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Abstract. Language is an indispensable tool for human communica-
tion, and presently, the language that dominates the Internet is English.
Language identification is the process of determining a predetermined
language automatically from a given content (e.g., English, Malay, Dan-
ish, Estonian, Czech, Slovak, etc.). The ability to identify other languages
in relation to English is highly desirable. It is the goal of this research to
improve the method used to achieve this end. Three methods have been
studied in this research are distance measurement, Boolean method, and
the proposed method, namely, optimum profile. From the initial experi-
ments, we have found that, distance measurement and Boolean method
is not reliable in the European web page identification. Therefore, we
propose optimum profile which is using N -grams frequency and N -grams
position to do web page language identification. The result show that the
proposed method gives the highest performance with accuracy 91.52%.

Keywords: N-grams profile, rank-order statistics, distance measure-
ment, Boolean method, optimum profile.

1 Introduction

Language identification is used frequently in a number of applications, such as
machine translation, information retrieval, speech recognition, and text cate-
gorization. Among researches of text-based language identification, N -grams is
perhaps the most widely used and studied [1]. The N -grams method, which is a
sub-sequence of N objects from a longer sequence, when rank-order statistics on
N -grams profile are adopted and the distance measurement is used to identify
the predefined language of a particular content.

It is being argued that text-based language identification is a completely
solved problem. However, we have found that improvements are still needed
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because of several problems arise when dealing with web page language identi-
fication. Firstly, the web pages contain multiple languages which may produce
faulty output in related language systems. Secondly, web page language identifi-
cation is difficult due to plethora of internation terms and proper names occuring
in the internet. Other issues are web page format, encoding, spelling and gram-
mar errors [2,3].

This paper is organized as follows: Related works on language identification
is described in Section 2. Next, data preparation and language identification
using the distance measurement, Boolean method, and optimum profile are ex-
plained in Section 3. The experimental results based on confusion matrix and
accuracy are detailed out in Section 4. The conclusion of the research is given in
Section 5.

2 Related Works

Human usually don’t have any need for language identifiers, however the field of
human language technology covers a number of research activities, such as the
coding, identification, interpretation, translation and generation of language.
The aim of such research is to enable humans to communicate with machines
using natural language skills. Language technology research involves many dis-
ciplines, such as linguistics, psychology, electrical engineering and computer sci-
ence. Cooperation among these disciplines is needed to create multimodal and
multimedia systems that use the combination of text, speech, facial cues and
gestures, both to improve language understanding and to produce more natural
language processing by animated characters [4,5].

Language technologies play a key role in the age of information [5]. Today,
almost all device systems combine language understanding and generation that
allow people to interact with computers using text or speech to obtain informa-
tion, to study, to do business, and to communicate with each other effectively
[6]. The technology convergence in the processing of text, speech, and images
has lead to the particular ability to make sense of the massive amounts of infor-
mation now available via computer networks. For example, if a student wants
to gather information about the art of getting things done, he or she can set
in motion a set of procedures that locate, organize, and summarize all available
information related to the topic from books, periodicals, newspapers, and so on.
Translation of texts or speech from one language to another is needed to ac-
cess and interpret all available material and present it to the student in his or
her native language. As a result, it increases academic interests of the student
[6,7].

Some works have been reported to detect the language of a particular web
page. They are decision tree neural networks [3], discrete HMMs [2], short letter
sequences (N -grams) [8], and metadata description [9]. A variety of features have
been used for language identification. These includes: the presence of particular
characters [10,11], written words [12,13], and N-grams [1,14].
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3 Method

