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Abstract 

 

Speech recognition is a technology which has been existed from a long time, but recently it 

has become widely used in much electronic equipment. It is mainly because it allows the 

consumers to communicate with computers naturally using the spoken language and makes 

the users more and more comfortable to do their work. This report focuses on motor 

controlling using speech recognition. It uses an open source software library for speech 

recognition purpose named as Sphinx 4. It is a library entirely written done by Java 

programming and is a flexible framework. It incorporates the Hidden Markov Model 

(HMM) recognition algorithm. Eclipse IDE was employed to develop the recognition 

program using Sphinx 4 library. Arduino UNO microcontroller together with Arduino 

programming was utilized for motor controlling. A mobile platform is developed to present 

the motor controlling section. In this project I used simple commands such as forward, 

reverse, left and right to control the mobile platform. The communication between the 

laptop and Arduino microcontroller was established using serial communication. The main 

objective of this project is to apply the knowledge in mechanical, electronic and mainly 

programming which are key aspects in engineering sector. 
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Chapter 1  

Introduction 

 

1.1 Background 

The great Physicist, Albert Einstein once said, “It has become appallingly obvious that our 

technology has exceeded our humanity”. Using that quote his main intention was to 

illustrate how rapidly the technology has changed the world.  

Decades ago the technology was not at all advanced as the current situation. People had to 

do their daily work by them self. The life was really difficult to carry on. However with the 

finding of the electricity, the world was taken to a whole new level. Vehicles, washing 

machines, computer and such electronic devices began to be manufactured. There onwards 

the technology kept improving day by day at a rapid rate until now where we tend to find 

everything around us to be automated. Automation has eased the lives of many people and 

has saved plenty of time and money.  

Today, many large companies have adopted and are enjoying the latest technologies. One 

of such technologies is the speech reorganization system. Speech is the initial means of any 

communication between human beings. Beginning with the invention of telephone in 

1870s by Alexander Graham Bell the communication between people emerged (Rabiner, 

2004). With the growing technology the requirement of human and machine interactions 

rapidly increased. The most convenient and easiest way to have such interactions between 

the machines was voice. There onwards the research on automatic speech recognition 

systems by computer systems has attracted a great deal of attention over the past 10 years.   

Several years back when we call for a company an automated voice recording system 

answers and guide us to the place we want by instructing us to press buttons until we reach 

the destiny or even to sweep through the option menu. But now with the improvement of 

technology, this system has gone beyond that. Now rather than pressing buttons, we can do 

the same task just by speaking few words. This system is known as the speech recognition 

system (Grabianowski, 2006).  
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This system has been more useful for people with disabilities mostly for one’s that keep 

away from typing. It has been more helpful for people who have lost the use of their hands 

or for visually handicap users who are not comfortable in using the Braille keyboard. This 

system permits personal dictation into a computer system with the use of a microphone. 

The electrical input signal from the microphone will be stored in memory once it has been 

digitized by an analog to digital converter. This voice input will be matched with pre-

assigned digitized voice samples within the computer system in order to determine the 

meaning of the relevant input.  

There are several voice reorganization systems such as multiple voice inputs and discrete 

voice inputs. Multiple voice inputs follow a more complex voice recognition pattern since 

it must identify multiple words in real time.   Discrete voice systems are programmed only 

to identify only one word at a time. Discrete systems are the most likely followed system 

because of the less complexity than the multiple reorganization system. Voice 

reorganization systems are also used for security purposes. These sorts of systems are 

programmed to respond only to one independent voice input (Baumann). 

Several years back the speech recognition systems was used to handle simple tasks. But 

nowadays the use of speech recognition can be found in many types of electronic devices 

such as mobile phones, televisions, automobile, laptops and many such devices. As the use 

of this systems increases in the modern world, it has become one of the most attracted 

research areas by most of the researchers. 

1.2 Problem Statement 

Current equipment which are manufactured in aid to most of the disable users are not easy 

to be handled by one single person. Someone else has to accompany them most of the time. 

For example if a wheel chair user has a disability in hand, the user will have to accompany 

someone else or will struggle to move. Even visually handicap people mostly use the 

Braille keyboard which any new user has to practice and learn it. 

This difficulty in the daily activates of many people can be reduced by implementing a 

voice recognition system. By adding voice recognition system to a wheel chair to control 

the movement of the wheel chair or even changing the usual Braille keyboard system into a 

voice recognition system would even bring close the human machine interaction. Hence 
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implementing voice recognition would make the life easier and would benefit many 

handicap users. 

1.3 Objectives  

Implement a voice recognition system to control the motors of a mobile base which will 

indeed help to control a wheel chair or even automate a gate or a door to close and open 

with voice commands. The main objective of this thesis is to capture the voice inputs by 

the computer and control a mobile base.  

 Using voice interpretation in Sphinx, develop a program to understand few words. 

 Develop the Arduino program to control the mobile base. 

 Develop the communication between the Laptop and the Arduino microcontroller 

using USB cable. 

 Develop the mobile base and control it with voice commands. 

 Increase the number of words in Sphinx to control the mobile platform. 

