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Abstract: The adaptive network fuzzy inference system (ANFIS)-based wireless sensor
network (WSN) is designed to serve as a monitor of controller of an indoor air-conditioning
system. The WSN comprises sensors to monitor the temperature of the indoor space and the
ANFIS controller is used to control the fans in order to obtain energy-saving benefits. By
using the application programming interface (API) of WSNs, many applications have been
developed. The experimental results demonstrate that good data transference and control
performance have been achieved.
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1 Introduction

In this paper, an adaptive network fuzzy inference system (ANFIS)-based wireless
sensor network (WSN) control system is developed. A reduction in energy con-
sumption is the main challenge of the WSN [1]. The IEEE 802.15.4/ZigBee stand-
ard has been proposed by the ZigBee Alliance to develop standards for cost-
effective and low-power consumption WSNs [2-10]. By using the lower cost,
lower power consumption ZigBee WSN and efficient ANFIS controller, many
control applications can be achieved through the network. Recently, many applica-
tions of indoor, outdoor and mobile devices, such as home automation and securi-
ty, vehicle space automation, consumer products, health-care, environmental mon-
itoring and indoor location identification, etc., have been developed to improve
human quality of life. In particular, these WSNs can provide ideal networking so-
lutions for lower cost and simple installations [1, 2].
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The ZigBee, which builds upon the IEEE 802.15.4 standard, defines the physical
layers and media access control (MAC) layers for lower cost, lower rate, personal
area networks (PAN). There are three types of ZigBee network topologies defined.
These networks topologies are star, tree and mesh network topologies, which are
provided by a framework of application programming interfaces (API) in the ap-
plication layer [2-10].

The ANFIS [11] was proposed many years ago and is widely used in research
works. The ANFIS reveals an efficient learning network and its applications can
be found in many works in the literature [12-14]. In this paper, the ANFIS control-
ler is used to control the motors of fans for indoor temperature control. The AN-
FIS controller is a user-friendly algorithm and serves as a method for inducing
many fuzzy if-then rules with suitable membership functions to generate the rela-
tionship fuzzy associated memory (FAM) pairs of inputs/outputs (1/O) and reason-
able fuzzy rules so as to achieve a fuzzy inference system (FIS). A reliable con-
troller can be designed based on this FIS. MATLAB™ | td. has provided very use-
ful and user-friendly tools for engineers to design this ANFIS controller [15].

In the solution reported in this paper, by using the data measured via the WSN, da-
ta transference and the fan’s motor control are performed by the proposed ANFIS-
based WSN control methodology. This method has great benefits, such as reduc-
ing the power consumption of the indoor space, improving the efficiency of air-
conditioning and saving energy.

2 Preliminary of ZigBee WSN

Regarding the MAC layer of ZigBee and integrated peripherals of the WSN mi-
crocontroller (WMCU), the Application Queue APIs (AQA) of the WSN micro-
controller are provided a queue-based interface between applications and both the
ZigBee stack and the hardware drivers. These AQAs are used to deal with many
interrupts coming from the MAC layers. There are three types of interrupt imple-
mented by using APIs. The first type is used for the MAC data services, the sec-
ond type is used for the MAC management services and the third type is used for
handling interrupts of hardware drivers [16, 17].

The basic type of network topology is the star topology, which comprises a central
personal area network (PAN), which is called ‘coordinator’, surrounded by the
other nodes of the network, which are called ‘end device’. The tree network topol-
ogy has an implicit structure based on parent-child relationships. In the mesh net-
work topology, all devices can communicate directly and can be identical in an ad-
hoc network [16, 17]. In this paper, the star topology of a WSN is used to develop
the air conditioner controller. Data transference between network nodes can be
searched or found by any request. The data transference methods are shown in
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Fig. 1. When transferring data from a coordinator to a node, the node might not
always be ready to receive the data. In this case, the node will be requested to re-
ceive data frame. Afterwards, the ‘Acknowledgment’ message is sent from coof-
dinator. Finally, the end device will send the ‘Acknowledgment’ message to the
coordinator once the data transferring has finished. [16, 17].
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Figure 1
The diagram of data transference method of a WSN

