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Abstract
The main concern of wireless sensor network is the flexibility and the power to execute different control tasks. This
paper presents low power flexible controller for an intrusion detection using power gating technique to reduce the
static power loss and fuzzy logic controller, the input signals are proceeded from a PIR, an acoustic and magnetic
sensors, the output is presented as an alarm to define the kind of the intrusion. The system behavior is simulated
using MATALB-SIMULINK.
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1. Introduction

Wireless sensor network (WSN) is a powerful tool to fill the gap between the physical (pressure, temperature,
humidity) and digital worlds[1], as it can gathers information from physical environment such as temperature,
pressure, noise even image and communicate these information to logical devices.

WSN is considered very essential in several aspects such as medical and military applications especially in border
monitoring.

In border monitoring[2], the role of WSN focuses on gathering information from several types of sensors such as
seismic, camera, PIR, magnetic, and motion detectors and then processing these data through programs to give the
suitable alarm for each case.

WSN has the advantage of low cost and low power, WSN consists of hundreds or may be thousands of wireless
sensor nodes, which are distributed in an extended geographical area, so it is hard or impossible to replace or refill
the battery of the node, so the effective solution is to equip each node with at least one energy harvesting system
and let these nodes to be totally powered from this energy harvesting system, and we have to reduce the power
consumption of the node through low power sensor based architecture and reducing the monitoring requirements
or monitoring cycle.

In this chapter three sensors PIR, acoustic, and magnetic sensors are implemented in one node, the consumed
power can be reduced by controlling the monitoring cycle that does not make sensors ON all the time, and by
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using the power gating technique, the data of the three sensors are then processed to the fuzzy logic system to give
the suitable warning alarm and decision.

2. The main idea of the proposed system

The main idea of the proposed system as shown in Figure (1) is based on controlling three different kinds of
sensors, PIR sensor which is the primary sensor of the system, acoustic sensor, and magnetic sensors using two
techniques the monitoring cycle, and the power gating technique

Every fifty seconds the system deactivates the power gating of the PIR sensor and connects it to the energy harvest-
ing source, the PIR sensor is ON for ten seconds, if the output of the PIR sensor is less than Vth then PIR sensor
goes OFF again for a new monitoring cycle, and if the output of the PIR sensor is greater than Vth the sensor
remains ON and the system deactivates the power gating of the other two sensors (acoustic and magnetic) and the
output of the three sensors are then connected to the fuzzy system controller, which gives the suitable action for
the corresponding output, the system then is being reset by the operator and the cycle is repeated.

The main idea of the power gating technique[3] is to prevent the leakage current of the inactive blocks, which is
achieved either by cutting the ground connection by NMOS transistor or cutting the supply connection by PMOS
transistor.

In this module we are using PMOS transistor to isolate inactive parts of the module and ensure that no leakage
current from these parts.

Figure 1. The algorithm of the system.
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The proposed system simulation using MATLAB/Simulink

The MATLAB/Simulink of the proposed system is shown in Figure (2)

Figure 2. The proposed system simulation in MATLAB Simulink.

Every fifty seconds the PIR sensor is on by deactivating the PWR 1, and in case of the output of the PIR sensor is
less than the Vth the PIR sensor is ON for 10 seconds. The Acoustic and the magnetic sensors are remaining OFF;
in this case the total power saved are about 83% compared to the case of remaining the PIR sensor ON all the time.

Figure (3) represents the output of scope 1 which represents the duty cycle and the outputs of PIR, acoustic, and
magnetic sensors respectively in case of the output of PIR sensor is less than Vth.

Figure 3. Scope1 (duty cycle and the output of PIR,acoustic, and magnetic sensors).

In case of the output of the PIR sensor is greater than the Vth, the PIR sensor remains ON by the switch shown in
Figure(2), the switches PWR2 and PWR3 of the acoustic and magnetic sensors are then deactivated.

Figure (4) represents the output of scope 1 which represents the duty cycle and the output of PIR, acoustic, and
magnetic sensors respectively in case of the output of PIR sensor is greater than Vth.
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Figure 4. Scope1 (duty cycle and the output of PIR,acoustic, and magnetic sensors).

In this case the PIR sensor is ON all the time and the outputs of the 3 sensors are then passed to the fuzzy logic
controller system.

3. The fuzzy system controller

Fuzzy logic is usually useful in linearity and time invariance[4], the control of fuzzy system is basically depends
on the human knowledge and experience about the system.

Fuzzy logic system consists of 3 main parts:-

Fuzzification[5]: converts crisp inputs to corresponding linguistic values.

Rule base[6]: consists of a group of IF – THEN rules which are based on the knowledge. The IF part is called
conditions, and the THEN part is called conclusion.

Defuzzication[7]: when all conditions of the rule base are activated and evaluated, then they are combined into one
output signal.

