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Abstract. In this paper a new adaptive correlation filter based on synthetic dis-
criminant functions (SDF) for reliable pattern recognition is proposed. The in-
formation about an object to be recognized and false objects as well as back-
ground to be rejected is used in an iterative procedure to design the adaptive 
correlation filter with a given discrimination capability. Computer simulation 
results obtained with the proposed filter in test scenes are compared with those 
of various correlation filters in terms of discrimination capability.  

1   Introduction 

Since the introduction of the matched spatial filter (MSF) [1], many different types of 
filters for pattern recognition based on correlation have been proposed [2-11]. The 
traditional way to design correlation filters is to make filters that optimize different 
criteria. Several performance measures for correlation filters have been proposed and 
summarized in [5]. Some of the measures can be essentially improved using an adap-
tive approach to the filter design. According to this concept we are interested in a 
filter with good performance characteristics for a given observed scene, i.e. with a 
fixed set of patterns or a fixed background to be rejected, rather than to construct a 
filter with average performance parameters over an ensemble of images. 

One of the most important performance criteria in tasks of pattern recognition is 
the discrimination capability, or how well a filter detects and discriminates between 
classes of objects. A theoretical analysis of correlation methods has been made by 
Yaroslavsky [6]. He suggested a filter with minimum probability of anomalous local-
ization errors (false alarms) and called the optimal filter (OF). An important feature 
of the OF is its adaptivity in application to pattern recognition or target detection 
because its frequency response takes into account the power spectrum of wrong ob-
jects or an observed scene background to be rejected. A disadvantage of the OF in 
optical implementation is its extremely low light efficiency. The correlation filter 
with maximal light efficiency is a phase-only filter (POF) [2]. An approximation of 
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the OF by means of phase-only filters with a quantization was made in [7]. There 
approximate filters with high light efficiency and discrimination capability close to 
that of the OF were proposed and investigated. Another fruitful approach to the syn-
thesis of adaptive filters with improved capability to discriminate between similar 
objects was proposed in [10].  

An attractive approach to distortion-invariant pattern recognition is the use of a 
synthetic discriminant function (SDF) filter [3, 4]. The SDF filters use a set of train-
ing images to synthesize a template that yields a prespecified central correlation out-
puts in response to training images. The main shortcoming of the SDF filters is ap-
pearance of sidelobes owing to the lack of control over the whole correlation plane in 
the SDF approach. As a result, the SDF filters often possess a low discrimination 
capability. A partial solution to this problem was suggested [11]. 

In this work, a new adaptive SDF filter algorithm is proposed for elimination of 
sidelobes and improving the discrimination capability. The proposed filter is designed 
to reject sidelobes of an input scene background as well as false objects. In such a 
way we are able to control the whole correlation plane. The performance of the adap-
tive filter in test scenes are compared with those of the MSF, the POF and the OF in 
terms of discrimination capability.  

Section 2 is a review of SDF filters. The design of the adaptive SDF algorithm is 
given in Section 3. Computer simulation results are presented and discussed in Sec-
tion 4. Finally, conclusions of our work are provided in Section 5. 

2   Synthetic Discriminant Functions 

The SDF filter is a linear combination of MSFs for different patterns [3, 4]. The coef-
ficients of the linear combination are chosen to satisfy a set of constraints on the filter 
output, requiring a prespecified value for each of the patterns used in the filter synthe-
sis 

2.1   Intraclass Recognition Problem  

Let ( ){ }  1 2, , , , ...,if x y i N=  be a set of (linearly independent) training images, each 

with d  pixels. The SDF filter function ( ),h x y  can be expressed as a linear combina-

tion of the set of reference images ),( yxfi , i.e. 
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where ia  are weighting coefficients, which are chosen to satisfy the following condi-

tions: 

ii uhf =�  (2) 

where the symbol �  denotes correlation and iu  is a prespecified value in the correla-

tion output at the origin for each training image.  
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Let R  denote a matrix with N  columns and d  rows (number of pixels in each 
training image), where its ith column is given by the vector version of ),( yxfi . Let a  

and u  represent column vectors of the elements ia and iu , respectively. We can re-

write equations (1) and (2) in matrix-vector notation as follows: 

aRh = , (3) 

hRu += , (4) 

where superscript + means conjugate transpose. By substituting equation (3) into 
equation (4) we obtain 

