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Abstract— This work presents a comprehensive study of the 

different autopilot systems for small UAV's (fixed wing & 

multi rotor). The goal of this work is to provide a brief idea 

of the commercial available, open source, and research 

grade autopilot systems for convenient use for researcher 

purpose and for UAV users. And compared with sensor 

interfacing compatibility and auto takeoff/landing. The 

different autopilot systems (flight control board) are 

introduced first. Secondly, the radio control system, 

components used, types of PCB and GUI are explained. 

Programming part are then explained in brief from both the 

hardware and software testing/ configuration. 

Key words: Autopilot System (AS), Open Source, 

Navigation, Flight Control Board, Unmanned Aircraft 

System (UAS), Unmanned Aerial Vehicle (UAV) 

I. INTRODUCTION 

Today Unmanned Aerial Systems (UAS) have increasing 

importance and interest in the commercial and military 

sectors. Their applications can vary from missions such as 

aerial surveys for large-scale farming, environment control, 

traffic monitoring & weather data collection, and weather 

monitoring etc (Li Changehum, Shen Li, Wang Hai Bo, Lei 

Tianjiel, 2010). Prior to, blimps/airships were used to 

conduct pollution monitoring system (Alberto E, Samuel S 

Bueno Marcel B, & Josue Jr. Guimarges Ramos,1998). 

Fixed wing UAVs are particularly more in need's due to 

their inherent advantages like their capability to cover larger 

distance in short time, achieve altitude, maneuverability and 

operability in windy conditions which is imperative for both 

military and civil missions (Li Changehum, Shen Li, Wang 

Hai Bo,  Lei Tianjiel, 2010 & Alberto E, Samuel S Bueno 

Marcel B, 1998 & Josue Jr. Guimarges Ramos, 1998). Fixed 

wing UAVs are also used for monitoring the large-scale 

environmental hazards like oil spill (John Allen, Brian 

Walsh, 2008) volcanic eruptions etc. During these studies 

UAVs are used for collection of ash samples, monitoring of 

the thermal activity and also the scale of the disaster due to 

the eruption (Giovanni M, 2009). These systems, with their 

on-board sensors system, can help in collecting evidence, 

perform long & close observation of long area's / 

surveillance or in determine risky situations prior to 

committing resource personnel.  

UAVs are best for environment monitoring, fixed 

wing for long range data collection & VTOL for data 

collection in vertical fashion. These vehicles could be 

designed for carrying desired payload, large area coverage, 

sampling at different altitudes, live transmission of the data 

and so on. In this project, I have tried to explain all the basic 

hardware need, working & configuration of the airframe.  

Characteristics that make airborne sensing suitable 

for some Inaccessible area, monitoring applications include 

the following:  

 More area, to be covered  

 Remote area, to be access  

 High-resolution imagery  

 Easily available technology  

 Flexibility/ Modification in the system  

 Actually they are low cost  

In past few years, India has grown rapidly in the 

economic field and environment has  become more harmful 

which increase the use of fossil fuels for commercial 

applications, and simultaneous depletion of forest cover 

from vast regions of the country. This process may have 

indirectly altered the normal aerial biodiversity, chemical 

composition and particulate matter leading to detrimental 

impact on the health and wellbeing of populations especially 

of those prone to respiratory disorders. It has been suggested 

that every cubic meter of air holds up to 10
8
 micro-

organisms and is on par with that of density of microbes 

found in soil (Eoin L.B, Todd Z.D, J. P Moberg, I. X 

Zubietta, Y. M Piceno, 2007). The nature and function of 

these remain largely understudied. It has also been 

hypothesized that wind may be the likely culprit in the 

spread of microbes from solid surfaces like leaves and soil 

into the air and airborne desert dust has been shown to carry 

microbes freely between Africa, Europe and the Caribbean 

regions (Dale W Griffin, 2007).  

