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Abstract— Quadcopters are the next form of helicopters having more dynamic stability than helicopters. Hence its 
miniatures are adapted as Rotor Unmanned Aerial Vehicles (RUAV’s) for surveillance, but the problem is its energy source. 
Many of the UAV’s using battery or solar for its power source. This paper of project aims to fabricate and test fly a RUAV 
aided with combination of rechargeable 3s Li-po battery and wafer based mono-crystalline resin coated solar panels for its 
power source. Its surveillance system is increased by additional sensor systems such as Fire detector, Human detector, Gas 
detector, Temperature detector and these alerts are transmitted via GPS & GSM modules to our personal mobiles. 
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I. INTRODUCTION 
 
 A Quadcopter, from the name quad means four i.e. 
four rotored craft. In this craft there are four fixed 
rotor at the end of the frame structure. It is having X-
shaped structure. These four rotors rotating clockwise 
and anti-clockwise adjacent to one another for to 
balance the torque produced, now the balanced torque 
with equal thrust lifts the craft. Forward, backward 
and yawing are controlled by varying the RPM of the 
rotors to achieve the flight performance. Schematic 
diagram of the four rotors on a Quadrotor is shown in 
Fig 1. 

 
 

Fig 1. Schematic diagram of the four rotors on a Quadrotor 
 
II. LITERATURE REVIEW 
 

The Literature review is based on the earlier 
attempts on the Quadcopter and after its adaptation to 
UAV. 
A) Breguet-Richet Gyroplane (1907) 

A four rotor helicopter designed by Louis 
Breguet. This was the first rotary wing aircraft to lift 
itself off the ground, although only in tethered flight 
at an altitude of a few feet. In 1908 it was reported as 
having flown 'several times', although details are 
sparse. It is shown in Fig 2. 

 
Fig 2. Breguet-Richet Gyroplane (1907) 

 
B) Oehmichen No.2 (1920) 

Etienne Oehmichen experimented with 
rotorcraft designs in the 1920s. Among the six 
designs he tried, his helicopter No.2 had four rotors 
and eight propellers, all driven by a single engine. 
The Oehmichen No.2 used a steel-tube frame, with 
two-bladed rotors at the ends of the four arms. The 
angle of these blades could be varied by warping. 
Five of the propellers, spinning in the horizontal 
plane, stabilized the machine laterally. Another 
propeller was mounted at the nose for steering. The 
remaining pair of propellers were for forward 
propulsion. The aircraft exhibited a considerable 
degree of stability and controllability for its time, and 
made more than a thousand test flights during the 
middle 1920s.  

By 1923 it was able to remain airborne for 
several minutes at a time, and on April 14, 1924 it 
established the first-ever FAI distance record for 
helicopters of 360 m (390 yds.) It demonstrated the 
ability to complete a circular course and later, it 
completed the first 1 kilometre (0.62 mi) closed-
circuit flight by a rotorcraft. It is shown in Fig 3. 

 
Fig 3. Oehmichen No.2 (1920) 
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C) De Bothezat Helicopter (1922) 
Dr. George de Bothezat and Ivan Jerome 

developed this aircraft, with six bladed rotors at the 
end of an X-shaped structure. Two small propellers 
with variable pitch were used for thrust and yaw 
control. The vehicle used collective pitch control. 
Built by the US Air Service. It is shown in Fig4. 

It made its first flight in October 1922. 
About 100 flights were made by the end of 1923. The 
highest it ever reached was about 5 m (16 ft. 5 in). 
Although demonstrating feasibility, it was 
underpowered, unresponsive, mechanically complex 
and susceptible to reliability problems. Pilot 
workload was too high during hover to attempt lateral 
motion. 

 
 

Fig 4.De Bothezat Helicopter (1922) 
 
D) Convertawings Model A Quadrotor (1956) 
 This unique helicopter was intended to be the 
prototype for a line of much larger civil and military 
quad rotor helicopters. The design featured two 
engines driving four rotors through a system of v- 
belts. No tail rotor was needed and control was 
obtained by varying the thrust between rotors.  
 Flown successfully many times in the mid-1950s, 
this helicopter proved the quad rotor design and it 
was also the first four-rotor helicopter to demonstrate 
successful forward flight.  
 Due to a lack of orders for commercial or military 
versions however, the project was terminated. 
Convertawings proposed a Model E that would have 
a maximum weight of 42,000 lb. (19 t) with a payload 
of 10,900 lb. (4.9 t) over 300 miles and at up to 173 
mph (278 km/h). It is shown in Fig. 5 

 
Fig 5. Convertawings Model A Quadrotor (1956) 

 
E) Curtiss-Wright VZ-7 (1958) 
 The Curtiss-Wright VZ-7 was a VTOL aircraft 
designed by the Curtiss-Wright company for the US 
Army. It was also known as army jeep for 
surveillance. The VZ-7 was controlled by changing 

the thrust of each of the four propellers. It is shown in 
Fig 6. 

