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HiiH T8 S8t Bk 24 RRIRYE (maximum likelihood method, ML), ™~ X
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& =q—tanfB(pcosa + rsina) + chosﬂ(_L + mg cosy cos 1), (1)
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B:—rcosa+psina+W(Ycosﬂ—kmgcos*ysinu), (2)
N — Q B( sor + 7 si )—Fi(t 1 +t B)g 5 st ﬂ—i—it 5 ﬁ (3)

fu=sech(pcosa+rsina) + —(tanysin u + tan 5) 17 cosy cos p tan — tanycos pcosf,
p=(c1r + cop)q + csMy + ca M., (4)
G = cspr — co(p* — %) + er My, ()
7 = (cgp — car)q + caMy + co M. (6)
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y=la B pwp qrl (7)
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Table 1 Reference range for each parameter in Cp,

ot 62 03 04 6°
[1x1072,3x1072] [2x107%4,6x 1074 [1x107%,2x107%] [4x1077,8x1077] [3x1076,6 x 1079]
06 97 08 09 910

Bx1077,5x1077] [1x1078,2x1078 [5x1075,1.5x 1074 [2x107%5x1074] [2x107%5x 1079]
911 912 913

2x107%,6x 1075 [5x107%,1x 1075 [1x1077,3x 1077]

TR A
z(tr) = y(tr) +v(tr), (8)

Hrp o HIEBES. o & cg IREXWMT: ¢ = %, co =0, c3 = 111 ,c4 =0, c5 = IZI_IE

¢ =0, q:g,%:“ Uerble oo Lo St 1, 1, L A0 AT SEEEHLIE R 24, g3, 2 BIOOEES)1L

1.1,

X B TR A TR R DY 0,

CLSw Cy Sy, CpSuw C1Sywb
L=1=2 Y=1o2, D=7122, My=1-7,
2PV 2PV 3PV 2PV
CmSwCA . Cmwa
M, = ————+x.(D + L , M,=—"—7 cqY.
y e Zeg(Dsina cos ) Iy Teg

TEAFT RIS, ATl P AT A% DA A o b I BT A0 3 0 A 20 A 0 G ) e A
R Ci; = Cij(a, Ma), IX AR PR A v S I &2 AL AN A . STk [9 [9] M4 NASA Langley ot
FL ) Winged-Cone BB S8 88, K &8 FEAUE N KT aa BT 2050, 1R 47
%‘/a\T%UE

R O RS, ORI S BIG Z 0T R T o IR REE TR SHL A

Ifﬁﬁﬁ)ﬂj‘iﬁﬁﬁ’ﬂ‘%iu&ﬁ% WSHEIR S HHAST TIXSHR. T 208 ITH R4S, A
{55 e, 04,0, KM 3-2-1-1 H .

LA Cp With& 2 IO 4, Al & 2 1ian T

Cro =—819x 1072+ M+ (470 x 1073 +a*x0' —ax M x6* — M?x9.19 x 1073 —a? % 6°
+[(ax M) *0* + M3« 774 x 1074 + a® % 0° — M* %2.93 x 107°
—at %05 + M°4.12 x 1077 + %07,
Crsa =—145x107° +ax 0%+ M «7.10 x 1075 — 5,0% % 6, % 010 + o % M * 911
+ M % 0q % 0190 — avx M * 0 % 013,
Crse =—1.45x107° + a+ 05 + M x7.10 x 107% — 5, % 0% % 5. * 0'° + o % M * '
+ M %60 % 02 % M % 6, % 013,
Cr =Cra+Crsa + CrLse,

Horb o= (0%,0'2,...,0") RS L RS USHEH K 1.
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Figure 1 Bees communicate through waggle dance

3 AT IL/RIE

Wi PRS2t 8 | B E A )24 K Karl von Frisch &I, 76 BRI, BAREAL S 21 %
W4 LB TR — IS5, (Bl R AR S . AU SE 2 M S DA 7 2, A5 BN I 2 e AR B
AR ERAL B R, S A ALZUT 0 (LK 1).

N T RGHIAN TIERESE AR, HET IR 3 AN A 10,

(1) EYR (food sources): AR MIVEE N &P AT RERIAR, HIREI T 2 MR R, 7E 206K K
WAL, SR EEA K, B E i B i E s

(2) K# 1§ (employed foragers): K% [ AR BRI R AL, X OB PUEAAT 97T IE7ERAE
FRVEEYS. R B b LA e 7y S I SO R, JT e R FE S DR 3R, 3 43 1ok 1 4.

