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Abstract

This paper introduces the voice controlled comparator improvement for
maneuvering a miniature electric vehicle based on the resource utilization
in the system-on-chip (SoC) ecosystem. An intelligent parking assist is to
support the driver outside a car while parking in the crowded locations.
Voice controlled improvement based on the resource utilization on the SoC
ecosystem is modified to command for moving vehicle. The normalized
cross correlation (NCC) technique is proposed for voice controlled system
with low utilization on the SoC ecosystem. Hardware and software co-
design by the Xilinx VIVADO and Vitis software are used to design on an
ARM multicore processor and field programmable gate array (FPGA) system
inside a ‘Zedboard’ development board. We perform the experiments for Thai
command word recognition via Bluetooth using the proposed NCC method to
identify the basic command stored on SD card in Zedboard. Empirical results
show the voice controlled improvement based on the Pearson’s correlation
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coefficient (PCC), modified PCC and proposed NCC methods on a Zedboard.
The resource utilization on Zedboard are less than as 17.57% in look-up
table (LUT), 29.12% in look-up table random access memory (LUTRAM),
6.44% in flip-flop (FF) and 2.38% in input/output (I/O) as compared with
a ZYBO system. An average execution time of Zedboard using proposed
NCC method is less than PCC and modified PCC as 5.12%, 1%, respectively.
Results of proposed NCC of Thai voice command controlled show the
validate workability at average percentage accuracy at 90% in the outdoor
environments.

Keywords: Voice controlled parking assist system, SoC development board,
normalized cross correlation.

1 Introduction

According to the car accidents news while parking over the past decade
around the world [1, 2], there was a brand-new car displayed on the second
floor of showroom building that fell off the first floor by driver who pressed
the accelerator instead of brake in Mumbai Mirror [1] and the uncontrolled
car went off the top of the building and dangling by a wire after the driver
broke through protective wires while parking on the roof in Texas [2]. In par-
ticular, a parking assist is designed to protect a driver from the accidentally
fault the driver.

As stated by the automotive industry, an intelligent parking assist system
is a well- known automatic parking system such as an advanced parking
guidance system developed by Toyota Motor Corporation [3]. Automatic
steering for parking around view monitor is developed by Nissan Motor
Corporation [4]. These technologies can assist the drivers in parking their
vehicles. There are various approaches to provide safe and comfortable
parking applied for the advanced driver assistance system such as a vision-
based system with visual sensing for driving assistance [5], a parking spot
detection using a multi-clue recovery model to reconstruct parking spots [6],
voice-controlled in reconfiguration embedded system [7, 8], robotic vehicle
controlled by voice commands based on a Texas board [9], and idea of a
low-cost autonomous vehicle controlled by voice commands [10]. In [7],
this research has been intended to present a reconfigurable embedded system
design by voice controlled parking assistance system for a prototype electric
vehicle connected to a smartphone via Bluetooth. In [8], this work has been
developed about the voice-based recognition by investigating a set of Thai
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(a) Vector Illustration (b) Top view of reverse parking 

Figure 1 Reverse parallel parking.

male and female voice command signals for parking a prototype electric
vehicle. In [11], the authors have presented how to identify a voiced com-
mand set of an unmanned aerial vehicle for the identification of information
controlling signals.

Using the field programmable gate array (FPGAs) hardware, the system-
on-chip (SoC) development boards are an embedded system including with
software programmed a processor, which is the most interesting applications
used as a prototyping platform in the recently digital world [12]. According
to the increasing demand in the internet-of-thing (IoT) application, a SoC-
based platform with an architecture optimization has been interested to
reduce hardware usage in the healthcare application as an electrocardiogram
(ECG) based identification [13]. For the real-time control systems, a field
programmable system on chip (FPSoC) with the shared memory has been
proposed for the real-time optical distortion correction [14]. As a perspective
of single purpose system, an ARM-based SoC architecture with the Linux-
based operating system has been implemented for the fast boot time and size
optimization [15].

For the driving safety, an idea of parking assist is to maneuver for the
reverse parking when a driver controlling outside a car shown in Figure 1. In
this paper, we propose the voice controlled comparator with low resource
utilization on the ARM-based SoC system for parking assist system that
consists of a communication system for receiving a set of voice commands to
maneuver a car in the real time system. According to the previous works [7],
a SoC development board as Zedboard will be deployed to achieve the
maximum utilization on the SoC ecosystem in order to improve the resource
utilization of a voice controlled comparator, which checks the input voice
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command compared with the reference pattern stored on a SD card in
the prototype vehicle. The objective of this paper is to improve the voice
controlled comparator in comparison with the voice command using the
proposed normalized cross correlation (NCC) technique for voice controlled
parking assistance with low utilization in the SoC ecosystem installed in a
prototype miniature electric vehicle.

The paper is organized as follows. In Section 2, a SoC ecosystem devel-
opment board is described briefly and Section 3 presents the proposed NCC
method compared voice command and controlled for parking assistance
on a SoC development board. In Section 4, the experimental results and
performance are evaluated. Section 5 concludes the paper.

