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주차정보시스템에서 메시지 지원을 위한 선택통지 프레임 워크☆
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Parking Information System
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요    약

중요한 통지를 받기 위해 주차관리에서 스마트 폰이 사용될 수 있다. 이러한 접근 방법의 내부구조에서는 통지 시스템에서 제공

되는 메시지 지속성을 고려해야 한다. 그러나 브로드케스팅 방법은 클라이언트에게 통지할 때 많은 오버헤드가 발생한다. 본 논문은 

불필요한 메시지 오버헤드를 줄이기 위해 필터링 방법을 사용한다. 휴리스틱 방법을 사용하여 통지 테그 값과 유사한 선호 값을 이
용하여 이동 클라이언트를 선택한다. 시뮬레이션 결과 제안한 필터링 기법이 다시 연결하는 과정에서 더 빠르고, 전통적인 메시지 

프레임 워크와 비교하여 메시지 오버헤드가 낮은 것으로 나타났다. 

ABSTRACT

Smart phones can be used in parking management to receive important notifications. An  infrastructure based from such approach 

should consider message persistence which is currently supported through push notification systems. However, the broadcast method 

produces high overhead when sending notifications throughout the clients. This paper uses a filtering method to prevent unnecessary 

message overheads. The heuristic approach selects the mobile clients with corresponding preference values based on the notification 

tag values. The simulation result showed that the proposed filtering method was faster in re-establishing connections and had lower 

message overhead compared to conventional messaging frameworks.

☞ keyword : Push notification(통지), wireless mobile messaging(무선 모바일 메시지), 

WSN-based parking management(WSN 기반 주차관리), parking guidance system(주차안내시스템)

1. Introduction

In a parking management system, providing users with 

fast and efficient service is a primary concern. 

Socioeconomic implications are also considered in imposing 

policies for choosing appropriate parking locations as well as 

maintaining parking areas [1] to prevent an underpriced and 

overcrowded facility. A parking information system is a 

well-known technique used by drivers to quickly find 

parking spaces and to inform them of critical events in the 
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parking area such as collisions [2]. Commonly, a parking lot 

uses screen monitors to display a map of the parking lot and 

identify parking areas with empty slots [3, 4]. Markings or 

labels in each parking area are made visible for it to be 

easily identified by a driver. Others provide additional 

devices like light/led indicators to indicate the vacancy of 

slots. In [3], the system consists of a WSN-based vehicle 

detection and management system where it gathers 

information on the availability of each parking lot and 

guides the driver to the available parking slot by led monitor 

displays. However, these traditional approaches are costly to 

implement, and in the long run, devices within the parking 

lot will be hard to maintain. 

In this paper, we present a messaging system to guide 

drivers in parking their cars and inform them of critical 

events in the parking area through their smart phone and at 

the same time using interactions from RFID and wireless 

sensors. We propose a parking guidance system using 
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sensors wherein nearby cars in the parking area are detected 

based on the radio signal strength. The parking sensors 

cooperate by sending their radio signal strength information 

to decide the current location of a car. After parking, cars 

are monitored for possible collision events by a sensor 

which was placed inside the car. In implementing the 

messaging of parking information system to clients, the 

infrastructure for message delivery should be considered. 

Socket network programs can be used to stream messages 

but message persistence is not supported in this technique 

and frequent re-connections are needed which is not 

appropriate in mobile environment. In our proposed 

framework, the messaging system of parking information 

system uses a push notification framework and considers 

message persistence. The message will keep on updating 

drivers and provide timely information. However, the current 

push notification system is inefficient in sending information 

where messages are broadcasted throughout the registered 

clients. In the proposed framework, the efficient message 

delivery is provided by filtering messages from information 

servers. Prior to broadcasting messages to clients, their 

individual properties and preferences will be used to decide 

whether to send the message to that client. A heuristic 

approach is used in the proposed filtering method wherein 

property values are transformed into numeric values to be 

calculated in a range function. These properties can be 

personal preferences or affiliations to a sender. The proposed 

filtering method is integrated in the messaging mechanism of 

the parking information system which supports applications 

such as smart phone-based park guiding system and collision 

notification.

2. Related Work

2.1 Parking Information System

A parking information system eliminates parking 

difficulties by making it easier to find available parking 

slots. Firstly, events are sensed by sensor devices and then 

processed these data to be sent as information to clients. 

