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Design of double-time-current pseudo rate modulator based on improved
PSO algorithm
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Abstract: A kind of pseudo rate modulator with two-time-constant is designed. The basic working principle is analyzed and
the pulse time and describing function are provided. An improved particle swarm optimization algorithm is proposed with
several modulator parameters. A quadratic exponent function is designed for the nonlinear dynamic inertia weight. And the
distance between particle and the global optima is introduced. Thus the inertia weight changes with the number of iterations
as well as the distance from the global optima. The optimal state of time and fuel are combined and the fitness function

is scheduled as the function of time and the fuel consuming. Finally, simulation verifies the effectiveness of the improved

constructure of the pseudo rate modulator and the parameter-optimizing algorithm.

Keywords: particle swarm optimization; double-time-constant; modulator; hypersonic

.

0 51 3

T AT SR E AW, T2 S, 3
FEANE, B fst AT WA 3 22 e g 4%, TR b
SHE ) 2% B TF 6 2 8 B A B ORI 10 4k S AT
P, DRI S 4 ) st B S R . A B ik
R BT MR R i v e 3 T AT 3R I R 48, 2
B B SR . A G 1 - 4 ) B A AR X I
S-S 42 | V0 T 11 5 S R L 22 6 A 2 ) i T ik
T ) g5 4 ) 2 A9 B LA

H S5 H O PR Bk R o) 28 A R R A
#% (Schmitt trigger)~ fik 41 B2 1 il #% (PWM) ik i
& AT 1) 2% (PWPF modulator) D3 3 i1 #% (PSR
modulator) R4 ik P #1 #8 (IPF modulator) Z512-91, 3¢

kS HER: 2014-11-03; 1&[EIHER: 2015-03-09.

ESH: Pty B AR AL T H (2014]Q8342).

EE BN
HG 56 TR S 5 55T

Bk [6] H 42 T ikt ) B 1 (PWMD, J i R %
AR BENE LR A% HEAT A R SR DAz s STk [7) 3%
I PWPF 5 AR X HE 1 AT 4% 1) 48 25 A7 $2 40), SCik
(8] i Lyapunov EL#% 7 ik it 1 = Al 5L 5h 1%
B, IRea T RKSE IR ) (PWPF) 80K, 8 BTt
2 A B T DA R P B 8 0 R AT LR 5 ), AT LA
FIIT SR AR AT HUR F 15 SCHR (9] 2745 1 AT T 42
AR K e 8 1) 7 5, o i I ok B0 o A 45 RGEAT T
T, I BT Oy g = U ) 25 A0 IR AT 98 A ) 4% 1 IR
PR B I AR B T LAMB IR T5 %, ME T AN E
S, B AL PR T AR IR AR SRE S R b ) AL
2005 £, Krovel"OMf Hy 17 fik 98 kA i 2% 2 $de £ IR
AN 2 K W .

PE(1986—), T, A, WS, 1S SEEIRIHTIT: THRA951-), 5, 2z, 14 S, W Fi



124

%31 %

ARk, [ PN 2% 6 1 ) REEAT T A DS AR
HE: SCHR (3] 8 3 PWPF ik o i il 28 %00 i) = HE 77 2%
TAERA AT W1, LUK I 2 A ) B 2R 1 30
ASHE Jy; SCHR [2) B2 PWPF i 6145 R B 9T 1 4% 18] 5
REFLALAR I AR 1 S T ), 254 5 T PWPF 1
AR A A X R KA R B RN R SR
RGNIVERRIRFRE R SCHR (4132 H PWM BEARBEAT 5
P I KAT AR RN A T, Sk 7048 241k
8 i SR VR T A S A e, AR R ik 5 1
1) Vo 32 8 P ) U o) B8 R o o, ) DA
JRAE T3 T SR RAS FO T I B ().