2 SoC Ecosystem Development

In this section, we describe briefly about SoC ecosystem. As a perspec-
tive of single purpose system, a SoC development board include a central
processing unit (CPU), memory, input/output ports and secondary storage.
Based on the Xilinx software-defined system-on-chip (SDSoC) development
environments [16], the Xilinx VIVADO 2019.2 HLx Edition [17] and Vitis
software platform for a SoC ecosystem development board are designed with
the embedded tools and runtime environments [18] using Xilinx Zynq-7000
SoC device including with the open-source operating systems and bare metal
drivers, integrated development environments, and compilers, debuggers, and
profiling tools. Figure 2 shows the SoC system components including Linux
operating system, U-boot or universal-boot, the first stage bootloader (FSBL),

Figure 2 Components of SoC ecosystem [18].
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bootROM is the write-protected flash embedded system inside the processor
chip, and a SoC devices as an ARM cortex-A9 with programmable logic.
Hardware and software co-design by the Xilinx VIVADO and Vitis software
are used to design on an ARM multicore processor and field programmable
gate array (FPGA) system inside a SoC development board. Xilinx VIVADO
will be implemented the block system design of proposed system, synthesized
and translated to a Hardware Description Language (HDL) implemented on
FPGA in Zynq. Then, Vitis software platform will be written by C/C++
implemented on ARM processor in Zynq.

3 Proposed Voice Controlled Comparator-Based on
Normalized Cross Correlation in SoC Development
Board

In this section, we introduce the low computational voice controlled compara-
tor for intelligent parking assist system. The proposed system consists of the
hardware and software designed in a SoC development board, named ‘Zed-
board’. The system architecture design includes with the five components as
a Zedboard Zynq-7000 ARM/FPGA, a Bluetooth module, a motor, a servo
motor, and sonar sensors shown in Figure 3.

Figure 3 Overview of proposed SoC ecosystem design.
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Figure 4 Proposed VIVADO HLx design architecture.

Table 1 SoC utilization
LUT LUTRAM FF IO
3% 1% 2% 21%

4 Hardware Design in SoC Development Board

Overview of hardware in a SoC development board system is shown in
Figure 3, which composes of six hardware installations used as a Bluetooth
device, a motor device, a buzzer, a servo motor, and 2-ultrasonic sensors.
The procedure starts when the Bluetooth device collects the received voice
command data, then it is responsible by sending the specific command data
to other devices.

The proposed Xilinx VIVADO 2019.2 HLx design architecture is shown
in Figure 4, which the block system design will be implemented, synthesized
and translated to a HDL. Vitis software design platform in C/C++ language
is implemented on FPGA areas inside a Zedboard, comprising of Zynq-7000
system for the interior usage combined with 2 processors as ARM multicore
and system reset, Advanced eXtensible Interface (AXI) Interconnect, fixed
input/output (I/O), double data rate dynamic random access memory (DDR
RAM) and 6-hardware devices.

As stated in Figure 4, the SoC utilization on the Zedboard is summarized
in Table 1 as follows: 3 percent of 53,200 look-up table (LUT) elements,
1 percent of 17,400 look-up table random access memory (LUTRAM), 2
percent of 106,400 flip-flops (FF), and 21 percent of 200 input/output (IO)
pin count following by the proposed VIVADO HLx design architecture.
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Table 2 SoC main algorithm
1: INITIAL FUNCTION

PmodGPIO(motor drive,buzzer), PmodDHB1(),
PmodMAXSONAR(), PmodBT2(), VoiceCMP()

2: INITIAL Voice Commands[FW, BW, LEFT,
RIGHT, READY, STOP]

3: FOR
4: PmodMAXSONAR()
5: PmodBT2()
6: VoiceCMP()
7: END FOR

Table 3 PmodMAXSONAR function algorithm
1: PmodMAXSONAR ()
2: INPUT data (DEC) from 2-Ultrasonic Sensor
3: IF data (DEC) <= 6 cm THEN
4: OUTPUT PmodGPIO (0,1)
5: END IF

Main Zedboard algorithm is designed to control the proposed a VIVADO
HLx design architecture for the voice controlled parking assist system as
shown in Table 2. Line 1 shows the initial devices as motor drive, buzzer,
2-ultrasonic sensors and Bluetooth device. Line 2 shows the voice command
for maneuvering a vehicle as forward (FW), backward (BW), turning left
(LEFT), turning right (RIGHT), neutral (READY) and STOP. Line 3 is the
loop for the Zedboard communication system.

Ultrasonic sensors are installed at the front and rear of the prototype
miniature electric vehicle at the vehicle bumpers, which is used a non-contact
distance measurement. The received data from ultrasonic sensors in terms of
the distance between the vehicle and obstacle, these sensors are transformed
to a decimal number. If the distance is less than 6 cm, then an alarm of the
buzzer will turn on.

