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Abstract: Computer nowadays is a must-have tool for most 

people. However, it is not a tool to be used by people with physical 
disabilities, especially the ones lacking an arm or two. The goal of 
this paper is to introduce a system that will help computer users 
perform tasks and make use of computer features and functions 
despite their physical limitations through the Speech Recognition 
System (SRS) in the English language. Ideally, this aims to 
provide users with an alternative way of interacting with the 
computer system and navigate through its functions using SRS in 
place of peripheral devices. It can be used to navigate through 
menus, open and manage applications, open certain websites, 
browse the internet, and type words, letters, numbers, and symbols 
using the dictation mode. For the testing phase, the following test 
cases were used: Functionality Testing, Stress Testing, and 
Compatibility. The testing phase yielded a result of 94.79% for the 
functional, 100% for stress, and 100% for compatibility, 
effectively ensuring that the software is working as intended. The 
evaluation results conforming to the standards of the ISO/IEC 
9126-1 yielded a mean of 3.57 with a standard deviation of 0.52 
interpreted as ‘Highly Acceptable', which means that the software 

can be used as an effective alternative to peripheral devices and 
can even be used to complement its usage. 
 

Index Terms: Speech recognition, Intelligent Personal 
Assistant, Voice command, Assistive technology 

I. INTRODUCTION 

"An easier way to do things" this is what most people are 
looking for, and the answer for that is computers. But not all 
people are capable of using computers. This is especially true 
for people with disabilities. These things, whether temporary 
or permanent, are something that only serves as hindrances 
for a person. It is also what prevents someone to perform a 
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certain task [1] and [2]. A basic computer setup has two vital 
parts that are required for it to be utilized; the mouse and the 
keyboard. Without these two, not even the most basic 
functions of the computer can be used. This becomes a 
disadvantage for people with physical disabilities, especially 
the ones lacking a limb or two. Without the body part to do so, 
the individual would not be able to do anything productive 
with a computer.Fifteen percent (15%) of the population 
around the globe, which is approximately 1 billion people, 
experience some form of disability [3]. One of the most 
prevalent disabilities is the lack of limb, and it is said to have 
an incidence of one and five-tenths per 1,000 people. The 
world population of people lacking a limb or amputees is 10 
million. There are one billion people in this world having 
difficulties doing regular activities and using types of 
machinery like computers, and 10 million are probably 
incapable of using it at all [4]. An intelligent personal 
assistant (IPA) on the other hand is a software agent that helps 
people to perform tasks and can be used in conjunction with 
the SRS to provide people with technology-driven ways of 
performing tasks. This way, the IPA can do the task for the 
individual, instead of just providing help or assistance. Most 
of the tasks that can be done with the computer require the 
user to make use of a peripheral device like a mouse or a 
keyboard. This requires the user to use hands and arms to fully 
utilize these devices. There are also instances where the user 
must also make use of certain shortcuts or key combinations 
to fulfill the conditions for a certain task to be done. Examples 
of both these problems include the management and 
manipulation of applications. Simply opening and closing an 
application already requires three to four left clicks to be 
done. Even the very process of taking a screenshot takes a lot 
of steps before the actual screenshot is saved. All of these are 
impossible to accomplish if the user is debilitated. The 
performance of a speech recognition system is normally 
influenced by the audio input system. It degrades due to noise 
from other outer sources. The accuracy and reliability of the 
system are affected by unwanted input and a low rate of 
results. Another challenge in the implementation of the 
Speech Recognition System (SRS) is the user responsiveness 
which happens when the resources are not yet available and 
users start to speak command that leads to a problem of 
synchronization of all data with multiple applications [5]. 
Several types of research were conducted in the same area to 
further improve the lives of those debilitated and others with 
physical limitations. N. Aktar et. al [6] proposed for a voice 
recognition-based intelligent wheelchair and GPS tracking 
system for physically handicapped people who are incapable 
of driving the wheelchair by 
hand. 
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 The location of the patient can be tracked using the GPS 
module through a mobile app. The voice module is used to 
recognize the voice commands of the patient as well as 
recording the patient's voice. In the study made by M. Matić 

