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EEG based amplitude-modulated auditory steady-state
response and auditory selective attention analysis
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(1. School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China;
2. The High School Affiliated to Renmin University of China, Beijing 100080, China)

Abstract: Patients with atresia cannot control eye movement independently, and cannot use visual Brain-
Computer Interface (BCI) to realize consciousness communication. The technology of auditory BCI is not re-
stricted by vision. It is of great significance to realize the consciousness communication of such patients. First-
ly, the response characteristics of different subjects to auditory evoked stimuli with amplitude modulation fre-
quency change were studied to obtain the amplitude-frequency characteristics of auditory passband. Based on
the auditory passband frequency characteristics of subjects, a new auditory selective attention paradigm was
designed. The stimulus frequency with stronger response amplitude was selected as the stimulus frequency of
subjects. An improved spatial coherence Electroencephalogram ( EEG) signal resolution method was pro-
posed, which improves algorithm robustness and achieves higher classification accuracy. The two-class classifi-
cation was realized through attention selection. In this paper, the frequency characteristics of the auditory
passband of different subjects were accessed, and the auditory amplitude-frequency characteristic curves of the
human brain in the frequency range of 35 —94 Hz are obtained. It was found that the response amplitude is the
strongest in the frequency range of 35 —44 Hz. By using the improved spatial coherence algorithm, the pro-
posed experimental paradigm based on the passband characteristics and the fixed frequencies experimental par-
adigm for three subjects were compared and tested. The results show that the proposed experimental paradigm
and the improved spatial coherence algorithm achieve higher accuracy.

Keywords: auditory Brain-Computer Interface ( BCI) ; auditory steady-state response; auditory selective

attention; spatial coherence; auditory passband
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Path following and obstacle avoidance control of AUV
based on MPC guidance law

YAO Xuliang', WANG Xiaowei' ™"

(1. College of Automation, Harbin Engineering University, Harbin 150001, China;

2. School of Mechanical Engineering, Jiujiang Vocational and Technical College, Jiujiang 332007, China)

Abstract: In order to realize the three-dimensional straight path following and obstacle avoidance control
of underactuated Autonomous Underwater Vehicle (AUV) , a new control method including kinematic and dy-
namic controller is presented based on cascade control strategy. First, the constraints of pitch and yaw angular
velocities are considered in the design of kinematic controller, and the optimal guidance law is designed by
using Model Predictive Control (MPC). Then, the rotation speed of thruster and the saturation of rudder angle
are considered in the design of dynamic controller, and the dynamic controller is designed based on the Sliding
Mode Control (SMC) technology to ensure the robustness of the system. Finally, the performance of the pro-
posed control algorithm is compared with the performance of traditional control method based on Line-Of-Sight
(LOS) guidance law by simulation experiment. The simulation results demonstrate that the proposed algorithm
can not only improve the three-dimensional straight path tracking effect of underactuated AUV, but also reduce
the saturation of rudder angle effectively.

Keywords: Autonomous Underwater Vehicle ( AUV ) ; path following; obstacle avoidance; Model Pre-
dictive Control (MPC) ; Sliding Mode Control (SMC)

Received: 2019-07-26; Accepted: 2019-11-01; Published online: 2019-11-12 09 .01
URL : kns. cnki. net/kems/detail/11.2625. V.20191111.1734.001. html
Foundation item; National Natural Science Foundation of China (51279039 )

# Corresponding author. E-mail: 627382854 @ qq. com



2020 4 6 H
4546 4 5456 1]

tEMEMRKEFFER

Journal of Beijing University of Aeronautics and Astronautics

AL HLF W

M | June 2020
[ 16 34 | Vol.46  No. 6

http: // bhxb. buaa. edu. cn
DOI; 10.13700/j. bh. 1001-5965.2019. 0401

jbuaa@ buaa. edu. cn

BT RIBER&HENLR MSCMG % FiRREEH

i 2

AR, MBI, THA, £

(e zs i R K 2E AR B2 500 i TR 24 Bt , dbat 100083)