8 555 F 7 (0 AN BT R N, AT R B Bk b o 1 2 2
B ) A 5 AR K R T B R AR O 2 —. 3
Wk [2] ) B R AR A H b R B, S T8 A% B0
PWPF i 15 88 Z 80 AT T R4k Bevt. P J LA i
Fi, TEMUR AU, A - 00 B2 0 B A RSk k32 3¢
BR [0 7E TR 2% BN R T — ok 1 B
A S STk [12] 32 H 7 — P56 TR kL
PRSI, DA R R 48 28 2= SR AR A B0 T 1)
SCHR (13 $2 7 —Ff & SR T RESLVE, I8 B S
RS N E s N A & v R ]
i

N TR RREL, BT H RERE U 5 SLRE TR AT
ik e R i) 2 S AR B LR S A T SR ON U A
R 1) 2%, AR AN ke T FEE T 1 PR A, A SR
RGATAE TR\ SR AT PRI Rr 2, 38— Fh ot
(140 SO 51 5 50 O 3 256 18 1) 25 45 40, SR FH 7 38 o 0032
BT L AR 2R PR RE M BT X R RL I R R PR 4 ] 1
3R, B H O R B A SR A 28 S HOE AT I
BT S, ) it 1 Pl 3o 26 18 ) 245 3247 P A4
B, DAIGIE T3 A 5cast 6 18 o 2 45 M A S 5T B
TR 2.
1 Sk O 3 22 T i 2%
1.1 i Es R I

Fik v R AR B ) i 1R ) s A R Bk 7 AT
FITE P A0 BE FL N A 5 1 SO T 5 L R A
B ) 25 PSR ] 25 A1 PWPF i 41 5%, — 3% i) J5 3
53 N 1(a) FE 1(b) iR,

PSR 1 ] 45 £h il 25 5 fid R 28 5 — I B R T 4
i For K, 0 — B IR R I OR R AL T, N
55 50 Uon~ Uogr 73 B R4 BRI RBIME; Uy N
Ak H 2% 00 K e AL, A2 AT ko R 1 B — R 7R AT
—ALALHE, BT LA U, S8 B, o8 TE A Pulse
HR At HE 7 fikod R PSR T 1] 2% /2 PWPF [ — Rl
B, B EE T PWPF il 45 5 — > PD 315 ) HR K.

“Uy

- U.,
K, 1.
Ts+1["

(a) PSRifAHI#

Pulseffi

U,
K, Uy

T T+ U

(b) PWPF | #%
1 iEHIEEE
TE ey N B, N T R AP R S M ) A
FIVEF, X R 46 1) PSR 1R 1] 2% 3E 4T 250k, $12 HY SR
FJ ) 5 20 PSR P8 R 1) 2, FL&E i an i 2 fras.

Pulseffi

U,
E U(t) Uy Pulset o

_ U,
F

KU,

7,8 +1

o N

KU,

—o
7,8 +1

El2 YATEE #AY PSR fAiEZ FHIEE
TE S it 5 el b, 359 Ko = K pUony Uon N
W B8 FE X AE. M5 H y(t) = £1 B EE EON 7,
Bt y(t) = 0TI T EHOA 7p, BA 70 < 7p. M5 H
N LI, U B R H AR AN O 28 Ak B 1, JL I TR 2L
BN, LRSS F 2B ERER, BN £ K Uy, HH
T RAMEIEEILZNIT R S o O I, U6 e E
M1 AEF 0, HFTA] 5 E p BUBOR, BRI RS 5
NSLRIN £ K Uy A 0, A UG 5 X B ]
RIS, SAE ST AR IE T TT 5, AT 4 1 S HE ) 2
T ARG
1.2 EHIRERE E
B K SRMAGETANE = 2 = Asin(wt) B’ 1)
Bk SR BT R ¢y, b0, -ty n KIS B, BRI
RIS TR B Ay, Ay, -+, Aty,, WK OGN 8]y
ty + Aty to + Ato, -+t + Aty FKIF I I R K
ZH
to — (t1 + Atq),t3 — (ta + Ats), - - -,
th — (th—1 + Atp_1). (h
U IHE T F T H B O AE D LI, S HE g 45 T JE AR B[]
N
Asin(wt;) — F(t;)) = Uon, 1 =2,3,---,n.  (2)
eSCHE PR Dy S 22 3 ) 4% 0 S 40t el B R — AN B PR,
BABMAAERER, B T, = 77, B (2) T