Wireless sensors are used in the parking management 

systems to provide smart monitoring of events. Low-cost 

wireless sensors are deployed in a parking area which detect 

and monitor vacant parking slots. The events detected by 

sensor nodes are reported periodically to the management 

system. The database is accessed by an upper layer 

component to perform various management functions such as 

finding vacant parking lots, auto-toll, security management, 

and statistic reports. A work in [4] implements a shortest 

path algorithm to determine the nearest entrance of the 

selected parking lot. A star (A*) shortest path algorithm is 

used to find the least-cost path from a given origin node to 

the destination node. In [5], collaboration of cars is studied 

for efficient dissemination of information about parking 

spaces. The reports from wireless sensor nodes in [5] are 

passed from car-to-car in order to achieve scalable 

dissemination of information regarding parking spaces. 

However, a simple display monitor cannot update the drivers 

while driving inside the parking area. We solve this problem 

by providing services in a smart phone to guide the driver 

inside the parking area. In this paper, the use of smart phone 

together with interactions with wireless sensors to guide the 

car owners in parking is presented. We propose a parking 

guidance system using the information from wireless sensors 

to locate a parking area. The system also supports a 

notification system for events such as collisions.

2.2 Messaging in Wireless Mobile System

The earlier messaging technologies like Short Message 

Service (SMS) and Wireless Application Protocols (WAP) 

use messaging infrastructure built within telecommunications 

companies. While SMS was limited to simple messages, 

WAP supported access to the Internet for mobile web 

browsers but still limited of data transfers. Nowadays, the 

infrastructure of telecommunications is expanding to support 

fast Internet access like WiMax (USA, Japan) and WiBro 

(Korea). These technologies are designed based on a 

client-server model. Technology in mobile phones also 

exploited the use of peer-to-peer (P2P). There are three main 

traditional P2P architectures for mobile P2P networks: 

centralized P2P, decentralized P2P and semi-centralized P2P 

[6, 7]. Most studies use the Session Initiation Protocol (SIP) 

as the underlying signaling protocol for mobile peer-to-peer 

[6, 8, 9]. SIP is an application-layer control protocol that 

allows a host attached to a network to establish, modify, and 
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terminate multimedia sessions such as Internet telephony, 

Internet conferencing, event notification and instant 

messaging. Similarly, a study in [7] described a 

Plug-and-Play Application Platform (PnPAP) to enable 

dynamic selection between diverse P2P and session 

management while preserving the best network connectivity. 

Nowadays, smart phones support high bandwidth 

connections such as WiFi and are readily designed for 

Internet use. Smart phones are popularly used to get recent 

information from connected peers and social web sites which 

make use of push and poll frameworks. Push system is a 

type of communication in which information is “pushed” by 

the server towards the browser, contrary to the normal Pull 

principle whereby the browser initiates the request for 

information. For an application to operate in Push mode, a 

Push channel is required through which the data is fed from 

the server to client. Polling is a mechanism whereby a 

request is sent by the client to the server at regular intervals. 

In return, the server updates the status of each connected 

client. There are various push notification frameworks to 

choose from like Extensible Message and Presence Protocol 

(XMPP) and Android Cloud to Device Messaging 

Framework (C2DM) which impose message persistency. 

XMPP is a protocol for sending XML formatted messages 

[10] which is a popular in mobile messaging system. The 

XMPP is customizable where techniques are more flexible in 

processing messages. Also, Google introduced the Android 

C2DM to provide the public users their P2P sharing model 

[11]. Usually, this technology produces message overhead 

because of the broadcast method. In our paper, we provide 

a filtering method to choose only users who have interest 

with or specific to the notification message.

3. Intelligent Distributed 

Parking Management System

In this paper, the Intelligent Distributed Parking 

Management System (IDPMS) is used as the over-all 

infrastructure for the parking information system illustrated 

in Figure 1. IDPMS, which is an improvement from [2], is 

classified into 3 layers which are the sensing network layer, 

middleware layer and application layer. Each layer defines a 

distinct interaction from its components. In the sensing 

network layer, event sensing and processing of sensor data 

values are done to transform these values into information 

which will be processed in the middleware layer. Standard 

communication protocols for wireless sensors and RMI 

communications are considered in this layer. The data are 

gathered from devices like RFID readers and parking sensors 

within the parking lot. After transforming this into 

information, it will be forwarded to the PMS server using 

Java Remote Method Invocation (RMI) as shown at the 

bottom of Figure 1.

(Figure 1) Intelligent Distributed Parking Management 

System.