1.4 Scope 

This thesis will not include information about a system to replace the traditional Braille 

system for a visually handicap user. Instead this thesis would include only information 

about the development of a voice controlled mobile base which would contain the basic 

information to implement such a system. The main aim is to achieve the motor control 

using few distinct voice inputs such as FORWARD, BACK, RIGHT, and LEFT. Thus the 

program will recognize only the words that it is preprogrammed. It is expected to carry a 

high accuracy because only few words are used to be recognized.  
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Chapter 2 

Literature Review 

 

2.1 Information 

Until recently the concept of talking with our computer appeared to be science fiction, 

which was only experienced in science fiction movies. But with the current rapidly 

growing technology, large number of people now talks to their smart phones and laptops to 

get their work done such as sending an e-mail. According to Vlad Sejnoha, who is the chief 

technology officer Nuance Communication, the world is at its’ changeover point where 

voice and natural language understanding has suddenly come so close (Knight, 2012). 

Thus this research topic has been an interesting topic for a many researchers in recent time. 

 

 

 

 

 

 

According to the research carried out by on speech recognition, the Figure 2.1 defines the 

steps involving in a general human communication process from speech production to 

speech perception between the talker and the listener. The characteristics of a speech can 

be represented in two distinct domains, time and frequency domain. The voice of a person 

can be represented in 3-states, Silence (S), Unvoiced (U) and Voiced (V). The Figure 2.2 

represents the above mentioned states in time domain. Thus in order to obtain the features 

of the input voice signal, the input should be filtered using high and low pass filters 

(Nilsson & Ejnarsson, 2002). 

 

Figure 2.1: Schematic diagram of the speech production 

and perception process (Nilsson and Ejnarsson 2002) 
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2.2  Voice recognition application 

“Since many handicap people struggle to control their wheel chair by them self at various 

situations I considered implementing voice recognition into a wheel chair”, says Omair 

Babri (Babri & Malik, 2012). According to him many voice recognition systems are used 

in products that are utilized by the disable people. Wheel chair is such a product where 

voice recognition can be implemented to control it using voice commands and enable the 

disable person to move around independently. In addition to voice commands as a backup 

option, he has also included a joystick onto the wheel chair to control the movement.  

Voice recognition systems are not only used on devices used by handicap people, but such 

systems are integrated onto devices used by normal users as well. Such devices are mobile 

phones and tables. Many users of smart phones and tablets now don’t need to use their 

hands for dialing or typing anymore, thus have made the users to handle the device with 

ease. Now even the laptops arrive to market with embedded voice recognition system. But 

according to Magid(a reporter for Mercury News), many users used voice recognition 

system in mobile phones rather than in laptops or computers since those devices consist of 

much bigger physical keyboard rather than what are found on mobiles. So people are 

keener to talk to their Smartphone more than talking to a laptop according to Magid 

(Magid, 2013). 

Voice recognition systems are not only used on hardware devices. Now such systems can 

also be found on web search engines. Such a search engine is the Google search engine 

which is used to navigate through the web. Voice recognition systems are also used to 

develop locks that work with a specific voice pattern or work only for one specific 

individuals’ voice. These systems are now implemented onto latest Smartphone, tablets 

and laptops (Woodill, 2013). Even vehicles are now upgraded with voice recognition 

systems to control activities inside the vehicles such as controlling the music player, 

Figure 2.2: Representation of the three voice 

state of a human (Nilsson & Ejnarsson, 2002)  
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navigation help, answering a mobile call and even switch on and off of the engine of an 

automobile. By including these systems into automobiles has helped the driver to focus 

more on the driving without any distractions thereby have reduced the number of road 

accidents.     

2.3 Speech recognition techniques 

There are two very popular algorithms used for speech recognition which are namely 

Hidden Markov Models (HMM) and Neural Network (NN) recognition algorithms. The 

common feature in both these algorithms is to extract the feature parameters of the speech 

signal. 

Mark Gales and Steve Young utilized the HMM for their speech recognition system as it is 

faster, simpler and provides a useful outline for modelling time-varying spectral sequence. 

The major component of continuous speech illustrated in the following figure 2.2 (Gales & 

Young, 2007).  

 

 

 

 

 

 

According to Gales and young at first the speech is extracted to obtain a compact 

representation of the wave form. Thus would help to match with a better assumption. Then 

under the acoustic model a word is split into phones which would help to identify the 

pronunciation (Gales & Young, 2007).  

NN recognition algorithm is another probabilistic algorithm used to recognize voice. In 

order to recognize voice, at first during the training process it generates a large size 

coefficient matrix of the characteristic input features. But using NN for speech recognition 

consumes a lot of time in training stage as if we are required to enter a new speech signal 

Figure 2.3: Architecture of a HMM-based recognizer 

(Gales & Young, 2007) 
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to the recognition algorithm, the entire process has to be repeated from the beginning 

which is time consuming. Thus according to the research carried out by Jarng, the only 

disadvantage the HMM having is when a new voice is added, a new individual HMM 

model has to be created and the new model has to be compared with all the already existing 

HMM models to get a match (Jarng, 2009).  

The Microsoft Speech Software Development Kit (SDK) is a speech engine that has been 

used as the Speech Application Programming Interface (SAPI). The engine recognizes 

voice inputs by the user and convert them into text and the computer match it with the pre-

installed templates of meaning. The computer actually converts the pulse code modulation 

across a sound card into recognizable voice. This will produce a stream of waves with 

different amplitudes (Babri & Malik, 2012). 