AT EH A ERBE(MSCMCG) # TWREEFELIANREGHE X

W, HAPHETREZFTNETEMBRERS FABESEE FERYNF
MLOAETRTHH N FHEA RET —AET R EECNE R AEES 7. AR K&
AT EEARAREEHRBURE T FRBNEEA, BT RAE AR ER ST
AAWELUSHBEIATHEFARATHADEREZE , B AT T AR MR E, MAT-
LABFEAERZW IR UANEN T RERA TR T RENZTLME, 5 PID BH ML, TRY
EAUABRNAS BRI ETRAFHE Y E, dTHTEREE, 5 PID X XEH ML,
Pragr:= s LA R AE R, RH R A A

x #
ITENE X XX X & &

hE S S V448.2

XHFRER: A

10 2 7% ¥ 1 71 46 BE 12 ( Magnetically Suspen-
ded Control Moment Gyro, MSCMG) 2&—FfrHF T
BN B SCHESRAT AL, H vy B 1R G
R SO JoHE fil JC R skt T RN D (R EE
A R R, BAT K 5 A e RS B A0 R, AT LU
PR AR I S T 1 o BAME R TR AR
B 2 ( Single Gimbal Magnetically Suspended Control
Moment Gyro,SGMSCMG ) Hi B/MHE 2R & 48 fl %% +
G820 I HE S B o e e B D e L DT
R S IE S A A e AR L G A Y
VR B 9R BE AR AN, R TR B A 1) PR
] i e 2 ) B AFTESN 1S . AN T RS S
HERR R G Z AW AF A Al & K & HE QL iz 3 & 508
- Hh SRR B AR X 32 B, Bk gl ok, e B AT A
ilf 2 D A7 Al R 5 e 1 B IE B R G RRE T L B
FRAE“ SHE AR ™, 3 A 45 1 2 07 vy 3 % 1 19 3

W A FES N ERE(MSCMG) ; Rk &, BEA NEEH,; S ERK

NXEHS: 1001-5965(2020)06-1063-10

JIEAT R NG A A e R KT

RS T R G2 10 # G W ST TE AL 1
A s i Proportional-Integral-Differential ,
PID ) 52 S5 il 5 vk | e /s 3 1) i FRUAR RS 7 1
WRG I I kg . Hoh PID 58
A T 7V Ml e 38 A 5 A LA 52 Sy |
A PID i v, Z5H 1] 5., B i = A7 R0 S 80t
Tk, 1R 25 AN AT 3l A 5 g /DN 3 ) SRR R O 1k
WRGINEFIBR %, T 2RI R IR, R
i) 1 AR A% 2 AR o Tz N 5 o L
o] I7¥E BT B SN R , BE S A 500 i g o A
4 1o] i e 308 3 1) )R, A RS R A R, S
T TUART Dt B Jz it 2k A 458 I O v SR A
P A8 46 52 )T R b AR A 2 M AR G A A 1) 1 R
I A R AL AL R R A5 2 e Ak X RURE 242
MSCMG FHEE 1 5 dE AT A M S5y JL AT 7

Wi B 2019-07-19; RABH: 2019-09-12; M4 HAATIE : 2019-09-27 11.04
W 2% H R # ik ;. kns. enki. net/kems/detail /11.2625. V. 20190927. 1053. 002. html
E£mB.: ExEEAN AR (2018 YFB0905500,2018 YFB0905503 ) ; o [H i% £#& Wil 58 & ik 4 (61407210206)

= BIE1EE. E-mail; tjq_72@ 163. com

Sl w4 E, RN, 7H A, F EFRELZMAMA N MSCMG % FRE&EF[T] kEMmEAKXAFFR, 2020, 46 (6):
1063- 1072. TANG J Q, WEI T K, NING M Y, et al. Stable control of MSCMG rotor based on feedback linearization [] ]. Journal
of Beijing University of Aeronautics and Astronautics , 2020 , 46 (6 ) : 1063- 1072 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202006003&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldRa1FhcEFLUmViNXM2U2IrMVpveHUyVVNneEY2My92Yz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

