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ABSTRACT

The goal of our research is to create a UAV forhbedn-military and military purposes that do not
need a runway for takeoff and can be efficientgdu®r surveillance, search and rescue operations
and spying .Through UAV manpower will reduce andtywef application can be performed.We
comparatively analysithe design, control portion, and dynamicstwb differentUAVs one is tr
rotor and another is quadotor. In Tri-rotor three rotors are on samedistance from itsteen
Contrary to a Quagotor, in Tri-rotor the rotorsproduce a unstable reaction torgnesystem due

to this characteristic it become challengimgmodeling, stability and control of trotor.
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INTRODUCTION

In the last decades the use of Unmanned Aerial ckehi(UAV) has increased due to the
development and improvement of control systemsDig. to their applications and enormous
potential in the field of military. There are a feituations where a civilian could not perform his
work properly, i-e (working in sloppy terrains, delishedsites, areas of military operations, or
Indoor facilities). Since working in these areassloot require a lot of machinery, suitable
solutions are required. In order to work in thed@icdlt situations, Unmanned Aerial Vehicles
(UAVs) have been deduced as the best solution agppaeed to the logic that came before
it.Unmanned Aerial Vehicles (UAVS) can provide #ical support to search and rescue operations
due to their high speed [BJAVs are primarily used to gather intelligence aprbvide a
surveillance and reconnaissance functior the armed forces. Only a handful of systemes a
capable of carrying weapons[Br more efficiency in term ofsize, autonomy, mareging and
other factors, some conventional and non-conveatia®signs, configurations and controlling
techniques for UAV systems have been proposed. Swmoessary requirements that a UAV must
possess are:

« Small size in order to guarantee free movement uaiche situation.

e Quick motion in every direction for evading obsescl

e To be developed as cheaply as possible
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e Should not require a runway to take off.(i.e. l&kbelicopter)

To be able to satisfy the above requirements, diphailrotor thrust UAV is learned to be the best
solution.

Mini and micro UAVs are very heightened and prodciplatforms for security and monitoring

applications for outdoor and in-door environmemticro UAV’s are between 0.1-0.5 meters in

length and 0.1-0.5 kilogram in weight [7]. The lted payload for carrying sensors and the
computational power on-board make the developmieatitonomous UAVs very challenging.

MATERIALSAND METHOD

Design ofthe Structure:

A multicopter is a rotorcraft that has more thaw twtors, in light of the fact that a rotorcrafttiwvi

two rotors is called helicopter (bicopter) [4]. Teeare various kinds of Multi-rotor UAVs which

includes bi-rotor, tri-rotor, quad-rotor, and atbe helicopter. All these systems have something to
givein exchange for some drawbacks. The poputactsires of the modern UAV’s are as follows.

Quad-Rotor

The primary designs of a multi-rotor include a Quatbr. It has an easy structure, but difficult
dynamics. A quad copter is a device with four phepe arranged in a cross configuration. Two
propellers spin clockwise and two counter-clockwisich lifts the quad copterintotheairwhile
avoiding anyNet angular momentum [2]. The net agnacic torque and the angular acceleration
in the yaw axis is zero. Yaw is induced by dis-haiag in aerodynamic torques. Roll or pitch is
introduced in by increasing or decreasing speashefof the rotors. By managing the speed of the
four motors, takeoff, hovering landing and othenerent can be achieved.

Fig 1: Diagram of Quad- copter UAV

Generalguadrotor UAVs has less flexibility in movement because of its g@ssing under
actuation, i.e., availability of 4 not dependemiuts in control (the velocities of four propellevs)
thequadrotorsco-ordinates in space. As eesult, the 6 DOFs describing the parameters of
thequadrotorpose would not track any specific trajectory in dirte.g., it can hover on that
position only whenit’'s horizontal).

TRI-ROTOR

Tri-rotors are more efficient compared to quad+®teith respect to the size and the requirement of
power, smaller in size, easier to understand, adreapd have better time of flight because of three
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rotors decrease in the number of motors, but Tarrare more challenging in terms of stability and
control.

