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Abstract  

An Automated Mobile Robot can navigate on a floor freely by avoiding obstacles and 

walking on the shortest path between two points. It uses a vector map of the floor and Dijkstra's 

shortest path algorithm for calculating shortest path. For obstacle avoidance, it uses ultrasonic 

sensor modules and pre-loaded intelligence. The RFID scanner is used for identification and 

verification of destination and re-calibrating position of the robot on a path by detecting other 

locations on the path. This system requires 195 RPM and 1.75 seconds duration for the robot to 

successfully read the RFID tag. 
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1. Introduction 

 

1.1Background 

Robotics is a growing field around the world, including Bangladesh. Over the past few 

years, there has been a significant increase in the number of Robotics competition among 

universities. [1] Most of these competitions are about constructing “Line Following Robots”. 

Recently, a restaurant has opened where food is served by a “Line Following Robot” [2]. It is rare 

to see robots in Bangladesh that are autonomous and capable of making complex decisions. An 

autonomous intelligent robot that can go from one place to another within a building while 

avoiding the obstacle is quite formidable to build. It comes with many challenges solving which 

will take the robotics sector of Bangladesh another step forward [3].  

 

1.2 Problem Formulation 

Automating delivery of items between rooms using an “Automated Mobile Robot” that 

can find its path from one point to another while avoiding obstacles, without any lines to follow. 

Also, it can identify the source and destination by RFID scanning. After delivering the items, the 

robot will backtrack its path to return to its source. 

 

1.3Overviewof Automated Delivery Robot 

The robot is called “Automated” because it is able to run without manual control of a 

user. The user simply needs to input which rooms the delivery needs to go and the robot will 

carry the item there. 

The ADR uses the shortest path between source and destination. It calculates this path using 

Dijkstra’s Shortest Path Algorithm [4]. 
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While traveling between source and destination, the robot can avoid obstacles. Once it reaches 

the destination, it verifies the destination by scanning an RFID tag with the unique code on the 

door. Once it is verified, it will wait there for a fixed amount of time (so that someone can pick 

the item from the robot) and then backtrack to a source. If the verification is failed, it will still 

return to the source. 

 

2. Related Works 

Robotics is a growing field and there are plenty of works which are related to ours. 

Below are some of the works which relate to ours. This robot uses “Obstacle Avoidance” 

techniques to reach a destination from the source. Obstacle Avoider Robot using ultrasonic sensor 

HC-SR04 can sense the obstacle in its path and by identifying the object, it avoids the path [5] In 

Bangladesh, popular trends in robotics have been regarding line follower robots and recently 

restaurants using line follower robots for delivery. Yet there a scarcity of obstacle avoiding robot 

systems likes ours and we can say that ours is the first of its kind in Bangladesh. Also from 

Worcestershire Polytechnic Institute have developed an obstacle avoiding robotic system [6] but 

it lacks the idea of delivering goods from one room to another that can help disabled people and 

also small and big business ventures. 

 

3. Proposed work 

3.1 Basic Design of Robot 

In our proposed design, the robot has 30 cm length, 20 cm width, and 15cm height. The 

body is built of PVC cardboard. The whole system is controlled by Arduino Mega 2560 R3 which 

has 16 MHz oscillators and ICSP header. It has 4 DC motors (12 volts, 400 RPM).  These motors 

are controlled by two L298N Dual Motor Driver for PWM control. The motors use positive polar 

to indicate forward move and negative polar to move on backward direction. Sensors and 

modules are also corporate with the circuits to control the system. Ultrasonic Sensor HC-SR04 

for observing obstacles, RFID RC522 for RFID Reader and Scanner, Buzzer to emulate sound. 

 

 
 

Figure 1: Automated Mobile Robot with RFID Scanner and Self Obstacle Avoiding 

 

3.2 Algorithm  
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The floor on which the robot will work on is first modeled into a graph. Each room is a 

node. In order to travel from one node to another, the floor is further divided into a mesh of nodes 

[13]. There are edges between a pair of nodes whose weights are the distance between that pair of 

nodes. These all nodes are considered as row and column of a 2-D matrix. 

 

We have modified the Dijkstra’s shortest path algorithm to find the shortest distance between two 

nodes [12]. First, the robots need the distance between source and destination. Suppose the 

Source is U and the destination is V. The robot will calculate the shortest distance by Vector 

Mapping (VecSLAM) [7] using the following algorithm. 

 

 {    

measure_source();   

measure_destnation();  

motor_reading ();  

shortest_path();     

if (sonar_reading() == true) { 

avoid_obstacle(); 

    }else { 

motor_reading();   

 }  

} 

 

Shortest Path Calculation: 

For each node distance, n, in the graph: 

n.destination_distance = Infinity (Keypad Reading) 

    Create an possible path list 

start.source_distance = 0, (motor off) 

           While path list not empty: 

current_source = node in the list with the smallest distance from destination, remove current from 

list 

For each node from source, n that is adjacent to current distance: 

if   source.distance>current.distance + length of edge from n to current destination 

destination.distance = current.distance + length of edge from n to current source (distance 

measuring for RPM of robot, motor starts) 

 

Mainly, the robot calculates the vector mapping source and destination distance from the 

user input[8]. If the node distance is 10 cm, each node from the source will be calculated with 

pre-loaded vector mapping.  2-D grip will define the row and column between source and 

distance. The robot will calculate row to row and column to column distance to measure actual 

path.  
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Figure 2: Row-Column divination for path measurement 

3.3 System Design 

3.3.1 Equipment list: 

One of the main specialties of this robot is, it is cost and power efficient. Very few 

Drivers and Sensors have been used and all of them are operable in a very low Power supply. All 

the equipment’s are listed with power capacity. 