®1 B R F: KT At PSO 89 SR 8] 7 #4043k pk A A ) 58t 125
F(t;) N o~ T/ (wrp) q=Ati(1/m0—1/75) | (Asin(wt;)—

F(t:) = F(tio1 + Aty e i timtatz)/re - (3)
YNV IETZAT 5B, RGNk B v, H
B T S e R B R, B TN 2 A
W5 B 245 5 38 KB /N A S5 AR R, AR 7 [A)
AR, B F () WEA Y. BIANE S HIE N w
i, A

Fm):—F(g+n>, @)
IR

F(t;) = —F(t, + Aty,)e” /wtti=(tatat))/ms - (5)
[ EE, 2 stk asdan i B 1 A8 8 O B, S dfe s 5 P I
I 8]

Asin(w(t; + At;)) — F(t, + Aty) = Uos,
i=1,2,---,n, (6)
Horp
F(t; + At;) = K (1 — e840y 4 F(t;)e™ A/,
(7)
B NS S CH, B AR w B IR, #EATIEAR TS AT
R3¢, F0 AL, RIZRAT T SAHE 7 28 T 5 F5C P IR Ik 21,
A FF & R0 2 P R Rk e ek [ 4 P
1.3 AR BRI R
SCHR [14] 25 T AHSZ I R 2 aq A1 by 1) BARTHER
AW
.
mzz;}j@dw@y+Au»fsmwmﬂ, (8)

=1
n

2
m:%Z}mmaﬂmmm+MML ©)
Horpn kAN
B 1.2 799 M B H ¢ R0 A, RN (8) A1 (9) fiE 1]
SRAFH IR R AL (R, IR HEE iR ) RN TR BN
=k
T TR AR R R SR AR, 24 S HE T #R T S I
120 (5) F(7) W] 13
F(t;) =
— K (e7 F/w=At)/7s _ o= (m/w=At)/Tr=Ali/70) _
F(t;)e ™ e=Ati(t/To=1/7s) (10)
KAETIFE (3), T3

Ko™/ (wrp)[ehti/Ts _ o= Ati(l/T0=1/71)]

F(tl) = 1 +efT[/(u)T‘f)efAti(l/T()*l/T‘f)

(11)
i (2) /13
F(t;) = Asin(wt;) — Upn, . = 2,3, ,n. (12)
Beara (1) A1 (12) 715
Asin(wt;) — Uppn +

Uon) _’_Kme—ﬂ/(wa)eAti/Tf_
Kme—ﬂ/(wa)e—Ati(l/'ro—l/'rf) =0, (13)
HIES)
Asin(wt;) — Ugy + Kppe ™ (WT1) oA/ Tr 4
e—ﬂ/(’LUTf)e—Atl(l/To—l/Tf) . (Abln(’wtl)—
Uon = Kim) = 0. (14)
S HE A G, K D) AN (7) IS
F(ti + Ati) =
K,

1 + e_'n/(w‘rf)e_Ati(1/7'0_1/7'f)

fa (12) AT
F(t; + At;) = Asin(w(t; + At;)) — Uosrs

(1 —e At/ (15)

i=1,2,---,n. (16)
B3 (15) A1 (16) v 5
Asin(w(t; + At;)) — Uogg =

K (1 — e~ Ati/70)

1 +e*T(/(’UJTf)efAti(1/7’071/7’1’)' (17)

L SEIESS
Asin(w(t; + At)) — Usge — K + Kppe 24/ 4
e (W) o= Ati(1/To=1/T) [ Asin(w(t; + At;))—
Ustt] =0. (18)
R BRI B = 1 PR B AT A I DAL 3, B

{ e~ Ati/To — 1 _ %’ At/ — 1 4 &’ At? =0;
T0 Tf

sin(w(t; + At;)) = sin(wt;) + wAt; cos(wt;).

