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ABSTRACT 

A special scheme for coding a digitized picture is 
presented. This scheme encodes a picture by coding 
boundaries of areas in the picture as sets of line 
segments. It is shown that this scheme is superior 
to the conventional schemes in terms of the data compression 
factor and faithful reproduction of the picture. One 
specific application of this scheme is in template 
matching. Experimental results are presented which 
show that template matching using this scheme is faster 

_than the conventional template matching technique by 
a factor of at least 100. 
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INTRODUCTION 

There are many areas of study where it is desirable 

for a digital computer to analyze a picturey some example 

are picture enhancement and restoration, pattern recog¬ 

nition, and digital picture transmission. In general, 

w® can describe a picture as "a flat object whose 

brightness or color may vary from point to point""*'; i The 

variation may be continuous or discrete depending on the 

technique used in producing the picture. A half-tone 

newspaper photograph is made up of discrete dots and the 

same is true of a color television picture. The var¬ 

iation of color in a painting, on the other hand, is 

generally continuous. In order for a digital computer 

to process a picture, it is necessary to represent the 

picture in a form that can be handled easily by a com¬ 

puter. This is usually done by sampling the picture at 

various points and quantizing the color or gray level 

of the picture at the points. A black and white pic¬ 

ture may be quantized according to the gray level of 

each point while a color picture may be quantized accord¬ 

ing to the level of each of the three primary colors 

present at the point. Sampling is usually done by 

superimposing a rectangular grid system on the picture 

1. Rosenfeld, A. and Kak, A., Digital Picture Processing 
Academic Press, New York, 1976, p. 2 
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and sampling each grid point. 

A picture can be treated as a function Q(x,y) 

represented inside a computer by the function P(i,j), 

which is only defined for integer values of i and j. 

P is therefore only an approximation of Q. Since the 

coordinate system is artificially imposed, it is possible 

  for thé convenience of processing and description 

  to assign the origin as the point at the upper left 

corner and let i vary from 0 to M-l and j vary from 0 

to N-l. The picture is then said to have a resolution 

of M by N points. These points are also known as 

"pixel points". 

The storage space requirement for processing is 

often a major consideration in a computer application. 

There are two aspects to consider : the memory require¬ 

ment for the processing inside the computer and the on¬ 

line and off-line storage requirement to support and 

backup the processing. This is of special importance for 

applications using mini- and micro- computers where both 

memory and on-line storage are always at a premium. 

To illustrate the magnitude of this requirement, 

consider a television picture having a resolution of 
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512 by 512 points. If each point is quantized to 256 

levels, the storage requirement for a picture is 512 x 

512 x 8 bits, or 2,097,152 bits (262,144 bytes). This 

is far beyond the memory size of most mini- and micro¬ 

computers. This large quantity of data also presents 

a problem in transmitting the picture in digitized form 

between two points. Therefore it is desirable to store 

the picture in less space while maintaining a minimum 

distortion of the digitized picture. 

The process of trying to represent a picture 

using less storage than that required for point by point 

storage is called compression. If we consider the set 

of all possible pictures, it is theoretically impossible 

to compress a picture without distortion. Let F be a 

function such that F(P) requires less storage for all P 

and that F~^(F(P)) = P with no distortion. Let S(P) be 

the number of elements in the set of all possible pic- i 

tures (if a picture takes k bits to store, then S(P)=2 ). 

In order for F_^(F(P)) = P for all P, there must be at 

least S(P) different F(P)'s, and therefore at least k bits 

will be needed to store F(P) and no compression is 

possible. 

In practice, however, compression is possible 



Page 4 

because the pictures that are used in picture processing 

applications constitute only a very small subset of the 

set of all possible pictures. Thus it is possible to 

tailor the function such that the storage requirement for 

F(P) is less than that for P only if P belongs to the 

subset. An analogy of this process can be found in in¬ 

formation theory where a system of coding messages can be 

devised such that the most common messages are assigned 

the shortest codes. 

The set of pictures that are of interest is often 

described as "well behaved”. By this, it is implied that 

the function P is integrable, has invertible Fourier 

transform, is piecewise continuous, etc. Some or all of 

these properties are utilized in various compression 

schemes. 

One measure of a compression scheme is the compress¬ 

ion factor f which is defined as : c 

storage required to store P 
f =  (1-1) 

storage required to store F(P) 

When two compression schemes F and G are being compared, 

it is often convenient to compare the compression factors 

of the two schemes. The compression factor of a scheme 
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F over a scheme G is defined as : 

storage required to store G(P) 
f =   (I~2) 

storage required to store F(P) 

fF _  c  

c 

F G 
where f and f are the compression factors for F and 

c c 

G, respectively. 