In this section, we describe the distance measurement, Boolean method, and
optimum profile as shown in Figure 1. First of all, data sets of languages have
been collected from news website. Then, these data sets were saved in unicode
form by setting the file name corresponding to the target language. Many types
of encoding have been used on the web document to ensure that character pro-
cessing is not miscalculated. We have converted the identified encoding into the
unicode encoding as the latter is able to accommodate all encoding types by
the use of specific numeric number. In this work, we have collected European
web pages as experimental data sets such as Bulgarian, Czech, Danish, Dutch,
English, Estonian, Finnish, French, German, Greek, Hungarian, Irish, Italian,
Latvian, Lithuanian, Maltese, Polish, Portuguese, Romanian, Slovak, Slovene,
Spanish and Swedish, and the corresponding annotation are bul, cze, dan, dut,
eng, est, fin, fre, ger, gre, hun, iri, ita, lat, lit, mat, pol, por, rom, slo, sle, spa,
and swe, respectively. Each language consists of 1000 web pages, 100 units were
used for training, 500 units were randomly selected from the remaining data sets
as testing data. Threshold has been set to top 100 units of language features.
N -grams were mixed by unigram, bigrams, and trigrams, but statistical anaysis
was done independently.

Feature selection determines the appropriate features or attributes to be used
in language identification. It is based on N -grams frequency (NF ) and rank-
order statistics [15]. For NF , it is based on the occurences of the particular
N -grams (ngm) in a document, not the whole data set. The number of a par-
ticular ngm contributed to the document is an important factor in a language
identification. For example, the ngm ‘ber’ appears in Malay more frequently
than in English, so a Malay document has higher occurences of that ngm. The
formula of NFL is given by equation 1, where Td is the total N -grams in that

Fig. 1. Research framework of proposed method
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document d, L is the target language, and D is the data set. Each unigram,
bigrams, and trigrams calculation is done separately and also the highest NF
is selected as features. Finally, ngm is sorted based on rank-order statistics. De-
tails of experimental setup and measurement have been described in the paper
of Selamat and Ng [3,16,17].

NFL (ngm) =
D∑

d=1

(∑
ngmd

Td

)
(1)

3.1 Distance Measurement

Distance measurement has been proposed by Cavnar and Trenkle [1], they have
used rank-order statistics on N -grams profiles in order to find out closest profile
as winner of language identification and text categorization. Figure 2 illustrates
the distance measurement of N -grams profile. First, training profile of each lan-
guage is generated from the desired data set by using N -grams frequency. After

Fig. 2. Distance measurement of N -grams profile (note: it is assumed that for those
not found N -grams in this figure is assigned with a maximum value nine) [1]
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that, rank-order statistics are applied on the language profile to sort the N -
grams from most frequent to least frequent. Same process goes on unknown
document or target document. Then, unknown document profile is compared
with all profiles of desired languages. Out of place is the distance between de-
sired N -grams and target N -grams. Finally, minimum distance of one particular
profile is selected as winner based on the sum out of place.

3.2 Boolean Method

Boolean method has been used to measure matching rates between target profile
and training profile. It is different with distance measurement which is depends
on N -grams frequency. Instead, this method returns value of one if one particular
N -gram from the target profile is found on the desired profile. Otherwise, it
returns value of zero if there is no match. After that, matching rate is derived
by dividing the total Boolean value to total number of distinct N -grams in the
target profile. Finally, the maximum matching rate is selected as winner among
the training profiles.

Fig. 3. Boolean method of N -grams profile (note: it is assumed that for those not found
N -grams in this figure is assigned with a zero value) [18]
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3.3 Optimum Profile

Figure 4 shows the example of proposed method N -grams optimum profile. This
method makes use of N -grams frequency and N -grams position. Accumulated
N -grams frequencies is the first identifier of language identification and it is
followed by converge point which is to determine the fastest convergence of N -
grams position. A random double is added to converge point to increase the level
of discriminant. Indonesian N -grams profile consists of ‘ka’, ‘ra’, ‘in’, ‘kan’, and
‘pe’; however Malay N -grams profile is comprised of ‘ka’, ‘ra’, ‘pe’, ‘in’, and ‘ah’.
Each N -grams frequency of Indonesian is 50, 60, 10, 0, 20, and Malay is 50, 60,
20, 10, and 0; while the accumulated frequencies are 50, 110, 120, 120, 140, 50,
110, 130, 140, and 140, respectively. Converge point of Indonesian and Malay
are 4 and 3, respectively. Winner of this example is Malay due to the converge
point is smaller than Indonesian.