(19)
Kk 19 10N (14) 13
R e |
e”“W”Amk%i)+amCi;Q]
Ugn(1 + e~ ™/ (wrs)y = 0, (20)

#2019 RN (18) 7117
Asin(wti){l + e~/ (wry) [1 — Ati(l _ i)} }+

T Tf
At; { — Kml _|_e—ﬂ/(w7f)Uoﬂ<i _ i>_~_
70 0 77
Aw cos(wt;)(1 + e—”/(ww))} _
Uotr (1 + e*ﬂ/(wff)) —0. 21

BRAZF (20) A1 (21), BE ZARIRIA, A4 141 7] kK15
At; =
(14 e ™/ (W)Y (Ugy—
K, 1 1

47+ngm%f,ﬁm777%
70 70 Tf

—



12 I N T %31 %
Uoff) t\2
< (1 + e~/ () Aw cos(wt;) (22) w(ny)) exp ( —kx <E> ) + w(ng). 3D
sin(wt;) = b ng AEEAATIRARET 18] 1 55 K5 G w(0) AW
) B PEA T, w(n,) AR MEA T, FL 2 w(0) >
Uon ) Ky 1 1N g VR b
A e (Gl )80 @) s w0 29 AR &I 7 T

ARAE SCHR [14], 28 n Bkt — R ARSI 5 K06
(EFEARIR/IN B 21, K50 (23) AT ] 45 2040 R 2 2

g+ 000 —U) _
Usy + M7 (24)
wty, < 7/2, (25)
- (Uon - Uoff) *To
At; ~ — k. (26)
sin(wt;) =
Uon Kf 1 n 1—1
Bz (24) ~ (27), K13
_ 2(A — Usr)
B Uon — Uoff . (28)
Xf 2 (28) B H, AT 45 5
t; =
ésirfl {% [Uon + <z —1- %n) (Uon — U, )} }
(29)
45 30(26) ~ (29), AI1S EIHEA R H P I S 2
a] = QwTAt cos(wt;),
2wAL o (30)
b1 = wT ZSIH(U}Q)
i=1

2 BRI BE R O

W7 BEOL AL (PSO) SIS — Fh sl ik (1) S P 5
5, A PO S S AT AT AL B AR R

Xof T3 AR TR R, X R FLERR, i3 R
Hk [12,14,16-19].

7E PSO Sk, A5 A w 2 f 5 21 o i &
B H R LR M s IR B, AR I A B S IR AR IR
H 038 I g, (AR IR SRR R, R VI AR R
PRATISCSIOR JE, 1H 5 J 25 55 PN =y il de A, oK A A
B,

AR R BB I 2 ) B AS 15
B 51, IF 51 NRLT AN 4 S5 e e o5 0 8 o, A 45158
PR H AMEBE B AR ECR AL, (8] AR 15
B IG5 F PR 4 Jm e I A I PR B A 06, R E RIA S
R

w(t) = a0

lmax - lmin

IEACABVEAUE R B IS, kBN, SEACHT I T P15k
1, (HE AT FRAT ELRLR, K BOR, TEARWIIA T PR
PR, B S IR BEF 52, L R o R BRI T O ER
125, Lo A Lonin 2300 09 TI 56 VRE 1) B3 KB 85 B /N BE
BSHL M lig > lnax B, w(t) = w(0); M lig < Liin I,
w(t) = wng); Hlmin < lig < lnax B, w(t) BE& lig
ANTIT IR/, LB, B 20RE 7 BE 4 R e e s 1R R B K
I, lig H K, DRIFR A IEALEE w(t), 8T 1 =i Sus
JEMSEIL A SRR 2R, 2 1 BUNKY, T LABEAT R R
SO BPRE B SR S AP SR AN B 3 .

Dk AL i 1L

| EREMIS e—

v
AL
v

B

v
Tl

v
| s i - |

A

B3 i PSOBERIE
3 EET bR B VA ) A8 7 IR
ZEOCHR (17] B AR, SRS B H i sk i)
PSO FE#EATA 2k, Wi AR e 1 eR 20N

f(z)

sin \x/ij—ZQyz 4 elcos(2ma)+eos(27y))/2 _ 9 71989,
(32)
G3 BT I R A AT N, % RR O R 2 R R R
{8 A, AR BRALE A (0,0), 7 (0,0) B I HUAS Bl KA.
VU E VB R SN BRBOAS B, 38 NP A D B EUE. ol
FERL T 808 20, BN KT B 4EH0CN 2, FR BRI S
Wtk 9300 K. BRI 2R PSO % 2 — Fl bl ML A A1
VR, BEHAT — REE IEA RERA ] — € Re 4K B IR AL
fife, DRI, R SCAE X SEVE AT B0 UE I B A 5200 15 B is



