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ABSTRACT

In the last few decades there have been a lot of climatic changes because of human interference
into the nature way of working. Because of this there have arised a lot of climatic as well as
weat her changes in the wor | cdssenmaybe fordhisibat at mo
the immediate solution for this is highly necessary which lies in ourselves. The proposed
solution from my side is to save the lives of the people as well as their property from being
damaged and hampered because of this ignereaused by us till now. Unmanned vehicles

can be of lot help in this regard, which can fly at high altitudes and can catch the images of the
areas that are under natural problems and can provide immediate help to them as necessary.
The copters can sendreless message to the sites of control which handle such delicate issues

and can thus provide help to the much needy ones.
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1. INTRODUCTION
1.1.Problem Statement

In the last few decades there have been a lot of climatic changes because of human interference
into the nature way of working. Because of this there have aaiseidof climatic as well as

weat her changes in the worldbés climatic at mo
the immediate solution for this is highly necessary which lies in ourselves. The proposed
solution from my side is to save the livelthe people as well as their property from being
damaged and hampered because of this ignorance caused by us till now. Unmanned vehicles
can be of lot help in this regard, which can fly at high altitudes and can catch the images of the
areas that are uednatural problems and can provide immediate help to them as necessary.

The copters can send wireless message to the sites of control which handle such delicate issues
and can thus provide help to the much needy ones.

The use of di gital i mage processing in tod
applications including traffic roads, surveillance, medical applications etc. apart from its use in
areas of natural calamities. Therefore, the development of imagesgiragshould just not be

seen as a device for natural calamities, but also a variety of other applications. The use of object
detection through image processing has a huge role to play in border security of the nations.

1.2.Objective of the Work

Providing safety to its own people is and should be the priority of any government. But not
many governments are able to provide proper safety to its citizens, especially in the cases of
natural calamities which are not known to happen at beforehand. The medtivebpf the

work is to provide rescue operation the people who are effected by natural calamities such as
earthquakes, floods, landslides, tsunamis, etc. right at the spot of the misshapen. As per the
project work, the search and rescue operation ig oine by using a quadcopter with the use

of image processing and sensing of the person from a certain distance. The designed quadcopter
has to reach the needful person right at the correct juncture at the right time, so as to come in
handy. Even a slighton-sync in the timing could lead to the death of the person because the
device was not there for his help. The report presents the devising method to prepare a
guadcopter for rescue operation and also presents a fully handmade quadcopter towards the
end d the process.

The second objective of the work is to provide a solution to the field of object detection and
tracking through image processing. Issues identified with object tracking include developing
great tracking algoriths, checking their capabilitydaunderstanding their effect on image
analysis framework. One of the major difficulties in object tracking is that of noise, complex
object shape/movement, partial and full object occlusions, scene illumination changes,



continuous processing requiremeiMy.project deals with the development of object detection
and tracking using color feature.

1.3. Literature Review

The literature review for this project has two separate segments. One segment will be dealing
with the review analysis of previous ocamces of the quadcopters, whereas the segment will
be openly dealing with the history and progress of object detection and tracking through image
processing.

1.3.1Literature Review for Quadcopters

The use of quadcopters in the recent years in varieldsfof work such as warfare, natural
calamities, agriculture field surveillance, etc. has given a new dimension to the meaning of it,

a bit more than its name. UAVs not just in the form of quadcopters, but also bicopters,
tricopters, pentacopters, hexatop r s |, et c. are also employed |
purposes, the quadcopters are used for surveillance of the agricultural fields against tresspassers
and the unprecedented growth of the pests. So basically the copters can be used for pest
controling. The most efficient use of these copters are made by US government when it comes

to the field of modern warfare. The copters
camps without their pre knowledge about the spy activities. And theimosttant topic for

my discussion is the use of quadcopters in natural calamities where they can be used to save
human lives with the best survival rate possible. The best examples can be the ones in recent
news in India, during the Uttarakhand flood, wheave lost millions of lives. The use of
guadcopters in here, by the Indian military deserves appraisal, because of which we were able
to save a | ot of people which couldbéve prov
types of quadcopters and thedcent uses in present times are discussed below in this section.

