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About Ethiopian Information Technology Professionals Association 
 
Ethiopian IT Professionals Association (EITPA) is a professional association registered in accordance with Charities 
and Societies Proclamation No. 621/2009. The Association is comprised of individuals and institutes who seek to 
expand and share their knowledge and experience towards the advancement of information communication 
technology (ICT) in view of enhancing the contribution of ICT to the overall development of Ethiopia.  

Objectives of the association are to 

1. promote the contribution of Information and Communication Technology for the development of 
Ethiopia  

2. promote the advancement of Information and Communication Technology in Ethiopia .  
3. promote computer literacy throughout the country.  
4. promote the professional interest of its members.  
5. promote the study and the practice of Information and Communication Technology in the country's 

educational institutions, information processing centers and other information technology 
development centers.  

6. promote research in Information and Communication Technology and to assist in the dissemination 
of the findings of such research in Ethiopia .  

7. provide forum for the discussion of ideas and issues related with the profession  

8. promote professional contacts between EITPA and its counterparts at home and abroad.  
9. influence and ensure, through code of practice in the Information and Communication Technology, 

that the standards for the quality of information technology services and products are up to 
standard.  

10. benefit its members with professional privileges and recognition.  
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About Ethiopian ICT Forum 

Ethiopian ICT forum (EICTF) is annual grand ICT event where research and professional papers are delivered. This 
includes findings of academic and practical researches from the country and abroad. Furthermore, EICTF is also a 
forum where the ICT industry demonstrates and introduces its service. EICTF-2011 is taking place in the capital of 
Africa - Addis Ababa, Ethiopia. 

The theme of the 2011 conference is “Building Software in the Developing World". 

Building computer systems in developing nations includes challenges unknown to IT teams in developed countries. 
The challenges we face include:  

• Power outages and fluctuations  
• Internet outages and lower bandwidth  
• Difficulty of finding, training, and retaining quality resources  
• Needing to support many languages (frequently requiring non-standard fonts)  
• Significant requirements mismatch with existing Commercial-Off-The-Shelf (COTS) systems.  

In order for the systems being developed to be implemented successfully, these challenges must be addressed by IT 
teams.  

This conference seeks presentations from professionals and academics that fit with the theme of the conference. 
However, excellent papers on any information technology or communication topics will be considered.  

Submissions for panels, half- and full-day tutorials on topics of relevance will also be accepted.  

Each accepted author will receive a bound copy of the final conference proceeding and a free conference attendance 
pass. Electronic versions of the publication will be made available on the EICTF website after the conference 
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Abstract 

Mobile devices have become increasingly popular due to advances and availability of wireless 

services. The desire for effective text entry on mobile devices have also increased with the advent 

of virtual keyboard being as one of the major contributors to the sudden burst of research in text 

entry techniques. In order to design virtual keyboard one has to consider the nature of the 

language where by the text entry mechanism is achieved. In this work the Ethiopic text entry is 

chosen for the layout of the virtual keyboard to be designed. The abundance of characters in 

Ethiopic script brings a challenge for developing its virtual keyboard on mobile devices. For this 

purpose the layout designs for two Ethiopic virtual keyboards are proposed taking the inherent 

challenges of the Ethiopic script in to account. The developed virtual keyboards are implemented 

on Android operating system PDA and smart phones. The system is also designed in such a way 

that the Ethiopic and English virtual keyboards can be switched to enable multi-script text entry. 

 

Keywords: virtual keyboard, virtual Ethiopic keyboard, multi-script text entry, localization of smart 
phones, virtual Ethiopic keyboard layout design 
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Introduction 

The most popular method for transferring text from human mind into the memory of the computers is the 
keyboard and two of its branches are the physical and the virtual keyboards. One form of virtual keyboard 
is a software component that allows a user to enter characters by tapping graphical keys displayed on 
touch screens with a stylus. The physical keyboard is the one which is commonly used with desktop 
computers and has set of physical keys where hardware assigns a binary scan code value to each key [11].  

As computing devices are getting smaller in size and the need for having smaller keyboards is increasing. 
Simultaneously keyboards have shown yet more evidence of their attractiveness since they are very 
friendly to the users. And this time, like many other things, they have moved to virtual worlds. Of all 
possible text input methods, virtual keyboards displayed on a touch screen seem to be the best choice in 
many situations [13]. A list of handheld devices that include Smart phones and PDAs use virtual 
keyboards as a means of text entry. Virtual keyboard for languages like English, French, Arabic, Japanese 
etc. has been built and is available on the market. This situation encourages the speakers of the 
aforementioned language to use the mobile devices for different applications extensively.  

PDAs and smart phones provide services like: calculation, clock, calendar, Internet access, intranets or 
extranets access via Wi-Fi, or Wireless Wide-Area Networks (WWANs) access, sending and receiving E-
mails, video recording, typewriting and word processing, address book, writing on spreadsheets, scanning 
bar codes, radio or stereo access, playing computer games, recording survey responses, web browsers and 
Global Positioning System (GPS)[15].  

Most PDAs and smart phone manufacturers, such as the Apple Newton and the Palm Pilot, featured touch 
screens for user interaction, that have only a few buttons usually reserved for shortcuts for frequently used 
programs. Interaction is then done by tapping the screen to activate buttons or menu choices, dragging 
and highlighting. Text input on PDAs is usually done in one of four ways [15]: virtual keyboard, external 
keyboard, handwritten letter recognition and Stroke recognition (for example, Graffiti by Palm). Among 
these techniques virtual keyboard and external keyboard do not involve recognition activity, but the other 
techniques (handwritten letter recognition and stroke recognition) involve recognition process which is 
time consuming and not completely accurate. However, external keyboard, unlike virtual keyboard, 
requires connectivity mechanism with the PDA using either Bluetooth or a cable. This indicates that 
virtual keyboard is by far the best alternative for text entry on PDA environment. The advantages of 
virtual keyboards include their simplicity and efficient use of space and when no text entry occur it will 
disappear, thus freeing the screen space for other purposes. In other words, they are displayed on demand 
rather than continuously appearing on the screen [17]. Though virtual keyboards are available for many 
languages, there is little effort to design and develop virtual key board for languages that use Ethiopic 
script.  

Our work facilitates the use of national languages such as Amharic and Tigrigna text entry on PDAs and 
mobile phones. This in turn paves the way to provide input for Ethiopic based software application 
development on handheld devices and as a result Ethiopic software development for handheld devices can 
be accelerated. Thus, localized mobile applications can be developed in the areas of: government services, 
schools, hospitals, in the field of data collection, etc. The objective of this work is thus to conduct the 
necessary analysis that enables to design and implement appropriate virtual keyboards to serve the 
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languages that use Ethiopic script in the use of localized applications on mobile devices such as PDAs 
and smart phones. 

The rest of this paper is organized as follows. In section two presents related work on the design of virtual 
keyboard layout. Section three describes the challenges of virtual Keyboard design for Ethiopic characters 
set. In section four, our design of the Ethiopic Virtual keyboards is presented. Section five presents the 
implementation of the two virtual Ethiopic keyboard layouts: character frequency based and . In the 
remaining chapters, implementation, and finally conclusion and future works are briefly explained.  

Related Works 

The criterion for a good virtual keyboard is exactly opposite to the idea behind physical QWERTY 
keyboard. The idea in physical keyboard is that higher entry rates can be obtained if common digraphs 
(pair of characters used to write one phoneme) are entered by fingers on opposing hands instead of on the 
same hand [12]; where as in virtual keyboard layout design, common digraph letters should be close to 
each other in order to minimize the hand travel with the stylus. 

Performance modeling of virtual keyboards focuses on minimizing finger movement on a virtual 
keyboard, and two factors must be taken into account for this purpose. One is the transitional frequencies 
from one letter to another in a given language (digraph statistics), and the other is the relative distances 
between keys. The goal should be to arrange the letters so that the statistical total travel distance is the 
shortest when tapping on such a keyboard. This means, the most frequent keys should be located in the 
center of the keyboard and the frequently connected letters, for example in English T and H, should be 
closer to each other than the less frequently connected letters [12]. In addition, text input requires primary 
evaluation metrics: speed and accuracy. The simplest way to measure and report speed is to measure the 
number of characters entered per second during a trial, perhaps averaged over blocks of trials. Accuracy is 
more problematic. For a simple treatment of accuracy, a metric that captures the number of characters in 
error during a trial and report these as a percentage of all characters in the presented text can be used [17].  

By taking the above virtual keyboard requirement into account, a lot of methods for text entry on a PDA 
application were developed. The input system design problem for PDA device is to determine the layout 
that provides the highest text input speed by rendering optimized finger movement for expert users who 
have memorized the locations of the key. In short, the problem is to find the layout associated with the 
highest peak expert input rate. However, this criterion is not applicable for novice users as the dominant 
factor for them is the visual scan time, rather than the movement time [11]. 

Scott Mackenzie, Shawn X. Zhang and R. William Soukoreff investigated the ABC layout as one virtual 
keyboard layout that makes advantage of grouping the keys and by using a space bar that spans the full 
keyboard [13]. The alphabetic ordering of keys gives novices a good indication of each key’s location, 
and this should reduce the visual scan time. Since the space is the most prevalent character in text-entry 
tasks, the space bar’s size and proximity to the other keys should reduce overall movement time. After 
entering the key coordinates in their spreadsheet, they made a survey and come up with the prediction rate 
of  greater than 9.6 wpm for novice user and 40.9 wpm for expert users. They indicate `greater than’ 9.6 
wpm for the novice prediction for the simple reason that the sequenced ordering of keys precludes anyone 
from being a novice, provided they know the alphabet (a reasonable assumption). 
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The close proximity of all keys to the space bar is a definite advantage for the ABC layout; however, this 
appears to be offset by placing letters in two columns. Words like `satisfaction’ requires substantial up-
down-up pen travel, and this tends to push the efficiency down [13]. 

The QWERTY virtual keyboard is the other most familiar keyboard layouts for users due to the 
familiarity with the large full size physical QWERTY keyboard [14]. This layout wouldn’t show 
significant performance, since it was directly adopted from the physical QWERTY layout which is tuned 
for participation of two hands and placing most frequent digraphs in opposite direction for tapping them 
in parallel; however this is not the case for stylus operated environment, as frequent digraphs are 
positioned in such a way that the pen movement for tapping this digraph letters has to be minimized, and 
virtual keyboards are also limited to serial input because touch screens can only accept a single point of 
input at a time.   

The Fitaly layout is a replacement keyboard with a layout designed by Textware Solutions Company for a 
single stylus rather than ten fingers. The most commonly used letters in the English language are 
clustered in the center of the keyboard, with N and E in the very center along with a spacebar on either 
side. The main part of Fitaly’s virtual keyboard design is to arrange letters so that the most commonly 
used ones are clustered near the center, where they are within three squares' distance of every other letter. 
According to the company, 73% of the normal English text corpora constitute the letters i-t-a-l-n-e-d-o-r-

s. Less common letters are positioned outside the center depending on how often they're used and with 
what letters they're used most often [11]. In addition to this, the layout practically eliminates hand 
movement when typing text. This means that one can type with the hand rested on the lower area, moving 
only the fingers holding the pen [12]. The benefits claimed by Textware Solutions Company about Fitaly 
Keyboard include: minimizing pen/finger movement, eliminating hand movement, the most commonly 
used letters are placed in the center of the keyboard, letters are arranged to be adjacent or closest to the 
next letter that one would be entering, and large space keys. They have also made some interesting claims 
that one will be able to enter 50 words per minute using Fitaly keyboard [13].  

Mackenzie and Zhang [14] designed a new layout, called OPTI I. They first placed the 10 most frequent 
letters in the center of the keyboard. Then assigning the 10 most frequent digraphs to the top 10 keys, and 
they placed the remaining letters accordingly. The placement was all by trial and error. They later made a 
further improved 5X6 layout and they call it the 5X6 layout OPTI II. As can be shown in the right of 
figure 2.4 there are four space keys in OPTI keyboards that are evenly distributed in the layout. The user 
is free to choose which one to tap. The optimal choice depends on both the preceding and following key 
to the space key. For example, for the sequence of M - space – V, the upper right space key is the best 
choice. However, the upper right space key is not the optimal choice if the tapping sequence is M - space 
-Y. In practice, the use of the optimal space key ranged from 38% to 47%, depending on the user’s 
experience [14]. The OPTI II performance is between 36 and 40.3 wpm, depending on the optimality of 
the space key choice. If 38 wpm is taken as a fair, but optimistic estimate, then it will be a 27% 
improvement over QWERTY performance (about 30 wpm). 38 wpm is beyond what legible handwriting 
could achieve [3]. 
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Zhai, Hunter and Smith [3] applied two physics inspired techniques to generate two optimal virtual 
keyboard layouts. The first keyboard layout was generated using a mechanical simulation of mesh 
springs, where springs where stretched between the 26 characters of the alphabet and tensioned 
proportionally to digraph probabilities in English. This keyboard, figure 2.5, was named Hooke’s 
keyboard after Hooke’s law. It yields a predicted expert entry rate of 41.15 words per minute. The second 
technique used a Metropolis random walk algorithm guided by a “Fitts energy” objective function 
producing a keyboard layout called “Metropolis I”. This keyboard layout generates a 43.1 wpm 
performance. Further work by Zhai [15] produced the “Metropolis II” keyboard, with a predicted word 
entry rate of 42.94. Metropolis II scored the highest prediction of entry speeds of all the soft keyboards 
tested. 

