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Abstract 
              While robots have greatly advanced in recent years, the technology is still largely out of 

reach for developing countries. The challenge has now become to incorporate existing technologies so 

that robot technology can be easily implemented at low-cost in a developing world setting. This 

technology is especially useful in hazardous conditions, where human intervention is difficult and 

reliability must be high. With this in mind, a line-follower auto-controlled vehicular information robot 

was implemented with Atmel Atmega 328P microcontroller, customized robotic chassis, QTR-RC 

reflectance sensor array, L293D motor driver IC, DHT11, 433Mhz RF transmitter-receiver module 

and LCD. A set of computer programs has been written in C and C++ programming language to make 

the system multi-tasking. This low-cost autonomous robot transmits temperature, humidity and other 

information of the hazardous environment to an outside wireless receiver. The computer software 

program is compatible with any kind of microcontrollers for both professional implementations and 

prototyping. The design can be easily adapted to include more parameters to transmit. 
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1. Introduction 
In spite of great advancements in the field, robotics is still an unfulfilled need for users in 

developing countries. It is an essential necessity to associate existing technologies so that robot 
technology can be easily implemented at low-cost in developing countries alike. Such a design must 
incorporate inexpensive off-the-shelf components, and easily written software code. Hazardous 
conditions include peaceful applications of nuclear energy and nuclear medicine for human welfare. 
The environment may also involve toxic chemicals and gases, such as in confined underground spaces. 
Owing to the underdeveloped state of robotics technology in Bangladesh, a number of scientists, 
engineers and workers are taking risks working not only in numerous harmful environments but also in 
implementing peaceful applications of nuclear energy carried out by the Atomic Energy Commissions 
across the world. As an application of robotics technologies, an appropriate robot would greatly reduce 
such risks. This paper describes the design and implementation of an inexpensive and user-friendly 
robot for venturesome and risky conditions. The robot can move independently at  highly radioactive 
zones and can transmit temperature and humidity information to a wireless receiver placed at the 
monitoring room. The research methodology, circuit construction, novel approach to software 
programming and the testing of the implemented system have been mentioned in this paper. 

2. Literature Review and Device Selection  
There are various types of robots which have already been used in hazardous conditions [1] [2]. 

Study found that the existing technology even has some limitations [3]. As a result, autonomous robot 
such as obstacle avoidance, voice-controlled or hand-motion controlled robot could have been 
implemented but the line follower robot was chosen for its simplicity and also it does not need outside 
control.[4] 

3.  Methodology   

    The developed vehicular line-follower robot automatically follows a black line inside the harmful 

reactor chamber sensing and transmitting information to an outside receiver [5]. The line-following 

part and then the wireless transmission part were implemented separately before both were combined 

as a complete system. 
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4.   System Architecture and Implementation                                                                                 

4.1 Algorithm 

       The Tree of algorithm that the system follows looks like: 

1. Press the ‘Power On’ key 

2. Calibrates the line  

3. Waits until calibration process is finished 

4. Robot finishes calibration to read and find the black path                                                                         

          4.1. If it finds, it’ll move forward 

          4.2. Else calibrates again to move forward 

5. Information sensor integrated with robot senses the information from environment      

          5.1.  Waits for 5 seconds for the first data of information                                                                                                

          5.2   First data from DHT11 sensor is transmitted and received at the receiver end 

          5.2. The received information is displayed on LCD 

6. Robot finishes to travel its path loop while data is received at every 5 seconds interval 

7. Press the ‘Power Off’ key 

4.2 System Components 

     Two of the major components of the robot are the Reflectance Sensor Array named QTR-RC used 

to detect and determine the black path on a white surface and an information sensor DHT11 for 

temperature and humidity sensing [6]. The QTR-RC sensor consists of an LED and a Phototransistor 

pair to detect the path based on minimum or maximum reflectance (Figure 1). The width of the line 

needs to be so wide that it covers all the used sensors. The typical sequence for reading this sensor is 

as follows:  Declaration of the I/O line as output (digital pin 7-10) and set it high (+5V), then waiting 

for at least one millisecond to give the capacitor node time to reach 5V. 20 milliseconds was given. 

Again, declaration of the I/O line as input (high impedance) and ‘digital read’ command finally 

measures the node voltage to decay by waiting for I/O line to go low. 
L293D IC was used to control the motor and to diminish the back electromotive force produced by the 

motor which might damage the microcontroller. The digital input pins were connected to the 

microcontroller unit as shown in Figure 2. According to the commands sent from the MCU it provides 

signal to the motor to rotate in clockwise or anti-clockwise direction. 
The DHT11 sensor consists of a Negative Temperature Coefficient (NTC) component for temperature 

measurement and a resistive-type component for   humidity measurement. Operational circuit diagram 

is shown in Figure 3. DHT11 changes from low-power consumption mode to working-mode as soon 

as Microcontroller Unit (MCU) sends a start signal. When it is completed, DHT transmits a response 

signal of 40-bit data containing relative temperature and humidity information to MCU. According to 

the requirement, this data was collected for transmitting through the Tx module. Once data is 

collected, DHT11 changes to the low-power-consumption mode until it receives a start signal from 

MCU again.  