In India up-to 15% of all deaths are attributable to 

infectious and non-communicable respiratory disorders 

(RGI-CGHR Collaborators, Report, 2009).The etiology for 

most of these respiratory diseases are either airborne 

infection (Tuberculosis), allergens (pollen), or particulate 

matter (silica dust, wood smoke, carbon). The chemical 

composition of the atmospheric air is another determinant 

that can directly impede normal functioning of the 

respiratory system. Gases such as O2, CO2, CO, NOx, SOX, 

CH4 have profound influence on the physiological process 

of respiration and alternated chemical composition (as may 

occur due to air pollution) can increase the risk of 

respiratory ill health (Besire C, Mehush A, Tahir M, 2010). 

Studies till date have usually focused on individual 

determinants or exposures and linked to linear outcomes, 

this although provides valuable data this approach is flawed 

as it fails to provide a comprehensive framework on the 

interaction between the diverse nature of exposure and 

respiratory outcome. Further, most studies have only looked 

at the immediate environment of the individual/ patient and 

have not comprehensively assessed the environmental 

contributors of causality both within the household,  peril-

household and various atmospheric altitudes (Hu G, Ran P, 

2009 &  Robert D, Ling L, A.J Wheler, Nicolas L G, 2008, 

& T.Sin, J F Donohue, A.J Ghio, 2008 &  J.M Samet 2008). 

Our approach would enable us to understand the 

contribution of environment specifically, atmospheric 
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chemical composition and aerial (radio waves) micro biota 

(small particulars).  

II. BASIC DYNAMICS 

Six-degrees-of-freedom, as the name implies, capable of 

moving in three linear directions (Z-axis, Y-axis, X-axis,) 

and 3 angular directions (Yaw, Roll, Pitch) singly or in any 

combination.  While studying the motion/ direction of the 

aircraft with respect to its body, we need to identify the 

basic directions along which the movement of aircraft from 

its place. Figure 2.1 shows the aircraft model with axis, 

Sagittal, Coronal and Transverse plane axis Longitudinal ( 

X-axis), lateral ( Y-axis), vertical ( Z-axis). 

 Sagittal Plane x & z axis (Pitch, X-axis) 

 Coronal Plane z & y axis (Roll, Y-axis) 

 Transverse Plane x & y axis (Yaw, X-axis) 

 
Fig. 1: Aircraft model, showing three axis of the vehicle. 

The term, obvious motion refers to the 

displacement, movement & rotation about all the 3-axis (i.e., 

longitudinal, lateral, and vertical). whereas longitudinal axis, 

is the axis that is parallel to the earth's surface  along the 

length of the vehicle. The lateral axis is irrelevant to the 

longitudinal axis and is also parallel to the earth's surface. 

The vertical axis is orthogonal to longitudinal and lateral 

axis. 

 
Fig. 2: Illustrating the different motion's 

Rotations of the vehicle around these 3-axis from 

fixed point, correspond to angular displacement of the 

vehicle in roll, yaw, and pitch. Figure 2.2 shows the 

Illustration of all the motions [forward, backward, up, down, 

right, left].  Roll referring to angular displacement about the 

longitudinal axis [left & right], yaw referring to angular 

displacement about the vertical axis [ left to right & right to 

left], and pitch referring to angular displacement about the 

lateral axis [forward & backward] (William B R, 2008). 

A. Autopilots 

A autopilot is a Instrument/ navigational device, that 

automatically keeps aircraft/ Vehicle in a steady state, like 

keep at a fixed attitude,  go to a given waypoint,  keep the 

desired slope while gliding, keeps the desired vertical speed 

specified with the climb, etc. Autopilot mode control panel 

and the other basic essential controls, have been 

implemented as configurable elements to increase the 

flexibility of the system functioning in the ground station 

system (Yongcan Cao, 2015). 

B. Flying on Instruments / Simulator 

Simulation today is an indispensable tool both in research 

institutes and in industries. Simulation has widespread 

applications in various fields like training and also serves to 

understand the existing systems better which can help in 

design improvement or control them for optimal 

performance. Simulation of any complex system can be 

done with less effort using the technology available today 

and justifiably the technology will be much better for the 

future (Feik R.A & Mason W.M, 1993 & Lucien Zalcman, 

1997). 

C. Navigation 

Navigating on the earth's/ ground surface is a easy ways 

compare to above the ground, as knowing where our aircraft 

is, how to get to it and where do you want to go, navigation 

is not an easy process, compared to other control system. 