1

R E. B F sk PSO A LR ) B ph ik Bk o I8 4] 2%t 127

47100 ¥R, #5100 IR EELAE N B 22 45 . Tt 2R
Nz 1 fros.
T BERERI

LAES mUE P BARIOE EEER I
FREPSO  1.0054  0.9708 23 77
KHEPSO  1.0054 10053 0 100

I AT R LR, AR E W B OB AR
Wz Ja, BOR M 7 S  J  SHR e g, R TR
B SR g PR A T SR AR B A AR, R v T R IR SR

SR 58 IE 503 A PSR A i 45 DA K eSO R B
(A 2P, DA AT 2 I T R, kT Ak
TR AP AT 07 35, FOR AW R 450
Kl 4 .

15 [ B 2 )

R[] K 2 A

itk PSR HI4E
PSOZ 431k

A 4
SAES) &%
e AT A

v
B4 ETo# PSO BERESITHI ARG LA
FE BN YAT RO AR, FR AT KM RS
Bl). Bk, AR 7 I8 2 (8] 5 08k -1, 4 ek b 1
AL NEIESTREAR S S S | 125 e 7 a1 B
B AYEREFEAR, 10 s
J= fotf(|u(t)| +6)dt. 33)

Horb: 6 = 0, MRS ASH FEIS A 20, (U214
BRI, W 68T I8 95 K, MZRIR A BB

=

o R IE SR [R] ) f5
IS HN AT AR MBREH AR A5 & 10 DU BREX,
SE S L BRI T

f = Fpro + Fpunish~ (34)
N qj
0.3 0.3
F ro —
P m_flg—m_fl +troftr+
0.3 0.1
35
tso — ts Es - Ed’ ( )
Fpunish =

10 x (m— fl > m_ fl_ min)+
10 % (> tro) + 10 x (ts > ts0). (36)

Fodt: me flo RBRRLE, m_ fUNSERHRRLE, 0 N
ARG LTS [EHEHR, 6, N RGNS TR, t0 N R
S T I TR AR, ¢ 8 FR G0 SN T I ), B AN
Eq 53 79 9 i ] &5 0 1 A0 58 B2 A BEIX B8 L. Fpunish /2
FINH SRR R RHE FERR ] T 1) LA R 375 i
[ B i ) 4 50 B 1
AR 5 DS HAT TR, BORL TN N =

5, AN

X = [Km, Uon, Uos, 0, T¢].
NPRHRAF A 25 R, RPRLT AT 2, e 4t
RLF HRLT- Y8 B A0 2% 2 .

*x2 NTFEZFEHE
# Ko, Uon Uott 70 Ty
H  1~10

HORE B AR B KR A IR EA 100, 77 EL 8] 2
30's, KAEJE B2 10 ms, W46 & BN H =120 km, JH
NV = 15Ma, FFEN KATE I EA M = 63500 kg,
WA N ag = 10°, By = 3°, po = 0°, HAl %
BYAE, ERLICH. 15 B AL Bk 5%, f6
HAZ 5. 50N _ETH i 1E] R 5 i 8], B
W BRI HIFE A o = 15°, 8 = 0, p = 5°. P i) iR 2
410 %. S0 % BIiE 47 100 Wk, A6 IS 1
HSRHSSHN

(K, Uon, Uot, 70, Tf] =
[3.12,0.58,0.22,0.83,17.71],
WP B 32 . B R AR ) AR A i B S BT, FEEAT IR 40
YA ] 3 N R B0 B B ALAA
1.4

W

0.3~ 0.9 0.1 ~0.25 0.1~2 10 ~ 20

i

SERLPEAf
=

020 40 60 8 100
IEARIKEL
5 EEERRH

3B A AE R N E 6 Brs. B
Hi 28 ] LUE H, DR AV 388 36 0 A 88 3 A R R R 3,
(RGBS, VR e 3l T e A AT W R A

3/NIEIE I R HE 1A R T A E 7 B s, B
7 0T UL, ke ) s B AR U o FE kv R AT B8 Th e
TEFE R I HIGERY B, B3 M2z LK, N Tk Bk
AU P 28R, Rk A ) 28 OC T SRR T R R, AN W Hb
FE A B S HE S48 TAE, 24 RAT 83 RS A IR W R
ER T A0, Bkb I o0 F B R E T o Ek, BT
BIREL, FEREE LA A R e TR TR B FRE .