The ultrasonic sensor function is proposed in Table 3. Line 1 shows the
ultrasonic sensor and Line 2 shows the input data from 2-ultrasonic sensors
at the front and rear of the vehicle bumpers in a decimal number. Lines 3–5
describe how to make the decision to stop a motor. If the distance between the
car and the obstacle is less than 6 cm, then the buzzer will alarm immediately.

According to the driving system for the motor vehicles, the transmission
shaft is controlled by the motor drive as moving forward and backward.



1086 S. Prongnuch and S. Sitjongsataporn

Table 4 PmodGPIO function algorithm
1: SWITCH (a type of data motor drive is

2’s COMPLEMENT,
the type of data buzzer is BIT)

2: CASE (1,0)
3: OUTPUT Motor Drive is Turn ON

and Rotate Forward
4: OUTPUT Buzzer is Turn OFF
5: CASE (-1,0)
6: OUTPUT Motor Drive is Turn ON

and Rotate Backward
7: OUTPUT Buzzer is Turn OFF
8: CASE (1,1)
9: OUTPUT Motor Drive is Turn ON

and Rotate Forward
10: OUTPUT Buzzer is Turn ON
11: CASE (-1,1)
12: OUTPUT Motor Drive is Turn ON

and Rotate Backward
13: OUTPUT Buzzer is Turn ON
14: END IF

Table 5 PmodBT2 function algorithm
1: INPUT data (BYTE)
2: IF data (BYTE) > 0 THEN
3: CONVERT data (BYTE) to CHAR
4: Data New Voice Commands[256] = CHAR
5: END IF

Table 4 describes the function of driving system. Line 1 shows how to switch
the output controlled the motor drive and buzzer. Lines 2–11 describe the 4
cases moving forward and backward and without alarm buzzer

For receiving the voice command data, a voice interface through Blue-
tooth hardware is converted and sent the data to the parking assistance system
shown in Table 5. Line 1 shows the input data. Lines 2–5 describe the
condition to convert the voice data in byte into character.

For turning the vehicle, the servo motor is applied to maneuver the vehicle
for turning left and right shown in Table 6. Line 1 is the initial of 3 states of
servo motor and Line 2 sets the delay of motor. Line 3 describes the input
data in the bit vector. Lines 4–11 show how to make a decision to control
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Table 6 PmodDHB1 function algorithm
1: INITIAL 3 States of Servo Motor (S1, S2, and S3)
2: INITIAL Delay = 1000ms
3: INPUT data (BITVECTOR)
4: IF data (BITVECTOR) == S1 THEN
5: OUTPUT Degree of Servo Motor = 0
6: ELSE IF data (BITVECTOR) == S2 THEN
7: OUTPUT Degree of Servo Motor = −90
8: ELSE IF data (BITVECTOR) == S3 THEN
9: OUTPUT Degree of Servo Motor = 90
10: ELSE Degree of Servo Motor = 0
11: END IF

Table 7 VoiceCMP function algorithm
1: INPUT data New Voice Commands[256]
2: IF data New Voice Commands[256] == Voice

Commands[FW] THEN
3: OUTPUT PmodGPIO (0,0)
4: ELSE IF data New Voice Commands[256] == Voice

Commands[BW] THEN
5: OUTPUT PmodGPIO (−1,0)
6: ELSE IF data New Voice Commands[256] == Voice

Commands[LEFT] THEN
7: OUTPUT PmodGPIO (0,0)
8: OUTPUT PmodDHB1() = ‘S2’
9: ELSE IF data New Voice Commands[256] == Voice

Commands[RIGHT] THEN
10: OUTPUT PmodGPIO (0,0)
11: OUTPUT PmodDHB1() = ‘S3’
12: ELSE IF data New Voice Commands[256] == Voice

Commands[READY] THEN
13: OUTPUT PmodGPIO (0,0)
14: OUTPUT PmodDHB1() = ‘S1’
15: ELSE data New Voice Commands[256] == Voice

Commands[STOP]
16: OUTPUT PmodGPIO (0,0)
17: END IF

each state of servo motor, where the state ‘S1’ is ‘READY’, ‘S2’ state is
turning ‘LEFT’ and ‘S3’ state is turning ‘RIGHT’, respectively.

For maneuvering a vehicle, a set of voice command patterns of owner
consists of forward (FW), backward (BW), turning left (LEFT), turning right
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(RIGHT), neutral (READY) and STOP, which are stored on the SD card
installed in a prototype car. The received voice command is compared with
the stored command as shown in Table 7. Line 1 shows the input of receiving
voice data. Lines 2–17 describe how to make a decision to compare the
received voice data from Bluetooth device with the stored command. The
results will be sent to control the servo motor detailed in Table 6 and the
motor drive in Table 4 through the Bluetooth in Table 5, respectively.

