
 

 
 

 

 

Abstract— This paper describes a methodology to identify all 
the parameters of a quadrotor system including the structure 
parameters and rotor assembly parameters. A CAD model is 
developed using SOLIDWORKS to calculate the mass moment 
of inertia and all the missing geometrical parameters. A three 
simple test rigs are built and used to identify the relationship 
between the motor input Pulse Width Modulation (PWM) 
signal and the angular velocity, the thrust force, and drag 
moment of the rotors. A simple algorithm is implemented to an 
inertial measurement unit (IMU) for estimating the attitude 
and altitude of the quadrotor. Experimental set up is built to 
verify and test the accuracy of these proposed techniques. A 
controller is designed based on the feedback linearization 
method such that the quadrotor attitude can be stabilized. 
Finally, the experimental results show the effectiveness of the 
proposed techniques and the controller design.  
 

Keywords-quadrotor; parameter identification; inertial 
measurement unit; feedback linearization; thrust and drag 
moment identification 

I. INTRODUCTION 

Quadrotor is one of the unmanned aerial vehicles (UAVs) 
that possess certain essential characteristics. Their potential is 
highlighted in search, surveillance and rescue applications. 
Characteristics that provides a clear advantage over other 
UAVs is their Vertical Take Off and Landing (VTOL), 
hovering capability, ability to make slow precise movements, 
impressive  maneuverability, traversing  through  an 
environment with many obstacles, and landing in small areas 
[1, 2, 3, 4, 5]. Quadrotor model based control is mainly 
depending on the dynamic behavior and the parameters of 
quadrotor. Researchers have studied the quadrotor's dynamics 
and presented models based on Newton-Euler and Lagrangian 
methods [3, 6]. However, the parameters of the quadrotor's 
dynamic model are essential for robust control. Consequently, 
parameters identification for quadrotor is inevitable. The 
general idea behind identification is to discover the physical 
system properties by observing quadrotor inputs and outputs. 

Quadrotor research topic involves many areas such as 
structure parameters identification, rotor assembly 
identification, estimation algorithms of the unmeasured 
system states using an IMU, control synthesis and new design 
and application of quadrotor [7, 8]. Quadrotor structure 
identification is used to define the terms of mass, mass 
moment of inertia, and the rotor inertia. Two methods for 
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structure identification are commonly used [3, 4, 9, 10, 11]. 
First one calculates these parameters using the principal 
equations for the mass moment of inertia, but this method is 
too difficult and not accurate for complex shapes. The second 
method utilizes online measurements with the identification 
algorithms to estimate these parameters. These algorithms 
require high computational.  

Rotor assembly suffers from the lack of data. Few 
manufacturers support the research with the technical data for 
the quadrotor system [1, 4, 5, 12]. The other way is to 
measure the rotor assembly parameters by using wind tunnel 
identification [13]. This method needs complicated 
measurements with special instruments. Researchers in [12, 
14, 15, 16, 17] present the estimation of the attitude and 
altitude using IMUs. They present algorithms that need a high 
computational time, so this cannot be implemented onboard 
microcontroller units. A simple algorithm is presented in [18] 
to estimate the roll, and pitch angle only.    

In this research a method is proposed to identify all the 
quadrotor's structure parameters with simple and more 
accurate method. For the rotor parameters, a method is 
introduced that can be implemented easily without any extra 
instrumentations or manufacturer's data. Finally for the 
measurements, a low-cost small-size IMU is used. An 
algorithm is executed onboard to estimate the attitude and 
altitude of the quadrotor. Our proposed method is tested and 
verified experimentally. Moreover, a controller is designed 
based on feedback linearization technique that utilizes the 
identified parameters in order to stabilize the attitude of the 
quadrotor.   

The paper is organized as following: Section II presents 
the quadrotor dynamic model. Section III presents the 
quadrotor structure and the estimation of its parameters. 
Section IV presents an experimental method for determining 
thrust and drag coefficients. Section V presents an IMU 
sensor fusion and simple algorithm for estimating the attitude 
and altitude for the quadrotor. Section VI presents controller 
design that used to verify the identified parameters. Finally 
conclusion remarks are shown in Section VII. 

II. DYNAMIC MODELING 

The quadrotor dynamic model is presented in this section 
to emphasis the importance of the quadrotor parameters 
identification and to be used as a basis for the control 
synthesis presented latter. Fig.1 presents the corresponding 
torque, force, and angular velocity of each propeller. There 
are some assumptions for the dynamic model. First the 
quadrotor structure is symmetrical and rigid. Second the

Methodology for Identifying Quadrotor Parameters, Attitude 
Estimation and Control 

M. Elsamanty1, A. Khalifa2, M. Fanni3, A. Ramadan4 and A. Abo-Ismail5 



 

 

propeller has 
(CM) is coin
accomplish th
have to be de
xByBzB whose
(CM). Second
and orientatio
it. Let's defin
transformation
6, 9]. 

