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Abstract 

Genetic algorithms (GAS) recently have been suc- 
cessful ly applred to  perform block-based motzon estzma- 
tion It i s  ahoum that the performance of the GA-based 
motion estimation algorzthms nearly approaches that 
o f  tht f i l l 1  atorch algorithm (FSA) .  Houerer  tht  com- 
putrrtional romylmzty of the exasting G>il-based algo- 
rithms 2s too high to br used in  pructzct In this pa -  
p t i  a liqhtiotzght y t n P t t c  search algorithm (LGS.1) is  
pioprisrd I t  can he s w n  f rom the simulation results 
that the performance of the proposed LGSA as not only 
cis yood as that of the FSA,  but the computataonal com- 
plexzty zs nlso much lower than that of the FSA and the 
other cxi5tang geiietzc motion estzmation algorithms. 

1. Introduction 

The block matching algorithms ( B K 4 s )  have been 
shown to be very efficient for the reduction of video 
bit ra.tes [l]. It is therefore widely used in various 
kinds of video applications. In most of t8he video cod- 
ing st,aiidards (such as H.261, MPEG-1, and MPEG- 
a), the block-ba.sed motion estimation technique plays 
a key role. Because of its importance, many works 
have l i e ~ i i  devoted to the development of fast search- 
ing a.lgorit,hms. The FSA can find the opt,imal solutions 
(i.e.,  the motion vect,ors with the minimum matching 
errors) by exhaustively- searching all possible blocks. 
but t,he tremendous computations make it difficult to 
be applied for real-time video compression, particularly 
for the software-based implementation. To meet the 
need of decreasing the coinputational complexity of the 
block matching process, different kinds of fast searching 
algorit,hriis have been introduced [l]- [7].  Most of these 
fast, algorithms have t,he restriction or the assumption 
that t,here should be only one minimum in t,he search 
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space. Nevertheless, in practical a.pplicatioiis, there are 
always many local minima in the search space, so it, is 
very often for these algorithms to miss the optimal so- 
lution but to get the suboptimal one. 

In the previous works [8, 91. GAS have been used to 
perform the block niat,chiiig jobs. The resiilt,s s h o n ~ l  
that GA4s can solve the local ininirna st,icliing problem 
efficiently. hence they possess similar performance as 
that of the FSA. However, the necessary bloc-k mat,cli- 
ing number. which dominaks the comput,at,ional coir- 
plexity of the motion estimation algorit,lims, is iiiore 
than one-quarter of that  of the FSA. Because the over- 
head for performing genetic operations is large, the 
computational complexit,y of these algorithms is almost 
similar to  that  of the FSA. 

In this paper, a lightweight, genetic block ma.tching 
algorithm is proposed. 'The average hlock tiiat,rliiiig 
number of the proposed algorithm is very close t,o that, 
of the three-step search algorithiii (TSS), and its per- 
formance is very similar to that of the FSA. The coil- 
trol overheads are also improved while comparing to 
the previous works. 

2. The Lightweight Genetic Block 
Matching Algorithm 

Let S be a solut,ion space and all t,he elements in ,S 
have their associated fitness values. The st,raiglit way 
to find the element. witsh the maximum fit,ness value is 
to search among all the elements and to compare t,heir 
fitness values. However, the computational complexity 
will be very high if the space size is large. In order 
to reduce the computational complexity, an efficient 
search algorithm should be applied. 

If GAS are applied to search for the global maximum 
in S,  a population P is maintained which consists of 
IV elements, where N is the popula.tion size. Each el- 



emelit, in P is called a chromosome which is composed 
of a list of genes. The population P will evolve into 
another pop~ la t~ ion  P' by performing some genetic: op- 
erat,ions. The chromosomes with higher fitness values 
will h v e  more probabilit,y to be kept in the popula- 
t,ion of t,he next, generation, and to  propagate t,heir 
offspring. On t,he other hand, t,he weak chromosomes 
whose fit,iiess values are small, will be replaced by an- 
other stronger chromosomes. Therefore, the yualihy of 
the chromosomes in the population will get better and 
bett,er. After a suit,able number of generations, the ma- 
ture population is expected t,o contain the element with 
the global maximum value. 

In this application, t,he solution space S is a set of 
mot,iori vect,ors. The i th  chromosome C; in the popu- 
lxt,ion is defined as. 

0 5 7 5 M - 1, (1) 

where the genes U,,, ,  b, E (0 ,  l}, and 0 5 R 5 k - 1. 
[m, 1?,I t  represents onc possible motion vector, and k is 
tlie codeword size of each motion offset whose value de- 
p-ndents on the search range If the maximum motion 
offset IS w ,  the  value of k will be [log, The lalues 
of the genes arc derived from tlie represented motion 
vector of tlie chromozoinc, that  is, 

r n ;  
ui3n = - mod 2,  

2" 

where mod is the module opera.tion. 
Fig. 1 depict,s the block diagram of the genet,ic evo- 

lution in tlie LGSA. An initial populat,ion is forrned 
before the cvolut,ion. The initial cliromosomes can be 
randomly selected from t>he search space, or be selected 
from the fixed loca.tions of the search space. 