128 = # 5 * R %31 %
16 2
143 TR — K
< : ; =
AR ) N A— e &
10 | ‘
0 10 20 30 20
t/s
(a) A e B ih 2
4 : :
] =
b=
=
-2 H H
0 10 20 30
s 25 10 30 30
(b) U3 i pUOBL 2 s
6 : :
‘ | (b) iHAoiEIE
2 T T
l K
=
jzg
0 : : E
0 10 20 30
t/s 5 | ‘
(c) A po el 7 it 28 0 10 20 30
5 1 t/s
i (c) fhliiis
< ofle L M7 SEERENEFLES
Q, i
4 4 ®
5L m o S AR ST Ao RN P P v A ) AR AT Wi, R
t/s T OO ) B O R 2%, FE AT T R

(d) EAT Ay g2 p Wi | i 25

q/(°/s)

0 10 20 30
t/s

(e) VRIS g N 28

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

/(°/s)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

210 30
t/s
(f) AW A 28 i 7 T 28

E6 LERMESHERMMNL

FEACJFURE, 25 Y R A 8 K I TR 8 3 R AR T 5
T RS IR ] 8% 2 B 2 1 1), s FRL TR R e
FEN SHAT I, 1R I T — Rh e kLT AL
SV R B A BEALE Bty — i R U R 2
I 51 NRLT A4 R foe DL A B R R, AR IR B AVE
bt S A REAR A, R AEAS R B PR ik
4 Ry e B AT 0% 2 JE O T SR i 1) e LA
YR B DL T A, KA AR L R B T 5
[R]AARE I R B, dcJe oL PR RA07 LG AIE 17 BT H 11
oS R i 5 S A AN S B AL SR A R

£ 2& 3 Hk(References)

[1] Doman D B, Gamble B J, Ngo A D. Quantized control
allocation of reaction control jets and aerodynamic control
surfaces[J]. J of Guidance, Control, and Dynamics, 2009,
16(4): 13-24.

21 EiFE BEK, G3% — M PWPF Y5 2 £ 3 Be
FEAAS A T B B EFELT]. TR, 2005, 26(5):



1

F R

AT Bk PSO 69 3URT 18] # AP sk F ARk 8 4] 8%t

129

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

576-580.

(Wang Q, Yang B Q, Ma K M. PWPF optimizing design
and its application research to terminal guidance of kenetic
killing vehicle[J]. J of Astronautics, 2005, 26(5): 576-580.)
JA A5, XA, 25k, PWPE ¥R 47 28 78 2% (] 2 4 2%
0y s i e g B D). R AR S P HOR, 1997(6):
9-12.

(Zhou H J, Zhao Y J, Wu R L. Application of PWPF
modulator in space interceptor side force control[J].
Systems Engineering and Electronics, 1997(6): 9-12.)
AT, 3, PV 0T B TSR A B S PR PR R R R G
BRI AR S 5 HT LFL, 2012, 10(4): 446-450.

(Zhou Y, Huang Y M, Sun C Z. Control technology based
on pulse width modulation of RCS[J]. Information and
Electronic Engineering, 2012, 10(4): 446-450.)

FliHERE, TRAE . BHIRCS 1Y PWPF i) J7 it & ik
EPEHIEA BT[], M54, 2012, 33(9): 1561-1570.
(Lu Y H, Zhang S G. An improvement on PWPF
modulation of discrete RCS and design of the blended
control logic[J]. Acta Aeronautica et Astronautica Sinica,
2012, 33(9): 1561-1570.)

