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Design and Realization of Piecewise PID
Controller with Deadzone for Micro UAV

TAO Ye! FANG Jian-Cheng! SHENG Weit

Abstract In this paper, a piece-wise PID controller is devel-
oped for a micro UAV. In UAV’s fixed-point flight, the measur-
ing precision of transducers needs to be improved and the rudder
quivering problem due to engine shake exists. By applying the
designed fusion algorithm for rolling, coursing, and pitching, the
fixed-attitude stabilized control as well as tracking control of
fixed-height and fixed-destination flight can be effectively real-
ized. The experimental results verify the stability of pitching
and rolling channels and show that the controller has good per-
formance in restraining unfavorable effects from uncertainty. In
addition, dynamic tracking performance is well guaranteed.
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Fig.3 UAV navigation, guide, and control system principle
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Fig.4 UAV longitudinal force analysis
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T/ RIS AL R 0 i 42 6 59— RS o oy s e R s N
ift, v e 2k T 1] A4 st 000 1) 8 8 RATL 1) i 25 100 5 A7
R BIRTI f 22, A0 AW TS [ AR 20 HE H AR5 1A, —
FBOE A A P KB AL AT, R R et
SRR R BT R AL 1) 28 A R LA R 1 2 B i 4%
3.3 RN ANTIEXMEES PID BENEH Rt

LIRS T BV 1

1) P e Emiit SEIX ARG 25 PID [ iE W A

M AY =19 — 9. > thd,

0. = kao(H — He) + kar - thd +
kaz - (A9 — thd) + kas(wip.) +
k4a(1 — cos(7)) + kas - 9 - u(V) (15)

M AY =9 — O < thd,

0. = kao(H — He) + kar - AY + kaz(wh.) +
k4a(1 — cos(y)) + kas - ¥ - u(9) (16)

e

|AY| < |Ado],

1, 9>
Ag={ w@y =4 020
A9, |AY] > |Ad),

0, ¥v<0

2) WEIB LIS ORI AL DX AL IS 26 FI&E M A i
M Ay =7 —~. > th3,

0z = k3o - th3 + kgl(A’y — th3) +
E32whhe + k33wz’bby (17)

M Ay = — . < th3,

6z - k30 : A’Y + k32wibbz + k33w'?by (18)

b
+

Ay =] 0 1871 <A
v =

Ay, |Av] > [Ayol
’Yc:kZ'Z+kw'U'(¢_¢C)

3) U )30 T A SE X AR 25 PID #s i
ﬁA¢:¢_wc>th27

8y = k2o - th2 + ka1 (At — th2) + kaowly, +
t
k’zg(Z — ZC) =+ k‘24/ Zdt (19)
0
Oy = kao(v — e) + k22w§by + kos(Z — Z¢o) +

t
Kos / Zdt (20)
0

£

Aw_{ 0, |AY] < |Ag]

4) ] PT 4
t
(Sp = k10(1} — UC) =+ k11 / ('l) — 'Uc)dt (21)
0

K SC A B R R ] = MEMS BE B AU Wb,
Whyy Whyey B ZAN MM o, 9, 4, FHEH LT
AR S (KA S A LE R B UIR B B F 2 R L 2 178
1, 256 2 T3 il b B 68 535 5 0 N TG AHILI AT 4 1.

4 TXITEZEHR

ARSI 3 S R To AL (W 11 PoR) 2 BT
BEVHAIF R 177 oAy ] 0 8 L UL I ) RObL, AR AR
BN A EIHL, R BIHLAEAE AR T RAT IR E) 24 >
LA L, B 2.5 oK, J7 I R SGEBIRAEH], ZEA KL
WA TR



720 H ) e 5 i 344
0
-50
-100}
£ 150
) 200 & & / )
-250 &

Sonae S <
K11 sese oM B S s AL

Fig.11 Blended wing-body micro UAV used in experiment

Wi CL BB 51T, 7E5E G b SER BT B 42 S5 6
WG, BATAT T4 B8 ATSELR. 8 THIR AT 4,
BATTH TE AN P AN I 5y B BE . 1 e Bl i@ i, &
fE CAT RSN 140 K, &3 22 YR A S BRIV 8 3 45 3 2
BN kao = 0.5, ka1 = 0.5, kao = 0.1, ks = 0.1, kgg = 0.2,
kas = 0.2, thd = 30, MM BRIE A 45°, FATLE 50 K7et
IFREAT D)4, KM B S B ) = i S an €] 12 FR.