1.3.1.2Applications of quadcopter in recent times

The using of copt ermrpdaesindudird)aajutakdisasters, agriculturg i f f e
crop areas, war purposes, journalistativities, etc. have achieved ample adbpopularity
and media focusA few of them are being discussed below in this section.

13121Extensive use of copters in |l ast year 6s

The use of copter 6sndf oorv etrhsee epiunrgp oussee oifn rtehsec ul
flood is quite present in everyoneds mind ti
by human kind in this century. The copters employed by the indian government where chiefly
responsible for sawg thousands of innocent human lives who would have otherwise got killed

due to the inhuman toThergobgrhmennds uemplsov
as hexa copters flew at huge altitudes and could capture images with great focugpolidigg to
conditions at the basic ground level. The cameras of the copters being of very good quality
could obtain high pixel images through image procesing and thus send the obtained images to

the base control room present at several kilometres distancetliwrarea of the image
capture.the total toll figure of the casualt
data provided by the disaster management council of the union government of our country. But

the figure in the absence of the highrity copters could have been much more which was not

the case because of the high quality and sophisticated drones used by the indian government at



that pointof timeT he wusing of copters in todayos &era
disasters, atggulture crop areas, war purposes, journalistic activities, etc. have achieved ample

a lot of popularity and media focus. A few of them are being discussed below in this section.
All have to agree to the point that the use of drones in the flood areproase to be really

vital for the whole human kind in protecting a lot of thousands of people from getting killed in

the monstrous flood happening the Uttarakhand issue. The whole credit goes to the people who
contributed in the rescue operation and usihegtechnology as a tool to become a saviour of

the whole mankind.
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Fig 7 Photo captured by Quadcopter during Uttarakhand flood
1.31.2.2Drones to keep eye on crops in MP (Madhya Pradesh)

After the huge success of using quadcopters (drones) in the area of Uttarakhand flood effected
areas, the Madhya Pradesh government has decided to employ the technically advances and
highly sophisticated quadcopters in the government controlled agridwdtess, where there

is a lot trespassing and mishappening taking place in the recent past. The main purpose of the
drones will be to oversee the crops during the day and night times and to report any subtle
changes happening to the control centres presedifferent areas at a huge distance to the
agricultural fields. The night time capturing cameras fitted to the copters will capture the
images during the day as well as night time and with great camera lens it will take high quality
images.

1.3.1.2.3Journalists goes into the act of using copters to catch protests, wars and floods

Big ticket news journalists and channels have understood the implying advantage and the help
that can be obtained from using tegpters for their own purpose. The copteas be used for
detecting the areas of natural calamities and supervising them for their rescue operation that
can be carried out at those areas of immediate requirements. Also the drones can be used for
the purpose of sting operations by the journalistedeering any illegal activities going on in

their juristic areas. The primary use of the drones is found in the place of covering any
mishappening such as natural calamities or any news covering by the media professionals such
as sting operations or talg news from such areas where human entrance is simply not
possible. These may include places such as those covering caves or high altitude hills or dense
forests areas which are thick enough not to allow any human entering or interference to these
places.

1.3.2 Literature Review for Object Detection and Tracking

1.3.2.1Previous developments



The imperativeness and prevalence of movement analysis has led to several previous surveys:
Wang and Zhao [1] proposed the movement detection by utilizing magkgjrsubtraction
system. In this video sequence is made out of a progression of video images which contains
the features of geometry data of the target, separate pertinent data to analyse the movement of
targets then get detection results. The compresatanwas incredibly progressed.

Rakibe et al. [2] described movement detection by creating a new algorithm based upon the
background subtraction. In this firstly dependable background model based upon statistical is
utilized. After that the subtractioretween the current image and background image is carried
out based upon threshold. And after that the detection of moving object is carried out. After
that, morphological filtering is carried out to remove the noise and settle the background
interruption touble.

Kavitha et al. [3] exhibited movement detection by overcoming the drawbacks of background
subtraction algorithm. An effectively computed background subtraction algorithm has been
utilized, which has the capacity to resolve the issue of localillation changes, for example,
shadows and highlights and worldwide illumination changes.

