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Abstract—In this paper, we proposed a scale adaptive 
Kalman filter algorithm based on quaternion correlation of 
color image. First, Kalman filter is used to estimate the 
object motion direction. The correlation of object and the 
searching window image is calculated to get the accurate 
position of the object. The scale adaptive method is efficient 
to the situation of object size changing. In order to reduce 
the influence of illumination, we proposed to use HSV color 
space instead of RGB color space. Experiments results 
showed that the algorithm can detect the object correctly 
even the size and the color of the object changed. 
  
Index Terms—scale adaptive; quaternion correlation; object 
tracking 
 

I.  INTRODUCTION 

Object tracking is a process of locating a moving 
object (or multiple objects) over time in video by 
associating target objects in consecutive video frames 
based on some kind of tracking algorithm. Object 
tracking has been widely used in several areas, including 
motion-based recognition[1], automated surveillance[2], 
and traffic monitoring[3].The aim of object tracking is to 
locate the object's position in every frame of the video. A 
number of approaches of object tracking method have 
been proposed. Tracking methods can be categorized in 
three components: point tracking, kernel tracking and 
silhouette tracking[4].  

Mean-shift algorithm[5] is an kernel based method 
which use color histograms to represent the object. 
Objects are tracked by computing the kernel motion. But 
when the target moves too fast so that the target area in 
the two neighboring frame will not overlap, tracking 
object often converges to a wrong object. If the size of 
object changes, we will also get wrong result. Bastian 
Leibe et al.[6] presented an approach to multi-scale object 
categorization using scale-invariant interest points and a 
scale-adaptive mean-shift search. Bo Li et al.[7] proposed 
an improved mean-shift algorithm used in multi-object 
tracking. The histogram difference between the 
histograms of background and moving object was 
computed to obtain the back projection image. 

Kalman filter [8, 9] and particle filter[10, 11] are the 
typical algorithms of point tracking, but an external 
mechanism is required to detect the object position in 
every frame. In this paper, Hypercomplex number was 
used to detect the object position. Hypercomplex number 
was first proposed by Hamilton in 1843 [12]. Ell and 
Sangwine [13] described the hypercomplex Fourier 
transform of color image in detail. Sangwine et al. [14] 
proposed phase correlation of color image based on 
hypercomplex Fourier transforms, which can be used in 
image registration.  

Reference[15] proposed an improved Kalman filter 
algorithm based on quaternion correlation of color image. 
Kalman filter is used to predict the object moving 
direction, then the correlation of the object and the area of 
searching window is calculated to get the accurate 
position of the object. But if the object size changed a lot, 
the location accuracy decreased. Reference[16] proposed 
auto scaled adaptive method to modify the template. In 
this paper we proposed a scale adaptive method based on 
HSV, which can be used in lumination variance video. 

The rest of this paper is organized as follows. In 
section II, we introduced tracking method of Kalman 
filter based on quaternion correlation. In section III the 
proposed method is described in details. Section IV 
showed the comparative results and in section V, we 
made a conclusion for this paper.  

II.  METHODS 

A. Kalman Filter 
The Kalman filter is a set of mathematical equations to 

estimate the state of a process efficiently and to minimize 
the mean of the squared error. In this paper, we used 
Kalman filter to estimate the position of the object. 

There are two steps in Kalman filter performing 
tracking: time update and measurement update. In the 
time update step, the current state is projected forward (in 
time) and error covariance is estimated to obtain the a 
priori estimates for the next time step. We can get the 
predicted state and error covariance as follows. 

Predicted state estimate:       
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| 1 1| 1 1ˆ ˆk k k k k k kx F x B u− − − −= +                                 (1) 
Predicted estimate covariance: 

 | 1 1| 1 1
T

k k k k k k kP F P F Q− − − −= +                               (2) 

where |ˆk kx is a posteriori state estimate at time k given 

observations up to and including at time k. |k kP  is a 
posteriori error covariance matrix. 

The measurement update step is incorporating a new 
measurement into the a priori estimate to obtain an 
improved a posteriori estimate The Kalman Gain is 
calculated by the priori predicted error covariance as (3) 
and (4). Then the filter corrects the state model by 
Kalman gain and measurement residual as (5) and (6). 
Finally the filter corrects the error covariance as (7). The 
two phases alternate until the next scheduled observation 
and the update incorporating the observation. 

Innovation covariance    | 1
T

k k k k k kS H P H R−= +      (3) 

Optimal Kalman gain       1
| 1

T
k k k k kK P H S −

−=            (4) 

Measurement residual       | 1ˆk k k k ky z H x −= −          (5) 

Updated state estimate      | | 1ˆ ˆk k k k k kx x K y−= +        (6) 

Updated estimate covariance | | 1( )k k k k k kP I K H P −= −   

                   (7) 

B. Quaternion Correlation 
Kalman filter should be used combined with another 

algorithm to detect the accurate position of the object. In 
this paper we used Quaternion correlation to detect the 
object. 