et. al [7], possibilities were explored in using available 
cloud-based voice recognition services, to enable voice 
control in the smart home automation system. The authors 
identified the appropriate architecture that provides better 
scalability of the voice command interface. One problem in 
the speech recognition system is noise and other unwanted 
sounds. The focus of the proposed study made by T. 
Athanaselis, et. al [8] is to improve the speech recognition in 
the presence of noise when a parametric method of signal 
enhancement is used. M. Hawley, et. al [9] made a study on 
voice-input voice-output communication aid for people with 
severe speech impairment. This is a new form of 
augmentative and alternative communication technique which 
intends to recognize the disordered speech of the user and 
builds messages which are then converted into synthetic 
speech.  "Silent Speech Recognition as an Alternative 
Communication Device for Persons with Laryngectomy," was 
proposed by G.S. Meltzner, et. al [10]. This study focuses on 
patients who underwent surgical removal of the larynx due to 
trauma or diseases and thereby required an alternative voice 
source or assistive device to verbally communicate. 

II. OVERVIEW 

ECHO is a hands-free computer interaction model that 
utilizes SRS for the debilitated, which is an IPA software that 
helps users to perform tasks and navigate through the 
computer’s functions through voice commands [11]. This 
paper promotes the great potential of SRS and addresses the 
issues concerning the capabilities of those physically 
challenged individuals to prove their worth through the use of 
this system. ECHO utilizes the Visual Studio framework and 
can be referenced with other projects, thus, making the system 
easy to be integrated with other existing SRS. Through the 
dictation and spell-out features, letters, words, numbers, and 
symbols can be typed out on a word-processing software 
through voice commands [12] and [13]. These functions can 
also be used when searching for keywords on the Internet. The 
preferred browser in using the search function of the software 
is Google Chrome. The printing of documents coming from 
any document-viewing software can also be done through 
voice commands. The software is also able to provide 
information about the current time and date. Features of the 
Shutdown Windows menu are also possible for use through 
voice commands. Taking screenshots is also made easy and 
the shot taken is automatically saved in a convenient location, 
which is the desktop. A Help menu is provided for users 
wanting to view all of the commands available for use. There 
is also a registration function that prompts the user to voice 
out their name or spell it out if the software can't recognize it. 
Users can also enter their gender and the software will address 
them as ‘he' if the user is male and ‘she' if the user is female. It 
can be run with a mid-spec computer or laptop as long as it is 
Windows-based because it does not take up that much space 
and does not exactly consume a huge amount of memory. The 
only exceptions are those running in Windows Microsoft 
Vista or below. Other exceptions include the voicing of 
several commands at a very fast rate, or when there are a lot of 

applications being run at the same time, both of these 
instances induce a strain on the computer's memory and thus 
might result in some delays and lags [14]. Devices running on 
Windows 7, 8, and 10 should have no problems in using the 
software. Still, it is strongly recommended to use the 
Windows 10 OS to ensure that of all the software's functions, 
since some commands will only work for Windows 10 users, 
namely features that are present in the Windows 10 OS but not 
on Windows 7 and 8, can be used. There are also some 
features that require an Internet connection to work. It is 
recommended to use the software with an earphone or a 
headphone device with a microphone to increase the 
software's accuracy in interpreting commands. Users should 
also avoid using the software in very loud or crowded areas 
because the software may not be able to properly interpret 
what the user is voicing out. There are also cases when the 
software will not understand a particular command or even 
execute a different, but similar-sounding one [15],[16] and 
[17]. This is true for most speech recognition software, 
because of the more words in the vocabulary the higher the 
chances of having words that sounds the same, thus, 
decreasing the accuracy of detection and recognition. 

III. METHODOLOGY 

After discussing some of the basic concepts used in this 
paper, the system flow and setup are presented in this section. 
This provides several diagrams and representations of the 
inner workings of ECHO.  
 

