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Attitude and Hovering Control of Quadrotor Systems
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Abstract

In this paper, we propose a control scheme for quadrotor system using a pole placement method. When using a state
feedback controller, a lot of trial and error in selection of control gains are often required to improve system performance.
In order to relax this complicated process, we analyze the closed-loop system associated with control gains. Then, we
present a control gain selection algorithm for control gains using a pole placement method to improve the system
performance. The proposed control method is applied to the actual quadrotor system to illustrate the validity of the
proposed method.
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Fig. 1. Structure of quadrotor system [6].
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Table 2-1. Adjustment of the control gain for overshoot,
setting time and ultimate bound (case 1).

T 21 2HRFE, IEAIZE O2(1 2 Y HelE
23t Mool 5 gt =R (EF 1)

Case ]%
Metho —2+k <0
to reduce 4

T, =1 z,; >1
Overshoot
k)1 or Ikl 1 k|1 or Ikl |
Settling time Ikl 1

Ultimate bound k| T or Ikl 1

Table 2-2.Adjustment of the control gain for overshoot,

setting time and ultimate bound (case 2, case 3).
A2 Hol 2=

T 22 HFE FEAIZE OJ2(1 A +FH HelE
25t Mo{o| 5 2t =HYH (B 2 8% 3
Case
K K
24k >0 2tk =0
to reduce 4 4
r, =1 z; >1
Overshoot Iyl |
k| 1 or Ik, 1 Ik | 1
Settling time K, == or Iyl 1 Iyl 1
Ultimate bound k| T or k1

&6 :Design specification of ultimate bound
u :Design specification of overshoot
p :Design specification of settling time

-
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Increase |kq|
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Increase |k,|

Increase |k,|
(but k2 > —4k,)
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Fig. 3. Gain selection algorithm for control gains.
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Flg 4. Quadrotor experiment environment.
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Table 3. Results of a comparison before and after using an

algorithm.
T3 ¢0EE AE MI ALE Fof | Zot
e, [ml ey [radl | e, [rad] | e, [rad]
Initial gain 19 209.8 22.76 160
selection X104 <1076 x107° x10°°
After 1.698 8.664 3.412 2.803
algorithm x10~ 4 %10 ° x10°° x107°
¥ 38 HW 29 ok A2 91.21%, oo Ak
it 95.87%, 0°] 22k & 85.01%, v o] 24t
FE 98.24% =ole As FAT & vk
V.ZE 2 e
B oepe uze ey 2 A g 9
& Ao7lE AR AlaY F8o Hes =
A7) 9@ F A AES 48T Ao} o5 =
4 e Ateeh B AFZ A2l
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