(3) 4 L#& (unemployed foragers): IF7E-$&ZEPFRAEMIE I, 7] LLAF A WRR ) A1 22 g A ER Bt dég; i
SO TR, SN BE XA SN A, TR S R AR R, SRR .

B4R, HIN 3 FHIEA AT A, B ZR BT (search) A YEIHSE (recruit) « IFF#H (abandon).

Wil 2 fos, RA WA CERIVMEI A, B, NITFUGE, 75 TERAT T EIRMETE R, 1%
e (1) £ DA AT, RS- HRIESEIT ISR (4S° £k). (2) fME 2 A g A e
Jo (R E) WTURHRSE, IHE RGBT (R 4.

Ry T RGBT W IR 2 i, e A B S, IR, DR, fr TR Rl 7R A, Bk
H o G R BNEAE, A LU JUMERS: (1) BoTEIE (WA ), O TRERBERE (UF). (2) 3%
HABIKAE: (EFL). (3) NSRRI, 482 K% (EF2).

WILAW R, BT B Jose s ik, A AR gk, BNIE R 2B IS, AL BRI s FE AR X
K, i ] DA FaRATA]— Pl i, A0 SN R s 12 s sl i B v T I SN, 1k |4
W, ARSERE, JFESE T 2 &g (EFL). PR S s FEHEAG /N Tl FUE I, nl B SR Ra G, /i A8 A
I B, W BEAHRHRAR I, JEOEZ R, 0 oA i 48 3 (e DU 7 5 B R B L —
SE R PR, AT AR BV BRI, TR 3 YR I O S

TEREAFEAR B b R v, e R) A A5 S A B A FE L — 3R, s U 115 A A 1)
AN]SR AZ AN IL T i e TR i 2 A PR A i R B RN [R] P 5 | A, B B BRI ] Re k5 3L
WA A E b TE R X R LT 2, W R PR e, S RE R BB B R AT
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Figure 2 The behavior of bee foraging for nectar
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Figure 3 Schematic of identification cycles
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Figure 4 Schematic of online identification

I A B LI BN TR JIRE e (8) ANSEINES R 224, BIAE QN H AR 8 HOE SRR/

m

T = {[emi(t) — pei(t)w;}?dt, 9)
i=1
b w, ARREL BSR4, (i EbRR g g b — TR ENE. WE 4 PR e SRR
FIET (.
TERANFER N, X T—AN0 D MEFHRSEN S HOR R, AN & B i 4E N
D, fRscE g BECH Ny, o RE M, Ne, EEE@%FP%?W% N, (—EX N, = N.). #
X; € S(i < Ne) 5 Ne MME, W X = (Xq,..., Xy,) IREAKREBEFHRE. H X (0) KWK E G
FIBE, X (n) R n ACREWAEE f—>R+ FEoRIE N BRBL BEASPERI Z) A N TR S
WIS W& 5 Fron, BARSmAR ] Rk an
T PRI AHRREIH N A REE I 2 2R B I ESE TR RE 0 (8).
FE 2 YA N, DR (X0, ..., X)), SURBEHL AT TR X N
X/ =X/ +rand(0,1) (X2, — X7 ), (10)

min

X, je{1,2,..., D}, AFEES AT D YEfifn & 3EA 5. iRlYE (9) vk 505 A i) &
PR I, B2 R B, FRHE T N ARAE AR AR R BRI EE X (0).

PR3 TR o AURREE X, (n), 76250007 E ) T U AT 8 2O A . R

Vi = Xi + 6] - X)), (1)
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( Start )

A 4

Initialize N,, maxcycle, limit, trial

A 4

Obtain the time history of state variables @ mi(f) within an
identification period

!

Generate initial colony (@,, ..., 6y,) and calculate

the fitness value according to Eq. (9)

»
»

Search near each employed forager according to Eq. (11). Calculate fitness value according
to Eq. (12)

|

Select employed forager according to Eq. (13) and let onlookers search near it
according to Eq. (11)

|

If the fitness value is better, update the employed

forager , trial = 0; else trial = trial +1

Y

Re-initialize the current employed
forager and calculate its fitness value

|

Record the current optimal colony

|
S )

iter> maxcycle?

