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Figure 7: An example of Arabic character recognition 
process: original text image (top row), detected text only 
regions (second row), word segmentation (thirds row) 
and final Arabic character segmentation (last row) 

recognition time. In other words, the recognition-time 
is shorter for images which contain bigger apparent size 
character than the images which contain smaller appar­
ent size characters. One of the important speed measures 
is processing time per single character recognition. With 
our method, we are able to recognize single character in 
8 ms on the average. 

4.2 Arabic OCR 

In addition to Latin OCR, we have developed fast and 
accurate Arabic OCR which is able to recognize scripted 
Arabic characters and words. In summary, we first de­
tect the Arabic text in document images and extract the 
Arabic text from images. Then we apply connected com­
ponents algorithm to find each connected components. 
Each connected component may contain single or multi­
ple Arabic characters or a sub-piece of an Arabic char­
acters. After we obtain the connected components, we 
segment words. After the words are detected we further 
apply Arabic character segmentation algorithm to detect 
each individual Arabic character. Example of Arabic 
character recognition and dot integration are shown in 
Figure 7. 

There are mainly 26 Arabic characters and 10 Arabic 
digits in Arabic alphabet. However, because of scripted 
nature of Arabic language, each character can have 4 
different character shape depending on it's position (iso­
lated, middle, initial or end character). In addition, some 
of the basic Arabic characters can take some diacritics, 
dots etc. These dots make the character totally different 
character. Therefore Arabic characters without dots may 
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have many ambiguities in recognition. In order to build 
a robust recognition system for Arabic, we have develop 
Arabic characters with and without dot information. We 
trained our system to recognize Arabic OCR characters. 
Each Arabic OCR character may represent a single Ara­
bic text Character or multiple Arabic text characters de­
pending on the position and whether or not it has dots 
(Arabic Text characters are the ones used in Arabic text). 
In our recognition system, we provide OCR-Character 
to Text character mapping, and if there are one-to-many 
type of mapping, dot classification algorithm helps to re­
solve disambiguates. 

4.2.1 Performance Evaluation 

We have conducted extensive tests to evaluate the Ara­
bic character segmentation and recognition accuracy. We 
have generated four different test sets, each test set have 
word-level ground truth data that allows us to compare 
the results. We have computed three accuracy metrics: 
character recognition accuracy(OCR), word recognition 
accuracy without any spelling correction (WORD-NSP), 
word recognition with Spelling(WORD-SP). Here is the 
summary of the results: 

• set-I: Set-I contains 21 document images taken with
Yeo camera with l 280x l 024 resolution. The Arabic
text are CNN news segments, UN documents etc
and printed on 12 and 16 point size Arabic fonts
(roughly equal to 150dpi). It contains 4049 scripted
Arabic words and 19210 characters. The words and
characters appear on document images with various
apparent sizes, where avg. character size is 17 pixel.

• set-II: Set-II contains 13 document images taken
with Yeo camera with 1280x1024 resolution. The
Arabic text are CNN news segments and printed on
16 point size Arabic fonts and cover half page doc­
ument(roughly equal to 175dpi). It contains 1927
scripted Arabic words and 9043 characters. The
words and characters appear on document images
with various apparent sizes, where avg. character
size is 18 pixel.

• set-III: Set-III contains 11 document images taken
with Yeo camera with 1280x1024 resolution. The
Arabic text are CNN news segments and printed on
12 point size Arabic fonts and cover half page doc­
ument(roughly equal to 145dpi). It contains 1735
scripted Arabic words and 8227 characters. The
words and characters appear on document images
with various apparent sizes, where avg. character
size is 14 pixel.

• set-IV: Set-IV contains 31 document images ob­
tained with scanner at 300 dpi resolution. This set
allow us to compare our results with commercial
Arabic OCR products. The Arabic text are CNN
news and UN documents and printed on 12 and 16
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Figure 8: Example of results obtained with Polar Rain's Kenai-II Mobile Arabic to English Translation and Triage 

system. The execution times are in second and obtained with a PDA which has 64MB main memory and 624Mhz 

xScale processor 

point size Arabic fonts. It contains 7695 scripted 

Arabic words and 34477 characters. Average char­

acter size is 25 pixels. 

Using above test sets, we have achieved following ocr 
and word accuracy: 

OCR. WORD-NSP WORD-SP 
Seti 0.989 0.906 0.946 
Set II (12) 0.972 0.775 0.893 
Set III ( 16) 0.929 0.544 0.757 
Set IV (scan) 0.991 0.965 0.977 

Table 2: Arabic OCR accuracy of our system 

Our Arabic OCR is also very fast and runs on a 624 Mhz 

PDA with 6.2 second per image (per half page) which is 

rough 7 .5 ms per character. Figure 8 and Figure 9 shows 

examples of Arabic and Spanish OCR and translations 

results with execution time statistics. 

5 Document Translation and Triage 

Overall goal of our system is to provide useful translation 

and triage results so that Soldier in the field can easily 
understand what is written on any information sign or 

on a piece of document that are written with a foreign 

language. 

We have built Spanish to English and Arabic to En­

glish machine translation system for PDA. Translation 

engines runs fast enough to provide acceptable text trans­

lation less than 5 second ( on the average) for text with 

300 words. We have conducted offline training by using 

parallel sentences for documents and road signs in both 

Spanish and Arabic. In addition we have built translit­

eration tables in case the recognized word is not in our 

dictionaries. In addition, we have built necessary tools to 

support any mission specific translation and triage pro­

cessing and fast new mission deployments. Currently 

we are conducting accuracy of our translation engines 

by comparing human translator and commercial transla­

tion engines. An example of Arabic translation obtain by 

our system, SYSTRAN and human operator are shown 

in Figure 10. 

6 Conclusion 

We have described our mobile document recognition and 

translation system (Kenai-II) which works on a COTS 

PDA with attached digital camera. Core elements of 

our technology are the ability to extract text informa­

tion accurately and recognize each foreign text quickly 

with a limited resource mobile device. We have devel­
oped very fast and accurate image processing algorithm 

to be able to extract text information reliably from pic­

tures and documents and recognize each character or 

word in the text. It does not require any special hard­

ware and works on a COTS PDA. Once foreign text de­

tected and characters and words are extracted, they are 
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