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Abstract: In recent years, Wireless sensor networks have achieved an attention on a world 

level. These consist of small sensors with limited power , limited resources and high efficient 

that can be developed for applications including smart homes, smart grids, health care, 

tracking, security, industrial control etc. Remote monitoring and controlling are two 

important aspects of WSNs. The central node collect data from distributed nodes, process the 

data, which enable individual to monitor and control the environment. Using this system 

users can conveniently know certain parameters of a building, such as temperature of a 

certain place, intruder on the main gate, water level of tank and send a control signal to on or 

off the tank motor. 

Key words: WSN, ZigBee, Temperature node, Water level node, Intruder alert node. 

INTRODUCTION 

A wireless sensor network (WSN) is an infrastructure consisting of several sensing, 

computing and communication elements wirelessly connected. It provides the ability to 

observe and react to events in a specific environment, such as environmental monitoring, 

health applications, home automation, inventory control, vehicle tracking and detection. 

       Sensor nodes are connected via series of multi-hop or single-hop short distance and low-

power wireless link. 

       Implementations of WSNs have to address a set of technical challenges. One of the 

current research challenges is to develop low-power and low-cost wireless nodes. Low power 

consumption is a key factor in ensuring long operation time for battery powered nodes. 
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Today’s commercially available radio transceivers consume typically several tens of 

milliwatts. To maintain the required power consumption, the nodes must sleep most of the 

time. 

       The goals of WSN are to determine the value of physical variables at a given location, 

detect the occurrence of events of interest, detect and track objects. And the important 

requirements of WSN are low power consumption, self-organization capability, collaborative 

signal processing, querying ability and large number of sensors. 

       We selected ZigBee technology rather than Wi-Fi or Bluetooth [1] because it offers 

superb network topologies potential, ranging from point- to- point to mesh self-healing 

networks [2]. And it also allows vast options in power saving and provide longer range. The 

Zig-Bee stack is wider than stacks of most other technologies. ). It is based on the Open 

Systems Interconnection (OSI) model and reaches up to its Application Layer (but the last 4 

layers of OSI model transport, session, presentation and application are grouped into a single 

application layer with ZigBee specific sub-layers). The foundation layers (physical and 

network) are defined by the IEEE 802.15.4 standard. Each layer, as in other stacks, provides a 

specific set of services for the layer above. Each service entity exposes an interface to the 

upper layer through a service access endpoint (SAP). There are two types of entities in every 

layer: a data entity, which provides a data transmission service, and a management entity, 

which provides all other services. The foundation layers (physical layer and MAC sub‐ layer 

of the Data Link layer) are defined by the IEEE 802.15.4 standard. ZigBee defines the 

network, transport and part of the application layer.

IMPLEMENTATION 

    The overall block diagram given in Fig.1 describes the full theme of the study. It consists 

of four nodes and a computer. One node is configure is a coordinator and is attached with 

computer USB port. The coordinator is responsible for network formation and also for 

sending and receiving data from computer. Other three nodes are design for monitoring and 

control purpose. These three nodes monitor temperature, water level, and intruder statues. A 

motor is also attached with water level node for control purpose.  
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Fig. 1   Overall Block Diagram 

 

 ‘Temperature node’ senses the temperature of environment and delivers it to its 

adjacent node which is ‘water level node’ in this case. The ‘water level node’ not only senses 

the levels of water but it also transmits the data of ‘temperature node’. Similarly the ‘intruder 

alert node’ transmits its own as well as the data of previous nodes to coordinator connected 

with computer. From above scenario we see that communication among nodes is achieved 

through multi-hop communication. Here we use multi-hop communication in order to 

increase range. 

As clear from Fig.1 the nodes of wireless sensor network consist of the following. 

Power supply: Provide power to all components in the node. Normally batteries are used for 

powering nodes. However, wall electricity can also be used depending on applications. 

Sensors: An entity which sense or detect a physical change is called sensor. It detects 

different type of physical changes. Different types of sensors are used for different 

applications For example LM35 used for temperature and TSOP1740 for IR light sensing. 

Signal condition: Signal amplification, filtration or A/D conversion is called signal 

conditioning. Normally signal conditioning is carried out when signal has low power or 

different band from the desire band. 

Transceiver: The device which transmits and receive signal is called transceiver. It is the 

most important component of a sensor network node. Transceivers may be design using 

different type of modulation technique such is amplitude shift keying (ASK), phase shift 

keying (PSK) or Quadrature-PSK. The transceiver used in this project is XBee radio which 

used offset-QPSK in 2.4 GHz band is described by IEEE802.15.4.  

