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Abstract— By gathering data in post-catastrophe spot 

delivers a higher level of risk to a rescue workers and might 

cause injury during auxiliary disasters; in past, a lot of 

rescue workers were killed or injured. Because of this 

background, rescue robot is utilized for data gathering in 

wide territory. However, there is no wireless communication 

framework for tele-operation of rescue robot in the post-

calamity environment, for example, the underground space 

or in industries. Therefore, by considering a large number of 

the calamities into record we come up with a new idea of 

spy robot where a wireless sensor networks deployment 

strategy for constructing wireless communication 

infrastructures for a rescue robot model allows more 

adaptable operations with multi territory support. 

Additionally it can be utilized for the modern industrial 

purposes for enhancing results and for the change of the 

business. 
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I. INTRODUCTION 

Gathering data in catastrophe zones is essential for 

evaluating the circumstance, maintaining a strategic distance 

from auxiliary calamities, and overseeing catastrophe 

lessening. In general, bird's-eye picture data accumulated by 

unmanned air vehicles (UAVs) and artificial satellites is 

profitable for comprehension post-fiasco circumstance. 

However, in an underground space in the city part where 

such UAVs and so on cannot assemble data, it is difficult to 

learn the degree of the harm, which is vital for maintaining a 

strategic distance from auxiliary disasters. Additionally, 

rescue teams cannot organize a sort out rescue plan for 

underground spaces because of inadequate information 

gathering. Under such a circumstance, the rescue team must 

go into the underground spaces straightforwardly to 

accumulate fiasco data, and the data ought to be shared 

within the teams by communication between above ground 

and underground space for efficient and agreeable rescue 

works. Nonetheless, when the communication framework is 

broken because of harm, rescue teams cannot collaborate 

closely because of communication disconnection. Hence, 

the rescue team needs to work in the underground space 

with being not able to know the condition precisely, and 

they confront the included danger of auxiliary disasters. For 

instance, in the underground catastrophes in Korea in 2003, 

a number of rescue workers were relinquished due to smoke 

harm. The rescue teams could not anticipate the smoke 

damage because they could not accumulate enough data 

about post-calamity circumstance in underground space, 

thus numerous lives were lost. This is a typical case of 

underground catastrophe damage due to auxiliary 

catastrophes that has activated because the rescue teams 

entered underground territories without sufficient data. The 

WSN comprises of spatially disseminated sensor nodes (SN) 

to helpfully screen the ecological conditions, for instance, 

temperature, sound, vibration, weight, movement, so on. At 

that point, the WSN is empowered to provide the wireless 

communication work set up without existing structure. The 

WSN in closed territory is built by rescue robot. Therefore, 

a data gathering strategy by building the communication 

framework to hazardous situation by utilizing the WSN has 

been analyzed. 

A SN deployment procedure by using the rescue 

robot is essential to the execution assessment of versatility 

in closed space. A few SN deployment strategy utilizing 

mobile SNs and portable robots to develop the WSN have 

been developed. We cannot overlook at 9/11 where 101 

individuals including nine non-native and 14 policemen 

have lost their lives while around 300 individuals were 

harmed in the most exceedingly awful fear assault found in 

the nation in which terrorists were firing indiscriminately at 

individuals. My blood was raging as our valiant soldiers 

were battling to free all the prisoners at Taj and Oberoi inn 

in Mumbai. 

 
Fig 1: Gathering disaster area information by utilizing 

wireless sensor networks and rescue robot. 

It struck a thought in my brain, why wouldn't we be 

able to make a robot to handle such sort of circumstance. 

With a specific end goal to handle such circumstances, so 

we developed this mobile spy robot, which is radio operated, 

with radio camera in synchronization that can rotate left and. 

