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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 
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drivers when the parking lot has many exits. 
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