Thus the speech will be transformed into frequency domain which will help to identify the 

speech with the pre-installed sound codes in the computer. Each sound codes will have a 

specific number. This in order to identify the word fully, the number is matched with 

phoneme (distinct units of sound that helps to distinguish one word from another). Hence 

the relevant word would be recognized. 

Another voice recognition framework is Sphinx which is developed by Kai-Fu Lee based 

on Markov Models with Linear Predictive Coding (LPC) driver parameters. This system 

has more focused on 3 specific constrains – speaker dependence, isolated words and small 

vocabulary. This system has focused the above mentions constrains because speaker 

independence is much more difficult as reference patterns for one speaker is different for 

another. Also the system training phase is time consuming and inconvenient. Then again 

continuous speech recognition is a very complex system than trying to identify isolated 

words. The difficult part in this section is to identify the word boundaries by the system 

and verbalizations of several words. Even the size of the vocabulary counts for the 

complexity. As the vocabulary size increases, so does the number of confusable words. 

This Sphinx system utilizes a small vocabulary to achieve more accuracy (Kai-Fu Lee, 

1989). 
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2.4 Drawbacks in voice recognition 

The same word could be spelled in different ways by the same user and the background 

noise causes the system to recognize other different words rather than what is dictated. 

Even the sound of different phonemes could vary depending on the word that is been 

spoken. After all the recognition of the word depends on the phoneme recited to the 

computer (Babri & Malik, 2012). 

According to Mr. Kambeyanda D., the speech recognition products are now used as 

alternative input devices for computers progressively have increased with the increase 

number of personal with physical disabilities. But the users have to perform the dictation 

with distinct pauses after every word spoken. Also, Mr. Kambeyanda has recommended 

maintaining a constant pitch, volume and inflation in-order to obtain better output. But in 

maintaining and continuing the dictation in constant pitch may even bring injuries to the 

human throat. This problem of fact is seen as a drawback in speech recognition systems. 

Regular users of a speech system are recommended to follow a warm-up and cool-down 

exercise and also advised to use an alternative method for input along with the speech 

recognition system (Kambeyanda, 1997). 

2.5 Mobile base controller platform comparison 

Arduino is a microcontroller which has become so popular in the recent times in robotics 

projects. There are various types of Arduino boards which differ from one to one in size, 

features and also processing power. The only functionality this microcontroller provides is 

what is programmed on to it by the user. It is capable of reading data from sensors, 

compute data, transfer data to a PC or output them to LEDs or LCD screens attached to the 

board. These microcontroller users open source software based on C and C++ languages. 

Arduino is based on an AVR microcontroller which has a much simpler development tool. 

These microcontrollers are popular mainly because of the simple development tool, open 

source and also it’s very much cheap compared to other microcontrollers in the market 

(Benson, 2012). 

The Raspberry Pi is a small single board computer which uses Linux kernel based 

operating system known as Raspbian. It is similar to a home desktop computer which could 

perform spreadsheets, word-processing and games. The design is based around a 

Broadcom BCM 2835 SoC, which includes ARM architecture with a 700MHz processor 

http://en.wikipedia.org/wiki/Raspbian
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and 512 Megabytes of RAM. It can be powered by the use of a USB data port. The design 

does not include a built in hard disk, instead uses an SD card for booting and long term 

storage. It is composed of only 8 digital I/O pins (Raspberry Pi, 2008). 

Beagle board is also a single board computer which is USB powered. It operates with 

Linux, Windows CE and Android. The device is capable of programming in Python and C 

languages. It is contained with 32 bit  architecture and has 22 I/O pins (Beagle, 2012). 

2.6  Summary 

Almost all the modern devices are now implemented with a speech recognition system to 

ease the use of the product for the users. The sphinx speech recognition system have 

produce more accurate results as its aim is to reduce the amount of errors by avoiding all 

the complex methods and focus on only 3 constrains. The Arduino UNO microcontroller 

board is a more suitable platform for my project which carries a large amount of I/O pins 

that enables us to connect multiple sensors and feedback components. The Arduino (carries 

an 8-bit Architecture with 2Kb RAM) is not powerful as the Raspberry Pi or the Beagle 

Board which runs on 32bit architecture with 256MB RAM. The Raspberry Pi and the 

Beagle Board are mainly designed to function on high level systems with built in Ethernet, 

audio and video processing. Thus an Arduino board will be more suitable for my motor 

controlling section as it costs less than the other mentions platforms, comfortable in 

programming, small in size and consists of enough both digital and analog I/O pins. 
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Chapter 3 

Methodology 

 

3.1 Overview of the project 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The full project can be split in to four main groups as follows: 

1. Speech recognition program 

2. Arduino programming 

3. Mechanical design and development 

 

 

 

Human voice Laptop with Sphinx 4 

speech engine 

Control the LED as 

the first testing of 

the code 

Arduino as the microcontroller 

Control the mobile 

base as the final 

stage 

Figure 3.1: Overview of the project 
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3.2 Speech Recognition Program 

The main program for speech recognition is developed using Sphinx 4 speech library 

which is based on Java programming and it incorporates the Hidden Markov Model 

recognition algorithm. Eclipse Integrated Development Environment (IDE), which is 

popular software for Java programming, is utilized to develop the main program for the 

recognition section.  