Generally, all the aforementioned works are performed on English character set, but no endeavor is made 
to design a virtual keyboard layout for Ethiopic text entry. However, EICTDA has developed a standard 
for Amharic keyboard layout (not virtual keyboard layout) [16].Two popular keyboard layouts have been 
considered in [16]: - The Typewriter and Phonetic keyboard layouts. Phonetic keyboard layout is given 
more priority in this work as it is a much preferred layout by the users. This keyboard standard used a set 
of guidelines to design the Ethiopic keyboard layout [16]. Then, the most frequently used characters to 
map into the keyboard based on Character frequency analysis and load balance is determined. For this 
purpose two public documents are collected - The Ethiopian Constitution and Turnover Tax Proclamation 
No 380/1995 as text corpora and perform the character frequency analysis. The final result of the analysis 
shows the relative occurrence of every Ethiopic character family and the order of Ethiopic characters. 
Based on the result of the analysis “የ” families and Sixth order (ሳድስ) are most frequent and “ቨ” families 
and eighth order “አረቤ” are the least frequent. 

Worku Alemu [17] has also analyzed the frequency of occurrences of Amharic characters in his thesis 
work. He collected five thousand words from ‘Addis Zemen’ newspaper using Microsoft word (Version 
7), WashRa (Amharic computer font) then using SAS program he came up with the table of result, 
showing the percentage of occurrence for each Ethiopic character. As can be seen from the table, the most 
frequently occurring character is ን, which occurs 946 times out of 20,529, accounting for about 4.6695% 
of the total occurrence of characters and the least frequently occurring characters are ቺ,፺,ቫ,ቬ,ኚ,፯,ሼ,ጮ,ፄ, 
ፆ,ፐ,ጧ ,ፑ each of which occur one times and accounting for about 0.0049% of the total occurrence. He has 
also tabulated the frequency of occurrence for orders of characters from the collected text corpus. 

Even if no attempt is made to design a virtual keyboard layout for Ethopic characters, the character 
frequency analysis in [16] and [17] can be used as a bench mark for the Ethiopic virtual keyboard layout 
design; since the main criteria for designing optimal virtual keyboard layout include the character 
frequency analysis of a language as a major part. 

Challenges of Virtual Keyboard Design for Ethiopic Character Set 

In designing a virtual keyboard, the language for which the virtual keyboard is designed has to be studied. 
Especially when it comes to languages that use Ethiopic such as Amharic, that has many characters, the 
need for analyzing the language will be prominent. Though Ethiopic is used for writing many of the 
Ethiopian languages, in this section, the Amharic language and its associated challenges for the design of 
a virtual keyboard is explained. 
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Amharic is the working language of the federal government of Ethiopia and is spoken and written as a 
first or second language in many parts of the country. It is the language that uses characters derived 
mainly from Ge’ez which was the language of literature in Ethiopia until the middle of the 19th century 
[17]. As Amharic has borrowed most of its characters from Ge’ez, it uses characters created by consonant 
vowel fusion (the second version of Ge’ez script representation) and seven vowels are used in Amharic 
each of which comes in seven different forms (orders) reflecting the seven vowel sounds (ኧ, ኡ, ኢ, ኧ, ኤ, ኧ, 

ኦ) [16]. Because of this, Amharic script is categorized under a syllabic type. The Amharic writing system 
consists of a core of 33 characters where each of which occurs in a basic form and six other forms, 
making a letter to have seven forms. This representation of each core characters in seven different forms 
raises the number of core characters to 231(33x7). There is also character ቨቨቨቨ, which has also seven forms, 
used to represent a ‘v’ sound of words from other Latin-based languages. In addition, there are 44 other 
symbols which contain a special feature usually representing labialization (ሏ ሟ  ሯ…). There are also 
punctuation marks which consist of a basic word-driver (:), a sentence-driver (::), and other marks like 
equivalent to the English comma (፣), semi-colon (፤), and borrowed symbols like ?, !, ", (, ).The 
numeration system consists of a basic single character for 1 to 10, for multiples of 10(20 to 90), for 100 
and 1000.     

Taking the above facts into account, designing virtual keyboard for Ethiopic for PDAs and smart phones 
environment is challenging. As it is known, these devices are manufactured to operate on limited 
resources such as small CPU cycle, limited memory, and small screen etc. In addition, the abundance of 
Ethiopic characters makes the design of virtual keyboard on the small screen more difficult. So in 
designing a virtual keyboard for Ethiopic script, these challenges should be considered. 

System Design 

Before the design process we have identified the functional and nonfunctional requirements of the system 
and the analysis model was constructed. In this section we present the design of the system by setting the 
design goals, the architecture of the system followed by subsystem decomposition. The design goals 
represent the desired qualities that the system should have and provide a consistent set of criteria that 
should be taken into account when making design decisions. It describes the qualities of the system that 
developers should optimize. Therefore the design issues such as limited computational capacity, limited 
screen size, limited memory size and limited battery life are considered. Performance may include the 
speed and memory requirements of the system. Processing speed and available memory are the main 
constraints of mobile devices. The maintenance criteria deal with the difficulty of changing the system, 
adding new functionality, revising existing functionality and portability of the system. 

The dependability criteria deal with the effort to minimize system crashes and their consequences in 
connection with security risk and safety issues; it also deal with the availability of the system to the user. 

The end user criteria include qualities such as usability and criteria that are desirable from a users’ point 
of view and have not yet been covered under the performance and dependability criteria. 

The system is well suited to be implemented by a Model-View-Controller design pattern. From the 
architecture of the system one can observe that the system has three layers: the view, the controller and 
the model (Figure 4.1). The view is responsible for the visualization of the state of the model, and for the 
mapping of graphics onto a device. A view typically has a one to one correspondence with a display 
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surface and knows how to render to it. It also attaches to a model and renders its contents to the display 
surface. In other words, the view is capable of rendering the contents of the model to the display surface 
by managing the graphical and textual output portion of the bitmapped display allocated to the 
application. For our system there is an xml specification about the view of the user interface that is 
written in the main.xml. 

The controller is the means by which the user interacts with the application. A controller accepts input 
from the user and instructs the model and view to perform actions based on that input. In effect, the 
controller is responsible for mapping end-user action to application response by interpreting the mouse 
and key press input from the user, and commanding the model and/or view to change as appropriate. The 
user interaction in this system is button click that contains the desired character font. Based on the user 
interactions and the outcome of the model actions, the controller responds by selecting an appropriate 
view. 

The model manages the behavior and the data of the application domain, it responds to requests for 
information about its state and instructions to change its state. It is the layer that contains all the business 
rules and algorithm of the application to manage the state of the application and conduct all 
transformations. For this system the five classes Binder, Layout panel, Key, Type face and AssetManager 
classes are part of the model for the Virtual Ethiopic keyboard system. The font data is stored in the asset 
folder of the application. 

Generally, the Model-View-Controller design pattern maintains links between model and views and 
notifies the views when the model changes state. The view is the piece that manages the visual display of 
the state represented by the model. A model can have more than one view. So the model part of the 
system will be considered for subsystem decomposition.  

 

Figure 4.1 The general architecture of the Ethiopic virtual keyboard system 

 

The objective of subsystem decomposition is to reduce the complexity of the system in such a way that 
the subsystems are loosely coupled to each other and strongly cohesive internally. In our work, the system 
is decomposed into two subsystems: layout subsystem and map subsystem. The layout subsystem 
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provides the appropriate interface for the input method of the system. The display configuration of the 
virtual keyboard is determined by binder class using array of keys, and the layout panel manages the 
keyboard appearance. This subsystem packages the bind, key (button) and layout panel classes together. 

This subsystem is the major component of the work that incorporates the proposed layout design for 
Ethiopic virtual keyboard and the description of the layout design is stated as follows. The proposed 
layout for Amharic virtual keyboard that is based on character usage frequency is composed of three 
panels. 

 

Figure 4.2 Proposed Layout for Ethiopic Virtual Keyboard based on character frequency 

This layout is designed by considering the abundance of Amharic character set and the limitation of 
screen size of the PDA. In PDAs screen, the rule of thumb for the width and height of the layout is 3:1 
aspect ratio [14]. Since it is unfeasible to have one to one mapping for each key in the layout and each 
Ethiopic character code, we come up with the idea of partitioning the keyboard panel into three parts as 
shown in the Figure 4.2. The middle panel is the main panel, the top and bottom panel are dependent on 
this panel. The middle panel, which is the basic Character selection set panel is designed to accommodate 
the first order character of the 34 Amharic character family, Arabic numeral selection key, Arithmetic 
operators selection key, Amharic digit selection key, Amharic numeral (more than one digit) selection key 
,delete character key. In addition to this, it is enabled to load QWERTY configuration when English 
layout is needed. The upper panel, NonBasic character selection component, is intended to display the 
entire order including the eighth order “አረቤ” of the clicked basic (first order) character in the middle 
panel. The bottom panel, NonBasic character selection component, is intended to display complete 
Amharic, Arabic numerals and Arithmetic operators in addition to NonBasic characters. The bottom panel 
is introduced in order to reduce the pen travel distance for the NonBasic characters of the basic characters 
at the third and fourth row of the middle panel. 

The major criterion for designing layout of the virtual keyboard is to develop a layout that will facilitate 
pen (stylus) travel minimization of the user while entering input. This in turn entails us to consider the 
character frequency of the language. In order to analyze the frequency of Amharic character, Amharic 
text corpus is needed. However, no standard Amharic corpus is available as specified in the scope of the 
project. So the work on the draft of standard keyboard layout [16, 17] on character frequency analysis will 
be considered as baseline for the proposed layout. The character usage frequency for Amharic language is 
used for the purpose of arranging the first order characters in the middle panel of the layout according to 
their frequency weight. The middle panel has four rows and ten columns as shown in the Figure 4.3. This 
panel contains the first order of the 34 Amharic characters, Arabic numeral selection key, Arithmetic 
operator’s selection key, Amharic digit selection key, Amharic numeral (more than one digit) selection 
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key and delete character key. The placement of the first order characters are made by using their 
corresponding frequency count based on the work in [16]. The frequency of letter “ኸ” is not specified in 
[16]. Approximation is made for the frequency of the letter “ኸ” by taking the work in [17] into account 
and it is placed below the letter “ሠሠሠሠ”.   

የየየየ    መመመመ    ነነነነ    ተተተተ    ለለለለ    በበበበ    ረረረረ    ወወወወ    ሰሰሰሰ    ገገገገ    

ሠሠሠሠ    ኘኘኘኘ    ጀጀጀጀ    ዐዐዐዐ    ጸጸጸጸ    ፀፀፀፀ    ሸሸሸሸ    ጨጨጨጨ    ፐፐፐፐ    ኀኀኀኀ    

ኸኸኸኸ    ጰጰጰጰ    ዠዠዠዠ    ቨቨቨቨ    ####    ++++    ፩፩፩፩    ፳፳፳፳    ::::    <<<<----    

ከከከከ    ደደደደ    አአአአ    ቸቸቸቸ    ቀቀቀቀ    ጠጠጠጠ    ፈፈፈፈ    ሀሀሀሀ    ዘዘዘዘ    ሐሐሐሐ    

Figure 4.3 The Configuration of the first order letters in the middle panel of the layout. 

 

For the first two rows of characters in the middle panel, the pen travelling distance is measured from the 
character in the middle panel to the target character in the top panel. For the last two rows of characters in 
the middle panel, the pen travelling distance is measured from the character in the middle panel to the 
target character in the bottom panel. Obviously, the distance will be shorter for characters placed on the 
top row and bottom row of the middle panel of the layout and it is longer for characters placed in the 
second and third row of the middle panel of the layout. 

As can be seen from Figure 4.3, the arrangement of the characters is made in a manner that the character 
with highest frequency to take the top and bottom rows of the middle panel. This is made deliberately; by 
making the most frequent families at the top and bottom row, it is possible to minimize the pen travelling 
distance as Non-Basic characters are going to be shown in the top and bottom panels of the layout.        

The top panel has one row and eight columns. This panel is dedicated to display the target characters that 
are going to be used as input. The appearance of this panel is dependent on the chosen characters in the 
middle panel. In other words, the role of characters in the middle panel is to dictate which family of the 
character to be displayed in the top panel of the layout. Here, once again the frequency of character’s 
order is considered. That means the non basic characters will be displayed with respect to the base 
character in the middle panel such that the most frequent character is closest to the base character as 
compared to others, and the same will be applied to the remaining Non-Basic characters. This will make 
the most frequent characters to be typed with minimum pen travel distance. The order of frequency for 
Amharic characters is also analyzed in [16] and [17], and they come up with the same result. As an 
example one can consider the situation that will happen if the button containing “የ” is pressed. The layout 
in the top panel will appear as shown in the Table 5.1 in response to the pressed key “የ”. Similarly the 
appearance of the top panel when “ገ” is pressed, in the middle panel of the layout, is shown in Table 5.2. 

Table 5.1 Appearance of top panel of the layout, when “የ” is pressed in the middle panel. 

ይይይይ    የየየየ    ያያያያ    ዪዪዪዪ    ዮዮዮዮ    ዩዩዩዩ    ዬዬዬዬ    ዯዯዯዯ        
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Table 5.2 Appearance for the top panel of the layout, when “ገ” is pressed in the middle panel. 

 

 

Table 5.3  Appearance of bottom panel of the layout, when pressing “:” in the middle panel. 