Some of the common compression schemes will be pre¬ 

sented in this thesis. A new compression scheme, called 

Variable Length Chain Coding, will be discussed. It will 

be shown that this scheme can achieve a higher compression 

factor than some of the more conventional methods. This 

coding scheme can also be used for applications in 

pattern recognition. One such application, template 

matching, will be discussed in detail. 



CHAPTER 1. CURRENT COMPRESSION TECHNIQUES 

There are two types of characteristics that are 

commonly used to describe a picture. The first type de-^ 

scribes the qualities of a picture such as contrast,sharp¬ 

ness, resolution, brightness, texture, and other qualities 

that are usually difficult to quantize. The second type 

describes the contents of the picture, such as the color of 

a particular region, the size of a particular region, the 

angle which one line makes with another, spatial relation¬ 

ships between areas, and geometric shapes. The second 

type of characteristics is usually easier to quantize. 

These two types of characteristics also present two 

approaches to the processing of pictures. Processes that 

are concerned with the quality of pictures are statistical 

and stochastic such as transforms, filtering, enhancement, 

and restoration. Processes that are concerned with the 

content concentrate more on the individual components of 

a picture and are more discrete and ad hoc. Some examples 

Of these processes are tracking, edge following, and pattern 

recognition. 

The same division between approaches also applies to 
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compression schemes. Compression can be considered as 

the process of discarding "non-critical" and/or redun¬ 

dant data from a picture. Some compression schemes con¬ 

sider a picture as a whole and attempt to isolate and 

discard components of data that are not essential to 

the reproduction of the quality of the picture. The 

Transform Compression technique presented in the next 

section is one example of such schemes. Other compress¬ 

ion schemes concentrate on the content of the picture 

aiid attempt to reproduce the content as faithful as 

possible. An example is the Variable Length Chain Coding 

technique described in this thesis. 

1.2 Transform Compression 

Transform Compression is a technique commonly used 

in compression picture data. The theory behind the 

technique is as follows : 

Consider a digitized picture P having a resolution 

of N by N points. This picture can be represented by a 

matrix p(i,j), i,j=l,...,N. Assume that there are two 

N x N nonsingular matrices [F] and [G], the matrix [p] 

can be transformed into another matrix [p*] by 
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[p'l = [F][p][G] (1.2-1) 

and the inverse transform is given by 

[p] = [F]-1[p'] [G]"1 (1.2-2) 

By denoting [F]-"*- by (F' ] and [G]”^ by [G']/ equation 

1.2-2 can be expanded to 

N N 
p(m, n) = l l p'(u,v)F'(m,v)G*(u,n) (1.2-4) 

u=l v=l 

for m=l,...,N, n=l,...,N. Equation 1.2-3 can then be 

rewritten as 

[p] = f f [H(U/v) ] p1 (u,v)i (1.2-5) 
u=l v=l 

where [H^U/V^] is an N by N matrix whose (m,n)th element 

is F' (m,u)G' (v,n). 

Careful selection of F and G will allow the trans¬ 

form to extract information on the quality of the pic¬ 

ture. A compression is achieved if portions bf the 

matrix p' which corresponds to non«.critical data are 

discarded and the matrix that remains is used to retrieve 

the original picture. An example of this technique is 

the use of Fourier transform which transforms the picture 
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into its frequency domain. Then the high or the low 

frequency components can be discarded depending on the 

picture. Other transforms that are commonly used are the 

Karhunen-Loève and the Hadamard transforms. 

There are several advantages in using Transform 

Compression : (1) Under the same transform scheme, each i 

transformed picture is stored using exactly the same 

storage; this can simplify the processing of the picture; 

(2) The transform and inverse transform can often be 

performed using ahalog devices which can greatly enhance 

the speed of processing. There are also several disad¬ 

vantages in using this form of compression, namely ; 

(1) The transform and inverse transform can be time 

consuming if performed with digital computers instead of 

analog devices; (2) In many cases, the high frequency 

components are discarded. While this will help eliminate 

extraneous "salt and pepper" noise, this will also smooth 

out all sharp edges and can be detrimental to some 

applications; (3) The non-critical data for one appli¬ 

cation may be very critical to another application. 

The next section will present a scheme which is 

oriented towards the content instead of the quality of 

a picture. 
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1.3 Boundary Coding Compression 

The Boundary Coding Compression scheme is designed 

to discard the redundant data in a picture and retain 

only the data that is necessary to reproduce the content 

of the picture. Pictures that are used in picture pro¬ 

cessing are usually made up of regions such that every 

point within a region has the same color or gray level. 

