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Design and Development of a Test-bed for Experimental Studies of
Attitude and Flying Control of a Quad-rotor System
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'Department of Mechatronics Engineering, Chungnam National University, Korea

Abstract: This article presents the design and implementation of a test-bed for controlling the attitude of a quadrotor system in an
indoor environment. The attitude control test should be done a priori before launching the quadrotor in outdoors. Testing the attitude
control performance of a quadrotor system requires controlling three angles and the altitude. The novel design of a test-bed is
presented to cover all the tests required for a quadrotor system. The altitude control of a quadrotor system can be tested in three
orientation angles. In addition, a circular trajectory following control task can be tested on the same test-bed. Actual experimental
works on the test-bed have been performed to evaluate the functionality of the test-bed.
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Fig. 1. Test bed.
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Fig. 4. Movements in the Cartesian coordinates.
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9 5 A3 AL
Fig. 5. Test-bed.
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Fig. 6. 3 axis connection part.
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Fig. 8. Universal joint for flying test.
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Fig. 9. Control in the Cartesian space.

SEUEL [ IP: 168.%%%.117.203 | Accessed 2018/05/04 17:03(KST)



0e
02

1046

Iv. Ho{7| AA
1. PD control
A=ZE ] 2| A& S8 1S PD AlofE ARSSITE,
ni Ao] =2 3k ke xpo| 2 A E o] &al =A4H Holy
_g. X];H /\],,9_{5],\;]_
7+ E(g), FA(9), 8(y )] A%E A% Alof= vt
v} 2,

uy =K, (9, _¢)+KD¢(_¢)

uazKPa(ed_H)"'KDa(_é) M
u, =K,, (=v)

AAAANA 2Fom A St olFe & o A=RH
7 EolHX g e Ue Aol 2 ghe ws
ofo .

. 1
t :m(z+g)cos ¢cos 0 @

YawSoll ok Aol 2% AoddES & o
effect®] Fgor FA=Ze7t sldates 21 WA 9
&zl tigt PAlolE ARESk] YawF oo
7} 0] H%EF si3iT.
2. Time-delayed control

FAERE AAEE vie, WE-HoRs 2HO U B
coupled effect 53 e Qo] FHIs|th ol <t
AasA deT F dEF ARAA AriE ARG
[10,12].

AIZEAAA 7= o] BEF A4S T3l s AAS=
o Fgo] wlg- sttt PDAIO)7]E AR Ao

ry
0
uf

h=F(t—-A4)—1§(t—A) @
F()=I(K e+ K e)+F(t—A)—Ij(t-2) (5

QZE= 12k A

Test-bed 2]

= g gdoltt. 4 (5)E AHEW F 7}t
| et AryE dasich, AUAE o)
ne MEY A 7F webo v 7 owAE

g7t Besith 7 hEE g ol

zo| ok wHE AT

gl AES} BEE AHE

Ealge|e] Deka Qe s,

~

. ©)

s +1

V. H|HAE

A58 gelslr] 98l test-bed9olA] ZFAA]

o], A=Al 1L AR FEA|IE AFert,
1. XM[Aof A E

g SH|elA A Ao =
SHY AAE FASR=H 7P 88t
% 12 test-bed$lolA HA=RE Q] A A& )

3% =

Ehfiar 3l

ESSES,

A=

ot a9 12(a),
FA 0= Roll,

5% 71Eg Alolals Ao,

M), ()= 47 test-bede] &
Pitch, 18]al Yaw ol o3k &

ZelS & Jehlz o). 28 138 2% aujgd] it A

o]A% =o

o o=

715 AHESPE O Qrgsle

E 19 Z+ Alo)7)9

UERA Zlolt}. PDAlo}e] Z-Ht AlZEAI Ao
& FR1e 4 9l
QA5 FXHow FFsle] vlust

Arh. ANA Al|E ALER A9l oAt Zols
A7) ek 28 o 5 9l

AR AI71E ALEEE W, A} IEE A1)
< Wk Ao} Aol o

F(t)y=I(K,e+K,é)+h )
Z4
¢, ¢ U
0, Ya o Control u,
W B E Matrix Ug
K | %
e

£, F
. F Aerial
Matrix £ Vehicle
() | R | (Quav)

> Z

ZolA AL o1E 4 Q)

AR

13 10. PDAO}7]e] E541=
Fig. 10. PD Control.

-d + ea
Ya Control U Rotor
a E Matrix Matrix
x) (Cy)
é

— V
8
s
Quad-rotor
Unmanned
Aerial V.

Vehicle
(QUAV)

Fig. 11. AREAA7]S] E5
Fig. 11. Time delayed Control.

2

SECHEL | IP: 168.%xx,117.203 | Accessed 2018/05/04 17:03(KST)



FEZH AIAECS THAI & IR &ES fist AXIO 2 & J= 1047

XL 2% 9" Aofel] tigk RMS error
Table 1. RMS errors of two axes hovering control

RMS error Degree Radian
PD Roll 0.9972 0.0174
control Pitch 1.0452 0.0182
D Roll 0.1588 0.0027
control Pitch 0.3304 0.0058
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Fig. 12. Attitude of quad rotor system on the test bed.
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T 16, ARFTA A,
Fig. 16. Trajectory tracking control.
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