Nicklas J C, Vivian H C. Derived-rate increment
stabilization: Its application to attitude control problem[J].
J of Fluids Engineering, 1962, 84(1): 54-60.

Bong Wie, Carl T Plesciat. Attitude stabilization of
flexible spacecraft during station-keeping maneuvers[J]. J
of Guidance, Control, and Dynamics, 1984, 7(4): 1-5.
Bong Wie, Barba P M. Quaternion feedback for spacecraft
large-angle maneuver[J]. J of Guidance Control, and
Dynamics, 1985, 8(3): 360-365.

Anthony T, Wie B, Carroll S. Pulse-modulated control
synthesis for a flexible spacecraft[J]. J of Guidance,
Control, and Dynamics, 1990, 13(6): 1014-1021.

Krovel T D. Optimal tuning of PWPF modulator
for attitude control[D]. Trondheim: Deparment of
Engineering Cybernefics, Norway University of Science
and Technology, 2005.

Afshin R, Krishna D K, Hekmat A. Particle swarm
optimization applied to spacecraft reentry trajectory[J]. J
of Guidance, Control, and Dynamics, 2013, 36 (1): 307.
FHEME, 7. —FE: T EPSO MR 28 22 Lz fiAn
JIE. TR, 2013, 34(9): 1195-1201.

(Ran M P, Wang Q. Spacecraft rendezvous trajectory
optimization method based on EPSO[J]. J of Astronautics,
2013, 34(9): 1195-1201.)

C1S T WA Y VU o Rl S B A i RPN i0F 1 AN ol
ARG S5 W FENE 2 L. M1 3 71 544, 2012, 27(9):

[14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

(22]

(23]

2147-2153.

(Zhang X G, Wu X Y. Mission reliability allocation of
spaceflight TT&C system based on adaptive particle swarm
optimization[J]. J of Aerospace Power, 2012, 27(9): 2147-
2153))

Gelb A, Vander Velde W S. Multiple-input describing
functions and non-linear system design[M]. New York:
McGraw-Hill, 1968: 52-55.

Eberhart R, Kennedy J. A new optimizer using particle
swarm theory[C]. Proc of the 6th Int Symposium on Micro
Machine and Human Science. Nagoya, 1995: 39-43.
AETHE, 0 N W SR T REOLAL S L], F ] 5 ok
%, 2011, 26(2): 201-205.

(Ren Z H, Wang J. Accelerate convergence particle swarm
optimization algorithm[J]. Control and Decision, 2011,
26(2): 201-205.)

Srinivas N, Deb K. Multi objective optimization using
nondominated  sorting in  genetic
Evolutionary Computation, 1995, 2(3): 221-248.

TRARL S, FEw i, SiRaE. RIS RGN SR T R
BEA R BE SV D). £ 5 R, 2014, 29(8): 1345-1353.
(Xing K'Y, Kang M M, Gao Z X. Deadlock-free modified

algorithms[J].

particle swarm optimization scheduling algorithm for
flexible manufacturing systems[J]. Control and Decision,
2014, 29(8): 1345-1353.)

POT, BEGRT ST R IS AR I IR AT R BRI A S
). 45 5 R, 2006, 21(2): 175-179.

(Huang F, Fan X P. Parallel particle swarm optimization
algorithm with island population model[J]. Control and
Decision, 2006, 21(2): 175-179.)

Zhou Feng-qi, He Guang-yu, Zhou Jun, et al. Coupling
analysis and robust controller design based on direct
force\aerodynamic controlled re-entry aircraft[J]. Fire
Control & Command Control, 2010, 35(7): 66-69.

Pablo A S, Ricardo S S P. Thruster design for
position/attitude control of spacecraft[J]. IEEE Trans on
Aerospace and Electronic Systems, 2002, 38(4): 1172-
1179.

Pablo A Servidia, Sachez Peni, Ricardo. Spacecraft thruster
control allocation problems[J]. IEEE Trans on Automatic
Control, 2005, 50(2): 245-249.

LiJ H, Lee P M. A neural network adaptive controller
design for free-pitch-angle diving behavior of an
vehicle[J].
Autonomous Systems, 2005, 52(3): 132-144.

autonomous underwater Robotics and



