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ABSTRACT 
 

Now days wireless sensor network plays an important role for monitoring various parameter in the area of 

agriculture, coal mine, disaster management etc. Here ZigBee protocol is used for wireless communication. 

We successfully achieved wireless communication among multiple Firebird V robots and in between PC to 

Firebird V robots. In this paper we used centralized architecture i.e. star topology. We measure Received 

Signal Strength Indicators (RSSI) at various distance for indoor with Line of Sight (LOS) and for outdoor 

without LOS. We also measure transmission error and packet lost at various distance.  
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1. INTRODUCTION 
 

In previous days, industrial monitoring system was based on wired network to send a monitored 

parameter to central computer [1]. Wired network has lots of complication at the time of 

installation, inflexible and its cost is also more.  Several recent studies [2] have suggested that use 

of mobile robot in Wireless Sensor Network (WSN) brought various benefits such as mobility of 

sensor node and coverage area get increased.  In hazardous area mobile robot is used to deploy 

the sensor node [3] instead of manual deployment of sensor nodes. For wireless network several 

protocols are available like blutooth, zigbee [4], Wi-Fi etc. Here we choose zigbee protocol 

because of its low cost and low power consumption, zigbee protocol is based on IEEE standard 

802.15.4. 

 

2. SYSTEM ARCHITECTURE 
 

Fig.1 shows the star network of Firebird V robots [5]. We can control all three robots from laptop 

and also we get the data from all this robot to laptop; so there is a bidirectional communication in 

between laptop and robots. At the laptop side, we connect one zigbee module for wireless 

communication; on Firebird V there is on board zigbee module. 
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Fig.1 System Architecture of the Multi-robot Controller [5] 

 

 
 

Fig.2 Fire Bird V ATMEGA2560 robot block diagram [6] 
 

In the Firebird robot, there are different series of robots available. In this implementation we have 

used fifth series of Firebird. As shown in Fig.2, Firebird V robot [6][7] consist of atmega2560 as 

a master microcontroller and atmega8 as a slave microcontroller, three white line sensors, one 

sharp IR range sensors, eight IR proximity sensors, Buzzer, LCD, two DC (Direct Current) 

motors, Zigbee module, RS232 serial port and USB port.   
 

2.1. ZIGBEE 
 

Here we used ZigBee S2C module which is developed by Digi international company it operates 

in ISM (Industrial Scientific Medical) band i.e.2.4GHZ [9]. ZigBee protocol work in physical and 

data link layer of OSI (Open Source Interconnection) model. Fig.3 shows different network in 

ZigBee such as star, tree and mesh [10]. ZigBee network mainly consist of 3 devices coordinator, 

router, and end device. In the absence of direct communication path in between coordinator and 

end device, router is used for routing packet at the correct destination. The coordinator and router 

create network, handle all functions related to ZigBee communication so they are known as Full 

Function Devices (FFD) [11]. End device only receives data so it is termed as Reduced Function 

Device (RFD) [11]-[12].  
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Fig.3 Different networks in ZigBee 

 

2.1.1. ZigBee module operating mode 
 

ZigBee module can be configured in two operating mode are as follows 
 

1)Application Transparent (AT) operating mode 

2)Application Programming Interface (API) operating mode [13]  
 

AT mode 
 

In this mode, data is transmitted in a queue and this mode is used for simple data transmission 

and reception. AT command is used for configuring the ZigBee module. 
 

API mode 
 

In API mode data is transmitted in frame structure [13]. In this mode we can configure ZigBee 

which is connected to PC, remote ZigBee in the network and we can also send data to various 

destination. Fig.4 shows the typical structure of API frame it consist of start delimiter, length, 

frame data, checksum [14]. Start delimiter indicates the beginning of frame its value is always 

0x7E. Length indicates the length of data. Each frame has identity number in frame ID block. 

Checksum bit is used for test the data integrity. 

 

 
Fig.4 Frame structure 

 

ZigBee configuration using XCTU software 
 

Atmega2560 has four UART (Universal Asynchronous Receiver Transmitter), among this 

UART0 is used for wireless communication. We used XCTU software from Digi international 

company for configuring ZigBee module as an end device. Few configuration settings of ZigBee 

module are shown in Fig.5 such as PAN ID, Serial number, baud rate, Parity bit, MAC (Medium 

Access Control) mode, power level, API mode or AT mode and remote zigbee are in AT mode 

[15]. 
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Fig.5 Zigbee configuration in XCTU software 

 

3. PROPOSED FLOWCHART 
 

After configuring the ZigBee module, we used console working mode in XCTU software for data 

transmission or reception. According to transmitted data robot perform actions, for example, if we 

press 8 from keypad of laptop then its ASCII(American Standard Code for Information 

Interchange) value get generates and transmit wirelessly towards robot via ZigBee  and robot start 

to move forward. Table 1 shows the decimal number and its equivalent ASCII value and 

corresponding action of robot.  Using these values robot can be moved in forward, backward, left 

or right directions and its buzzer can be turned on or off as represented by flowchart in Fig. 6.   
 

 
Fig.6. Slave robot flowchart 
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4. RESULTS AND DISCUSSION 
 

Wireless communication is established in between laptop to robots and robot to robot. Fig.7 

shows the experimental result of laptop to robots wireless communication. We have implemented 

star topology i.e. laptop is a master and robot are slaves. Fig.8 shows the XCTU software window 

from that we send a command to robots. In XCTU window there are two windows in first 

window decimal value is shown; in second window its equivalent ASCII value is shown. Values 

shown in blue colour indicates the transmitted value and values shown in red colour indicates 

ACK to laptop that robot has received transmitted command. 

 

 

 
 

Fig.7 Robots motion controlled from laptop 

 

 
 

Fig.8 XCTU software window  
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Fig. 9 RSSI plots at various distances 

 

We have measured a Received Signal Strength Indicator (RSSI), at various distances using 

XCTU software is as shown in Fig 9. From Table 1 it is observed that as distance increases, RSSI 

values get reduces (refer Fig.10). We have measured RSSI and transmission error for indoor as 

well as outdoor. For outdoor situation with 30m distance, due to outdoor obstacles more 

transmission error is observed as shown in Table 1. Fig. 11 shows that transmission error get 

increases as distance increases in between local and remote ZigBee module. 
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Table 1: RSSI values at different distance 

 

 
 

Fig. 10 Plot of RSSI vs. Distance 

 

 
 

Fig. 11 Plot of transmission error VS distance 
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