140
120 H Height
\ U
100 /“M
80 f
] — y
el

40 ’l/
20,’; Pitch

VN

0 NM""M"ML
-20

0 50 100 150 200 250 300 350

Time /0.2s
[ 12 e AT m A A A Ab th 25

Fig.12 Fixed-height flight height/pitching angles curve

MIE 12 FTEUE Y, 8 m $AT CHLEE RS 50 FhfZs 44 3k
20 KTKE 120 K, RERFET K, RERELE TSR
I E R ER.

2 R BATTESE T AN LT Rl I e A
R IE CAT RS, ZEAS AR 4 (B 2 2500 Sty b BUR il i
PR BHON kso = 0.2, ks1 = 0.5, ks = —0.1, k33 = 0.1,
th3 = 30, VREEFPRIE S 45 °. HUW 1A P 2 B HON koo
= 0.2, ka1 = 0.5, koo = 0.1, ko3 = 0.2, kay = 0.1, th2 = 30,
TR IE SR 2 W E ko = 0, k11 = 0, FJEXHUIEf1 3° %
BWZE. WA S Z e A AT ZR W&l 13 B,

MSE B B RT DL B AR SCET B SR R S he
— R BRAR B, I HAE SR I LB A,
W B AE RE LEFR BRI S5 frikitEHa R
BRS04 S UM ER BETEBE, BE0E 6 0N A DL 4
N RATAE S K, TR AL AR 55 PID i W 4%
TEARZ UOE W, 2 TSRS, R E AR TR
MEMS Wl &35 & A R80T

-300 -
-300 -250 -200 -150 -100 -50 0
x/m
13 EMLRARE WAT L
Fig. 13 Fixed-point circling flight curve

5 £

ARG T — Tk Tk MEMS BPEST I RUN T8N
P SEIX A28 28 PTD A 3G W57 ik, 32 2 5 3 v i
THA BN T AW R GE BT AP AZAE K 1), BB AL
S T A AR BEAN w5 LA R s HL IR sl im 515 (1
FEBLG. SCrp oy i 7 I BRI AR AT 55 5 S Rl £ 75 2B A HLER
P REHET IS B 22 A5 R T3, PR S5 R A Rl K
AT SRR TR

References

1 Wang Song, Li Xin-Jun, Liang Jian-Hong, Pu Li. Embeded
autopilot system design for microrobots. Journal of Beijing
University of Aeronautics and Astronautics, 2005, 31(7):
775—=T79
(CEAS, 2587, Fealg:, WL, M EHLE MR A2 00!, b
BRI K244k, 2005, 31(7): 775—779)

2 Fang Xiao, Lei Jin-Kui, Liu Zhi-Gang. Design of flight con-
trol and managing systems for a small reconnaissance UAV.
Flight Dynamics, 2004, 22(1): 37—40
(71, e, BN ANRITEAMENL ATER R G v, T
%%, 2004, 22(1): 37—40)

3 Huang Yi-Min, Sun Chun-Zhen. Minimum-sensor flight con-
trol system for UAV. Journal of Nanjing University of Aero-
nautics and Astronautic, 2005, 37(1): 11-15
(8, IV T BRI B IR ARBIS. B s R R
24, 2005, 37(1): 11—15)

4 Nho K, Agarwal R K. Automatic landing system design us-
ing fuzzy logic. Journal of Guidance, Control, and Dynamics,
2000, 23(2): 298—304

5 Lin C F. Autonomous integrated air vehicle control. In: Pro-
ceedings of American Institute of Aeronautics and Astro-
nautics World Aviation Conference. Anaheim, USA: ATAA,
1998. 1-11

