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Abstract. Active Shape Model (ASM) paradigm is a popular method for image 
segmentation where a priori information about the shape of the object of inter-
est is available. The effectiveness of the method is contingent upon a correct 
correspondence between model points and the features extracted from the im-
age. Extensive application of these models soon revealed one of their limita-
tions when, for a given model point, no obvious salient point can be found in 
the image. The primary cause of such limitation is due to weak edges and pres-
ence of abrupt noise which is the case with low light surveillance video images.  
In this paper we propose a fusion-based panoramic tracking algorithm of in low 
light images using multiple sensors. The proposed algorithm uses an IR and 
CCD sensor for image capture. The proposed tracking system consists of three 
steps: (i) pyramid based fusion algorithm, (ii) reconstruction of panoramic im-
age, and (iii) active shape model (ASM)-based tracking algorithm.  The ex-
perimental results show that the proposed tracking system can robustly extract 
and track objects on panoramic images in real-time. 

1   Introduction 

Video surveillance system is useful for monitoring large and complex environments 
such as large building, airport, etc. Motion detection and object tracking play an im-
portant role in video-based surveillance system, some of which are, i) adaptive back-
ground generation and background subtraction [1, 2], ii) selective pixel integration 
[3], and iii) region based tracking [4]. In this paper we target our algorithm for low 
light visual images where above mentioned method fails to perform. Using fusion-
based tracking we can integrate information from CCD and IR sensors and perform 
effective target tracking. For integrating and processing multi-sensor image we used 
panoramic imaging. The main advantage by doing so is they improve field of view to 
incorporate wide image observation region. Panoramic algorithm is carried out using 
direct linear transformation (DLT) and the singular value decomposition (SVD) algo-
rithm. Panoramic algorithm is merged with the pyramid bared fusion to over come 
heavy computational overhead and provide better visual quality. 
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2   Pyramid Based Fusion Algorithm 

2.1   Pyramid Construction for Image Fusion 

The pyramid representation can be used both for assessing the salience of the source 
image features, and for the reconstruction of the final image result. The following 
definitions for the pyramid are used. The fusion method described within this paper 
use a Laplacian pyramid representation. Laplacian pyramids are constructed for each 
image using the filter subtracts decimates (FSD) method. Thus the k’th level of the 
FSD Laplacian pyramid, k L, is constructed from the corresponding Gaussian pyra-
mid level k based on the relationship. 

 
(1 ),

k k k k
L G wG G w= − = −

 (1)  

Where w represents a standard binomial Gaussian filter, usually of 5x 5 spatial pixels 
extent. When constructing the FSD Laplacian, due to the decimation process and the 
fact that w is not an ideal filter, a reconstruction of the original image based on the 
FSD Laplacian pyramid incurs some loss of information.  

2.2   Feature Saliency Computation 

The feature saliency computation process, labeled sigma, expresses a family of func-
tions that operate on the pyramids of both images yielding saliency pyramids. In prac-
tice, these functions can operate on the individual pixels or on a local region of pixels 
within the given pyramid level. The saliency function captures the importance of what 
is to be fused. When combining images having different focus, for instance, a desir-
able saliency measure would provide a quantitative measure that increases when fea-
tures are in better focus. Various such measures, including image variance, image 
gradients, have been employed and validated for related applications such as auto 
focusing. The saliency function only selects the frequencies in the focused image that 
will be attenuated due to defocusing. Since defocusing is a low pass filtering process, 
its effects on the image are more pronounced and detectable if the image has strong 
high frequency content. One way to high pass filter an image is to determine its 
Laplacian or second derivative in our case. 
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In order to accommodate for possible variations in the size of texture elements, we 
computer the partial derivative by using a variable spacing between the pixels used to 
compute the derivatives. Hence a discrete approximation to the modified Laplacian is 
given by, 

( , ) ,2 ( , ) ( 1, ) ( 1, ) 2 ( , ) ( , 1) ( , 1)ML i j I i j I i j I i j I i j I i j I i j= − − − + + − − − +  (3)  

Finally, the focus measure at a point ( , )i j is computed as the sum of modified Lapla-

cian values, in a small window around ( , )i j , that are greater than a threshold value. 
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The parameter determines the window size used to compute the focus measure. In 
contrast to auto focusing methods, we typically use a small window of size, i.e. 

1N = . The above equation can be referred to as sum modified Laplacian (SML). 

3   Reconstruction of Panoramic Image Construction Algorithm  

Most feature-based correspondence algorithms use DLT and SVD for 3D-
transformation and interpolation. We begin with a simple linear algorithm for deter-

mining H  given a set of four 2D to 2D point correspondences, '

i ix x↔ . The trans-

formation is given by the equation '

i ix Hx= . Note that this is an equation involving 

homogeneous vectors; thus the 2-vectors '
ix  and iHx  are not equal, they have the 

same direction but may differ in magnitude by a non-zero scale factor. The equation 

may be expressed in terms of the vector cross product as ' 0i ix Hx× = . This form will 

enable a simple linear solution for H  to be derived. 
The SVD is one of the most useful matrix decompositions, particularly for numeri-

cal computations. Given a square matrix A , the SVD is a factorization of A  

as A UDV Τ= , where U  and V  are orthogonal matrices, and D  is a diagonal matrix 

with non-negative entries. Note that it is conventional to write V Τ  instead of V  in 
this decomposition. The decomposition may be carried out in such a way that this is 
always done. Thus a circumlocutory phrase such as “the column of V  corresponding 
to the smallest singular value” is replaced by “the last column of V .” 

