
 

 

  
Abstract—This paper designs an intelligent guidance system, 

based on wireless sensor networks, for efficient parking in parking 
lots. The proposed system consists of a parking space allocation 
subsystem, a parking space monitoring subsystem, a driving guidance 
subsystem, and a vehicle detection subsystem. In the system, we 
propose a novel and effective virtual coordinate system for sensing 
and displaying devices to determine the proper vacant parking space 
and provide the precise guidance to the driver. This study constructs a 
ZigBee-based wireless sensor network on Arduino platform and 
implements the prototype of the proposed system using Arduino-based 
complements. Experimental results confirm that the proposed 
prototype can not only work well, but also provide drivers the correct 
parking information. 
 

Keywords—Arduino, Parking guidance, Wireless sensor network, 
ZigBee. 

I. INTRODUCTION 
HE number of cars people own is still increasing nowadays 
due to its convenience. Therefore, parking has becoming 

an important requirement for people. However, finding an 
available parking space, especially in crowned urban areas or 
large parking lots is time-consuming. To support a parking 
assistance, most owners of parking lots or garages have used 
the control at the entrance via labor or electronic signboard. 
These methods typically provide the number of vacant spaces 
and the uncertain driving direction to the driver. Due to the lack 
of the precise information of the available space, a driver is 
likely to suffer from time and gasoline consumption to look for 
the available space. Therefore, how to design a guidance 
system for effective parking is becoming a crucial issue in the 
academic community and industry. 

In recent years, the progress of the wireless and the sensing 
technologies creates a variety of applications, such as 
environmental monitoring, object detection, and security 
surveillance [1]. A wireless sensor network (WSN) is 
composed of a sink and a large or huge number of sensor nodes. 
Each sensor node includes a sensing unit, a processing/storage 
unit, a communication unit, and a power supply unit. In many 
applications, sensor nodes need to transmit the sensing readings 
(e.g., temperature, humidity, or pressure) to the sink for 
collection [2].  

Existing studies have developed many schemes and systems 
to improve parking efficiency [3], [5], [6]. They mainly provide 
the information of the available space to drivers and achieve the 
management of spaces using the monitoring and 
communication facilities and devices. In addition to the 
fundamental traffic and management information provision, 
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many works focus on parking guidance [7], [8]. On the other 
hand, much research pays attention to the VANET-based 
parking guidance system [4], [11]. 

This paper proposes an intelligent WSN-based guidance 
system, called iPGS, for efficient parking, especially, in large 
parking lots. The proposed system consists of four subsystems: 
the parking space allocation subsystem, the parking space 
monitoring subsystem, the driving guidance subsystem, and the 
vehicle detection subsystem. The system is implemented using 
a WSN, which is formed by a central node and a variety of 
nodes, including the driving guidance (DG) node, the space 
monitoring (SM) node, the status indication (SI) node, and the 
vehicle detection (VD) node. These nodes perform their own 
functions and communicate with other nodes collaboratively to 
accomplish the guidance task. This study implements a 
prototype of the proposed system using the Arduino platform 
and a various kinds of sensor modules. All the nodes in the 
prototype can exchange messages with other nodes using the 
ZigBee wireless technology. Experimental results show that the 
prototype can work well, and our design can actually achieve 
the accurate parking guidance. 

This paper is organized as follows. Section II reviews some 
previous work. Section III describes the proposed iPGS in 
detail. Section IV presents the prototype implementation and 
experimental results, and finally Section V provides concluding 
remarks. 

II. RELATED WORKS 
Hsu et al. [7] use the dedicated short range communication 

(DSRC) technology and combine many hardware and software 
to develop an integrated service parking guidance system in 
parking lots. To enhance the guidance accuracy, the system 
uses accelerometers and gyroscopes to correct the positioning 
error obtained by the global positioning system (GPS). Yoo et 
al. [8] design a parking guidance system on the basis of wireless 
sensor networks. The system consists of a vehicle detection 
subsystem and a management subsystem. The former gathers 
the information on the availability of each parking lot and 
report the result to the management subsystem. The latter 
processes the gathered information and provides the guidance 
information to the driver. 

Lu et al. propose a smart parking scheme, called SPARK, to 
provide convenient parking services in large parking lots [4]. 
The scheme employs three roadside units (RSUs) deployed in 
the parking lot to monitor and manage the whole parking lot 
using the VANET communication technology. The main 
advantages of SPARK include providing real-time parking 
navigation service to drivers in large parking lots and friendly 
parking information dissemination service to the moving 
vehicles. Considering the large amount of investment and 
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parking space with the minimal departure distance as the best 
parking space and allocates this space to the car. 