Imagine that you're flying in cloudy conditions, you have no 

reference with respect to the ground, leads to an unsafe 

flight path.   

The basic way to know that we are over flying rang 

(permitted area) and not over unwanted (restricted area) is to 

use a navigation system. Navigation is the art of being able 

to tell where our vehicle is flying and how to guide it to our 

way (Xiaohua W, Vivek Y, Balakrishna S.N, 2007). 

 Older Navigation System 

 Modern Navigation 

III. HARDWARE DESCRIPTION 

The semiconductors (active, passive & actuators) are 

selected mainly based on less weight, small size, with high 

vibration sensitivity, low power consumption, and ease to 

interface with microcontrollers (AP board), and program it. 

A. Printed Circuit Board (PCB): 

A printed circuit board, with different parameters of  PCB 

are shown in below table 3.1, PCB is defined as a 

mechanical media/ material used to send the data (signal) or  

transmission lines (power signal), from one end to other part 

of the circuit. It also assures how expeditiously the 

information is circulated through a transmission line. 

Sl PCB types, layers, size 

1 Layer [ 1, 2, 4, 5, 6, 7, 8, 9, 10 or 32] 

2 
PCB size maximum [ 0.5 x 0.5 cm to 300 x 300 cm or 

above] 

3 PCB thickness [ 0.4, 0.6, 0.8, 1.0, 1.2, 1.6,2.0] 

4 PCB quantity [Poor, Good, Best] 

5 
PCB color's [ Green, Red, White, yellow, blue, black, 

purple] 

6 
Soldering surface [ lead on it , without lead on it, 

ENIG*] 

7 
Copper weight [ 1oz, 2oz],  Copper thickness [ 

35micron to 60 micron] 

 
*ENIG - [ Electroless Nickel Immersion Gold] 

Copper first, Nickel second and last Gold 

Table 1: Different parameters of the PCB 

https://en.wikipedia.org/wiki/Electroless_nickel_immersion_gold
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B. Surface mount Technology ( SMT): 

SMT is used to make the smaller PCB, less power 

consumption, long life, it could be done either by smaller 

leads or no leads at all or body as the terminals/ connecting 

source. Solder pads, are the place or space left for 

components leads to connect the circuit. The printed circuit 

board normally has flat with tin-lead coated on it & holes 

with copper in it, to connect the two layers , some time it 

may be silver (low cost application) or gold plated. SMD's 

can be explained in many forms. 

 Surface-mount device's [Electronic circuits] 

 Surface-mount technology [mounting technology - 

reflow machine, hot air gun ] 

 Surface-mount assembly [Pick and place machines] 

 Surface-mount components [Active, passive and 

electromechanical components] 

 Surface-mount packages [SMD case forms - SOT-

23, TSOP, Size A] 

 Surface-mount equipment [SMT assembling- 

stencils, twisters, reflow machine] 

C. LPC2148 - Microcontroller 

The Philips/ NXP LPC214x series is a advanced RISC 

Machines - 7, micro-controllers include hardware ISP (In-

Circuit Serial Programming) & programmed through the 

serial interface UART0 ( Pin no 19 & 21) by holding pin 

P0.14 (Pin no 41) low during power-up and until USB boot 

code programming is completed , Table 3.2 shows the static 

characteristics.  

 
Table 2: static characteristics of LPC 2148 microcontroller 

D. USB to UART [RS232/TTL/CMOS] - FTDI 

The FTDI (Future Technology Devices International) chips 

implement the USB protocol for data transmission. The 

responsibility of this hardware is to convert RS-

232/TTL/CMOS serial transmissions to USB differential 

signals, such that your computer can load the right/ required 

driver for it, and also to manage the data transactions with 

the PC & serial communication devise. After drivers are 

loaded a virtual comport is created, this would sort of 

specify a command set that PC can understand, the external 

signal communication media. This hardware & drivers takes 

care of one side of the equipment (communication with PC) 

to read from or write to the other side of it would be some 

dedicated hardware (micro-controller) to manage the UART 

protocol which includes logic, buffers and line drivers. 