    
፥፥፥፥    ::::----    ‘‘‘‘    ፟፟ ፟፟    ????    ፤፤፤፤    ፣፣፣፣    ::::    ::::::::    

The bottom panel is responsible for displaying Arabic digits (0 through 9), Amharic digits (፩ through ፲), 
Amharic numerals (፳ through ፼), and Non-Basic characters of the base character in the middle panel. The 
advantage of incorporating the bottom panel in the layout is three fold. First is to change the direction of 
hand movement for half portion of the characters in middle panel and this makes reduction of the 
statistical average on pen movement distance by half. Second is to reduce visual search of Characters. 
Third is to make the position memorable (learning process of keyboard layout easier). The appearance of 
the bottom panel when “:” is pressed, in the middle panel of the layout, is shown in Table 5.3. The 
appearance of the bottom panel when “#” is pressed, in the middle panel of the layout, is shown in Table 
5.4. The appearance of the bottom panel when “፩” is pressed, in the middle panel of the layout, is shown 
in Table 5.5.   

 

Table 5.4 Appearance of bottom panel of the layout, when “#” is pressed in the middle panel. 

 

 

 

Table 5.5 Appearance of bottom panel of the layout, when “፩” is pressed in the middle panel. 

 

 

The map subsystem is responsible for mapping the user action into the appropriate Amharic character 
font, and sending the character as output. This character can be seen as output of the system. This 
subsystem packages typeface and AssetManager classes together. 

  

ጓጓጓጓ ጌጌጌጌ ጉጉጉጉ ጎጎጎጎ ጊጊጊጊ ጋጋጋጋ ገገገገ ግግግግ 

፩፩፩፩ ፪፪፪፪ ፫፫፫፫ ፬፬፬፬ ፭፭፭፭ ፮፮፮፮ ፯፯፯፯ ፰፰፰፰ ፱፱፱፱ ፲፲፲፲ 

0 1 2 3 4 5 6 7 8 9 
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Implementation 

Two implementations of the Ethiopic virtual keyboard layouts are developed for Android platform PDA 
and smart phone Emulators [20]. This section presents the two Virtual Ethiopic keyboards developed for 
these two platforms.  The Android operating system is a complete software stack for mobile devices such 
as smart phones, PDAs and high end MP3 players. It is based on open source software and is managed by 
Google and OHA project [18, 19].  The Android SDK provides the tools and APIs necessary to begin 
developing applications on the Android platform using the Java programming language with Eclipse IDE 
together with ADT (Android Development Tool) plug-in. The basic reasons to choose Android platform, 
for this works are that it uses Freetype, a free and open source bitmap and vector font engine, which 
supports Unicode text layout and glyph rendering. Ethiopic Unicode fonts, such as Microsoft's Nyala and 
GFZ's Geez Free Zemen, can be used to render text using Freetype on the Android platform. Other 
platforms such as the Palm OS lack the internationalization support required to fully meet the needs of 
Ethiopic software development. Android is also based on open source product, Linux kernel, which 
brings a big change from the current oligopoly of mobile OS makers that charge handset manufacturers 
various licensing fees. It comes with immediate availability to mobile versions of Google search, Google 
Maps, and Google Products that allow independent developers to create their own array of applications at 
a much less restrictive cost. As a show case the system is implemented on Eclipse IDE and tested with 
Android Emulator. Based on the proposed layout design, the two Ethiopic virtual keyboards are 
implemented. One is based on character usage frequency (See Section 5.1) and the other is based on 
usability for novice users (see section 5.2). 

The Ethiopic Virtual Keyboard System (EVKB) for Styles Based Text Writing 

The first EVKB is implemented in such a way that Ethiopic characters, punctuations, Arabic, Arithmetic 
operators and Ethiopic numerals to be incorporated in the layout systematically. In addition to this, the 
system is capable of permitting English text entry. Initially, the system will display all the first order of 
the 34 Ethiopic characters, Arabic numeral selection key, and Arithmetic operators’ selection key, 
Amharic digit selection key, Amharic numeral (more than one digit) selection key, punctuation selection 
key and delete character key. The user has to tap the key of his interest from which the character family 
belongs. In other words, if the user wants to input the character “ሂ”, then he has to press a key containing 
the first order form of the character he wants to provide; In this case the user has to press the base 
character “ሀ”, after that the top part of the keyboard will show all the Non-Basic families of the base 
character. Then the user has to press the key labeled with “ሂ”. Similarly this procedure will be applicable 
to all characters, digits, operators, punctuation and numbers. 

After deploying the system onto the Android Emulator, EVKB can be made available on the desktop of 
the PDA as shown in Figure 5.1. Once the EVKB system is installed, you can run it by clicking the icon 
in the desktop of Android PDA then the following interface containing the basic character selection sets 
and others as specified in the layout design will appear as shown in Figure 5.2.                       

The system consists of the proposed keyboard layout, and textbox for the purpose of monitoring the 
characters inserted by the user. When a user wants to insert a character, he/she has to select (press) the 
base character of the target character in the layout. Then the Non-Basic characters for the selected 
character will be shown in either top or bottom panel of the layout. The decision to select the panels (top 
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or bottom) is made based on the proximity of the pressed base character in the middle panel of the layout. 
If the user wants to insert a character “ይይይይ”, he has to press “የየየየ”, and then the top panel will display all the 
Non-Basic characters of “የየየየ” based on their frequency of occurrence. This case is shown in Figure 5.3. The 
status of the system after pressing “ይይይይ” from the Non-Basic characters is shown on the same figure. 

Generally the direction of appearance for Non-Basic (dependent) characters of the selected first order 
character is optimized so that the first two upper row base characters have Non-Basic characters that will 
be displayed on the top panel of the layout and the last two rows base characters have Non-Basic 
characters that will be displayed on the bottom panel. For instance, if the user has pressed on the key 
labeled with “፩፩፩፩” at the third row of the middle panel of the layout, then the appearance of the layout will 
look as shown in the Figure 5.4. The status of the system after pressing “፱፱፱፱” from the Non-Basic 
characters is shown on the same figure. This Amharic virtual keyboard is capable of providing input 
method to the user for all Ethiopic characters in the similar manner as shown on Figures 5.3 and 5.4. 

  

Figure 5.1 Image of Android Emulator device with 

EVKB System installed 

Figure 5.2 The initial layout after running EVKB. 

 

 

Middle Panel 

Bottom Panel 

Top Panel 
EVKB 
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Figure 5.3 The appearance of EVKB 
after pressing “ይይይይ” 

Figure 5.4 The appearance of 
EVKB after pressing “፩፩፩፩” 

Figure 5.5  The appearance of EVKB 
after pressing “ወደ እንግሊዘኛ” button 

 

If a user wants to insert English characters, for example the word “Good Bye”, then he has to press the 
“ወደወደወደወደ እንግሊዘኛእንግሊዘኛእንግሊዘኛእንግሊዘኛ” button, and the appearance of the layout after the response of the pressed button is shown 
in Figure 5.4; he can then insert the required word by pressing the keys containing the letters of the word. 
Similarly if the user wants to switch the virtual keyboard layout to Amharic mode, then he has to press 
the “To Amharic” button as shown in Figure 5.5. 

The ‘ሀ ለ ሐሀ ለ ሐሀ ለ ሐሀ ለ ሐ ’  Virtual Ethiopic Keyboard System for Smart Phones 

Based on the proposed layout design, the “‘ሀለሐ’ Virtual Ethiopic Keyboard for Smart Phones” system is 
also implemented to serve novice users based on the natural order of the Ethiopic basic characters. The 
‘ሀለሐ’ VEK is also implemented in such a way that Ethiopic characters, punctuations, Arabic numerals, 
Arithmetic operators and Ethiopic numerals to be incorporated in the layout systematically. In this design, 
the bottom panel for displaying the non-basic characters is omitted and only the top panel is used to 
display the non basic characters [5]. Figure 5.6 shows an implementation of VEK Android smart phones 
emulator (A) and its installation on an HTC G1 Android phone (B). The system is also capable of 
inputting language texts that use Latin characters and hence permits multi-script text entry. Initially, the 
system will display all the first order of the 34 Amharic characters, a key for Arabic numeral, Arithmetic 
operators and Ethiopic digits selection. The user has to tap the key of his interest from which the character 
family belongs. For example, if the user wants to input the character “ሂ”, he has to press a key containing 
the first order form of the character which is the base character “ሀ”; then, all variants (Non-Basic 
families) of the character “ሀ” will be displayed on the top panel of the keyboard layout. Then, the user has 
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to press the key labeled with “ሂ” (See Figure 5.6). This procedure will be applicable to all characters, 
digits, operators, punctuation and numbers of VEK. This permits to tap the Ethiopic characters with a 
maximum of two key taps.   

 

 

A 

 

B 

Figure 5.6 VEK on Android Emulator (A) band on the Android based HTC G1 smart phone (B). 

  

Pressing the button “123” will display the panel for Ethiopic and Arabic numerals and the user can tap the 
Ethiopic or Arabic numbers or the mathematical symbols that he wants to input. This is displayed on 
Figure 5.6 (A and B).   

If a user wants to insert English characters, then he can press the “ABC” button, then virtual QWERT 
keyboard which is linked with the VEK will appear to permit English texts or multi-script texts. Similarly 
if the user wants to switch to VEK, he needs to press the ‘ሀለሐ’ key. For evaluation purpose, the VEK 
installed on a real HTC Android smart phone was given to several people who speak the languages that 
use Ethiopic script and almost all responded with their opinion that VEK is an easy to learn and to use 
system. 

Conclusion  

On screen keyboard is one form of virtual keyboard which is frequently available in handheld devices 
with touch screen capability, especially on PDA environment. The keys appearing on the screen are 
actually component of the software application that is programmed to map the corresponding character 
code based on the event triggered on key. In this project, a virtual keyboard is designed and implemented 
for Android OS PDA platform.  

The Top Panel 

The Main Panel 
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The layout design for languages having abundant characters is challenging, because it is not possible to 
make one to one mapping of key with character code. So, judicious technique is mandatory. In this work, 
a virtual keyboard layout is designed for languages that use Ethiopic characters so that all Ethiopic 
characters, Ethiopic digits, Ethiopic punctuation marks, Arabic numerals and Arithmetic operators are 
represented in usable manner. The designed layouts are composed of three or two panels: the top, the 
middle and the bottom panel in the first case and the top and the basic panel in the second case . The 
middle panel contains all the basic (or first order) Ethiopic characters, a key for Ethiopic punctuation 
characters selection, a delete character key, a key for Ethiopic digit selection, a key for Ethiopic operators 
selection, keys for Ethiopic and Arabic numerals selection. Both the top and the bottom panels are 
dedicated to display all the Non-Basic forms of the selected character in the middle panel.  

In the first design layout, after rigorous review of related work in the literature, analysis was made to 
optimize the arrangements of keys in all the three panels of the virtual keyboard to reduce the overall 
hand movement for Ethiopic text entry. For the implementation purpose, Android platform is used which 
is product for handheld devices by Google’s OHA project. The Android Emulator together with Eclipse 
IDE and ADT plug-in were used for the implementation of the system. Android was selected for the 
implementation of the project as it’s capable of supporting free type, a free and open source bitmap and 
vector font engine. It is our belief that the output of this project will pave the way for Ethiopic languages 
based application development on handheld devices.  

It is a common practice to see many Ethiopic text writers to have the need to combine Ethiopic text with 
some English words in their text. To accommodate this requirement, both layouts are designed and 
implemented in such a way that users can switch between our Ethiopic Virtual keyboard and the 
QWERTY virtual keyboard. Thus, this gives the option for multi-text character set text entry on the 
Android OS PDA environment.  
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Abstract 

In the past, large volumes of digital spatial data have been created with geographical 

information systems (GIS) and image processing systems. The need to visualize and explore 

these data is becoming widely recognized. Data visualization is especially important in 

geographic object characterization, data processing and information dissemination to end users. 

An especially dire phenomenon that GIS can track is drought, and the information that GIS can 

gather regarding drought could make decision makers’ task less of a challenge. Drought is 

naturally occurring phenomenon that arises when precipitation has been significantly below 

normal recorded levels, causing a serious hydrological imbalance that adversely affects land 

resource production systems. The main objective of this research was to design and develop a 

framework for an intelligent system based reality mining technique for identifying and modeling 

drought from satellite images. The geographic objects can be defined as measurements having 

geographic information but do not represent physical features on earth. The objects in this case 

are defined based on some attribute of physical features, such as the 6ormalized Difference 

Vegetation Index (6DVI) from satellite images. We used 6DVI and the 6DVI deviation values of 

satellite images to characterize drought incidence for climate change mitigation. In order to 

identify and analyze the drought object, the present study used GIS techniques. The findings of 

this research can assist policy and decision makers with taking timely and appropriate actions to 

save lives in drought-affected areas by providing them with an explanation of image mining 

technology. 

Keywords: GIS, NDVI, Satellite Images for Climate Change Mitigation, Drought Object Modeling
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Introduction 

Much of the earth has already been recorded in large volumes of digital spatial data created with 
geographical information systems (GIS) and image processing systems. Visual data of the planet is 
invaluable to many fields, and its applications continue to expand. Currently, its main functions are 
geographic object characterization, data processing and information dissemination to end users. One 
important phenomenon that GIS can characterize and disseminate to end users is drought. The users who 
would find this information especially useful are environmental policy decision makers. 

Drought is a natural geographical phenomenon, defined by precipitation that has been significantly below 
normal recorded levels for a long enough period of time to cause a serious hydrological imbalance that 
adversely affects land resource production systems (UNCCD, 1999). The satellite image analysis can 
vastly improve drought object characterization, data processing and information dissemination. 