A. ECHO System Flow 

 
Figure 1. System Flow 

The system flowchart, as illustrated in Figure 1, is the 
general process of how ECHO worked. First, the user would 
have to dictate or state a particular command. The software 
will then proceed to identify and verify the said command. 
Since each command has a different function, this is a vital 
requirement.  
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Afterward, the software will check whether the stated 
command requires it to open or execute a particular 
application, if it needs to open an application, it will then 
proceed to execute the specified application. Afterward, it 
will check if the executed application can be further 
manipulated with the use of other commands. If so, the user 
may voice out specific commands that can be done in the 
application that is currently opened. If not, then the software 
will proceed to stand-by and wait for further commands. If the 
user chose to close the specified application or did not specify 
commands that the application can execute, then the software 
will revert to its initial state and begin waiting for generally 
used commands, not just application-specific ones.  

If the initial command voiced out by the user did not 
correspond to any application at all, it simply pertains to 
commands for interactivity purposes or manipulating the 
other features of the computer. The software will then proceed 
to recognize the specified command, execute it, and act based 
on what command has been specified.  

B. ECHO Class Diagram 

 

 
 

Figure 2. Class diagram of ECHO 
 

Illustrated above in Figure 2. is ECHO’s class diagram that 

depicts the structure of the user and the system interaction. 
The classes contain all the commands that are available for 
use. Both the user and ECHO classes are considered public. 
The user class is associated with ECHO through 
predetermined commands. Both the user and ECHO reference 
to each other in various instances. ECHO’s classes are mostly 
comprised of the outputs, which are the executed commands, 
based on what the user commanded it to do. If it receives the 
command, it will proceed to verify and execute it first before 
actually returning an output. 
 

C. Speech Recognition System Architecture 

 

 
 

Figure 3. Speech Recognition System Architecture 

Figure 3. shows the block diagram of a typical integrated 
continuous speech recognition system available in the market. 

Surprisingly, this diagram can work with any speech 
recognition system that has been developed. The feature 
extraction module provides the acoustic feature vectors used 
to characterize the spectral properties of the time-varying 
speech signal. The word acoustic match module checks the 
similarities between the input speech and the set of acoustic 
word models in the vocabulary to determine which words 
were mostly to match [18].  

The sentence matching module uses the language model 
comprising of the syntax and semantics models to determine 
the sequence of words in the input speech. Syntax and 
semantic rules are specified manually. The decoder block 
searches the best match of word sequence for the input 
acoustic features based on the acoustic model, lexicon and 
language model [19].  

D. Basic Speech Recognition Processes 

 

Figure 4. Basic Speech Recognition Processes 

 Initially as illustrated in Figure 4, the spoken command (i.e. 
“Start”) is received by the microphone for better data 
capturing.  The sound card inside a computer system converts 
the analog waves into its equivalent digital format. The 
software acoustical model breaks the word into phonemes 
which is any of the perceptually distinct units of sound in a 
specified language that distinguish one word from another 
[20] (i.e. ST  AR   RT). The software Language Model 
compares the phonemes to words in a built-in dictionary. The 
software decodes what it thinks the spoken words were and 
display the best match [21] and [22].    

IV. RESULTS AND DISCUSSION 

The testing and evaluation phase are where the software's 
functions and components were verified. The results were 
evaluated in this part, to identify what parts were fully 
functional and what needs improvement. 
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A. Test Results 

This is the overview of data that was gathered during the 
testing phase. The tests conducted were functionality testing, 
compatibility testing, and stress testing. 

TABLE 1. Summarized Test Result for ECHO  

 
 
 
 
 
The summarized result for the testing phase of ECHO – 

Hands-free Computer Interaction using Speech Recognition 
System for the debilitated conducted by the technical adviser 
and other developers was shown in Table 1. The functionality 
testing had a total of 96 test cases and was able to pass 91 out 
of the 96 test cases garnering a percentage of 94.79%. As 
expected, the test case that failed during testing was the 
functions related to the dictation mode, which could be 
considered as the weakness of the system due to it not 
utilizing the neural network or the Internet for its vocabulary. 
Other test cases that failed were associated with the level of 
interactions, where the software failed to respond to some of 
the commands that were specified. Another notable function 
that failed was the commands ‘Echo, Show Yourself' and 

‘Echo, Hide Yourself'. 
The compatibility testing had a total 
of 12 test cases that all passed in testing. Although it had a 
100% percentage, some of the commands and features did not 
function when Windows 7 and 8 OS were used. It was 
confirmed to work best with Windows 10. This can be 
attributed to the portability issue.
The stress testing passed 5 
out of 5 test cases, garnering a percentage of 100%. The 
software was able to work even in areas with some tolerable 
noise but advisable to be used in some noise-free 
surroundings. In moderately busy areas, it is also able to 
function well with minimal errors encountered. In extremely 
busy or loud areas, the software had a hard time recognizing 
commands but was resolved by the usage of a microphone and 
a speaker. 