Such a region is defined by its color or gray level and 

by its boundary. 

Definition. Given a point (i,j) in a picture P, the 

neighbors of the point is defined as the eight points 

(PrÇ[) such that i-1 <= p <= i+] and i-1 <= q <= i+1 as 

shown by the ". " 

• • • 

Figure 3-1 Neighbors of 
* * * a Point 

Definition. A boundary of a region of level 1 is a 

sequence of points b_rb.,...,b . with b.=(x.,y.) such u l m-i i i l 

that b^ is a neighbor of bi+l' E*Xi'y f) 1 ^°r a11 

0 <=- i <= m-1 and that at least two neighbors of b^ 

have levels different from 1. 

There have been many algorithms developed to locate 
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the boundaries given a picture. Several of them are 

described in Rosenfeld and Kak [1] and Duda and Hart [2]. 

The data compression factor f for this scheme 

is different for different picture. The following 

calculations present the compression factor for the 

scheme on one individual region : 

Let m be the number of points on the boundary; 

n number of bits needed to code the gray level; 

r number of bits needed to code a point on 

the boundary using this scheme; 

q the overhead storage per boundary (the number 

of bits to store the gray level plus the 

number of bits to store the coordinates of 

the first point, the actual number depends 

on the actual coding scheme used, but is 

constant for every boundary under the same 

coding scheme). 

The compression factor for the region is 

storage for area inside the boundary 

c storage for the boundary under 
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Given the length of a curve, the maximum area 

that can be enclosed by the curve is the area inside the 

circle with the curve as its circumference. The curve 

surrounds the least area if it is not a closed curve. 

Therefore f. is at a maximum when the boundary is a 

circle and a minimum when the boundary is not a closed 

Curve. 

The best case : 

2 m x n 
f = 
c 2n x (q + m x r) (1.3-1) 

and the worst case : 

fc - 

m x n 

q + m x r 
(1.3-2) 

The compression factor for other regions is somewhere 

between the worst case and the best case. In the 

next section, r is shown to have a maximum value of 

3. Figure 1-2 shows the plot of the best and the 

worst cases for a wide range of m assuming that r=3, 

q=26 and n=8. 

The above analysis assumes that every point on the 

boundary must be coded individually. This is true for 

the Ordinary Chain Coding scheme discussed in the next 
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Figure 1-2 Compression by Boundary Coding 
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section. But for the Variable Length Chain Coding 

Schemes, this is not true and further compression can 

be achieved by grouping sections of the boundary to- • 

gether. 

1.4 Ordinary Chain Coding 

The Ordinary Chain Coding scheme was first pro¬ 

posed by Freeman [3]. Consider the boundary bg,...,bm_^ 

as defined in the previous section. By the definition 

of the boundary b^+^ is a neighbor of b^. Therefore, 

given b^, b^+^ can only be one of eight points, and 

can be coded using only 3 bits. Thus the value of r in 

equations 1.3-1 and 1.3-2 can have a maximum of 3. 

Figure 1-3 shows one conventional way of assigning the 

numbers between 0 and 7 to the eight neighbors of a 

point. Using this scheme, a boundary can be coded using 

qr+ (m - 1) x 3 bits. This coding scheme is also known 

3. ? .1 

4* * *0 

5* * * 7 0
 6 ' 

Figure 1-3. Star Burst Code 

as Star Burst Code because if lines are drawn between 
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a point and all its neighbors, then the lines resemble 

the rays of a star. 

This coding scheme is very simple and requires very 

li-ttle arithmetic but the compression can be very big 

(see Figure 1-2). The output of the coding scheme is a 

sequence of 3 bits numbers which can be used to recon¬ 

struct the original boundary very easily. 

Besides data compression, however, the applications 

of this coding scheme are limited because the coding 

does not provide information about the shape of the 

boundary or other geometric information. The Variable 

Length Chain Coding presented in the next two chapters 

can provide more information about the shape of a 

boundary and also achieve a further compression over 

Ordinary Chain Coding. 



CHAPTER 2. VARIABLE LENGTH CHAIN CODING 

2.1 Introduction 

Very often, the boundary of a region is made up 

of straight line segments. This can be due to the 

sampling process in the digitization or it can be the 

actual shape of the region. For boundaries that are 

made up of straight line segments, compression of the 

data is possible by coding the line segments instead of 

the individual points. 