The geographic objects are any measurements of geographic information that do not represent physical 
features on earth (Huang et al., 2001). The objects in the case of drought are defined based on some 
attribute of physical features, such as Normalized Difference Vegetation Index (NDVI), from satellite 
images. We used NDVI and NDVI deviation values of satellite images to characterize drought incidence. 
In the actual identification and analysis of the drought object, we used the concept of GIS techniques. The 
main objective of this research was to design and develop a framework for an intelligent system based 
reality mining technique for identifying and modeling drought from satellite images. The findings of this 
research can assist policy and decision makers in taking timely and appropriate actions to save lives in 
drought-affected areas. 

An Overview of Drought Object Modeling 

Science has long been improving object identification and modeling to convert remotely sensed images 
into geographic phenomena (Stein et al., 2009). In this research, the object is in the context of object 
oriented modeling (Worboys et al., 1990). This orientation is based on the basic principle that an object 
has two characteristics: state and behavior (Budd, 2000; Worboys et al., 1990). The state is the attribute or 
information of an object and the behavior is the set of perceptible actions that an object performs (Budd, 
2000). For the drought object specifically, its state is the actual reflectance attributes (digital numbers 
registered by the sensor of satellites as pixel values or any index values, such as NDVI), and its behavior 
includes events such as when ground plants begin to die or stop photosynthesizing (the satellites see a red 
band of the spectrum not used by plants, which is reflected back to the satellite sensor). As a consequence 
of biomass reduction, long-term yield reduces and threatens the region with starvation (Tucker, 1979; 
UNISDR, 2009). 

There are two key questions researchers should ask in order to identify the state and behavior of any 
object: “What possible states (attributes) can a given object be in,” and “What possible behavior (actions) 
can this object perform when it happens” (Budd, 2000). The present research is interested in the attributes 
of agricultural drought, that is, where it reduces biomass and yield (Wilhite, 2005). 

Rulinda et al. (2010) note that the concept of identifying and modeling drought as an object is new. They 
further indicate that “a next step in drought modeling is an approach focusing on spatial object and this 



DROUGHT OBJECT MODELING FOR CLIMATE CHANGE MITIGATION: THE CASE OF ETHIOPIA  
Getachew Berhan, Solomon Atnafu, Tsegaye Tadesse, Shaendra Hill   

 

EICTF-2011 ©EITPA - 2011 19 

 

kind of object can be built from different temporal resolution images.” In remote sensing, objects are 
identified and subsequently classified on the basis of pixel information, and the objects are subsequently 
tracked in time, during which their behavior may be governed by external factors that also must be 
identified and quantified (Stein et al., 2009). This is usually performed with image mining techniques. 

Image mining is defined as the analysis of large sets of observational images to find suspected or 
unsuspected relationships and to summarize the data in novel ways that are both understandable and 
useful to stakeholders (Stein, 2008). Object identification in remote sensing is usually done by converting 
raster pixel values to geographic objects. Usually, the image is initially segmented into approximately 
homogeneous segments, and then these segments are classified (Stein et al., 2009). Stein et al. (2009) 
further explained that various procedures for image segmentation are well documented and include 
procedures based on mathematical morphology, edge detection and identifying homogeneity in one band 
or in a set of bands. Classification routines include statistical routines, such as k-nearest neighbor 
classifiers and increasingly fuzzy classification methods. The objective of many remote sensing studies is 
to identify objects that provide end users with an ontological representation of the earth’s surface. These 
objects can have different meanings, and they can be of various different types and shapes. Commonly, a 
segmentation procedure is first applied, identifying homogeneous sets of pixel values in one or more 
bands (Stein et al., 2009). 

Image segmentation is “the process of completely partitioning a scene into non overlapping regions in 
scene space (image space)” (Schiewe, 2002). In addition to pixel information, texture and shape 
information are useful for object identification and segmentation (Thomas et al., 2003). In image analysis 
and classification, much information is contained in the relationship between adjacent pixels, including 
texture and shape information, which allows offend users to identify individual objects as opposed to 
single pixels (Thomas et al., 2003). Such an object-oriented approach allows the user to apply locally 
different strategies for analysis. When image segmentation incorporates both spectral information (tone, 
color) as well as spatial arrangements (size, shape, texture, pattern, association with neighboring objects), 
it comes closer to an image that represents the way humans interpret information visually from different 
remotely sensed products. For example, Franklin et al. (2000) found that the incorporation of texture in 
addition to spectral information increased classification accuracy to the order of 10–15%. When spectral 
information incorporates texture, it aggregates the pixels into image objects through segmentation, which 
is defined as the division of remotely sensed images into discrete regions or objects that are homogenous 
with regard to spatial or spectral characteristics (Ryherd and Woodcock, 1996). Homogenous in this case 
refers to the fact that the within-object variance is less than the between-object variance (Laliberte et al., 
2004). 

An object based analysis considers a group of pixels, which may or may not have similar spectral 
reflectance, that represent a predefined object of interest. This means that we have to use the texture 
information of the pixels. Texture information of the pixels in this research is the pixel intensities across 
the object in question (Sreejamole and Ganesan, 2009), and they represent the unit of analysis for our 
object extraction. Sreejamole and Ganesan (2009) clearly explained that in a square raster digital image, 
each pixel is surrounded by 8 neighboring pixels. The local texture information for a pixel can be 
extracted from a neighborhood of 3x3 pixels, which represents the smallest complete unit (in the sense of 
having eight directions surrounding the pixel). 



DROUGHT OBJECT MODELING FOR CLIMATE CHANGE MITIGATION: THE CASE OF ETHIOPIA  
Getachew Berhan, Solomon Atnafu, Tsegaye Tadesse, Shaendra Hill   

 

EICTF-2011 ©EITPA - 2011 20 

 

Sreejamole and Ganesan (2009) indicated that texture analysis plays an important role in image 
processing, image classification and the interpretation of remotely sensed data. Especially in 
environmental applications, some of the landscape elements are represented by a group of pixels, not by 
only one pixel. This means that image classification and interpretation based on the analysis of individual 
pixels results in a relatively high rate of classification confusion and is no longer sufficient to satisfy the 
needs of landscape mapping and cartography (He et al., 1987). A good understanding or a more 
satisfactory interpretation of remotely sensed imagery should include descriptions of both the spectral and 
textural aspects. 

Our focus in this research is on identifying drought as spatial object. An object here has a minimum of 
four or more pixels (Sreejamole and Ganesan, 2009) on the ground that is plagued with the drought. To 
achieve this purpose, the satellite sensor spatial resolution should be one-half the diameter of the smallest 
drought object that we are hoping to identify and model. Cowen et al. (1995) also indicated that to 
identify a given geographic phenomena that are 5m wide (in diameter), the minimum spatial resolution 
(pixel size) of high quality imagery without the presence of haze or other problems is 2.5 x 2.5m pixels. 
Therefore, to identify a drought object of 25m2 (5 x 5m), we need 6.25m2 pixel size imagery, which 
means that the drought object should be four times bigger than the pixel size of the imagery. The imagery 
that we use in this research is 8 x 8 km (64km2), so the drought object on the ground must be at least 
256km2 in size to be identified and modeled. This spatial resolution constraint is used in our research in 
order to identify, model and predict drought objects. 

Materials and Methods 

Study Site 

The study site for this research is located in the eastern part of Ethiopia (Figure 1), where there has been 
the highest drought frequency in the country. The different agricultural drought frequencies in Ethiopia 
are presented by Figure 2(a & b). These maps show coarse estimations of drought frequencies in the 
country. The frequency values show the increase of drought frequency in the contour values as one moves 
west to east and south to north. 
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Figure 2: Study site location in Ethiopia. The background image is the Dev_BDVI derived from BOAA AVHRR and 

MSG. The black points are sample points for object extraction. 

 

a) 

 

b) 

 

Figure 3: Frequency of agricultural droughts in Ethiopia during the first rainy seasons (February – May) (a), and second 

rainy seasons (July - September) (b) (adapted from BMSA (1996)). 
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Materials 

This study used satellite data from Meteosat Second Generation (MSG) and National Oceanic and 
Atmospheric Administration (NOAA) AVHRR. MSG is the new European system of geostationary 
meteorological satellites with the associated infrastructure; it was developed to succeed the highly 
successful series of original Meteosat satellites that has served the meteorological community since its 
first launch in 1977 (EUMETSAT, 2005). The advanced Spinning Enhanced Visible and Infrared Imager 
(SEVIRI) radiometer, which is onboard the MSG satellites, enables the satellites to scan the earth in 12 
spectral channels, from visible to thermal infrared, at 15 minute intervals. Each of the 12 channels has one 
or more specific applications that are either used alone or in conjunction with data from other channels. 
From these 12 channels, this research used Channels 1 and 2 to detect vegetation conditions. These two 
visible channels are well known from similar channels of the AVHRR instrument flown on NOAA 
satellites and can be combined to generate vegetation indices, such as NDVI (EUMETSAT, 2005). 

NOAA is owned by the U.S. government; the sensor on board the NOAA mission that is relevant for 
earth observation is a very high-resolution radiometer (AVHRR). NOAA and NASA have jointly 
produced long-term AVHRR datasets that have been consistently processed for global change research. 
These datasets cover the period from July 1981 to the present and are 10-day composites of daily data 
[red, near infrared (NIR), and thermal wavelengths] that are mapped to a global equal area projection 
(EUMETSAT, 2005). There are three 10-day composites per month; the first is for days 1 through 10, the 
second is for days 11 through 20, and the third is for the remaining days. The data contains NDVI, a 
highly correlated parameter to surface vegetation that is derived from the visible and NIR channel 
reflectance (EUMETSAT, 2005; Holben, 1986). This pathfinder dataset has gone through many stages of 
calibration and correction (Smith et al., 1997). 

Method 

The 10-day images of MSG (1-10 October 2009) were imported to ILWIS raster image format using the 
“Multiple times in one file” option. This means that we had all 10 bands stacked (maplist) together and 
ready for the NDVI calculation. Before the actual NDVI calculations, cloud-contaminated pixels were 
removed from each individual image by examining the reflectance and temperatures. This was done with 
the intention to correct for the cloud contaminated areas and to extract only the NDVI for the non-clouded 
pixels. For this purpose, we made use of the different reflectance characteristics of the clouds and the 
vegetated areas in combination with the brightness temperature. For the clouds, the reflectance in both 
visible channels is high and the temperature is low. For non-clouded vegetated areas, the reflectance in 
the VIS_008 (band 2) is much higher than that of the VIS_006 (band 2), and for water, both reflectance 
values are very low. 

The raw data downloaded from MSG were pre-proceeded as indicated and the NDVI values were 
calculated using equation 1. The daily NDVI values of MSG were aggregated on a dekadal basis. There 
are 36 dekads in one year, as one dekad is equal to 10 days. After aggregating, the decadal layers’ 3km 
resolutions were re-sampled to 8km to match the resolutions of the historical NOAA AVHRR data. The 
flow chart is presented in Figure 3. 
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rednir

rednir6DVI
ρρ

ρρ
+

= −

     (1) 

where redρ  (0.4–0.7 mm) and nirρ (0.75–1.1 mm) are reflectance in red and near-infrared bands of the 
satellite images. 

Historical NOAA AVHRR data was obtained from the FEWSNET website. The meta-data for this image 
was well documented and the pre-processing was completed accordingly. The data was found in 8 bit 
format and according to the meta-data, water and cloud pixels are value 255 and bad NDVI value 253. 
Taking these into consideration, the image values were converted to their NDVI values based on the 
recommendation of the meta-data using ILWIS 3.7 software script as: NDVI.mpl: = maplistcalculate 
(“@1/250”). 

NOAA AVHRR image was found for the whole of Africa, and the sub-map of Ethiopia was re-sampled 
from this image. For this study’s purpose, we produced a new geo-reference with GeoRef corners in 
ILWIS 3.7 Software. Using this new geo-reference, we re-sampled all the NOAA AVHRR historical 
image data and automated the process by using dekad1Sub.mpl:= maplistcalculate ("MapResample(@1, 
dekad1sub_1.grf, NearestNeighbour)", 0, 29, dekad1.mpl) script in ILWIS software. This re-sampled data 
was used as input to Dev_NDVI calculation. 

After processing the two datasets separately (NOAA historical NDVI and MSG NDVI data), we 
calculated the deviation of normalized difference vegetation index (Dev_NDVI). Dev_NDVI is calculated 
using Equation 2. To automate the process, we wrote a script in ILWIS 3.7  

iMean6DVIi6DVI6DVIDev ____ −=   (2) 

where i6DVI _  is the actual dekad (10-day composite) NDVI from the MSG satellite and 
iMean6DVI __  is the long-term mean for the same-dekad NDVI from the NOAA satellite. The 

overall data preprocessing that we performed appears in Figure 3. 
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Figure 4: Flow chart for image processing for deriving Dev_BDVI (drought) 
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Image Data Processing and Preliminary Results 

Patterns from the extracted objects represent empirical knowledge of location and characteristics of 
drought objects in the 1st dekad of October 2009. The extraction process in the present study depended on 
how this research defined its drought objects. In remote sensing, an object often refers to a group of pixels 
having similar textural information.  

In this research, objects were grouped together to constitute a region object (group of pixels with similar 
spectral characteristics). Then, based on this principle, an algorithm was developed to extract all possible 
drought objects from the images. This algorithm automatically generates a file and records the following 
information for each drought object: location and corresponding image identifier. 

The process of detecting and analyzing patterns of objects in an image over space is the most important 
step while extracting objects and their features. Here, the object, drought, is characterized according to the 
intensity of texture in the image. Therefore, the areas with high textural values are identified as possessing 
a high probability of drought. 

