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Abstract: - Stuttering is a speech disorder which is affecting
millions of people in their day to day life. Stuttering is a complex
speech problem which affects the verbal communication. A mobile
robot is built, which can be controlled by the user by employing the
voice commands such as, ‘Run’, ‘Stop’, ‘Left’, ’Right’ and
‘Backward’ issued by the user. The robot will identify the voice
commands even if they are stuttered. A novel method employing
the DTW algorithm for feature matching has been implemented
where the matched features generate the corresponding function
key. After processing the stuttered speech, the necessary motion
instructions are given to the mobile platform via a RF link. This
work can be used to upgrade speech recognition systems.
Keywords: DTW: Dynamic Time Warping, ED: Euclidean
Distance, MFCC: Mel Frequency Cepstral Coefficients, PAA:
Piecewise Aggregate Approximation.

I. INTRODUCTION
Speech is the most effective way of interpersonal
communication. Only 5% to 10% of the human population
has a completely normal mode of verbal communication with
respect to various speech features and healthy voice; and the
remaining 90 % to 95 % suffer from one disorder or the other
such as stuttering, cluttering, dysarthria, apraxia of speech etc
[1], [2]. Stuttering is a speech disorder which is affecting
millions of people in their day to day life. Stuttering is a
problem that interferes with plain speech. A person who
stutters may repeat the first part of a word (as in wa wa wa
water) or hold a single sound for a long time as in
(caaaaaaaaaaaaaaaaake). Interjections such as “um” or “like”
can occur as well; particularly when they contain repeated
(“u-um-um”) or prolonged (“uuuum”). More than 68 million
people worldwide stutter and has found to affect males and
females in the ratio of 4:1. This disorder is characterized by
disruptions in the production of speech sounds, called
disfluencies [3], [4].
II. DESIGN METHODOLOGY
As a prototype for analysis of stuttered speech, this work is
designed to build a mobile robot which will identify a voice
command, even if the command is a stuttered one.
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Fig 1: Transmitter of stuttered speech Recognition system
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Fig. 2: Receiver of stuttered speech Recognition system to
control Robot

The block diagram shown in Fig. 1 indicates the complete
overview of transmitter where in stuttered speech is
recognized and Fig 2 indicates how the recognized stuttered
speech is used to control the mobile robot. The transmitter
consists of a Voice Recognition (VR) module. The voice
command are sent to the chip using a microphone and then
the module converts the voice command to direction
command that is predefined and recognizable by the robot.
The receiver is the motorized robot. It consists of two DC
motors and will make the robot move in forward or in the
backward direction. For the recognition of stuttered speech,
the test data is converted to templates. The recognition
process then consists of matching the incoming speech with
stored templates. The template with the lowest distance
measure from the input pattern is the recognized word. The
best match (lowest distance measure) is based upon dynamic
programming. This is called Dynamic Time Warping (DTW)
word recognizer. Firstly, the voice command is stored in the
Voice recognition module with the help of the function keys
available. This acts as a sample voice. Then, the input voice is
fed into the microphone. It converts the physical voice signal
into electrical signal. The signal received is fed into the voice
recognition module. The voice received is processed in the
voice recognition system and the characteristics of this voice
command are matched with that of the pre-stored sample
voice. The voice recognition module sends corresponding
string to the microcontroller, which is then transmitted
through an RF module. The receiver receives the desired
voice signal from the RF transmitter through wireless link.
As soon as the RF module recognizes the signal, it is sent to
the microcontroller. It must be noted that the microcontroller
cannot produce sufficient current to drive the motor directly.
The microcontroller output is +5volt and can give a
maximum current of 5mA. The D.C. Motor used in this work
operates at 12 volt and requires approximately 400mA of
current. The motor driver is designed to interface the motor
with microcontroller. The driver stage changes the current
and voltage level suitably to drive the motor. L293D is a dual
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H-bridge motor driver integrated circuit that is used in this
work. The 7-segment LED display is interfaced with the
microprocessor to see the status of the robot.
A. Programming aspects of Transmitter and Receiver
Section
The software implementation of various blocks mentioned
in the previous section is done using the Embedded C. In the
transmitter side, at first it will initialize the microcontroller
and the variables like port. If the logic 1 data is given to
recognize, then it will send data 0x05 as move forward
command to the receiver. Similarly, the other data will be
given to recognise. Likewise, the transmitter will identify the
command in the software part and then the corresponding
data will be sent to the receiver. At the receiver side, the
microcontroller and the RF receiver are initialised to receive
the signal. If the data received is 0x05, then the robot will
recognize the command as move forward and it will follow
the command. Similarly, other data will be recognised.
B. Flow Chart for creation of new database
The creation of the new data base involves the follow steps.
1. The module should be trained with voice instructions.
2. The group will be imported to the database.
3. For each speech signal, features are extracted in the
VR Module to generate the templates.

Fig.4 Flowchart for Stuttered Speech Recognition

III. SIMULATION AND RESULT
A. Transmitter and Receiver sections

I. MATH

Fig. 5 Transmitter section of stuttered speech recognition
module

Fig. 3 Flowchart to add to database

Flow Chart for recognition of stuttered speech
1. Input the command to be recognized.
2. Calculate the MFCC for the speech signal.
3. Calculate the Euclidian distance (ED) for the
recognition of speech and compare the ED of the
stuttered speech signal to be recognized with the
stored speech of each signal.
4. Compare each codeword of the signal with the
reference patterns and output the corresponding
string.
5. If no match is found, score matching is done using
DTW.
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Fig. 6 Receiver section of stuttered speech recognition module
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Fig. 7 loading the samples to transmitter module
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[7] K. Ravikumar, B. Reddy, R. Rajagopal, and H. Nagara,
“Automatic Detection of Syllable Repetition in Read Speech
for Objective Assessment of Stuttered Disfluencies”,
Proceedings of World Academy Science, Engineering and
Technology, Pp. 270-273, 2008.
[8] Hariharan.M, Vijean.V, Fook. C.Y, Yaacob. S. "Speech
stuttering assessment using sample entropy and Least Square
Support Vector Machine". Signal Processing and its
Applications (CSPA) 2012, Pg no:240-245, ISBN
:978-1-4673-0960-8.
[9] Jiang. J, Lu C, Peng D, Zhu C, Howell P (2012) Classification
of Types of Stuttering Symptoms Based on Brain Activity
PLoS ONE. 7(6): e39747. doi: 10.1371/journal.pone.0039747
[10] Arghavan Bahodorinejad, Farshad Almasganj. "Delayed
Auditory Feedback for Speech Disorders". 2012 International
Conference on Biomedical Engineering, 978-1-4577-2, 2011
IEEE.

Fig 8 Robot moving forward/backward/left/right/stop

IV. CONCLUSION
In this work, a voice controlled robot is developed which is
also able to recognise stuttered speech. This is fuelled by the
need to improve the speech quality by identification and
elimination of stuttering and also help Speech Language
Pathologists (SLP) to access stuttering patients. The system
has practical coverage up to a few meters. It uses the DTW
algorithm for feature matching and the matched features
generate the corresponding function key. After processing
the speech, the necessary motion instructions are given to the
mobile platform via a RF link. As the training data was small
as compared to the average needed data for building a
stuttered speech recognition system, the error rates were
pessimistic. The error rates could be bifurcated into two
groups depending upon speaker independency. DTW
classifier was trained using the utterances of a single person.
Speaker dependant: The error rates were approximately 10%
to 20% Speaker independent: The error rates were
approximately 30% to 40%
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