R 	

C ψ

S ψ C ϕ

S ψ S ϕ

Where C
Also , , an
These angles 
fixed frame.  

F

From Fig.
i, creates a th
momentum th
proportional 
propeller. Th
moment time
equations.  

     
   

      

Where k
coefficients r
forces, T, is 
Moments that
,  and	
yawing mom
respectively. 
obtained us
acceleration is

0
0
1

Where,  

a fixed pitch
ncident with 
he dynamic m
efined.  The 
e origin is co
d is the earth f
on of the body
ne the rotatio
n from the ine

ψ C θ

C ψ S θ 	S ϕ C

C ψ S θ C ϕ C

() denotes C
d  are roll, p
 indicate the 

Figure 1.  Sche

.1, the angula
hrust force fi a
heory, both th
to the squar

he consumed 
s the angular 

                      
                      
                     

 and k  are t
respectively. 
directed alon

t applied to th
. These mo

ment about x-, 
The equation
ing Newton
s expressed in

	

	 	 /

	 	 /

	 	 /
  

h angle. Finall
the geometri

model of the q
first one; bod
oincident with
frame {E}, OI 
y frame is desc
n matrix R  

ertial frame to 

S ψ C θ

ψ C ϕ S ψ S θ 	S

ψ 	S ϕ S ψ S θ

Cos(), and 
pitch and yaw
rotation abou

ematic of Quadrot

ar velocity of 
and drag mom
hrust force an
re of the an
power of rot
velocity as st

                     
                     
                      

the thrust for
The aggrega

ng the z-axis 
he quadrotor's
oments are th

y-, and z-axi
n of motion 

n-Euler form
n the inertial fr

	
	

	

/
/
0



             

ly the center o
cal center (G

quadrotor; two
dy Frame {B}
h the center o
–xyz, where p

cribed with re
which expres
the body fram

S θ

S ϕ C θ S ϕ

C ϕ C θ C ϕ

   

S() denotes 
w angles respe
ut x, y and z

tor System 

rotor i, denot
ment Mi. Based
nd drag mom
ngular speed 
tor i, Pi, is th
tated in the fo

                      
                      
                     

ce and drag m
ation of rotor

of the body
 body are den
he rolling, p
is of the body
of the quadr

malism. The 
rame.  

   


/
/
/

   

                     

of mass 
GC). To 
o frames 
}, OB –
of mass 
position 

espect to 
sses the 

me [1, 4, 

       (1)	

Sin(). 
ectively. 
z of the 

 

ted with 
d on the 

ment are 
of the 

he drag 
ollowing 

      (2) 
      (3)  
       (4) 

moment 
r thrust 

y frame. 
noted as 
pitching, 
y frame 

drotor is 
linear 

       (5)  

       (6) 

       (7) 

equ
con
ach
def

the
pre
the

SO
Th
the
rot
thi
and
Al
mo
mo
ext

dia
mo
tot
cen
cen

mo
per
ele

, , and 
uation (6). Fr
ntrol inputs 
hieving the qu
fined as follow

 




Where, l is 
e center of m
evious equatio
e next sections

III. QU

A CAD mo
OLIDWORKS
he modeled pa
e aluminum f
tor arms are 
ckness. These
d decrease th
l these holes
oment of iner
oments of ine
tracted directly

 The inertia 
agonal and p
oment of inert
tal mass, the 
nter distance 
nter.  

TAB

Parameter
 
 
 
 
 

M 

IV. R

The rotor as
ost important 
rmits the quad
ectronic speed

are assumed s
rom the prev
 , , 	  

uadrotor move
ws: 

  
             
             
  

the distance b
mass. A lot o
ons are anonym
s. 