5 Proposed Voice Controlled Comparator-based on
Normalized Cross Correlation

Voice biometrics is the science of a unique identification characteristic using
for a person’s voice [19]. Correlation coefficient can modify as the simple and
robust voice biometrics engine to identify a voice command. This feature is
applied in the isolation of a specific speaker’s voice in the noisy environment.
The correlation coefficient is a linear correlation measured between two sets
of data, which is the covariance of two variables divided by the product of
their standard deviation [19]. In this paper, we propose how to improve the
voice controlled comparator with the low computational based on correlation
coefficient.

The correlation coefficient to a sample (rxy) can be obtained by substitut-
ing the estimates of their covariance and variance as [19]

rxy =

∑n
i=1 (xi − x) ·

∑n
i=1 (yi − y)√∑n

i=1 (xi − x)2·
√∑n

i=1 (yi − y)2
, (1)

where n is a size of sample. xi and yi are the sample values indexed with i.
The parameters x and y are the sample mean of xi and yi, respectively as

x =
1

n

n∑
i=1

xi and y =
1

n

n∑
i=1

yi. (2)

Substituting Equation (2) into Equation (1) and rearranging, we get the
Pearson’s correlation coefficient (PCC) as

rPCC
xy =

n
∑n

i=1 xiyi −
∑n

i=1 xi
∑n

i=1 yi√
n
∑n

i=1 x
2
i − (

∑n
i=1 xi)

2 ·
√
n
∑n

i=1 y
2
i − (

∑n
i=1 yi)

2
.

(3)
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It is noted that Equation (3) can be calculated the sample correlation
depending on the number of sample involved, that can be numerically unsta-
ble. So, the modified PCC (rmPCC

xy ) can be rewritten from Equation (3) as

rmPCC
xy =

∑n
i=1 xiyi − nxy√∑n

i=1 x
2
i − nx2 ·

√∑n
i=1 y

2
i − ny2

, (4)

where x and y are defined in Equation (2).
Following [18], we introduce the idea of template matching applied to

search the relation between the owner’s voice template and its corresponding
sample. According to measure the similarity, the proposed low computational
normalized cross correlation (NCC) coefficient is introduced as

rNCC
xy =

∑n
i=1 xiyi√∑n

i=1 x
2
i ·

√∑n
i=1 y

2
i

, (5)

where xi and yi are defined as an owner’s voice and a user’s voice,
respectively.

It is found that the correlation coefficient can be computed from the sam-
ple voice data in order to measure the strength and direction of a relationship
between two variables. The value of correlation coefficient is between 0 and
1. That means if the value is equal to zero, there is no relationship between
the predicted values and the actual values. As the strength of the relationship
between the predicted values and actual value increases and closes to one,
so does the correlation coefficient. In this research, the correlation coefficient
is used for the measurement model, where the input of receiving voice data
from Bluetooth device will be compared with the stored command and the
results will be sent to control the servo motor as detailed in Table 7.

6 Experimental Results and Performance

The extensive experiments show the performance of proposed voice iden-
tification based on Pearson’s correlation coefficient (PCC), modified PCC
(mPCC) and normalized cross correlation (NCC) coefficient for the intel-
ligent parking assist system and hardware implementations on a Zedboard
development board. The average execution time of proposed NCC method is
compared with the PCC, modified PCC. The resource utilization of Zedboard
for the design architecture of proposed system is investigated. Experimental
results of PCC, modified PCC and proposed NCC on the voice controlled
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(a) 234×434mm Scale electric vehicle (b) Zedboard implementation inside 

Figure 5 SoC development board for installation on small-scale electric vehicle.

comparator for a set of basic Thai commands by Thai native speakers are
tested. Accuracies of basic Thai voice commands is examined following the
PCC, modified PCC and proposed NCC.

A Zedboard on the SoC ecosystem for installation has been deployed on
a 234 × 434 mm scale miniature electric vehicle as shown in Figure 5. The
prototype electric vehicle is illustrated in Figure 5(a). Zedboard implemen-
tation inside the prototype electric vehicle is depicted in Figure 5(b). The
properties of the prototype electric vehicle are as follows. The type of motor
is the DC motor gear, the maximum gross vehicle weight is about 1.75 kg, the
curb weight is about 1.38 kg, the wheelbase is 257 mm, the radius of turning
wheel is 22 mm, the type of tire is rubber and the size of front/rear wheel is
163/161 mm. Parameters are used for the voice identification as the length
of Thai female and male voice data is about 1 second per sample, and the
sampling frequency is about 44.1 kHz WAV file format.

According to the experiment operation, Thai voice commands by native
Thai speaker consist of 6 basic commands for proposed parking assist
system as “
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Figure 6.1. SoC Development Board for Installation on Small-scale Electric Vehicle. 
 