 

 

 

 

 

 

 

 

Figure 1.QTR-RC(Pololu QTR       Figure 2. Schematic of L293D         Figure 3. DHT11 Connections  

  Sensors Datasheet, 2016)                            (website, 2016)                                 (Datasheet, 2016) 

 

4.3 Circuit Constructions  
       Two Microcontroller Units (MCU) have been used in this system. One is for transmitter and other 

is for receiver.  An L293D motor driver IC, QTR-RC and DHT11 sensor, transmitter module along 

with two 12V DC motors were integrated with the robotic chassis at the transmitter side.  
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The receiver side consists of an LCD (Liquid Crystal Display),  a potentiometer, a receiver module. 

They were connected to the MCU. [7] 

The complete system circuit diagrams are in Figures 4 and 5: 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 Figure 4. PSIM circuit diagram at the robot and transmitter side as designed by the authors 
 

 
 

 

 
 

 

 
 

 

 

  Figure 5. PSIM circuit diagram at the receiver and monitoring side as designed by the authors 

 

4.4 Power Block -Diagram of the System  

       The transmitter and receiver circuit can function with a 5 V DC power supply whereas motors 

operate at 9-12 V to produce maximum motor torque.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Power block-diagram of the system components 
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It was required to recheck the accuracy of every single components using debugged code and 

appropriate power supply to make sure that the complete system could function properly. [8] 

 

4.5 Software Programming Technique 

       Hundreds line of software programming libraries have already been used many times before for 

line sensing using QTR-RC sensor. Technically developed, less time consuming, easy and useful 

software programming code has been developed for line detection as well as for information sensing 

and transmission. Many pages of codes have reduced to a couple of lines. The ‘delay’ command 

directly being used works as a blocking function in the merged code, therefore the ‘blink without 

delay’ method has made it possible to make all the required tasks work smoothly at the same time 

without any interruptions. It requires 300 milliseconds to take place a single transmission of the data. 

According to this method, when the transmission process starts, it makes note of the time. Through 

‘loop ()’ command, it checks if the desired time interval is passed. If it is, it toggles the transmission 

starts or stops and makes note of new time. In this way the transmission takes place continuously and 

the robot movement never lags. Thus, it avoids the blocking function and lets the robot remain on 

track while data transmission takes place. [9]  

 

4.6 System Flowchart 

       The system flowchart is shown below: 

 
 

 

 

 

 

 

                                                                        

                                                                           

                                     

                                                

 

                                                                                       Not calibrated 
  

 

                                                                                Calibrated 
                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                             Figure 7. System flowchart  

5. Performance   
      The robot first calibrates its QTR-RC sensors and detects path. At the same time, the transmitter 

starts transmitting the temperature and humidity information as real time samples data as well as 

average to a receiver placed at 400 meters away. Then it is displayed on the receiver end LCD for 

Initialization 

Check line 

Press power ‘on’ key 

Put on ground 

Move on track 

Info sensor sends data to MCU  

Wait for 5 seconds to receive and display the 

information on LCD at receiver end 

MCU processes and transmits data through Tx module  

Wait till line-follower robot completes the path loop 

 

End process 

Start 

International Journal of Pure and Applied Mathematics Special Issue

12614



analyzing and decision making. The transmitting end and the monitoring end have to maintain a 

specific distance.     

 

 

 

 

 

 

 

 

 

 

     

 

 

 

 

     Figure 8. Robot moves independently & transmits information 

 

 

       

 

 

 

 

Figure 9. Information is received and displayed at receiver end 

The autonomous information robot ensures the following: 

● Moves inside the reaction chamber independently, receives and transmits real time and average 

temperature and humidity. 

● Monitors and analyzes from a long distance maintaining the real time communication between the 

adverse place and the monitoring room. [10]  

 

5.1 Sensor Validation and Approach of Multi-Tasking      

     This system required to handle multiple tasks [11] consisting of following a line (QTR RC) and 

sensing the temperature and humidity (DHT11) along with transmitting (433 MHz RF module) them 

which required to use the programing technique ‘blink without delay’. Only the internal circuit 

diagram was used for developing the software program of QTR-RC line-detecting sensor avoiding the 

use of very large programming libraries. This simple, technical and useful programming approach is 

new. As previously applied to calibrate the gas detector [12], this device was also compared with a 

standard SEIKO temperature-hygrometer, SEIKO DM90B Compact Metronome, available in 

www.amazon.com . It was found that the data that were received on LCD were almost identical to the 

original one. 
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Figure 10. Sensor data accuracy graph 

 

6   Component Cost and Large Scale Consideration  

      Two the most important outcomes of this system are that it is inexpensive and easy to use. Total 

system cost is given below: 

Table 1. System Cost 

Items Cost (US$) 

Mechanical and Design Unit  $ 15.00 

Microcontroller Unit $ 10.00 

Power and Sensor Unit $ 14.00 

Transceiver and Display Unit                $   7.00 

 Miscellaneous Cost               $   8.00 

Total          US$ 54.00 

Which is approximately 4000 BDT in Bangladeshi Taka which is much reasonable cost than the most 

other low-tech devices. This expense would be much lower when it is commercially implemented.   
 

7. Conclusion      

     The proposed system was built and tested successfully for Bangladesh Atomic Energy 

Commission. The system can be extended to adding wireless camera and Geiger- Muller radiation 

sensor. The system can also be upgraded with adding GPRS or GSM instead of 433 MHz RF Tx-Rx 

module. Due to the flexibility in use and inexpensiveness the system can be commercially 

manufactured and used in developing and under-developed countries as an invaluable application of 

robotics technology. 
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