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Abstract— Swarm robotics is a novel area for search applications. Victim search &amp; rescue operations with swarm robots 
in some disaster scenarios have attracted increasing attention within the field of multi-agent research community. Swarm 
robots possess the potential to save lives by providing the rescuers location of victim during the most critical early hours. In 
this paper a Search operation has been developed using swarm algorithm and successfully implemented using quadrotors. This 
algorithm uses particle swarm optimization for search operations. 
 
Index Terms—Particle Swarm Optimization, Search and Rescue, Quadcopter, PID controller, Communication. 
 
I. INTRODUCTION 
 
Multi-robotic search operations can have many 
applications such as search and rescue operations [2], 
surveillance systems, and hazardous waste cleanup 
[6]. 
In multi-robotic operations robots need to have the 
stimulus to work together and need to know how to 
work together by communicating with each other. 
Particle Swarm Optimization (PSO) is one the Swarm 
Algorithms that could be useful for multi-robotic 
search operations. It optimizes any function in a very 
efficient way.  
This paper describes how PSO has been used in 
making robots to reach an area and follow a search 
algorithm to find a target in that area and this paper 
also describes the development of quadcopters which 
serves as the agents of the swarm.  
 
II. PARTICLE SWARM OPTIMIZATION 
 
Particle Swarm Optimization (PSO) is useful for 
finding the optimal solution of many functions. It was 
first introduced by J. Kennedy and R. Eberhart [1]. 
This is a social behavioral algorithm which helps 
particles to communicate with each other in finding 
the optimal solution.  
 
A. PSO Algorithm 
Initially particles have no velocity and have random 
positions in space. The velocity of each particle will be 
updated based on their previous velocities and their 
positions. The update equation is given by (1). 
 

 
 
Where, vi(t+1) is velocity of the ith particle at time t+1 
vi(t) is  velocity of ith particle at time t 
pi

best is the best position of the ith particle  
pgbest is the global best position in given number of 
particles 
pi(t)  is the present position of ith particle 
c1 and c2 are social acceleration factors. 
w is the inertia weight. 

For a given number of particles, the particle which has 
the best cost for a given function has the global best 
position. This position is stored in the variable pgbest, 
which is further used to calculate the position and 
velocity of the other robots. This ensures that all the 
robots go towards the intended target or target area. 
The c1 and c2, social and cognitive constants are taken 
as 2 and w; inertia weight is taken as 0.8 [5]. We have 
specified a minimum distance each robot should keep 
from its counterparts so as to prevent collision.  
 
B.   Straight line problem and its solution 
When the number of initial robots were very low, there 
was a possibility that all of them will end up on the 
same line, either horizontally or vertically. When this 
happens, the robots can satisfy only one co-ordinate of 
the target. If they line up horizontally, they can only 
find the x-ordinate of the target as there is no update 
happening along the y- axis and hence the robots do 
not possess the information to move along that axis. It 
is vice versa for when they line up vertically. 
Fig. 1.a shows the initial positions of the robots and 
the desired target. The target is depicted by the red dot. 
Fig. 1.b depicts the final positions of the robots after 
all the iterations have been completed. In this case, the 
robots could not reach the target as there was no 
update along the y-axis. 

 
   Figure 1.a. Initial positions of the robots 
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Figure 1.b. Final position of all the robots 

 
Fig. 1.c depicts the path taken by each robots. Each   
robot’s path is depicted by a different color. 

 
Figure 1.c. Paths taken by different robots 

 
To solve this problem we included a random factor 
that makes sure that velocity in both axes will always 
have some value. This enables the robots to find a new 
position at all circumstances. 

 
Figure 2.a. Initial Positions of the robots 

 
Figure 2.b. Final position of all the robots 
 

 
Figure 2.c. Paths taken by different robots 

 
The random factor can give high values. This will in 
turn generate high values of velocity at the next 
iteration. To counteract this, we have included a 
function that will limit the maximum velocity each 
particle can take. This was done to prevent the robots 
from straying too far away from the swarm and the 
target. 

 
Figure 3.a. Initial Positions of the robots 
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Figure 3.b. Final position of all the robots 
 

 
Figure 3.c. Paths taken by different robots 

 
III. SEARCH ALGORITHM 
 
The algorithm is used to locate and search an area. We 
assume that we know the area where the target is 
located. For simulation, we took a square region. The 
square function is given by (2). 

 
|x – a| + |y – b| = C           (2) 
Where, 
(a, b) is the center of the square 
C is the half-diagonal of the square 
 

 
Figure 4.a. Initial Positions of the robots 

The robots start at random initial positions as depicted 
above in Fig 2.a. The PSO is used to make all the 
robots enter the target area where they can further 
proceed with the search process. Fig. 2.b shows the 
robots gathered in the square region.  
 