Assume that a boundary can be grouped into sections 

such that there are s^ segments that are j points in 

length. Also assume that k bits are needed to code one 

segment of up to m points in length. If a boundary is 

made up of t segments and the maximum length of the 

segment is n, then the number of bits needed to store the 

boundary as a sequence of line segments is 

n 

B = 2 s. x k x (int(j/m)+l) bits (2.1-1) 
j=i 3 

where int is the function which returns the integral part 

of a number. To store the same boundary using Ordinary 

Chain Coding requires 
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n 

B=y 3 x j x s. (2.1-2) 
c L J j 

j-1 

The compression factor of the Variable Length Chain 

Coding scheme over the Ordinary Chain Coding scheme is 

f 
c 

(2.1-3) 

To determine the actual compression factor, it is 

necessary to assume some distribution of s^. For 

the purpose of analysis, it is assumed that s^ has a 

Poisson Distribution. That is, if the mean of the 

segment length is p, then s^ can be computed as 

t x e ^ x p^ 
s =    (2.1-4) 
3 j! 

Figure 3-3 shows the compression factor for several 

values of k and m over a range of p. The plots show 

that in most cases, a compression factor of more than 

one is achieved with p greater than 5. 

In the following section, we propose a scheme 

called Variable Length Star Burst Coding. A scheme 

called Variable Length Segment Coding is described in 

Chapter 3. 
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2.2 Variable Length Star Burst Coding 

The Variable Length Star Burst Coding is a simple 

extension of the Ordinary Chain Coding. Consider the 

boundary B made up of points b^fb^,...rbn> The Ordinary 

Chain Coding will generate the sequence c-^ic2' ' * * 'cn* 

We can divide the sequence c^,...,cn into sub-sequences 

s. ,..., s such that if c.,... ,c . e s, , then c. = c. Ll = 1 m i:3 k l l+l 

...=Cj. Each sub-sequence s^ can be coded as one line 

segment. One convenient way of coding is to use 3 bits 

for the chain code and 5 bits for the length. Thus 

an 8 bits byte is used for each sub-sequence. The 1 

byte size makes this scheme well suited for computer 

processing. Using equations 2.1-1 thtough 2.1-4, the 

compression factor for this scheme over the Ordinary 

Chain Coding can be computed using k=8 and m=32. The 

compression factor for different values of p is plotted 

as graph 1 in Figure 3-3. 

< length > < code > 

Figure 2-1. One code for the Variable 

Length Star Burst Coding 

Figure 2-1 shows one way of arranging the data 
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within a byte to store the information of one segment. 

This scheme is very simple and easy to implement. As 

shown in Figure 3-3, this coding scheme can achieve a 

high compression factor. But this scheme has some 

drawbacks which make it not suitable for some parti- > 

cular applications. One of these drawback will be 

examined in the next chapter and the Variable Length 

Segment Coding is discussed which will eliminate this 

drawback. 



CHAPTER 3. VARIABLE LENGTH SEGMENT CODE 

The major drawback of the Variable Length Star 

Burst Coding scheme is that the coding is not invariant 

under rotation. A segment of the boundary may be repre¬ 

sented by one code in one picture but the same segment 

may require more than one codes in a similar picture 

with the boundary oriented at a different angle. This 

is demonstrated in Figure 3-1. In the figure, segment S 

is parallel to the x-axis and requires only one code. 

But segment S', which is similar to S but at an angle 

of 22.5 degrees with the x-axis, requires 7 codes! 

******** 

* * 

* * 

* * 

* * 

Segment S 

Segment S ' 

Figure 3-1 An example of the result of 
rotation on Variable Length 
Star Burst Coding 

Definition. Given two points (x^,y^) and (Xj,yj), , 

(x.,y.) is defined to be covered by (x.,y.) under a 
3 j li 

coding scheme if the straight line segment between 

^xi'^i^ an<^ (xj'yj) can ke represented by one code using 

the coding scheme. 
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As an example, Figure 3-2 shows all the points that 

are covered by the center point under the Variable Length 

Star Burst Coding scheme. The problem of this scheme 

arises because there are points in the vicinity of the 

center point that are not covered by the scheme. In 

order that one code is needed regardless of rotation, 

every point in the square must be covered. 

* 
• • 

* 
• • 

* 
• • 

• • • 

* * * 

• • • 

* 
• • 

* 
m m 

* 

* 
• • 

* 
• • 

* 
• • 

* * * 

* * * 

* * * 

* 
• • 

* 
• • 

* 

* 
• • 

* 
• • 

it 
• • 

• • • 

* * * 

• • • 

it 
• • 

* 
• • 

* 

* - points covered 

. - points not covered 

Figure 3-2 Points covered by the Variable 
Length Star Burst Code 

The Variable Length Segment Code presented in this 

chapter is designed to cover every point within a 

square so that the segment is invariant under rotation. 
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3.1.1 Theory 

Consider a square of size N x N pixel points in a 

digitized picture with (x^,y^) as its center. For every 

point (Xj,yj) in the square, a straight line segment can 

be drawn connecting (Xj,yj) with (x^,y^). If the straight 

line segment is digitized, the result is a unique sequence 

of points (x^,y^),••♦,(Xj/Yj)• Each (Xj,y^) therefore re¬ 

presents a unique sequence. In other words, by specifying 

(Xj,yj) given (x^,y^), the entire sequence is specified. 

