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ABSTRACT: It can be admitted that multi robot systems have better possibilities of success in accomplishing surveillance
and rescue missions. In proposed system, a multi robot system based on swarm intelligence is developed which will help in
surveillance with real time data uploading on cloud using IoT and perform rescue missions. The objective of this paper is to
develop wireless intercommunication between multiple agents so that they perform the given task in synchronized manner
and to develop a control strategy for robots using PID technique and further optimizing it using ant colony optimization
(ACO) algorithm. The presented system consists of two robots with temperature sensing, fire sensing and hazardous gas
sensing features and a hand held device which receives this information and handheld device is incorporated with the
NodeMCU unit that upload the data on BLYN app. These robots also have capability of sending live videos using wireless
camera. The paper also consists of development of hardware along with simulation results of the system.
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1. Introduction

For ease of human work now day’s robots are being utilized for various applications because in number of cases it is not feasible
for humans to interact with the landmines, nuclear reactor, mines etc. A single robot designed to perform multiple function may
achieve predefined task but at the same time failures of this robot result to be more dangerous for the mission [1]. Ying TAN et.
al has given the example of ant colonies, school of fishes; bird crowd etc. and concluded that in this nature various species from
a long time ago taking the advantage of swarm power to survive from cruel nature instead of wisdom of individuals and [2].
Swarm robotics has great application in search and rescue missions. Search and rescue missions can be dangerous for humans
because most of the time they remain unaware of the situation, they don’t know what is happening there, how many enemies
they have in the affected area or what are the environmental conditions like fire, any hazardous gases etc. So instead of sending
human we can send multiple robots for gathering information. Markus Bernard et. al has given a system based on aerial robot for
search and rescue missions which are autonomous [5]. In ant colonies, several groups are made according to the role given.
Ants communicate with each other using pheromone, sound, and touch [3]. Like bee colonies, in swarm, the agents complete the
complex tasks by developing co-ordination between agents. In swarm, robots have to stick together in order to achieve the
success, so there should be a communication mechanism or technique for this. Patrick Benavidez et. Al for different application
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in swarm communication and navigation provide a feasible solution. He used XBee-PRO radio modems for inter-swarm
communication [4]. In this system, we are using Zigbee modems for inter communication between robots. It operates on 2.4 GHz
band. It can operate in half duplex and duplex mode. In search and rescue missions, it is necessary to have control over the
robots, there should be a synchronization between the motors otherwise it will take robot away from the target. Manoj Kushwah
et. al says that the PID controller is one of the most commonly used compensating controller for nonlinear systems [6]. Ritu Soni
et. al says that PID controllers can commonly utilized for motor control application because of their simplicity. PID controllers
use mathematical models for control applications and utilizes in reducing the steady state error and to improve the dynamic
response [7]. But to find proper PID controller for particular application is tedious task [8]. A lot of methods have been proposed
for tuning PID controller with respect to time. Ziegler-Nichols tuning method is mostly used because most of the time it is
difficult to find best control parameters for PID controller [9]. ]. So in recent years, many techniques for optimizing the control
parameters for PID controller have been developed such as neural network [10], fuzzy logic, neural-fuzzy logic [11] etc. Other
methods for tuning PID inspired form nature such as genetic algorithm (GA) [12], particle swarm optimization [13], and ant
colony optimization [14] have developed in recent years. Mishra A. K et al says by using artificial bee colony optimization
technique, we can design and tune parameter of PID controller to get better dynamic and static performance [15]. The paper
described a path-finding robot using ultrasonic range finder sensor. This robot is able to learn the maze and corresponding finds
the path.PID (Proportional Integral Derivative) controllers are best utilized to find out the controller parameter and most
preferably used in all industry around the globe due to their robustness, applicability to a variety of processes and due to their
simplicity. PID controller used the mechanism of Control Loop Feedback which continuously calculates the Error value between
the desired value and a measured process variable.

u(t) = Kpe(t) + Ki ∫ e(t) dt + kd

Where the Kp, Ki, and Kd are all non-negative and are various coefficients for the proportional, integral and derivative where p
represent the error value and the control output depend upon the error input if the error input is large and positive the
corresponds control output also be large and i denotes for the past values of the error and d accounts for the future value of the
error. The equation below gives the transfer function of the PID controller:-

de(t)
dt

t

0
(1)

(2)

Where Kp is the Proportional gain, Ki is the Integral Gain and Kd is the Derivative Gain.

Figure 1. Block diagram of the PID controller

Figure 2. Block of the proposed system

G(s) = Kp + Ki / s + Kd s
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3. Hardware Development

3.1 Proposed System
The signal flow block diagram of the proposed system is shown in the figure 2. The proposed system consists of two robots on
which a fire sensor, temperature sensor, gas sensor and a Wi_Fi camera is attached. A magnetic compass will be attached to each
robot for following a particular direction. An ultrasonic sensor is used for maintaining a particular distance between the robots.
So our proposed system will help rescue team in gathering information of the parameters related to that area instead of facing the
situation directly.