3 ANFIS-based WSN Controller Design

The algorithm of ANFIS is based on a least-squares estimation (LSE) and back
propagation gradient descent methods to identify the membership functions’ pa-
rameters so as to achieve fuzzy inference systems (FIS). A neural network struc-
ture of ANFIS is shown in Fig. 2. This methodology requires a pair of input/output
data to train the FIS membership function parameters. The developed method of
ANFIS is briefly described as follows [11]:

Ri:If xgis Ay ...and X, is Ay
then uj = PiXq +..+ PinXn + i (1)

where R; denotes the ith fuzzy rules, i=1, 2,..,r; Ay is the fuzzy set in the ante-

cedent part associated with the kth input variable at the ith fuzzy rule, and
Pi1,----Pin » Fi are the fuzzy consequent parameters.
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The defuzzification of the output u can be calculated by the method of averaged
weight as follows:

W,
u=—M__y +ot+t——u,
Wy +..+ W, W +..+ W,
=WUq +..+Woup, 2
where w; is the ith node output firing strength of the ith rule, and
Wy _ Wp

W=— 1 Wy=—"
Wi +..+ W, Wi +..+ W,

Based on the reason of Takagi-Sugeno (T-S) type fuzzy inference system, the out-
put of ANFIS can be calculated as u; = pj;X; +..+ PinXy + 1 » then Eq. (2) can be

expressed as
u=Wul +..+Wyup

= (Wyxq) Pig +..+ (WX ) Pin + (W)
+

+(WinXq) Pig +--+ (WnXn) Pin + (Wn )1y - 3)

The ANFIS’s algorithm can be applied directly to Eq. (3) [11]. In the forward di-
rection of the ANFIS algorithm, input signals go forward until layer 4 of Fig. 2
and the consequent parameters pj;, Pio,f; are changed. In the backward direction,

the error values are feedbacked and used to update the premise parameters
X1, X2.When all the values of the parameters are changed, the membership func-
tions are also modified; thus every membership functions of A, and A, are in-
duced.

layer 1 layer 2 layer 3 layer 4 layer 5
L, !
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Figure 2
A two-input one-output ANFIS architecture
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4 Experimental Results

The program of the WSN is developed on free software called Code::Blocks. First,
the program of the coordinator is developed and then the program of the end de-
vice is developed. Every network must have one and only one PAN coordinator,
and one of the tasks in setting up a network is to select and initialise this coordina-
tor. The network setup process is shown in Fig. 3. The main program of the coor-
dinator and the end device are developed in C language. The architecture of the
coordinator software is shown in Fig. 4, especially the API of ‘vProcessEv-
entQueues’, which is the most important subroutine of this system. For the config-
uration program, the personal area network identification (PAN-ID) of every end
device must be set adequately. The development board is produced by Fontal
Technology Inc., Taiwan. This is a high-power ZigBee Kit (named FT-6200). It
can provide all the software tools and hardware required to obtain first-hand expe-
rience with the WSN. The entry-level kits contain one base development board
(BDB) and one sensor development board (SDB). Each board is equipped with a
high-power IEEE 802.15.4/ZigBee RF module based on the JN-5121 WMCU,
which provides a much higher coverage range with a 2.4 GHz RF antenna, which
has the IPEX connector for easier mechanical design than the normal power RF
module. For the I/O expansion ports, it has 10 useful pins of general purpose in-
put/output (GPIO), which include the universal asynchronous receiver/transmitter
(UART), analogue-to-digital converter (ADC), digital-to-analogue converter
(DAC) and Comparator. The sensor development board features temperature and
humidity sensors [16, 17]. The development board is shown in Fig. 5.

| Initialize the IEEE 802.15.4 stack |

l

| Create a PAN coordinator (pre-configured) |

| Set the network’s PAN ID (pre-defined) |

l

| Set the PAN coordinator's short address |

1vHandleEnergyScanResponseﬂ

I Select the radio frequency channel |

Start the network

Join other devices to network |
vHandleNodeAssociation()