Tri-rotor vehicles are vehicles with a triple ratcarrangement in a Y or T shape. This structure
gives it more mobility and higher speed. All thidades of tri-rotors are same in length and the 3
force inducing parameters are also same. Each fiedeeing parameters includes a fixpropeller for
pitch moved by a Brushless DC (BLDC) motor to proglthrust. The propeller-motor is attached to
the arm of body by a servo motor that can spinweréical axis to tilt the motor of the propeller t
produce a horizontal component of the producedefofd 3 propellers can be tilted independently
to provide full authority of vectoring in thrusthis tuning makes the body of the vehicle capable of
staying straight in its required direction regasdlef the movement it makes.

The problem faced by the tri-rotor UAV is havinggawv moment that is generated by the reaction
torque from the unpaired rotor. To solve this peob| a few designs of tri-rotor UAV have been
developed each with their own solutions. Two ofsthdesigns are:

Control Techniques:

Unmanned Aerial Vehicles have steady nonlinear oyoess A few timesin control theory it is
possible to linearize such systems and apply libeeniques, but in many situations it becomes
necessary to devise theories from scratch permittomtrol of nonlinear systems.

u=al(x)+ blx)v
PID Control:

PID controller i.e. Proportional Integral derivaiController is a basic controller system technique
used by experts as well as amateurs in the fidld.algorithm is based on thefollowing equation.

t
ut) = MV(t) = Kyelt) + K; / o(r) dr — Kd%e(t)
1]

The important factors of this equation are thg K and Ky which are multiplied with the error.
They are called the Proportional gain, Differengiain and the Integral gain respectively. Their
values are varied to produce a response in errtwout overshoot with-in the required time. In the
absence of any knowledge of the underlying proces®?ID controller has generally been
considered the best controller. Though in the presef the actual model the optimized values can
be achieved, otherwise the values are achievedabyahd hit with no proof optimization.

LQ Control:

Linear Quadratic control also known as LQ contslused in multiple input systems where the
feedback gains, given that a set of desired Eigdmeg are not rare. Linear Quadratic (LQ) optimal
control does not specify the closed loop Eigen eslexactly, but instead specifies some kind of
performance objective function that needs to bexapéd.

The LQ model-based methods could be divided into tifferent methods. First of them is the

LQR (Linear Quadratic Regulator) method. This desigethod supposes an available for the
measurements of state variables of the controksysThis problem is called "full state feedback"
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problem. The second LQ design method is the LQGgdi Quadratic Gaussian). This method
gives consideration of the influence of internall @xternal stochastic disturbances affecting motion
of the aircratft.

Back stepping Control

In control theory back stepping is a technique developesirca 1990 byetar V. Kokotovic
and others [8]for designingstabilizingcontrols for a special class wbnlineardynamical systems
These systems are built from subsystems that eadigtfrom an irreduciblsubsystem that can be
stabilized using some other method. Because ofr¢bigrsivestructure, the designer can start the
design process at the knowtable system and "back out" new cotlers that progressively
stabilize each outer subsystem. The process tetasinveghen the final external control is reached.
Hence, this process is knownlzeck stepping [9].

Feedback Linearization Control

Another common approach used in controlling nomalingystems is Feedback linearization. The
approach includes coming up with a transformatibtihe nonlinear system into an equivalent linear
system by changing of variables and a suitablerabimiput. Feedback linearization may be applied
to nonlinear systems of the form.

i = f(x)+ gla)u
y = h(z)

The goal is to make a control input that renderin@ar input—output map between the new

input v and the output. An outer-loop control strategy tlee resulting linear control system can
then be applied.

Accelerometer:

The accelerometer is a bdit electronic component that measures motion dndttis also capable

of detecting motion and rotation gestures suchhakisg and swingingAccelerometer is reble
under static conditions as it does not include iatggral terms to accumulate the error. In dynamic
conditions the gyroscope readings are very reliabltheir weight is increased in the final equation
In static conditions error is accumulated in itadi@gs so its weight is minimized in the final
equation.

Lift:

The lift is produced by the flaps in the wings loé tUAV. Flaps are control surfaces attached to the
wings of the air-plane. In this UAV the wings aretiag as the flaps and their movement is
controlled by the servo motors. When they movedrdeards the direction of the reaction force is
upwards so it produces a lift on the UAV. Both flagps move simultaneously. They are used to
increase the lift at low speed.