E. Inertial Measurement Unit (IMU)  

IMU shown in figure 3.3, below is a 10 - DOF measuring 

unit, it includes Inven Sense MPU-6000 accelerometer and 

gyroscope chip, Honeywell HMC5883 magnetometer, 

MS5611-01BA03 barometer and EEPROM. This sensors 

are connected to microcontroller using I2C interfacing, 

micro controller operating at 60 MHz frequency (figure 3.4). 

 
Fig. 3: Aspirin IMU 

 
Fig. 4: Aspirin IMU Block diagram 

F. Servos & Horns 

A commonly used position control system, to hold the horns 

in one place, with certain amount of load on it. This system 

is commonly electrical/ partially electronic in nature, it uses 

a electric motor to create mechanical force, with the help of 

electronic signal (PWM waves). Horns are used to connect 

the control surface and the fuselage to get the relative 

movement. Below figure 3.5 shows the servo & different 

types of horns, whereas table 3.3 explains the input and 

output characteristics of the servo and its loading capacity. 

 

 
Fig. 5: Servo, different horns and mounting accessories. 

http://en.wikipedia.org/wiki/Tin
http://en.wikipedia.org/wiki/Copper
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Table 3: Servo output characteristics for different PWM 

G. Receiver & Transmitter 

It has an antenna and the circuit board, design to 

communicate (radio wave) with each other and produce the 

pulse (figure 3.6), to control the different electro-mechanical 

peripherals.  

There are three type of data o/p format commonly 

used with autopilot board 

1) Combined PPM (CPPM) 

2) Spectrum serial data output 

3) S-BUS data output 

 
Fig. 6: Difference between PPM and PWM 

There are some Small electronic receivers (satellite 

receiver), which produces the control signal in serial/ CPPM 

form are being used in the aircraft control boards. 

H. Autopilot boards 

An autopilot is a system/ Electronic board used to control 

the path of a vehicle without much interaction of the human 

operator. Autopilots will not completely replace the human 

operator, but guides them in controlling the vehicle, by 

focus on auto path planing, monitoring the vehicle path in 

cloud conditions and assist in takeoff & Landing. Autopilots 

are used in aircraft to control the path, in missiles to guide 

the path, spacecraft to go-to particulate place and also used 

where we need self-steering. Autopilots has developed very 

rustically,  over time, with better sensor interfacing, control 

algorithms, compact, Good GUI, friendly to use & with auto 

landing/ take off makes it a human pilot Table 3.4 shows the 

different autopilot boards in the market.        

Autopilot system consists of below accessories, 

along with vehicle. 

 Autopilot - Control Board  (8, 16, 32 bit 

Microcontroller) 

 Battery (50 - 10000mAh, 3-6 Cell, 12.4 -24.8 Volt,, 1 - 

70C discharge rate) 

 Data link/  Radio-Modem & Antenna (433Mhz, 

868Mhz, 900Mhz, 2.4Ghz, 5.8Ghz) 

 GPS Receiver (1575.42 MHz) 

 Inertial Measuring unit - IMU [ HMC5883, ADXL345/ 

MPU 6000, MS5611) 

 Motor & Controller ( D3542, 1000KV &  Plush 40 

Amps) 

 RC Receiver & Antenna (Hitec optima 9 series & 

2.4Ghz,) 

 Servos (TG9e Eco) 

 Payload (CO2 sensors, camera, Video telemetry etc.)  

  
 

 Model: Pixhawk 

 Cost: 20K INR 

 Auto take off/ landing 

 32 bit processor 

 STM32F427 

 Sensor data can be taken 

 Modification can be done 

 Fast , Large no of users 

 Model: Kestrel 

 Cost: 120K INR 

 Auto take off/ landing 

 32 bit processor 

 STM controler 

 Sensor data can be taken 

 Fast, less no of users 

 Model: Paparazzi 

 Cost: 20 - 35K INR 

 Auto take off/ landing 

 32 bit processor 

 LPC 2148 & STM32F103 

 Sensor data can be taken 

 Modification can be done 

 Fast, Less no of users 
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 Model: Pixhawk 

