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Adaptive Sensing based on Fuzzy System for Ubiquitous
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Abstract

Wireless sensor networks are used by various opplication areas o implement smart dafa processing and  ubiguitous system. I
the recent research of parking management system based on wireless sensor networks, adoptive sensing and efficient data
processing are not considered. The effectiveness of implermnenting these distributed computing devices affects the performance of
the applications in parking management. This paper proposes an adaptive sensing using fuzzy wireless sensor for the ubiquitous
networks of parking management system. The fuzzy inferencesystem is encoded in the sensor for efficient car presence detection.
Moreover, a rule base adaptive module is proposed which wirelessly fransmit the new values to each sensor for adapfing the
environment of car park area. The result of experiments shows that the fuzy wireless sensor provides more throughputs and less
fime delays compared to a norma method of data gathering by wireless sensors.
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1. Introduction

Wireless sensor systems have been popularly
researched on the field of healthcare, military,

environmental monitoring and othersD. These
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wireless sensor networks (WSN) are characterized
by its low-cost, limited-power, small sized, specific
functional devices and wireless

communication that smartly processes data and

or multiple

provide ease information. Wireless sensor networks
provide a multi-disciplinary area of research where
concepts and techniques are used to solve the
problems on diversity in various applications. Some
important performance issues of WSN rely on the
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protocols and architecture [2]. Communication
protocols of WSN are crucial on providing reliable
information from the source to the destination.
Efficiency in energy consumption is considered by
most researchers. Power-aware methods by removing
redundant functions from the WSN are studied to
provide the wireless sensors a longer time
operations. It 1is also important to consider
adaptation of the sensor reading based on changes
in the environment. Extreme conditions like having
different weather in an area where the sensors are
deployed can affect the accuracy of the sensor
readings.

This paper proposes an adaptive sensing using
the proposed fuzzy wireless sensor for the
ubiquitous networks of parking management system.
The architecture of the ubiquitous parking
management system is consisted of three separate
layers of hardware and software components. This
paper focuses on the efficiency of ubiquitous
network by wusing fuzzy wireless sensors. The
proposed fuzzy wireless sensor is designed to
process the raw data of the sensor in the fuzzy
“inference system for efficient car presence detection.
Moreover, a rule base adaptive module is proposed
which wirelessly transmit the new values to each
sensor for adapting the changes in the environment
of parking area. The fuzzy wireless sensor is
implemented in the parking system simulator. The
result of experiments shows that the fuzzy wireless
sensor provides more throughputs and less time
delays compared to a normal method of data

gathering.
2. Background and Related Works

Parking management system using WSN are
popular studies of researches [3.4,5,6,7,8]. This

method implements WSN to sense the presence of
the car and monitors the location of cars. Relevant
services in car parking system rely on this method
like car locator system, car parking negotiator and
other ubiquitous application in car parking system
management. However, efficient data processing and
adaptive methods must be designed. The following
subsections are related works basis on designing the
adaptive system of the fuzzy wireless sensor.

2.1 Parking Management System using WSN

Current studies in smart parking management
system are efficient implementation of WSN to
sense the car arrivals and determine the specific slot
where the car parked. In [3] wireless sensor
networks are used for automatic vehicle car parking
where wireless sensors and infrareds are used for
the positioning to enhance the accuracy of
positioning. The positioning and error correction
procedures are calculated by the vehicles, and
forwarded to the server by WSN. A parking
monitoring system using WSN is proposed in [4].
Low-cost wireless sensors are deployed into a car
park field which detects and monitors the
occupation of the parking lot. The status of the
parking field detected by sensor nodes is reported
periodically to a database via the deployed wireless
sensor network and its gateway. The database can
be accessed by the upper layer management system
to perform various management functions, such as
finding wvacant parking lots, auto-toll, security
management, and statistic report. In [5], Miura et.
al., describe results of a simulation where reports
from wireless sensor nodes are passed from
car-to-car in order to achieve scalable dissemination
of information regarding parking spaces. An analysis
of link characteristics in the car-park scenario is
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studied [6]. The experiments shows unexpected
reliability patterns which have a strong influence on
MAC and routing protocol design. It concludes that
the presence of the cars being sensed can cause
significant degradation  in
communication performance and link quality has a
high temporal correlation but a low spatial
cotrelation. A comparison of data from different
sensors for improvements to WSN in car parking
system is presented [7]. An RFID-based parking
management system is proposed which presented the
design of a hybrid middleware [8]. The design of

the previous researches does not include efficient

interference  and

data processing. Processing a large amount of data
from the WSN in a single sink node can cause
delay time because of the overlapped processes.
Also, adaptive design where variables from the
environment are considered for adapting new
configuration in the sensor to read the inputs
correctly is not considered.