Hence, the first step in modeling these drought objects is to look for high intensity pixels in the image, 
which can be used as the center for objects of interest. Once we finished locating these high intensity 
pixels, we modeled the spatial dispersion of the object around the pixels’ center by using the 
characteristic nature of drought distribution over space. Here, we made the assumption according to the 
fact that drought normally begins at a point in space and smoothly diverges to the neighboring points 
(regions) while decreasing in intensity. This leads to the assumption that the modeling function is of a 
Gaussian nature. 

This research defines drought objects as pixels with higher intensity (high NDVI deviation value) and 
characterizes them with function. The function used is a Gaussian bivariate with its center at the center of 
the pixels’ maximum intensity level. 

The algorithm developed searches for the number of maximum intensity levels within an image  and 
stored them. The characterization of drought objects uses these pixels as the center of the object and uses 
the deviation from this center to model each and every object. Thus, the number of iterations is equal to 
the number of objects in the image. Finally, the sum of each object would produce the overall image with 
the modeled objects distributed spatially depending on the intensity of the original image. The final result 
after n iterations for image I(x,y) is given as: 

ε++++= ),(),(),(),( .......................
21 yxfyxfyxfyxI

n  
where f(x, y) is the modeling function, which in this case is Gaussian and ε  is the error between the real 
image and its approximation. The Gaussian function that was used for extracting the drought objects is 
presented in Appendix 1. Before the object extraction, we denoised the raw image data to remove 
speckles of pixels. The image before and after denoising is presented on Figure 3. 
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Figure 5: BOAA AVHRR deviation of BDVI image of the study area, before dnoising (a) and after denoising (b). 

The descriptive statistics of the pixels before denoising are presented in Table 1. From these pixels, we 
found that about 71% of the pixels have negative deviation values, and about 29% pixels had positive 
NDVI deviations. The assumption here is that the negative NDVI deviations are revealing the prevailing 
drought in the area and the positive deviations are showing the healthy vegetation growth in the area 
during the first dekad of October 2009. After denoising them, we also assessed the spatial location of the 
drought objects. The spatial location and 3D representation of the drought objects is presented in Figure 5. 

Table 1 

Descriptive statistics for Dev_BDVI values in the subset image 

No Description Value 

1 Mean -0.077 

2 Median -0.080 

3 Standard Deviation 0.076 

4 Minimum -0.282 

5 Maximum 0.115 
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Figure 5: 3D representation of the extracted drought objects after denoising. The graph surfaces represent relatively 

low NDVI deviation in the blue areas and the highest deviations in the deep red areas. 

Conclusions 

The objective of this research was to design and develop a framework for an intelligent system based 
reality mining technique for identifying and modeling drought from satellite images. Our analysis showed 
that drought can be extracted as a object, and it is possible for a satellite image to show the explicit spatial 
location of the incidence so that end users can take the appropriate measure for mitigation. For this 
purpose, the satellite data from both NOAA AVHRR and MSG were used after re-sampling the MSG 
3km resolution to 8km resolutions. We re-sampled them because we used NOAA data as a historical data 
source and MSG as current data source (during October 2009) for Dev_NDVI analysis. 

Our envisaged goal in this research was that the decision makers in the drought management process will 
be able to observe drought object in three dimensions and be able to observe its spatial extent and severity 
on their desktop computers. We were able to show in the sample study site the 3D representation of 
drought objects as well as the drought severity status. Currently, we are conducting further investigation 
on managing and utilizing some GIS tools, such as Zoom In, Zoom Out, Pan and interactively observing 
drought object, so that the decision makers can understand each drought’s spatial extent and severity 
conveniently with their own computer equipment. Therefore, the findings of this research can assist 
policy makers and decision makers to take timely and appropriate actions to save lives in drought-affected 
areas by using image mining technology. 
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Appendix 1: Gaussian function for extracting drought objects 

%================================================================== 

% Matlab function that searches & models drought objects in Satellite image 

% Gaussian function is used for the modeling 

% Groups of pixels with similar characteristics are used to realize objects 

%================================================================== 

function normalise(image, sigma1,sigma2) 

%get dimensions 

[rows, cols]=size(image); 

%set maximum 

maxim=max(max(image)); 

 

%=============Search for drought object centers======================== 

i=0;  

for x=1:cols %address all columns 

for y=1:rows %address all rows 

    if ( maxim - image(y,x))<=0.245 

        i=i+1; 

        rm(i) = y;      %stores the row no. of object i center 

        cm(i) = x;      %stores the column no. of object i center 

         

    end 

end 

end 

 

%========Apply Gaussian function on the image========================== 

rho = 0;     % assuming that the two random variables x & y are uncorrelated 

newimage = 0.0; 

for k=1:i 

for x=1:cols %address all columns 

for y=1:rows %address all rows 

 image2(y,x) = exp(-1/(2*(1-rho^2))*((y-rm(k))^2/sigma1^2-2*rho*(y-rm(k))*(x-cm(k))/(sigma1*sigma2)+(x-

cm(k))^2/sigma2^2))/(2*pi*sigma1*sigma2*sqrt(1-rho^2)); 

end 

end 

newimage = image2 + newimage;  % Add individual objects making up the image 

end 

[x,y]=meshgrid(0:1:cols-1,rows-1:-1:0); surf(x,y,newimage) % this shows the 3D view %end 
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Abstract 

Handheld devices such as mobile phones and PDAs require an optimized way of text entry 

for different applications. One common method for this purpose is the use of predictive text 

entry. A word prediction method is a text entry technique in which the first few characters of 

the word is written and the remaining are predicted to minimize the number of key-taps or 

character entries. With the limited number of keys for handheld devices such as mobile 

phones, such an optimized input method is necessity for many applications like writing SMS 

messages, entering a diary, etc. With such a word prediction method, the text entry process 

for handheld devices can be more efficient. 

In this work, we propose a word prediction model for Amharic text entry. To design the 

model: a corpus of 131,399 Amharic words is prepared to extract statistical information that 

is used to determine the value of 6 for an 6-gram model. As a result of the analyses made on 

this corpus and a combination of an Amharic dictionary (lexicon) and a list of names of 

persons and places with a total size of 17,137, the value of 6 is determined. Algorithms to 

realize the prediction are also designed. 

To show the validity of the word prediction model and the algorithms designed, an Amharic 

word prediction system is developed. The experiment conducted on the word prediction 

engine designed showed a prediction accuracy of 81.39%. 

Keywords: Amharic word prediction model, N-gram model for Amharic word prediction, Word 
prediction corpus for Amharic language, input method for Amharic text.  
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Introduction 

One of the most prevalent and necessary techniques used as an interface between human and machine is 
text entry technique. There are a number of text entry techniques that include keyboard, handwriting 
recognition, speech, various gloved techniques, scanner, microphone, etc. Keyboards and pointing 
devices are the most commonly used devices during human-computer interaction [6]. Because of its ease 
of implementation, higher speed and less error rate, keyboard dominated text entry system [7]. However, 
one must master the computer keyboard in order to gain the advantage of a keyboard.  

In addition to the use of the standard keyboard platform, emerging of new applications and success of text 
messaging on mobile devices opened a way to researchers to introduce new text entry techniques which 
are suitable to handheld devices. Basically, there are two text entry paradigms on mobile devices. These 
include key- and pen-based inputs [8]. With pen-based computers, one can write directly on a Liquid 
Crystal Display (LCD) screen with a stylus or pen. The development of handheld devices such as Tablet-
PC and PDA made handwriting recognition a natural alternative text entry technique which not only 
solves the problem of large alphabet size but also helps in extending the reach of information technology 
to a larger community [9]. This task is more suitable for mobile or handheld devices where the standard 
keyboard cannot be the appropriate input interface.  

Predictive text is one of the data entry techniques used in mobile or handheld devices. Using predictive 
text input technique as a text entry method will reduce the input burden and increases the efficiency of the 
system [8]. The intent of predictive text is to simplify the writing of text, text messages, emails, and 
entries into an address book or calendar. This makes the text input faster and easier and reduces the 
number of errors in constrained input environments such as using the mobile phone keypad for text entry.  

Word prediction is a natural language processing problem that tries to predict the correct or most 
appropriate candidate word in a given context. The conventional prediction systems use word frequency 
lists to complete intended words which the user wants to write [13, 14]. Word completion utilities, writing 
aids and language translation are among the most common applications of word prediction [14]. 

Since most computer systems are designed to work in English and other few languages, people who do 
not speak such languages are either forced to learn these languages to use computers or will not use them 
at all. This has an impact on the socio-economic development of that community.  

In order to increase the usability of handheld devices by different language speakers and let people 
express their ideas using their native languages, these devices need to be localized into the native 
languages. Hence, in order to reduce writing time and improve correctness it is necessary to extend the 
options of writing text by adding additional feature such as word prediction based text writing.  This 
option is critically important for text writing on handheld devices, since in such systems speed of text 
writing, correct spelling, etc becomes an issue. This issue becomes more critical for Amharic text entry on 
handheld devices since Amharic has a large number of characters that can not correspond to the number 
of keys available on mobile phones for text entry. Without options such as word based predictive text 
entry, writing text in Amharic for mobile phone applications would be more challenging. 
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As far as our knowledge is concerned no work has been done to address the design of a model for 
Amharic word prediction method of text entry. Thus, this is an issue that needs to be addressed in order to 
explore the means for effective Amharic text writing particularly on handheld devices for reducing the 
input burden of the system, helping people with language impairment and increasing the usability of the 
devices for Amharic language users. Thus, the main objective of this work is to design a model and 
develop algorithms for a word-based predictive Amharic text input particularly for handheld devices. 

The rest of this paper is organized as follows. Section 2 deals with the review of related work. In section 
3, the designed word prediction model is presented. Section 4 deals with implementation and includes the 
experimental results that are achieved by the designed prototype to demonstrate the effectiveness of the 
model. Finally in section 5 Conclusions and Recommendations are given. 

Related Work 

Text Entry Methods 

Mobile phones are the most widely used mobile devices [2]. In using these devices, text entry is done 
using only the 8 to 12 keys found on the keypad. On the 12-key keypad 10 of the keys are labeled using 
numbers 0 to 9 and the rest two are labeled by symbols # and *. In most mobile phones, the 26 English 
language alphabets are spread over the keys for numbers 0 to 9 and space character is represented by 0 or 
# in most of the devices.  

Basically, there are three text entry techniques on mobile phones. These are: multi-tap, two-key and 
predictive text entry methods [2, 8]. The multi-tap method, currently, is the most commonly used text 
input method for mobile phones. In this technique, a user has to press each key one or more times to enter 
the character. For example, to enter a character “z” a user has to press the number key 9 four times [8]. In 
this method, timeout and/or timeout kill strategies are used to differentiate among characters found on the 
same key. The two-key method is a second type of text entry method which needs two key presses to write 
a single character. In this technique, the first key press is to select the group of the character (for example, 
the number 5 key for J, K, or L) and the second one is to select the position of the character. Therefore, a 
user should press 5 followed by 2 to enter the character K [8]. Both Multi-tap and Two-key methods 
require more than one keystroke per character (KSPC). This reduces the efficiency of character taping as 
compared to using the standard PC keyboards. Besides for characters other than letters the number of key 
press will increase [2, 8].  

Predictive text is the third text entry method.  This method is used in both key-based and pen-based 
paradigms. It is dictionary based method (for example, T9 from Tegic Inc., iTap from Motorola, and 
eZiText from Zi Inc.) and it requires only one key press to enter each character. For example, to enter 
“THE”, the user enters 8-4-3-0. The 0 key is for “space” that delimits words and terminates the predicting 
activity. In this method, the moment the key is pressed, the system compares the key sequence with the 
word possibilities in a linguistic database to guess the intended word. Sometimes, ambiguity arises when 
two or more words match the given key sequence. Under such condition, the word with the highest 
frequency of occurrence is chosen. What is more, a special “next” key is used to choose an alternative 
word if the intended word is different from the displayed one [2, 8, 22]. 
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In recent years, dictionary-based disambiguation mechanisms have appeared in various forms. These 
include N-gram frequencies, syntactical information, or other statistical information of letter and word 
frequencies [10]. 

Natural language text is highly redundant and this redundancy could be used to produce more efficient 
text entry by analyzing that text [11]. A large collection of documents – corpus – is analyzed to generate 
the statistical properties (frequency) of characters, digrams (pairs of characters), trigrams, words, or 
phrases in the language of interest in order to suggest or predict letters or words when part of the text is 
entered [8]. 

Word prediction system is more effective than character prediction system in which word prediction 
system relies upon several words of past context whereas character prediction relies only upon characters 
in the current word [12]. Having some previous context will enable the system to predict the next 
character based on the probability associated with it [4]. 

Currently there are a number of predictive systems developed by different companies for mobile or 
handheld devices. T9, developed by Tegic Inc. is one of these systems and it uses an internal database to 
determine the correct word by investigating the possible occurrences. This system also updates its 
dictionaries by capturing users’ unique text messaging language such as slang abbreviations, symbols, 
mixed alphanumeric, URLs and e-mail addresses in order to increase its recognition accuracy. In addition 
to English, T9 supports a number of other languages such as Chinese, Japanese, Korean, Arabic, and the 
like. T9 is used on most of today’s mobile phones [15]. 

eZiText, eZiTap, and  Decuma, products of the Zi Corporation, are other predictive systems. eZiText is 
developed for one touch predictive text entry, eZiTap is developed for intelligent multi-tap entry and 
Decuma combines handwriting recognition software with word completion/text prediction and can be 
configured to predict full words in two languages at once. Like T9 system, it is also available for different 
languages including Arabic, Chinese, and Japanese. It also updates its prediction pool with user created 
shortcuts and “used words” [16, 17]. 