A hypercomplex number is a traditional term for an 
element of an algebra over a field where the field is the 
real numbers or the complex numbers. The quaternions 
are a number system that extends the complex numbers, 
which have one real part and three imaginary parts. A 
quaternion is defined as 

0 1 2 3( ) ( ) ( ) ( ) ( )q n q n iq n jq n kq n= + + +             
                                 (8) 

where 0 ( )q n , 1( )q n , 2 ( )q n , 3 ( )q n are real, and i, j, k 
are imaginary operators.  

In digital image processing, we can define a pixel of 
color image ( , )f m n  by pure quaternion as  

( , ) ( , ) ( , ) ( , )f m n R m n i G m n j B m n k= + +        
                                 (9) 

where ( , ), ( , ), ( , )R m n G m n B m n are the red, green 
and blue components of the pixel respectively.  

Although the image can be described by RGB model, 
the model is not suitable for some situations, such as 
lumination changing. Thus, we change the color space to 
HSV space, the pixel ( , )f m n  can be represented by 

( , ) ( , ) ( , ) ( , )f m n H m n i S m n j V m n k= + +       
                                  (10) 

where ( , ), ( , ), ( , )H m n S m n V m n are the hue, 
saturation and value components of the pixel respectively.  

Quaternion Fourier transform and inverse transform 
are defined as follows[13,15]. 

1 1 2

0 0

{ ( , )} ( , )

1 ( , )

R
R

mv nuM N
M N

m n

F f m n F v u

f m n e
MN

μ π ⎛ ⎞− − − +⎜ ⎟
⎝ ⎠

= =

=

= ∑∑
            (11) 

1 1 2

0 0
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1 ( , )

L
L
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where M and N are the height and width of the image 
respectively. μ is any unit pure quaternion. It can be set as 

( ) / 3i j kμ = + + or other vector. ( , )m n  is the 

coordinate of time domain and ( , )u v is the coordinate of  
frequency domain. RF denotes the right Fourier 
transform of ( , )f m n . LF denotes the left Fourier 
transform. RF − denotes the inverse right Fourier 
transform and LF − denotes the inverse left Fourier 
transform. 

Image correlation is a very useful technique in many 
areas, such as image registration. The quaternion 
correlation of two color images are defined as  

1 1

0 0

( , ) ( , ) ( , )
M N

q p

m n f g f q p g q m p nσ
− −

= =

= ∗ = − −∑∑       

                   (15) 
where * is correlation operate. f and g are the images of 
size M N× . The improved correlation formula is shown 
as 

||( , ) [ ( , ) ( , ) ( , ) ( , )]R
R L R Lm n F F v u G v u F v u G v uσ −

− ⊥= +    

                  (16) 

where || ( , )LG v u and ( , )LG v u⊥ are the parallel and 

perpendicular component of ( , )LG v u . 
In this paper we used phase correlation to detect the 

accurate position of the object by 
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( , )( , )
| ( , ) |

R r

r

C m nC f g F
C m nφ

−=                                  

                           (17) 
where

||( , ) ( , ) ( , ) ( , ) ( , )r R L R LC m n F v u G v u F v u G v u− ⊥= +

( , )rC m n is the magnitude of ( , )rC m n . 
If we want to find whether the image G is one part of 

the image F, we can do cross-correlation of G and F. The 
peak of correlation result is the matching area. As shown 
in Figure1, (a) is image G, (b) is image F, (c) is the 
searching result image, and (d) shows the result of 
correlation, the peak represent the position of the 
matching area. 

In the past, quaternion correlation is done in RGB 
space. But in real video sequences, the same object in 
different frames is captured at different time under the 
different illuminate conditions. So the detailed color of 
two frames will differ. If phase correlation is done in 
RGB space, there will be mismatch because of different 
color. In this paper, we proposed to use HSV space 
instead of RGB space and set Hue component to zero to 
reduce the influence of illumination. 

In Ref[15], we proposed a Kalman filter method based 
on quaternion correlation algorithm. First the object 
image F of size M*N is extracted from the first frame. 
The position coordinate (x0,y0) of the object is sent to 
Kalman filter to estimate the next position (x1, y1). Then 
we got the search window image S (with the center  of 
(x1, y1) and  the size of (M+n)*(N+n), n is an positive 
integer such as 5, 7, …). The phase correlation of S and F 
is calculated. If the object F is in the window image S, 
there is an impulse at that position. The position 
coordinates are sent to Kalman filter to do the next 
prediction. Repeat the upper steps until the end of video 
sequence.  