The PMS server provides an RMI server interface to 

update the information gathered from sensors and other 

devices. The components from this layer only gather sensor 

data but it does not have intelligence to analyze information. 

Also, one-way communication is implemented in which the 

PMS server only receives information from the sensors and 

RFID readers. The middleware layer is provided with 

intelligence to process information. The components in this 

layer are assigned with distributed tasks and use a more 



주차정보시스템에서 메시지 지원을 위한 선택통지 프레임 워크

36 2012. 8

(Figure 2) Parking Guidance System using parking 

sensors in parking area.

complex messaging system. The components are represented 

by agents and have specific tasks where the means of 

communication is more on conversational. Components used 

in parking management such as PMS server, database server 

and PIS server use multi-agent communication in the 

middleware layer. Information from sensing network and 

middleware layers are secured and not shared to the public. 

In the application layer, client communication is considered 

and information is accessed publicly. This layer provides a 

representation of information from the sensors and 

information from the parking management. The Parking 

Information System (PIS) is processing between the clients 

and the parking management system. Smart phones and 

some components that can be accessed in public are using 

the notification messaging.

The parking flow is described by the following: 1) a 

driver picks up a collision sensor, which is called 

ParkSENSE, from the gate before entering the premises of a 

parking lot. The driver manually seeks for parking lot with 

the guidance of PIS client installed in his/her smart phone. 

2) After choosing an empty slot, a car that has parked will 

be detected by a parking sensor and it will process the data 

to determine its location area. The parking sensor sends a 

message to the PMS server to record the parking event and 

to store the data which includes parking time, area ID and 

identification of car. A car owner should activate the 

ParkSENSE for collision sensing after parking and leaving 

his/her car, and 3) before exiting the parking area, the 

collision sensing of ParkSENSE should be deactivated. 

ParkSENSE is controlled by the PIS client in the smart 

phone of the driver. Also, a digital video recorder captures 

the video of parking events inside the parking area which is 

also used in collision verification method.

3.1 Parking Guidance System using Smart 

Phones

The Parking Guidance System (PGS) is classified in 

application layer while its method of communication is 

processed in the middleware and sensing network layers. 

The smart phone of a car owner is installed with a PIS 

client which includes the PGS program in its module. A 

parking slot is an area for a single car to park and a parking 

area consists of several parking slots. The numbers of 

parking slots in each parking area vary and this is adjusted 

by an administrator of the parking management. An 

establishment that owns a parking lot has several parking 

area. IDPMS is used by the establishment to manage the 

parking lot. Each parking area has a sensor used for PGS 

and these sensors are called parking sensors. PIS server 

informs a car entering the parking lot about the availability 

of a parking area and the possible routes to a vacant parking 

slot with the information from parking sensors. When the 

car approaches near a parking area, a parking sensor is 

queried by PIS server if there is a vacant slot. The location 

of a car is determined by the radio signal strength (RSS) 

where the location area is decided if the RSS from a 

collision sensor is higher on that area. If there is an 

available slot then the PGS will command the driver to GO 

INSIDE, or else, the PGS will find a route for the next 

available slot of a parking area. R contains the route table of 

the next parking area and this is sent to the PGS. A single 

route contains commands, GO STRAIGHT, TURN RIGHT 

and TURN LEFT. The commands are associated to a 

parking area led by a route which is manually configured by 

an administrator or route experts. These commands are 

executed accordingly when a driver is near a parking sensor. 

Figure 2 illustrates the guidance system using parking 

sensors with a number of cars in the parking lot. A yellow 

box represents a vacant slot and this information is sent to 
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the smart phone of a client entering the parking lot. The 

client then uses its smart phone as a guide to that parking 

slot.

Figure 3 shows the pseudo code of routing a parking area 

with an available parking slot (ut) in all parking areas (U). 

The routes (R) that are sent to PGS are the possible shortest 

route to a parking slot. Every time the PIS server determines 

a car’s location (ct), a command will be imposed to PGS. 

These commands are stored in the recommended route (r). 

These routes were identified by an administrator and also 

accompanied with the shortest route which is set at the PIS 

server. 

// locating a vacant slot
ut = find Vacant(U)
// determine the parking area
ct = find ParkingArea(ut,C)
// selecting the routes
R = select Routes(ct,C)
r = select Recommend(R)

// instructions of PIS server to PGS
  for each ci ϵ r do
        if ci = ct
      instruct ci     with GO INSIDE     
    else if ci+1 STRAIGHT
      instruct ci     with GO STRAIGHT
        else if ci+1 RIGHT
      instruct ci     with TURN RIGHT
        else if ci+1 LEFT
      instruct ci     with TURN LEFT
    end if
    i++
  end for

(Figure 3) Pseudo code of finding and selecting 

routes to a vacant slot. Each route 

consists of commands associated to 

parking areas.

