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1. INTRODUCTION 
Many approaches to the template matching problem 

have been proposed, studied, and some of them 
implemented (see [1] for a recent overview). However, 
most of them require expansive computation power, 
which is not desirable for real time systems. To reduce 
computation, Swain[2] proposed Histogram Intersection 
method and Ennesser[3] designed an algorithm for 
"finding Waldo" problem using this histogram method. 
This algorithm is robust and fast, but it is sensitive to 
noise. Generally, it cannot be avoided for systems to get 
the clear signals without noise, which can be modeled 
Gaussian noise[4]. But the Histogram Intersection 
method fails to work well when a system has noise. 

In this paper, we introduce new method using the 
concept of hash table (not exactly the same). 

The rest of this paper is organized as follows: In 
section 2 we explain our algorithm for an exact 
matching case using an example. Section 3 depicts our 
main algorithm which is extended version of the first 
one. Section 4 discusses the experiment results and 
conclusion.  

 
 

2. ALGORITHM 
In this section, firstly we look at exact matching 

algorithm which doesn't allow any noise to depict the 
basic idea. Then we explain how it works in the noisy 
environment. 
 
2.1 Basic Idea (Exact match) 
2.1.1 Construct index table 

If a given image is Fig.1 (a), then we can construct 
gray index table is Fig.1 (b). The process of making the 
index table is similar to hash table construction. Firstly, 
it goes through each pixel and check the gray level. For 
example, if the gray level of the pixel at (1,2) is '0', then 
it puts that location, (1,2), in the index 0 in the table. In 
the same manner, the pixel (1,1) is placed in the index 1 

in the table, because it's gray value is '1'. If we repeat 
this for all pixels, from (0,0) to (3,3), then the table is 
constructed as in Fig.1 (b). 

 

 

 (a)                   (b)           

Fig. 1 Original Image and Its Index Table 

 
 
Time complexity for constructing the index table 

, where  is width (=height) of the image. 
 

2.1.2 Matching 
If we have the index table, the matching process is 

just simple job. The algorithm starts from the first pixel 
of the query image in Fig. 2 

 
 
 
 
 

Fig. 2 Query Image 

 
 
Because the gray value of (0,0), the first pixel is '1', it 

looks at the index table with index '1'. Three pixels, 
(1,1), (3,1) and (2,2), exist and they become candidates 
of matching (refer Fig.3). 

To eliminate non promising candidates, we need to 
check the next pixel of the query image, which is (0,1). 
The gray value of it is '2'. We look at (0,1) pixel of each 
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candidate in the list, and if the pixel value of any 
candidate is not '2', get rid of that candidate from the 
list.  
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Fig. 3 Candidate List (At The Beginning) 
 
 
Therefore we only have one candidate in the list, and 

that becomes the solution. 
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Fig. 4 Solution 
 
 
The worst case situation for this algorithm is when 

the image is made of patterns that are similar to the 
query images. Time complexity for the worst case 
is , where  is width (=height) of the query 
image. Check m is small number. 

 
2.2 Extended Algorithm 

The exact algorithm does not work at all if the image 
has noise. We extend the basic algorithm to work well 
even if the image contains Gaussian noise. The key idea 
for this algorithm to be flexible is boundary and penalty.  
 
2.2.1 Index table 

The algorithm needs the same index table, but the key 
difference is that it exploits boundary and penalty 
concepts in the matching process. Let's take an example.  

 
 
 
 
 
 
 
 
 

Fig. 5 Original Image 
 
If we have image in Fig 5., then its corresponding 

index table is shown in Fig 6. 
 
 
 
 
 
 
 
 

Fig. 6 Index Table 
The process of constructing the index table is the 

same with the exact matching, so we omit the 
procedure. 