UADROTOR STR

del, as shown
S by modeling
arts are motor
frames, which
manufactured

e arms are eng
he resistance o
s complicate 
rtia using the
rtia of the qu
y from the CA

matrix obtai
ositive defini
tia about x-, y
mass momen
l between th

Figure 2.  Qua

BLE I.  QUA

Va
13.215
12.522
23.527
33.216
223.5 

0.9

ROTOR ASSEM

ssembly (ESC
part which 

drotor to fly. 
d controller (E

small angles i
vious equation

and  are
ements. These 

                     
                      
                     
                 

between the c
of parameters
mous. They w

TRUCTURE PAR

wn in Fig.2, is
g all the parts
rs, electronic 
h are assemb
d from alumi
graved to light
of aerodynam
the calculati

e principal la
uadrotor struct
AD model in o

ined from th
ite. Table.1 p
y- and z-axis o
nt of inertia o
he rotor axis 

adrotor CAD Mod

ADROTOR PARAM

alue 
5 X 10-3 
2 X 10-3 
7 X 10-3 
6 X 10-6 
 X 10-3 
952 

MBLY IDENTIFI

C, motor, and
delivers the 
This assembl

ESC), brushle

n the derivatio
ns of motion 
e responsible
control signal

                    
                     
                     
                     

center of rotor
s presented in
will be identifi

RAMETERS  

s developed u
s of the quadr

parts, battery
bled together. 
inum sheet 1 
ten the total w

mics during fl
ions of the 

aws. So, the 
ture and rotor
our methodolo

he CAD mod
presents the 
of the body fr
of the rotor Ir

and the quad

del 

METERS 

Unit 
kg.m2

kg.m2 
kg.m2 
kg.m2 

m 
Kg 

ICATION 

d propeller) i
lifting force 

y is consists o
ess DC motor

 

 

on of 
four 

e for 
ls are 

 (8) 
(9) 
(10) 
(11) 

r and 
n the 
ied in 

using 
rotor. 
y and 

The 
mm 

weight 
lying. 
mass 
mass 

rs are 
ogy.  

del is 
mass 
rame, 
Ir and 
drotor 

 

s the 
that 

of an 
r and 



A

 

 

propeller EPP
rotor assembl
input and outp
the rotor as
(PWM) is us
directly prog
propeller-mot
and drag mo
presented to 
signal, and the

A. Angular S

The probl
motor input si
input signal 
Arduino Meg
signal in this 
Motors have n
the lower lim
occurs for va
optical tachom
angular veloc
relationship b
instrument is 

A solutio
simple microp
to work as a r
vice used to 
other compon
holder is used
is high enough

The conc
tachometer is 
pass under th
microphone is
records the 
microphone r
MATLAB. T
pulse-pairs pe
accurately. Th
readings are c
rotation, whi
condition. Th
This process 
Finally; these
velocity for ea

The rotor 
period time be

 	            

Fig.4 show
can be notice
turn for the p
ratio between
possible to id
the rotation of
for one motor
between PWM
the rotor asse
are plotted in 
a linear relati

P1045 type th
ly, it is neede
put of each m

ssembly. How
sed as input 

grammed usin
tor assembly 
oment. In th
identify the r
e outputs. 

Speed Identifi

lem is that n
ignal and the p
is PWM wh

ga 2560 Mic
case has a lim
no response in

mit. On the oth
alues larger th
meter device 
city of the pro
between PWM
expensive.  

on for this pr
phone placed 
rudimentary ta
clamp the qu

nents used for 
d to ensure tha
h to avoid hitt

cept of using
simple to und

he microphone
s sucked down
suction pulse
eadings which

This data is p
er unit time w
he experimen

captured after 
ch make the 

hen suction pu
is repeated th

e values are a
ach motor at d

r angular spee
etween each p

                           

ws a sample s
ed that each tw
propeller. On

n noise and pr
dentify the sou
f the propeller
r. This data is 
M, and rotor'

embly identific
Fig. 5. It was

ionship betwe

hat has two bl
ed to find the 
motor. Motor v
wever, Pulse 

for its simp
ng Microcont
are angular v

his section tw
relationships b

fication 

no direct relat
propeller angu

hich is gener
crocontroller 
mited boundary
n case of PWM
her hand, a sat
han the upper
is required to
peller in orde

M, and the an

roblem is de
2 cm over th

achometer. Fig
uadrotor durin

the identificat
at the position 
ting by the pro

g microphone
derstand. At ea
e the air betwe
nward. In this
es. The mos
h can be captu
rocessed to o

which indicate
nts are made 
30 seconds fro
motor reach

ulses are reco
hree times fo
averaged to d
different input

ed is calculate
passage of the 

                           

signal from th
wo pulses can
e can notice 
ressure signal 
und pressure 
r. The input/ou
 used to deter
's angular spe
cation; all the
s found from th
een the PWM

lades. To iden
relationship b

voltage is the i
Width Mod

licity and it 
troller.  Outp
velocity, thrus
wo experime
between PWM

tionship betw
ular speed exi
ated precisely
Unit (MCU).
y from 1000 t

M values smal
turation pheno
r limit of PW
o measure the
r to establish 
ngular velocit

eveloped by u
he tip of the p
g.3 shows a cl

ng the test as 
tion test. Micr
over the prop

opeller.  