This rescue robot is self powered, and has all the controls 

like a normal car. A wireless camera has been mounted on 

top of it, so that it can send real time send continuous signals 

which could be seen on a remote screen and action can be 

taken appropriately. It can quietly go into adversary (enemy) 

territory and send us all the information through its modest 

camera eyes. It might be intended for battling and for 

suicide assault. So here propose the novel SN deployment 

strategy to construct the WSN with the stability of 

communication connectivity by utilizing the rescue robot. 

Then we evaluated the availability of the proposed method 

in field operation test. 

In the existing approach, the spy-robot, which is 

radio operated through radio camera synchronized with 

stepper motor, and camera can rotate left or right. This spy 
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robot is self powered, and has system for detecting 

obstacles. The issue here is, once the spy-robot goes beyond 

the range of the operator, he loses control over the robot, 

thus the network connectivity fails, so in order to maintain 

the connectivity, a wireless sensor network has to be created 

between the operator and robot, in hazardous situation. The 

main purpose here is to implement such wireless sensor 

network (WSN) in order to refrain the network connectivity 

between operator and spy robot by deploying number of 

sensor nodes which relays information, thus the range of the 

network increases. 

 
Fig 2: Existing approach of wireless tele-operation 

Particularly, maintaining the stability of the system 

control is not simple by happening furthermore auxiliary 

catastrophe in underground spaces. In this circumstance, to 

construct the stable system is important to rearrange and 

simplify the network structure. Therefore, we rearranged the 

network structure by considering a rescue robot as a SN. 

  
Fig 3: Implementing method of wireless sensor networks by 

using rescue robot. 

II. LITERATURE SURVEY 

Recently, the rescue robot is gaining its importance in the 

non-industrial and industrial robotics field in connection 

with service and personal robotics. The robotic model that 

proposed here consists of a wireless RF camera, 

microprocessor, DC motors, stepper motor, and IEEE 

802.15.4 Zigbee module for locomotion. In [1] authors 

discuss a crossover structure robot with humanoid and 

vehicle sorts to perform home security related functions. To 

accomplish home security issues, the temperature and 

smoke detection sensors are mounted on the robot. In the 

meantime, the CCD camera is placed on the top of a 

humanoid robot to catch the videos and to help remote 

controls. The security robot is controlled wirelessly in terms 

of remote way. The proposed hybrid-structure robot acts 

vehicle type in most of operation time to perform steady and 

quick movements and to minimize energy consumptions. 

When the robot enters non-level grounds or uneven surfaces 

or crosses small doorsills, the robot structure is altered as 

humanoid type to pass the non-level surfaces. In [2] authors 

demonstrate a design and implementation for a semi-self-

sufficient search robot, which could be greatly valuable as 

quest or search stage situations which include risky, 

dangerous and hazard situations such as earthquake relief, 

radioactive territory or virulent chemical material. The 

portable robot has the unusual structure with tracks. The 

Robot mechanism has been examination, the flippers in 

front ought to help the robot to climb stairs or to avoid some 

other obstacles. As per the task requirements, a few kinds of 

sensors, for example, infrared sensor, GPS receiver, 

ultrasonic sensor and etc, are ready to distinguish the earth 

and where the robot situates on. A favourable human-robot 

interface is composed which is utilized to transmit the 

control commands to the robot from distant. A semi-

independent on local control method has been used for the 

robot to coordinate teleoperation and local self-governing 

navigation. In [3] authors proposed a system in sensors and 

sensing systems in robotics and this proposed system seems 

to be a key for the advancement of next generation cutting 

edge robotics like  micro robotics, space robotics, 

neurorobotics and robots for natural catastrophe prevention. 