Equation 1 calculates each route of all parking areas. 

PGS will only consider the best route which is informed by 

PIS server about the routes to a parking area with a vacant 

slot. If there are two or more selected routes then it will 

choose at random. While parking inside, PGS will always be 

updated by the PIS server of the available slots after a car 

drives near the parking area.
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3.2. Car Collision Notification System

In the collision detection, the collision analyzer agent in 

[2] was used. The collision analyzer agent handles the 

detection and verification of collisions that occur inside the 

parking area. After the verification, the PMS server that 

receives messages from the collision analyzer agent informs 

the parking information system. There are three steps for the 

car collision detection which are: 1) collision sensing, 2) 

collision verification and 3) car owner notification illustrated 

in Figure 4. After the collision analyzer agent verified the 

collision and identified the cars that collided, it reports the 

car collision event to the PMS server and then the PMS 

server will send the information to PIS server. The collision 

information includes identification of cars affected by the 

collision. 

(Figure 4) Car collision detection, verification 

and notification methods.

4. Filtered-Push Notification 

Framework

The proposed filtered-push notification framework for PIS 

is illustrated in Figure 5. The push notification is done in 

the application layer by its components. The information 

processed in the middleware layer is forwarded to the 

application layer and then the dissemination of information 

will be managed by PIS server to be sent to clients. 

Messages that are processed in this layer are in XML 

format. Also, smart phones are provided with libraries to 

support processing of XML messages which is already 

included in the PIS client program. A driver has to be 
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registered to PIS server before it can receive notification 

messages or use other applications of the parking 

management system. PIS applications such as parking 

guidance system and collision notification use the push 

notification framework for its messaging system. The 

procedure of push notification system illustrated in Figure 5 

is described by the following:

1. PMS server sends event information to PIS server and 

then PIS will process notification events. Examples of 

these events are collision notification and location 

information requested by the PIS client.

2. PIS server processes filtering before sending notifications 

to clients. If the notification is for a specific person/driver 

then filtering will be used to select clients. 

3. Clients, which were selected by the filtering, are sent 

with the notification message.

4. Registered PIS client sends a request for information to 

the PIS server.

5. PIS server requests for images from the DVR System.

6. DVR system sends images to the PIS Server. The images 

that were sent will be viewed by PIS clients that were 

notified by a collision event.

(Figure 5) Procedures of the push-notification 

system for the PIS.

The filtering method uses the input properties from PIS 

client, and tags from notification message. The input 

properties from a driver is represented by n = {u1, u2,…, un} 

are compared to the notification tags represented by t= {t1, 

t2,…, tn}. The notification message tag is set by a sender 

and this is compared to each u of a client n where all clients 

in session will be processed in the filtering. These tags are 

initially configured by a PIS administrator. Compound 

statements are used when comparing with two or more client 

properties. The OR statement is used if one of the properties 

is true while AND statement is used if the search requires 

two input properties in the search, e.g., u1 OR u2 returns all 

services that satisfies either u1 or u2 while u1 AND u2 

returns all services that contains both u1 and u2. The 

properties with outcome values from a notification and input 

properties are compared. An outcome value can be 

represented by a string or a numerical value. The system 

matches properties and notification tags to process filtering. 

For example, if notification tag is relative of driver A, 

obviously, the filtering will query the clients who are 

relatives of driver A. All n that satisfy the condition for 

filtering in Equation 2 are gathered where 0 indicates there 

is no similar properties from tags while 1 indicates there is 

at least one similar property in sending the notification.
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Equation 2 is the filtering function where all clients are 

processed by filtering and then selected clients are sent with 

notification message. The u and t are compared using the 

function f(u, t). If the value of either u or t is categorical 

and other is numerical then categorical values will be 

transformed into numerical values. Equation 3 and Equation 

4 are used to transform categorical values from u referring 

to numerical values from t. In Equation 3, the rx represents 

the length of each categorical value to transform into 

numerical value. The maximum value from a property u 

represented by tmax is subtracted to the minimum value 

represented by tmin and the result is divided by the number 

of categories represented by m. In Equation 4, the filtering 

function will choose all clients that satisfies the condition 

xmin <= t < xmax where xmin is the starting range value of u 

and xmax is the ending range value of u. The cat(u) is a 
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function that determines the index category of a preference. 