Eatoni develops three different predictive solutions for handheld devices. These include: LetterWise 
which is a kind of predictive system that works by pressing a key with the desired letter and keep pressing 
“Next” until the desired word comes, WordWise is a predictive system which is suitable for power users 
who want to touch type, lastly the EQx series of efficient QWERTY style keyboards for mobile devices 
[18, 19]. 

All these predictive systems add values to the technology advancement that increases the usability of 
handheld devices, such as mobile phones, PDAs, gaming devices and the applications in them including 
SMS, e-mail, Internet browsing. 

Predictive Text Entry Speed on Mobile Phones 

Miika Silfverberg etal. [20], tried to address the problem of text entry on mobile phones. To address the 
problem they have designed the method for predicting potential expert user text entry speed for input 
methods that utilize the 12-key keypad and the model provides individual predictions for one-handed 
thumb and two-handed index finger use. They have discussed the three most common text entry 
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approaches: Multi-press, two-key press and T9 methods. They made a formal analysis by taking 9025 
most common words in English produced from the British National corpus and they found that the user 
must press the NEXT key only after about 3% of the words.  

The designed model has two components such as a movement model (Fitts’ law) and a linguistic model 
(digraph probabilities). Fitts’ law is a quantitative model for rapid, aimed movement and it is used to 
calculate the potential text entry speed of an expert user. This model has been applied with success to 
pointing devices and on-screen keyboards. In the case of the linguistic model (digraph probabilities) 
based on the analysis made on representative sample of common English probability Pij is given for each 
letter pair.  

The researchers have made experiments and two types of tasks were given to the subjects during the first 
experiment. In the first task participants pressed only a single key whereas on the second case participants 
pressed two keys alternately for ten seconds. The average movement time (in ms) between successive key 
presses was then calculated using the formula shown in Eq. 1: 

  )1(
10000

−=
6

MT       Eq. 1 

Where MT is the Movement Time and N is the number of keys pressed during a 10 second interval. 

According to the experiment result, the average MTs are 273ms and 309ms for index finger and the 
thumb respectively and hence this shows index finger was faster than the thumb. Table 2.4 below shows 
the result of the experiment made on the three text entry approaches [20]. 

Table 2.1: Results of model predictions (WPM) 

Method Index Finger Thumb 

Multi-Press   
- Wait for timeout 22.5 20.8 
- Timeout kill 27.2 24.5 

Two-Key press 25.0 22.2 

T9 45.7 40.6 

 

In general the “Timeout Kill” strategy is faster than “Timeout” strategy by 21% when using the index 
finger and 18% when using the thumb. When Multi-press uses timeout strategy it is slower than two-key 
press method. However, when it uses the timeout kill strategy it is faster than the two-key press method. 

The dictionary or linguistic model embedded in the T9 method is used to determine how often the NEXT 
function is required. The analysis shows out of 9025 words in the sample, 8437 (95%) can be entered and 
uniquely disambiguated. The number of words required 1, 2, 3, 4, or 5 presses of the NEXT function are 
476, 83, 23, 5, and 1 respectively. The initial word for any key sequence is the one with the highest 
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probability in the linguistic model, while subsequent words are produced in decreasing order of their 
probability.  

From the paper of Miika Silfverberg etal. [20], we have observed predictive text entry method has better 
performance than other text entry methods and when there is a convenient text entry method the data 
entry performance will be better. Moreover, linguistic model which has a probability or frequency of 
occurrence of each word is the core element of prediction system.  

Lesher et. al. in [12] stated that character prediction depends only on characters in the current word 
whereas word prediction can be designed to take advantage of several words of past context and also 
stated that word prediction method should generate character distribution by tabulating the probabilities 
of each character across each predicted word. For example, if after typing “th” the predicted words and 
associated probabilities were (the = 0.5, there = 0.2, this = 0.2, though = 0.1) the predicted characters 
could be (e = 0.7 = 0.5 + 0.2, i = 0.2, o = 0.1). This example shows that the character “e” has a higher 
probability than others.  

Lesher et. al [12] made an extensive research on advanced n-gram word prediction (the past n-1 
characters are used to predict the current nth character) and achieved prediction model which provide 
keystroke savings of nearly 60% in a direct selection paradigm with a six word prediction list. 
Furthermore, since the character probabilities skewed by insufficiently large sample set when short 
prediction list is used and the accuracy of the character prediction is determined by the length of the word 
prediction list they have recommended using longer prediction list. Therefore, they have stated that 50 
words list, would be sufficient to ensure the accuracy of word-based character prediction.  

They have used scanning model with supplemental character list in order to scan a prediction list of five 
characters in a linear fashion before a static character matrix scanning takes place in a row-column 
fashion. 

In this work, seven representative testing texts with lengths five and ten thousand words were reproduced 
by using an IMPACT evaluation platform. In addition, this platform keeps track of the required number of 
switch activation for each representative testing text. The result showed that a substantial performance 
improvement has been achieved from the word-based character prediction. They have achieved a 
consistent result throughout the seven testing texts and the switch savings increase by about 8% points 
from a baseline of 22.6% to 30.4%. They have tried to identify that the increasing of the relative weight of 
the word-based character prediction engine will provide substantial gains. Hence when the weight of the 
word-based component reached approximately 50% the performance stays leveled and when the weight is 
above 90% it falls down. 

Gregory W. Lesher etal. [21] stated that having more accurate predictions will provide a number of 
advantages like improving the quality as well as the quantity of message production for young people, 
persons with language impairments, and for those who have learning disabilities and disambiguate 
sequences from ambiguous keypads and correct spelling errors. They also stated that irrespective of the n-
gram order the performance of the system increases with an increase of training text size. However, the 
increase is much more on sounds for trigram (7.5 percentage units) than for unigrams (4.5 percentage 
units). Moreover, with higher n-gram orders the keystrokes savings for the given training texts increases 
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constantly. A large jump in keystroke savings was realized when moving from unigram to bigram word 
prediction (6.4 percentage points at 3 million words) reflecting the transformation from context-
insensitivity to context-sensitivity. The performance gain in moving from bigram to trigram prediction is 
considerably less dramatic (0.8 percentage points), although the difference grows for larger training texts. 

Spot tests with higher order n-grams revealed an even smaller performance difference between trigram 
and quadgram (n = 4) word prediction, although with larger training texts this difference may also 
increase. This paper indicated that a corpus is the necessary element to work on a prediction system. 
Having larger corpus presents information about how frequently words are used in a document [21]. 

Shiferaw Abebe etal. [3] proposed keyboard mapping scheme called ETWirelessKeyBoard to perform 
keyboard mapping and also proposed new algorithm called EasyET for predictive text inputting in order 
to achieve practical way of composing text messages with Ethiopic scripts on a mobile phone. In their 
Amharic keyboard design for mobile phones, they have eliminated four sets of the redundant characters in 
order to reduce the number of characters. These reduced sets are ‘Superfluous’ characters, replaceable 
characters, Ethiopic numerals and labialized characters. By reducing these sets they claimed to have 
reduced the number of characters used to write the messages by 40%. However, their proposal for a 
reduced set of characters is not based on a recommendation of language experts. In this work, it is stated 
that prediction of words is done by tapping two or more characters and the list of words are then 
displayed in order to allow the user to select the desired word. However, the first two or more characters 
also need to be predicted as each key has two or more characters. In addition to this it is not clearly 
mentioned how they decided to initiate the prediction after tapping two or more characters. This decision 
is not based on analysis or any word prediction model. Moreover, the work was done particularly for 12 
keys cellular phone and is not optimized for other phones such as smart phones where online handwriting 
recognition is supported. 

The Word Prediction Model  

To design a word prediction model for a language, one has to have adequate statistical information such 
as the frequency of occurrence of words. This can be achieved by using a corpus. Since there was no a 
readily available Amharic corpus for this purpose, we prepared an Amharic word corpus in order to 
design the word prediction model. A good collection of words in the corpus helps to design a better 
model. Our corpus is prepared from texts of various sources that include private and government 
newspapers, books which are written by different authors on different issues such as politics, religion, 
history, and love. The corpus is used to generate statistical information such as the frequency of 
occurrence of each word and the average word-length in Amharic language. Moreover, the corpus is used 
to decide the N in the N-gram model, where N is the number of characters after which the system starts to 
predict the intended word. Both the statistical information and the value of N are used to design the word 
prediction system and the algorithm that will be implemented. 
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We have used WordSmith1 to extract this necessary statistical information. About 1,614 different files, 
collected from various sources mentioned above, are provided to the tool and a total of 641,333 words are 
generated out of which 131, 399 of them are distinct words. All the 1,614 files are converted to UTF16 
format in order to be used by the WordSmith tool.  

Since newspapers are one of the resources used to extract the corpus, there might be typographical errors 
like ignoring space between words, using character other than the intended one and forgetting to use the 
proper fonts and so on. However, all these errors do not have much impact on the prediction process as 
their proportion to the total correctly written words is minimal or negligible. 

Furthermore, the tool, WordSmith [23], is used to find the average word length and get information about 
which word length is the most frequently used one. Table 3.1 shows the sample data of ten randomly 
selected files out of 1,614 files used for generating the corpus and Table 3.2 shows the sample data taken 
from five different Amharic dictionaries written by different authors, one list of words which contains 
personal and place names, and one dictionary which is made from two different dictionaries. According to 
the statistics found, even though there are words which have more than 8-characters length, they are not 
included in both of these tables, Table 3.1 and Table 3.2, as their number is insignificant. In addition to 
this, some of the words which have more than eight characters get that length because of typographical 
errors.  

Table 3.1: Sample Data on 10 Different Files to Show Word Lengths 

Data Item File1 File2 File3 File4 File5 File6 File7 File8 File9 File10 

Words in text 242 184 295 348 419 137 2018 271 159 486 

Distinct Words 188 131 192 228 267 112 1131 213 117 363 

Mean Word Length 4 4 4 4 4 5 4 4 4 5 

1-letter 2 6 0 6 4 4 20 6 5 1 

2-letter 19 20 25 30 78 10 282 25 22 34 

3-letter 42 56 106 87 99 16 558 59 33 86 

4-letter 70 47 58 112 80 22 459 69 52 136 

5-letter 48 31 44 44 55 30 303 52 16 98 

6-letter 42 10 25 37 43 26 242 34 18 68 

7-letter 10 4 16 12 25 17 107 15 4 37 

8-letter 5 4 12 5 10 6 23 4 0 20 

 

 

                                                      
1 WordSmith is lexical analysis software for PC and it is  developed by Oxford University Press. This tool has been 

used in preparing dictionaries and word corpuses, by language teachers and students, and by researchers 

investigating language patterns in lots of different languages in many countries world-wide [23]. 
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Figure 3.1: Word-Length Distribution in the Reference Dictionary 
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Table 3.2: Description of Bumber of Characters per Word from Different Dictionaries 

 

 Amharic-
English 
Dictionary 

List of 
Ethiopian 
Authors 

New 
Amharic 
Dictionary 

Amharic 
Dictionary 

Transliteration 
of Some 
Amharic Names 

Amharic 
Dictionary 

Combined 
Dictionary 

Author Amsalu 
Aklilu 

Solomon 
G/Christos 

Desta 
T/Wolde 

Kisate Birhan 
Tessema 

Birhan Ayalew Fulass  
Armbruster 

 

Distinct words 16, 231 906 51,519 44,194  6,648  13,146  17, 137   

Mean Word 
length 

4 4 4 4 4    4  4 

1-letter 62 7 811 4,404 0 99 6 

2-letter 2,790 87 16,183 8,851 766  773  1,296  

3-letter 6,313 357 27,544 23,597 2,675  3,672  4,913    

4-letter 5,543 283 24,457 20,362 2,047 5,088 4,758  

5-letter 902 107  12,788 9,201    777   2,678  2,060  

6-letter 915 42 5,820 4,225 298 831 814 

7-letter 55 30 471 1,010 72 93 72 

8-letter 15 4 26 149 10 0 11 
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Figure 3.1 shows the word length distribution of the reference dictionary. Table 3.1, Table 3.2 and the 
chart shown in Figure 3.1 have given us enough information about which word length is the most 
frequently used one and what is the average word-length of Amharic language. This information is used 
to determine the value of N for N-gram model, where N is the number of characters after which the 
system will start prediction, for Amharic word prediction system. What we have observed from the above 
two tables and the chart is the 3-letters word is the most commonly used word-length in Amharic 
language and the average word-length of Amharic language is four letters long.   

In order to know how wide the search space will be during searching words in the dictionary (Lexicon) 
using the first two characters, an algorithm is designed. The algorithm is used to extract and count the 
number of words which have two identical first characters from the corpus. Based on the statistical 
observation, the five top most number of words that begin with two characters are used to analyze the 
search space. From this data, what we have observed is that even though there are large numbers of words 
obtained using some pair of characters, in most cases the numbers are not much big to search. Moreover, 
when it comes to the dictionary which consists of the words of about 17,137; those words with possibly 
with large number of characters will not be as such large enough as in the corpus space. It is evident that 
the number of words will decrease if more than two similar first characters are used. 

According to the analysis done on the words that starts with pair of characters considered, it is observed 
that it would be better if more than two characters are used to start prediction. However, the result shown 
on Table 3.1, Table 3.2 and the chart shown in Figure 3.1, indicates that the most frequently used word-
length is 3-letters. This shows starting prediction using more than two characters will let the word 
prediction system to perform normal operation (no prediction).  

The analyses made to identify the most frequently used Amharic word-length, the average Amharic word-
length, and the width of the search space provide a clear indication on after how many characters the 
system must start prediction. Thus, based on these arguments, the decision for the value of N in an N-
gram model to be two (N=2) will manifest, where N is the number of characters after which the prediction 
starts. Thus, we chose to have a 2-gram model for our Amharic word prediction system. 