 
Fig 6. Curtiss-Wright VZ-7 (1958) 

 
F) Parrot AR.Drone 2.0 (2012) 
 Quad copters transforms to a new form to UAV’s 
but they in the entry level to satisfy the flying 
conditions only, with one payload and it is also 
known as hobbyist crafts. 
 

Parrot AR.Drone is a small radio controlled 
quad copter with cameras attached to it built by parrot 
SA, designed to be controllable with by smartphones 
or tablet devices. It is shown in Fig. 7 

 
Fig 7. Parrot AR.Drone 2.0 (2012) 

 
III. DATA COLLECTION AND IDEA 

IMPLEMENTATION 
 

In this chapter the data collected and its 
implementation is discussed for the fabrication of the 
RUAV. It includes electrical components and 
structural configurations and combination of 
rechargeable battery and solar panels. 
A)  Motor and Propeller Selection 

The DC motor selected is to operate the 
Quadrotor RUAV are the BLDC outrunner type G-
Power D2830-11. Weighing each 52 g, these small 
motors are having the capacity of 1000 rpm/Volt, 
maximum efficiency of 80%. Each motor can 
produce a maximum thrust up to 890 g. Hence, the 
total thrust of the selected quad is upto 3560 grams. It 
is shown in Fig. 8 

 
Fig 8. G-Power D2830-11 DC motor 
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The G-Power D2830-11 brushless motor 
with APS10x.4.5inch carbon fibre propeller 
combination has been selected for the project as it has 
the highest efficiency results compared to other 
motor/propeller combinations conducted in the motor 
tests. It works under the volts 7.4~15V. 
B) Electronic Speed Controller (ESC) Selection 

The electronic speed controller (ESC) is a 
device used to control the DC motor’s speed and to 
provide the motor with three phase electric power 
from the DC battery source. A sequence of signals is 
sent to the 3-phase brushless motor which then 
controls its speedof the DC motor. It is shown in Fig. 
9 

 
Fig 9. DYS 30 ESC 

 
Specifications of this ESC are having Max 

Continuous current 30A, burst current 40A upto 10 
seconds, using 3s Li-po battery with 11.1V and 
mainly it is weight less with simonK updated 
firmware, Hence it doesn’t needs separate Battery 
Elimination Circuit (BEC). 
C) Transmitter and Receiver Selection 

The Transmitter (Tx) and Receiver (Rx) 
system allows the RUAV to be remotely controlled 
through a wireless signal. The aircraft controls would 
typically include throttle, pitch, roll, yaw, and mode 
settings. There are two basic types of Transmitter-
Receiver systems currently available in the market 
namely, the FM system and the 2.4GHz system. 

Here 2.4GHz is used for its better 
performance, because it will not experience signal 
conflicts from other radio frequency (RF) 
controllers.The RUAV in this project utilises the 
FlySky brand 6C 2.4GHz System. It provides the user 
with up to 6 individual channel commands that will 
be employed on the RUAV. Though the RUAV 
requires 6 channels to operate. It is shown in Fig. 10 

 
Fig. 10 Transmitter 

Receiver used is having 6C 2.4Ghz system 
which perfectly bonded with the 2.4Ghz transmitter, 
it also comes under the FlySky brand. It is shown in 
Fig. 11 

 
Fig. 11 Receiver 

 
D)Flight Control Board Selection 

Flight Control board is the overall control 
unit for the RUAV’s flight performance. Here a 3-
axis stabilization module is selected that enables the 
RUAV to stabilize itself and to react sudden 
disturbances. The board has to be loaded with 
software in order for it to work and subsequently 
programmed and fine-tuned to allow for stable flight 
and it doesn’t needs separate gyro controller which is 
inbuilt in the selected flight control board. It is shown 
in Fig. 12 

 
Fig. 12 Control Board 

 
It comes under the brand KK Multicopter V 

5.5 with latest Atmega 168PA chip which gives the 
extra space to load expanded firmware with higher 
refresh rates to enhance stability.The board also has 
six ESC/Servo headers which allow RUAV 
configurations for 6 rotors. The board is connected by 
a 4 x 3 pin jumper cables to connect receiver (RX) to 
the board quickly and easily. 
E) Battery Selection (Primary Power Source) 