3.2 PID Controller
PID controller is required to find out the best controller parameters like Kp, Ki, Kd. PID controllers are widely used in industries
because of their simplicity in structure, robustness and applicability to a variety of processes. PID controller is tuned to obtain
desired closed loop performance, based on the dynamic model of system and then implement the results using suitable platform
to program the valid values. PID is a feedback based controller which gets the error value and calculates the output based on the
characteristics of the error [17]. The transfer function for PID controller is given by equation as below:

Where
Kp – Proportional gain

Ki– Integral gain

Kd–Derivative gain

Figure 3. Block diagram of the PID controller

Figure 4. Block diagram of the individual robot
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3.3 Robot Section
The given below Figure3 shows the signal flow block diagram of the robot. When robots are sent into the affected area, they
follow a particular direction by using magnetic compass. While moving, gas sensor, temperature sensor and fire sensor will
collect the information of presence of any hazardous gas, temperature of that area and presence of fire respectively and this
information will be wirelessly sent by RF modem to a receiving device which is kept with the rescue team. Ultrasonic sensor is
used to keep both the robots in fitness distance (it is the distance which a robot eager to keep with another robot in swarm [16]).
Wi-Fi camera is used to get the live video of the area.

It is required to have synchronization between the motors of the robot, the motors of robot should move with same and desired
speed. So for this, we have used PID technique to achieve desired speed of motors.

3.4 Hand Held Device
Figure 5 shows the signal flow block diagram of the receiving section of system. This part of the system will be kept with the
rescue team. Here RF modem will receive the information from the robots and the microcontroller will show this information with
the help of display unit.

Figure 5. Block diagram of the receiving section and cloud server (local and with Blynk APP)

3.4 Retrieving Data from Base Station and Connecting to the IoT Platform

Figure 6. Blynk Architecture
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Blynk is an open source platform trhat is developed to to work with Arduino, NodeMCU. Blynk works over the internet. So in
order to communicate with Blynk the hardware need to be incorporated with internet connection. The blynk libraries are
uploaded in the firmwafre that communicate with the hardware.

Figure 6. Basic Architecture of IoT (Internet of Things)

When data is received at the hand held device then it fed to the NodeMCU to communicate with the http protocol.

Figure 4 showing up the basic architecture of IoT development protocol.

Before sending the data to the cloud we need to configure out BLYNK platform in order to manage the data receiving from the
base station. BLYNK uses a hierarchical structure to group and manage the data. The steps shown in the figure are very fast and
we can do them only once. It represents the physical device that we are using to send and receive the data. The configuration
steps are completed then we are connecting our controller device to BLYNK and starts sending data over the aap.

The NodeMCU WiFi control configuration:

wifi for overall WiFi configuration

wifi.sta for station mode functions

wifi.ap for wireless access point (WAP or simply AP) functions

wifi.ap.dhcp for DHCP server control

wifi.eventmon for wifi event monitor

4. Software Development

4.1 Software Algorithm required for PID Controller tuning with ACO
1. First of all need to initialize the parameters i.e. number of ants, number of iteration, strength of pheromone, decay rate.
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2. Then initialize the values of KP, KI and KD for PID controller

3. Probability is calculated for each ant transition.

4. Incrementally builds a solution and local pheromone update.

5 Update the best solution.

6. Update a global pheromone.

7. The steps from 3 to 6 repeated continuously until the maximum iteration reached.

8. Get the optimized values of Kp, Ki and Kd.

4.2 Implementation of PID and ACO
First PID is used to get control parameters, then ACO is implemented to optimize the value of Kp, Ki, Kd to get the best value.

The value of control parameter of PID controller after applying PID+ACO is

= 2.75462732042938

= 0.608721640263219

= 0.710908594996224

The simulation part is shown below for PID and ACO technique.

Figure 7. Mathematical model of PID+ACO
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S.No. Device/Module Make/ Model no.         Specifications and working

1. LCD Sunrom model no.3013   This is 16x2 LCD. In this project, it is used to display the status of
       presence of fire, presence of any hazardous gas and temperature
       of the area which the receiving device getting from robots.

2. Atmega8 &16 Atmel         It is a low-power CMOS 8-bit microcontroller based on the AVR
                                                                                                   RISC architecture which operates on 5V. Atmega16 is used for
                                                                                                 swarm robots and Atmega8 is used for receiving device.

3. NodeMcu NodeMCU         NodeMCU  is  a  open  source  platform that  includes  firmware
                          DEVKIT 1.0 which run over ESP8266 Wi-Fi SOC.

4.            Zigbee modem             Sunrom model                    It is wireless serial communication RF modules which operates in
no.1197 [11]         2.4 Ghz free ISM band. It can operate in half duplex and duplex

                         mode. It operates in UART mode with microcontroller.

5.           Gas sensor                 Sunrom model                  This sensor is used to detect the presence of LPG, iso-butane,
                                                      no.1220B                           propane, LNG combustible gases.

6. Temperature Sunrom model         Its output is linearly proportional to the Celsius (Centigrade) i. e.
                 sensor (LM35)           no.3001                              it directly gives output in the Celsius. It has scale factor of + 10.0
                                                                                                  mV/ !.