Since one of the inputs required for word prediction engine is a lexicon, we have chosen the commonly 
used Amharic dictionaries. Even though there are a number of Amharic dictionaries written by different 
authors, we have used a combination of the ”Amharic-English Dictionary (አማርኛ - እንግሊዝኛ መዝገበ 
ቃላት)” of Amsalu Aklilu and the "List of Ethiopian Authors (የኢትዮጵያ ደራሲያን ስም ዝርዝር)" by Solomon 
Gebre Christos which contains personal and place names. The two dictionaries are combined to form one 
dictionary as there are missing personal and place names in the Amsalu Aklilu’s dictionary which could 
be found in the Solomon Gebre Christos’s list of authors. Similarly, there are number of words which are 
found in the Aklilu Amsalu’s dictionary that are not found in Solomon Gebre Chiristos’ list of authors. 
The combined dictionary consists of about 17,137 words. Hence, the prediction algorithm is designed 
based on the content of this dictionary. 

The corpus is useful in order to map the frequency value of each word to the corresponding word in the 
dictionary as the frequency of these words is required in order to set the ranking policy of the prediction 
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engine. We have designed the Algorithm shown in Figure 3.2 to map the frequency values of words in the 
corpus to the corresponding words in the dictionary. 

To work on word prediction a text editor is required. The proposed word prediction model requires 
writing the first two characters of a word before prediction. 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Algorithm to Map Frequencies of Words from Corpus to Lexicon 

To let the text input system start the prediction automatically as characters are written consecutively, we 
need to set a wait time limit between two characters of a word. We determined this time through 
experiment. After conducting several trials, we took the average of all the time differences of all Amharic 
characters which is about 2000 milliseconds. This time will be used by the system to start predicting if a 
user doesn’t start writing within this period of time.   

Architecture of the System 

As shown in Figure 3.3, the architecture of the system has two parts: The “Amharic Text Input System” 
and the “Word Prediction Engine”. The characters from the Amharic text input system and the list of all 
words in the Amharic lexicon will be provided as an input to the Word Prediction Engine. As mentioned 
earlier, every word in the lexicon has a frequency value which is assigned from the corpus. To start 
predicting the intended word the prediction engine needs two or more characters. Hence, the character 
prediction process may be initiated repeatedly starting from the third character input. The Word 
Prediction Engine has three components which are participating in the prediction process. These are: Start 
Engine, Word Selector and Word Ranker. The Start Engine component, for the first time, gets two 
characters one by one from the Amharic text input system. After these two characters are received, this 
component waits for the time frame set up, which is 2000 milliseconds, to initiate the Word Selector 
component. On the next process, in case the intended word is not predicted, the Start Engine component 
initiates Word Selector component after getting every character input. Once the Word Selector is initiated, 
it will start searching for words in the dictionary (lexicon) of which their first two or more characters 
match with the recognized characters. The list of words found and their corresponding frequency will be 
delivered to the next component, the Word Ranker.  

Input – The corpus and Lexicon tables 

Output – The updated Lexicon table 

//corpusWord and corpusFreq defines the words and frequencies found in the corpus 

//Count – counts the number of records in the corpus 

Count  <– 1 

Read corpus table 

Read Lexicon table 

Repeat 
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The Word Ranker, by considering the frequency of each word, provides a rank to each word in the list of 
found words. Words with highest frequency will get highest rank and those with least frequency will get 
the least rank. In the case of two or more words having the same frequency; the Word Ranker will decide 
the rank of the words by considering their alphabetical order. These ranking policies are used to 
determine the word(s) to be predicted.  

As mobile devices have screen size constraints, it is not possible to display large number of predicted 
words. Thus, some experiment is done to decide the convenient number of words to be displayed. As a 
result, it is found that displaying five words at a time will be reasonable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Architecture of the Amharic Word Prediction Engine 

The Prediction Algorithm 

The prediction algorithm (Figure 3.4) starts by reading the dictionary file. To start the prediction process 
for the first time, a user writes two Amharic characters where these characters will be stored every time 
they are written. After waiting for the 2000 milliseconds, the two characters will be passed to the 
Searching method. This method will then search for words in the dictionary that have the same first two 
characters. As a result, the list of words is passed to another method called Ranking so as to perform 
ranking based on the ranking policy of the system.  

Once the ranking process has done, the word prediction engine will display the top five ranked words, if 
any. If the intended word is not displayed, the user will tap the next character of the word he/she wants to 
write. Based on this additional character, the word prediction engine starts to perform the prediction 

Amharic Word Prediction Engine 

 

Amharic Text 
Input System  

Word Selector 

Word Ranker 

Start Engine 

List of Ranked 
Words 

Amharic 
Lexicon 
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process again and display the new result. This process will keep on until either the intended word is 
predicted or the user writes the last character of the word.  

 

Input: Words from the dictionary and the recognized characters 

Output: The predicted word and list of alternative words 

Read the Lexicon file 

Str ← null, Ch ← null, count ← 0 

Sorted [ ], List [5] // Arrays used to store the sorted words and the top five ranked words //respectively 

ListOfWords [ ] //An array used to store words that matches the string. 

Repeat  

 User writes a character 

Ch ← Call character Recognition Method 

 Str ← Str + Ch 

Until (string length ≥ 2) 

Wait (2000)    //Waits for 2000 milliseconds to initiates the prediction process 

Call Searching (Str)    //This method searches words based on the Str and pass  

// the list of words to Sorting method with their frequency 

Sorted [ ] ← Call Ranking (ListOfWords [ ]) //Sort the list of words by their frequencies and //returns the list 

Repeat 

List [count] ← Sorted [count] 

count ← count + 1 

Until count >= 5 

Display List [ ]  

 If (More character is written) 

 count ← 0 

Ch ← Call character Recognition Method 

 Str ← Str + Ch 

 Call Searching (Str)   //This method searches words based on the Str and pass  

// the list of words to Sorting method with their frequency 

Sorted [ ] ← Call Sorting (ListOfWords [ ]) //Sort the list of words by their frequencies  

        //and returns the list 

Repeat 

List [count] ← Sorted[count] 

count ← count + 1 

Until count > = 5 

Display List[ ]  

Figure 3.4: Algorithm for Word Prediction 
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Implementation and Experiment 

Implementation 

To demonstrate the validity and usability of the proposed word prediction system we developed a 
prototype system based on the proposed model. The tools and development environments we have used to 
implement the algorithms designed and make the necessary experiment on the system is presented below.  

The Development Environment 

The community version of SuperWaba SDK has been used to develop the prototype on a simulated PDA 
environment [24, 25]. With SuperWaba 5 [27], the Tauschke MobileCreator is an IDE Personal edition 
version 1.6 is used for writing codes.  Since the standard PalmOS font does not support full Unicode 
ranges [26], it is not possible to display Ethiopic characters on the interfaces prepared. Thus, ufolib tool 
that generates font file with full Unicode ranges is used. The PalmOS Garnet Simulator software is used 
to simulate the device running PalmOS 5 to test the system under Windows operating system. In addition, 
Java 2 Standard Edition has been used to implement the designed algorithms and MySQL has been used 
to manage the lexicon and corpus databases. 

User Interfaces 

This section presents the developed interfaces for the proposed word prediction system. To test the 
prediction system, we used a Graffiti like handwriting recognition input method developed for Amharic 
language by Daniel Kefale [ ] that is based on the designs of Abinet etal. [1] and Abera etal. [5].  

A writer must write two characters consecutively so as to initiate the prediction system. The interface, 
shown in Figure 4.1, is prepared to perform this operation. The interface has some user interface 
components which will be used in this operation. These components are:  

• Buttons – to initiate the recognition process and to display the non-basic characters of the 
recognized character 

• An Input Area – to write the desired character 
• A Text Box – to display the recognized characters afterwards to display the top most ranked word 
• A List Box – to display four top ranked words as an alternative to the word displayed on the text 

box. 

To use this writing system, one has to click one of the buttons labeled 2nd through 8th accordingly (which 
stands for the 2nd through the 8th order of the basic Amharic letters), whenever he/she wants to write the 
non-basic characters. The moment two characters are written, the system will automatically start the 
prediction process. The word shown in the text box on the Figure 4.2 is the top ranked predicted word and 
the words listed in the list box are the alternative words on which the user will select if the word in the 
text box is not the intended word. These words are the predicted words from Rank 2 to 5.  
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Figure 4.1: Screen Shot of the Word Prediction Interface 

 

Figure 4.2: Screen Shot of the Predicted Words 

 

Experiment 

This section presents how the test data has been collected and the word prediction accuracy of the system 
developed based on the proposed models.  

Data Collection 

The test data is collected from two private newspapers and twenty volunteer persons who are randomly 
selected. Each individual is requested to write 20 words of his/her preferences. In addition to this, 50 
words are collected from each newspaper randomly. This makes the test data a total of 500 words.  

Result of the Experiment 

This section presents the results found after the experiment is conducted. The result, shown in Table 4.1, 
depicts the number of predicted and fully written words for the corresponding word-lengths. The column 
named as Top Ranked Predicted Words represent the number of highest ranked predicted words after two 
characters were written. These words are automatically displayed in the text box. The column, Predicted 
Words from Rank 2 to 5, shows the numbers of predicted words after two characters were written, but 
these words are found in the list of predicted words ranked 2 through 5. These words need to be selected 
from the list. The last five columns indicate that the number of words either predicted after 3 or more 
characters or fully written words depending on the word-length. For example, the column, After 4, shows 
the number of predicted words in the case of 5-, 6-, or 7-letter words and the number of fully written 
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words in the case of 4-letter word. The shaded cell of each row in this table, Table 4.1, represents the 
number of fully written words, by the writer, for the corresponding word-lengths.  

In addition to this, Table 4.2 shows the percentage of predicted or fully written words of the respective 
word-lengths. In this table, the shaded cell of each row represents the percentage of fully written words of 
the corresponding word-lengths. 

Table 4.1: The Bumber of Predicted and Written Words 

Word 

Length 

Collected 

Words 

Top 

Ranked 

Predicted 

Words 

Predicted 

Words 

from Rank 

2 to 5 

After 3 After 4 After 5 After 6 After 7 

3-Letter 229 88 97 44     

4-Letter 208 73 87 15 33    

5-Letter 43 18 11 7 0 7   

6-Letter 12 3 2 0 2 3 2  

7-Letter 8 0 0 2 3 1 0 2 

Total 500 182 197 68 37 11 2 2 

 

Table 4.2: The Percentage of Predicted and Written Words for each Word Length 

 

 

 

 

 

 

 

It is obvious that the efficiency of the word prediction system will decrease while a user selects a word 
from the listed alternative words. However, since the main target of this work is to determine the word 
prediction accuracy, the percentages of all columns of each word length except the last one will be added 
to get the word prediction accuracy of the particular word length. The cumulative word prediction 
accuracy of each word-length and the average word prediction accuracy of the system are shown in Table 
4.3. As it is shown in this table, the result of the experiment indicated that the average word prediction 
accuracy of the system is 81.39%.  

 

 

Word 

Length 

Predicted 

(%) 

Listed 

(%) 

After 3 

(%) 

After 4 

(%) 

After 5 

(%) 

After 6 

(%) 

After 7 

(%) 

3-Letter 38.43% 42.36% 19.21%         

4-Letter 35.10% 41.83% 7.21% 15.87%       

5-Letter 41.86% 25.58% 16.28% 0.00% 16.28%     

6-Letter 25.00% 16.67% 0.00% 16.67% 25.00% 16.67%   

7-Letter 0.00% 0.00% 25.00% 37.50% 12. 0.00% 25.00% 
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Table 4.3: Prediction Accuracy of each Word Length 

Word 

Length 

Words 

Predicted 

Prediction 

Accuracy 

3-Letter 185 80.79% 

4-Letter 175 84.13% 

5-Letter 36 83.72% 

6-Letter 10 83.33% 

7-Letter 6 75.00% 

Average Prediction 

Accuracy 

81.39% 

Conclusion  

For our word prediction process for Amharic language, a good collection of words which will be used as 
a corpus is necessary. Thus, we collected and analyzed a corpus of size 131,399 distinct words. The 
analysis is made to get information like the average word-length in Amharic language; the most 
frequently used Amharic word-length and the like. This information is used to decide N for N-gram 
model, which is the core element of the word prediction engine. Based on this analysis, the value of N has 
been decided to be two (N=2). The algorithms required for assigning word frequencies from the corpus to 
the dictionary (lexicon) and for predicting words are also designed and implemented. 

Based on the experiment conducted our word prediction system has shown a prediction accuracy of 
81.39%. As this is the first ever work in designing on Amharic word prediction system, we recommend 
the following works in the future. We believe that having a standard dictionary for Amharic language 
with maximum possible word size is very important and will increase the accuracy of the word prediction 
system. This work can also be done for other local languages such as Tigrigna which uses Ethiopic 
character sets for their writing system. Since the searching efficiency of the system has not been taken 
into consideration in this work, one can extend this work by adding this feature. Extending this work into 
context-level prediction system can also be another future work. 
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Abstract 

In a country where regions with their own local regional languages are administered under one 

umbrella of the federal government, the necessity of a multilingual dictionary for translating 

words from one to the other is high more than ever before to facilitate communication. To 

respond to this requirement, we believe that smart phones can be used as appropriate technology 

since they are affordable, multi-purpose, mobile devices that one caries them always and 

wherever he goes. This work presents the first attempt to design and implement a Multilingual 

Electronic Dictionary system for Amharic, English, Afaan Oromo and Tigrigna languages that 

runs on smart phones. Android based smart phones are identified for this work for its 

convenience and practical requirements. The designed multilingual electronic dictionary system 

provides a multidirectional translation for all the four languages. It also predicts the word in the 

process of typing to make the writing process on such small devices easier. In addition to these, 

the system provides the pronunciation of each translated word with the language the user knows 

and understands. The system has been implemented and tested on Android based smart phones 

and the outcome shows that it works correctly as intended. 

