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 At present the robots used for home surveillance are in a need of charging themselves 

when their on board battery is low. The robots are nowadays used to reduce the stress 
and works of human being. More and more robots are now working around us and they 

will help us a lot in our daily lives. The robots are spending more time in charging and 

work for little time only. For example a lion battery takes 4 hours for charging and by 
using that power the robot can work for 5 or 6 hours. Because of this the robot cannot 

work continuously for home security.  To overcome this problem in recharging the 

battery replacement is a perfect solution. For replacing the battery, the robot can go to 
the docking station when the battery level is low. 
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INTRODUCTION 

 

   Surveillance robots are used in many places in 

our day today life i.e. buildings, factories, 

supermarkets, etc. Where robots are travel along the 

patrol path. The time duration capability of every 

robot is very critical and the power supply when it is 

relied. The high capacities batteries are used while it 

is large sized and minimize the mobility of robots. 

To solve this battery recharging problem the docking 

station is to be used as long term activity of robots. 

Nowadays the size and the prize of mobile robots 

have minimized, they are used in home applications. 

The improvement and properties of a surveillance 

robot (Song, G., 2009) with recharging capabilities 

for home security application and automatic docking 

was proposed. This system has a docking station and 

surveillance robot. Monitoring systems are generally 

fixed on locations such as windows, doors and walls 

in home security systems. The multiple ultrasonic 

sensor modules for the home security surveillance 

system have been developed. The robot system 

gathers information and detects the abnormal events 

such as lethal gas leakage and fire alarm applications. 

The development of a patrol robot in self-patrol 

mode is used in for home security with network 

assisted interactions. Multi-level and multi sensor 

based intelligent recharging system for mobile. The 

proposed system will be used to replace the battery 

whenever the on board battery level becomes low. 

This method is useful to maintain the battery of the 

robot active always while it is on surveillance 

applications. 

 The main aim of this paper is to replace the 

battery of the robot automatically. The three wheel 

robot is designed and the path through which the 

robot reaches the replacement area is to be finding 

out by using MATLAB image processing. The 

docking station is designed in which the robot will 

replace the battery easily. The image processing 

results will be compared with the current position 

that can be helpful to reach the target area. The main 

usage of this application the surveillance robot can 

work for many hours without lack of power or 

energy. 

 The existing method is improvement and 

properties of a surveillance robot with recharging 

capabilities for home security application and 

automatic docking was proposed. The palm-sized 

surveillance robot has three wheels and triangular 

shape with and it is used communicates with the 

wireless home router through Wi-Fi. The ZigBee is 

used to communicate with the docking station and 

serves as a mobile WSN gateway. The docking 

station has a structure of trapezoidal with an arc-

shaped docking interface. A proposed system 
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consists of a docking system method depends on the 

own localization of the robot and next form of the 

infrared detectors used. For a recharging operation 

the robot can goes to the docking station, when the 

battery is low. The results show that the robot 

achieved a success rate of ninety percent after sixty 

different docking attempts. 

 The proposed system is that the robot is 

designed  with  automatic  battery replacement  

capabilities.the robot  can automatically move to the 

replacement  area for replacing the  battery  

automatically  when the on board battery is below 

20%. The recharging time gets reduced because of  

changing the battery.the path through which the 

robot travels to the target area will be find out  by 

matlab image processing.the IR transmitter and the 

receiver section are also useful for reaching the 

replacement area. 

 

2. Surveillance Robot: 

 The hardware section of robot  consists of two 

IR sensors, Microcontroller, servo motor, USB 

camera and two DC motors, etc., where the the 

wheels of the robot are used to rotate the two dc 

motors. For tilting of the camera for a large view, the 

servo motor is used. The ZigBee module is used for 

robot communication with docking station. For an 

obstacle avoidance the surveillance robot depends on 

the two Infra-red sensors to perform the operation. 

To stop the surveillance robot, the core board is 

generally used. The core board of this system 

contains microcontroller and switch controller. The 

ADC is in built of the microcontroller to perform the 

operation and used for real time status on battery. 

When detecting that on board preset voltage is higher 

than the battery voltage, while the microcontroller 

used to tells the robot to reach the docking station to 

perform an operation of exchanging the battery and 

also shows to do the work again. The robot uses 

MATLAB image processing to find out the 

exchanging area. The video of the path will be 

captured by the camera in the robot and the video 

will be converted into frames.The frames of the path 

will be compared with the frame of docking area.by 

using the values obtained from image processing the 

robot will travel to the exchanging area. The length 

between the robot and the docking station is 

normally calculated by encoder. In this proposed  

paper PIC16F877A is used. It contains of 10-bit 

multi-channel ADC, High-performance RISC CPU. 