In this section the power source of the 
RUAV is discussed. Here Lithium Polymer (Li-Po) 
rechargeablebattery is selected for RUAV’s primary 
power, because it is having low weight and high 
voltage capacity compare to other types of batteries. 
It is shown in Fig. 13 

 
Fig 13.  3S Li-po 11.1 V rechargeable battery 
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Specifications of the battery selected are 
11.1V, 3-cell Li-Po rechargeable battery with 
2200mAh. It comes under the Turnigy Nano-Tech 
brand. 

The required current draw i.e. Hovering 
current (Ih) for the weight of the UAV is calculated 
by, 

 
m - Vehicle’s mass in kilograms (1.062)  
g-Local acceleration due to gravity in m/s² 
(9.81 should be fine)  
U - vehicle's propulsion voltage in V (3s -
11.1, 4s - 14.8)  
e - motor's efficiency, usually around 60% 
(that's 0.6)  
p - propeller's efficiency, usually around 
60% (again 0.6) 

The flight time is calculated based on the required 
current draw for the weight of the UAV. Flight Time 
= 60 mins / [Current / (Capacity/1000)] 

 
Table 1 - Battery Selection Data 

 
Battery 

Type 

 
Capacity 

(mAh) 

 
Weight 
(grams) 

Hovering 
Current 

(A) Based 
on Weight 

 
Flight 
Time              

(mins) 
Turnigy 
11.1V 
Nano-
Tech 

 
2200 

 
187 

 
12.76 

 
10.3 

F) Structure Selection 
Glass epoxy composite is used for the 

central hub and landing support of RUAV, because it 
absorbs vibrations much better than the plastic. 
Having high tensile strength, high modulus, high 
Shocks resistance, high Elasticity, high Dimensional 
stability and mainly weightless material. Hence it is 
used and is shown in Fig. 14 

 
Fig. 14Glass epoxy composite 

 
Aluminium is light and strong material, 

which dissipates heat well, and is relatively 
inexpensive compared to the other available options. 
Having Malleability, or the ability to be shaped. No 
sparking, so it's ideal for use near flammable 
substances. Resistant to corrosion, which makes it 
ideal for use outdoors. Nonmagnetic, hence it is not 
affected by electromagnetic forces. Finally, 

aluminium can develop cracks over time from 
vibrations. It is shown in Fig. 15 

 
Fig. 15 Aluminium square tubing during drill 

 
Consequently, on a combinational design 

utilizing aluminium as well as glass epoxy composite. 
The four spar rods are made of aluminium tubes. The 
rods are drilled at the end to accommodate the motor, 
landing pieces and hardware. At the opposite end, 
holes were added for the glass epoxy composite that 
would eventually house the flight controller and 
battery. 
 
G) Solar Panel Selection (Secondary Power 
Source) 

Solar modules uses light energy (photons) 
from the sun to generate electricity through the 
photovoltaic effect. The module used is wafer-based 
mono crystalline silicon cells. Cells must be protected 
from mechanical damage and moisture by epoxy 
resin. It is shown in Fig. 16 

 
Fig. 16 Mini Solar Panel 

 
H) Combined form of battery & solar source 

In this RUAV the power source is increased 
by using both the rechargeable battery and solar 
power. During the flight condition the battery drain 
out condition is avoided by solar panels, it recharges 
the battery during flight, when the battery power 
used. Here the mono-crystalline solar panel is used, 
because it absorbs the minimal solar power also. 
Implementation of the sources in RUAV is shown in 
Fig. 17 

 
Fig. 17Combined form of battery & solar source 
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Electrical connections are made in series to 
achieve a desired output voltage capability. The 
conducting wires that take the current off the solar 
modules contain copper metals. The cells must be 
connected electrically to one another and to the rest 
of the system. 

One-way diode is incorporated externally, to 
prevent feedback current to the battery.Solar modules 
having the capacity of 12V (i.e., 4 of each having 3V) 
and it is able to charge 11.1V rechargeable battery. 