R)a(Ru += . (5) 

The element ),( ji  of the matrix R)(RS +=  is the value at the origin of the cross-

correlation between the training images ),( yxfi  and ),( yxf j . If the matrix S  is non-

singular, the solution of the equation system is 

uR)(Ra 1−+= , (6) 

and the filter vector is given by 

uR)R(Rh 1−+= . (7) 

An equal correlation peak SDF filter can be used for intraclass distortion-invariant 
pattern recognition, (i.e., recognition of several images obtained from the true class 
objects). This can be done by setting all elements of u  to unity, i.e. 

T]1...11[=u . (8) 

2.2   Multiclass Recognition Problem 

Now assume that there are a distorted version of the reference and various other 
classes of objects to be rejected. For simplicity, we consider two-class recognition 
problem. Thus, we design a filter to recognize training images from one class (called 
the true class) and to reject training images from another class (called the false class). 

Suppose that there are M training images for the false class 
Miyxpi ,...,2,1)},,({ = . According to the SDF approach, the composite image 

),( yxh  is a linear combination of the training images; that is, 

)},(),...,,(),,(),...,,({ 11 yxpyxpyxfyxf MN . The both intraclass recognition and inter-

class discrimination (i.e., discrimination of the true class objects against the false 
class objects) problems can be solved by means of SDF filters. We can set 1=iu  for 

the true class objects and 0=iu  for the false class objects as follows: 

T]0...100...11[=u  (9) 
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Using the filter in (7) for pattern recognition, we expect that the central correlation 
will be close to 1 for the true class objects and it will be close to 0 for the false class 
objects. Obviously the above approach can be extended to any number of classes (in 
theory). Unfortunately, this simple procedure is the lack of control over the whole 
correlation output. This means that sidelobes may appeared anywhere on the correla-
tion plane.  

3   Design of Adaptive SDF Filter 

A new adaptive SDF filter is proposed to recognize objects in high cluttered input 
scenes. We use discrimination capability (DC) for the filter design. The DC for pat-
tern recognition is defined [5, 10] as the ability of a filter to distinguish a target 
among other different objects. If a target is embedded into a background that contains 
false objects, then the DC can be expressed as follows: 

2
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)0,0(

)0,0(
1

T

B

C

C
DC −=  (10) 

where CB is the maximum in the correlation plane over the background area to be 
rejected, and CT is the maximum in the correlation plane over the area of object to be 
recognized. The area of the object to be recognized is determined in the close vicinity 
of the target location (the size of the area is similar to the size of the target). The 
background area is complementary to the object area. Negative values of the DC 
indicate that a tested filter fails to recognize the target. 

We are interested in a filter that identifies the target with a high discrimination ca-
pability in high cluttered and noisy input scenes. In this case, actually conventional 
correlation filters yield a poor performance because of a low tolerance to noise and 
false details. With help of the adaptive SDF filters a given value of the DC can be 
achieved.  

The algorithm of the filter design requires knowledge of the background image. 
This means that we are looking the target with unknown location in the known input 
scene background. The background can be described either stochastically, for in-
stance, it can be considered as a realization of stochastic process or deterministically, 
that can be a given picture. The first step is to carry out correlation between the back-
ground and a basic filter SDF filter, which is trained only with the target. Next, the 
maximum of the filter output is set as the origin for the next iteration of training. Now 
two-class recognition problem is utilized to design the SDF filter; that is, the true 
class is the target and the false class is the background with the region of support 
equals to that of the target. The described iterative procedure is carried out while a 
given value of the DC is obtained. A block-diagram of the procedure is shown in 
Fig. 1. 