Sensors and sensing systems are relied upon to play a vital 

part in the upcoming era of robotics, and this proposed 

system is totally with respect to on sensors and sensing 

systems. In [4] authors proposed a portable spy robot with a 

wireless controller by utilizing PIC 16f628a and PIC 

16F877. The spy robot is comprised of a remote camera, an 

antenna, batteries and four portable wheels. The two 

different PICs are utilized to control spy robot and to 

remotely control along wireless system. CCD camera is 

utilized to catch information encompassing the robot. A 4 

bits LCD display is placed on remote controller to view 

client commands. To utilize the spy robot in the oblivion 

region at night, the CCD is situated up with led that is 

connected by lighting circuit. Radio frequency (RF) 

modules signals are utilized as a part of wireless control 

system for transmitting and receiving wireless logic signals 

to control the motors of the spy mobile robot. In [5] authors 

proposed an embedded system for security and safety reason 

robot utilizing ZigBee communication. The robot comprises 

of sensors for intruder detection and detecting Gas leakage. 

MQ6 Gas sensor detects the presence of bio hazardous gases 

like propane, iso-butane, LPG, alcohol and LNG, and the 

PIR sensor detects only the living organism (Intruder). The 

sensor details are first transmitted to the microcontroller 

which resides at the robotic side and then transmitted to the 

local system through ZigBee. The system also gives a visual 

and an audio output to alert about the critical situation for 

the security and safety purpose. This robot also has a battery 

powered wireless AV camera which gives robotic in front 

environment information to the local and remote system and 

performs the video and audio streaming. The robotic 

movement is controlled wirelessly from the local system by 

using the front end application VB 6.0. The Zigbee (IEEE 

802.15.4) supports a frequency range of 2.4GHZ, 9600 baud 

rate with 256Kb of flash memory. It supports the range of 

400m in open-air, line-of sight, outdoor environment. This 

proposed system is utilized wherever individuals cannot go 

or where things doing too dangerous for individuals to do 

safely. In [6] authors proposed a wireless sensor networks 
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(WSNs) deployment mechanism for creating or building 

wireless communication infrastructures for a rescue robot 

with considering a throughput between sensor nodes (SNs).  

III.  SYSTEM OVERVIEW 

A. Microcontroller (AT89S52) 

The AT89S52 is a low-power, high-performance CMOS 8-

bit microcontroller with 8K bytes of in-system 

programmable Flash memory. The device is manufactured 

using Atmel’s high-density nonvolatile memory technology 

and is compatible with the industry-standard 80C51 

instruction set and pinout. The on-chip Flash allows the 

program memory to be reprogrammed in-system or by a 

conventional nonvolatile memory programmer. By 

combining a versatile 8-bit CPU with in-system 

programmable Flash on a monolithic chip, the Atmel 

AT89S52 is a powerful microcontroller which provides a 

highly-flexible and cost-effective solution to many 

embedded control applications. The AT89S52 provides the 

following standard features: 8K bytes of Flash, 256 bytes of 

RAM, 32 I/O lines, Watchdog timer, two data pointers, three 

16-bit timer/counters, a six-vector two-level interrupt 

architecture, a full duplex serial port, on-chip oscillator, and 

clock circuitry. In addition, the AT89S52 is designed with 

static logic for operation down to zero frequency and 

supports two software selectable power saving modes. The 

Idle Mode stops the CPU while allowing the RAM, 

timer/counters, serial port, and interrupt system to continue 

functioning. The Power-down mode saves the RAM con-

tents but freezes the oscillator, disabling all other chip 

functions until the next interrupt or hardware reset. 

B. RF Transceiver 

The RF transceiver is used in this prototype is Zigbee 

transceiver module (Chipcon IC - CC2500) to achieve 

wireless controlling of defense robot. Signals transmitted by 

the transmitter are converted to digital format by the micro-

controller using ADC, and output is fed to driver stage to 

control motors. It makes use of 2.4 GHz Operating 

frequency range for effective communication between robot 

and command section. Operating Range is 30 meters 

without requiring any external antenna or regenerative 

circuit.Based on the input codes master will give command 

to driver IC to control the robot. 

 
Fig. 4: Zigbee Transceiver 

C. Driver Stage (L 293D) 

Driver stage is LD293 motor driver IC, which drives two 

DC motors; these motors are vehicle driver motors. 