Figure 3
Diagram of network setup process
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Figure 4
Diagram of coordinator software architecture of WSN
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Figure 5
Development boards of WSN

For the software, Jennic Technology Inc. also provides free Application Program-
ming Interface (API) packages to the peripheral devices on the JN5121 and
JN513x single-chip IEEE 802.15.4/ZigBee compliant wireless microcontrollers.
This is known as the Integrated Peripherals API. It details the calls that might be
made through the API in order to set up, control and respond to events generated
by the peripheral blocks, such as the UART, GPIO lines and Timers, among others.

-10-
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The software invoked by this API is present in the on-chip ROM. This APl does
not include support for the ZigBee WSN MAC hardware built into the device; this
hardware is controlled using the MAC software stack that is built into the on-chip
ROM [16, 17].

ZigBee can be used with different sensors, such as: in-vehicle or home automation,
security management, industrial, environmental controls and personal medical
care. In this paper, the ZigBee WSNSs are used to design the indoor air conditioner
controller by means of the ANFIS-based WSN control methodology. The design
concept diagram of the ANFIS-based WSN control is shown in Fig. 6. A star to-
pology network is used in this paper. By using UART, the data can be displayed in
the LCD of different end devices sensors located in four corners of the indoor
space. Monitoring of the temperature is one of the main experimental aims; the
temperature sensors on the end devices transmit data to the coordinator, which are
then also displayed in the LCD through UART. An actual implementation of the
air conditioner control in the laboratory is shown in Fig. 7. By simulation, the
ANFIS-based controller described in section 3 is developed. Four end devices are
used to measure temperature and then transmit that data to the coordinator. After
manipulation by the ANFIS-based WSN controller, the fuzzy values are returned
to the end devices located in the four corners of the indoor spaces to control the
fans and adjust the temperature. The results of the ANFIS design are shown in Fig.
8. Especially from Fig. 8(b) of this simulation, reasonable fan speeds normalized
from 0 to 1 are achieved. In this condition, for example, WSN1 has the highest
temperature; thus, fanl will be speeded up the most because it has the highest
fuzzy number of 0.941. In this experiment, the GPIO of every end devices is used
to perform the digital-to-analogue (D/A) transformation to send the signal to drive
the motor of the fan. The results of the ten-hour continuous simulation are pre-
sented in Fig. 9. It can be clearly verified that fan 1 will be fully active from the 4™
hour to the 5™ hour, as shown in Fig. 9(b). From these empirical tests and simula-
tions, the WSN control of temperature monitoring is successfully established and
good performance of the fan motor control is achieved.

End Device 2 End Device 1
Eg\ ANFIS /%D
Fan 2 Fan 1

%ordinatk

O_’=8= Fan 3 O_caa

End Device 3 End Device 4

Figure 6
Design concept diagram of ANFIS-based WSN for air conditioner control
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Figure 7
Implementation diagram of WSN for indoor temperature monitor

r 5
B Anfis Model Structure = | ||
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Figure 8 (a)
ANFIS structure diagram

-12-



Vol. 10, No. 3, 2013

Acta Polytechnica Hungarica

File Edt View Options

_ |
I I I
L]
1 [ 1 L]
[
[

11|

1101

11 01

1101

01

F ==l -]

-

| 29332616 28,78 27.01]

|D—--—-—1‘mn—

Figure 8 (b)
ANFIS inference result diagram

Figure 8 (c)
One of the ANFIS inference surface diagrams
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Conclusions

A design method for the control of indoor an air conditioner by using the ANFIS-
based WSN is proposed. This paper has successfully demonstrated the application
of the WSN to monitor the indoor temperature. Physical verifications and simula-
tions are also successfully demonstrated to show that satisfactory performance of
the ANFIS-based WSN control of the motors of the fans, of the data collection
and of temperature monitoring.
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