Following set up has to be made before Java programming begins; 

 Java Runtime Environment (JRE) and Java Development Kit (JDK) 

 Installation of Eclipse IDE 

 Setting up Sphinx 4 library in Eclipse and installing JSAPI  

Usually Windows come with preinstalled JRE. But if there are problems in the installation 

of JDK, it is mainly due to the unavailability in JRE. JRE can be downloaded from the Java 

web site. The latest Java JDK that matches the operating system can be downloaded from 

Oracle Sun Developer Network which also carries installation information. Next Eclipse 

IDE required for programming can be downloaded Eclipse official web site. For my 

project I will be using the Eclipse Kepler version.  

Once the environment for programming is prepared, the next step it to download the 

Sphinx 4 library and add it to eclipse version installed. The latest stable version of Sphinx 

4 source file can be downloaded from the CMU Sphinx web site. For my project I have 

utilized the Sphinx 4  1.0-beta version. After downloading the source file, it has to be 

extracted to a folder. 

 

 

 

 

 

 

 

 

 

 



 

12 

 

 

 

Java Speech API (JSAPI) installation folder can be found inside the lib folder of the 

extracted Sphinx 4 file. This will allow user interfaces of Java applications to integrate 

with the speech technology. Next, before making any class or a program, some .jar files 

has to be imported from the Sphinx folder. Thus after creating a new folder (bearing any 

name), right click and go to its’ properties and add a library named Sphinx. Then import 

the .jar files from the Sphinx 4 extracted file. Once everything it imported, programming 

was started. 

First I had to decide on what words are going to be used for controlling the mobile 

platform. Hence I used words with two sets of words for each control. The words used are 

mentioned below: 

 

 

 

Then I had to develop the phoneme dictionary for each word separately to add it to the 

sphinx library. Table 3.1 shows the word dictionary on how each word was separated into 

set of phonemes. Some words had two sets of phonemes. 

Figure 3.2: Folder structure of the extracted Sphinx 

4 source file 

 LED on 

 LED off 

 Turn right 

 Turn left 

 Go forward 

 Go reverse 

 Stop 
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Table 3.1: Set of Phonemes for each word 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For the program to be able to run using Sphinx, it must have 3 files: 

1. The java file to compile and run 

This file contains the main program that is capable of compiling and running. It 

contains the main class known as config Manager that obtains information from 

machine by combining with the control.config.xml file. 

2. The grammar file 

The grammar file contains the all the tokens that will be matched by Sphinx. For 

my program the tokens are the words to be recognized which were mentioned 

earlier. Without the grammar file the Sphinx wouldn’t know how to combine the 

phonemes to make up words.  

3. The config.xml file 

This file contains all the property and components names for the configuration of 

decoder, word recognizer, grammar, dictionary and etc. 

Word Phonemes 

Led L EH D 

On AA N 

On (2) AO N 

Off AO F 

Go G OW 

Reverse R IH V ER S 

Reverse (2) R IY V ER S 

Forward F AO R W ER D 

Turn T ER N 

Right R AY T 

Left L EH F T 

Stop S T AA P 
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Once the program is started, at first it will look in for availability of a com port for serial 

communication. Next it will go through the configuration file to verify what language 

model to be used with the given word set. If the microphone availability is positive, the 

system will start listening again and again until a word it heard. The flowchart diagram in 

Figure 3.3 illustrates the operation of the recognition program. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

The Java Sphinx script is programmed to convert the recognized speech into text. Once the 

text is achieved, it is assigned to a number before transmitting it to the Arduino board for 

controlling. Serial communication via wire is employed to communicate with the Arduino 

microcontroller. In assigning the recognized word to an integer the latency is reduced. 

3.3 Arduino programming 

For this purpose, I have used an Arduino Uno micro controller. The objective of the 

Arduino program is to receive the command relating to the recognized speech and output it 

to control the motors of the mobile platform. The command from the laptop to the Arduino 

will be transmitted through the Universal Asynchronous Receiver-Transmitter (UART) 

cable. Hence the specific method on the Arduino program relevant to that received integer 

will be executed. PWM is utilized to control the speed of the motors. Further illustration on 

the working of the program is shown in the flowchart (Figure 3.4). 

Figure 3.3: Flowchart for speech recognition program 
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3.4 Mechanical design and development 

A simple design of a mobile platform was designed to illustrate the motor controlling using 

speech commands. The solid works design of the mobile platform is shown below in 

Figure 3.5. 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Flowchart for Arduino program 

Figure 3.5: Solid works design of the mobile platform 
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Figure 3.6: Solid works design of the bottom view of 

mobile platform 

Figure 3.7: Design dimensions 

Figure 3.8: Side view design dimensions 
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The design employs two motors for driving on both sides left and right. It also consists of 

two caster wheels. The two driving wheels were put in front while the two casters were 

placed at the back. Aluminum L bars and sheet was used to develop the body structure of 

the mobile base. Cutting, drilling and bending are few machine processors that were 

performed to develop the structure. 