2.2 Fuzzy Inference System

Fuzzy inference system is based on the concept

of fuzzy logic and fuzzy sets, which was conceived
by Lotfi Zadeh [9]. It is presented as a way of

processing data by allowing partial set membership
rather than crisp set membership or non-membership.
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Fig. 1. The component and procedure of
| fuzzy inference system

Fuzzy logic is one of the earliest fuzzy systems
using fuzzy sets where most fuzzy controllers
benefit this technique because of the it’s smooth
transition to transfer the another fuzzy set and the
way it handles its imprecise values [10]. Figure 1
shows an example of a fuzzy inference system. A
fuzzifier is an interface for the input where maps
the numeric input to a fuzzy set and it maps the
premises of the fuzzy rules from the rule base. The
fuzzy inference engme applies the inference
mechanism to the set of rules using the membership
function. Lastly, the crisp value is determined by
the deffuzifier. The fuzzy inference system in
Figure 1 is efficient in processing data in fuzzy
concept.

3. Fuzzy Wireless Sensor for Ubiquitous
Parking Mgnt. System

The architecture of the ubiquitous parking
management system using WSN is shown in Figure
2. The architecture consists of three layers:
ubiquitous network, middleware and application
services layers. In the ubiquitous network, represents
the physical networks of different sensors and
computers communicating in the wireless environment.
The components in the middleware layer are
transparently executing for the efficiency on
managing data from the ubiquitous network layer.
Interaction of clients and application services are
also handled by the middleware layer. Users and
administrators do not need to know the
configuration on how to find, where to find and
how to manage the resources but transparently
executes the services. The application service layer
is consisted of services for car park system. This

paper proposes the fuzzy wireless sensor and
adaptive module for the ubiquitous network layers
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of the parking management system. The subsection
discussed the fuzzy wireless sensor and adaptive
module for efficient data gathering,

Application Services
Parking management, car locator system, payment system

P T T e T e e T T e o

Middleware
multi-agents communication

Ubiquitous Networks
Car Active RFID and Wireless Sensor Network

Fig. 2. Architecture of the ubiquitous parking
management system

3.1 Fuzzy Wireless Sensors with Adaptive Module

Wireless sensors are used for the car detection.
A sensor module is consists of several sensor like
light, temperature and humidity to process in the
fuzzy inference system (FIS). The FIS consist of
fuzzifier, fuzzy rules and defuzzifier. Fuzzifier is an
interface for the input where maps the numeric
input to the fuzzy sets and fuzzy rules. FIS applies
the inference mechanism to the set of rules using
the membership function. Lastly, the crisp value is
determined by the defuzzifier. This paper proposes
the fuzzy sensor where the FIS is embedded in the
module of the wireless sensors shown in Figure 3.
The sensor inputs of a single sensor module are
processed by the FIS and send the output value to
the sink node. The FIS of the proposed fuzzy
wireless sensor adapts the rules from the adaptive
module from the sink node. The rules are
configured by expert based on the environment of
the parking area. Other sensors are provided for
inputs of the rule base on the sink node.

Procedure of the FIS. This research uses the
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Fig. 3. The proposed fuzzy wireless sensor consists of
fuzzy inference module

sensor inputs (§;) in a single module to process in
the FIS. The §;, refers to sensor input value, where
i is the index of the input. The values gathered at
the same time, t,={ S;, Sz, i, and processed in
the FIS to determine the presence of the car
represents as ¢. Two input parameters are defined
for the fuzzy rules of the FIS shown in Table 1.

Table 1. Fuzzy rules used in the proposed fuzzy

Sensor
Rule Te I( Sl)a tre | 1 minance (S2) | Car Presence (C)
1 | Low Dark Not present
2 | Medium Dark Not present
3 | Low Mediumrbright| Not present
4 | Medium Medium-bright| Present
5 | High Mediumebright| Present
6 | Medium Bright Present
7 | High Bright Present

The S; and S; both have three linguistic values
while the candidate has two linguistic values. The
presence of the car is determined by processing the
S; and §; in the FIS and then the value of the
center of gravity, c¢;, is determined to decide the
state of the car presence, The car presence function,
CarPresence(c;), 1is consist of input varables,
input(c;), state(present, absent), boundary(0.5), and
returns the state. Equation 1 shows the conjunction
of two variables process in minimum function used
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for mapping the rules in Table 1. Equation 2
calculates the deffuzzified value of a rule and

Equation 3 presents the boundary condition to
decide the state.

H; = U, 5(X) = min{g (x), 4 %)} (1)
LS,

C; = Z‘Flr — )
Z‘ﬂu J

present if ¢, < boundary,

fc;)= 3)

absent  if ¢.> boundary

Adaptation of FIS. Extreme conditions in the
car parking area could vary the values of the
sensor readings. In this paper, an adaptive module
for the proposed fuzzy sensors is implemented to
adjust the values in the FIS. Fuzzy values are
reconfigured based on the rules from the adaptive
module of the sink node shown in Figure 3. The
new configuration of the FIS correctly processes the
inputs. Rules are defined by expert based on the
conditions of the car parking where R={R;, R; ‘-
Ry;.