4   Active Shape Tracker 

The original ASM was first proposed by Cootes [2], [3]. Detection, analysis, and 
tracking a human body in a video sequence is a major application area for the ASM 
because the shape of the human body has unique combination of head, torso, and legs, 
which can be modeled with small number of parameters. In this section we briefly 
revisit ASM theory including three steps: (a) shape variation modeling, (b) model 
fitting, and (c) local structure modeling. 

4.1   Shape Variation Modeling  

Given a frame of input video, initial landmark points should be assigned on the con-
tour of the object either manually or automatically. Good landmark points should be 
at or close to the desired boundary of each object. A particular shape X is represented 
by a set of n landmark points which approximate its outline as  
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Different sets of such landmark points make a training set. A shape in the training set 
is normalized in scale, and aligned with respect to a common frame, as shown in 
Fig.1. Although each aligned shape is in the 2n-dimensional space, we can model the 
shape with a reduced number of modes using the principal component analysis (PCA) 
analysis. The main modes of the template model, X , are then described by the eigen-

vectors ϕ of the covariance matrix C, with the largest eigen values [9]. 

4.2   Model Fitting  

We can find the best shape and pose parameters to match a shape in the model coor-
dinate frame, x, to a new shape in the image coordinate frame, y, by minimizing the 
following error function 

( ) ),( MxyWMxyE TT −−=  
(6)  

where M represents the geometric transformation of scaling (s), translation (t), and 
rotation (θ ). For instance if we apply the transformation to a single point, denoted by 

Tqp ],[ , we have 
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(7)  

After a set of pose parameters, },,{ stθ , is obtained, the projection of y on to the 
model coordinate frame is given as 

.1 yMx p
−=

 
(8)  

Finally, the parameters are updated as 

).( xxb p
T −= φ

 
(9)  

4.3   Local Structure Modeling 

In order to interpret a given shape in the input image based on ASM, we must find a 
set of parameters that best match the model to the input shape. If we assume that the 
shape model represents boundaries and strong edges of the object, a profile across 

each landmark point has an edge like local structure. Let 
,ig

i=1…, n, be the normal-

ized derivative of a local profile of length K across the i-th landmark point, 
g

and 

gS
 the corresponding mean and covariance, respectively. The nearest profile can be 

obtained by minimizing the following Mahalanobis distance between the sample and 
mean of the model as 
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where mig ,  represents the shifted version of ig
 by m samples along the normal 

direction of the corresponding boundary. Figures 1 and 2 gives a schematic repre-
sentation of the ASM. Fig.2. shows the result of PCA and local structure model 
fitting. 

 

Fig. 1. Shape alignment: (a) Move centroid to origin, (b) find major axes of the shape,(c) rota-
tion for alignment 

                      
(a)                                                    (b) 

Fig. 2. (a) PCA analysis and (b) Local structure model fitting 

5   Experimental Results 

In this section we present the results of the proposed algorithm. Fig. 6 gives some 
examples of pyramid banned fusion algorithm. As can be seen the CCD sensor fails 
to provide complete object information in both canes due to low illumination envi-
ronment. But fusion with IR image in Fig 3(f) results in much more distinguishable 
object for tracking. In Fig 4 we provide results of panorama view. The panoramic 
reconstruction is carried out on fused image to provide wide view for object track-
ing. The object tracking results after panorama reconstruction is carried out using 
ASM. 

Experimental results show tracking in the dark no problem. This makes the best use 
of an advantage of CCD-camera and IR-camera.  
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(a)                                     (b)                                   (c) 

       
(d)                                     (e)                                   (f) 

Fig. 3. Results of multi-dimensional fusion of IR and CCD camera sequences. (a) input ccd 
image, (b) input IR image, (c) daubechies wavelet representation of CCD, (d) daubechies wave-
let representation of IR, (e) fusion result in wavelet domain, (f) reconstruction of fused wavelet. 

 

          
(a)                                          (b) 

     
(c)                                          (d) 

Fig. 4. Results of multi-dimensional fusion of IR and CCD camera sequences. (a), (b) input 
CCD image, (c),(d) input IR image, (e), (f) reconstruction of fusion 
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(e)                                          (f) 

Fig. 4. (Continued) 

 

Fig. 5. Generated panoramic image 

 

Fig. 6. ASM tracking on panoramic image 

6   Conclusion 

In this paper we proposed an automatic fusion-based panoramic tracking system. 
Pyramid fusion was extended to IR and CCD sensors. Active shape tracker was used 
to carry about object tracking. Experimental results prove the effectiveness of the 
proposed algorithm in real-time and low light environment. 
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