 Cost: 20K INR 

 Auto take off/ landing 

 32 bit processor 

 STM32F405 

 Sensor data can be taken 

 Modification can be done 

 Fast, Less no of users 

 Model: Pixhawk 

 Cost: 20K INR 

 Auto take off/ landing 

 16 -32 bit processor 

 iMX6Q 

 Sensor data acquisition 

programmed to write 

Sensor shield needed 

 Model: APM 

 Cost: 12K INR 

 Auto take off/ landing 

 8 bit processor 

 Atmega 328 & 2560 

 Sensor data can be taken 

 Modification can be done 

 Slow, Large no of users 

Table 4: Different autopilot board's 

IV. SOFTWARE DESCRIPTION 

The user can directly configure, Update, adjust any 

parameter in the flight plan of the autopilot using the 

settings tab in the GUI of aircraft. Touch screen (single 

click, no keyboard) can also be used to interact with GUI for 

setting the parameters. 

A. Graphical User Interface 

The GUI are human to machine language interpreter for an 

UAV ground control station (controller, configurable & 

visible screen) it looks like a normal pilot cockpit, the 

manipulator doesn't need to guide it, but to monitor and 

control the UAV it will be used. A image of the ground 

station unit (XML editor) is displayed in figure 4.8 & 4.9, 

one aircraft is being controlled in it & Google database to 

map/ locate the aircraft. The main window (left bottom side) 

has the main essential information like battery voltage level, 

mode of operation, duration of the flight time, throttle 

percentage, speed of the aircraft, height of the aircraft, GPS 

& modem/ data link status. In the, main window (right 

bottom side) the status of the command has been displaying 

and (Bottom center), common commands and flight path are 

been set for sending to the aircraft. Flight plan progress and 

the tuning controls are also displayed in it. The GUI & flight 

plan are validated by many RC flyers, this are fully 

configurable and easy to use & understand 

B. Initializing the Microcontroller 

All the required microcontroller blocks are powered up and 

initialized. 

 A 12MHz external crystal oscillator is input to the 

internal PLL which is configured to output 60MHz 

clock for the CPU operation. VLSI peripheral bus 

(VPB) is also configured to run at 60MHz (see the 

datasheet for more information). 

 Power control block is used to activate only the 

required blocks such as USB device controller, 

PLL, ADC etc. 

 The Pin select registers are used to configure the 

function of each pin and IO direction registers are 

used to configure if the GPIO pins are input or 

output pins. 

 USB device controller is configured using the 

corresponding registers. 

C. Hex Code - Control Data Transfers 

An embedded device connected to the PC undergoes the 

following stages namely, powered, default, addressed, 

configured. The USB hub provides powers to the device on 

attachment to it. The hub detects the change in voltage level 

in its one of its ports. It has a pull-down resistor in the range 

14.25 KΩ to 24.8 KΩ and the device has a programmable 

pull-up resistor in the range 900 to 1575 Ω (i.e., it can be 

connected and disconnected to +5V as and when required by 

getting status from the firmware). A Universal Serial Bus 

has the following four lines VBUS, D+, D-, GND. The host 

learns that the device attached is a full speed device by 

attaching the pull-up resistor to the D+ line and if the pull-

up is in the D- line, the host learns that it is a low speed 

device. The voltage levels in the USB are sensed as HIGH 

or LOW by the differential voltage between D+ and D- 

lines. If the voltage in D+ line is 300mV greater than D-, it 

is known as J state or HIGH state and if D- ha higher 

voltage level, it is known as K state or LOW state. Then, the 

host sends a device RESET request and gets ready for the 

control transfer to get the enumeration data. 

V. ANALYSIS AND TOOLS 

The analysis part says a abstract specifying the output 

obtained from the project, get some conclusions & study the 

further part/ work. 

A. Autopilot Board 

Autopilots are the set of rules, used to guide/ navigate the 

UAVs in flight with not much involvement of  human 

operators. AP boards are used in projectile to launch the 

rockets in the military application and later it has extended 

to aircrafts and other ground vehicles. Figure 5.1 shows the 

basic autopilot system, includes IMU, GPS, receiver, optical 

flow, USB, ESC, Servos, data modem, onboard processor/ 

controller and power source.  