If (x^,y^) is the anchor point (see the definition of 

anchor point in the previous chapter), the next segment of 

the boundary is defined as (x^y^) such that every point in 

the sequence S : (x^,y^),...,(x^,y^) is on the boundary and 

that the number of points in the sequence is a maximum. 

Given (x^,y^), is defined by the relative 

position of (Xj,yj) with respect to (x^,y^). That is, 

(Xj-x^,yj-y^) can be used as the code for the segment 

between (x.,y.) and (x.,y.). There are two reasons for using 
ix 3 3 

the differential code instead of the direct code. The first 

one is the space reduction. Assume that the picture is 

512 x 512 points and that the square defined above is 32 x 

32 points, then 18 bits (9 +9) will be needed to code 
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(Xj,Yj) while only 10 bits (5 + 5) are required for coding 

(x^-Xj, y^~Yj). The second reason is that differential 

coding makes it easy to manipulate the boundary (moving 

and/or rotating the object) which is an important factor 

in some applications such as the template matching process 

described in the next section. 

In general, for a square of N x N points, the number 

of bits needed to code one segment using Variable Length 

2 Segment Code is int(log2(N )) and the maximum length of 

a segment coded in this scheme is N/2. Graphs 2,3 and 4 

in Figure 3.3 show the compression factors for different 

values of N. 

As mentioned earlier, given the point (x^,y^), the 

next segment on the boundary is defined as the segment such 

that every point in the sequence S is on the boundary and 

that the number of elements in S is a maximum. To make this 

coding scheme economical, an efficient way of determining S 

needs to be found. Two ways of doing so are presented here. 

3.1.2 Coding Algorithm 1 : Linear Approximation 

Given a sequence of points (x^,y^),(x^+^,y^+^),..., 

(x.,y ) on a boundary. The sequence can be approximated by 
3 j 

the straight line segment joining (x^,y^) and (Xj,y^). The 

L^ error of this approximation is given by : 
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9.76553 1 
9.57811 1111111111 
9.39068 11 11 
9.20326 1 
9.01584 1 
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5.82966 1 44 
5.64224 4444 4 
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4.51771 

1 4 

4.33028 1 4 
4.14286 4 3333333333 
3.95544 1 . 4 33333333333333 
3.76802 * 33333333333 
3.5806 1 4 33333 
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3.01833 33333333 
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fc Mean Segment Length 

Key : 1 - Variable Length Star Burst Code 
2,3,4 - Variable Length Segment Code 

Code Length : 2 - 8 bits 
3 - 10 bits 
4 - 12 bits 

Figure 3-3. Compression factor for Variable Length 
Chain Coding 
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error 
j-1 
I INT(| M x (xk - x±) + yk - y. |) (3.1-1) 

k=i+l 1 

where 

(Yi - Yj) 
M    

(x. - x.) 
i 3 

If the sequence S represents a straight line segment, the 

error is 0. For some applications, it may be desirable to 

reduce the total number of segments, and a threshold can be 

introduced so that a segment of the boundary is considered 

a straight line segment as long as the error is less than 

the threshold. 

Given the point (x^,y^) and the boundary as a sequence 

of points, to find (Xj,yj) such that the line segment joining 

^xi'^i^ an<^ (Xj*Yj) satisfies the criteria specified above, 

the following procedure can be used : 

(1) j ^ i + 2 

(2) compute the error using 3.1-1. If the error is 

greater than the specified threshold, then 

j j - 1 . Exit . 

(3) j *■ j +1. Go to 2. 

The main merit of such a coding algorithm is the flex¬ 

ibility of the threshold. The drawback is that for long 



Page 26 

segments, the procedure can be time consuming. The Decision 

Tree Searching technique which will be introduced next takes 

less time but provides no provision for approximation. 

3.1.3 Decision Tree Searching 

Since each point (Xj,y.) defines a unique sequence of 

points between (x^,y^) and (Xj,y^), it is possible to consider 

each sequence as a path in a decision tree with the point 

(x^y.) as the root node. Starting from the root node, the 

next node is determined by the next point in the sequence. 