 

Arduino Mega 2560 R3: Arduino mega 2560 has integrated as the main development board in 

this robot where Input Voltage (limits)  :  6-20V and Operating Voltage :  5V[9]. 

 

Motor Driver: L298N motor driver has been used to control the PWM of the Robot where 

Operating Voltage: up to 46V and Total DC Current: up to 4A [9] 

 

Motor: 4 DC Motors with 400 RPM controls the movement and speed whereVoltage: 12V and 

Voltage Range: 6-12V[9] 

 

Wheels:42x19mm pololu is associated with the DC Motors whereDiameter: 1.65 inches (42 

mm) and Width of tire: 0.75 inch (19mm) [9] 

 

Sensors:Ultrasonic Sensor HC-SR04 is used to sense the obstacle for the robot. 4 of them has 

been used in Front, Rear, Left and Right where Voltage: DC5V and Current: less 2mA[9] 

 

RFID Reader: Mifare RC522 Module RFID Reader Scans the RFID tags and 

recirculates the result to the robot where Frequency: 13.56MHz [9] 

Keypad: Flexible 4*4 Matrix Keypad has been used to take the input of Room Number from the 

User. Buzzer: 5V Continuous Tone Beeper Creates the sound when the robot successfully scans 

the RFID tag while Roaming where Voltage Range: 2 ~ 5VDC and Sound Pressure Level: 82 dB 

[9] 

Mini Breadboard:Mini breadboard of 170 Points have been used to regulate the whole circuit. 
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Power Source:LIPO 2200mAh 11.1V battery is the power source for the whole robot and 

circuits. 

 

3.4 Assemble and System Principle: 

DC Motor Connection with Motor Drivers-DC motors are connected to the L298N 

dual motor. 2 L298N motor controls 4 motors. Positive polar of the DC motor will work as the 

Forward movement and Negative polar will be the Backward Movement. 

Ultrasonic Sensor connection: Trig and Echo Pin of Ultrasonic Sensor are connected to 

Arduino Mega (Digital Pin 33-41) and VCC GND shorted in Breadboard. 

RFID RC522 connection: RC522 is placed on Right Side of the Robot and GND VCC is shorted 

in Breadboard.  RST/Reset - D5, SPI SS - D53, SPI MOSI - D51, SPI MISO - D50, SPI SCK- 

D52  

Keypad: 4*4 Matrix Keypad is the input source to define source and destination for the Robot. 

All the input Pins are connected on Digital Pin of Mega. Here, Row Pins = {23, 25, 27, 29} and 

Col Pins= {28, 26, 24, 22} 

LIPO:Lipo is the power source for both Bread Board and Arduino Mega. So the positive 

terminal is connected to the VCC and 9V terminal is connected in the GND phase. 

 

3.5 Implementations:  

After the assembly we have to test or implement the system. For testing following steps 

are followed- 1. We have tested the polarity of the motors if they are rotating in the same 

direction also their rotation speed. 2. Ultrasonic Sensor reading will provide the actual distance 

between objects, which has illustrated in figure 3(a). 3. Test the RFID Tag serial number if they 

are being able to read correctly, this test confirms the range and tag id of RFID. Figure 3(b) 

shows the result of this test. 
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Figure 3: (a) Ultrasonic Sensor reading from Arduino Serial Monitor, (b) RFID Scanner Result 

from Arduino Serial Monitor 

 

3.6 System Principle: RFID and Ultrasonic Sensors are quite complex to handle on a Robotics 

System. To handle both sensors and modules, the construction of the robot is shown in Figure 4.  

 

3.7 Circuit: Sample Circuit has been generated by Fritzing [10]. Infigure-4 illustrates the whole 

circuit that are implemented in the Robot (digital pin numbers of Arduino mega are changed in 

the figure).  
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 Figure 4: (a) Circuit Diagram, (b) Work Process      

 

 

 

3.7 Result and Discussion: 
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This intelligent robot is capable of moving from one node to another, but only when 

certain conditions are met. The robot is able to neutralize some of the errors by regularly scanning 

rooms across its pathway using RFID. 

 

The sonar module used for detecting obstacles is pretty accurate, but they still have their 

limitations. Experiments have been run to determine the distance of obstacle that sonar modules 

can accurately read. An object is placed at a distance of D from the sensor and reading are taken 

for a cross check. The distance D is then gradually decreased until 0 while readings are 

continuously monitored. A chart (Figure-6) has been generated from the experiment readings 

using an online tool Meta-Chart [11]. Black Straight lines of Figure 5 are the error that observed 

during taking sensor values of HC-SR04. These values obtained from 20 experiments. 

 

 
Figure 5: Error range of Ultrasonic Sensor 
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Table 1: RFID Tag Reading time comparing to Speed 

Generated by Meta-Chart 

 

Another experiment has been run on reading capabilities of RFID scanner under motion, using 

Arduino Serial Monitor. The experiment has been run to determine the optimal speed of the robot 

such that it does not skip over the target.  

 

Here, RPM refers to “Revolutions per Minute” of the wheel (speed of the robot) “Time Duration” 

refers the amount of time RFID scanner takes two processes reading. As the speed of robot 

increases, the RFID scanner finds it difficult to make a proper reading. From this trial and error 

experiment (Arduino Serial Monitor), it has been decided to use 195 RPM and 1.75 seconds 

duration for the robot to successfully read the RFID tag. 

 

4. Conclusion 

The robot can navigate on the floor as long as the detailed map is provided to it 

beforehand. A smart robot that can navigate without any line to follow can open doors to further 

innovation of the robot industry in Bangladesh. The robot has to room further improvements such 

as using indoor positioning system to accurately track position on the floor, voice control for ease 

of use and more structural supports to avoid a wider range of obstacles. 
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