Output the results

B 5 ATHBHEZHIARMKSIIVRR

Figure 5 The detailed flow chart of our proposed approach
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NARAIE V7 AR 2 ] A

PB4 RHTBEFEE FEREBHRIFHIACE W& V; AR E X, PIEFELAEEIEN
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A (GRS (0] 12
0, f(Vi) < f(Xi).

DO E RS T RAE T IR BE NS AR B RS DA, AL T A SRR, T A HHHERIK n
Tk,

I 5 KRB AR R B PP N B AR R /NI B — R e, IR AR LAk oy [RIFEE AT B A
B R G 2).

B T RN R BRI R M, IR

S
Sy f(Xm)

PBe  [APE 2 A3, Il PR RA NI E AR RGN EEE foess, PAMARN IS4
(z1,22,...,ZD).

HIB 7 YRR LUK B A B S R IRBL trial BiA—E BIE Limit 143G H B H AL E
i, FHT LG A2 K B A B

P{T, (X) = X;} = (13)

{ Kmin + rand(0, 1) (Xmax — Xmin), trial; > limit,
Xiln+1)= (14)
Xi(n), trial; < limit.

SEARATE I R0 B s e A 22 AR, o7 L PR RN R B e DG, T N TR 550 D) 1 A AR 1)
—ANE RS, 1% B AR R R B S U R A AR, BOR B

BEAE, SIARFEAE AL DU KRR e A A& S HUE A — AL B, JFEAT LU R AR it

X1 = 4X,(1 - X,). (15)

PR AR S AR, 452 FIAMAE. IXH, X, NS AR 28 X0 IECRARE, X
SR NISEARF R . B nl LLas DGR R S A it psh, Ak Rl e, HATSE
SR 4R AL RE

TR 8 WURB LA LAEN, W BV STt SR UG N AR frose LA N SR I B AN, B
RS HARPVME (21,22, ., 2p), TRNEERIPIR 2.

5 SREEXTLES AR

BERIASCHS 2 Wb i R 4, 73 BRI T N TR RO E AR R 7, fEAN
(U B 75 PR A A AR 4 v i Rl B AU 2 T b S A AN G I R G TN, 15
BHPRE AR FR S B PMEAAAE Y, eSS I BR A5 5, PR A 5 BSR4 T 1Y
v, ORI AR RS R.
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Figure 6 ABC identification result at 200 dB measurement noise. (a) Fitting results of Cp; (b) fitness evolution curve of

the colony; (c) forecast results of Cp; (d) forecast results of the pitch rate
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Figure 7 Identification result of maximum likelihood method at 200 dB measurement noise. (a) Fitting results of Cp;

(b) evolution process of maximum likelihood method; (c) forecast results of Cr; (d) forecast results of the pitch rate
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Figure 8 Maximum likelihood method fails to converge at 60 dB measurement noise
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Figure 9 ABC identification result at 60 dB measurement noise. (a) Fitting results of Cp; (b) fitness evolution curve of

the colony; (c) forecast results of Cp; (d) forecast results of the pitch rate
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Artificial bee colony approach to online parameters identification
for hypersonic vehicle

LI ShuangTian' & DUAN HaiBin!»?*
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ing, Bethang University, Beijing 100191, China;

2 Provincial Key Laboratory for Information Processing Technology, Soochow University, Suzhou 215006, China
*E-mail: hbduan@buaa.edu.cn

Abstract Due to the special aerodynamic characteristics and complexity of operating environment, the modeling
and determination of the model parameters are faced with higher requirements. The employment of aircraft
parameter identification is aimed to determine the model and model’s parameters of an aircraft by observing the
aircraft’s inputs and responses. In this paper, an artificial bee colony based approach is proposed for solving the
parameter identification problem under the circumstance of high level of model coupling, nonlinearity and complex
operating environment of hypersonic vehicles. Firstly, the parameter identification problem is transformed into
an optimization problem, such that feasible solutions of the problem can be denoted as food sources for which
the artificial bee colony is seeking. Then information exchanges among the colony and the survival of the fittest
are introduced to enable the artificial bee colony to evolve toward a better direction. Scouting bees and chaotic

search strategy are adopted, which enable the swarm to jump out of local optima. The feasibility of the proposed
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method is proved by its implement to identify the lift coefficient of a hypersonic vehicle. A series of comparative

results with maximum likelihood method show the better performance of the presented method in systems with

measurement noises.
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