Two 12V DC motors with a gear head that reduces the rpm up to 100 was used. Image of a 

motor is shown in Figure 3.9. The motors were directly connected to the driving wheels. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9: Image of a dc motor 

Figure 3.10: Image of caster wheels 
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Two ET-Opto DC motor drivers where utilized to control the motors. These drivers could 

handle up to 12V. One motor driver could control only one motor. Figure 3.11 shows the 

image of a motor driver. A 12V sealed lead battery with a flow rate of 1.3AH was used to 

provide the power to the motors. 

 

 

 

 

 

 

 

 

The Figure 3.12 shows the completed mobile platform with completed wiring. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11: ET-Opto motor driver 

Figure 3.12: Completed mobile platform 
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Figure 3.14 shows the wiring connections from the Arduino to the motor drivers and to the 

two motors. 

 

 

Figure 3.13: Bottom view of the completed mobile platform 

Figure 3.14: Schematic of the project 

Motor driver 

Motor driver 
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Chapter 4 

Testing and Results 

 

Test 1: 

Once the two programs were completed, to test the serial communication a simple test run 

was performed to verify that Arduino receives the correct data from the Eclipse for 

controlling the mobile platform. Two toy dc motors were utilized for testing. At this stage 

motor speeds were controlled using only one PWM signal for both motors. A headset along 

with microphone was used to send the speech commands. Several accuracy tests were 

performed with hits and misses of words. The recognition accuracy was first tested by 

inputting single words for controlling and then with the set of words that I have mention 

earlier which I have used in the project. Results of the tests performed are shown in the 

following tables. 

 

 

From the Table 4.1, the total accuracy when using single words is; 

 Total test  =  7   10  =  70 

 Number of Miss  =  4 

 Number of Hits  =  66 

Therefore accuracy percentage is: 
  

  
              

 1 2 3 4 5 6 7 8 9 10 

On Hit Hit Hit Hit Hit Hit Hit Hit Hit Hit 

Off Hit Hit Miss Hit Hit Hit Hit Hit Hit Hit 

Forward Hit Miss Hit Hit Hit Hit Hit Hit Miss Hit 

Reverse Hit Hit Hit Hit Hit Hit Hit Hit Hit Hit 

Left Hit Hit Hit Hit Hit Hit Hit Hit Hit Hit 

Right Hit Hit Hit Hit Hit Hit Hit Hit Hit Hit 

Stop Hit Hit Hit Miss Hit Hit Hit Hit Hit Hit 

Table 4.1: Results of using single words 
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Table 4.2: Results of using double words 
 

 1 2 3 4 5 6 7 8 9 10 

Led On Hit Hit Hit Hit Hit Hit Hit Miss Hit Hit 

Led Off Hit Hit Hit Hit Hit Hit Hit Hit Miss Hit 

Go Forward Hit Hit Miss Hit Hit Hit Hit Hit Hit Hit 

Go Reverse Miss Hit Hit Hit Hit Hit Hit Hit Hit Hit 

Turn Left Hit Hit Hit Hit Hit Hit Hit Hit Hit Hit 

Turn Right Hit Hit Hit Miss Hit Hit Miss Hit Hit Hit 

Stop Miss Hit Hit Hit Hit Hit Hit Hit Hit Miss 

 

From the Table 4.2, the total accuracy when using double words is; 

 Total test  =  7   10  =  70 

 Number of Misses  =  8 

 Number of Hits  =  62 

Therefore accuracy percentage is: 
  

  
              

It is clear that when single words were used the accuracy was high as expected. When the 

number of words were increases, the accuracy decreases. But since difference was not that 

high these set of words were used in the project for recognition and controlling the mobile 

platform. The same test was also carried out in a noisy area to check the accuracy of the 

recognition. It was observed that the system was unable to recognize very well at very loud 

noise. But at moderate noise it was able to recognize but not up to the standard when it was 

tested at no noise situation.  

It was also noticed that the system took some time for the action to happen once the voice 

input was given. Several test runs was performed to calculate the delay time and it was 

found to be 0.921 seconds in average. The reason behind this might be it takes up some 

time for the recognition process which in turn depends on the performance of the machine 

(Laptop) working. The time could also have been effected by the reaction time of the 

person who timed it. It could also be because of the serial communication which is 

apparently slow compared with parallel communication. It also depends on the cable type 

which in the project I’m using a printer cable. Hence when concerning all the possible 
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reasons the value obtained nearly one minute is reasonable and also the delay does not 

have any direct effect to the project. 

Test 2: 

Once the accuracy of recognition is known, the final test was performed with the 

developed structure. It was observed that the mobile base was not moving straight. It was 

mainly because each motor will work in the same way. There is always a few percentage of 

a mechanical error. This will cause one motor to rotate faster than the other with a very 

small delay. Even though it is a very small error, as the mobile base moves forward, it 

could be clearly seen.  