If the next point is a son of the current node, then the 

current node is updated to the next point. If it is not a 

son, then the next point is not part of the line segment 

under consideration. Figure 3.4 shows a portion of such 

a decision tree. In the decision tree in Figure 3.4, there 

are several points that appear more than once. This is 

because if a sequence S represents a straight line segment, 

a sub-sequencs S' may not represents a straight line segment. 

As an example, the sequence (0,0), (1,0),(2,1) represents a 

straight line segment and so does the sequence (0,0), (1,1), 

(2,1),(3,2), but not the sequence (0,0),(1,1),(2,1). In 

Figure 3.4, the superscript on a node indicates if the 

sequence up to the node represents a line segment or not. 

A "1" indicates that it does and a "0" indicates that it does 

not. If, during the process, it is determined that the next 
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i — INDICATES THAT THE PATH IS A STRAIGHT LINE SEQUENCE 
o — INDICATES THAT THE PATH IS NOT A STRAIGHT LINE SEQUENCE 

Figure 3-4. Portion of a Variable Length Segment 
Code Decision Tree 



Page 28 

point is not part of a straight line segment, it is necessary 

to check the current node to see if the sequence up to this 

node forms a line segment. If it. does not, then backtrack¬ 

ing through the tree is necessary until; a sequence is found. 

An example will help to explain the process. Assume 

that the sequence of pointais (0,0),(1,0),(2,1),(3,2),(4,2), 

(5,2). Starting from (0,0), the process walks through (1,0), 

(2,1) and (3,2) to (4,2). Since' (5,2) is not a son of (4,2), 

it is necessary to stop at (4,2) . But. since the superscript 

at (4,2) indicates that the sequence up. to (4,2) does not 

represent a straight line segment, backtracking is necessary. 

The process will backtrack through (3,2) and finally back to 

(2,1) where the superscript indicates that the sequence 

(0,0),(1,0),(2,1) represents a straight-line segment. Thus 

the line segment is (0,0) to (2,1). For the next segment, 

the origin is shifted to (2,1) and the process begins again. 

This is a straightforward process-, once the tree is 

constructed. The computation involved", is less than that 

necessary for the linear approximation which has to com¬ 

pute a new error for every point. 



Page 29 

3.2 Template Matching Using Variable Length Segment Code 

One very important process for pattern recognition is 

template matching. The term refers to any process which 

determines if a particular pattern is in a picture. Template 

matching can be used to identify and isolate special portions 

of a picture for further processing. 

Consider a picture P(i,j), i,j=0,...,n-l and a template 

T(i,j), i,j=0,...m-l (for discussion purposes, we are assuming 

that both the picture and the template are squares, though 

this is not necessarily the case). The objective of template 

matching is to locate an area in P that is the same as T, 

or to determine that no such area exists. 

One method of template matching is the cross correlation 

method. This is performed by computing the cross correlation 

of P and T at every point (u,v) in E by the formula : 

m-1 m-1 
l l T(x,y)P(x+u,y+v) 

x=0 y=0 
C (u,v)    (3.2-1) 

m-1 m-1 2 
l l e (x+u,y+v) 

x=0 y=0 

A match is found at the point (or points) where C(u,v) is 

a maximum, that is, the correlation between the template and 

the picture is the highest. 
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The computation requires for cross correlation is 

substantial. Consider the above example, to compute one 

value of C, 2 x M x M multiplications and the same number of 

additions must be performed. To compute C for every point 

2 2 
in P, 2 x M x N multiplications and additions are needed, 

plus N x N shifting operations to move the template across 

the picture. A picture with 512 x 512 points and a template 
g 

with 16 x 16 points will requires 1.342 x 10 multiplications 

and the same number of additions. 

Large computational requirement is only one problem 

with this technique, there are two other problems which are 

inherent to the approach. The first problem is that it is 

unclear when a match is found. When the template is very near 

the portion of the picture where a match will be found, a 

high cross correlation will result even if there is no exact 

match. So it is possible that several matches very close 

to one another are found. It will be demonstrated in the 

next chapter that the selection of the template is very im¬ 

portant. For example, a square can be matched by a template 

of a solid square, by a template of the outline of the square, 

or a template of the outline with an outside border; and the 

three templates produce different results. 

The second problem is that an exact match is found 

only if the object has exactly the same size and orientation 

as that of the template. If it is not of the same size and 
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orientation, then either no match or more than one match 

will be found. This requires a priori knowledge of the pic¬ 

ture in selection of the template or the intervention of a 

human observer. 

If several templates need to be matched, then the com¬ 

putational requirement increases correspondingly. The 

advantages of this technique are that no pre-processing of 

the picture is needed, and that very complex templates can 

be used. 