B. Parking Space Monitoring Subsystem 
In general, the status of each parking space is the important 

information for most parking management or guidance systems. 
The parking space monitoring subsystem in iPGS targets to 
validate the existence of vehicles in a parking space and report 
the result to the central node. The SM node deployed in the 
parking space takes charge of this validation. This subsystem 
uses a SPACE_STATUS packet to report the status of each 
parking space. The occupied field in the SPACE_STATUS 
packet indicates the status of a parking space. The value of 0 
means a vacant parking space. The value of 1 means an 
occupied parking space. Moreover, the SPACE_STATUS 
packet maintains the virtual coordinates of the sender. 

Initially, all SM nodes are inactive because all sparking 
spaces are vacant. In general, a vehicle will stop for a time 
period when it enters a parking space. The SM node performs 
vehicle detecting for a time period when detecting an object. If 
the SM node detects no object, it immediately returns to the 
vacant state, and then transmits a SPACE_STATUS packet in 
which the value of the occupied field is 0. On the other hand, if 
the duration that the SM node has successfully detected an 
object exceeds a threshold, it deems that there is a vehicle 
locating in the parking space. The node then transmits a 
SPACE_STATUS packet in which the value of the occupied 
field is 1. 

C. Driving Guidance Subsystem 
The main objectives of the driving guidance subsystem 

include driving direction guidance and parking space indication. 
The former is achieved by using DG nodes when cars approach 
the intersection of driving lanes, and the latter is accomplished 
by using SI nodes when cars approach the parking space 
allocated. 

In iPGS, the DG nodes are linearly deployed and recognized 
by a unique identifier. For the sake of simplicity, the identifier 
of a DG node is denoted as a value which progressively 
increases with an increase in the distance between the DG node 
and the pedestrian exit. The iPGS allocates only one parking 
space per car. Obviously, only the DG node the car last passes 
through needs to guide the driver to turn right and other DG 
nodes the car has passed through need to guide the driver to go 
straight ahead. 

Let ax and ay be the x-coordinate and the y-coordinate of the 
parking space the system allocates, respectively. Let RID  the 
identifier of the DG node which needs to display ‘Turn Right’ 
indication. RID can be derived from 
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When the central node has determined the allocated parking 

space, it needs to notify the DG nodes to provide the guidance 

information to drivers. This notification is achieved by the 
central node to transmit a GUIDING_INFO packet. To reduce 
the communication overhead, the iPGS broadcasts this packet 
instead of transmitting the packet to each individual DG node. 
Therefore, RID should be carried in the transmitted 
GUIDING_INFO packet. In iPGS, the DG node displays the 
indication for a specific time period, which is a pre-determined 
parameter. When receiving a GUIDING_INFO packet, the DG 
node depends on the RID  in the received packet to determine 
whether it needs to turn on the accurate indication or not. The 
node turns off the indication when the time of indication 
expires. 

Recall that the SM node is reasonable for reporting the status 
of the parking space to the central node. When the central node 
receives a SPACE_STATUS packet, it transmits an 
SI_ACTIVE packet or a CAR_ENTRY packet to the 
corresponding SI node if the value of the occupied field is 0 or 1, 
respectively. The identifier of this SI node is carried in the 
packet the central node transmits. When receiving a 
SI_ACTIVE packet, the SI node turns on the indication if it 
appears in the received SI_ACTIVE packet. On the other hand, 
when an active SI node receives a CAR_ENTRY packet, it 
immediately turns off its indication if appears in the received 
SI_ACTIVE packet. 

D. Vehicle Detection Subsystem 
This subsystem targets to provide the information of the 

vehicle’s location to the central node. According to this 
information, the central node makes a decision of transmitting 
the SI_ACTIVE packet to the SI node of the allocated parking 
space. When a VD node detects an object, it transmits a 
CAR_DETECTED packet to the central node. The 
CAR_DETECTED packet includes the virtual coordinates of 
the sender.  

Although depending on the notification of only one VD node 
is practicable for vehicle detection, it is by no means an 
efficient approach because the mistake may occur in that the 
VD node regards a non-vehicle (e.g., animal) as a vehicle. 
Because the movement of vehicles is closely related to time and 
space, this study proposes a spatial-temporal detection strategy 
to the improvement of detection accuracy. The main idea 
behind the proposed strategy is that the central node regards the 
vehicle is approaching the allocated parking space if it receives 
the CAR_DETECTED packets from k VD nodes which are 
near the allocated parking space within the specific time period. 
The value of k is an application-dependent parameter, and the 
study considers the value of k is 3. 

IV. PROTOTYPING DETAILS AND EXPERIMENTAL RESULTS 
This section presents the prototype implementation of the 

proposed iPGS, followed by the experimental test results. 