Shafieet al. [4] exhibited movement detection utilizing optical flow strategy. Optical flow can
emerge from the relative movement of objects and the viewer so it can give critical data about
the spatial arrangement of the objects and the rate of changepdshisning. Discontinuities

in the optical flow can help in sectioning images into areas that correspond to distinctive
objects.

Shuigen et al. [5] developed movement detection by utilizing a system based on temporal
difference and optical flow field. Is great at adjusting to the dynamic environment. Firstly,

an outright differential image is computed from two continuous gray images. The differential
image is filtered by low pass filter and converted into binary image. Also optical flow field is
compued from image groupings by Hron's algorithm. Thirdly, moving object area is
discovered by indexed edge and optical flow field.

Devi et al. [6] described movement detection utilizing background frame matching. This
technique is exceptionally effective tewtjue for looking at image pixel values in ensuing still
frames captured after at regular intervals from the camera. Two frames are obliged to detect
movement. First and foremost frame is called reference frame and the second frame, which is
called the inpt frame contains the moving object. The two frames are analyzed and the
distinctions in pixel qualities are resolved.

Lu et al. [7] exhibited movement detection by proposing atmeed detection algorithm. In

this the algorithm incorporates the tempaddferencing strategy, optical flow system and
double background filtering (DBF) strategy and morphological processing methods to attain to
better execution.

Wei et al. [8] paper describes an interactive offline tracking framework for bland color objects
The framework attains to 6000 fps on a 320 x 240 video. The client can consequently
effectively refine the tracking result in an intelligent way. To completely exploit client input
and lessen client interaction, the tracking issue is tended to indwide optimization frame

work. The optimization is productively performed through three steps. Initially, from client's
info we prepare a quick object detector that places user objects in the video based on proposed
features called boosted color bin. Setowe misuse the temporal coherence to create various
object trajectories in view of a worldwide bdsst technique. Last, an ideal object way is
found by dynamic programming.

Jansari et al. [9] paper describes differential approach for optical flwati®n are in view

of fractional spatial and temporal derivatives of the image signal. In this paper, the correlation
between background demonstrating method and tkeasde optical flow has been carried

out for object recognition. Background subtracti&trategies require the background model



from many images while the Luc&&nade optical flow estimation technique is a differential

two frames method, in light of the fact that it needs two frames to work. {da@esde
technique is utilized which partns image into patches and figuring a solitary optical flow on
each of them.

Wang et al. [10] paper describes a real time movement detection approach that is based on the
combination of accumulative optical flow and double background filtering system to
accomplish better execution. The collective optical flow system is utilizgdttand keep a

stable background image to adapt to varieties on ecological changing conditions and the double
background filtering strategy is utilized to wipe out the background data and separate the
moving object from it.

1.3.2.20bject detection and trackingskcription

Provided a picture or a pictuie the videoframe generated, the objective of object recognition is to
understand if or nothere are anyredefined things in the frame and reply witfeir locations and
places The thing recognition should darstand how to separate out the particular thing from anything
else in the picturéObject recognitionis simply a question of binary separation solution; however extra
context informatiordatafrom background helps makinga strongand foolproof deteatg algorithm,
such as canccurringof objects(points),starkandcontrasting differentiating feature in the frame.
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Fig 8 Color Detection Image

Video processing is the phenomenon of finding out the path of aa point object in the picture or image
frameas t alters around a scene. The major objective of point tracking is to find the relationship between
the object point in successive image gisil he relation could be highly disturbing when the points are
moving with speed withe framespeed rate. Amterchangingcene may grow the unpredictable nature

of the object point is the space when the tracking poiy alter its spatial orientation sequentially

Our major objective is to find the path of the realtime moving pantarious different imagéames

that re generated from the ongoing video frame rate speed with the assisting help of the devised
algorithm using the concept of color detection as a real time tracking frame Wwsekof colour
tracking offers afew notable advantages such as cotimgusimple nature, robust nature in semi or
whole occlusion, rotating scale acldangesn resolution
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Fig 9 Motion Tracking

1.3.2.3 Applications

Object detection and tracking has got several industsies in the form of mobile robots which are
assigned with the task of picking and dropping of objects to and from the shoptflea@hiefly used

in traffic control devices where video trackers target the vehicles which surpass the traffic guidelines
and violate themThe field of security and surveillance also employs the technology of human tracking
for the purpose of wealth and human life safety. Eg include secure areas of banks, places of exhibitions,
etc..Use of human detection and tracking inaar®f natural calamities by employing flying devices

such as quadcopters, have played a major role in saving hundreds of lives in receiihénfietd of

medical imaging uses detection and tracking for the purpose of identifying internal organsiimaime h
bodies and accessing the right medical problem.

