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Abstract- UAV (Unmanned Aerial Vehicles) have become an 
important assert in todays military and defense application. 
With an ability to be controlled wirelessly and eyes in the sky 
kind of ability with video and audio transmission they are 
being used in a variety of application right from surveillance, 
reconnaissance to search and rescue during disaster 
management. Design and modeling of an UAV is not as 
complex as designing its control system and autopilot (semi or 
complete) which govern its flight stability and its operative 
efficiency. Here we have proposed a unique design of a Quad 
Rotor which falls under the category of Micro Unmanned 
aerial vehicles. This Quad is incorporated with Video 
surveillance camera, Life Jacket and Food Box for Disaster 
Reconnaissance during natural disaster. We will be focusing on 
design of its semi-autopilot so that the aerial flight is stable. A 
quad-rotor aircraft is an under-actuated, strongly coupled 
nonlinear system with parameter uncertainty and un-modeled 
disturbance. In order to make the aircraft track the desired 
trajectory, a nested control system is adopted in this paper. A 
position error proportional-derivative (PD) controller is 
designed as the outer-loop controller based on the coupling 
action between rotational and translational movement, and an 
adaptive back stepping sliding mode control algorithm is used 
to stabilize the attitude. Finally, prototype experiments are 
utilized to demonstrate the effectiveness of the proposed 
control system. 
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I. INTRODUCTION 

Unmanned Aerial Vehicles (UAVs) have rapidly evolved into 
capable mobility platforms able to maneuver, navigate and 
survey with a high degree of autonomy. A natural progression 
is to advance beyond simple locomotion and observation to 
physical interaction with objects and the fixed environment of 
specific interest is grasping and retrieving objects while 
hovering, combining terrestrial robot manipulation capabilities 
with the range, speed and vertical workspace of flying 
vehicles. This could make possible novel applications for 
UAVs, such as search and retrieval in rough or inaccessible 
terrain, or networked aerial logistical supply chains over large 
areas. Along these lines, there is growing interest in the 
research community towards the development of aerial robotic 
systems capable of acquiring external payloads or otherwise 
physically interacting with objects in the environment. 
 
While there are a number of substantial challenges and open 
research questions related to this application, this paper focuses 
on aircraft stability in the presence of large acquired payload 
objects that cannot be precisely positioned at the center of mass 
of the vehicle. Unlike full-scale Quad Rotors, an robot vehicle 

cannot rely on a human to account for instantaneously applied 
load imbalances and altered trim offsets. The limited 
intelligence of the aircraft must be sufficient to maintain the 
stability and desired flight trajectory. Furthermore, most robot 
vehicles used in research are very small and may be more 
sensitive to the effects of loads than their larger brethren. Also 
we are using a load camera so that this quad can be used for 
surveillance directly. The camera will transmit the video which 
can be received and analyzed at the transmitter side itself 
making the transmitter unique and versatile. Of particular 
interest are off-the-shelf Proportional-Derivative (PD) flight 
stabilizers that are increasingly available for small-scale Quad 
Rotor UAVs. It is desirable to employ this class of control 
system without resort to more complex and expensive custom 
solutions. Thus it is important to ascertain the suitability and 
limitations of PD regulators, and show that they will be robust 
to the dynamic changes and disturbances introduced by adding 
unbalanced payload to a small Quad Rotor in flight.As an 
electronic team we have not focused much into the dynamics 
of the Quadrotor particularly any kind of rotational ones but we 
have taken into account the translational forces which will be 
useful in projecting the load capability and thrust requirements 
of the quad. 
 

II. GOVERNING DYNAMICS 

Each rotor produces thrust and momentum for the quad. The 
rotors placed opposite to each other rotates in same direction 
rotates in same direction(clockwise or counter clockwise ) 
resulting in a rotational torque similarly other pair of rotor 
rotates in opposite direction  to produce counter rotating 
torque. The resultant is maintained at the centre. The centre of 
gravity of the system is at the geometrical centre of the 
structure for stability. 
 