e as a rudim
ach time the p
een the prope

s case the micr
st interesting 
ured in real tim
obtain the num
e the angular v
as follows. F
om starting th

h to the stead
orded for 5 s

or each PWM
determine the 
t PWM.  

ed by measur
propeller blad

                           

he propeller so
n indicate a co
from Fig. 4 t
is very low. S
waves clearly
utput data is g
rmine the relat
eed. Continuin

rotors' obtain
he fitting that 

M, u, and the 

ntify the 
between 
input of 
dulation 
can be 

tputs of 
st force 

ents are 
M input 

ween the 
ists. The 
y using 
. PMW 
to 2000. 
ller than 
omenon 

WM. An 
e output 
a direct 
ty. This 

using a 
propeller 
lamping 
well as 

rophone 
peller tip 

mentary 
propeller 
eller and 
rophone 

is the 
me using 
mber of 
velocity 
irst, the 

he motor 
dy state 
seconds. 

M signal. 
angular 

ring the 
des Tp:  

      (12) 

ound. It 
omplete 
that the 
So, it is 

y due to 
gathered 
tionship 
ng with 
ned data 
there is 
squared 

ang
5 
vel



mo
con
now
bu

Fi

B.

thr
con
ho
po
on
oth
Th
cla

rot
ten
gen
the
bal
dif
and
tim

gular velocity
that the four
locities at the 

Figure 3. 

After finishi
otors are obta
nstants which
w to obtain p
ilding a robus

F

igure 5.  Relatio

TABL

Parameter R
a 
b -4.

Thrust force

In this sectio
rust force and
nsists of a lev
llow square c
int by steel p
e end of the l
her end, electr
his lever mech
amping vice to

The concept 
tation produce
nds to rotate t
nerates an equ
e arm. This f
lance. The thru
fference betwe
d the balance

me the drawn c

y as shown in 
r rotors are 
same value of

Test Rig for ide

                     

ing the identi
ained. Table I

satisfy the lin
precise values 
t controller. 

Figure 4.   Prop

onship Between m

LE II.  CURV

Rotor 1 Ro
420.5 4
06*e+5 -4.43

e and Drag M

on a new test 
d drag momen
ver arm of 50
ross section. T
in of 10 mm 
lever arm usin
ronic balance i
hanism is cla
o prevent it fro

of this lever 
es a vertical u
the lever arm 
uivalent down
force can be 
ust force at ce
een the balan

e reading at z
current and vo

(13). It was o
not identical

f PWM.          

entifying Rotor A

                     

ification; cons
II presents th
near relations
 for angular v

peller Sound  Sig

motor PWM and 

VE FITTING PARA

otor 2 Roto
466 411
3*e+5 -3.92*

Moment Identif

rig is develop
nt simultaneo
0 cm length a
The arm is pi
diameter. Ro

ng 4 screw bo
is mounted un

amped from t
om flying.  

mechanism is
upward thrust

m about its piv
nward force a

measured us
ertain motor sp
nce reading at
zero motor sp
oltage are mea

observed from
l in their an
                      

Angular Speed 

                     

stants for the 
he values of 
hip (13). It is 
velocity to he

gnal   

rotor angular vel

AMETERS 

or 3 Rotor 
1.4 445
*e+5 -4.13*e

fications 

ped to measur
ously. The tes
and 25X25X1
ivoted at its c

otor is mounte
olts, M2.5. On
nder the lever 
the pivot pin 

s that the prop
t force. This 
vot pin, and h
at the other en
sing an elect
peed is equal t
t this motor s

peed. On the 
asured as show

 

 

m Fig. 
ngular 

                   

(13) 

four 
these 
easy 

elp in 

 

 
locity 

4 

+5 

re the 
st rig 
 mm 

center 
ed on 
n the 
arm. 
to a 

peller 
force 

hence 
nd of 
tronic 
to the 
speed 
same 
wn in 



 

 

Fig. 6. The co
and from (1) t

Figure 6.  

The tests 
s to 1800 
current and vo
repeating the 
fitted. It is 
between PWM
shown in Fig
the values o
express these 

It can be n
not identical, 
drag moments

 
Figure 7.  R

Figure 8.  Rel

T

Parameter 
c 
d 
e 
h 

Transform
to system thru
substituting in

	

 	

 	



onsumed pow
the drag mom

Test Rig for Iden

are carried ou
s, to obtain th
oltage. Gather
previous pro
observed tha

M and both 
. 7 and Fig. 8

of the constan
linear relation

                     

h                   

noticed from F
and having va
s. 

