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Dynamic Modeling and Robust Hovering Control of
a Quadrotor VTOL Aircraft
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(Jinhyun Kim, Min Sung Kang, and Sang Deok Park)

Abstract : This study deals with modeling and flight control of quadrotor type (QRT) unmanned aerial vehicles (UAVs). Rigorous
dynamic model of a QRT UAV is obtained both in reference and body frame coordinate systems. A disturbance observer (DOB)
based controller using the derived dynamic models is also proposed for robust hovering control. The control input induced by DOB is
helpful to use simple equations of motion satisfying accurate derived dynamics. The experimental results show the performance of

the proposed control algorithm.

Keywords : hovering control, QRT (Quadrotor type), UAV (Unmanned Aerial Vehicle), VTOL (Vertical Take-off and Landing)
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Fig. 1. Coordinate system.

n = W FHFANAS] QRT FIH|Y=3re] 9|9k W
A5 YR, vie 71A] FEAA B8 gz ite] XY
S50} AEEE u|eitt x, y, 25 I FEANAY A
g AL, ¢,0,y = 42 E(oll), I A(pitch), 2-FHyaw)E
vkt v, v, 0, = 714 FAFANA FHE HP=R
Y Ses YL, o, 0, 0, = 3 £2E YERITh

w3 Ak 7IA HFANA Atele] LAl AR

H]|QF s H(Jacobian matrix)® WERIL 213} o] FAAT

[11].
[ 3(m) 0 v, .
|:772:| B |: 0 J2(772):||:V2:| < n=Jmy, @

1714
cycld —sycd+cysOsg  sysP + cycdso
J () =|swcld cych+sysOsg —cysp+sOsych | (2)

—s60 cOsg cOcd
o|aL
1 sgt0  cptd
J,07,)=10  cp  —s¢ (©)

0 sp/cO c@/cl

ot} 9] AloA cb, s = 217t cosh, sind E oJn|slt) 1
i J,(7,) = 9=190 X E A=A LARE Felu] e
2RO A olelgk A7t AYEEy] o]del o]n] AlAElE A
o7} b el o|27] wjize] H5| welskA et
= oA vk = L) = 3™l opEm
35 () # 35.(1,) 1k

)
ganye BEIE A7} Bk relt w4 AEAA 145
A g Bl Aol AR A% 7)) AEA
B 289 ANHL Foio) BIFAAE Pk Aol o
ek shw v 4% a4 2

A AZAGNA Aol7] wiol st wAAe A B

FAE ol&sle] BHEEE Zlo] B} Ay wEhA] o

E SE3] SaA 2 =RedAE A 2B rEA(Quasi-

b geH12) frAF SR s

ol-gsl 7|A| A et T HIAA 2 9]
&

2 ARZ o]gdte] F9% LAY E F=E U
1. ®AF 23X 7|8 7|H| ZEACIAM S 25 LA
AREA QI SFA|Qt FEl= vt 2ol AolH:
L=T-V, &)
1
T EVTMv— mviv, +—=vilv,, ®)
V =-mgz ©6)

A7 m F 1 = A7 vgREe] Ay IYEAE
UERAT). T18]3 QRT FelH|si= o] 79 gl
o) A (axisymmetric) 0.2 AA517] vt BAHEME:

o} 3, 53] 1, =1, oItk

I, 0 0
I=0 7, 0 ™
0 0 I

2@ol sl ](Hamiltonian principle)s 4-8-3H th
I 2L vERAAE 9S < dth

d|( oL oL ;0L
D Pl R CR St Mk ®
dt ov, on,

d[aLj oL oL ;oL
—| — [tV x—+V, X -J,

dt\ ov, ov, 8!/1 : 6772

Ela 2107 e Bz g AmANAS) $EREA
o= Ha} s

M\}+CV+g(I7):T (10)

21002 g 2 o719 S8 S5
g + 3

m[z)x -0,0, +V.0, - gs@} =0, ()

n [“'y Lo VO, + gc@sﬂ =0, (12)

m[z}: -vo, tvo + chc¢:| =u, (13)

Lo, + (- 1)o0 =u, (14)

],\;Ta.)y + (I.\'x - 1:: )a):a)x = u}a (15)

1o, =u, (16)

o714, SNl 1% SReiee Aamu o] Aolenh

0
0 0
w| | F+R+F+F
Tl Tl cReEN | 7
u, (-F+ Pl
| [F+F-F+ R



1262

=, 172 vHEe] A(18)3t o] o] Pem vekd 5
ick.