C.   Scale Adaptive Algorithm  
The algorithm of section A and B gets better results 

than Meanshift algorithm as described in Ref[15]. But 
when the size of object changed a lot, the location 
accuracy decreased. To fix this problem, we proposed 
scale adaptive method to modify the template. 

 
 

 

(a)

 

(b)

(c) 

 

(d) 
Figure 1.  Result of quaternion phase correlation. (a) image G; (b) 

image F; (c) search result; (d) meshgrid of search result. 

 

Figure 2.   Main frame of proposed algorithm. 

The procedure of the proposed method is shown in 
Figure 2. The object was extracted by background 
subtraction method and was processed by morphology 
operation such as open and close operation to remove the 
small areas such as noise and error. The extracted object is 
used in quaternion correlation to detect the position of the 
object in the next frame. The new position is sent to 
Kalman filter to estimate the next position which is used 
to determine the next searching window. During the whole 
track processing, the background subtraction method was 
used every n frames (n is an integer) to detect whether the 
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object size has changed. If the object size changed a lot, 
the new object area is used to do tracking. The algorithm 
is suitable for the condition of objects’ size change.  

III. RESULT AND DISCUSSION 

The proposed scale adaptive matching algorithm was 
applied to a variety of synthetic and real images. In this 
section, we first give the experimental results of RGB 
space and HSV space. Then the results of our method 
and REF[15] are compared. Finally, the proposed 
method was used to multi-object tracking. 

A.  Matching Result in RGB Space and HSV Space 
In video sequences, the same object in different 

frames is captured at different times under the different 
illuminate conditions. So the detailed color of two 
frames will differ. We take the real video sequence 
(REF[17]) for example. As shown in Figure 3, the white 
clothes’ color is different in (a) and (b). If phase 
correlation is done in RGB space, there will be mismatch 
because of different color as shown in (c). In this paper, 
we use HSV space instead of RGB space to decrease the 
influence of illumination. Hue component is set to 0, and 
the matching result is shown in (d). It’s obviously that 
using HSV space can get better result. 

B.  Result of Proposed Algorithm 
We performed our method and method in Ref[15] both 

of the algorithms on real video sequences [17]. Figure4 
shows the tracking results of real videos. The 1st and 3rd 
rows are the results of our algorithm and the 2nd and 4th 
rows are the results of Ref[15] algorithm.  

In the video sequences, the women's size changed from 
small to large. It was shown that when the women's size 
did not change too much, both of the two algorithms 
could get accuracy results. When the women came closer, 
the size changed. The algorithm of Ref[15] did not 
consider the situation so that it got a unsatisfied result in 
frame 360 and 380. In this paper, we measured the size of 
person every 5 frames. If the ratio of old and new object 
size was larger than a threshold, the new object was used 
as model. It can be seen that our method had better 
results.. In the other hand, in frame 250-380, the color of 
clothes changed because of illumination changing. The 
HSV space was used in quaternion correlation. It can 
reduce the influence of illumination to get accurate 
location. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Matching result of RGB space and HSV space. (a) frame 135; 
(b) frame 146; (c) result of RGB space; (d) result of HSV space. 

Our method can also be used in obscured situation. As 
shown in Figure 5, a man walked in front of the woman. 
The object area increased suddenly while using 
background subtraction method. The object is so large 
that the position of the women we tracked is shifted. To 
solve this problem, we did not update the object model if 
the ratio of old and new object size increased or 
decreased too fast. The result was shown in the left 
column of figure5.  

Figure6 showed that our method is suitable for 
tracking multi-object too. 

IV. CONCLUSION 

In this paper, we proposed a scale adaptive Kalman 
filter algorithm based on quaternion correlation of color 
image.  Kalman filter is used to estimate the object 
moving direction. The correlation of object and the 
searching window image is calculated to get the accurate 
position of the object. Scale adaptive method is efficient 
to the situation of object size changing. Experiments 
results showed that the accuracy of our algorithm is 
higher than Ref[15]. 

To reduce the influence of illumination, HSV space is 
used to do phase correlation. The algorithm can also be 
used in multi-object tracking and be useful in some areas 
of object tracking and cloth dynamic simulation. 
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frame 250 

 
frame 270 

 
frame 300 

 
frame 330 

 
frame 360 

 
frame 380 

Figure 4.  Walking sequence tracked by our method and method of 
Ref[12]. The left column is the results of our method. The right column 

is the results of Ref[12]. 

 
 

Frame 220 

Frame 225 

Frame 230 

Frame 235 

Frame 240 
Figure 5.  Walking sequence with obscure tracked  (the left column is 
the result of our method and the right column is the result of Ref[12] ) 

(frame 220,225,230,235 and 240) 

 
Figure 6.  Walking sequence with multi-object tracked (frame 380, 390 

and 420) 
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