 
Fig. 5: Motor controlling Circuit (LD293) 

 This circuit diagram shows one way of connecting 

L298 to motors. Here the current sensing pins are grounded 

and speed control is achieved using PWM (Pulse Width 

Modulation). 

D. Infrared (IR) sensor 

An infrared sensor is an electronic device that emits in order 

to sense some aspects of the surroundings. An IR sensor can 

measure the heat of an object as well as detects the motion. 

These types of sensors measures only infrared radiation, 

rather than emitting it that is called as a passive IR sensor. 

Usually in the infrared spectrum, all the objects radiate some 

form of thermal radiations. These types of radiations are 

invisible to our eyes that can be detected by an infrared 

sensor.  

 
Fig. 6: IR Sensor 

 The emitter is simply an IR LED (Light Emitting 

Diode) and the detector is simply an IR photodiode which is 

sensitive to IR light of the same wavelength as that emitted 

by the IR LED. When IR light falls on the photodiode, the 

resistances and these output voltages, change in proportion 

to the magnitude of the IR light received. 

E. LCD 

LCD (Liquid Crystal Display) screen is an electronic display 

module used in this prototype at command section to display 

operating parameters like range, battery level etc. 

 
Fig. 7: Liquid Crystal Display 

https://www.elprocus.com/ir-remote-control-basics-operation-application/
https://www.elprocus.com/passive-infrared-pir-sensor-with-applications/
http://www.elprocus.com/explain-different-types-leds-working-applications-engineering-students/
http://www.elprocus.com/explain-different-types-leds-working-applications-engineering-students/
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F. Video transmitter section 

The video transmitter system used in this prototype is a 

module of complete package; in this the camera is interfaced 

to the monitor or to a TV for real time video transmission. 

And it provides a transmitting range of about 20 meters. 

 
Fig. 8: Wireless video communication 

A wireless A/V Camera is used to transmit the live 

video. The live video can be viewed through a computer via 

TV tuner card or Graphics card. The camera acts as a sender 

and the computer/TV acts as a receiver. The receiver 

antenna connected to the computer/TV receives the 

video/audio signals transmitted by the camera mounted on 

the robot and is displayed using TV tuner card or a graphics 

card. The interested region can be observed by rotating the 

camera at an angle of 360 degree. 

G. X-CTU Software for Zigbee setup  

X-CTU is a Windows-based application provided by 

Digi.This program was designed to interact with the 

firmware files found on Digi’s RF products and to provide a 

simple-to-use graphical user interface to them. In this 

project the XBEE modules is chosen to be controlled with 

this software. X-CTU is designed to function with all 

Windows-based computers running Microsoft Windows 98 

SE and above. Initially, the XBEE functions need to be set-

up: PC setting, range test, terminal access using AT 

commands and modem configuration. 

IV. SYSTEM IMPLEMENTATION 

In the existing system, the heart of the hardware design is 

the Atmel 89S52 microcontroller which is the control centre 

to manage all the sensor and peripherals such as Infrared 

sensor, motor circuits, which are interlocked with 

microcontroller 89S52 connected to laptop via UART and 

ZigBee where robot can be controlled by sending control 

commands using ZigBee along with standard serial port 

software interface. The Significant downside of the existing 

system is; once the robot goes beyond the range of the 

operator losses the control over the robot because of 

communication disconnection. Consequently, the rescue 

team has to work in the indoor space or underground space 

with being notable to know the circumstances accurately 

and afterward confront the included danger of secondary 

disasters. 

A. Master / Command Section 

The figure 9 basically describes block diagram of master or 

operator or commanding section which is an interconnection 

of various components such as personal computer (PC), SPI 

interface, power supply unit, wireless AV camera, TV 

tunner, and ZigBee module for communication. The heart of 

this circuit is the personal computer which gives command 

to robot, the master is controlling the robot remotely with 

the help of IEEE 802.15.4 ZigBee module which has range 

of up to 100m with onboard antenna in outdoor environment 

whereas as in indoor it restricted to 25m-30m because of 

obstacles. 