At this point the motor speeds were controlled using a single PWM signal. Then in order to 

synchronize both motor speeds, different PWM signals for each motor had to be given. The 

program was edited to output two PWM signals by applying different duty cycles for the 

two motors. It was noted that the right side motor was rotating slow. Therefore a duty cycle 

of 40% less compared to right side motor was provided to the left motor before the final 

test was performed. This yielded positive results by making the mobile platform to move 

straight.  
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Chapter 5 

Conclusion and Recommendations 

 

5.1 Conclusion  

The development of voice controlled mobile platform as the capstone project of final year, 

gave me the opportunity of gaining experience on handling a project that had several 

objectives to be achieved in a limited time. It also allowed me to use the knowledge that I 

have been gathering for the past 4 studying years. As Mechatronics field of study focuses 

on learning about mechanical, electronics and programming all there together, this project 

was a base to display the knowledge of the those studying fields. 

Once the researching on the topic of voice recognition was completed, the mechanical 

knowledge was applied in designing and developing of the mobile platform. Mechanical 

processors such as drilling, cutting and bending Aluminum was learnt which could never 

be studied from a lecture inside a class room. 

Then electronics knowledge was applied in designing and soldering the electrical circuit 

for wiring the motor drivers with motors, Arduino microcontroller and battery. The 

programming section was the major section in this project which was completed using Java 

and Arduino programming. In addition to the study in mechanical, electronics and 

programming during this project, it was also a course to learn project management. Hence 

on the completion of the project I was able to achieve my all objectives where the main one 

was to drive the mobile platform using voice commands.  
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5.2 Recommendations  

 As the project carried accuracy level lower than 90%, the use of a high quality noise 

cancelling microphone is expected to increase the accuracy.  

 The other possible way to increase accuracy is by adapting the acoustic model of open 

source Sphinx library.  

 The delay time noticed between the voice input and action could overcome by using a 

more powerful laptop or changing the communication method.  

 As this project was only aimed to demonstrate that voice commands could be used to 

control a moving platform, this could well demonstrated by implementing it on to a 

wheel chair that would help disable people to control it more easily.  
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Chapter 7 

Appendix 

 

Java recognition program 

 Recognition program – Motor_Control.java 

package edu.cmu.sphinx.demo.Motor_Control; 

 

import edu.cmu.sphinx.decoder.search.ActiveList; 

import edu.cmu.sphinx.decoder.search.Token; 

import edu.cmu.sphinx.frontend.util.Microphone; 

import edu.cmu.sphinx.recognizer.Recognizer; 

import edu.cmu.sphinx.result.Result; 

import edu.cmu.sphinx.util.props.ConfigurationManager; 

import gnu.io.CommPortIdentifier;   

import gnu.io.SerialPort; 

import java.io.IOException; 

import java.util.List; 

 

 

//This program is used to control a motor for the user voice inputs. 

public class Motor_Control   

{ 

  public static void main(String[] args) throws Exception 

  { 

    //Serial port initialisation 

    SerialTest serialCom = new SerialTest(); 

    serialCom.initialize(); 

    Thread t = new Thread()  

    { 

 public void run()  

 { 

   //the following line will keep this app alive for 1000 seconds, 

   //waiting for events to occur and responding to them (printing incoming messages 

to console). 

   try  

   { 

     Thread.sleep(1000000); 

   }  

   catch (InterruptedException ie)  

   {} 

 } 

    }; 

    t.start(); 

    System.out.println("Serial comunication began."); 
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    ConfigurationManager cm; 

 

    if (args.length > 0)  

    { 

       cm = new ConfigurationManager(args[0]); 

    }  

    else  

    { 

      cm = new 

ConfigurationManager(Motor_Control.class.getResource("control.config.xml")); 

    } 

 

     Recognizer recognizer = (Recognizer) cm.lookup("recognizer"); 

     recognizer.allocate(); 

 

     // start the microphone or exit if the programm if this is not possible 

     Microphone microphone = (Microphone) cm.lookup("microphone"); 

     if (!microphone.startRecording())  

     { 

       System.out.println("Cannot start microphone."); 

       recognizer.deallocate(); 

       System.exit(1); 

     } 

     System.out.println("Say: (LED On | LED Off | Go Forward | Go Reverse | Turn Right | 

Turn Left | Stop)"); 

 

     // loop the recognition until the program exits. 

     while (true)  

     { 

       System.out.println("Start speaking....\n"); 

 

       Result result = recognizer.recognize(); 

 

       if (result != null)  

       { 

         String resultText = result.getBestFinalResultNoFiller().toString();             

         System.out.println("You said: " + resultText + '\n'); 

         if (resultText.equalsIgnoreCase( "led on")) 

         { 

         try { 

           serialCom.getOutput().write(on); 

         } catch (IOException e) { 

           e.printStackTrace(); 

         } 

       }  

       else if (resultText.equalsIgnoreCase( "led off")) 

       { 

         try { 

           serialCom.getOutput().write(off); 
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         } catch (IOException e) { 

           e.printStackTrace(); 

         } 

       } 

       else if (resultText.equalsIgnoreCase( "go forward")) 

       { 

         try { 

         serialCom.getOutput().write(forward); 

         } catch (IOException e) { 

         e.printStackTrace(); 

         } 

       }  

       else if (resultText.equalsIgnoreCase( "go reverse")) 

       { 

         try { 

         serialCom.getOutput().write(backward); 

         } catch (IOException e) { 

         e.printStackTrace(); 