 

3. Matlab Image Processing: 

 The video of the path will be captured by the 

camera in the robot and the video will be converted 

into frames.The frames of the path will be compared 

with the frame of docking area.These image 

processing will be done by the MATLAB image 

processing.The image processing will give the 

distance values and according to the values the robot 

will move to the replacement area.The outputs from 

image processing will help the robot till the robot 

enters the IR area.Once the robot  comes into the IR 

area then the IR receiver will sense the IR signals 

from the  transmitter IR in the docking section  

 

4. Hardware Section  of Robot: 

 The robot is controlled by using the PIC 

microcontroller and PIC 16F877A is used because of 

its availability and low cost as shown in fig 4.1. 

 
Fig. 4.1: Block Diagram of Robot Section. 

 

 It has many interfaces and inbuilt 10 bit analog 

to digital converter.The robot will move by using the 

three wheels which are shaped in triangular and can 

be controlled by using two DC motors.The relay unit 

is used for controlling the DC motors, single pole 

single throw relay is used.The IR sensor unit  is used 

as a receiver to receive the IR signal from the 

transmitter IR sensor which is fixed in docking 

station. 

 The docking station (Milo C. Silverman, 2002) 

is used for the battery replacement of the robot while 

the battery level comes down and during the need of 

charge. The docking station is used for the battery 

replacement of the robot while the battery level 

comes down and during the need of charge. 
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Fig. 4.2: Block diagram of docking station. 

 

 The output is the hardware implementation of 

robot with its hardware components called core 

board, dc motor, relay unit and the IR section. The 

output obtained from the MATLAB image 

processing are the distance values that are found out 

by comparing the frames of the video path and the 

frame of the replacement area.  

 

RESULTS AND DISCUSSIONS 

 

 The output is the hardware implementation of 

robot with its hardware components called core 

board, dc motor, relay unit and the IR section. The 

output obtained from the MATLAB image 

processing are the distance values that are found out 

by comparing the frames of the video path and the 

frame of the replacement area.  

 

5.1 Hardware Model of Robot: 

 The hardware implementation of the robot is 

shown in the fig. 5.1. 

 The robot controlled by using the PIC 

microcontroller and PIC 16F877A is used because of 

its availability and low cost. It has many interfaces 

and inbuilt 10 bit analog to digital converter.The 

robot will move by using the three wheels which are 

shaped in triangular and can be controlled by using 

two DC motors. 

 

 
 

Fig. 5.1: Robot with its hardware components. 

 

 
 

Fig. 5.2: The complete robot section. 

 

 The relay unit is used for controlling the DC 

motors, single pole single throw relay is used.The IR 

sensor unit  is used as a receiver to receive the IR 

signal from the transmitter IR sensor which is fixed 

in docking station.the complete robot section  is 

shown in the fig. 5.2. 
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5.2 Output of Matlab Image Processing: 

 The video of the path will be captured by the 

camera in the robot and the video will be converted 

into frames.The frames of the path will be compared 

with the frame of docking area.These image 

processing will be done by the MATLAB image 

processing. The image processing will give the 

distance values and according to the values the robot 

will move to the replacement area.The outputs from 

image processing will help the robot till the robot 

enters the IR area.the MATLAB output values will 

be useful for the robot to enter into the IR area from 

its surveillance place.After entering into the IR 

transmission area the robot starts receiving the IR 

signalsfrom the transmitter IR fixed in the 

replacement area,it will automatically move without 

manual control. 

 

Video Parameters:  15.00 frames per second, RGB24 256x256. 

101 total video frames available. 

Di = 37.8213 24.2842 16.4346 92.4678 4.5410 14.8564 97.3906 81.0293 

 38.5117    23.1670 15.5293 91.5605 13.4355 12.9502 87.8105 80.7773 

 40.6445    23.4229 16.0977 94.6914 41.4971 13.6104 96.1230 85.8809 

 44.5947 27.0986 19.7559 98.1846 61.6855 32.7646 109.1406 97.5186 

 49.9570    36.4521 27.0078 104.9609 127.5635 138.6270 155.1816 117.3350 

 58.6709    50.3867    69.8662 151.6064 198.0225 178.5215 172.4189 120.6523 

 128.5342 154.3916 159.2793 177.6582 160.2109 144.1270 178.9131 162.1836 

 179.7227 174.5410 170.2109 187.8398 174.2168 163.0078 186.4639 180.2803 

       

Di = 37.5244 24.0830 17.1885 99.3184 4.9912 7.7344 96.7832 75.0596 

 38.2246 23.0088 16.2471 98.3477 3.7451 6.8350 86.0283 75.3848 

 40.0273 23.3096 16.9424 101.4121 33.4287 20.4805 92.1875 79.8281 

 44.0820 27.1406 20.4482 104.6826 54.4033 39.9053 104.5029 90.9502 

 49.9668 35.9990 27.4922 111.5664 122.8320 141.6338 152.6602 108.6504 

 58.6338 50.4795 70.4766 155.2959 197.6729 179.0469 171.2539 112.4102 

 128.3330 154.5537 159.1777 179.1621 158.0322 145.8369 178.7764 158.5742 

 179.4609 174.4385 170.4658 189.2744 172.3535 163.8008 186.4707 178.7773 

 

 The sample video of a path has taken and the 

image processing results will were calculated. The 

hardware model of the robot was designed. The robot 

is programmed to move to the docking station by 

using the input values calculated by the image 

processing and also the IR sensor receiver.  

