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Abstract—The paper describes existing and novel 
approaches to word sequence similarity measuring which uses 
image processing procedures to reveal proximity relations 
between words and their meaning. This is implemented due to 
the fact the each word sequence can be associated with a 
particular pictorial domain, and thus any textual information 
can be potentially presented via an image series. Theoretical 
results of rule based approach, genetic algorithms and neural 
networks application are analyzed in terms of solving the 
problem under study. The proposed information processing 
technology may be useful for automatic translation 
applications, known as CAT-tools by now, search engine 
optimization, etc. The proposed content analysis techniques are 
designed to boost translation efficiency in particular. Romano-
germanic and east-slavonic language pairs have been used as 
an example of practical application. It aids translation experts 
in finding the best solution for a specific domain that he (or 
she) is usually unfamiliar with. Thus, eliminating human 
errors and decreasing time needed for contextual search and 
deep examining of the topic. 

Keywords—computer-assisted translation, evolutionary 
approach, multimedia processing, neural network, rule based 
algorithm  

I. INTRODUCTION 

At the current stage of development of bilingual text 
processing techniques there are a number of automatic 
translation systems, but professional translators use only 
automated translation means in their everyday work. These 
are so called CAT-tools. Here, CAT is an abbreviation for 
Computer Assisted Translation. Such software means are 
designed to help experts in translation without his or her total 
replacement or exclusion. The latter cannot be currently 
implemented in full with quality preservation. Despite 
significant perfection of automatic translation systems during 
the last decade, which is testified by the appearance of 
mobile applications with relatively high quality of 
synchronous translation solutions, written translation in a 

specific knowledge domain still remains the authority of a 
translator expert (see fig. 1 below as a strong evidence). In 
fig. 1 one may see a machine translation in the right column 
of two text fragments taken from a technical standard and a 
vintage item description. 

For those who know Russian, it can be clearly seen that 
the Russian text looks absurd in both cases, though in general 
one may understand what it is about. However, special terms 
translated into the target language look as much absurd if 
performed by a specialist with poor qualification 
characteristics. At the same time, this expert may also have 
very severe time limits to do his or her work at a high quality 
level. Is should be also mentioned that in order to find the 
correct translational solution, an expert should be familiar 
with the key concepts his translation is about which may 
appear too complicated for a linguist in case of a technical, 
medical or pharmaceutical domains. The current publication 
aims at suggesting a novel approach on automating search 
for the correct translation solution. The translation quality 
increase in application to the field-specific terms is proposed 
to be implemented via context related methods of intelligent 
image processing. 

Among a variety of CAT-tools available in the translation 
market today, SDL Trados Studio gains the leading position 
by all means in the field of text translation and software 
localization (namely, SDL Passolo). TM (Translation 
Memory) and sometimes TB (Term Base) constitute any 
automatic translation system in its majority, and Trados is 
not an exception. These databases are accumulated with 
translation pairs of source and target segments while sole 
translator’s work at a project or a group of translators work. 
In other words, TB and TM are constructed based on the 
translator’s knowledge who further uses them. That is why 
the quality of computer-assisted translation differs greatly 
from the quality of fully automated translation where terms 
and grammatical links are translated solely by the machine, 
without any expert involvement [1]. 
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In this work we propose the enhancement of current term 
translation means by introducing the analysis procedure and 
image matching. Such an approach can be implemented for 
both completely and partially automated systems. This will 
enlarge the percent of automation of the translation process 
and eliminate errors in specialized term translation by the 

experts. Artificial intelligent methods, described and 
developed up till now and used for image matching, can be 
observed in [2-8]. To compare graphical data, common 
similarity metrics are often used along with cluster analysis, 
histogram difference, statistical analysis, optical flow 
analysis, etc. 

 

Fig. 1. Automatic English-Russian translation of 2 text fragments of different topics 

 

II. EFFICIENCY OF RULE BASED, GA AND NEURONET 

APPROACHES FOR THE PROBLEM UNDER STUDY 

The rule based approaches that use fuzzy logic models 
are considered to be the most applicable mathematical tool 
for text analysis despite apparent drawbacks that are further 
revealed in this study. Designing human approximate 
reasoning models allows us to make decisions based on 
information that is incomplete, fuzzy and/or with a large 
portion of entropy. Suppose { }1 2, , , nX x x x=   is the initial 

data collection on the basis of which a decision will be made. 
Such an automated system has n inputs and one output. In 
our case, bilingual variants of a text sequence translation are 
the inputs, and we have only one truly correct output. Due to 
the specifics of the object under study, it is possible to 
conduct a quality assessment for any bilingual pair, and not 
to take into account all the available pairs at once. 