         } 

       } 

       else if (resultText.equalsIgnoreCase( "turn right")) 

       { 

         try { 

         serialCom.getOutput().write(moveRight); 

         } catch (IOException e) { 

         e.printStackTrace(); 

         } 

       }  

       else if (resultText.equalsIgnoreCase( "turn left")) 

       { 

         try { 

         serialCom.getOutput().write(moveLeft); 

         } catch (IOException e) { 

         e.printStackTrace(); 

         } 

       } 

       else if (resultText.equalsIgnoreCase( "stop")) 

       { 

         try { 

         serialCom.getOutput().write(stopMove); 

         } catch (IOException e) { 

         e.printStackTrace(); 

         } 

       } 

       else  

       { 

         System.out.println("I can't hear what you said.\n"); 

       } 

   } 

} 
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public static final int on = 1; 

public static final int off = 2; 

public static final int forward = 3; 

public static final int backward = 4; 

public static final int moveRight = 5; 

public static final int moveLeft = 6; 

public static final int stopMove = 7; 

} 
 
 
 
 

 Communication program – SerialTest.java 
 
 

package edu.cmu.sphinx.demo.Motor_Control; 

import java.io.BufferedReader; 

import java.io.IOException; 

import java.io.InputStreamReader; 

import java.io.OutputStream; 

import gnu.io.CommPortIdentifier;  

import gnu.io.SerialPort; 

import gnu.io.SerialPortEvent;  

import gnu.io.SerialPortEventListener;  

 

import java.util.Enumeration; 

 

 

public class SerialTest implements SerialPortEventListener  

{ 

 SerialPort serialPort; 

        /** The port we're normally going to use. */ 

 private static final String PORT_NAMES[] = {  

   "/dev/tty.usbserial-A9007UX1", // Mac OS X 

   "/dev/ttyUSB0", // Linux 

   "COM3", // Windows 

 }; 

  

 /** 

 * A BufferedReader which will be fed by an InputStreamReader  

 * converting the bytes into characters  

 * making the displayed results code page independent 

 */ 

 private BufferedReader input; 

  

 /** The output stream to the port */ 

 private OutputStream output; 

  

 public BufferedReader getInput()  

 { 
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  return input; 

 } 

 

 public void setInput(BufferedReader input)  

 { 

  this.input = input; 

 } 

 

 public OutputStream getOutput()  

 { 

  return output; 

 } 

 

 /** Milliseconds to block while waiting for port open */ 

 private static final int TIME_OUT = 2000; 

  

 /** Default bits per second for COM port. */ 

 private static final int DATA_RATE = 9600; 

 

 public void initialize()  

 { 

  CommPortIdentifier portId = null; 

  Enumeration portEnum = CommPortIdentifier.getPortIdentifiers(); 

 

  //Finding of serial port as set in PORT_NAMES. 

  while (portEnum.hasMoreElements())  

  { 

   CommPortIdentifier currPortId = (CommPortIdentifier) 

portEnum.nextElement(); 

   for (String portName : PORT_NAMES)  

   { 

    if (currPortId.getName().equals(portName))  

    { 

     portId = currPortId; 

     break; 

    } 

   } 

  } 

  if (portId == null)  

  { 

   System.out.println("Could not find COM port."); 

   return; 

  } 

 

  try  

  { 

   // open serial port, and use class name for the appName. 

   serialPort = (SerialPort) portId.open(this.getClass().getName(), 

     TIME_OUT); 
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   // set port parameters 

   serialPort.setSerialPortParams(DATA_RATE, 

     SerialPort.DATABITS_8, 

     SerialPort.STOPBITS_1, 

     SerialPort.PARITY_NONE); 

 

   // open the streams 

   input = new BufferedReader(new 

InputStreamReader(serialPort.getInputStream())); 

   output = serialPort.getOutputStream(); 

 

   // add event listeners 

   serialPort.addEventListener(this); 

   serialPort.notifyOnDataAvailable(true); 

  }  

  catch (Exception e)  

  { 

   System.err.println(e.toString()); 

  } 

 } 

 

 /** 

  * This should be called when you stop using the port. 

  * This will prevent port locking on platforms like Linux. 

  */ 

 public synchronized void close()  

 { 

  if (serialPort != null)  

  { 

   serialPort.removeEventListener(); 

   serialPort.close(); 

  } 

 } 

 

 /** 

  * Handle an event on the serial port. Read the data and print it. 

  */ 

 public synchronized void serialEvent(SerialPortEvent oEvent)  

 { 

  if (oEvent.getEventType() == SerialPortEvent.DATA_AVAILABLE)  

  { 

   try  

   { 

    String inputLine=input.readLine(); 

    System.out.println(inputLine); 

   }  

   catch (Exception e)  

   { 

    System.err.println(e.toString()); 

   } 
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  } 

 } 

} 

 

 
 
 

 Grammer file – control.gram 
 
 

#JSGF V1.0; 

 

/** 

 * JSGF Grammar for motor control 

 */ 

 

grammar control; 

 

public <control> = (LED On | LED Off | Stop | Go Forward | Go Reverse | Turn Right | 

Turn Left); 
 
 
 
 

 Arduino Program for motor control 

 

 

/**** 

 * This Program is used to control a motor according to 

 * the voice inputs given by the user. The master program  

 * is written in JAVA and Sphinx4 is used for speech recognition. 