The Variable Length Segment Code is especially suitable 

for matching simple templates. The problem of searching for 

a match becomes the problem of searching through the list 

of boundaries. The searching algorithm can be designed so 

that a match will be found even when the object has a differ¬ 

ent size and/or orientation than that of the template. The 

computation required is much less than that for the cross 

correlation technique for tvro reasons : (1) the amount of 

data is less due to compression; (2) to match a template with 

2 
k boundaries to an object, only k or less comparisons are 

needed. 

Assume that the picture P is processed to obtain a 
p 

set of boundaries B each of which consists of a sequence of 

segments (B^,...,B^). Assume also that the template is also 

coded by the sequence of segments (T^,...,Tn). The template 
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can be matched to the picture by the following procedure : 

i. P (1) For each boundary B in B , if k, the number of segments 

in B1, is not equal to n, the number of segments in T, 

then a match is not found. 

(2) If k=n, then a new sequence S is created such that S 

is equal to the concatenation of B1 with itself. This 

process is necessary so that B^ and T does not have to 

have the same relative starting point, then for u equals 

0 to k-1, and for v equal to 1 to k, Su+^ is compared 

with Tv- A match is found if T can be matched to a 

sub-sequence of S. 

The matching step can be modified for matching the 

template with objects of different sizes. In the modified 

matching step, the list S is searched for a segment that 

has the same orientation (i.e. making the same angle with 

the x-axis) as T.. When this segment, say S. is found, the 
^ J 

factor f = (length of Sj) / (length of T^) is computed and 

the remaining matching is done with the length of each segment 

of T multiplied by the factor f (this change of length will, 

of course, affect the code for the segment). 

Further modification to this step will allow the matching 

with objects of different sizes as well as orientation. Before 

this can be presentéd, it is necessary to examine the effect 

of rotation on a segment code. 
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Theorem. Let (x^,y\) and (Xj,y\) be the end points of a 

segment of a boundary and (x ,y ) be the variable length 

segment code for the segment. If the segment is rotated 

by an angle 0 about a point (Xg,yg) and the new code for 

the segment is (x ' ,y ' ), then (x ',y ') is independent 
c c c c 

of the point (Xg,yg) if differential coding is used. 

Proof. Let (x.',y.') and (x.',y.') be the coordinates of 
  l •* l 3 J j 

(Xf/yf) and (Xj,y^) rotated by an angle 0 about a point 

(xQ,y0), then 

x^ * (x.^ - xQ)cos0 - (yi - yQ)sin0 + xQ 

YI ~ (x± - xQ)sin0 + (yi - yQ)cos0 + yQ 
Xj' = (Xj - xQ)cos0 - (yj - yQ)sin0 + xQ 

Yj' = (Xj - x0)sin© + (yj - yQ)cos0 + yQ 

or 

(Xj' - xi') « (Xj - Xi)cos0 - (yj - y^)sin0 

(Yj ' “ Yi') = (xj " xi)sin0 + (y^ - y^cos© 

Since (x ',y ' ) is a differential code depending only on 

the relative position of (x^'/y^') with respect to 

(x.',y.')   i.e. (x. ' - x. ' , y.,' - y•')   which is 

shown by equations 3.2-3 to be independent of (Xg,yg), 

(xc'fyc') is independent of (XQ^YQ)* Equations 3.2-3 

also shows that (x 1,y ') can be computed from (x ,y ) by c c c c 

considering (XC'YC) rotated by an angle 0 about (Xg,yg). 
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The above theorem is very important because it shows 

that to rotate a template to match an object, it is only 

necessary to rotate each segment about the anchor point 

by the angle desired. Each segment can be rotated indepen¬ 

dently. 

With the above theorem, it is possible to consider 

matching a template to an object that may have a different 

size as well as a different orientation. To achieve this, 

the algorithm can select a segment Sj and transform T^ to 

match this segment by computing the length factor f and the 

angle 9 between Sj and T^. Then every segment of the 

template is multiplied by f and rotated by 0. A match is 

then performed between the object and the converted template. 

If a match is not found, then the algorithm will proceed 

to the next point. 

The algorithms presented in this section demonstrate 

the use of the Variable Length Segment Code in template 

matching. The ability of matching objects of different 

sizes and orientations make this a very flexible process 

far superior to the conventional cross correlation process. 

In the next chapter, results of actual matching will be 

presented to show the dramatic saving in the computational 

time and the ability of the Variable Length Segment Code 

to match very accurately. 