In the proposed system the Mamdani[8] type fuzzy system with three inputs and four outputs are used. The three
inputs are representing the outputs of the three sensors, and combined together with AND method. The outputs are
calculated with centroid method, as shown in Figure (5)

Figure 5. Three inputs and four outputs the fuzzy system controller.
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Every sensor has three symmetric membership functions, Figures (6), (7), and (8) represents the value of the output
voltage of each sensor in the X axis, and the Y axis which represents the membership function degree of each input
which varies from (0 to 1). The first and last membership function is trapezoidal and the middle one is triangle,
the choice of the membership function depends on application or controlling system, trapezoidal and triangle
membership functions are simple and more flexible, and need a small amount of data to define the membership
functions.

Figure 6. PIR membership function
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Figure 7. Acoustic membership function

Figure 8. Magnetic membership function
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The following table represents the description of the membership functions of each input.

Table 1. Descriptionof the membership functions of each input.

Input Name
Values
Left Center Right

PIR sensor
Low 0(trap) 1.25 2.5
Medium 1.25 2.5 3.75
High 2.5 3.75 5.5(trap)

Acoustic sensor
Low 0(trap) 1.25 2.5
Medium 1.25 2.5 3.75
High 2.5 3.75 5.5(trap)

Magnetic sensor
Low 0(trap) 1.25 2.5
Medium 1.25 2.5 3.75
High 2.5 3.75 5.5(trap)

The output of the fuzzy system consists of four alarms (no danger, animal, human, and vehicle). Each output
consists of three symmetric membership functions (low, medium, high) as shown in figure (5), The defuzzication
method is centroid method because it gives an accurate result based on the weighted values of several membership
functions[9].

The following table represents the description of the membership functions of each output.

Table 2. Description of the membership functions of each output.

output Name
Values
Left Center Right

No danger
Low 0(trap) 25 50
Medium 25 50 75
High 50 75 100(trap)

Animal
Low 0(trap) 25 50
Medium 25 50 75
High 50 75 100(trap)

Human
Low 0(trap) 25 50
Medium 25 50 75
High 50 75 100(trap)

Vehicle
Low 0(trap) 25 50
Medium 25 50 75
High 50 75 100(trap)

The rule base of the system which depends on the human experience and knowledge consists of 27 IF-THEN
rules, which represent all possible inputs of the three sensors and combined together with AND method, as shown
in figure(9).

Figure(10) represents the rule View of Input and the calculated outputs according to the inputs, for example when
the inputs of the three sensors are 2.5V for PIR sensor, 1.5V for acoustic sensor, and 1.5V for magnetic sensors the
outputs will be 11.5 for no danger, 48.5 for animals, 30 for human, and 30 for vehicle.
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Figure 9. Rule editor of input/ output membership functions.

Figure 10. Theinputs and the corresponding outputs
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In the MATLAB/Simulink of the proposed system as shown in Figure (2), scope (2) represents the values of the
outputs after proposed in fuzzy logic system.

For the input value of PIR sensor equal to 5 volt the sensor remains ON and activates acoustic and Mag. Sensors,
for the outputs of the sensors equal to (5,5,5) volt respectively the output as shown in figure (11) will be 19.2% for
no danger, 50%for animal, 80.8% for human, and 80.8% for vehicle, therefor the final result in this case will be for
vehicle intrusion.

Figure 11. The corresponding outputs of the three inputs(5, 5, and 5)

And for the input value of PIR sensor equal to 3.5 volt the sensor remains ON and activates acoustic and Mag.
Sensors, for the outputs of the sensors equal to (3.5, 2.5 and 1.5) volt respectively the output as shown in figure
(12) will be 20.2% for no danger, 56.9% for animal, 74.5% for human, and 43.1%for vehicle, therefor the final
result in this case will be for human intrusion.

Figure 12. The corresponding outputs of the three inputs(3.5, 2.5 and 1.5)

And for the input value of PIR sensor equal to 2 volt the sensor will be ON for 10 seconds and then goes OFF,
the acoustic and Mag. sensors will remain off and the output as shown in figure (13) will be 62.9% for no danger,
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55.4% for animal, 37.1% for human, and 21.2% for vehicle, therefor the final result in this case will be for no
danger or for animal intrusion.

Figure 13. The corresponding outputs of the three inputs (2, 0, and 0)

4. Conclusion

Saving power is an important goal for wireless sensor network which can be achieved by reducing the monitoring
cycle of the system; power gating is one of the most efficient methods to reduce the static and dynamic energy loss.

Fuzzy logic control is a good solution for non-linear and complicated design that provides robust and reliable
control. Fuzzy logic control resembles human decisions and has the ability to generate precise solutions from the
gathered information.

This system can save power by 83% compared to the systems that make sensors on all the time.
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