 
Figure 4.b. The robots gather in the square region 

 

 
Figure 4.c. Path taken by the different robots 

 
After entering the target region, the square area will be 
divided into as many sub-regions as the number of 
robots present. Each sub-region will then be assigned 
to the robot which is the closest to it.  
 

 
Figure 4.d. The square is divided into sub-regions 
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Figure 4.e. Each Robot is assigned to a sub-region 

 
Each robot will start their search at one corner of their 
corresponding sub-regions. The iteration in each step 
is defined by the user. They will search in a straight 
line till they either find the target or reach the bottom 
edge of their region.  

 

 
Figure 4.f. Robots searching for the target as a line formation. 

 
After that they will shift one step towards the right and 
continue their search towards the top edge.  

 
Figure 4.g. Robots have found the target 

 
This will keep on repeating till they find the target. If 
the given target is outside the square area, the robots 
will search the entire area and tell us that they have not 
found the target, as their feedback. 

IV. QUADCOPTER 
 
Quadcopters have been developed to serve as the 
agents of the swarm.  

A. Hardware of Quadcopter:  
The quadcopters have aluminum frame with 
‘+’ configuration. Four brushless DC motors 
with a rating of 1000Kv were used in the 
quadcopters. The propellers have a diameter 
of 10 inches and pitch of 4.5 inches. 
Electronic speed controllers of 20 Amp 
configuration have been used. Arduino 
Microcontroller was used. 

B. PID Controller: 
A double loop PID controller has been used 
for controlling the flight of the quadcopter. 
The first loop tries to control the angle of 
orientation of the quadcopter and the other 
controller, which takes reference from the 
previous controller, tries to control the rate of 
change in orientation of the quadcopter. The 
Arduino has been equipped with an Inertial 
Measuring Unit (IMU), Barometer and 
Magnetometer. The IMU provides angle of 
orientation and rate of change in orientation, 
which are given to a double loop PID 
controller to control the roll and pitch of the 
quadcopter. The Magnetometer have been 
used to control the yaw of the quadcopter and 
the Barometer have been used to control the 
altitude. 

C. Autonomous Navigation: 
An external Global positioning System 
(GPS) has been used for navigation purpose. 
A U-Blox 7M GPS has been used on the 
quadcopter to give it a reference position to 
go. The values from U-Blox neo 7M GPS 
sensor have been parsed into latitude and 
longitude values. This was then fed onto 
another PID controller to track the position. 
We need not use a double loop controller as 
the double loop controller requires both 
position and velocity for operation. As the 
GPS tends to drift a lot we would experience 
a jerky motion throughout the motion. 
Instead we would just use a PID controller. 
As in certain times there would be continuous 
external disturbances such as wind, we would 
require an integral controller. This takes care 
of the steady offset created by the wind. Also 
this requires a differential controller as there 
would be sudden glitches in GPS values that 
could create oscillation during flight. The 
heading of the quadrotor was kept towards 
the geographical north. The change in 
latitude and longitude were mapped to 
change in pitch and roll respective for the 
tracking. Thus the aim of the GPS controller 
was twofold, one was maintaining its position 
and the other is tracking that was moving 
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from one point to the other.  The haversine 
formula was used for calculating the distance 
between both the GPS points and was fed into 
the PID controller.   
   

 
Figure 5: Quadcopter holding its altitude and GPS location 

 

 
Figure 6: Aerial view of Amritapuri Campus shot by 

Quadcopter 
 

D. Communication: 
Zigbee communication was used between 
two quadcopters with the help of Xbee 
802.15.4 modules. So, each quadcopter 
communicates with other quadcopter 
regarding its location. 
The PSO algorithm has been coded in 
Arduino which gives the next location to 
travel for each quadcopter, taking each 
quadcopter’s GPS location as input. 

 
CONCLUSION 
 
An enormous application of quadrotors can be seen in 
day to day life, but a very few involve search and 

rescue operations. Particle swarm Optimization proves 
to be one of the best tools for coordinated action of 
multiple quadrotors. These operations can further be 
integrated to do search and rescue operations. This is 
one of the best ways to search in hazardous 
environment due to the advantages offered by the 
quadrotor and the flexibility offered by Particle swarm 
optimization.                                            
Zigbee communication fail to transmit data over larger 
areas. So, incorporating GSM modules could help in 
overcoming the data transmission issues. 
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