Relationship betw

lationship betwee

ABLE III.  C

Rotor1 
0.6566 
-731.4 

0.0001658 
-0.1462 

mation from th
ust and mome
n (2, 3) by (14

wer by the mot
ment is determi

tifying Thrust Fo

ut by varying 
he measurem
ring data for a

ocedures. This
at there are 
thrust force a

8 respectively.
nts in equati
nships. 

                      

                      

Fig.7, and Fig
ariance in the 

ween motor PWM

en the motor PWM

CURVE FITTING PA

Rotor 2 
0.6029 
-674.4 

0.0001348 
-0.1178 

he motors sign
ents u , u, u, 
4, 15). It is as f

 

 

tor is then cal
ned. 

orce and Drag Mo

the PWM fro
ents of thrust
all motors is m
s data is plott

linear relati
and drag mom
. TABLE III p
ions (14, 15)

                     

                     

g.8 that the mo
thrust forces, 

M and rotor thrust

M and rotor drag

ARAMETERS 

Rotor 3 Ro
0.6805 0.
-758.3 -6

0.000172 0.0
-0.1577 -0

nals u , u , u ,
and u is der

follow:  

lculated, 

 
oment 

om 1060 
t, drawn 
made by 
ted then 
ionships 
ment as 
presents 
) which 

     (14) 

     (15)  

otors are 
and the 

t force 

 

g moment 

otor 4 
.6119 
660.5 
000141 
0.126 

, and u  
rived by 

 (16)         
(17)	

(18) 	
(19) 

ide
sig
pre
im
in 
are


U

u

u

u

u

















dif
me
po
wh
con
acc
(H
the
mi
mi
thr
sen
nam
Mu
Me

qu
qu
est
ow
me
cos
to 
tra
com
ang
are
tun
acc
est
ma
wit
rel
est

                     

From the la
entification the
gnal, and the 
evious equat

mplementation 
achieving rob

e estimated, an

 
U

t

ee

lc

l

cc


























21

1

21

0

0







Sensor fusio
fferent types 
easurements, a
ssible. A Mu

hich consists 
ntaining a thr
celerometer 

HMC5883L), a
ese sensors 
crocontroller 
crocontroller 

rough an I2C 
nsors readings
mely roll, pit
ultiwii ZMR b
ega2560 MCU

The main ob
adrotor, in ord
adrotor attitu
timated using 

wn problem. 
echanical vibr
sine matrix (D
estimate the 

ansform from 
mplimentary 
gles based on 
e fused togeth
ning for the 
celerometer. 
timate the y
agnetometer d
th magnetome
ative to the e
timated using 

Figure

              	

ast equation (
e direct relatio

quadrotor in
tions make 
into an embe

bustness. Fina
nd they will be

 
G

ee

lc

lcc

cc










 432

3

42

432

00

0

          

V. IMU SE

on is a term 
of sensors to
and decrease 

ultiwii ZMR b
of high quali

ree axes gyro
(BMA180), 

and embedded
are conne

on the same 
handles all 

bus. IMU sen
s to estimate t
tch, and yaw
board in conn
U, which has th

bjective is to e
der to use thes
ude stabilizati

a single sens
The disadv

ration, wherea
DCM) complim
quadrotor atti
the body fram
filter is used 
the gyroscop

her. The usage
DCM matri

Another com
yaw angle b
data as shown
eter to enhanc
earth's magnet
the pressure s

e 9.  IMU, and A

(21), it is no
onship betwee
nput thrust an

the rotor 
edded system 
ally all the qua
e tested in Sec

 
u

hh

ld

ld

dd

u

u

u

u

i


































1

3

4

21

4

3

2

1

                      

ENSOR FUSION

used to com
o enhance the

the level of 
board type is
ity MEMS se

oscope (ITG32
a three ax

d pressure sens
nected to A

board as show
the readings 

nsor fusion is 
the orientation

w angles as w
nected via seri
he main contr

estimate the E
se angles as fe
tion. These a
sor, because e
vantage of 
as drift in gyr
mentary filter
itude [19, 20]

ame to the ea
to estimate t

pe and acceler
ge of gyroscop
ix which is 

mplementary 
by fusing th
n in Fig. 10. G
ce the yaw an
tic north. Fin

sensor.  

Arduino board co

ow clear after
en the motors 
nd moments. 
control and

easier which h
adrotor param
ction VI.  

 
A

hhh

ld

ld

dd
















432

13

24

432     

                     

N  

mbine the dat
e accuracy o
noise as muc

s used as an 
ensors. The b
205), a three 

xes magnetom
sor (BMP085)
ATMEGA 
wn in Fig. 9. 

from all sen
to combine al
n of the quad
well as their
ial port to Ard
rol algorithm.