Fig 10 Applications of Object Detection

2 METHODOLOGY

2.1 Methodology forQuadcopter



2.1.1Theoretical Analysis

The following analysis are conducted which can be categorized under theoretical analysis.
These below points under this section correspond to the major discussions involved in a
guadcoptedevelopment project.

2.1.11 Forces and torque acting on the Quadcopter

A guadcopter in full motion experiences the following forces and toque acting upon it.
a) Lift generated by each motor.

b) Gravitational pull acting on total lift generdte

c) Moments can be achieved by generating yaw, roll and pitch movements
d) Yawing torque is the result of four individual torques generated by spinning motors

e) Rolling torque can be produced by increas
thrust and vicesersa
f) Pitching torque can be generated by incr

mot or 6s t hversas t and vice

The above mentioned forces and torques acting upon the quadcopter are chiefly responsible for
uplifting of the quadcopter into the air and providing further stability to the drone at high



altitude levels. It basically increases the manuverality of the copter to hover at required and
designed frequency parameters without losing its stability at any cost whatsésver.
mentioned above the yawning torque providesrdsltantfor the four individual torques
acting upon the system, the rolliotrque is due to difference in between the left and right side
motors. Lift and gravitational forces apply forces upon the quadcopter in two opposite
directions ie upward and downward. The pitching one is caused duygiging and down
falling of the fraat and back motors thrust.

2.11.2 Structure of Quadcopter

The modelof a quadopter (drone) helicopter is ajuite basicone,simply comprising of 4
motorsthat are fixedat theboth ends of a symmetricalossng symbol The major pointshat

are to beseen into consideratian such a model casgesymmetrical base and rigid body of
the cross. To let go of thenstable flying the model body has tbe as rigiity aspossible,
while keeping the lightesteightof the body as much as possibl&e bestrick to get this is

by usinglight weight composite materials or the alloys that are very less weight in nature.
Symmetrical naturés also ofvery high important naturéor its stable flight The centre of
gravitational pull (COG) has to msnearto the middleportion of the quadcopter (drona$
much agossible.

Fig 11 Quadcopter Structure

2.1.1.3Electronic system integration tfie quadcopter

The electronic integration of the quadcopter system for our project work consists of several
integrated sysyems for the power distributibrough LiPo batteries and the PDB board that is
responsible for the main power bus for the system. Then the powepdiesl to the
communication system which basically consists of the wireless transmitter system and the
receiver that is connected to the actual quadcopter flying at huge heights. The receiver then
gets the RC radio signals from the transmitter througleless communication and then
processes according to the achieved signals from the ground based transmitter base. Then
comes the second most important feature of any quadcopter system that is the vision system of
the drone. The vision system is responsibtethe capturing of the real time videos from the
environment and then recording for further processing in the base station.it is done through
camera system that is attached to the system in the air itself. The AHRS system is basically
responsible for ghering various parameters such as gravitational force at that height, magnetic
field of the areathe latitude and longitude dadad several other thingBhe gyroscopes which

is a part of the AHRS system is mainly responsible for finding out the peatiaeegarding

the directions and the GPS system is responsible for collecting information regarding the actual
location of the copter in the air and what are its base longitudes and latitudes.
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Fig 12 Electronic Integration of a Quadcopter
2.1.2Motion Analysis