According to the experiment operation, Thai voice commands by native Thai 
speaker consist of 6 basic commands for proposed parking assist system as “𝒫𝒾”/ “GO”, 
“𝒯𝒽ℴ𝓎” / “BACK”, “𝒦𝒽𝓌𝒶”/ “RIGHT”, “𝒮𝒶𝓎” /“LEFT”, “𝒫𝒽𝓇ℴ𝓂”/“READY” and 
“ℋ𝓎𝓊𝒹”/“STOP”, respectively. Based on the correlation coefficient as the Pearson’s 
correlation coefficient (𝑟 ) defined in Eq.(3), modified Pearson’s correlation coefficient 
(𝑟 ) in Eq.(4) and proposed normalized cross correlation coefficient (𝑟 )  in Eq. (5) 
are implemented to identify the received Thai male and female voice commands in the 
outdoor environment compared with the reference Thai owner’s voice commands stored 
on the SD-card in the Zedboard inside vehicle.  

Additionally, the previous system [7] has been used two processing boards, 
including the ZYBO board and Arduino board. As a perspective of single purpose system, 
a SoC development board include a central processing unit (CPU), memory, input/output 
ports and secondary storage. In this paper, the objective is to optimize the resource 
utilization on a SoC development board as: Zedboard using the proposed normalized cross 
correlation (NCC) in order to improve efficiently the voice controlled comparator and 
resource utilization on Zedboard for intelligent parking assist system. 

Table 8 shows the resource utilization comparisons of two systems as: proposed 
Zedboard and previous system as ZYBO [7]. The resources of LUT, LUTRAM, FF, and 
I/O of a proposed Zedboard system are less than as 17.57% in LUT, 29.12% in LUTRAM, 
6.44% in FF and 2.38% in I/O as compared with a previous ZYBO system [7]. 
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Figure 6.1. SoC Development Board for Installation on Small-scale Electric Vehicle. 
 

According to the experiment operation, Thai voice commands by native Thai 
speaker consist of 6 basic commands for proposed parking assist system as “𝒫𝒾”/ “GO”, 
“𝒯𝒽ℴ𝓎” / “BACK”, “𝒦𝒽𝓌𝒶”/ “RIGHT”, “𝒮𝒶𝓎” /“LEFT”, “𝒫𝒽𝓇ℴ𝓂”/“READY” and 
“ℋ𝓎𝓊𝒹”/“STOP”, respectively. Based on the correlation coefficient as the Pearson’s 
correlation coefficient (𝑟 ) defined in Eq.(3), modified Pearson’s correlation coefficient 
(𝑟 ) in Eq.(4) and proposed normalized cross correlation coefficient (𝑟 )  in Eq. (5) 
are implemented to identify the received Thai male and female voice commands in the 
outdoor environment compared with the reference Thai owner’s voice commands stored 
on the SD-card in the Zedboard inside vehicle.  

Additionally, the previous system [7] has been used two processing boards, 
including the ZYBO board and Arduino board. As a perspective of single purpose system, 
a SoC development board include a central processing unit (CPU), memory, input/output 
ports and secondary storage. In this paper, the objective is to optimize the resource 
utilization on a SoC development board as: Zedboard using the proposed normalized cross 
correlation (NCC) in order to improve efficiently the voice controlled comparator and 
resource utilization on Zedboard for intelligent parking assist system. 

Table 8 shows the resource utilization comparisons of two systems as: proposed 
Zedboard and previous system as ZYBO [7]. The resources of LUT, LUTRAM, FF, and 
I/O of a proposed Zedboard system are less than as 17.57% in LUT, 29.12% in LUTRAM, 
6.44% in FF and 2.38% in I/O as compared with a previous ZYBO system [7]. 
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Figure 6.1. SoC Development Board for Installation on Small-scale Electric Vehicle. 
 

According to the experiment operation, Thai voice commands by native Thai 
speaker consist of 6 basic commands for proposed parking assist system as “𝒫𝒾”/ “GO”, 
“𝒯𝒽ℴ𝓎” / “BACK”, “𝒦𝒽𝓌𝒶”/ “RIGHT”, “𝒮𝒶𝓎” /“LEFT”, “𝒫𝒽𝓇ℴ𝓂”/“READY” and 
“ℋ𝓎𝓊𝒹”/“STOP”, respectively. Based on the correlation coefficient as the Pearson’s 
correlation coefficient (𝑟 ) defined in Eq.(3), modified Pearson’s correlation coefficient 
(𝑟 ) in Eq.(4) and proposed normalized cross correlation coefficient (𝑟 )  in Eq. (5) 
are implemented to identify the received Thai male and female voice commands in the 
outdoor environment compared with the reference Thai owner’s voice commands stored 
on the SD-card in the Zedboard inside vehicle.  

Additionally, the previous system [7] has been used two processing boards, 
including the ZYBO board and Arduino board. As a perspective of single purpose system, 
a SoC development board include a central processing unit (CPU), memory, input/output 
ports and secondary storage. In this paper, the objective is to optimize the resource 
utilization on a SoC development board as: Zedboard using the proposed normalized cross 
correlation (NCC) in order to improve efficiently the voice controlled comparator and 
resource utilization on Zedboard for intelligent parking assist system. 