Euler angles o
eedback signal
angles canno
each sensor ha

acceleromete
roscope. Dire
r algorithm is 
]. DCM is use
rth frame. Th
the roll, and 
ometer data w
pe is to make

returned by
filter is use
e gyroscope 
Gyroscope is 
ngle determin
ally the altitu

onnection 

 

 

r the 
input 
The 

d its 
helps 

meters 

 (20)  

(21) 

ta of 
f the 
ch as 
IMU 

board 
axes 

meter 
). All 
328P 
This 

nsors 
ll the 

drotor 
rate. 

duino 

of the 
ls for 

ot be 
as its 
er is 
ection 

used 
ed to 
hen a 
pitch 

which 
e fine 
y the 
ed to 

and 
used 

nation 
ude is 



 

 

After ide
constructing 
verification an
a control syst
linearization w
the quadroto
linearization 
dynamics into
that we can
controllers' la
angles are stat

 	 	

 

 	 	 			

 

 	 			

 

Where Kp

integral gains
obtain a satis
the used contr

Paramet

Roll	
Pitch	
Yaw	

Two diff
identified para
Fig.11 presen
control of roll
used to suppo
two cylindrica
supports. The
axis. The con
has been imp
Arduino Meg
Arduino Meg
record the me

Fig. 12 p
These control
rotate the qua
angles. For t
ranges from 
oscillation is 
by fine tunin
the response 
One can notic
of this oscilla
flying and hov

The secon
This rig cons
fixed to the 
fixed to the q
two tubes to 
shown in Fig.

VI. TEST

entifying all 
the attitud

nd testing are
tem design ba
which is used

or using the 
[21] is used t
o a linear syste
n obtain a g
aws for the at
ted as follows

	 	 	

   

	 	 	

   

‐	 	‐	 

   

p, Kd and Ki ar
s respectively. 
sfied controlle
roller gains. 

TABLE IV.  

ter	 Kp	
100	
85	
0.01	

ferent test rig
ameters of the

nts the rig wh
l, and pitch an

ort the quadrot
al supports. T

ese supports al
ntroller which
plemented. T

ga 2560 MCU
ga 2560 is co
easured data fr

presents roll, 
llers achieve 
adrotor succes
the roll angle

0.5o to -0.5
satisfactory in

ng of the cont
of the quadro

ce that a very 
ation is betwee
vering. 

nd test rig is d
sists of two c
ground using

quadrotor. A b
facilitate the 

. 13. The expe

TING AND RESU

the quadro
de estimation
e desired. So, t
ased on the te

d to test the att
identified pa

to transform t
em. The contr
good tracking
ttitude namely
s:  

	 	 	 	 	  

   

	 	 	 	

   



  

re the proporti
These gains a

er performanc

CONTROLLER 

Ki	
10	
10	
250	

gs are constr
e quadrotor an
hich is used to
ngles. This rig
tor. It contain

Then the quadr
llow the rotati

h presented in
These controll
U, with a sam
onnected to M
rom the test rig

and pitch co
the stability o

ssfully to the d
e a small osc
5o as shown
n the flying a
troller parame
otor to the pi
small oscillati
en 0.2o and -0

designed to co
cylindrical tub
 clamping vic

ball bearing is
rotational mo

erimental resul

ULTS  

tor paramete
n algorithm,
this section de
echnique of fe
titude stabiliz
arameters. Fe
the nonlinear 

rol laws are ch
g performanc
y roll, pitch, a

                      

                     

 

                      



                   

ional, differen
are tuned man
ce. Table IV p

GAINS 

Kd
1
1
260

ructed to che
nd attitude esti
o perform sta
g is a wooden 
ns two holes to
rotor is fixed 
ion about x-ax

n (23), (25), a
lers are execu

mpling time of
MATLB in o
g.  

ontrollers' res
of the quadrot
desired roll an
illation happe

n in Fig. 12
and it can be r
eters. Fig. 12b
itch angle con
ion occurs. Th

0.1o. It is accep

ontrol the yaw
bes. One of t
ce. The other
s fitted betwee
otion about z-
lt for the yaw 

ers and 
, their 
escribes 

feedback 
zation of 
eedback 
system 

hosen so 
ce. The 
and yaw 

    (22)            

   (23) 

 

   (25) 

 

   (27) 

ntial and 
nually to 
presents 

eck the 
imation. 
abilizing 

bracket 
o mount 
to these 

xis or y-
and (27) 
uted on 
f 1.8ms. 
order to 

sponses. 
tor, and 
nd pitch 
ens that 
a. This 
reduced 
b shows 
ntroller. 
he range 
pted for 

w angle. 
them is 
r one is 
en these 
-axis as 
angle is 

pre
con
sys

par
lin
ma

   

esented in Fi
ntroller achiev
stem starts fro

Finally the e
rameters are 

nearization alg
anner. 