Keywords: multilingual electronic dictionary, word translation on smart phones electronic word 
translator for Ethiopian languages, 

Introduction 

Due to the continuous advancements in mobile technologies, handheld devices such as mobile phones are 
becoming smarter and are supporting different kinds of applications for users beyond communication 
services.  

These advancements of technology allow researchers to develop applications that are needed on day-to-
day activities. An example is electronic full-fledged dictionary software and complete suites of dictionary 
databases for several languages on these smart phones and PDAs [1]. A dictionary is a book that 
represents most commonly spoken words of a language together with their pronunciations and definitions. 
It can contain the word’s definitions using the same language the word is written at, in which case it is 
known as a monolingual dictionary, or in two or more different languages which is then referred as 
bilingual or multilingual dictionary respectively. 
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Different languages have these dictionaries to be used as a language reference book either in hardcopy or 
in their electronic form. There are few multilingual dictionary books for some of the Ethiopian languages 
aligned with some international languages like English mainly in hardcopy formats.  

Recently, Electronic Dictionaries (ED) are becoming available on smart phones and are being used as 
language learning tools [1]. However, no ED or translator is available for Ethiopian languages despite the 
increasingly large number of mobile phone users in the country. Ethiopia is a multi-linguistic country 
with about eighty or so languages. It is crucial that these languages get appropriate attention, and be 
promoted to empower and serve their speakers and to facilitate communication between people of 
different languages in the country.  

In a country like Ethiopia,  where all  regions with their own local regional languages have the right to use 
its language and are administered under one umbrella of the federal government, the necessity of 
translating words from one to the other is very high more than ever before. To respond to this 
requirement, smart phones can be used as appropriate technology since they are affordable, multi-
purpose, small and handheld mobile devices that one carries them always and wherever he goes. Thus, we 
present a design and implementation of a Multilingual Electronic Dictionary and Translator system for 
Amharic, English, Afaan Oromo and Tigrigna languages that runs on smart phones. 

The presence of this multilingual local dictionary on such handheld devices enables users: 

• to get the translation of one word with all the incorporated languages quickly and easily 
• to access  dictionaries and translators wherever they are and whenever they needed it 
• as a self-teaching tool for different languages outside a classroom 
• save extra cost of buying several dictionary books for all the desired languages and  
• avoids the inconvenience carrying a bunch of dictionary books at their bags 

Hence, providing such a four-in-one ED on mobile devices would alleviate the problem of users while 
trying to learn and know the languages. Moreover, it also facilitates the ease of communication among the 
native speakers of one language with the others and helps greatly the tourism sector as tourists can easily 
communicate with the country’s citizens by making use of their mobile device. 

The objective of this work is, thus: 

• to design a four-in-one multilingual ED for android based mobile phones that is: 
• designed  a suitable user interface to allow the user to interact with the phone through the 

language he/she understood 
• to construct a database that stores words and their corresponding translations and 

pronunciations  of the translations for each language 
• to design keyword searching scheme 
• to design an algorithm for retrieving suggested list of words from the database 
• to retrieve words, their definitions and pronunciations from the database 
• to implement the designed system and test it on real devices 
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The rest of this document is organized as follows. Section two presents’ Related works done in the area. 
System analysis and Design will be discussed in section three. Implementation and Evaluation of the 
system are briefly explained in section four and five respectively. Finally, conclusion will be presented in 
section six. 

Related Work 

A number of researches had been carried out related to designing and implementing either monolingual or 
multilingual ED’s both on personal computers as well as on handheld mobile phones. 

Pascale B.etal[2] presented in their work TLFi (Trésor de la langue française informatisé)a monolingual 
ED for desktops which is, as they claim, the most important computerized dictionary on French language. 
According to the authors, they have been able to design a very complex set of Extensible Markup 
Language (XML) tags so that every textual object is clearly identifiable and that the hierarchy containing 
these objects is usable. The TLFi uses its own specialized software known as STELLA that, together with 
the XML structure, allows high level queries as well as hyper-navigation through and between different 
databases. 

An Intelligent Multi-Dictionary Environment is an open, extendible multilingual ED system which 
supports a translator in accessing adequate entries of various bi- and monolingual dictionaries and 
translation examples from parallel corpora and is presented on [3]. The author propose the MoBiDic 
electronic dictionary which is a multi-dictionary environment based on a client-server architecture 
consisting of linguistic server, dictionary server and the client with the graphical user interface. The work 
uses a lemmatizer that provides the dictionary look-up module   with the stem of the input word so that 
the user is not forced to only type the head root of a word.  

According to the author the work helps the user to also find all the multi-word expressions containing the 
actual words’ stem which would be impossible to find in traditional paper-based dictionaries. 

ABBYY Lingvo x3 Mobile is comprehensive multilingual ED software that can be used on smart phones, 
PDAs and communicators released by ABBYY, one of the leading providers of document recognition, 
data capture and linguistic software [4]. According to the company, their product supports translation of 
words and phrases from English, German or Russian into German, English, French, Italian, Russian, 
Spanish and back. This mobile dictionary also includes additional useful features such as audio 
pronunciations and a tutor tool for vocabulary training that enables people to take advantage of the 
available time to improve their language and communication skills. 

Despite all these works done related to ED development, there is no attempt (as far as the knowledge of 
the authors is concerned) to design a full-fledged multilingual ED for any of the Ethiopic languages on 
any kind of mobile devices. This work is thus,  the first attempt to design and implement a four-in-one 
multidirectional ED containing Amharic, English, Oromiffa and Tigrigna languages for handheld devices 
and in particular for Android-based smart phones. 
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 System Analysis and Design 

The Amharic, English, Oromiffa and Tigrigna multilingual mobile dictionary is a smart phone based 
dictionary that users can carry it everywhere and use it at any time easily. The idea of providing this 
dictionary application on smart phones is advantageous in that it takes only a few minutes to learn, even 
for the most techno-phobic, it’s not price prohibitive as far as we have the phone, nor waste of time and 
energy which are all the limitations in using  paper based dictionaries. The psychological stress of not 
remembering 'The Word' that we need is lowered too as we can easily search for the word on our mobile 
phone and it can be an effective language learning tool and interesting application that can capture users’ 
interest. In general, a user having this electronic dictionary on his/her mobile device gets an immediate 
feeling of control over his/her environment, and the other party in the conversation has immediate 
comprehension; hence providing general harmony and well-being. It is also a good teaching material for 
students and those who want to know the major three local languages spoken in Ethiopia together with the 
most widely used International language in the country. 

Both functional and non-functional requirements of the system have been determined in this phase with 
the use of different system modeling techniques like use case modeling, sequence diagram and so. The 
result of system design is a model that includes a clear description of each of these strategies, subsystem 
decomposition, and a UML deployment diagram representing the hardware/software mapping of the 
system so that any ambiguity on the system to be implemented is resolved and a clear idea about the 
system that can be understood easily is presented.   

Architecture of the system 

Separation of layers is very crucial for any application structure. The architecture of the system 
determines the type of interaction among the components/layers of the system. The general architecture of 
the multilingual ED system is broken down into three major layers as shown in Figure 3.1 below. The 
first component is the View layer that provides explanation and description about the developed system to 
the target environment, and for the mapping of graphics onto the device. The controller is the second 
component through which the user interacts with the application. It is responsible for mapping end-user 
action to application response by interpreting the mouse and key press event from the user, and 
commanding the bottom layer and/or the upper layer to change as appropriate. The last component is the 
persistence layer that manages the state of the application and conducts all the required functionalities. It 
holds the behavior and the data of the application domain and responds to requests made for information 
from the other components. 
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Figure 0.1  Architecture of the Multilingual ED system 

Subsystem decomposition 

The purpose of subsystem decomposition is to breakdown a given system into smaller systems, which are 
loosely coupled with each other while each broken-down system has strong cohesion among its 
components. In order to simplify and minimize the complexity of the solution domain, the proposed 
Ethiopic multilingual ED system is decomposed into four subsystems namely the Layout subsystem, 
Searching subsystem, Suggestion subsystem and Data Management subsystem as shown in Figure 3.2 
below. 

 
Figure 0.2 Subsystem decomposition of the Ethiopic multilingual dictionary system 
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Implementation 

An Android-based smart phone is selected for the application development. The Android Operating 
System, which is one of the recent mobile device platforms and being supported by Google Company, is 
becoming increasingly popular. It is the first open, complete, and free platform created specifically for 
mobile devices that allow smart phones to act like a personal computer by providing varied services 
which would have been accessed only on computers [ 4]. 

After the requirement elicitation and system design the necessary algorithms are developed. The system is 
then implemented in the Eclipse integrated environment that supports Android Development Tools (ADT) 
plug-in. The ADT simplifies the Android application development by integrating the developer tools, 
including the emulator directly into the IDE. It makes creating, testing, and debugging applications on the 
host environment faster and easier before uploading the application onto the real device. The Android 
SDK comes packed with a mobile device emulator that runs on a personal computer or host machine and 
mimics all of the hardware and software features of a typical mobile device, except that it can not receive 
or place actual phone calls [4]. Once the program is written for the system it will be run and tested on this 
emulator before being deployed on the real device. In addition to providing different debugging 
capabilities, the emulator also supports Android Virtual Device (AVD) configurations that let us specify 
the Android platform that we want to run on the emulator and other options. 

For this project, the implementation is developed using the Android SDK 2.0.1 platform and the Eclipse 
IDE with the ADT plug-in installed. Figures 4.1 to 4.5 shows snapshots of the Ethiopic multilingual ED 
system on the Android Emulator 2.0.1 

  

Figure 4.3 snapshot of the ED system  Figure 4.4 snapshot for the list of dictionaries included in 

the ED 
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Figure0.5 snapshot of the Tigrigna ED subsystem Figure0.6 snapshot of the Tigrigna ED subsystem  

 

 

Figure 0.7 Translation and pronunciation of the Tigrigna word “����������������” in Afaan Oromo 

 

Evaluation 

After the system is being implemented and successfully run on the host machine, it is being uploaded on 
the target machine which is an Android HTC smart phone. The screenshot for some part of the system 
while running on the real device is being shown in the below figures. 
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Figure 0.8. Startup Interface for the ED system Figure 0.9. ED interface for Afaan oromo Dictionary 

  

Figure 5.10 Suggested words generated by the system 

 

Figure 5.11 Translation of a word selected by preferred 

language 
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The system together with a questionnaire is then given to about twenty users having different mother 
tongue languages to obtain their opinions about the system.  

From the gathered information, 80% of the participants were very happy to get such a system on their 
mobile devices and also suggested to incorporate other local as well as international languages to the 
system. 20% of the participants, however, claimed that even if the system is helpful and would be an 
advantage to get it in such types of mobile devices, the current cost of the smart phones in the country is 
somehow unaffordable by the citizens and may be the usage of the system will only be limited to foreign 
users and few local users. 

We have also tried to show the system to some language professionals and gather their comments as well. 
Three people were chosen each specializing in the three local languages we have chosen for this system. 
All the three of them agree on the necessity of such system to enhance the teaching learning mechanism 
of a language and also in assisting the exposure of local languages to worldwide users. Moreover, since 
there are no dictionary books containing all the four languages in one, they suggested it will minimize the 
cost of purchasing different dictionary books separately to study the four languages. In addition to this it 
can also reduce the load on ones’ mind to remember the translation of one word with all the other three 
languages as the system can generate the three translations of the word at once hence avoiding going back 
and forth frequently. 

From these opinions, we can suggest that the great majority of people believe on the need to have such a 
four-in one electronic dictionary on smart phones and are interested to see such kinds of localized systems 
being provided on mobile devices. Thus, this multilingual translation system can be taken as an initiative 
towards this in addition to being a good language learning aid.   

Conclusion 

The way people live, work, learn and communicate is shifting from paper to electronic form and 
nowadays even more applications are moving to mobile devices. As these mobile devices are becoming 
more powerful and less costly, they are getting more user acceptance and are penetrating into every part 
of the world quickly. As one part of the world, in Ethiopia also the number of smart phone users is 
showing progress and increasing from day to day despite the fact that there are no relevant applications on 
the devices with local context. Providing local applications on these devices would increase much more 
the number of users and also let the users interact with it using the languages they know. Designing and 
implementing mobile multilingual ED application of the most broadly spoken and used languages in 
Ethiopia with some of the most widely used International languages like English, would be necessary as it 
provides an all-in-one reference with minimal cost. It can be used everywhere and anytime and also help 
users to learn those languages by themselves and communicate with each other easily. 

In this work, a multilingual and multidirectional ED for the Amharic, Afaan Oromo, Tigrigna and English 
languages is designed and implemented on smart phones with Android platform. An appropriate interface 
is designed that helps users to interact with the system through the language they know and understand. 
An algorithm is also designed that enables the system to fetch suggested words from the persistent data 
store and that are expected to be what the user is looking for to minimize text entry process. Moreover, a 
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general architecture for the ED had been designed and presented. We believe the work has a contribution 
towards facilitating smooth information exchange among people of the country, and also enhancing the 
bond between the local languages and the current Communication technology. It can also be of great help 
for language learners, international organization workers, tourists, investors, researchers, etc that needs to 
know the languages for the sake of understanding and communicating easily with the native speakers of 
the languages. 
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