 

5.3 The Docking Station: 

5.3.1 The Hardware Components of Docking Station: 

 The core board of docking station is consisting 

of a PIC microcontroller to control the operations of 

docking station (Riccardo Cassinis,). The servo 

motor control programs are programmed in PIC 

microcontroller to move during replacement. The 

LCD display is used to display the name of the Robot 

and the tilting angle values of servo motor. There are 

two transformers, in that one is used for stepping 

down the power supply from the main board to the 

servo motor and another one is used for stepping 

down the power supply from the main board to the 

PIC microcontroller.  

 

5.3.2 Complete Setup of Docking Station: 

 

 

 
Fig. 5.3: Hardware components of docking station. 
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Fig. 5.4: Complete setup of Docking Station. 

 

 The docking station (Se-gon Roh, 2008) is made 

up of ilam sheets whish are light weight in their 

nature and can be easily drilled for any type of 

arrangements. It is more advantageous than metal or 

glass. There are totally three IR sensors used for the 

replacement process. When the first IR sensor is cut, 

the exhausted battery will be removed and it will take 

some time to replace the battery till he second IR is 

cut as shown in the Fig. 5.4. There is another one that 

is the third IR sensor unit to make the robot move in 

a straight line till the replacement process gets over. 

The servo motor can carry three kilograms of weight 

and the angle tilting is from 0 degree to 270 degree. 

When the servo leads comes to 90 degree 

automatically the battery can be moved. After the 

tilting of servo and replacement of the battery the 

servo motor will come to its normal position that is 0 

degree. The robot will then move in reverse direction 

and continues its work. The robot is operating by 

using a auxiliary battery and the auxiliary battery 

will be charged by using the main battery which can 

supply the power to it and can be replaced when the 

battery level becomes low. 

 

5.3.3 Docking Robot: 

Step1: Movement of robot 

 

 
 

Fig. 5.5: Docking Robot. 

 

 The robot moves to the docking station by 

sensing the infrared rays and ones when the first IR 

is cut, the robot will automatically be docked as 

shown in the fig. 5.5. Then the first IR will make the 

robot wait for removing the exhausted battery and 

after removal the robot will move and stop at second 

IR. Then the full charged battery will be moved into 

the robot. After replacing the robot comes in reverse 

direction and continues its work. 

Step 2: Entering of robot into the docking station 

 The robot senses the first IR and waits for 

removal of exhausted battery is shown in the fig. 5.6. 

After removing the empty battery into the docking 

station the robot moves forward till the second IR is 

cut. When the second IR is cut the robot stops for 

some time for the replacement of battery from the 

battery frame. There is another one that is the third 

IR sensor unit to make the robot move in a straight 

line till the replacement process gets over. 

Step3: Robot docking process 

 The servo motor can carry three kilograms of 

weight and the angle tilting is from 0 degree to 270 

degree. When the servo leads comes to 90 degree 

automatically the battery can be moved. After the 

tilting of servo and replacement of the battery the 

servo motor will come to its normal position that is 0 

degree. The robot will then move in reverse direction 

and continues its work. The robot is operating by 
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using an auxiliary battery and the auxiliary battery 

will be charged by using the main battery which can 

supply the power to it and can be replaced when the 

battery level becomes low. 

 

 
 

Fig. 5.6: Entering of robot into the docking station. 

 

 
 

Fig. 5.7: Final docking process. 

 

5. Conclusion: 

 In this the robot docking station with battery 

replacement was introduced. There is no manual 

control is needed for controlling the robot. The 

MATLAB image processing helps us to overcome 

the disadvantage of the line follower based path 

tracking. The robot can move back to the docking 

station when the battery is too low. The robot can 

work 4.5 hours with 12V Li-ion battery which is 

required 3.5 hours for the fast full charging. In other 

words, the robot only works 14 hours about and it 

spends 10 hours on waiting for exchanging station in 

a day without the battery replacement. Because of 

this the working hours of the robot will be very less 

hence it cannot be always active. With this design, it 

only takes 30 seconds to accomplish the automatic 

battery exchanging process, so that the robot will 

have long term autonomy. The future work in this 

paper will be construction of many numbers of 

docking stations in and around the home and also 

keeping a battery frame with many numbers of 

batteries. 
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