Figure 10. 

Fig

ig.14. In this
ves the stabilit
m large initial

xperiments sh
accurate in 

orithm stabiliz

Flowchart for e

gure 11.  Roll, a

s figure, one 
ty of the yaw 
l conditions. 

how that the q
such way t

izes the quadr

estimating attitud

and pitch angle te

(a) 

can see tha
angle althoug

quadrotor ident
that the feed
otor in an effi

de of quadrotor 

 
est rig 

 

 

at the 
gh the 

tified 
dback 
icient 

 

 



 

 

Figure 12.  (a) 

Figur

In this pap
quadrotor pa
dynamic mod
calculate the 
Direct relatio
speed, thrust
identified. A
quadrotor con
control PWM
complementar
quadrotor ba
designed base
the identified 
the result of th
proposed tech
the identified 
attitude estim
quadrotor atti

The first two 
Mission Dep
Government o

Experimental res
response 

Figure 13.

re 14.  Experime

VII. C

per a complet
arameters is 
del is described

mass momen
onships betwe
t force, and 

A new relatio
ntrol input (fo
M signal is 
ry filter is us
sed on the I
ed on the feed

parameters a
he experiment
hniques of th
rotor assemb

mation algorit
tude stabilizat

ACKNO

authors are su
artment, Min
of Egypt whic

 

(b) 
sponse of roll con
of pitch controlle

  Yaw angle test 

ental response of 

CONCLUSIONS

te methodolog
presented in

d. A CAD mo
nt of inertia 
en PWM and
drag momen

onship that 
orces and mom

achieved an
sed to estimat
IMU measure
dback lineariza
and the attitud
ts shows a sat
he identified 
bly parameters
thm, and the
tion.    

OWLEDGMENT

upported by a 
nistry of High
ch is gratefully

ntroller, (b) Expe
er 

rig 

yaw controller  

S 

gy for identify
n details. Qu
odel was devel

in an accura
d each of the 
nt of the rot
directly linki

ments) with th
nd tested. A
te the attitude
ements. Contr
ation techniqu
e estimation. 
isfied accurac
structure para
s, the used IM
e control des

T  

scholarship f
her Education
y acknowledge

 

erimental 

 

 

ying the 
uadrotor 
loped to 

ate way. 
angular 

tors are 
ing the 

he motor 
A DCM 
e of the 
roller is 

ue to test 
Finally, 

cy of the 
ameters, 

MU with 
sign for 

from the 
n of the 
ed. 

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

[14

[15

[16

[17

[18

[19
[20

[21

Mellinger, Q
Modeling, E
Manipulation,”
Robots and S
2011. 
H. Bouadi, an
Mode Control 
SCIENCE, EN
T. Bresciani, 
Helicopter. MS
S. Bouabdallah
to Autonomou
2007. 
D. Sahoo, A
Operated Qua
International 
Volume 11– N
J. Kim, M. Ka
Control for a Q
J. E. SLOTINE
1991, pp. 207-
M. Elsamant
Ground/Aerial
Innovative En
Egypt, 2012. 
A. Khalifa, M
and Control 
International C
RAS ICIES20
M. I. Rashid  a
Unknown Mod
on Applied S
2012.   

0] M. J. Stepani
University, No

] Norafizah Ab
Identification 
Conference o
Lumpur, Mala

2] Z. Zhen, D.Wa
on informatio
Control ICNSC
2010. 

] Yogianandh N
Aerodynamic 
Applications,”
Africa (ROBM
South Africa.

4] M. Euston, P
Complementar
IEEE RSJ Inte
2008. 