Table 8 shows the resource utilization comparisons of two systems as: proposed 
Zedboard and previous system as ZYBO [7]. The resources of LUT, LUTRAM, FF, and 
I/O of a proposed Zedboard system are less than as 17.57% in LUT, 29.12% in LUTRAM, 
6.44% in FF and 2.38% in I/O as compared with a previous ZYBO system [7]. 
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Figure 6.1. SoC Development Board for Installation on Small-scale Electric Vehicle. 
 

According to the experiment operation, Thai voice commands by native Thai 
speaker consist of 6 basic commands for proposed parking assist system as “𝒫𝒾”/ “GO”, 
“𝒯𝒽ℴ𝓎” / “BACK”, “𝒦𝒽𝓌𝒶”/ “RIGHT”, “𝒮𝒶𝓎” /“LEFT”, “𝒫𝒽𝓇ℴ𝓂”/“READY” and 
“ℋ𝓎𝓊𝒹”/“STOP”, respectively. Based on the correlation coefficient as the Pearson’s 
correlation coefficient (𝑟 ) defined in Eq.(3), modified Pearson’s correlation coefficient 
(𝑟 ) in Eq.(4) and proposed normalized cross correlation coefficient (𝑟 )  in Eq. (5) 
are implemented to identify the received Thai male and female voice commands in the 
outdoor environment compared with the reference Thai owner’s voice commands stored 
on the SD-card in the Zedboard inside vehicle.  

Additionally, the previous system [7] has been used two processing boards, 
including the ZYBO board and Arduino board. As a perspective of single purpose system, 
a SoC development board include a central processing unit (CPU), memory, input/output 
ports and secondary storage. In this paper, the objective is to optimize the resource 
utilization on a SoC development board as: Zedboard using the proposed normalized cross 
correlation (NCC) in order to improve efficiently the voice controlled comparator and 
resource utilization on Zedboard for intelligent parking assist system. 

Table 8 shows the resource utilization comparisons of two systems as: proposed 
Zedboard and previous system as ZYBO [7]. The resources of LUT, LUTRAM, FF, and 
I/O of a proposed Zedboard system are less than as 17.57% in LUT, 29.12% in LUTRAM, 
6.44% in FF and 2.38% in I/O as compared with a previous ZYBO system [7]. 
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Figure 6.1. SoC Development Board for Installation on Small-scale Electric Vehicle. 
 

According to the experiment operation, Thai voice commands by native Thai 
speaker consist of 6 basic commands for proposed parking assist system as “𝒫𝒾”/ “GO”, 
“𝒯𝒽ℴ𝓎” / “BACK”, “𝒦𝒽𝓌𝒶”/ “RIGHT”, “𝒮𝒶𝓎” /“LEFT”, “𝒫𝒽𝓇ℴ𝓂”/“READY” and 
“ℋ𝓎𝓊𝒹”/“STOP”, respectively. Based on the correlation coefficient as the Pearson’s 
correlation coefficient (𝑟 ) defined in Eq.(3), modified Pearson’s correlation coefficient 
(𝑟 ) in Eq.(4) and proposed normalized cross correlation coefficient (𝑟 )  in Eq. (5) 
are implemented to identify the received Thai male and female voice commands in the 
outdoor environment compared with the reference Thai owner’s voice commands stored 
on the SD-card in the Zedboard inside vehicle.  
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Table 8 The comparisons of resource utilization
System LUT LUTRAM FF IO
Zedboard 1,716 73 2,149 41
ZYBO [7] 2,082 103 2,297 42

Table 9 Average execution time (seconds)
System rPCC

xy in Equation (3) rmPCC
xy in Equation (4) rNCC

xy in Equation (5)
Zedboard 3.12 3.09 2.96
ZYBO [7] 3.33 N/A N/A

Equation (5) are implemented to identify the received Thai male and female
voice commands in the outdoor environment compared with the reference
Thai owner’s voice commands stored on the SD-card in the Zedboard inside
vehicle.

Additionally, the previous system [7] has been used two processing
boards, including the ZYBO board and Arduino board. As a perspective of
single purpose system, a SoC development board include a central processing
unit (CPU), memory, input/output ports and secondary storage. In this paper,
the objective is to optimize the resource utilization on a SoC development
board as: Zedboard using the proposed normalized cross correlation (NCC)
in order to improve efficiently the voice controlled comparator and resource
utilization on Zedboard for intelligent parking assist system.

Table 8 shows the resource utilization comparisons of two systems as:
proposed Zedboard and previous system as ZYBO [7]. The resources of
LUT, LUTRAM, FF, and I/O of a proposed Zedboard system are less than
as 17.57% in LUT, 29.12% in LUTRAM, 6.44% in FF and 2.38% in I/O as
compared with a previous ZYBO system [7].

Table 9 shows the average execution time in units of the second in
comparison with two systems: Zedboard and previous ZYBO system [7].
The average execution time is the average time elapsed between the start
and completion of a task. It is the time taken for affecting an algorithm. The
average execution time of rPCC

xy in Equation (3) of proposed Zedboard system
is less than 6.30% compared with previous ZYBO system [7]. Additional, an
average execution time of Zedboard of rNCC

xy in Equation (5) is less than rPCC
xy

in Equation (3), and rmPCC
xy in Equation (4) as 5.12%, 1%, respectively.

