optical center and the biprism, 1:.  is 150 mm, 

and the biprism 1s designed to have an declination angle of 12.4 

degrees. Therefore, the effective baseline distance is 38.8 mm. 

As we explored in the previous section, the distance between 

two corresponding points mr(ur ,v,)  and ml(ul ,vl)  in the 

image plane IS proportional to the distance between the two virtual 

points transformed by the biprism in the camem coordinate. 

A simple cross-correlation technique is used for matching. For 

this particular experiment, we use a 25 x 25 window to compute 

the sum of squared differences. Fig. 6 and Fig. 7 show an input 

biprism-image and the computed disparity map. 

Standard CCD Camera I + I Fig. 5 An implementation of a biprism-stereo camera 
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(a) An input b~pnsm image (b) Computed disparity map 

Fig. 6 A disparity map computed from the biprism stereo image 

for a textured light bulb. 
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(a) An Input biprism image (b) Computed disparity map 
Fig. 7 A disparity map computed from the biprism stereo image 
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3-2 Euclidean Depth 

In the previous section, we presented a method to compute the 

depth map using only the disparity. To obtain Euclidean depth, 

however. 11 is necessary to know the intrinsic panmeters of the 

camem and hipnsm. Fig. X shows a stereo Image pair and a 



biprism-stereo image of a calibration box, obtained by a virtual points, and the distance between the two virtual polnts 

conventional stereo camera system and the proposed biprism- becomes larger as the three dimensional point moves farther away 

stereo camera, respectively. The calibration box is 150 x 150 x 150 from the biprism. The distance between two virtual points is 

mm. proportional to the distance to the biprism. 

(3) Two virtual points lie on the same scanline. If the base plane of 

(a) Stereo image  air (640x480) 

(b) H ~ ~ ) ~ i s ~ ~ i - s t c r c o  1111agc (040 x 480) 

Fig. X Images of a calibration box ( 150 x 1.50 x 150 mm) 

Let us assume that the world reference coordinate 1s centered at 

the lower-center comer of the calibration hox. Using 60 reference 

markings on the callbration box as the reference points with known 

world coordinates. a well-known calibration algonthm by Faugeras 

and Toscani [6] is implemented to calibrate both a conventional 

two-camera stereo and the proposed biprism-stereo camera. The 

conventional stereo system consists of two CCD cameras with 

parallel camera geometry and a baseline d~stance of 109.6 mm. 

Note that the effective baseline distance for the biprism-stereo 

camera is 38.8 mm. As shown in Table I ,  errors from the biprism- 

stereo camera are comparable with those of the conventional stereo 

system. 

Table I .  Errors in the computed Euclidean depth for 60 reference 

the biprism is parallel to the image plane, and the biprism does not 

rotate about the Z-axis, the corresponding points in the image lie on 

the same scanlines. 

(4) If we know the disparity between corresponding points in the 

image, the relative distance between the points in three- 

dimensional spaces can be determined. Accordingly, we define the 

distance between the corresponding points as the disporin. 

(5) The field of view of the biprism increases with the increase of 

the angle a of the biprism. Also, the disparity increases But, in 

order to find corresponding polnts in the Images, the field of view 

of the biprism must be smaller than the field of view of the camera. 

(6) This camera system can obtain a stereo pair from a single shot 

and through a single camera. Since the two images of a stereo pair 

are obtained at the same time, this camera can he used in many 

vision aoolications such as dvnamic scene analvsis. 
8 .  

(7) This camera system can recover the relative depth using only 

the disparity between the corresponding points without knowledge 

of parameters of the camera system. 
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