As a next step, fuzzification of input variables is usually 
performed. That is, finding the correspondence between the 
crisp value of the input variable and the value of a term of a 
linguistic variable membership function. To create an 
assessment using a comprehensive quality indicator, n  
linguistic variables must be defined. Each variable 

( 1, )iA i n=  will be characterized by four linguistic terms 

ijα  ( 1, ,i n=  1, 4j = ), which correspond to qualitative 

assessments “unsatisfactory”, “satisfactory”, “good”, 
“excellent”. Each term ijα  will be described using a fuzzy 

set ( ){ }, , 1, , 1,4
ijij i ix x i n jαα = μ = = , where ( )

ij ixαμ  is 

the value of membership function of ix  in the term ij iα ∈ Α , 

each of values ( )
ij ixαμ  maps each element of the set ix X∈  

to a real number from the interval [ ]0,1 .  

To determine values of membership functions, direct and 
indirect methods are used. Generally, direct methods are 
used for measurable concepts, and indirect methods are used 
for concepts that are difficult to measure. Experts satisfaction 
from the resultant translation is hard to be measured in our 

case, as it can also be disputable among the experts, i.e. each 
person may have his or her opinion according to the correct 
translation. This phase requires additional study of the text 
subject matter even for humans. That is why formalization of 
the following step seems to fail in its initial intention. 
Moreover, prior development of rules totally diminishes 
translation correctness in a particular domain due to 
versatility of topics. Time needed for experts’ knowledge 
presentation is enormous, and the efficiency of such a 
formalization is controversial. 

Thus, experts’ knowledge is represented in a form of 
fuzzy production rules R C D= → , where " → " is a symbol 
of fuzzy implication. For this purpose the right (antecedent) 
part of each rule is depicted as composite fuzzy logical 
statements, i.e. simple fuzzy statements are connected by 
fuzzy conjunctions, that is, we have i  rules of the form: 

1 1: if is and ... and is then isi i n in iR x x yα α β ,  (1) 

where 1,i m= , m  is the number of rules in the database; 

, 1,jx j n=  are input variables; y  is the output linguistic 

variable; ijα and iβ  are the membership functions defined 

respectively on jx  and y . 

At the next step of fuzzy implication, the degrees of 
fuzzy premises fulfillment apply to the fuzzy conclusions for 
each rule. As a result, we get one fuzzy subset for the output 
y . The Mamdani’s implication (i.e. using of min operator) 

can be used to resolve this issue. This actually is a “cut-off” 
in height of the output membership function at a level 
corresponding to the degree of fulfillment of the antecedent 
rule part. We also consider the composition according to 
Mamdani with the use of max operation. It means that the 
resulting set is obtained by taking pointwise maximums over 
all fuzzy subsets for output. 

To obtain crisp resulting values as a consequence of 
defuzzification, one of the existing methods can be applied. 
There are sufficient number of methods for this step – center 



of gravity (COG), mean of maximum (MOM), first of 
maximum (FOM), largest of maximum (LOM). Despite the 
fact that the COG and MOM methods are the most 
frequently used, choosing the actual method to obtain an 
adequate value can become an independent task that requires 
systematic approach [9]. The systems built under the 
aforementioned principle allow assessing translation quality 
by taking expert opinions into consideration while being a 
formalized knowledge base. 

Another approach that can cope with the previously 
mentioned problems uses genetic algorithm (GA) that is an 
analogy to the natural selection of the best adapted units 

( )W x  from the whole range X , which may possess 

maximal or minimal function values * arg max ( )
x X

x W x
∈

=  and 

* arg min ( )
x X

x W x
∈

= . Here, at the initial step the population of 

possible solutions is created 1 1 1 1
1{ ... },n iP p p p X= ∈ , i.e. 

initial generation of cardinality 1P n= . Then, selection S  

is made with further units crossover C  and mutation M  to 
obtain the best suited results 

 1 ( , ),k k kP M C S P F+ = × ×   (2) 

where 1{ ... }, ( )k k k k k
n i iF f f f W p= =  is the estimate for the 

next generation adaptation. The algorithm terminates when a 
sufficient pair is found [10]. GA is particularly efficient 
when dealing with word changing in a sequence for 
obtaining the best translation quality. The question here that 
arises is connected with a method for the best result 
estimation. 

