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Identification of Aerodynamic Derivatives in Aircraft Linear Model Using Iterative Learning
Control

Atsushi Fuivort *, Shinsuke OH-HARA™

This paper presents a system identification technique for continuous-time state-space system using the iterative learning
control. The transfer function parameters are regarded as functions with respect to the state-space parameters which will be
identified. The relationship between the state-space parameters and the response error is explicitly derived. The proposed
technique is applied to identification of aerodynamic derivatives of an aircraft linear model.

Key Words: system identification, iterative learning control, acrodynamic derivatives

1. [FL&HIC

MBHEARLEEFT L O AT 5EEEL, Lung) =
Soderstrom & YDOHFEITHED HNTWD X 91T, K/ THk
(LS) A _—R & LIS E ST FEMRLENTETW
%. LSH{ERIC XL DV AT ARIEEDO RN 25 2 7%, FEVA
TAICAET D TR COBEERHL ST D L9 ICATIES
ZHML, T oMhEREZATTE. ZOREANE
FE, AMELEWRIEET VIO AN LEBIZEOND TH
5 TR E D (FHEE) O FEzi/ e+ 5L 51
MIEETNVONGA—ZERELLD ETEHHETHD. £

2T D T T IVITBEREER] L ZARER R AL LT D,

FRIDR L —#OESORME ¥ 7Y 712 k- THE
FHRMITONDICD, TORRHITRENTNDRBIE,
TRoL, TXTOBRER RSN T, A XDD7R0n
HME=S 2 AFT 4T, LS EIC KV #ETR s 27 AREN ]
HETHD.

Blr, #03 LEEHIE D Y% AW REESZILHIC &
STREINTWD IV ZoFETE, BEORME S
TV T EBYIRLUTEITL, RAELEWAT A—X ETH
SETHEMAZ/L Y LT 2HETHY, w0z
¥ (TF) ETNVOREEE L GEEEHZED TWD. 20k
LT, BEOEMEY T Y T E2EYIRTOT, RED
BEOHMEY 7D 7Iidd E 0 BEZ T TICHEN
THZEMTED. L2AT, TRETRESNTE L
FIIBREERE B THRAMRL ks A7 5T

B BT 4-3-11

(E-mails: {afujimori, sohhara}@yamanashi.ac.jp)

* Faculty of Mechanical Systems Engineering, University of

Yamanashi, Takeda 4-3-11, Kofu
(Received December 7. 2010)

KR D Y AT ARIEETIE, ADEHIMESOBSEZE 2
B4 5 0 FICHAET OB ) 4 XITBIETH
D, JARXBENKENEETFELL AT A—XDOHEENT
XRVWIENRDHD. —F, ¥R LUEEREEHWZREE
TiE, AEEEOMPEELRNLDT, FENST A —ZITxt
THEY ) A ROEEORBELRT CWA. £, ZORE
BV AT A OBFFED R+ 7RIk L Tr AR N Th
HT LR, REEVAT LADOREICHHEHFRETHD LV D
FIEEZBELTWS., BITHIE, SCHk 5)~8) TIEEEKET v
DORIEFMEZ R L. LM LS, IREEZER-SS) ET /LD
T A —F ORIENTIERIG L TR,

ABFIENE, SS /XT A —F ORIEIC b I e/ai VK L
BHEHEZRET D ZENHEMNTHD. EARNARSE XX
[TF RTA—XL SS NTA—XDOEHETHD ] LAHRLT,
BAZENRY RV E SS T A—Z DR TET. ZhE SS
PRI A=ZDOFEFHANHAND Z L2 XV, vl LB H4E
L7 5 SS NI A—FHEETH. BELEOIGH L LT
TERE DRI T T NI T D 2RI O R AR T+ 15 % 3
T2, 2B, Xk 6) R EITRINTWVDIRITENRT A —Z DI
HMEEZSET L HRICOVTHLERTS.

2. FIERIBEDETE
AR IRIE LV AT AT, kA TEZLND 1
ATT 1 IR ARZE (LTI AT L TH 5.

{X(t) =4,(m)x(0) + B, (mu(t)

1
y(0)=C,(mx(2) + D, (1mu(t) +v(?) M

TRIA018/11/1018 © 2010 SICE



> D““(p) u/""(t)

v(f)
Mk)(t)Jr uh\k)(,)+ +um(t) +l+ y‘“(t)+ eN(f)
T e »H(HT

Fig.1 An iterative learning control system for

identification

x(0) VX n RITIRBEE S~ bv, u(@)IFHIEAT), v (OITEA
HA, VOIZ OB ENDBIRMEST TH S, 13T AT LT
FNZEENDEE LTIVWRT A—ZZ X DR END g kT
NI RILTHY, Ltk SS/RNTA—=HXT ML ERES, K

(I, A>Tl ch L2 e T5. 2ok x, (DAD
I EREEE
b p"+-+b
Ppy=D "t @

S D(p) pl+a, pHea,
tERbEND. L, n2m. Fio, gSmintl THDHET
5. plIn A XL —2%RKRpL,
d'u(r)

o 3
EEWT 5. bi,a(i=0,1,..., m,j=0,1,..., n-1) IT{=EREK
DT R IOGHZEAORETHY, ThoEEDTUT
DR MIVERERTD.

0, =[a, : an—l]TGR”5 0, =[b,

plu(r) =

. b,,, ]T e Rm+l

gal = [HL,T l]T S R”H y 0= [917]- QHT ]T c Rm+n+l (4)

Lit%, 0% TF/NT A—H X7 RV ERES. (YK L3
X BRETIE, YATLOHANRH LN CHRELZH
FEEIGE & 725 K O Il &2 AT LR B3 T A —Z DEE
EFEMTD. ZOREEEZEY HTREESZ e LTE
2%, ZOrOIFHELTikmEm nFSAIRETH L L L, LA
TORT MV EEHRTD.

dr, (1) d'r,(t)

o }ERMUSM )

@0)={n0)
ABFFEO B, 03K L8 I 2 A BRI R A THAT L
rmeE, 7Y TR TR T N+ LOE 5

9,(0,y@©;  (=0,T,,NT) (6

WCE>TU)TD ST A—F T hL g FEE L LR
ETHZETHS.

AWFFECIE, HIHOEITHOT -2 7)o 7L y OF
HaE R AN 'R UATWENS ¢ ZRIELL D & T 25HET
HHOT, VKL k[EETOER, HESTA—FREN
W R EAIC( )P, FEEE() D &
WATFEMNTTERT LD LETS.

V(7 E
y u (’\')([) u(k)([) l+ y(’\)(t) ; - e(k)([)
T e S

,A(M(t)
o

Fig. 2 An equivalent iterative learning control system
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