6 Li Ai-Jun, Shen Yi, Zhang Wei-Guo. Fuzzy control sys-
tem design for auto landing. Armament Automation, 2002,
21(6): 4-7
(%, ik, = LE. WL AR BT R g . i
% B3k, 2002, 21(6): 4—7)

7 Hu Bao-Gang. A study on nonlinear PID controllers—
proportional component approach. Acta Automatica Sinica,
2006, 32(2): 219—227
(WM. Rtk PID #HIZTT — Bepl o m Rk, B3)
th24R, 2006, 32(2): 219—227)

8 Xi Qing-Biao, Yuan Dong-Li, Yan Jian-Guo. A study of lat-
eral flight control system of UAV. Flight Dynamics, 2004,
22(4): 16—18



6 1 B 4655 PRI AP LR SEIX A Y 25 PID 38 N2 il s 10 B v S B

721

(FEPRR, 32 4H0, FIg . B AN AT E il R, AT
222004, 22(4): 16—18)

9 Winkler S, Buschmann M, Kordes T, Schulz H W, Vorsmann
P. Application of micro-technology to integrated navigation
of autonomous micro air vehicles. In: Proceedings of ATAA

Conference on Micro-Nano-Technologies. Monterey, Califor-
nia, USA: ATAA, 2004. 1-12

10 Yuan Xin, Zheng E. Principle of Bootstrap Inertial Naviga-
tion. Beijing: Astro-Curriculum Editing Group, 1985
(A5, 5. B AR Jbat i Lol Bob g di 41,
1985)

11 Shen An-Yu, Shen Xue-Ren, Li Yun-Bao. Autopilot Control
Systems. Beijing: National Defence Press, 2003
(22 E, B, Fafh. A WTEHIRS. Jbat: P Dkiix
4, 2003)

12 Chen Xin, Yang Yi-Dong, Zhang Min. Study of an intelligent
PID attitude controller for UAV. Journal of Nanjing Univer-
sity of Aeronautics and Astronautics, 2003, 35(6): 611—615
(BRRR, B W5, Sk — TP B AL 8 PID 25015, M atit
R KR, 2003, 35(6): 611—615)

13 Zhang Ming-Lian. Flight Control Systems. Beijing: Aero-
space Industrial Press, 1994
(kWIME. WATERHIRS. dbat: fia Dk ik, 1994)

14 Ohlmeyer E J, Pepitone T R. Guidance, navigation and con-
trol without gyros: a gun-launched munition concept. In:
Proceedings of ATAA Guidance, Navigation, and Control
Conference and Exhibit. Monterey, California, USA: ATAA,
2002. 1-14

15 Guo Suo-Feng, Shen Gong-Zhang, Wu Cheng-Fu. Advanced
Flight Control Systems. Beijing: National Defence Press,
2003
(FRBIUR, HIhE, RECE. SEEEATIRRIR S, dbat: Tk AR
#k, 2003)

16 Stevens B L, Lewis F L. Aircraft Control and Simulation.
New York, USA: Wiley-Interscience, 1992

3= R 18 o0 N & ol K S B M e L B [ WA SO 1
WEFLTT 1 AN TE LS S S8 AR EES.

E-mail: taoye@aspe.buaa.edu.cn

(TAO Ye Ph.D. candidate at the Fifth Research Division,
Beijing University of Aeronautics and Astronautics. His research
interest covers guidance, navigation, and control of UAV. Cor-
responding author of this paper.)

BER AL R AR 5 i TR e % BRI
R AR LSS RBR, AT EM MR,

(FANG Jian-Cheng Professor at School of Instrumentation
Science and Optoelectronics Engineering, Beijing University of
Aeronautics and Astronautics. His research interest covers
spacecraft attitude control and autonomous navigation.)

BB WL, dEntUE RO OGRS SOt i DR bR B, &
BERFSCTT AR AL AR, A e SHBEA.

(SHENG Wei Ph.D., associate professor at the Fifth Re-
search Division, Beijing University of Aeronautics and Astro-
nautics. Her research interest covers spacecraft attitude control
and autonomous navigation.)