If m=3 then indexes are cat(u)={1,2,3}. If u is the last 

indexed category from the selection then xmax will be equal 

to tmax and t will be filtered using the condition xmin <= t 

<=xmax. The results from filtering are listed to selected_ 

clients and each client will be sent a notification message.

The notification message will be sent to PIS clients after 

processing the filtering method. In Figure 6, a final result 

from using the filtering algorithm is illustrated where 

relatives of a driver are sent with notifications after that 

driver parks in an establishment. The configurations of 

properties are set manually by the driver who wants to 

receive notification messages. 

(Figure 6) A notification message is sent to the 

relative of a driver after filtering.

PIS servers also form P2P network to other PIS servers. 

The P2P network allows PIS servers to interact and 

negotiate using an agent approach. The negotiation includes 

allowing the use of services from other parking systems. In 

Figure 7A, a P2P network of PIS servers is illustrated where 

logical links over the Internet are established. Negotiations 

to use parking services to different establishments are 

supported in the peer linked PIS servers. An example of 

negotiation is illustrated in Figure 7B where a registered 

client in PIS server 2 is allowed to park using PIS server 1 

and use its account through negotiations from PIS server 1 

and PIS server 2. After negotiations, the PIS server 2 will 

pay the parking fee to PIS server 1. The client does not 

need to register to other PIS servers but the system will 

automatically negotiate and handle transactions.

(A) (B)

(Figure 7) Peer links of PIS servers  in A are used 

to perform negotiation within different 

establishments illustrated in B.

5. Implementation of IDPMS

The IDPMS was developed in Java and different class 

libraries were used which are, 1) RMI for parking sensors 

and RFID to communicate with PMS server, 2) JADE 

Framework for interactions of components in the middleware 

layer and 3) XMPP application server for PIS server. The 

PIS client used Android OS with libraries for XMPP to 

communicate with PIS server. Wireless sensor motes with 

Zigbee specification were used for parking sensors to 

process the proposed guidance system. The HBE-SM5-S4210 

installed with Android OS was used to evaluate the filtering 

technique for messaging performance. In Figure 8, the PGS 

program (B) was built as a sub form of PIS client (A). To 

communicate with the wireless sensors inside the parking 

lot, the application layer requests information to PMS server. 

Every time a vacant slot is determined by parking sensors, 

PIS server informs PGS of the availability of area through 

the messaging system of IDPMS. In Figure 9, the images of 

collision event viewed using PIS client program are shown. 

The image viewer is executed after a collision notification 

was sent to the smart phone. In Figure 9A, a car is about 

to approach another car, in Figure 9B, the car is very near 

to another car and in Figure 9C, the car collides and 

collision sensor senses this event which triggers message 

sending to PMS server.
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(A) (B)

(Figure 8) PIS main interface in A opens the PGS 

activity in B after clicking the Park 

Guide command button of PIS client 

program.

(A) (B) (C)

(Figure 9) Images of collision event viewed by 

using the PIS client. In A, a car is 

about to approach another car, in B, 

the car is very near to another car and 

in C, the car collides and collision 

sensor sends collision notification.

5.2. Performance Evaluation of Messaging 

System

In the performance evaluation, a discrete event simulation 

of car arrivals and car parking was performed. The total 

time of parking inside a parking lot and the number of 

successful parked cars were observed. In the simulation, 3 

parking areas were set and each area has 10 parking slots. 

The arrival time of cars was set in random. Also, a parking 

time from each car was set randomly. The parking lot is 

only one way driving. A car will go to the next parking area 

if there are no available parking slots. If a car passed the 

last parking area then it will exit after passing through that 

area and labels this as unsuccessful parking. Two 

conventional methods were compared to the proposed 

method which is the map-based information system and use 

of LED indicators. In the map-based information system a 

driver is informed of vacant slots by looking on a display 

screen before it parks while the LED indicator method uses 

post light beneath a parking slot to inform a driver of its 

vacancy. In LED indicators, a driver will be guided by LED 

indicators where the driver needs to drive slowly while 

inside the area because of unfamiliar place. In a map-based 

information system, a driver will search for vacant slot by 

looking at the map on a monitor screen. This will give him 

prior knowledge to map the vacant slot before he or she 

enters the parking lot. In this case, he can drive faster 

compared to using LED indicators to search vacant slots 

inside the parking area. However, vacant slots might be 

occupied immediately because some cars that already entered 

the parking lot might have found it first and parked in that 

slot. This can be solved by combining the two methods, 

however, expensive to implement. The PGS works like 

combining the methods ignoring the cost of installing 

additional devices (LED indicator) and only smart phone and 

PIS software are used. In evaluating our method, the 

proposed method was also set with the same environment 

with map-based as well as LED indicator. The PGS and 

maps based methods were configured with 20% faster than 

LED indicator method. There are two performance metrics; 