Roall:

The roll mechanism in the air-plane is controllgdire ailerons which are control surfaces attached
at the end of the wings of the UAV. The force iplagd to both the ailerons are differential in
nature. They move in pair and produce a coupleyHne not attached near the main body of the
UAV because that would make them be near the ceftgravity and moment arm will become
less so a very large force would be required taypce the same measure of torque as it was when it
was attached at the end.
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Pitch:

Elevatorsareflight control surfaces, usually at the back ofaneraft, that controls the aplane’s
longitudinal altitude by changing iptch balance, and also tlamgle of attacland the lift of the
wing. Just like flap they move in a pair simultaneously.

Yaw:

On an airplane the rudder is used primarily to ¢eyaw. In normal form, a rudder is a flat plane
or sheet of material attacheml the crafs tail by hinges, often shaped so as to minimize
aerodynamidrag. In this UAV the yaw mechanism is controllgdusing the front motors that are
attached at the end of both wings, and not by alusidder. By controlling the speed of front
motors the yaw movement will be provided. The spad#dhe motors are changed differentially.
Sensors:

The sensor which is used in this UAV is IMU (Inaltmeasurement Unit) FreeIMU 0.3.5 BM&h
IMU works by detecting the current rate of accedierausing oneor moreaccelerometers, and
detects changes in rotational attributes pkeh, roll and yawising one or morgyroscopes and
magnetometerahich allows good performance for dynamic orientatiorcakltion.

« ITG3205 3-axis gyro
« BMAZ180 3-axis accelerometer
+  HMC5883L 3-axis magnetometer

The final reading of IMU is a weighted sum of tleadings of these three sensors. 50 readings per
second are taken from the IMU used in this UAV. Timal equation which it implements is:

I MU= gyroscope + accelerometer + magnetometer
In this UAV magnetometer readings are not takenabse our yaw mechanism is controlled
manually and PID algorithm is not implemented on it

RESULTSAND DISCUSSION

e Simulation of Quad:

Angular Rates,
P =% —WsinB() = Bcosp + Veoss sind
R = W08 cosd — Bzind

Euler angles and body angular velocities,
b= (Jcoss — Rsing

i = P+ Qsind tan® + Rcos $ tanB

b = (Qeind +RCO%F) zeco

In the following Figures yaw, pitch and roll rat® given that are constantly changing over time as
does the movement of designed vehicle.
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Time (sec)

Fig 3(b): Diagram shows Yaw of Quad rotor (Amplitude Vs Time)

Time (sec)

Fig 3(c): Diagram shows Roll of Quad rotor
(Amplitude Vs Time)

* Simulation of Tri-rotor:
Angular Rates,
p={— Usind
q= Ei cosg + L|,n:u:usE sing
r = rcosB cosip — B sing

Euler angles and body angular velocities,

8 = qcosg —rsing
{p = p+ gsing tanB + rcos @ tand
r = (g sing +r COSp) sech
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Time (sec)

Fig 4(a): Diagram shows Pitch of Tri rotor
(Amplitude Vs Time)

Time (sec)
Fig 4(b): Diagram shows Yaw of Tri rotor
(Amplitude Vs Time)

Time (sec)

Fig 4(c): Diagram shows Roll of Tri rotor
(Amplitude Vs Time)
* LOR Responsesof Quad Rotor & Tri Rotor.

But in this paper our proposed controller is LQR afi the results below shown in the proposed
choose controller.

Close Loop LQR Response

Arpitude
° ° - ° ° °

Fig 5(a): Diagram shows L QR Response of Quad rotor
(Amplitude Vs Time)
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LQR Response

Anpitude
°

o o

3 2

Fig 5(b): Diagram shows L QR Responseof Tri rotor
(Amplitude Vs Time)

Fig 5(c): Diagram shows Step-Response of
Quad rotor
(Amplitude Vs Time)

Step Response
T

Amplitude

Fig 5(d): Diagram shows Step-Response of
Tri rotor
(Amplitude Vs Time)

CONCLUSION

We have stabilize the control of UAVs by LQR metlaodl input equations and also show the LQR
response of Tri-rotor & Quad-rotor .Finally we hasugcceed to achieve stabilization of roll,pitch
& yaw. Stabilization test for each parameter wasdcted individually and further stabilization is

achieved by changing gain of Controller. All praatiand computer simulations aresuccessfully

completed and got our goal to self-stabilize thevdfder all circumstances.
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