Quite effective solution can be found using self-training 
for a neural network approach. Its simplest presentation can 

be written like this one: 
0

( ) ( )
n

j
j

j

a x w x
=

= φ   which is 

equivalent to the linear threshold classifier. Though, 
multilayered network is usually considered. Training any 
neural network implies using an optimization algorithm to 
find weights that adjust inputs according to outputs in order 
to obtain better results for the next calculations. Such a 
procedure is usually implemented via the method of Gradient 
Descent. The following formula can be used for tuning 
weights at each step: 

 j j s
j

L
w w l

w
= − ∂

∂
. (3) 

L  here is the loss function defined as the sum of squared 
differences between the obtained and estimated results 

 2

1

1
( , ) ( , )

m

i i
i

L y y y y
m =

′ ′=  . (4) 

In the formula (3) above, sl  corresponds to the speed of 
learning per each algorithm iteration, which is multiplied by 
the weight derivative and subtracted from each weight. The 
learning speed should be taken appropriately not to trap into 
the local minimum or jump through it [11]. In the next 

subsection we observe the proposed technique that help 
dealing with the issues stated here. 

III. MEASUREMENTS AND COMPARISON 

First of all, it should be mentioned that by a term we 
mean a word sequence that brings particular sense in that 
specific domain. Thus, domain specific search of a term 
translation is proposed to be performed with context 
consideration. As a result of such a search there appears from 
2 to nearly 10 (or even more, in case of a long word 
sequence) variants of translation. Only one variant (or 2-3 at 
maximum) is truly used to denote that particular subject in 
the domain under analysis. In order to reduce the number of 
variants and finally choose the correct solution, it is proposed 
to use graphical data matching procedure. These graphical 
data hide the term visual presentation in them. Fig. 2 
illustrates the algorithm of a term translation search based on 
the intelligent image analysis. The part of the algorithm 
denoted with a dashed line indicates the novel approach that 
is uncommon for the existing systems that operate with TMs 
and totally automated systems as well. Due to the proposed 
image matching procedure for the terms in the source and the 
target languages, the experts may have only to change the 
sentence structure and translate grammatical linkages. 

For the purpose of this work, images are matched to each 
other with the help of Voronoi diagrams. This concept is 
described in [12] where its efficiency has been proved in 
comparison with the existing approaches. Voronoi diagrams 
were initially designed for geodesy, they gained their 
popularity lately only with their application in computer 
graphics, for 3D modelling in particular [13, 14]. First order 
Voronoi tessellations are used for the purpose of this work. 
The order of tessellations defines the grid of image 
segmentation. This grid is composed on points which should 
be set a priori. It should be noted that the grid contains 
convex polygons only. 

The Voronoi diagram makes a plate decomposition 
(image decomposition in our case) according to the 
following rule: each Voronoi region connected with some 
key point includes all the points, the distances from which 
are less to their key point than to the rest key points [15, 16]: 

 
( ) 2 ( )

, ,

( ) ( )
, ,

( ) = { : max{ ( , ), ( ) }

min{ ( , ), \ ( ) }},

k k
i i h i h i

k k
i j i j i

v p z R d z p p v p

d z p p V v p

∈ ∈ ≤

≤ ∈
(5) 

where k  is the order of a tessellation ( )( ) k
iv p , 

1, 1 1, , 1 ,{{ , ..., }, ..., { , ..., }}k l l kp p p p  is an area of points that 

correspond with k  key points , 1 ,{ , ..., }i i kp p  used for the 

purpose of segmentation. Higher order Voronoi tessellations 
imply several key points for each region, in other words, 
each region is linked with several key points in a higher 
order Voronoi diagram. 

The amount of key points defines the order of a diagram 
[17]. Increase of the diagram order influences change in the 
level of detailing or segmentation. For nearly maximum 
values of a diagram order, the detailing decreases, while it 
increases for small values of the order [18]. It is important to 
note that the threshold of detailing change into the reverse 
order depends on the number of key points. 



IV.  CONCLUSION 

It is often hard even for translator experts to find an 
appropriate word sequence in a target language that 
accurately conveys meaning of the source segment. The 
problem of untranslatability is widely depicted in special 
literature on linguistics. However, the existing linguistic 

approaches of calquing, i.e. modeling of words and 
constructions under the foreign patterns, descriptive and 
assimilating translation are not covered in computer assisted 
and fully automatic translation tools because they require 
totally different level of content understanding. That is why 
dissatisfaction when using such tools arises in translators’ 
circles. 

 

 
Fig. 2. The proposed algorithm of term translation search based on the intelligent image processing 

 



In this article the authors make an attempt of solving this 
problem via artificial intelligent methods based on image 
retrieval. Rule based and genetic algorithms have shown 
their inefficiency, in contrast to neural networks that 
potentially can help at a higher level of multimedia content 
understanding. In our proposed technique we first associate 
visual objects corresponding with the source segment, and 
then try finding the same image in target language domain. 
Thus, boosting translator’s experience and even perfecting 
his or her own language solution. Measuring difference 
between images is performed with the formerly proposed 
approach based on high-level features and Voronoi 
tessellations. 
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