B. Evaluation Results 
 
This section provided an overview of the evaluation results 

that were gathered through the evaluation instrument that was 
used to evaluate the software.  

 
TABLE 2. Over-All Summary of Evaluation 

 
Level of 

Acceptability 
Mean SD Interpretation 

Functionality 3.52 0.55 Highly acceptable 
Reliability 3.64 0.54 Highly acceptable 
Usability 3.65 0.47 Highly acceptable 
Efficiency 3.58 0.47 Highly acceptable 
Maintainability 3.58 0.52 Highly acceptable 
Portability 3.69 0.46 Highly acceptable 
 
The Over-all result of evaluation as shown in Table 2 that 

Portability got the first rank because the system is capable of 
adaption to different environments like different Windows 
OS. Next is maintainability which is capable of diagnosis of 
deficiencies or causes of failures. The system is valid 
according to the client's needs. The 3.5th was reliability and 
usability. The system can maintain a specified level of 
performance in case of software faults. Next was Efficiency 

because the system can bear user response on using the system 
with an ample amount of time and effort. Lastly, the 
functionality, although it is on the last rank, it is still 
interpreted as Highly Acceptable, because voice command 
can hinder if the pronunciation is not accurate or if the place is 
loud. 

V. SUMMARY OF FINDINGS 

The following are the list of findings and information that 
were gathered based on the results of the evaluation that was 
conducted:     In terms of system functionality, the respondents 
were satisfied with the functions of the software, being rated 
as “Highly Acceptable” with a mean of 3.48 because it was 

able to perform the tasks it was commanded to do accurately 
and efficiently. The evaluators rated the software “Highly 

Acceptable” with a mean of 3.56 which meant that the 

software was able to maintain its performance regardless of 
the situation and re-establish its level of performance in case 
of system failure. When it comes to usability, this criterion 
was rated “Highly Acceptable” with a mean of 3.56 because it 

was easy-to-learn and it did not have further complications 
upon use. With regards to efficiency, the software was rated 
efficient and handles resources well, thus, the evaluators rated 
as “Highly Acceptable” with a mean of 3.52. The 

maintainability of the software was rated as “Highly 

Acceptable” with a mean of 3.60 in this criterion because it 

was able to adapt based on the user’s needs and diagnose 

errors caused by failures. About the portability of the system, 
the evaluators rated as “Highly Acceptable” with a mean of 

3.67 because the software was able to function when used in 
different environments and could be ported to other devices as 
well. 

VI. CONCLUSION 

This paper entitled ECHO – Hands-free Computer 
Interaction using Speech Recognition System for the 
Debilitated was able to implement the Speech recognition 
system to interact with the computer. A person with a physical 
limitation can manage desktop applications, navigate through 
different computer functions and features, manipulate Media 
Player functions, like playing or stopping what is currently 
being played, fast-forwarding, going into full-screen or 
normal screen, and hide and unhide tools boxes. Users can 
also take Screenshots using voice commands and have them 
saved in a convenient location.  The use of voice commands in 
opening certain websites is very effective. A 
pseudo-registration feature allows the software to address the 
user using the appropriate name or gender that was entered. 
The dictation feature worked well especially with the use of a 
microphone. ECHO performed well with other commercially 
available software applications. The system was tested using 
Functional testing, Stress testing, and Compatibility testing, 
and got the result of 94.79% for the functional, 100% for 
stress, and 100% for compatibility. The system was evaluated 
using the ISO/IEC 9126-1 with 45 respondents, garnering an 
overall mean of 3.57 and a standard deviation of 0.52, 
interpreted as “Highly Acceptable”. 
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