 
IV. ADDITIONAL FEATURES 
 

In this chapter the surveillance system of the 
RUAV is increased by adding sensor systems such as 
Gas sensor, Human sensor, Fire sensor and 
Temperature sensor and those alerts are transmitted 
via GPS & GSM to our personal mobile.  Here they 
are discussed in the followings. 
A)Gas Sensor 

The gas sensor senses combustible gases and 
also to other flammable gases like Natural, Methane, 
Coal gas, butane etc. It works by comparing a change 
in resistance between two heated elements. One 
heated element is a reference that is isolated from the 
sample gas. The other element is identical except that 
it is exposed to the sample. The changes in resistance 
between these cause an imbalance in resistance and a 
change in current flow in the bridge that can be 
measured as a voltage. The voltage can then be 
measured by an Analog to Digital convertor (ADC) 
and computed to microcontroller for display. It’s 
Type DC, Operating Voltage 5V - 7V and Operating 
Current 200 mA. It is shown in Fig. 18 

 
Fig. 18GAS SENSOR 

 
B) Human Sensor 

Pyroelectric Infrared (PIR) sensors allows 
you to sense motion, PIRs are basically made of a 
pyro electric sensor, which can detect levels of 
infrared radiation. Everything emits some low level 
radiation, and the hotter something is, the more 
radiation is emitted. The sensor in a motion detector 
is actually split in two halves. The reason for that is 
we are looking to detect motion (change) not average 
IR levels. The two halves are wired up so that they 
cancel each other out. If one half sees more or less IR 
radiation than the other, the output will swing high or 
low. 

PIRs won't tell you how many people are 
around, but gives an alert. It works from 3.3V to 5V 
DC and gives output which can be directly given to 

microcontroller. Its range in between 10meters at an 
angle of ±15 degrees. It shown in Fig. 19 

 
Fig. 19Human Sensor 

 
C) Fire Sensor 

The LEDs will be sensitive to the flame light 
which it only uses a LM35 microcontroller, resistor 
and LED has the wavelength equal to it or lesser than 
it. When flame light falls on the LED a small voltage 
is produced this voltage produced can be fed to a 
microcontroller which can read it and the data 
transfer to the user via GPS and GSM connections. 
The Fire sensor is shown in Fig. 20 

 
Fig. 20Fire Sensor 

 
D) Temperature Sensor 

LM35 Linear Temperature Sensor can be 
used to detect ambient air temperature. It includes 
thermocouples, resistor, thermal resistance and 
temperature semiconductor chips. The output of 
LM35 has a linear relationship to the temperature in 
degree Celsius.  When the temperature is 0 degree 
Celsius, the output is 0V, and when the temperature 
rises for 1 degree Celsius, the output voltage will 
increase 10mV. It is suitable for measuring the 
temperature of 100-200 degrees or below. It is shown 
in Fig. 21 

 
Fig. 21Temperature Sensor 

 
E) Global Positioning System (GPS) 

The Micro GPS Module has an onboard 
antenna, no need to connect a separate antenna. 
MediaTek MT3329 Chipset module is with 66 
channel acquisition, and Low Power Consumption, 
55mA acquisition, 40mA tracking which be capable 
of receiving signals from up to 65 GPS satellites and 
transferring them into the precise position 
information. It is shown in Fig. 22 
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Fig. 22 GPS Module 

 
F) Global System for Mobile (GSM) 

A Global System for Mobile (GSM) is a 
specialized type of modem which accepts a SIM card, 
and operates over a subscription to a mobile operator, 
just like a mobile phone. GSM modem is used to 
communicate over the mobile network. It is shown in 
Fig. 23 

 
Fig. 23 GSM Module 

 
V. RESULTS AND DISCUSSION 
 

In this chapter the final prototype and its 
hovering test are included with anatomy of the 
RUAV. Fig. 24 represents the motor mounting setup. 
 

 
 
The following figures describes the side views of the 
prototype. 

Fig. 25 Side View 1 

Fig. 26 Side View 2 

Fig. 27 Side View 3 

Fig. 28 Top View 
 
A)Flight Testing 

 
Fig. 29 Take-off View 

 

 
Fig. 30 Hovering View 1 
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Fig. 31 Hovering View 2 

 
B) Sensor Testing 

 
Fig. 32 Fire Testing 

 

 
Fig. 33 Alerts received in mobile 

 
CONCLUSION 
 

The fabrication and test fly of a RUAV 
aided with rechargeable batteries and solar panels are 
achieved.  

 
 
 
 
 
 
 
 
 
 
 
 

It was able to fly and was able to increase its 
power source, was able to detect gas leakage, 
temperature indication, fire detection, and human 
detection, was able to send those alerts to our 
personal mobile, was able to take-off vertically, land 
and roll along the ground and take-off again. In 
future, its remote controlled (RC) systems are 
upgraded to autopilot systems. 
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