7.            Ultrasonic sensor       Sunrom model                  Ultrasonic sensor is used to measure the distance between two
             no.3719                             objects. Sensor gives pwm output which can be easily read.

8. Fire detector                Robosoft system              Fire sensor is used to detect the presence of fire. This sensor uses
             sensor                         IR sensor and comparator to detect fire up to the range of 1 meter.

9. Magnetic compass       Sunrom model                   This product is 3-Axis Digital Compass IC. It gives direction data
                                         no.3932                               with respect to earth magnetic field. It operates on I2C mode.

10. L293d                             ST                                         L293d  is  high  voltage  and  high  current  four  channel  driver  IC
                                         Microelectronics              which is used to drive dc motor.

11.         DC motors                  Sunrom model                    It is high efficiency, low cost geared motor. Operates on 12V.
                 no.3213

12.         Power supply                                             For robots and receiving device, all the devices operates on 5V
                         accept dc motors which operate on  9V, so 9V battery is used

                                                               with  7805  regulator  to  achieve  5V  and  LED  is  connected  as
                                                                                      indicator.

4.3 Components Detail

Table 1. Components details used in the system

5. Circuit Simulation

The given below figure7 shows the circuit diagram of swarm robots. Each robot consists of a controlling device called micro-
controller. We have used Atmega16 microcontroller for swarm bots. For gathering information, we have used fire sensor,
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temperature sensor and gas sensor. Fire sensor is of digital nature and output pin of sensor is attached to pin PB0 of PORTB of
microcontroller. Temperature sensor is of analog nature and output pin of sensor is connected to pin PA1 of PORTA of
microcontroller. Gas sensor is also of analog nature and output pin of sensor is connected to pin PA0 of PORTA of microcontroller.
Ultrasonic sensor is connected to pin PD5 of PORTD of microcontroller. A digital compass is of I2C nature so we require two pin
of microcontroller- SCL and SDA which are pin PC0 and PC respectively of PORTC. A crystal oscillator is used of 14.7456 Mhz
frequency. Crystal oscillator is a two leg device and it is connected to pin no. 12 and 13 of microcontroller. A RF Modem is
connected for wireless communication between robots and hand held device. It is four pin device- one vcc, one ground and rest
two are Rx and Tx. These Rx and Tx pins are connected to pin no. 14 and 15 of microcontroller. For the movement of robot, two
motors are used. Motors are operated with the help of a motor driver IC called L293d. L293d is 16 pin IC- pin no. 1, 9, 16 are
connected to 5V, pin no. 8 is connected to 12V, pin no. 4, 5, 12, 13 are connected to ground, pin no. 2, 7, 10, 15 are connected to
pin PC4, PC5, PC6, PC7 of Atmega16 respectively, pin no. 3, 6 are connected to motor 1 and pin no. 11, 14 are connected to motor
2. A wireless camera is mounted on the robot for the live videos. This wireless camera sends the videos to a laptop.

Figure 9. Circuit diagram of the robot section

The given below figure shows the circuit diagram of hand held device which will receive the data from the swarm robots. For this
section, we have used Atmega8 microcontroller. A 16*2 LCD is used here for displaying the information sent by robots. A 16*2
LCD has 16 pins. For connecting LCD with Atmega8, connect pin no. 1, 3, 16 of LCD with ground, pin no. 2, 15 with 5V, pin no.
4, 5, 6 of LCD with pin no. 12, 11, 13 of Atmega8 and connect the data pin (D4-D7) of LCD to the pin PC0-PC3 of PORTC of
Atmega8 respectively. For wireless communication, connect RF modem with Atmega8. RF Modem is four pin device- one vcc,
one ground and rest two are Rx and Tx. These Rx and Tx pins are connected to pin no. 2 and 3 of Atmega8. A crystal oscillator
is also connected to pin no. 9 and 10 of Atmega8.
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Figure10. Circuit diagram of the receiver section

.

Figure 11. Proteus simulation of the robot section
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6. Experimental Setup

Figure 13. Developed robot section

Figure 12. Proteus simulation of the receiver section
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The experimental setup can be divided into two parts- one is robot section and another is hand held device which is a receiving
section. Figure 13 shows robot section which consists of two robots. These robots consist of fire sensor, gas sensor, temperature
sensor, magnetic compass, ultrasonic sensor and Zigbee modem.

Figure 14 show the robot control platform develpoed over the Blynk aap these radion button trasit the digitally value to the
internet incorporated hardware where various conditional algorithm is developed to take action correspondes to the digiotal
value received.

7. Result and Discussion

In this paper, an effective solution is provided to help in surveillance and rescue missions. It is observed that the robots are
capable of sensing temperature, status of fire and presence of hazardous gases if any presents. System is also sending the
information to the hand held device. The handheld device incorporated with NodeMCU upload the data to the Blynk app. Robot
can be controlled through Blynk app that is communicated with the hardware. The system is designed using various hardware
and software techniques which are ecofriendly and economical. It is also observed that the PID and ACO technique used in this
paper is capable of synchronizing the speed of motors. The system is useful in gathering information of a place which has gone
through any attack or terrorism activity and this information will help the army or rescue team in making their strategies.
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