] P.R. Bilodeau
Estimation an
Proceedings 
Conference, 20

6] L. Di, T. From
Estimation of
Robotic System

7] D. B Kingston
Estimation for
Engineering, P

] A.  Zul Azfar
IMU Sensor F
Control,” IEEE
its Application

9] http://www.sta
0] Reza N. Jazar

and Control,” 
] J.-J. E. SLOT

Hall, 1991, pp

REFER

. Lindsey, M. 
stimation and 
” IEEE/RSJ Int
Systems San Fra

d M. Tadjine, “N
of Four Rotors H

NGINEERING AN
Modelling, Iden

Sc thesis, Lund U
h., Design and C

us Flying.  PhD 

. Kumar, and K
drotor Aerial Ve
Journal of Com

No.10, December 
ang, S. Park, “Ac
Quad–rotor VTOL
E and W.  LI, Ap
266. 
y, M. Fanni 
 Autonomous R

ngineering System

M. Fanni, A. Ram
of a New Q

Conference on In
12), Dec. 7-9, Eg
and  S. Akhtar, “A
del  Parameters,”
Sciences &Techn

iak, A Quadroto
ovember 2008. 
bas, Ari Legow

of an Autono
n Mechatronics 
ysia,2011. 
ang, and Q. Kang

on fusion contro
C 2010 Internatio

Naidoo, Riaan 
Analysis of 
4th Robotics an

MECH 2011) 23

P. Coote, R. M
ry Filter for Attitu
rnational Confere

u, E. Poulin, F
nd Control of 
of the AIAA 
010. 
mm, and Y. Chen
f Low-cost Min
ms, Volume: 65, I
n, and R. W Be
r Small UAVs 

Publisher: Citesee
and D. Hazry,” 

usion in PID Con
E 7th Internationa
ns, 2011. 
arlino.com/catego
,” Theory of App
Second Edition, S
INE and W.  LI
. 207-266. 

ERENCES 

Shomin, and 
Control for A

ternational Conf
ancisco, CA, US

Nonlinear Observ
Helicopter,” WO
ND TECHNOLO

ntification and C
University,Octobe
Control of Quadr
thesis, Ecole Po

K. Sujatha,” A 
ehicle using the 
mputer Applicat
2010. 
ccurate Modeling
L Aircraft,” J Inte
pplied Nonlinear 

and A. Rama
Robot" 1st Intern
ms (IEEE-RAS I

madan and A.  A
Quadrotor Manip
nnovative Engine
gypt, 2012. 
Adaptive  Contro
” 9th  Internationa
nology  (IBCAS

or Sensor Platfo

owo, Rini Akm
omous Quadroto
s (ICOM), 17-1

g,” UAV flight t
ol method,” Net
onal Conference 

Stopforth, and 
a Quadrotor 

nd Mechatronics
3-25 November 

Mahony, J. Kim
ude Estimation o
ence on Intelligen

F. Wong, and E
a Hovering M
Guidance Nav

n,” A Data Fusio
niature UAVs,” 
Issue: 1-4, Pages

eard,” Real-Time
Using Low-Cos

er, Pages: 1-9, 20
 A Simple Appr
ntroller for Stabil
al Colloquium on

ory/imu-theory, a
plied Robotics: K
Springer, 2010. 
I, Applied Nonlin

V. Kumar, “D
Aerial Grasping
ference on Inte
SA, September 2

ver Design and S
ORLD ACADEM
OGY, 2007.  
Control of a Qua
er 2008. 
rotors with Appli
olytechnique Fede

Survey on Rem
Camera Perspec

tions (0975 – 

g and Robust Ho
ell Robot Syst 20
Control, Prentice

adan, "Novel H
national Conferen
ICIES2012), Dec

Abo- Ismail, "Mo
pulation System
eering Systems (

ol  of a  Quadrotor
al Bhurban Confe
ST)9th -12th Ja

rm. PhD thesis, 

meliawati,” Para
or,” 4th Interna
19 May 2011, 

rajectory control 
tworking sensin
IEEE, Pages: 33

Glen Bright,”
for Thrust C

 Conference of 
2011, CSIR Pr

m and T. Hame
f a Fixed-Wing U
nt Robots and Sy

E. Gagnon,” A
Mini Aerial Veh
vigation and C

on System for A
Journal of Inte

s: 621-635, 2011.
Attitude and Po

st Sensors,” Com
00. 

roach on Implem
lizing Quadrotor 

n Signal Processin

ccessed 15/01/20
Kinematics, Dyna

near Control, Pre

 

 

Design, 
g and 
lligent 
25-30, 

Sliding 
MY OF 

adrotor 

ication 
erale , 

motely 
ctive,” 
8887), 

vering 
010. J.-
e-Hall, 

Hybrid 
nce on 
c. 7-9, 

odeling 
m" 1st 
(IEEE-

r  with 
ference  
anuary,  

 Ohio 

ameter 
ational 
Kuala 

based 
g and 
7-341, 

Rotor 
Critical 

South 
retoria 

el,” A 
UAV,” 
ystems, 

ttitude 
hicle,” 

Control 

ttitude 
lligent 

osition 
mputer 

menting 
Flight 

ng and 

013. 
amics, 

entice-