Each chromosome has an associated fitness value 
which is defined as, 

where di  is the matching error of t,he ith chromosome, 
and clk is the Mi minimum matching error among all 
the A' values, di  0 5 i 5 - I ,  and U and S are a unit 
step function and a delta function, respectively. The 
const,ant, k determines how many chromosomes could 
be selectmecl a t  most a.s the seeds in the reproduction 
s h g e  for producing a rival population. From (4), it 
is known that  the chromosomes with smaller matching 
errors will have larger fitness values. The chromosomes 
with larger fitness values in the current population have 
larger probability to  be selected as seeds of the next 

Initial 
Population 

Fitness 

, , Motion 1 
Competition 

Mutation *-- 
Figure 1. The structural dzngraiii (if thr yr.nFtrc 
block matchang nlgorzthm 

generation. This probabilist,ic schemes for seletrt8iiig the 
seeds of new generations is kno~vn as the prohabilist,ic 
reproduction. 

The reproduction method used in this work is sim- 
ilar to the weighted roulett>e wheel method [lo].  For 
each chromosome, an interva.1 ri is calculated as, 

where f k  is the fitness value of t,he kt8h chromosome 
in the population, and '[' and ' ) '  denote closing aiid 
opening boundaries, respectively. When the interval of 
each chromosome has been determined. N real nuin- 
bers, ai, are randomly generakd,  where 0 5 < 1 
aiid 0 5 i N - 1. The value of n i  will be bounded by 
some r j ,  that  is, ai E r i .  The chromosome (7, is t,lieii 
selectmecl a,s a seed to  generate the rival popiilation. It, i s  
possible that one Chromosome can be selected t,mice or 
more. Because N real random numbers are generakd,  
N seeds could be selected and pla.ced in t8he mat,ing 

A4fter the reproduction stage, each seed in t,he mat- 
ing pool will be processed and t,ransferred int,o a. ca.n- 
didate chromosome of the new generation. Assume t,he 
current seed to be processed is [mi nil t ,  where 7nj = 
[ a i , k - l a i , k - 2 . .  .u;,o] and ni = [ b i , k - l b i , k - ? .  . . h i , o ] .  In 
the j t h  generation, the two genes ui,,- and are var- 
ied, where z = k - 1 - j .  There are eight, mut,at,ion 
opera.tors, { (Q, qp)/O 5 p 5 7 } ,  which can be applied 
in our implementation, that  is, 

pool. 

a;,t = a i , z  + 6, (6)  
b $ , z  = bi.- + q p >  (7 )  

where p is a random integer number whose d u e  is be- 
tween 0 and 7. Because the chroiiiosomes a.re randomly 
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selected and put on the mating pool it is not necessaq 
to  generate a random nuniber for deterinining the y s 
value We sinipll set ii t o  be ( 2  mod 8)  The mutation 
operations are defined as, 

Algorithm 

FSX 

= (-l)m(b+ 1 - m(,m + I)] 

PSXR(dB) 
sales miss Claire trevor football tennis 
36.33 38.62 42.66 35.09 26.02 26.94 

?Ip = (-1)"([p+ 1 - m(m + I)] 

TSS 
LGSA 

TVhen the mutation operations are performed on 
the most significant genes of the chromosomes (e.g.. 
cik 1 ,  hi, - 1 ,  etc.), the chromosomes which are far from 
t,he original ones in the search space are generated. 
TVhereas, the nearby chromosomes are generated when 
the mut~a.t~ion operations are performed on the least sig- 
nificant genes. 

Therr are :Y chromosomes in the mating pool after 
performing the genetic operat,ious. Along with the orig- 
irial chromosomes in the current generation, S chromo- 
somes are select,ed from these 2n '  chromosomes accord- 
ing to  their fitness values. Each chromosome can only 
be selected at most once. The  chromosomes with larger 
fit,ness d u e s  mill be picked up  as the members of the 
popiilat,ioii in the next, generatlion, and go through the 
next, iterations of the geiiet,ic evolution. Although the 
sorting operat,ioii is iieeded in t1his survival competition 
stage, the overl1ea.d is not high because the population 
size is usually not large in this application. This stage 
i s  added to  the proposed algorithm to prevent the chro- 
mosomes from being destroyed by the new ones with 
poorer fitness values, because the new chromosomes 
generatmecl from the origina.1 ones are not guaranteed to  
have larger fitness values in GAS. 