 
 

Fig 1: Force and Angular Motion of a Quad Rotor 
 

For vertical acceleration all the forces should be equal to each 
other   

 
The resultant force is at the centre of the structure. Consider 
the following diagram 
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Then X=O The position of resultant force is at the center of the 
body (0, 0).both the resultant forces are at (0, 0) where mg is 
concentrated. 

 
Fig 2: Force distribution along axial line 

 

 
Roll and pitch as per the equation of resultant force 

 
For pitch and roll the values of x and y should be varied. 
 

 
Fig3: Force equivalent resolved 

 
f1:f3 is not equal to one .position of resultant force, is going to 
vary accordingly Resultant   should be greater than mg to 
generate a lift. Resolving them to get the resultant value of 
force. 

 
Fig 4: Force transformation during a tilt 

 
As the value of θ varies the component of force can be 
resolved into vertical and horizontal components. The 
horizontal component is fsinθ and vertical component is fcosθ. 

 
For the system yawing torque can be generated by decreasing 
the torque on the motors. For clockwise torque the motors 
giving an anticlockwise torque should slow down and give a 
clockwise torque .total rotational can be given as 

 
The equation of rotational torque is given as 

T=F * r 
r is constant the equation can be written as  

 
 

III. RPM CALCULATION FOR THRUST 

In the model we are using 1200kv brushless motor which 
provides rpm of 24000 approximately. 

 
The motor used very small in size and runs at very high rpm. 
The motor is used with ep-7035Rx3 bipropeller. The motor 
gives a maximum torque of 375g with this arrangement when 
tested by us. The total weight of system is estimated 500g 
approximately. Battery used to power the system is 11.1 v 
2200 mah. 
 
Control Scheme 

 
 

Fig 5: Basic Control Block 
 
The system used is a closed loop control system. The input 
from receiver is feed to the control board where the signal is 
processed and a desired output is generated by the actuators. 
The various physical variations of the body are sensed by the 
sensors and it is given as a feedback to the system. The 
systems process these variations and try to maintain the body 
in stable position. At the same time a video camera onboard 
transmits the video signal which is received at the transmitter 
side and can be viewed directly using an onscreen screen. 
 

IV. COMPONENTS (MAJOR) 
 
a. Control Board 

Control Board is an open source prototyping platform. This is a 
small circuit (the board) that contains a whole computer on a 
small chip (the microcontroller).The software/hardware for the 
system is open source and easy to understand. This board can 
sense the environment by receiving input from a variety of 
sensors and can affect its surroundings by controlling lights, 
motors and other actuators.The microcontroller on the board is 
programmed using the Arduino programming language (based 
on Wiring) and the Arduino development environment (based 
on Processing). Arduino projects can be stand-alone or they 
can communicate with Software running on a computer. 
 
b. Accelerometer 

An accelerometer is an electronic device sensible to the 
changes of acceleration. Single and multi-axis models are 



Integrated Intelligent Research (IIR)                                               International Journal of Communication and Networking System 
Volume: 05, Issue: 01, June 2016, Pages: 78-81 

                                                                                                                                                                     ISSN: 2278-2427 

80 

available to detect magnitude and direction of the acceleration, 
and can be used to sense orientation, vibration and shock.  In 
our case we are going to use a 2-axis model to determine the 
tilt of our MAV and try to stabilize it with its readings. Here 
the accelerometer as a tilt sensor .Whenever there is a tilt the 
accelerometer responds according to  it and gives feedback to 
control board. In turn the board controls the motor speed and 
increase the speed of the motor along which the tilt has taken 
place .Thus the Quad gets stabilized .Since we are using two 
axis accelerometer any change in pitch or roll(x and y axis) 
will be sensed by accelerometer and will be compared with its 
present stable state in the board. 
 
