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Parameter estimation error based
robust adaptive law design and experiments

NA Jing’, YANG Guang-yu, GAO Guan-bin, ZHANG Jin-gang
(Faculty of Mechanical & Electrical Engineering, Kunming University of Science & Technology, Kunming Yunnan 650500, China)

Abstract: To address the sluggish parameter estimation and control performance of conventional adaptive control meth-
ods, this paper presents a new robust adaptive law based on the parameter estimation error. The information of parameter
estimation error is first derived via filter operations, which is used as a new leakage term in the adaptive law design. The
proposed adaptive law is further incorporated into the adaptive control system, which can retain exponential convergence of
the tracking control error and the parameter estimation simultaneously. Moreover, comparisons to other classical adaptive
laws are provided with respect to the parameter estimation convergence and robustness property. A simple and intuitive
approach to online test the required persistent excitation (PE) condition is suggested. Simulation and experimental results
based on a small 3 DOF-helicopter show that the newly suggested adaptive method can achieve better control and estimation
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performance than other conventional adaptive schemes.

Key words: adaptive control; parameter estimation; nonlinear systems; 3—DOF helicopter

1 5|3 (Introduction)

38 W4 USRI v S AR 2R T R
G A8 T AR NS HL, AR RS AR )
AN HIMERE I 2R, M 20TH 260 AR LK — B 2
PRI AR —, FF O — 2SR KRG 192
IV A G LR I N A5 R (s 7Y 2 2% 3 ) A
()32 1L 42 Tl A 42 Tl ) 38 35 T P B 9
FH A2 58 22 B LI/ 100 2% 1 22 v vt 1 38 W AR Al
THSHB ZNEAE T BRSO N REUE B 4]
IR G R PER T S EE S W Sk g gk i s, 11
FH AL TE S 00 1 22 42 U 48 10 22 4 ik 22 R Bl A

Wik H #: 2015—08—19; siEH HH: 2016—04—26.

Ti8/5 /% . E-mail: najing25@163.com; Tel.: +86 871-65939186.
AT BIOER.

PRI MBS HUA TR A R BB AT W0 s g7 il 2%
I SPE e, g B8 5 S E0A v B S 1 BB, Slotine 5 45
B 5 i R 22 RPN 2% 1% 28 K I — Pl A A IS
HIBY. Volyanskyy 2% W4 H T —FBr 1Q-1& 1%, il
TR 53 R ] 5 )R] N R 48 Bl A KA B B 1
IO W T AR I HEAR X L R R G L&,
IR SO S v T RN EE AR T — i
BRI RSB B T vk, sk B — 2P0 1% 7
EAET BB LA G RGP RN S T BRI A 2
BAGTE . AHZZE T s 5 v s T e SRR O
(SR v S s e G BN B UL = Ky s =B

K A ARRIEILETIH (61203066, 61573174), R4 N HIERIEIFTIN H (2013FB028) ¥ .
Supported by National Natural Science Foundation of China (61203066, 61573174) and Basic Research Project of Yunnan Province (2013FB028).



%57 W

MR Fe T SHUGTHRZE NG G N BT S RIE 957

HAT eI B HUE 8. VE# Se B R P I 5 I NS
ATt G B T LR Rk P i S B id
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RZERIETE S, SRR %5 B I HiE A v
VRS IR, 36T 15 38 N AR R S 1 O N s
RG] PRUEE R ZE RS EA TF R ISR. 4% FE Y,
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RN T TRIE B A S G s (R S AL T2 E0f
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2.1 )@ (Problem formulation)
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ce analysis)
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ORT AIENARE(3) Beith, M S HU S TSk e, ik
T R as .
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1) R RESVE. BUI B I A 58 4t ER AR 22 B
3, Bk

W =I'ré (z,u), (19)
AR E A R B R R TR
W= —I'ro(x,u). (20)

IR R SRR (19) 3= n) @UAE T4 R GEAN R PES:
PRI TS TS 00 22 W R 7T S, e
FAERBGR TS0 N Bt (R 25 kK REAR
e, sz b Qo) AT 40, 2 BRI R e g SR,
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2) o-modification k. K RUEMTFSECE T, 1
B Q9 Al 5 B JE & 1F T #4 3] o—modi-
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bk > OB IEREL Al TRz RN
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H I, G,
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WAL REWC S0, 5L b, AT 2 5 FRQ2) T #
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Laplace % 1. BRI, Al v 22 W K /NE e T 4 2
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3) FETANTHRAZEAE IEH AT HiE N
AE(13)Hh, FEAA BE G AR 3) SR B IN TR IE I
KO, SIS THR ZE T REN
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X3P IRAEAE I B eI MW, R [ &
(13)¥ B A U o —modification(22) J5 ¥ &k i, B
2(23) P 5 22 W il L BIBOAR E 1L k.

BEAR, FOE RN AEE(13) & IR I <O AT LRAIE R AL L A7
TEVE Z e FUHTE LR, Al vF 2 50V 4 4l $0 3 152
EW IR N . S5 b, v iR 22 Q3T S5

RO —
4§ﬁ@§ﬁﬁ/iﬁW—s+ﬂpM( I'r¢ +k[H). #
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B R 22 HAR G DRI, AN SCREH 1 B I8 Y A
(13) 1] 345 Eb o—modification(22) S I (I S Bt vH ek
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3  {iE 471 (Simulations)

RGP HR I SR R, % RS N A LR
FERARE B SR TR R )

T = Tg,
{m'g = f(z) + u, @4

e f(z) = Wiz +Wiazo+Wis|zy |22+ Wislas|
To+ Wisai b R G m WK BB & Why = 0.2314,
Wis=0.6918, Wi3= —0.6254, W1, = 0.0095, W5
= 0.02144 TF EZAL T IR 22K, o1 (2) = [24, 22,
|21 |22, |To| 2o, 23| HILHES H N 5. 245 58 IRERS B
T q b 60 s, ME{E20 radf¥) 75 315 5 &0k 3 S/ 40
Fw, = 0.4 rad/s, BHRE N = 0.7071 —Hr &%
R .

AP IR SEOER N, = 0.16, k, = 2,
3% R 230k T = diag(8, 8,8, 8,0.008}, =1, k =
0.001, k = 1. 145 H T # I R Gema . ] DA RO BT
FEHME T, B BT RAS ST B ) IS N VR T A
I RS A R vERE, Hasilfe S gy,
AR i R 2 T 28R Z B IE A
T8 W ARE(13) AT S B PR L ME A 1) 2 B0 o 2
71N), PRI R T RGBT 4 & B AR B BB 20 T4
T RGBS AR TR 5.

g X EE B IR H & N A3 E R, AR SCIRG
T o—modification 77 (22) It LA BL4E HL. o8t
LE, PRI 28 SO Bl N A ) S HURFEANE. RGEm
P43 Fr s, TR 2t 45 R Bl 4.
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Fig. 1 Tracking control performance with estimation error
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Fig. 2 Parameter estimation via estimation error
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Fig. 3 Tracking control performance via c—modification
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4  SEEEKIE(Experiments)
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Fig. 5 Elevation dynamics of 3DOF-helicopter model
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Fig. 6 Tracking performance via estimation error
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Fig. 7 Parameter estimation via estimation error
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