The chromosome with the maximum fitness value is 
selected from t,he current population as the possible so- 
lution. The  possible solution might be replaced by the 
ot,hers from one generation to  the other generations. 
The it,erat,ion will be terminated if the matching error 
of' the solution i s  less than a predefined threshold, or 
the iteration number is equal to k - the codeword size 
of the chromosomes. 

35 75 3 8 0 1  41 85 34 13 24 1 2  25 76 
36 25 3538 1 2 6 1  3 1 9 3  25 27 2640 

3. Experimental Results 

Algorithm 

FSX 

The proposed LGSA along n i t h  the FSA and the 
I SS Jcrre ii-nplemcnted' to compare their performance 
1x1 the s inidat  ion?, the block size for block matching 1s 

PSNR(dB) 
sales miss Claire trevor football tennis 
34.83 37.69 39.07 33.58 23.60 24.41 

' I h e  source codes of the LGSA can be found on 
"ht tp: / /~~w~.cmlab.csie . i~tu.edu. tw/~d25O6OlO/pub/ lgsa/ lgsa.html '~ . 

3 S S  
LGSX 

8 x 8  pixels. and the maximummotion offset, is 16 pixels. 
The TSS was directly expanded to four steps to  cope 
with the search range. 

Tables 1 and 2 list the average performance of the 
above three search methods both in the cases of t,he 
normal frame rate (30 frame/sec) and the lower frame 
rate (10 frame/sec). I t  can be seen from the table t,hat 
the LGSA achieves similar performance to  the FSA. 
JVhen the frame rate is low, the TSS iiiet,liod i s  sho~vn 
to have poor performance because of the increme of 
the local minima in the search spare. Nevertheless, the 
LGSA still have the similar performance t,o t>hat, of the 
FS.A. 

33.85 35.57 36.79 31.81 22.02 23.03 
34.59 37.09 38.69 33.09 22.57 23.63 

Table 2. Coinpurasons of the averagc p e r f o r n i u i ? ~ ~  
in lou f rume  rate. 

In the low frame rate case, the subjective quality of 
the motion compensated images generated by the TSS 
are unacceptable. Whereas, the motion compensated 
images generated by the LGSA are still good enough. 
Tl'hen the allowed bit-rate i s  limited, the decoded im- 
ages which are motion est.iriiated by the LGSA will ha.\-e 
acceptable quality. 

To compare the coinputationa.1 coinplexit,y-, Table 3 
shows the average numbers of the sea.rching points 
needed for each block in different algorit,hms. From t8he 
table. i t  i s  known that  the LGSA needs similar searcli- 
ing number as that  of the TSS. However, the overlieads 
of the genetic operations (reproduction. mutation. a.nd 
survival competition, etc.) must be taken int,o account. 
Fig. 2(b) shows the ratio diagram of the average exe- 
cution time for these algorithms. All the algorithms 
are run on a SUN SPARC-10 workstation. I t  follows 
from the figure t,liat the LGSA needs iiiore comput,a- 

Some of the motion compensated images can also be found 
there for comparing the perceptual quality of different search 
algorithms. 
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tioiis than t>he ‘TSS does, but still has fairly low com- 
putat,ional complexity as compared to the FSA. When 
the frame rat,e is high and the video sequences contain 
only slow moving objects, the computational cost,s of 
t,he genet,ir method become non-negligible. This is be- 
cause t,he perforrnaiice of the TSS method is only a 
little worse than that, of t,he FSA, i.e., t,he improve- 
ment achie\Ted by t,hr genetic method is very limited. 
On the other ha.nd, the coinputatmional complexity of 
the LGSA becomes rmsonable when t,he frame rate is 
low or when the objects in the video sequences move 
very fast, because the performance of the TSS is unac- 
ceptable in these cases. 

Alcorit hm I FSA 1 TSS 1 LGSA 1 
I Average Search Number 1 1010.45 I 31.74 I 51.51 1 ” I I I 

Table 3. Average search number for  each block. 

LGSA 

TSS 

FSA 

LGSA 

TSS 

FSA 

I 
~ 

j 0 38 

F 
1 1  49 

~ 

LGSA can be applied without much degrading of the 
image quality. 
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4. Conclusion 

In this paper, a new G.4-based block matching al- 
goritlini is proposed. By a,pplying GAS, the proposed 
algorithm overcomes t,he local minima st,icking prob- 
lem by including several search point,s siniult-aneously 
during t,lie searching process. I t  is shown that the per- 
formance is very similar t o  t,he FSA. Due to  the spe- 
cial design of the genetic operations, the computational 
complexity is under control (i.e.> very close to  the TSS) 
and is much lower than Lliat of the FSA. In low bit-rate 
video coding where t,he frame rate is not high or in the 
applications where the motion of objects is violent, r,he 
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