c. Gyroscope 

MEMS Gyroscope is a device which senses the rotational 
velocity. It is used to control the yawing movement. The 
nonstabilility due to yawing moment is not favorable for 
surveillance purpose therefore the gyro is used to sense this 
stability. 10 bit ADC on the board is used to decode the data 
from the gyroscope. The output from the gyroscope varies 
between 0-1023. The output is fed into the following equation 
and the angular rate is determined 

 
 
d. Life Jacket 

It is a preventive component used to save human lifes during 
natural disaster related to water such as Tsunami, Flood.Our 
UAV is incorporated with Life Jacket for the Purpose of 
Reconnaissance during natural disaster. 

The mechanism for releasing the life jacket from the UAV to 
save human lifes is designed by us and inbuilt in UAV. 
 
e. Food Packet 

The basic necessity for Humans after any natural disaster will 
be food for their survival. Our UAV is incorporated with Food 
packets that can be delivered to humans at the time of natural 
disaster such as Flood, Earthquake and Drought. A separate 
module is built for this purpose in our UAV.  
 

V. ACCELERATION VS. ANGLE VARIATION 

FOR STABILITY 

 
 

Fig 6: <angle vs. acceleration 
 

Simulation is done using matlab. Only one part of the system 
i.e. pitches and roll is simulated as it is of major concern of the 
project. The graph for pitch and roll is same as both are similar 
for the quad. As the tilt varies simultaneously the force is also 
varied for the system. The graph shows the stability of the 
system during variation of the tilt and force. 

 
VI. CIRCUIT DIAGRAM AND SIMULATION 

 

 
                                                                         

Fig 4: Receiver Basic Circuit 
 In this circuit diagram, we have used control board that uses 
atmega168 processor with additional features like high speed 
control and provides more stability than other types of control 
board. The control board is used to stabilize the flight control, 
the tilt of the quad rotor is detected as input signals for the 
three onboard gyros yaw, pitch and roll is given in analog form 
to the atmega168 processor, which is converted to digital and 
processed .The processed signal is given as control signals to 
esc that stabilizes the multicopter. If the speed of the motor 

varies, then the widths of the transmitted pulse will also vary. 
The board can receive control signal from RF system that 
initializes the stable position and throttle, then the esc will 
adjust the rotational movement of motor for stable flight. 
Monitoring of power present in battery checked by setting 
alarm.We can add accelerometer sensor to control the quad 
rotor in indoor environments for better stability. The stability 
provided by gyroscope is sufficient for stabilizing our quad 
rotor in outdoor environments. 
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V. CONCLUSION 

In this paper we have presented planar Quad rotor models and 
analyzed attitude stability subject to bias and step disturbance 
encountered during instantaneous payload change and offset 
loadings. We have shown that under PID control, a Quad Rotor 
will successfully reject added load offsets within a fairly large 
range, and that cyclic trim limitations dominate the range of 
allowable load positions.Successful Quad Rotor loading 
configurations are insensitive to parameter variation in their 
flight control, or substantial changes in mass, as the bounds of 
cyclic range dominate under even a large range of controller 
gain configurations.Experimental results with a test vehicle 
confirmed pitch stability of the Quad Rotor under trim 
imbalance, and also demonstrated predicated unbound lateral 
translation. While quad rotors have a much smaller range of 
permissible load placement offsets, they offer stable loading 
configurations directly on top of the airframe, compared to 
Quad Rotors, where loads must be added close to, or below, 
the unladed center of gravity. This makes quad rotors an 
attractive option for robotic payload carrying tasks where the 
load is added.From above additionally due to the ability to 
adapt to payload offsets through rotor speed differential, quad 
rotors do not exhibit the unbounded lateral translation seen in 
uncompensated standard Quad Rotors. Also having a video 
screen at the transmitter side of our quad enables the user to 
survey any areas of interest and can be used in variety of 
applications in defense for surveillance and in disaster 
reconnaissance. 
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