Fig. 4. Proposed N -grams Optimum Profile

4 Experimental Results

In this following subsections, we discuss the confusion matrix and accuracy of
European web page language identification. Three methods have been evalu-
ated which are distance measurement, Boolean method, and optimum profile.
European data sets have been used in the experiment with total 23 languages.
Threshold was set to top 100 features of each language.

4.1 Confusion Matrix of Web Page Language Identification

Table 1 shows the confusion matrix of European web page language identification
using distance measurement. It is observed that the Bulgarian, Czech, Estonian,
and Greek give worst results with correctly predicted samples are 0, 66, 1, and 4,
respectively. Other languages more than 321 samples were correctly predicted.
Finnish and Hungarian have achieved the best identification results which are
100% correctness.
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Table 1. Confusion matrix of distance measurement on European web page language
identification

Predicted Language
bul cze dan dut eng est fin fre ger gre hun iri ita lat lit mat pol por rom slo sle spa swe

D
es

ir
ed

L
a
n
g
u
a
g
e

bul 0 0 0 0 0 8 0 0 0 377 0 115 0 0 0 0 0 0 0 0 0 0 0
cze 0 66 0 0 0 7 0 0 0 3 0 0 0 0 0 0 16 0 0 163 245 0 0
dan 1 0 471 1 0 0 0 0 2 11 4 0 0 0 0 0 0 0 0 0 0 0 10
dut 0 0 0 396 0 46 0 0 0 53 2 0 0 0 0 0 2 0 0 0 0 0 1
eng 7 0 0 0 473 0 0 0 0 18 2 0 0 0 0 0 0 0 0 0 0 0 0
est 8 3 23 1 4 1 21 2 0 233 117 5 0 6 1 29 36 6 2 0 1 0 1
fin 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fre 0 0 0 0 0 0 0 495 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0
ger 0 0 0 0 0 0 0 0 499 1 0 0 0 0 0 0 0 0 0 0 0 0 0
gre 55 12 3 1 0 59 219 1 6 4 3 31 2 22 0 38 9 0 2 14 18 0 1
hun 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0
iri 1 4 0 0 0 95 0 0 0 2 0 391 0 1 0 1 0 0 0 1 2 0 2
ita 17 1 0 0 0 26 1 0 0 0 21 0 422 2 0 0 3 0 0 3 3 0 1
lat 20 13 0 1 1 36 0 3 0 42 4 13 0 347 2 3 4 0 0 9 0 0 2
lit 0 0 0 0 0 0 0 0 0 1 0 0 0 3 494 0 1 0 0 1 0 0 0
mat 3 16 0 0 0 14 1 1 0 27 5 1 0 0 0 432 0 0 0 0 0 0 0
pol 2 3 0 0 0 34 0 0 0 34 1 0 0 0 0 0 417 0 0 9 0 0 0
por 8 0 0 0 0 6 0 0 0 15 1 1 1 0 0 0 4 463 0 0 0 1 0
rom 2 1 0 1 1 15 2 1 0 9 7 0 12 0 0 2 4 0 442 0 0 0 1
slo 6 17 0 2 0 59 0 0 1 77 0 0 0 0 1 0 13 0 0 321 3 0 0
sle 0 0 0 0 0 1 0 0 0 2 0 1 0 0 0 0 25 0 0 49 422 0 0
spa 1 0 0 0 14 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 482 0
swe 9 4 1 1 0 12 0 1 2 82 21 0 0 0 0 5 6 0 0 1 0 0 355

Table 2. Confusion matrix of Boolean method on European web page language
identification

Predicted Language
bul cze dan dut eng est fin fre ger gre hun iri ita lat lit mat pol por rom slo sle spa swe