Experiments is tested the correlation coefficient-based voice controlled
for the speaker identification from the received Thai female and male com-
mands compared with the reference Thai female and male owner’s basic voice
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Table 10 Results of proposed normalized cross correlation (NCC) coefficient for speaker
identification from the received thai female commands compared with the reference thai
female voice commands

Correlation Coefficient Used “
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rPCC
xy in Equation (3) 0.9959 0.9982 0.9577 0.9992 0.9917 0.9877

rmPCC
xy in Equation (4) 0.8501 0.8520 0.8175 0.8529 0.8465 0.8431

rNCC
xy in Equation (5) 0.9959 0.9982 0.9577 0.9992 0.9917 0.9877

Table 11 Results of correlation coefficient for speaker identification from the received thai
male commands compared with the reference thai male voice commands
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rPCC
xy in Equation (3) 0.9956 0.9467 0.9337 0.9949 0.9618 0.9997

rmPCC
xy in Equation (4) 0.8498 0.8080 0.8141 0.8492 0.8209 0.8533

rNCC
xy |in Equation (5) 0.9956 0.9467 0.9337 0.9949 0.9618 0.9997

Table 12 Results of correlation coefficient for speaker identification from the received
another thai female commands compared with the reference thai female voice commands
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rPCC
xy in Equation (3) 0.9648 0.3474 0.0504 0.7234 0.9625 0.2273

rmPCC
xy in Equation (4) 0.8235 0.2965 0.0431 0.6175 0.8216 0.1940

rNCC
xy in Equation (5) 0.9648 0.3474 0.0504 0.7234 0.9625 0.2273

commands in the outdoor environments. Empirical results about correlation
coefficient are shown in Tables 10–15. Table 10 depicts the correlation
coefficient results for the speaker identification from the received Thai female
commands compared with the reference Thai female voice commands stored
on the SD-card in the Zedboard. It is seen that the correlation coefficient
results of proposed low computational rNCC

xy in Equation (5) following the
basic Thai voice commands is close to results of rPCC

xy in Equation (3) with
the less execution time. This means that the design architecture of proposed
system is implemented for the fast run-time and less resource usage.

For the Thai male voice command, Table 11 shows the correlation coeffi-
cient results from the received Thai male voice commands compared with the
reference male voice commands. Results of proposed rNCC

xy in Equation (5)
and rPCC

xy in Equation (3) for all Thai voice commands are higher than 93%.
It is noticed that both results of proposed rNCC

xy in Equation (5) and rPCC
xy in

Equation (3) for all Thai voice commands in Tables 10 and 11 are higher than
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Table 13 Results of correlation coefficient for speaker identification from the received
another thai male commands compared with the reference thai male voice commands

Correlation Coefficient Used “
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rPCC
xy in Equation (3) 0.9503 0.5690 0.6108 0.1337 0.6739 0.1503

rmPCC
xy in Equation (4) 0.8283 0.4856 0.5214 0.1141 0.5752 0.1283

rNCC
xy in Equation (5) 0.9503 0.5690 0.6108 0.1337 0.6739 0.1503

Table 14 Results of correlation coefficient for speaker identification from the received thai
male commands compared with the reference thai female voice commands

Correlation Coefficient Used “
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Table 15 Percentage accuracies of voice commands
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xy in Equation (3) 85% 90% 87% 92 % 90% 85%

rmPCC
xy in Equation (4) 87% 88% 89% 91% 89% 85%

rNCC
xy in Equation (5) 89% 91% 90% 92% 91% 87%

95%, while an average execution time of proposed rNCC
xy in Equation (5) is

lower than rPCC
xy in Equation (3) as shown in Table 9.

As tested with the same gender, Tables 12 and 13 shows the results of
correlation coefficient from the received data compared with the same gender.
Table 12 shows the results from the received another Thai female commands
compared with the reference Thai female voice commands, while the results
from both the “
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are implemented to identify the received Thai male and female voice commands in the 
outdoor environment compared with the reference Thai owner’s voice commands stored 
on the SD-card in the Zedboard inside vehicle.  

Additionally, the previous system [7] has been used two processing boards, 
including the ZYBO board and Arduino board. As a perspective of single purpose system, 
a SoC development board include a central processing unit (CPU), memory, input/output 
ports and secondary storage. In this paper, the objective is to optimize the resource 
utilization on a SoC development board as: Zedboard using the proposed normalized cross 
correlation (NCC) in order to improve efficiently the voice controlled comparator and 
resource utilization on Zedboard for intelligent parking assist system. 

Table 8 shows the resource utilization comparisons of two systems as: proposed 
Zedboard and previous system as ZYBO [7]. The resources of LUT, LUTRAM, FF, and 
I/O of a proposed Zedboard system are less than as 17.57% in LUT, 29.12% in LUTRAM, 
6.44% in FF and 2.38% in I/O as compared with a previous ZYBO system [7]. 