Processing: An important part of sensor node is the processing unit. Any type of algorithm, 

protocol or logic can be made on processing unit. Normally microcontrollers are used here. 
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ZigBee devices have its internal built in microcontroller CC2530, upon which different type 

of firmwares are running. We configured the internal microcontroller in order to make the 

project less complex. 

Other components: Nodes of sensor networks may be integrated with other components 

such is LCD, GPS tracker system, 7-segment display and etc. depending on applications.

NODES 

There are four nodes in this study. One node is designed as a coordinator and attach 

with computer. Other three nodes are design for monitoring and control purpose.   

Temperature node: This node senses the temperature of environment and it consists of 

power supply, LM35 temperature sensor and XBee radio. The XBee radio is configure as an 

end device.  

Water level node: This node has two functions. Firstly it monitors the level of water and 

secondly it starts or stops motor when it receives a specific remote AT command request API 

frame from computer. This node is configured is a router. 

Intruder alert: This node detects the presence of a person when he wants to enter to a 

specific place. This node consists of an IR transmitter and receiver. The IR transmitter is 

place on a door or other monitoring area and the beam is directed on the receiver. The 

receiver is interface with XBee radio which delivers the status of beam wirelessly to 

computer. If a person interrupt the beam by entering to the forbidden area, the XBee radio 

generates an ‘I/O API frame’ and sends it to computer. So in this way the presence of intruder 

is detected. This node is also configured as a router.

TEMPERATURE NODE: 

This node senses the temperature and sends it to the coordinator. If the coordinator is 

out of range than it sends to its neighbour node. Below is circuit diagram:
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Fig. 2    Temperature Node

 In Fig.2 the SPST switch, IN4007 diode [3], L7805 voltage regulator [4], 330µF 

capacitor, 330 Ω resistor  and red LED forming power supply circuit. This power supply 

regulates input DC voltage from maximum of 35V to 5V. 

 We used a barrel connector for connecting power. For on/off power SPST switch is 

used. A protection diode IN4007 is used to allow current only in forward direction. To 

regulate the voltage coming from battery a 5V voltage regulator is used. 

LM35 temperature sensor: 

LM35 is a precision temperature sensor [5], whose output varies 10mV per degree rise or fall 

of temperature. It can measure temperature from -50 to 150 degree centigrade. The output of 

LM35 is connected with a voltage divider circuit. This voltage divider circuit provides a 

voltage range from 0V to 1.02V to XBee pin because the input voltage on XBee pins can’t be 

exceeded from 1.02V. 

The formula for calculating the value of resistors is below: 

Vin= V*R2/R1 + R2 

The output of LM35 can goes for a maximum of 1.5V, because it can measure temperature up 

to 150 degree centigrade maximum. So therefore150*10mV=1.5, and one should not exceed 

from 1.2V on XBee input pins. So therefore 

1.02V= 1.5*R2/1K+R2 

Here R1 is assume is 1KΩ and from above formula the value of R2 is calculated which is 

2.1KΩ. 

X-CTU software [6] is used for XBee configuration. Fig.3 shows the configuration. 



pg. 48 

©  

 

 

Fig. 3    X-CTU window for configuring XBee radio

WATER LEVEL - MOTOR NODE 

This node has two functions. Firstly it measures the level of water and secondly it 

starts or stops motor, when it receives a specific frame from coordinator. Fig. 4 shows the 

circuit diagram for ‘Water level-Motor’ node. This node has four major sections. 

Power supply: provide power to the circuit. It contains voltage source (9v here), SPST 

switch, IN4007 diode, L7805 voltage regulator, 330µF capacitor , a series resistor of 330Ω 

and LED of 1.8V respectively. 

Water Level circuit: This circuit senses the level of water and gives it to XBee radio for 

wireless transmission. 
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XBee radio: It wirelessly transmits the level of water in the form of API frame to coordinator 

or its neighbor node. Here it also receive ‘Remote AT command’ from computer when start 

or stop button is pressed in graphical user interface in visual basic.  

The last section of Fig. 4 contains the control circuit for motor starting/stopping. 

