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ABSTRACT

Verification of computer vision theories 1s facilitated by the development and implementation of computer
simulation systems. Computer simulation avoids the necessity of building actual camera systems; they are fast,
flexible, and can be easily duplicated for use by others. In our previous work, we proposed a useful computational
model to explore the image sensing process. This model decouples the photometric information and the geometric
information of objects in the scene. In this paper, we further extend the proposed image sensing model to simulate
the image formation of moving objects (motion) and stereo vision system. The simulation algorithms for curved
objects, moving objects, and stereo imaging are presented. Based on the proposed model and algorithms, a
computer simulation system called Active Vision Simulator (AVS) has been implemented. AVS can be used to
simulate image formation process in a monocular (MONO mode) or a binocular (STEREO mode) camera system
to synthesize the images. It i1s useful for research on image restoration, motion analysis, depth from defocus,
and algorithms for solving the correspondence problem in stereo vision. The implementation of AVS is efficient,
modular, extensible, and user-friendly.
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1 INTRODUCTION

Many theories have been developed in computer vision during the past three decades for recovering scene
information. Verification of such computer vision theories often require expensive and accurate camera systems,
and laboratory facilities for calibration and experimentation. As an alternative, it is possible to develop com-
putational models of the camera system, and simulate the system on a computer. This 1s not only faster and
cheaper than building actual camera systems and setting up expensive laboratories, it also provides flexibility
and accuracy. The physical parameters of the camera system (e.g. focal length, sampling rate, quantization level,
noise characteristics, optical aberrations, etc.) are easily changed and they can be set to desired values to very
high accuracy. The only major limitation is the amount of computational resources required for simulation.



Figure 1: Relationship between the displacement of a point in the scene and the corresponding point in the image.

In active vision, changing the direction of view and the visual parameters facilitates and makes efficient the

computational stage of machine vision. An active vision system can be considered as a system that integrates
visual sensing and action. There are two common tasks to be solved in active vision systems: one is the correspon-
dence problem in stereo imaging, the other is motion estimation to dynamically track the objects in the scene.
Many researchers have proposed algorithms'=®®1!! for these tasks. Our objective here is to provide researchers a
simulation environment to simulate image sensing process in motion and stereo systems.
In our previous work,”® we proposed a computational model on the image sensing and formation process of a
CCD camera system. This model decouples the photometric properties of a scene from the geometric properties of
the scene in the input to the camera system. In this paper, we further extended the proposed computational model
to simulate the image formation of moving objects (motion) and stereo vision system. Based on the extended
computational model, a computer simulation system called Active Vision Simulator (AVS) is developed. AVS is
an extension of the Image Defocus Simulator (IDS) presented in.”1% It can be used to simulate image formation
process in a monocular (MONO mode) or a binocular (STEREO mode) camera system. The simulation of curved
objects is also included in AVS. The user interfaces for AVS are similar to those in IDS.”

This paper 1s organized as follows: Section 2 presents the computational model for motion and stereo sim-
ulation; Section 3 describes the simulation algorithms used for curved objects, motion simulation, and stereo
imaging; Section 4 describes the user interfaces of AVS; Section 5 presents the simulation results; and finally,
Section 6 concludes this paper.

2 CAMERA MODEL

In this section, we will extend the computational model presented in'® to simulate the image sensing process
for moving objects and binocular stereo camera systems.

2.1 Motion simulation

When objects move in front of a camera, or when a camera moves through a fixed environment, there are
corresponding changes in the images. The displacement of a point in the environment will cause a displacement
of the corresponding image point. In motion simulation, we assume that all the objects in the scene are rigid
objects. Therefore, the shape of the objects will not change during motion.



Figure 2: A general stereo system model.

Figure 1 shows the relationship between an object motion vector m, = P;Pg =[Veo Vyo Vio] At and the
image motion vector 1m; = P;PZ»’. For simplifying the discussion, the image plane is placed at the focused position
and is perpendicular to the optical axis (zaxis). The vector m, can be decomposed into two components, one
parallel to the x-y plane (P;Pg’) which shifts the object, and another parallel to the zaxis which changes the size
of the object.

Consider the translation vector P;Pg’. Let P;Pg’ = 17; At = [Voo Vyo 0] At for a fixed time interval
At. This corresponds to a motion vector 1i; = 172 At =[Vy Vg 0] At in the image plane. The amount of

displacement is || P, P/|| = ||V;At|| in the scene which corresponds to a displacement of ||P:PZ’|| = ||V;At|| in the
image plane.

From the geometry in Figure 1, we have

VAl i _v—f (1)
VAL 7o f

The displacement of points in the image plane can be computed using Equation (1). For zaxis movement, i
V.o = 0, there will be a change in the size of the objects in the scene. This results in image magnification or
shrin ing which requires image interpolation and resampling.

"and ' are the entrance

A general stereo system model is shown in Figure 2 where  is the global origin,
pupil origin of the left and the right cameras, respectively. The left and the right cameras can be treated as
monocular camera systems similar to that in Figure . The global origin 18 introduced as a reference point for

the positions of the object, the left camera, and the right camera.

n this generalized stereo system, the optical axes of the two cameras are not parallel, but intersect at some
point in the scene. n order to simplify computations in our simulation, we restrict the optical axes of the cameras
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