CHAPTER 4. EXPERIMENTAL RESULTS 

To verify the power of the Variable Length Segment 

Coding in template matching applications, the algorithms 

presented in the previous chapter was programmed and 

tested. The computer used was a Radio Shack TRS-80 

microcomputer which is based on the Zilog Z-80 micro¬ 

processor. The experiment was performed on a micro¬ 

computer instead of a mainframe computer because the 

microcomputer is becoming a powerful yet affordable 

tool and a template matching scheme that can execute 

on a microcomputer within reasonable amount of time can 

be very useful to researchers. The cross correlation 

template matching scheme was also programmed on the 

same computer. 

The programs were written in BASIC. The computer 

has 16K bytes of memory and uses cassette tapes for off¬ 

line storage. There is no software callable clock in 

the system and the timings were done with a stopwatch. 

Because of the time required for the cross correlation 

Program to execute, it is necessary to limit the size 

of the picture to 32 by 32 points. Table 4-1 shows the 

results of the experiment. 
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Two simulated pictures were used. The first one 

consists of five squares of various sizes with sides 

parallel to the axes. The second consists of three 

squares, one parallel to the axes and the other two 

rotated through an arbitrary angle, and an arbitrary 

shape for testing purpose. Several templates were used 

for the cross correlation matching : a solid square, 

a hollow square, and a hollow square with an outside 

border. Three versions of the template matching 

using Variable Length Segment Coding are used. The 

first version requires an exact match, the second 

version allows for varying sizes and the third version 

allows for varying sizes as well as varying orientations 

The execution time for the Variable Length Segment 

Coding matching is divided into two parts. Since the 

Variable Length Segment Coding requires pre-processing 

of the picture as well as the template while the cross 

correlation matching scheme does not need pre-processing 

the time required for pre-processing for the Variable 

Length Segment Coding must be included for a fair 

comparison. However, it should be remembered that the 

pre-processing of the picture needs only be performed 

once. Once the picture is coded, no more coding is 
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necessary for the any template matching after the first 

time. 

Algorithm Time Number 

Pre-processing Matching of Matches 

VLSC, Direct match 1.2 min. 2 sec. 2 

VLSC, Variable sizes 1.2 min. 4 sec. 5 

VLSC, Variable sizes 
and orientations 

1.0 min. 6 sec. 3 

CC, Solid template 0.0 28 min. 67 

CC, Hollow template 0.0 28 min. 67 

CC, Hollow with 
border 

0.0 55 min. 2 

CC, Solid template 
with rotated 
squares 

0.0 28 min. 29 

VLSC   Variable Length Segment Code 

CC   Cross correlation 

Table 4-1. Results of Template Matching Experiment 

From the results, the superiority of the Variable 

Length Segment Coding in template matching is obvious 

  especially for simple templates like those used in 

the experiment. The cross correlation matching was 
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slower and also unable to handle objects of different 

sizes. When the object is actually bigger than the 

template, the cross correlation method reports a match 

at almost every point inside the object. The only temp¬ 

late that matched correctly is the one with an outside 

border but since it is bigger, it also requires longer 

to complete all the computations. 

Figure 4-1 shows the output from a cross correlation 

tun. 'As can be seen from the output, 67 squares were 

matched (each value of 29 is considered a match). 
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Figure 4-1 A cross correlation matching output 



CHAPTER 5. CONCLUSIONS 

In this thesis the theoretical and practical aspects 

of Variable Length Chain coding are presented. Variable 

Length Chain Coding is an improvement over the Ordinary 

Chain Coding. In most cases data compression over the 

Ordinary Chain Coding can be realized. Whether com¬ 

pression can be achieved and the degree of compression 

is a function of the picture being processed. The 

compression factor as a function of the distribution of 

segment length has been examined. Furthermore, the use 

of Variable Length Chain Coding, in particular Variable 

Length Segment Coding, in template matching has been 

presented and the results demonstrated that template 

matching using Variable Length Segment Coding can be 

far superior to the conventional cross correlation 

method. 

There are other applications that can benefit from 

Variable Length Chain Coding scheme. Variable Length 

Chain Coding can be used as a very concise way of des¬ 

cribing areas in a picture which can then be used for 

describing spatial relationships among areas. Variable 

Length Chain Coding can also be incorporated with other 

computer graphics techniques for computer generation 

and manipulation of pictures. 
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Just as Ordinary Chain Coding provided the stepping 

stone for this research, the Variable Length Chain 

Coding schemes presented here can form the basis for 

further research into other, perhaps more efficient, 

coding schemes. Most picture processing research have 

been performed on mainframe or large mini- computers. 

With an efficient coding scheme, it will be possible 

to conduct research on small minicomputers or even 

microcomputers. 
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