 

” command is higher than 95%.
According to test with the different gender, the results of correlation coef-

ficient for the speaker identification from the received Thai male commands
compared with the reference Thai female voice commands in Table 14 are
illustrated that the results of correlation coefficient from the received Thai
male commands compared with the reference Thai female voice commands
are lower than 25%. That means these commands in this situation cannot use
the proposed parking assist system.
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7 Conclusion

The resource utilization on a SoC development board has been presented for
the proposed voice controlled comparator in the parking assist system using
the proposed normalized cross correlation (NCC) coefficient. The proposed
NCC method is applied to reduce the execution process time with low com-
putational complexity compared with the Pearson’s correlation coefficient
(PCC) and modified PCC. The proposed SoC ecosystem has been designed
an embedded architecture on the Zedboard development board for maneu-
vering the prototype electric vehicle. The resource utilization on Zedboard
development board are less than as 17.57% in LUT, 29.12% in LUTRAM,
6.44% in FF and 2.38% in I/O as compared with a ZYBO system. An
average execution time of Zedboard using proposed NCC is less than PCC
and modified PCC as 5.12%, 1%, respectively. The empirical results with
the native Thai male and female speaker on the basic voice commands are
shown using PCC, modified PCC and NCC for the Thai voice command
controlled with the validate workability in the outdoor environment at the
average percentage accuracies of proposed NCC, modified PCC and PCC
of 90%, 88.16%, 88.16%, respectively. The correlation coefficient results of
proposed low computational NCC method following the basic Thai voice
commands is close to the results of PCC with the less execution time. It can
conclude that the proposed system design architecture is implemented for the
fast run-time and less resource usage.
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[14] H. Radner, J. Stange, L. Büttner, and J. Czarske, “Field-Programmable
System-on-Chip-Based Control System for Real-Time Distortion Cor-
rection in Optical Imaging”, IEEE Transactions on Industrial Electron-
ics, Vol. 68, No. 4, pp. 3370–3379, 2020.

[15] J. Kaur and S. R. N. Reddy, “Implementation of Linux Optimiza-
tion Technique for ARM Based System on Chip”, Procedia Computer
Science, Vol. 171, pp. 1780–1789, 2020.

[16] Xilinx Inc., “Vivado Design Suite User Guide”, Available: https://www.
xilinx.com/support/documentation/sw manuals/xilinx2021 1/ug973-v
ivado-release-notes-install-license.pdf [Accessed on 9-August-2021].

[17] Xilinx Inc., “Vitis Unified Software Platform Documentation”, Avail-
able: https://www.xilinx.com/support/documentation/sw manuals/x
ilinx2019 2/ug1393-vitis-application-acceleration.pdf [Accessed on
9-August-2021].

[18] Xilinx Inc., “Embedded Software & Ecosystem ”, Available: https://ww
w.xilinx.com/products/design-tools/embedded-software.html#overvie
w. [Accessed on 9-August-2021].

[19] S. Nandi and D. Kundu, Statistical Signal Processing: Frequency Esti-
mation, Springer Singapore, 2020.

[20] H. Zhang and A. Song, “A Map-based Normalized Cross Correla-
tion Algorithm using Dynamic Template for Vision-guided Telerobot”,
Advances in Mechanical Engineering, Vol. 9, No. 9, pp. 1–12, 2017.

Biographies

Sethakarn Prongnuch received his B.Eng. degree in computer engineering
from the Rajamangala University of Technology Phra Nakhon in Bangkok,
Thailand in 2011, and the M.Eng. and D.Eng. degrees in Computer Engineer-
ing from the Mahanakorn University of Technology in Bangkok, Thailand in



Voice Controlled Comparator Improvement 1097

2013 and 2019, respectively. He has worked as a lecturer at the department of
Robotics Engineering at Faculty of Industrial Technology in Suan Sunandha
Rajabhat University in Bangkok, Thailand since 2013. His research interests
include computer architectures and systems, embedded system, heteroge-
neous system architecture, and robotics.

 

Suchada Sitjongsataporn received the B.Eng. (First-class honours) and
D.Eng. degrees in Electronic Engineering from Mahanakorn University of
Technology, Bangkok, Thailand in 2002 and 2009. She has worked as lecturer
at department of Electronic Engineering, Mahanakorn University of Tech-
nology since 2002. Currently, she is an Associate Professor and Associate
Dean for Research at Faculty of Engineering and Technology in Mahanakorn
University of Technology. Her research interests are mathematical and sta-
tistical models in the area of adaptive signal processing for communications,
networking, embedded system, image and video processing.




	Introduction
	SoC Ecosystem Development
	Proposed Voice Controlled Comparator-Based on Normalized Cross Correlation in SoC Development Board
	Hardware Design in SoC Development Board
	Proposed Voice Controlled Comparator-based on Normalized Cross Correlation
	Experimental Results and Performance
	Conclusion