 

 

Fig. 4   Water level + Motor Node 

CD4001 NAND gate: 

The heart of water level circuit is CD4001 NAND gate [7]. This gate can be used is a NOT 

gate by shorting its pins 1-2, 5-6, 8-9 and 12-13. Take the output across pins 3, 4 and 10, 11 

respectively. Initially the input pins are at logic 1 (high) because the pins are directly 

connected with power supply. When water goes from ground level to above the input pins 

goes low and the output of CD4001 goes high, so the output pins of CD4001 goes high and 

also respected level LEDs start glowing. The internal structure of CD4001 NAND Gate is 

shown below: 
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Fig. 5   CD4001 NAND configuration is a NOT

CD4001 NAND configuration is a NOT: 

 In water level sensor the function of resistor and capacitor is to keep the input pins of 

CD4001 high when water is not reached to the specified levels. In Fig.6 the output of water 

level is given to XBee radio and it is also connected with a series resistor and LED for 

visibility purpose.  

 

Fig. 6   Water level sensor 
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BC547 transistor is a switch: 

The output of XBee radio (pin 16 or Dio4) is given to BC547 transistor [8] which act as a 

switch here. Since relay draw much more current then the rated current of XBee pins, so 

therefore to prevent the possibility of damaging XBee pins we connect BC547 transistor 

which act as a switch. 

Calculation for collector and base resistors: 

To calculate the value of base resistor and collector resistor we use the following 

mathematical calculation. 

Finding Collector current 

  As shown in Fig.4 a relay and LED plus series resistor are connected with collector. To 

calculate the value of collector current we should know about the internal resistance of relay 

and forward voltage of LED. From the datasheet of 5V relay [9], the internal resistance of 

relay is 75Ω while the forward voltage for red LED is 1.8V. We connect a series resistor with 

red LED in order to limit the current for LED. The value of this resistance is 470Ω which was 

calculated in temperature node power supply section. 

Ic = Vcc-VLED-Vce/Rc+Rrelay 

                                                              Ic = 5-1.8-0.25/470+75 

                                                              Ic = 60mA 

Where 5V is Vcc, 1.8 V is LED forward voltage, 0.25V is Vce, 470Ω is the series resistor with 

LED and 75 Ω is the internal resistance of relay. 

  The collector current should not be exceeded from 100mA, which is the maximum current 

that can flow from collector to emitter. If the collector current exceed from 100mA the 

transistor will damage. 

Calculation for base resistor:  

Is Ib=Ic/Bdc 

Ib=60mA/110 so Ib=545uA 

It means a current of 545µA can move the transistor into saturation. So, if we connect a 

resistor of 1KΩ at the base then the current flowing through the base is  

                                                      Ib= Vb-Vbe/Rb 

 Where Ib is base current, Vb is base voltage, and Rb is the resistor connected at base. So  

                                                      Ib=3.3-0.7/1k 

                                                      Ib=2.6mA.  

  This current is much more then 545µA so when the output of XBee goes high(3.3V) then 

the transistor goes to saturation. 
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When the output of XBee goes high the relay will energies and complete the circuit and the 

motor will start. Similarly when the output of XBee is low the relay is not energized and 

motor become off. 

INTRUDER ALERT NODE 

This node senses the statues of beam and sends it to computer wirelessly. When an intruder 

interrupts the IR beam, the input pin of XBee detects this change, and a special API frame is 

generated. This API frame is then sends on Zigbee network. 

    The concept of this node may be develops at different areas. One application is the security 

of banks. During night time, if an intruder wants to steal something from banks then he would 

break the door or window of banks. If an IR beam is placed at these window or doors and 

they interface with XBee radios then one can monitor the statues of all banks of a city 

wirelessly from his/her computer. This  is shown in  Fig.7 which consists of an IR transmitter 

, IR receiver interfaced with XBee, which transmit wirelessly the statues of beam to 

computer.

 

Fig.7   Intruder Alert 
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Fig.8   IR transmitter

 

Fig. 9   IR receiver

The overall coding for the project is done in Visual Basic and GUI window for project is 

given below in Fig.10 

 

Fig. 10   Graphical user interface for entire project 
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CONCLUSIONS  

In this paper a remote control and monitoring system for ZigBee-based building safety and 

the key components for the proposed system have been developed. Using the wireless sensor 

network technology, ZigBee, helps organized a flexible, low-power-consumption, low-cost, 

secure wireless network. All of the above described have been proved that the proposed 

system can be controlled and monitored by our experiments. This idea can be implemented in 

other fields like smart homes, industries, health care, security, tracking, military etc.
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