 

 
Fig. 9: Block diagram of Operator section 

The IEEE 802.15.4 ZigBee module used here is an 

FSK Transceiver module, which is designed using the 

ChipconIC (CC2500). It can be used in 2400-2483.5 MHz 

ISM/SRD band systems. A 9v power supply unit is used for 

the operation of the circuit. In the existing system, we do 

know that once the robot goes beyond the range of the 

operator, the operator losses control over the robot because 

of communication disconnection. A Wireless AV camera is 

used at robot section for transmitting the RF video signal, at 

the master section this RF video signal is received with the 

help of a TV tunner by tuning in to corresponding frequency 

which is transmitted by wireless AV camera. The figure 10 

shows the flow chart of master section. 

 
Fig. 10: Flowchart of Master Section 
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B. Robot Section  

 
Fig. 11: Block Diagram of Mobile Robot Section 

The figure 11 describes the block diagram of mobile robot 

section. It an interconnection between Atmel 89S52 

microcontroller and various components such as ZigBee 

module, IR proximity sensor, power supply unit, LCD 

display and Stepper and DC motor DriverIC L293. The 

robot section receives all the signals that are coming from 

the command section and processes using microcontroller 

there by yielding the corresponding output, thus, the 

command section can be able to control the entire robot 

section remotely.  

 
Fig. 12: Show Flowchart of Mobile Robot Section 

C. Proposed System Design Hierarchy 

In order to overcome the drawbacks of the existing system 

and to re-establish the communication between operator and 

mobile robot here proposed a novel technique. An 

intermediate sensor nodes or slave devices are used to relay 

the information between operator and mobile robot and to 

control the locomotion of robot remotely, therefore these 

intermediate sensors acts as a simply repeater, for example, 

as shown in figure 3. If the operator wants to control the 

robot, then the operator has to communicate via SN2, SN3, 

SN4 and then to robot, thus the range of network increases 

along with the increase in network complexity. 

D. Slave Section 

The intermediate sensor nodes section can also be called as 

slave section. Usually it comprises of Atmel 89S52 

microcontroller, power supply unit, ZigBee module and 

LCD display.  

 
Fig. 13: Block Diagram of Slave Circuit 

 The slave device receives all the signals that are 

coming from the command section and processes using 

microcontroller then relay the information to either robot or 

to its next successive slave device thus, the command 

section can be able to control the entire robot section 

remotely. Here the power supply unit consists of a step-

down transformer (230v-9v), a bridge wave rectifier circuit 

that converts the AC into pulsating DC. 

 
Fig 14 Show Flowchart of Slave 1 Section 
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Figure 9, 11, and 13 collectively defines the block 

diagram of the proposed prototype model. The prototype 

model is mainly divided into 4 major circuits which are as 

stated below: 

 Operator circuit. 

 Mobile Robot circuit. 

 Slave 1 or Sensor node 2 circuit. 

 Slave 2 or Sensor node 2 circuit. 

The circuit interconnections of various components 

of sensor node 1 are identical with respect to sensor node 2 

but the workflow is slightly differing from each other. The 

figure 15 describes the working flowgraph of slave1 section. 

 
Fig 15 Flowchart of Slave 2 Section 

V. APPLICATIONS 

 Defense Applications 

 Land rover 

 Industrial Robot 

 Non Industrial Robot 

VI. RESULT 

Actually in the proposed system, to construct the WSN, it 

comprises of both sensor nodes and the rescue robot. Here 

the deployment of SNs is fixed at a certain distance between 

the operator and rescue robot. Usually, rescue robot consists 

of Atmel 89S52 microprocessor, IEEE 802.15.4 ZigBee 

module, LCD display, dc motors, stepper motor, battery, 

wireless RF camera and IR proximity sensor. Whereas, SN 

mounts, Atmel 89S52 microprocessor, IEEE 802.15.4 

ZigBee module, LCD display, step-down transformer with a 

bridge rectifier to convert AC current to DC current. Then 

these devices are controlled by an operator by sending 

commands to either robot or to SNs which in turn relays the 

message to the robot if the robot is in its range. The figure 

16 shows the prototype model of mobile robot used to 

construct a wireless sensor network (WSN). 