Like any day to daygonventionatype ofcopter(drone) a quadotor multi copter has éegres
of freedomdirections which is highly nordinear in nature has multi variable,is strong
coupling dongandis underactuating system. The major foraedthe moments pressiran a
guadcoter helicopter are given by its motor. It is definitely a simple typetfpdone from
its 2 motor analogyas quadoterdrones are maintained exclusive by varying in motor speed.
2 pairs of notorsalways rotatingn two differentdirectionsis to balancing the finabrque of
thedronesystem. The belomentioned diagram shows a free sketch figure typicaly made
guadcopter type helicopter. As shown, onlyrgference frames ate be used (théxed earth
frame E, and the bodily based fraBig unliketo that ofconventionatype of quadopter which
has threenbuilt frames attached to. it

2.1.2.1Flight Dynamics

The basic thrust acting diagram for a quadcopter is presented below which shows the forces
acting upon the system in various state of its motion such as in case of variable flight, hovering
cases, rolling or pitching motions and several other cases.drothsvering flight, the forces
generated by all the four different motors are the same. In case ofrolling motion there is a subtle
difference in the front and back motors thrust generated. In pitching motion, there is a



difference in the motors speed tbe left and right side of the motors speed and thus the thrust
generated.

Fig 13 Quadcopter Free Body Diagram

Though this seems to bguite simple to naked eyes, but in realityerte are several
considerations that has to be taken into accounrder to maintain a stable flight at high
altitude levet. The major challenge will be to keep the system stable at high heights.

Quadftotor dynamics, (a) and (b) different forces
generated to change the yawing ar(gle (c) hover
motioning and verticdly propulsion due tthe
balancing torque; and d) different thrust to chatitge
pitching angle €) the roling angle {i ).

Fig 14 Torque Mechanism
2.1.2.2Motion Planning (Rotor Aerodynamics)

Momentun theory isto be used in order to provide relatiam betweenpower, thrust and
induced elocity andthe rotorpower. Usingthe conservation afnegy, it couldbe shown that
in hoveing,

— 7 4yt
T =2pdv,

where Thrust is the T(ro) is air densityAi s r ot or 6 s c andwistheselwaty i on a l
of the air that isnduced at the wtor. Blade element theory chiefly helpful for air foil and
performance of the motofhe moments and foraeveloping on aving that is uniformed in
naturearemodelled by,
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where span of the unitlift producedis L, profile drag andhe pitching momerare D and M
respectively
V1 Velocity of wing,
C1 Chord length,
CL, CD, CMi are the constant that are dimensionless,
W T Angular velocity, alpha is the angle of attackai®i Ri s t he Reynol doés

1= ®R
After the integration of théft and dragaboutthe lengtls ofblades, the similiar rules are tbe
generated for the whole ator. Whered and b are the dragand thrustmoment constants
respectively.

F, =bo; b=CppAR?

r. =dey d =C,pAR?
FiT thrust made by the motor,
Ti T drag constant, R rotor radius, CQ and CT are dimensionless constants.
Small sized ratorsalwaysrequired high amounof speeds and high rangepiwerthan large
sized rotors for producing the thrust of equal amoufite respective total thrust forend
rotor torque of the syster i

2.1.2.3Co-ordinate reference frame and the rotation matrix

There are always two different types of fieam any copter (drone) system ie the earth fixed

frame and the other one is the body frame. Any calculation taking place in the quadcopter
system is based op thses two frames that are inter dependent upon each other. Any changes

made to the earth fixed frame will automatically resultiounious changes happening to the
body frame of the system. The body frame is basically attached to the system andlorayes

with the system to wherever it goes. Along with it, the position coordinates of the point will
also vary. Suppose the drone moves from a point of operation to a different point of use, then

the GPS system that is electronically attached to the systbracord and find out the physical
coordinates of the system and thus keep the system away from &tauogs happening to it.

Nu

Whereas the earth fixed remains as it is at the groung surface and keeps mapping the copter

system to its coordinates values



Where,

Euler axis and principal angle on a rotati
Yy codbrdinate frame

Fig 15Co-ordinate Reference Frames

The R is orthogonalrotational matrix which is implying that the matrix to be transposed is
equivalento itsform in inverse For any type of rotation, there exists a rotation matrix, which

is produced on manipulation to the original one and on further accessing, it produces a third
type of matrix.