A. Prototype Implementation 
We implement the prototype of iPGS using Arduino as the 

platform. All the nodes in this study are implemented using 
Arduino UNO Rev 3 microcontroller board, based on the 
ATmega328 [9]. The communication module of all the nodes is 

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering

 Vol:8, No:5, 2014 

803International Scholarly and Scientific Research & Innovation 8(5) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ro

ni
cs

 a
nd

 C
om

m
un

ic
at

io
n 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
5,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

82
96

.p
df



 

X
Se
pa
ch
ul
an
se
re

bo
m
pr
re

w
m
in
im
re
fo
1.

2.

XBee ZBZigB
erial LCD (B
anel can disp
haracters on 
ltrasonic dista
nd SI nodes 
ensor and l
espectively. 

The impleme
oard and a dat

module on Ard
rocess (e.g., c
eceived packet

 

 
To control th

wireless modu
modules, inclu
nfrared contro
mplemented on
espectively. T
ollows. 
 LCD Contr

the LCD 
indication 
wireless m

 LED Contr

ee (Series 2) 
Backlit) to imp
play up to tw

each line. W
ance sensor to 

are implemen
light emittin

entation of the
tabase. We ad

duino board. B
compare, upd
ts from other 

he hardware 
ule, we devel
uding an LCD
oller, and an
n the DG node

The main func

roller: This m
hardware m

according to 
module. 

roller: This m

[10]. We us
plement the D
wo lines of t
We use the 

implement th
nted using th

ng diode (L

e central node
dd an XBee Z
Because the c
date, etc.) the
nodes, we use

module or co
lop four Ardu
D controller, 
n ultrasonic 
e, SI node, SM
ctions of thes

module is respo
module to di

the received 

odule is respo

se the Paralla
DG node. Thi
text, with up
Parallax PIN

he VD node. T
he common i
LED) light 

 includes an A
ZB ZigBee (Se
central node n
e information
e a laptop to c

Fig. 3 Fun

ommunicate w
uino-based so
an LED cont
control, whi

M node, and VD
se controllers

onsible for trig
isplay the a
command fr

onsible for turn

 

ax 2x16 
is LCD 

p to 16 
NG)))TM 
The SM 
infrared 
sensor, 

Arduino 
eries 2) 

needs to 
n in the 
create a 

da
use
US
bo

cen
op
als
no
the
pa
the

nction block di

with the 
oftware 
trol, an 
ich are 
D node, 
s are as 

ggering 
accurate 
rom the 

ning on 

3.

4.

atabase to main
e a USB to se
SB cable to a
oard and the la

Fig. 3 shows
ntral node, we

perations of th
so included to 
odes. In additio
e important 

arking spaces, 
e vehicle. 

agram of iPGS

or turning 
received co
Infrared C
receiving th
the parking 
the infrared
Ultrasonic 
receiving th
hardware m

B. Experimen
Fig. 4 shows 

ntain the nece
erial base unit,
achieve the c
aptop. 
s the function
e design seven
he proposed s

provide the c
on, the centra
information, 
the status of p

off the indic
ommand from 
Controller: Th
he infrared sig
space accordi

d hardware mo
Controller: T

he distance m
module and ver

tal Results 
the scenario o

essary informa
, XBee Explo
communicatio

n block diagra
n software mo
ubsystems. A
ommunication

al node has a d
such as virt

parking spaces

cation functio
the wireless m

his module 
gnals and deter
ing to the rece
odule. 
This module 
measurement 
rifying the exi

of our experim

ation. Moreov
rer USB, and 

on between A

am of iPGS. 
odules to supp

A wireless mo
n with other ty
database to m
tual coordina
s, and the loca

 

on according 
module. 
is responsib

rmining the st
eived comman

is responsib
from the ultr
istence of veh

ment. We consi

ver, we 
a mini 

Arduino 

In the 
port the 
dule is 
ypes of 

maintain 
ates of 
ation of 

to the 

ble for 
tatus of 
nd from 

ble for 
rasonic 
hicle. 

ider 24 

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering

 Vol:8, No:5, 2014 

804International Scholarly and Scientific Research & Innovation 8(5) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ro

ni
cs

 a
nd

 C
om

m
un

ic
at

io
n 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
5,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

82
96

.p
df



 

pa
zo
no
m
sp
sp

pa
co
th
sp
th
sp
ve
th
G
pa
as

no
id
Th
de
pa
no
th

arking spaces
one is planned
odes, and SI 

mentioned in Se
paces is 5. Th
paces are (1,2)

 

 
Recall that w

arking lot, the
orresponding t
he experiment
pace represent
his parking sp
paces. Thus, w
ehicle, it notif
hen the ce

