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Abstract

Motion computation in scenes having multiple moving objects is performed together with object segmen-
tation by using a temporal integration approach. Using an accurate 2D motion estimate for image regions,
they can be enhanced by fusing all successive frames covering the same region. Enhancement includes im-
provement of image resolution and filling-in occluded regions. It is also shown how an accurate 2D motion
estimate for a single planar surface in a general static scene can help to compute the 3D motion performed
by the camera.

1 Introduction

A method for detecting and tracking multiple moving objects, using both a large spatial region and a
large temporal region, is described. When the large spatial region of analysis has multiple moving objects,
the motion parameters and the locations of the objects are computed for one object after another. The
method has been applied successfully to 2D affine and projective motions in the image plane. Once an
object has been tracked and segmented, it can be enhanced using information from several frames [13, 14].
Enhancement includes filling-in occluded regions and improving spatial resolution.

The 2D detection and tracking algorithm can also be used for estimating the camera motion (ego-motion)
in general static 3D scenes. Once a single planar surface in a general static scene is detected in the image,
and its 2D motion parameters computed, we use this data for estimating the entire 3D scene structure and
the 3D motion performed by the camera.

Sect. 2 describes briefly a method for detecting and tracking the differently moving objects in the sequence.
Sect. 3 describes the algorithms for image enhancement. Sect. 4 describes the method for computing the 3D
motion of the camera (the ego-motion) in a static scene. More details can be found in [14, 15, 16].

2 Multiple Motions in Image Sequences

To detect differently moving objects in an image pair, a single motion is first computed, and a single
object which corresponds to this motion is identified. We call this motion the dominant motion, and the
corresponding object the dominant object. Once a dominant object has been detected, it is excluded from
the region of analysis, and the process is repeated on the remaining image regions to find other objects and
their motions. Temporal integration is then used to track detected objects throughout the image sequence.
More details can be found in [15].

It is assumed that the projected 3D motions of the objects can be approximated by some 2D parametric
transformation in the image plane. This assumption is valid when the differences in depth caused by the
motions are small relative to the distances of the objects from the camera. We have chosen to use an iterative,
multi-resolution, gradient-based approach for motion computation [3, 5, 6]. The parametric motion models
used in our current implementation are: pure 2D translation (2 parameters), 2D affine transformation (6
parameters, [5, 4]) and projective transformation (8 parameters [1, 4]).

Detecting the First Object. The motion parameters of a single object in the image plane can be
recovered by applying the iterative detection method to the entire region of analysis. This can be done even
in the presence of other differently moving objects in the region of analysis, and with no prior knowledge of
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Figure 1: A temporally integrated image.

a) A single frame from a sequence. The scene
contains four moving objects.

b) The temporally integrated image after 5
frames. The tracked motion is that of the ball.
All other regions blur out.

a) b)

their regions of support [7, 16]. Once a motion has been determined, we would like to identify the region
having this motion. To simplify the problem, the two images are registered using the detected motion. The
motion of the corresponding region is therefore canceled, and the problem becomes that of identifying the
stationary regions. Detection of stationary regions is described in [15].

Tracking by Temporal Integration. Once an object has been detected, it can be tracked throughout
the image sequence. This is done by using temporal integration of images registered with respect to the
tracked motion. The temporally integrated image serves as a dynamic internal representation image of the
tracked object.

Let {I(t)} denote the image sequence, and let M (t) denote the segmentation mask of the tracked object
computed for frame I(¢), using the segmentation method described in [15]. Initially, A/ (0) is the entire region
of analysis. The temporally integrated image is denoted by Awv(t), and is constructed as follows:

{AMD 10
Av(t+1) = (1—w) It + 1)+ w- register(Av(t), I(t + 1))

where register(P, Q) denotes the registration of images P and @ by warping P towards @ according to the
motion of the tracked object computed between them, and 0 < w < 1 (currently w = 0.7). An example of a
temporally integrated image is shown in Fig. 1.

When the motion model approximates well enough the temporal changes of the tracked object, shape
changes relatively slowly over time in registered images. Therefore, temporal integration of registered frames
produces a sharp and clean image of the tracked object, while blurring regions having other motions. Fig. 1
shows a temporally integrated image of a tracked rolling ball. Comparing each new frame to the temporally
integrated image rather than to the previous frame gives the algorithm a strong bias to keep tracking the
same object. Since additive noise is reduced in the the average image of the tracked object, and since image
gradients outside the tracked object decrease substantially, both segmentation and motion computation
improve significantly.

In the example shown in Fig. 2, temporal integration is used to detect and track the first and second
object. In this sequence, taken by an infrared camera, the background moves due to camera motion, while the
car moves differently. It is evident that the tracked object in Fig. 2.c is the background, as the background
maintains its sharpness, while all other regions in the image are blurred by their motion, and that the tracked
object in Fig. 2.e is the car.

3 Image Enhancement

Once an object has been tracked and segmented, it can be enhanced using information from several frames.
The methods presented for image enhancement are reconstruction of occluded segments and improvement
of spatial resolution. More details can be found in [13, 14].

3.1 Reconstruction of Occlusions

When parts of a tracked object are occluded in some frames, but appear in others, a more complete view
of the object can be reconstructed. The image frames are registered using the computed motion parameters.
The object is then reconstructed by temporally averaging gray levels of all pixels which were classified as
object pixels. Object regions will be reconstructed even if they are occluded in some frames.

In the example shown in Fig. 3, the background was completely reconstructed, eliminating the walking
girl from the scene.
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Figure 2: Detecting and tracking multiple moving objects using temporal integration (IR images).

a-b) The first and last frames. Both the background and the car are moving.

¢) The temporally integrated image of the first tracked object (background). The car blurs out.

d) Segmentation of the first tracked object (background). White regions are those not belonging to the
tracked region.

e) The temporally integrated image of the second tracked object (car). The background blurs out.

f) Segmentation of the second tracked object.

Figure 3: Reconstruction of
occluded regions.

a) The girl appears in all
frames and occludes a part of
the background.

b) Full reconstruction of the
background without the girl.