u, 1 1 1 1R F,
u | |0 L 0 LR B )
u,| | -1 0 I O|F F,
u, | |-2 A -A A||F F,
2. e ztEAHMe| 2SEH A
AF7HA SAE B S SEiA] 71A HEAIE ol
g3 F9 WAS FEsIGlth ey v ite] Ao
34 FIAZ xdE

H
F_
>

o o
~
ob

o
FIF
Pk
o
AN
oo
9,
QL
=

M, (m)ij+C,(v,mm +g,(m =7,(7) (19)
21(19)2} 7ol gejd B AZANAM S WA AES
T3] Sl v 22 BAlA o] Fasitt
n=Jmyv < v=3"(mn
(20)

i= 3+ 3w < v=3"ali-Imv]

77 Bgs ol Aelw

M, (7) =37 (M (),
c,0v.n) =%M,,(77),

(2]
g,m=J"(mgm),

,(m) =J3" ().

aean, W FHFANAM 2 A2 et el o

2 % ek
mx = (sys¢ + cychsO)u, 22)
my = (—cys¢ +sOsyco)u, 23)
m(Z+ g) = cOcgu, 24
1 "
Mzb 7, + EM”Z n, = ucp —u,s¢ 25)
—1,86 + u,c0s¢ + u,cOcd
1714,
M’]z =
1. 0 -1_s0
' 2 2 ' (26)
0 Ic¢p+1.s¢ (,, —1..)cpcOsp
1,50 (1, —1.)cgcOsp 1570+ CZH(I”,szqﬁ +1_c’p)

%
SEe 14 HEAN ﬂzd 5o A A 5
SR Aol ek A2 o Y, o)F mgow A

Fo5} °

(27)?Jr 7L°1 QRT -}IH| =32

Mol - 22 - AAESE =2 M 14 &, M 12 = 2008. 12

mi = (sys¢ + cycpsO)u,,
my = (—cysg + sOsycP)u,,
m(Z+ g) = cOcgu,,

I.\‘Xa.).\’ + (IZZ -
[})’a.)y + (I‘(,\’ - 1:: )a):a),\’ = u},

@n

100 =u,,

I::a): = u47

ARDAA = 5 Aol AY 5ol deiME ol BE
g0l 550 7] whitel A 52 QP 7HA gl
s AEH o Aojrh Al i
Aol 9@ My %o sl AeiE Aojr} o
?H o7 ?—EE]E]-

B =Rl QRT wjaERe] BAu1a Aol SAaiA x
Yol g LEYIAL nesH g Y a9

[e] =
X}*ﬂﬂiﬂ A AR 5 Aol disiARt e
ot 53] xF3} yFoll ol ¢=0,0~0 <l A Aojd
A v el n R Y T WANeR IAlske

N

T 3L, Ae)71E AR Ao golsitt

m(Z+ g) = cOcgu,,

Id=u,-U.-1))00.,

i (28)
1,0=u-(I, -1 )00,
Iy =u,

<

228yS W] 98k 270" 4.0 o WExE
sl Aol7t FaEolof gtk o]F A thaEolA

ot B=71E o7 ARl Aof7|E AbTh

I 2|2t #=7|& 0|2 H|o|7| MA|
2128y THA ofglel o] ] H(disturbance)o] E3H &
Hegalo g oA F3e 4= 9l

m(Z+g) cOegu, |
1 ¢ u,
o |FA= 9)
1,0 u,
I::ll/7 u4 _
o]7]4 QIR A = v o] dejgit.
5 _
_ S+ -1 )00, 30)
O+l ~1.)o.0,
S ]

6, & TR 598 2l gigk 9t 7|Q1g Foltk =
So] AgAm)aAo] A
7] ol fJeo R <lste] ERPIAE fridelx
2 0P ee A o, loﬂ wha}l =
Aol SkA 71dE ¢~0,0~0 & W3] ofH
348 DOB (Disturbance Observer, 218 #57)E
532 1A AolgE S A8 e Ry Ad
1. 22k 2=7([11]

a9 2& 99 #5719 £S5

= OLX]HP
H]?fB Ao
o} olelg
o83k h
ATt

tholo] 13o|tl. DOBE &



Journal of Institute of Control, Robotics and Systems Vol. 14, No. 12, December 2008

\

1 n
o —o—[7]

a9 2. 9 d57).
Fig. 2. Disturbance observer.
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% 4. QRT Rl P23
Fig. 4. The QRT Unmanned aerial vehicle.
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Table 1. Specification of the QRT Unmanned aerial vehicle.

Description Value
7 (Weight) 2.2kg
“I# (Diameter) 573.6mm
0] (Height) 170mm
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Fig. 6. Experiments of the QRT Unmanned aerial vehicle.
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Fig. 7. Results of hovering control.
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