 
Fig. 7: Block diagram of the Autopilot system with all 

accessories for fixed wing. 

Figure 7 shows the different communication 

channel & there inputs, outputs and actuators of the system.  

The most of the peripherals (servos, motors) used in the AP 

system are controlled by the PWM waves ( @ 50Hz, with 

T
on

  0.8-2.2msec)  to move the servos from left to right or 

reverse, and move the motor from low to high RPM. 

whereas GPS & radio modem communicate with serial 
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communication, reviver with Timer, sensor (IMU) with I2C 

and ADC. 

 There is a voltage divider circuit, which will help 

in stepping down the input voltage, so that the 

microcontroller ( working @ 3.3V) can read the high input 

voltage, and a adjustable switching regulator (PTH8080W) 

module that can provide the output current up to 2.25Amps. 

to drive the microcontroller, small servo's, sensors, receiver 

and power the radio modem.        

B. Servo Moment  

Servos are commonly used, position control devises, to hold 

the horns in one place (± 55 degree), with certain amount of 

pay load on it. Figure 5.1 shows the angular movement of 

the servo from neutral position (0˚) to make position (53˚), 

and back. This system is commonly electrical/ partially 

electronic in nature, it uses a electric DC motor to create 

mechanical force, with the help of electronic pulse. 

 
Fig. 8: Servo moment waveform 

C. Roll Moment Control 

 
Fig. 9: Roll moment waveform with two samples, for two 

servos 

There are two roll angle control servos, for providing the 

roll movement in the aircraft, to move the vehicle from Left 

to right & right to left. Below figure shows the roll moment/ 

bank using air brakes, by figure 5.2 - 5.4 we can see the 

different angular moment for two samples.  

 
Fig. 10: Roll moment waveform with same samples, of two 

servos 

 
Fig. 11: Roll moment waveform with programmed & 

experiment angle 

D. Sensors 

A sensor is a type of signal converter, it will convert the 

energy from one form to another, It may output the data in 

analog or digital format, (various types of output, output can 

be optical also), Table 4.7 shows the three different sensors. 

For example, When a DC voltage is given to the 

thermocouple; it generates the analog/ Variable voltage 

responding to its temperature. The below figure shows the 

different sensors and there level of output in parts per 

million (PPM), 

 
Carbon Monoxide 

 
Hydrogen Gas 

 
Methane CNG Gas 

 lower conductivity in clean air 

 High conductivity in polluted air 

 10 - 500 ppm (CO2), @ 5Volt 

 ADC output 

 Less dense than air 

 lower conductivity in clean air 

 High conductivity in polluted air 

 100 - 1000 ppm (H2 ), @ 5Volt 

 ADC output, with load resistance 

 Lightest element, used in balloon 

 Compressed natural gas 

 lower conductivity in clean air 

 High conductivity in polluted air 

 200 - 10000 ppm (CH4) , @ 5Volt 

 ADC output 

   

Table 12: Sensor's specification, output & characteristics 
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VI. CONCLUSION 

Much of the work has been completed in this project as it 

was possible given the conditions. There are several sensors 

that still need to be incorporated into the aircraft. Our next 

work is to use a state of the art Unmanned aerial system 

(UAS) to obtain atmospheric air samples (CO2 

concentration, pressure, temperature/ humidity) from 

various altitudes (50-500m, above ground level) from urban 

and rural environments with autonomous flight, along with a 

live measurement of chemical composition of the 

atmosphere using specific sensors in the unmanned aerial 

system (UAS). The air samples obtained from the UAS will 

be analyzed in the laboratory for bacterial present in the air 

and particulate matter. The data from these samples will 

enable us to synthesize an aerial biodiversity map, 

characterize the chemical composition and use these to link 

the exposures to prevalence estimates of respiratory illness 

downstream in a population.  

The UAV can be improvised such that, it gives 

longer endurance, improvement in fast data communication 

link. It can be optimized to lift more payloads. It can be 

fitted with wireless cameras that give live video feed to the 

GCS which will be of great value during hostile situations. 
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