 
Fig 16: Model of Mobile Robot 

 The experiment is performed in the indoor space 

with a length of 50[m] or more. The operator directly impels 

the versatile robot in a straight way and the rescue robot 

constructed WSN by utilizing the proposed algorithm in this 

environment. Then we evaluated the distance that the mobile 

robot moved without the SN deployment for the cooperative 

evaluation.  

 In the experiment without the SN deployment, the 

mobile robot is controlled to point up to a range of 

approximately 25m or more. Therefore to extend the 

network coverage, one has to create a network to maintain 

the stable connectivity in between operator and SNs. The 

figure 17 show the prototype model of slave section and 

slave acts as intermediate node whose function is to relay 

information from one node to another node. Intermediate 

node simply replicates and forwards the received 

information to the destination node. 

 
Fig. 17: Model of Slave Circuit 

A. Analysis of Results: 

In the proposed system, one has to evaluate the 

communication quality; the trails confirm that the 

deployment of WSN between operator and robot increases 

the network coverage. The WSN has the capability to 
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maintain the end to end communications and was 

constructed by utilizing proposed system. The deployment 

point of SNs was 20 [m] (SN2), 30 [m], 40 [m] (Rescue 

robot as SN3). The characters in blue colour show the 

transmitted data from operator ZigBee module to end 

ZigBee module, whereas the characters in red colour show 

the received data from end ZigBee module to operator 

ZigBee module. In terminal window as shown in figure 18 

the devices within in the range of operator will send a 

message "ROBOT RDY" which indicates that the robot is 

ready to receive the command from operator and similarly 

slave devices send a message "SLAVE 1/2 RDY" which 

indicates that the robot is ready to receive the command 

from operator if it's within range of operator. If operator 

wants to communicate to robot, before sending command to 

control the robot, search for the robot whether it's in range 

or not. 

 
Fig 18: Result Analysis with X-CTU Terminal Tab 

 The operator will conclude this by sending a 

message "R1"; if robot is within its range it sends an 

acknowledgement (ACK) message "OK". If the robot is not 

the range the operator then it will search for next nearest i.e., 

slave 1 and establishes connectivity with it. After 

connectivity establishment it searches for robot, if it's in 

range various control parameter of robot is achievable, if not 

slave 1 searches for next nearest i.e., slave 2. After 

connection establishment it has to search for robot and 

continues until N slaves.  

VII. CONCLUSION 

In all the models and the systems described in the proposed 

system, the WSN deployment strategy that maintains the 

end to end communication conditions such that the WSN 

enables smooth tele-operation of the mobile rescue robot in 

a post-catastrophe spot. Experimental results showed the 

effectiveness of the proposed strategy that is enabled to 

construct the WSN in the field test. The rapid 

implementation of actions to reduce secondary disasters in 

disaster areas requires the stable referral of disaster 

information. Therefore, this strategy which constructs WSN 

that maintains the throughput stable by utilizing rescue robot 

is effective for gathering disaster area information in actual 

disaster scenarios. In the future enhancement, the same 

proposed system can be implemented through IEEE 802.11b 

has the high connectivity in the environment where has a lot 

of obstacles. The theoretical values of throughput by 

utilizing IEEE802.11b are 11.0 [Mbps], and then this 

wireless LAN protocol gives the communication distance 

that is 100 [m] as on the straightway and afterward the 

throughput we characterized is the amount of packet 

transferred per unit time in the networks. The 

communication qualities are measured the electrical field 

density (RSSI) and the throughput for the decision of SN 

deployment place. The efficiency of various factors that is 

the multipath fading of the radio waves, the packet 

collisions, changing RSSI …etc occur the lower of the 

packets throughput. 
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