R = IF S is A AND..., ANDS, is A, thenS, (4)

B =0 ;
A (C i x=1,
—_ 4 *
o, else 3
C (C_ i x= last index,
oo, else

The outcome of the rule in Equation 4 () is
consist of fuzzy sets center value (;) and expressed
by ={y 3, y These values are sent in wireless
transmission method. Fach center value is used to
calculate the fuzzy sets shown in Equation 5. The x
is the index and A, B, C are the minimum, center

and maximum values of fuzzy set x, respectively.
The procedure of Equation 5 is done in the
proposed fuzzy wireless sensor.

4. Implementation and Evaluation

Our design of the car parking system simulator
used wireless sensor motes which is a 24 GHz
IEEE 802.15.4 compliant RF transceiver. The wireless
sensor mote in Figure 4a is consisted of temperature,
light and humidity readings. Temperature and light
sensors were used to detect the presence of the car.
The active RFID is put on the top of the car
model shown in Figure 4b. Every time the wireless
sensor detects the presence of the car, it sends a
message to the active RFID of the car model.

(b)

Fig. 4. The wireless sensor mote {(a) for the car
presence detection and the active RFID (b) on the top of
the car model used in the car parking system simulator
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Fig. b. The parking system simulator with 8 wireless
sensors embedded over the platform performs the car
presence detection

Fig. 6. The parking monitoring program displays the
~output from the car parking system simulator

The proposed fuzzy wireless sensor and rule
based adaptive module is implemented in the car
parking system simulator. The FIS of the fuzzy
wireless sensor is coded and designed in nesC,

which is a programming language for wireless
sensors, and the rule-base adaptive module is
programmed in Java. The ID is encoded in a
wireless sensor mote to simulate the active RFID
where the active RFID sends message to all sensors
in the parking system simulator. Figure 5 shows the
car parking system simulator.

The interaction of the parking simulator platform
is presented in Figure 5. In Figure 5, a car parked
in a slot and is detected by the wireless sensor
mote. The values from sensor reading are processed
in the FIS of the proposed fuzzy wireless sensor.
The car parking platform is consisted of 8§ slots
embedded with wireless sensors. A sink node is
used in communicating with the wireless sensors
and gathering of the data from sensor readings. In
Figure 6 is an output display from the parking
simulator platform. The output value from fuzzy
wireless sensor is sent directly to the sink node.
The output display is updated every second and the
values are stored in the database. Also, the
rule-base adaptive module is executing at the same.

4.1 Performance Evaluation

The approach of using the proposed techniques
was evaluated by determining the throughput and
delay time of the fuzzy wireless sensor to process
the sensor readings. In measuring the throughput,
the completed work is determined after the message
has been sent by the sensor to the sink node. The
sink node processes one task at a time and has to
queue other incoming process. Because of the delay
from other processes in the sink node, classical
method of gathering wireless sensor data cannot
optimize the throughput of the system.

In Figure 7, shows using the fuzzy wireless
sensor improved the completed work or throughput
compared to the normal sensors as the time
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increases. Because the fuzzy wireless sensor is
designed to processes the task within the module, it
elimnates the delay time caused by sending and
processing the data in the sink node. The sink node

~only reads the output value and stores it on the
database.

Throughput
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Fig. 7. Throughput comparison of fuzzy
sensor and normal sensor based on time
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Fig. 8. Delay time comparison of fuzzy sensor and
nomal sensor based on increasing the number of nodes

The average delay time is calculated. In Figure 8
shows that the fuzzy wireless sensor optimizes the
process in the sink node by minimizing the delay
time. It is observed that using normal method on
wireless sensor has increased the delay time as the

number of nodes increases. Adding an additional
nodes in using the fuzzy wireless sensor resulted to
25% time efficient than the normal method. Also,
the proposed fuzzy wireless sensors do not constrain
the network because of the short bits it sends
compared to the normal method.

5. Conclusion and Future works

This paper proposes the adaptive sensing using
fuzzy wireless sensor to implement the -efficient
ubiquitous networks in the parking management
system. The architecture of the ubiquitous parking
management system is consisted of three separate
layers of hardware and software components. The
proposed fuzzy wireless semsor is designed to
process the raw data of the sensor by using fuzzy
inference system for efficient car detection.
Moreover, an adaptive module is presented to adapt
on new rules set by an expert. The proposed fuzzy
wireless sensor is implemented in the parking
system simulator. The result of experiments shows
that the fuzzy wireless sensor provides more
throughputs and less time delays.

The future work will be the functions of
application services and middleware of the parking
management system based on the proposed
architecture from this paper. Also, additional
ubiquitous devices needed to be implemented are

the next topic.
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