these are the total time of cars parked and the total number 

of successfully parked cars. The arrival time and period time 

of parking are generated randomly. The arrival time is 

selected between 0 and 100 seconds and also the period of 

parking is between 0 and 100 seconds.

Figure 10 shows the result of successfully parked cars 

and total time of parking in the simulation where it was 

observed that there were no vacant slots to park incoming 

cars when 70 or more cars are currently inside the parking 

area. The cars in LED indicator implementation were slower 
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(A) (B)

(Figure 10) Number of successful parked cars in A and total time of parked cars in B.

in finding vacant slots while the smart phone-based PGS and 

map-based information system had almost the same 

performance in total time, however, in 70 car arrivals, the 

number of successfully parked cars of the smart phone-based 

PGS was higher than other two methods.

5.2. Message Passing Performance

The messaging performance of the filtered-push 

notification framework was compared to other methods for 

evaluation. A server installed with Linux OS for PIS and an 

Android based smart phone were used. The performance of 

message persistence was measured in terms of delay time in 

re-establishing a disconnected session. The socket network 

program (SNP) and Android C2DM were compared to the 

proposed filtered-XMPP (f-XMPP). SNP used a handler to 

reestablish connection which was coded for the purpose of 

our simulation while C2DM and f-XMPP used the libraries 

to re-establish its sessions. Moreover, the performance in 

sending a message was measured by its delay time. The 

content of each message consisted of 10 words and was 

increased until 1000 words through the simulation. It was 

observed that there was no huge difference in sending 1000 

words compared to 10 words only. Each case was repeated 

10 times and then the total result was averaged for the final 

values.

In Figure 11, the result shows that SNP is fastest in a 

reconnection. Simple reconnections can be managed by SNP 

but C2DM and f-XMPP can handle more complex issues in 

re-establishing sessions. It was observed that f-XMPP was 

faster in re-establishing the connection than C2DM. The 

C2DM handled the messaging system using its complex 

system and resulted to more delays. The delay time of 

sending a message is shown in Figure 12 which has a 

similar trend from Figure 11. As discussed previously, the 

content volume of a message had less significance in the 

delay time of sending a message. Figure 13 shows the 

messaging performance by increasing the number of 

messages. Performing this simulation will tells us how fast 

a framework responds to simultaneous sending of messages. 

Similar to Figure 12 and 13, the complexity of message 

passing in C2DM provides high overhead. It was observed 

that SNP was faster from 1 to 4 messages but f-XMPP was 

faster from 5 to 10 messages. f-XMPP selected the relevant 

clients by comparing tags of notification messages and 

properties from PIS client. In Figure 12, clients to be sent 

by notification were processed in filtering and few which 

were irrelevant to PIS clients were not included. This result 

implies that f-XMPP was better in simultaneous sending of 

messages than the SNP and C2DM.
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(Figure 11) Delay time in reestablishing a session 

in milliseconds.

(Figure 12) Delay time in sending message in 

milliseconds

(Figure 13) Delay time in sending message by 

increasing the number of messages.

6. Conclusion

A smart parking system helps eliminate difficulties in 

parking by making it easier and faster for drivers to seek 

available slots. This includes tools and devices to guide a 

driver on his way inside the parking area. In this paper, a 

smartphone-based parking guidance system was proposed to 

provide drivers with proper directions which uses the 

information gathered from parking sensors. In our simulation 

using our proposed method, drivers can efficiently find 

vacant parking slots. However, the push notification 

messaging used in the parking information system (PIS) 

produces high message overhead when sending notifications 

throughout the clients which causes delay time in updating 

the car’s current location. In our proposed messaging 

framework, the notification method uses filtering to prevent 

unnecessary message overheads. This paper showed the 

implementation and performance evaluation of the proposed 

framework. It was observed that the complexity of message 

passing in C2DM provides a high overhead compared than 

f-XMPP, and f-XMPP was faster in handling simultaneous 

message sending than the SNP.
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