GUIDING_INF
acket, the DG
s shown in Fig

When the ve
ode at (0,3) 
dentifier of thi
his can be ver
erive the coo
arking space is
odes at (0,1), 
he detection re

, which are c
d as a 6 2×  lay

nodes are d
ection III. Ass
he virtual coo
), (1,5), (2,4), 

Fig. 4 Expe

when a vehic
e central node
to each vacant
t, the central n
ted by (1,2) b

pace is less th
when the VD
fies the centra
entral node
FO packet. On
 node at (0,0)

g. 5 (a). 
ehicle approac
displays ‘Tur
is DG node is
rified in Fig. 5
rdinate of the
s (1,3). When 
(0,2), and (0,

esult to the ce

configured as 
yout. All DG n
eployed at th
sume the numb
ordinates of t
(3,4), and (5,

erimental scenar

cle arrives at 
e calculates th
t parking spac
node finally a
because the d
han those of o
D node locate
al node of the 
e immediate
nce receiving t
) displays ‘Go

ches the VD n
rn Right’ ind
s in the GUID
 (b). Note that
e entrance po
the vehicle pa

,3) in sequenc
entral node. T

two zones an
nodes, SM nod
he specific lo
ber of vacant p
these vacant p
5). 

rio 

the entrance
he departure d
ce according t
allocates the p
departure dista
other vacant p
ed at (0,0) de
detection resu

ely broadca
the GUIDING

o Straight’ ind

node at (0,3), 
dication becau
DING_INFO 
t the central no
oint of the al
asses through
ce, these node

The central no

 

nd each 
des, VD 
ocations 
parking 
parking 

 

e of the 
distance 
o (1).In 
parking 
ance of 
parking 
etects a 
ult, and 
asts a 

G_INFO 
dication, 

the DG 
use the 
packet. 
ode can 
llocated 
the VD 

e report 
de then 

req
ind
str
tur
pa
spa
res
the
res

Fig

ap

W
inc
mo
ve
lot
spa
thi
ass
cal
tha
an
acc
the

quests the SI n
dication accor
rategy. This ca
rns on succes

arking space a
ace at (1,2), t
sult. Then cen
e allocated pa
sult is shown i
 

(a

(c

g. 5 Experimen
Straight’ indica

Right’ indica
pproaches the p

when th

This paper h
WSN-based par

cludes a parki
onitoring sub
hicle detection
t perform var
ace monitorin
is study has p
sist in determ
lculating the 
at all nodes in

nd therefore t
curate guidanc
e solution to lo

node of the pa
rding to the pr
an be validate
ssfully. When
and is detected
the SM node 
ntral node imm
arking space to
in Fig. 5(d), in

a)
 

c) 

ntal results (a) T
ation. (b) The D
ation. (c) The S
parking space at
he vehicle enter

V. CON

has proposed
rking guidanc
ing space alloc
system, a dri
n subsystem. T
rious tasks, su
ng, and drivin
proposed a no

mining the loc
departure dist

n our Arduino
the proposed
ce information
oad-balancing

arking space a
roposed spatia
ed in Fig. 5(c)
n the vehicle 
d by the SM 
notifies the 

mediately requ
o turn off the 
n which the L

The DG node at 
DG node at (0.3
I node turns on
t (1,2) (d) The S
rs the parking sp

NCLUSION 
d a prototype
e system, call
cation subsyst
iving guidanc
The nodes dep
uch as vehicle
ng direction d
ovel virtual c
ations of veh
tance. Experim

o-base implem
d iPGS can p
n. Our on-goin
g guidance for

at (1,2) to turn
al-temporal de
), in which th
enters the all
node of the p
central node 
uests the SI n
 indication. T
ED has turned

(b)
 

(d) 

(0,0) displays t
) displays the ‘

n when the vehic
SI node has turn
pace at (1,2) 

e of an inte
led iPGS. The
tem, a parking

ce subsystem, 
ployed in the p
e detection, p
display. In ad
oordinate sys
icles and nod
mental results

mentation work
provide drive
ng work is exp
r the requirem

n on the 
etection 
he LED 
located 
parking 
of this 

node of 
The test 
d off. 

the ‘Go 
Turn 
cle 
ned off 

elligent 
e iPGS 
g space 

and a 
parking 
parking 
ddition, 
stem to 
des and 
s show 
k well, 
ers the 
ploring 

ments of 

World Academy of Science, Engineering and Technology
International Journal of Electronics and Communication Engineering

 Vol:8, No:5, 2014 

805International Scholarly and Scientific Research & Innovation 8(5) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ro

ni
cs

 a
nd

 C
om

m
un

ic
at

io
n 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
5,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

82
96

.p
df



 

 

drivers when the parking lot has many exits. 
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