 
 
 
 
 
 

Fig. 7 Query Image 

 
 

2.2.2 Boundary 
The given query image is in Fig. 7. Now we depict 

how the extended algorithm works. In this algorithm, 
we enlist as a candidate not only exactly matched pixels, 
but pixels with small error. That means the error is 
smaller than boundary value. In our example the first 
pixel value of the query image is '0x03', and if we set 
boundary as 5, then we have five candidates as Fig. 8 
shows. (We enlist all nodes that have pixel value from 
0x00 to 0x08) 
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Fig. 8 Candidates 
 
 

2.2.3 Penalty 
Once we have candidates, we go to the next pixel of 

the query image. The pixel value is '0xED'. If the next 
pixel of each candidate is not between 0xE9 and 0xF3, 
then that candidate node gets one penalty. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Candidates with Penalty 
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Fig. 9 shows penalties of all candidates at each step. 
After we investigate all pixels of the query image, we 
can easily find the prominent node. It is (2,1), because it 
has the smallest penalty value. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 10 Solution 
 
 
Fig. 10 shows the solution. There is a case that a 

candidate has too many penalties. In such a case, we get 
rid of that candidate from the list. So we set maximum 
penalty in an experiment to reduce calculation of non 
promising candidates. Deciding of maximum number of 
penalty is heuristic. If we set it a big number, then the 
time complexity will increase and we may have multiple 
promising candidates. On the contrary, if we set 
maximum number of penalty a small number, then the 
time complexity will decrease but we may not have any 
candidate even before the algorithm finishes. 

Check the time complexity is the same with exact 
match algorithm, because the time complexity of the 
extended version is  which is equivalent to 

. 
 
 

3. EXPERIMENT 
In this section, we present the empirically verified 

result of the proposed algorithm using Windows 
programming. We used Lena image as an original 
image, and made two query images with Lena’s eye and 
lip from the original image. 
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Fig. 11 Original Image and Query Images 
 
 
The original image is of size 128x128 and queries are 

all 16x16. We took eye and lip image from the position 
of (58,59) and (66,82) respectively.  

We artificially added Gaussian noise to the query 
images to see if the algorithm works in the existence of 
noise. We tested each noise level and we are successful 
up to the 30% Gaussian noise.  
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Result  (58,59)    (57,59)    (57,59)   (58,60)  
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Fig. 12 Experiment Result 
 
 
As Fig. 12 shows, there is negligible error for each 

solution of noise level comparison. The biggest error is 
three pixels difference, and this is acceptable error range, 
because the purpose of this matching is find the location 
of query image, which is relatively small, in the big 
original image.  

The result indicates the algorithm is robust and fast 
for template matching in noisy image. Although human 
cannot recognize the query image with 30% Gaussian 
noise, the proposed algorithm finds almost exact 
solution. 

 
 

4. CONCLUSION 
In this paper, we proposed an algorithm for template 

matching. First, we exploit hash table to make exact 
matching algorithm. Then, we added boundary and 
penalty concept to that algorithm to work in the noise 
environment.  

As the experiment result shows, the robustness of the 
algorithm is proved when the image has heavy noise, 30% 
Gaussian noise. 

However, there might be a problem of this algorithm. 
In many applications, query image and the original 
image may have different rotation and/or zooming level. 
Because of the characteristic of the algorithm itself, 
when the system has different rotation and/or zoom, it 
may fail to search the object in the original image. We 
can present possible solution when the system is for an 
application of image tracking. An image tracking 
system has video stream which consists of many image 
frames and we regard each frame as an original image 
and tracking object as a query image. At the beginning, 
we take a query image from the original image to let the 
system know that which object to follow. In the next 
frame, we apply the proposed algorithm to find the 

0 1 2 3 

0 FF 00 00 EB 

1 16 00 00 EB 

2 00 FE 69 15 

3 78 FF FF FF 



  
 

object in the next scene. The algorithm can find solution 
easily, because there are small changes between the 
current and consecutive frame. After finding the 
solution, the solution area becomes a new query image 
for the following frame. This guarantees small amount 
of rotation and/or zoom changes between the two 
frames. Therefore the algorithm works fine. 
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