Finally, note that if other objects to be rejected are known, they can be directly in-
cluded in the SDF filter design. 
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Fig. 1. Block diagram of the iterative process to design the adaptive SDF filter. 

4   Computer Simulation 

In this section simulation results obtained with the adaptive SDF filter are presented. 
These results are compared with those of the MSF, the POF and the OF filters. The 
size of all images used in our experiments is 256256 ×  pixels. The signal range is [0-
255]. The size of the butterflies is about 2030× pixels. We use a real background 
shown in Fig. 2 (a) as an input scene. The average and standard deviation of the 
background are 84 and 40, respectively. The target is a butterfly shown in Fig. 2(b). 
The average and the standard deviation over the target area are 35 and 22, respec-
tively. The signal to noise ratio of these signals is 0.0017. 

 

        

Target
mean=35.05

std=21.94

 

 (a) (b) 

Fig. 2. (a) Real background used in experiments, (b) target. 

Figure 3 shows the performance of the adaptive filter in terms of the DC versus the 
iteration number. One can observe that before iteration 2 the DC is negative. After 20 
iterations the obtained adaptive filter yields DC=0.998. All calculations are made 
with real values. This means that a high level of the correlation plane control can be 
achieved for a given input scene.    
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Fig. 3. Performance of the adaptive SDF filter at each iteration. 

      

   (a) (b) 

Fig. 4. Test scenes. (a) target is marked with a white arrow, (b) target is in the lower left corner 
and false butterfly in the upper right corner. 

Next, we test the performance of pattern recognition with the adaptive filter when 
the target is placed into the background at arbitrary coordinates. The input scene is 
shown in Fig. 4 (a). The performance of the MSF, the POF and the OF in terms of the 
DC is given in line 1 of Table 1. Obviously, the proposed filter referred to as A-SDF1 
gives the best performance in terms of the DC. We used 30 statistical trials of our 
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experiment for different positions of the target. With 95% confidence the DC is equal 
to 0.992±0.007. 

Next, we place a false butterfly into the background. The average and standard de-
viation over the false object are 74 and 29, respectively. This scene is shown in 
Fig. 4(b). The adaptive filter design was made taking into account the false butterfly. 
We called the second adaptive filter as A-SDF2. Pattern recognition with the adaptive 
filter when the target is embedded into the background at arbitrary coordinates was 
performed. The input scene is shown in Fig. 4 (b). The performance of the correlation 
filters in terms of the DC is given in line 2 of Table 1. In this case the proposed adap-
tive yields also the best performance in terms of the DC. With 95% confidence the 
DC is equal to 0.985±0.009. 

Figure 5 shows the correlation planes obtained with A-SDF1 and A-SDF2 filters 
for two test scenes; that is, Fig. 5(a) is the filter output with A-SDF1 for Fig. 4 (a) and 
Fig. 5(b) is the filter output with A-SDF2 for Fig. 4 (b). 

 

  
   (a) (b) 

Fig. 5. Correlation distributions obtained with (a) adaptive SDF filter A-SDF1 for the test scene 
in Fig. 4(a), (b) adaptive SDF filter A-SDF2 for the test scene in Fig. 4(b). 

5   Conclusion 

In this paper, new adaptive SDF filters have been proposed to improve recognition of 
a target embedded into a known cluttered background. We compared the performance 
of pattern recognition with various popular correlation filters and the proposed adap-
tive SDF filters in terms of discrimination capability. The computer simulation results 
have shown the superiority of the proposed filters comparing with the MSF, the POF, 
and the OF filters.  

Table 1. Performance of different correlation filters in terms of DC. 

Scene MSF POF OF A-SDF1 A-SDF2 
a -0.988   -0.422 0.626 0.992 - 
b -2.507 -2.995 -1.374 0.633 0.985 
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