D
es

ir
ed

L
a
n
g
u
a
g
e

bul 180 0 0 0 320 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
cze 0 45 0 0 1 0 0 0 0 0 0 0 16 0 0 0 0 0 5 0 432 1 0
dan 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dut 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
eng 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
est 0 0 21 2 17 11 247 0 0 0 0 0 119 0 62 0 0 0 8 0 0 0 13
fin 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fre 0 0 0 0 1 0 0 499 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ger 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gre 2 0 0 0 4 0 0 0 0 494 0 0 0 0 0 0 0 0 0 0 0 0 0
hun 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0
iri 0 0 0 0 125 0 0 0 0 0 0 375 0 0 0 0 0 0 0 0 0 0 0
ita 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0
lat 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0
lit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0
mat 0 0 1 0 4 0 0 0 0 0 0 0 10 0 0 485 0 0 0 0 0 0 0
pol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0
por 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 498 0 0 0 0 0
rom 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 498 0 0 0 0
slo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 499 0 0 0
sle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0
spa 0 0 0 0 302 0 0 2 0 0 1 0 1 0 0 0 0 0 1 0 0 193 0
swe 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 499

Table 2 illustrates the confusion matrix of European web page language iden-
tification using Boolean method. Bulgarian, Czech, Estonian, and Spanish have
achieved accuracy of identification below 50%. Total correctly predicted samples
are 180, 45, 11, and 193, respectively. Irish has been predicted as English with
125 samples and the remaining are correct samples. Other languages give good
results with more than or equal 485 correct samples. It is slightly better than
distance measurement.

Table 3 depicts the results of European web page language identification by
using optimum profile. It is noticed that the performance of identification has
been increased with only two languages give worst results. They are language of
Czech and Estonian. Only 45 samples of Czech and 9 samples of Estonian have
been correctly predicted. The remaining 21 languages have correctly predicted
more than 490 samples.
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Table 3. Confusion matrix of optimum profile on European web page language
identification

Predicted Language
bul cze dan dut eng est fin fre ger gre hun iri ita lat lit mat pol por rom slo sle spa swe

D
es

ir
ed

L
a
n
g
u
a
g
e

bul 496 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
cze 0 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 427 28 0 0
dan 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
dut 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
eng 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
est 0 0 111 1 1 9 324 0 0 0 0 0 0 2 23 0 0 0 0 0 1 0 28
fin 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
fre 0 0 0 0 0 0 0 498 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0
ger 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0 0 0
gre 1 0 0 0 2 0 0 0 2 491 0 0 0 1 1 0 0 1 0 0 0 1 0
hun 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0 0 0
iri 0 0 0 0 0 0 0 0 0 0 0 496 4 0 0 0 0 0 0 0 0 0 0
ita 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0 0
lat 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0 0
lit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0 0

mat 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0 0
pol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0 0 0
por 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 499 0 0 0 1 0
rom 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0 0
slo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0 0
sle 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 500 0 0
spa 0 1 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 492 0
swe 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 499

4.2 Accuracy of Web Page Language Identification

Figure 5 shows the overall accuracy of European web page language identifica-
tion. It is found that the accuracy of distance measurement, Boolean method,
and optimum profile is 72.98%, 85.01%, and 91.52%. Distance measurement is
having dimension problem in which similar distance might be found in more than
one language and usually the smallest one is frequently encountered. Boolean

Fig. 5. Overall accuracy of European web page language identification
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method is not reliable if two or more languages appear same N -grams frequency.
Therefore, it has been proved that optimum profile gives the best performance
in European web page language identification.

5 Conclusion

Language identification is important in a vast variety of natural language pro-
cessing systems. If we are to trust an information retrieval system to classify
documents with little or no human oversight, we require a system that is capa-
ble of operating at a high level of high accuracy. Therefore, we have proposed
optimum profile to cope with the limitations found in both distance measure-
ment and Boolean method. From the experiments, it is concluded that optimum
profile performs better than others. In the future works, the issues of multilin-
gual web page, noise tolerent of language identifier, minority languages, and data
dimensionality will be investigated.
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