R"=R-R'
Theabove formula is extremely important since the resulatnt matrix can be found out from the

multiplication of the three different matrixes in their respective directions of x,y and z.
R=R -R -R
X ¥ -4

Here the rolla angle, pitch anglecathe yaw angle are represted about the respective X, y and
z axes and are represnted by the fi, theta and si angles respectively.

'm0 0

R =|0 cos¢p sing

|0 —sing cos¢

[cosd 0 —siné
R = 0 1 0

_sin g 0 cosd

cosly siny 0
R =|-siny cosy 0
0 0 1

Rotation matrixR is theresultant of the above equatjan wheresin and cos values are
represented by their short forms,

cbry cesy —s58
R=|sgsbecw—cgsy sgstsy +edew  sged
cigsBeyw +s@gsy cfsy —sdey  cged



2.1.2.4Formulating Thrust Forces

Step Ii the power consumed by the copter syaitefarmulated from the below given formula.
It depends upon the thrust generated and the velocity of the air at the motor propellers areas.
P = TU;;
Step 21 in the second step, the hover velodity the quadcoptersystem is calculated based
upon the thrust and the area of cross section of the motors. Also the air deasmajsr
deciding factor in here while using the momentum theory.
Up = f';li
’ \ 2pA
Step 3 Herethe density of the surround airy atmosphere is r and the area sweeping out of the
motoris A. Usingour simple poweequaion we obtain,
P = &T(U = USLS: Tw = T—%
Ky Ki V20A
Step 4- Generally, the torque for any force is calculated by the product of r and force. Here kt
depends upon some propeller parameters and settings. By solving the total equation for torque,
we find ou that it is proportional to the root power of the w ie thellangelocity of the wings.
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So finally, the torque acting upon the motor propellers are found out to be proportional to the
frictional force sacting upon the wings. Also the torque can be separated out for its effect on
three perpendicular directions of x,y and z.
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If extra perfection is requirethen thekd constant has to be taken into three diffefeational
constantone for each direction of propelling motion. If | want to do thésen iwould want
to find the force in the bodily frame rather than in the earth based frame which is fixed.
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2.1.2.5Formulating Torque

Step 1i in order to find out théorque acting upon the copter system, we have to first find out
the force acting upon the wings as drag forces. The drag force is provides below,

Ip= %pCDsz,

r- density of fluid (air density),

AT cross section of the propeller,

CDi dimensionless constant.

Step 2- On applying all these factors the final equation is got as follows

1p = %RpCDAUz = %RpCDA(wR)Z = baw?

R,wi radius of the propeller and the angular velocity. Here it is taken into assumption that the
forces are acting at the wing tips and not in the middle portion. In order to formulate the total
acting torque in the z direction, we follow theldw formulai



T = bw? + Ipyqw
IM 7 MOI that is the moment of inertia,-~v&ngular acceleration.
Step 3- On assuming that the flight of the copter system takes place with a constant velocity
without any acderation, we get the below mentioned equation

% = (—=1)bw;?.
Here €1)i+1 is by nature positive if the wing is rotating in CW direction, or else it will be
negative. The final torque acting upon the wimgertical direction i$

Ty = b ((4.’12 - w;f T LU;E - LU42)

Step 4- Rolling & pitching torques are obtained fromnechanicsobservation. We can
assumingly takéhei = 3 and i = inotors to be on the roll axis, so

Tp = Z_?’ xT= L(kW12 —ku?gz) = Lk((,djz — u?gz)
By a similar expressiotine pitch torque is given

L 7 centre distance from the wings. Finally, the body frame torques are abtained as

2.1.3Formulating Motion Coefficients

Various motion coefficients such as drag coefficients and several motor coefficients are
formulated below in this section.

2.13.1Findingoutdragcee f f i ci ent 6Cdod6 for the torque eql

The drag coefficient is a value that depends upon the resiatance or backward force acting upon
the wing such as due to air, water or fluidic movements.

Fig 16 Values of Drag Coefficients
2.1.3.1.1Factors effecting Cd values
Generally the drag coefficient is not a definite value which would remain constant for any

shape It changes its value depending upon the slepwell as the flow speed of the local
fluids nearby which is specifically the Reyn