 ****/ 

const int Motor1_DIR1 = 4; //Direction 1 of the right motor.(orange) 

const int Motor1_DIR2 = 5; //Direction 2 of the right motor.(pink) 

const int Motor2_DIR1 = 6; //Direction 1 of the left motor.(L_white) 

const int Motor2_DIR2 = 7; //Direction 2 of the left motor.(L_green) 

const int ENA_R = 9; //PWM output pin for right motor. 

const int ENA_L = 11; //PWM output pin for left motor.(Yellow) 

const int led = 13; //Check the state if the Arduino. 

//int dutyCycle_R = 175; //duty cycle value for right motor. 

//int dutyCycle_L = 50; //duty cycle value for left motor. 

 

void setup() 

{ 

  TCCR2B = TCCR2B & 0b11111000 | 0x01; //PWM frequency changed to 31250Hz 

  pinMode(Motor1_DIR1, OUTPUT);  

  pinMode(Motor1_DIR2, OUTPUT); 

  pinMode(Motor2_DIR1, OUTPUT); 

  pinMode(Motor2_DIR2, OUTPUT); 

  pinMode(ENA_R, OUTPUT); 

  pinMode(ENA_L, OUTPUT); 
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  pinMode(led, OUTPUT); 

  digitalWrite(led, LOW); 

  Serial.begin(9600); 

  Serial.println("***** Arduino is listening..."); 

} 

 

/*------------------------------------------------------------------*/ 

//Function to turn on LED 

void ledOn() 

{ 

  digitalWrite(led, HIGH); 

  Serial.println("***** Arduino received 1. Now LED is on"); 

} 

 

//Function to turn off LED 

void ledOff() 

{ 

  digitalWrite(led, LOW);   

  Serial.println("***** Arduino received 2. Now LED is off"); 

} 

 

//Function to move forward 

void moveForward() 

{ 

  analogWrite(ENA_R,(174)); 

  analogWrite(ENA_L,(50)); 

  digitalWrite(Motor1_DIR1,HIGH); 

  digitalWrite(Motor1_DIR2, LOW); 

  digitalWrite(Motor2_DIR1,HIGH); 

  digitalWrite(Motor2_DIR2, LOW); 

  Serial.println("***** Arduino received 3. Now moving forward"); 

} 

 

//Function to move reverse 

void moveBack() 

{ 

  analogWrite(ENA_R,(200)); //Right motor 

  analogWrite(ENA_L,(46)); //Left motor 

  digitalWrite(Motor1_DIR1,LOW); 

  digitalWrite(Motor1_DIR2, HIGH); 

  digitalWrite(Motor2_DIR1,LOW); 

  digitalWrite(Motor2_DIR2, HIGH); 

  Serial.println("***** Arduino received 4. Now moving backward"); 

  delay(1000); 

} 

 

//Function to turn right 

void turnRight() 

{ 

  analogWrite(ENA_R,(50)); 
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  analogWrite(ENA_L,(50)); 

  digitalWrite(Motor1_DIR1,LOW); 

  digitalWrite(Motor1_DIR2, HIGH); 

  digitalWrite(Motor2_DIR1,HIGH); 

  digitalWrite(Motor2_DIR2, LOW); 

  Serial.println("***** Arduino received 5. Now turning right"); 

  delay(1000); 

} 

 

//Function to turn left 

void turnLeft() 

{ 

  analogWrite(ENA_R,(50)); 

  analogWrite(ENA_L,(50)); 

  digitalWrite(Motor1_DIR1,HIGH); 

  digitalWrite(Motor1_DIR2, LOW); 

  digitalWrite(Motor2_DIR1,LOW); 

  digitalWrite(Motor2_DIR2, HIGH); 

  Serial.println("***** Arduino received 6. Now turning left"); 

  delay(1000); 

} 

 

//Function to stop all movements 

void stopMove() 

{ 

  analogWrite(ENA_R,(0)); 

  analogWrite(ENA_L,(0)); 

  digitalWrite(Motor1_DIR1,LOW); 

  digitalWrite(Motor1_DIR2, LOW); 

  digitalWrite(Motor2_DIR1,LOW); 

  digitalWrite(Motor2_DIR2, LOW); 

  analogWrite(ENA_R,LOW); 

  analogWrite(ENA_R,LOW); 

  Serial.println("***** Arduino received 7. Now motors have stopped"); 

  delay(1000); 

} 

 

/*----------------------------------------------------------------------*/ 

void loop() 

{ 

  while (Serial.available()>0) 

  { 

    int received = Serial.read(); 

 

    if (received == 1) 

    { 

      ledOn(); 

    } 

    else if (received == 2) 

    { 
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      ledOff(); 

    } 

    else if (received == 3) 

    { 

      moveForward(); 

    } 

    else if (received == 4) 

    { 

      moveBack(); 

    } 

    else if (received == 5) 

    { 

      turnRight(); 

    }  

    else if (received == 6) 

    { 

      turnLeft(); 

    } 

    else if (received == 7) 

    { 

      stopMove(); 

    }  

  } 

} 
 
 
 
 
 
 
 