1064 b B = R KR

2020 4F

PGP IORES UL ARG A e s

T IR T ARG R AR E S, A
PRI SRS PID B3k A 8 N CH, ]
Pl G BSEER AR T PID Fk S T
SCBL, R R EAS 22, U TR A TR LB
VEB2E . A P H L P e 45 ) B B
R IR HB R R A, O B RN E & TG
TR T ARG o T R ) o o7 TR AT DA K
T AR AR LS D R A 5 SR R PHR
PS5 1] 45 A ) B L PR PR R L S RO A T
i, SCHR [ 23 14 NS 42 il 15 30 28 00 gk 48 42 ol AH 285
B SEBLT R T 00 v ORS P, SCHR [ 24 10K i 5
R ) g IR R 4 5 R T T R
YUtk o ATEE T 1% G0 A8 s ol 394 o 78 P A8 42 o e
BE T R G A B T2 B B i R
(EEINDRSS IR LR N PN e A P R T R e
B, SE SN TR R FRE

LIRRG D R T RAEAA A LS
bk sl , HBRAR 1 e 1 R GER P HORT BE , 1k 03
B MR A 1 T R BE R b S R A 1)l A 3 1
(19 e T 8 S0 A, 0 o Al 2 4 2 B 3 LA HE 2R 4
2y, 50 e AR M 4R e A RS B R B 4 1
B A SO B e T R SR B
A 39 5k Y PR ) 7k 3 e S 5t A T BR
e 1o A 2 R, SR i TR DAY A4 o) S B e
T RGN AR E P

1 SGMSCMG % ¥ 5 1 FE & E

& 1 %, SGMSCMG % i 2 A~ [ i
JEE () 42 160 b 7R 2 A1 L R ) e 1 e R
T I T v ML AR 1 B RS el 1 3 A A%
SRS HELL HE 0 o B A (07 A SRS B U B R
A 20 B0

% 1) 0 Al 7 Rl 1) R R S TR o
A EF PG BIUTX Y 2R = [ T 3l A g

i (3 AL R 2R
T2 1) {0 1 1

§r
QR E
5@

I
e

Bl 1 SGMSCMG 4 g 77 75 el
Fig.1 Structure diagram of SGMSCMG

XY BB W A R B0 i T B 5 T
ZR S8 B 1 10 5 B 5 8 16 37 A S I Bl 1) £ B
2 3 ) T W 0 s A A 1) R 1) L 7
HE 52 et BILIIK S 20 5 3y, 5 3l 5 8 e % 0 % T O
e NI 18 K 0 R 5 57 A2 R D T 0 )
W,

S T ST R VR T B 1 2 R DL T
9 LA s A A bR 2R B9 B S, O, A ST A b R
2R P, AT R MO Z L5 TR0
R X R T T X - A5 X+ Y Rl
Y - 50 Y + X S Y fikR R T Z e
PRI . G 45 5 T3 07 [, X B A Y e
T Z 5 G Jy i g X AR, L X Gl A Y il
% e A 45°, BRBGEIT I T 48 Z
() 5 3y phy LB B AN, B A i 5 A Bl Y
RS . BERTE 140 R A 1 R P 1 R 1)
IR AN 2 R, Hoh £ R S, S A 1 T R
A TP A BORE 7 L, R, R AR T RESR BT 2
ORE T, AT LA G X B Y B O7 R ) A
£ VAR X RRD Y Bl )5 16 965 2 4R p, B p, o S,
KU Z T R AT Ry ARk T X
Y Bl 7 1) 97 300 8%, o 0B 43 R Bk T 48 X
Y 0 B BT 6, I RE SRR 0, N
FAVERE , FLRE 3 AT LA HL R O BE R RS M
ARG LIRS A B TE NG, RIBA R f,, =k ki,
k, AR b, SR SRS o A 043 B %0
T 1 5 R

BAERET 5 T RAFoh 5582 W A
TERS G | 2% T4 h O 58 S R B, AT LR 1
S-S A2 0 B 5 B 43 0T 2% 1, FLEE TS Z Sl
S8l 5 Al B kB AR R R TR R Z
(RPN O E o T bt =N [ € 4= D)
TR T3 S B, LR TR T h
2R Sy

Y,
“I]1-f:n- f:.—P‘.
N
—
WA, . JHiB,
. .-{ll‘" A pf y%\ﬂ'
s

. A X-
X e =

, \J

STLA, WitiB,

e R M,

@AM, & iR M,

J®, i

2 SGMSCMG Ak fr %
Fig.2 Coordinate system of SGMSCMG



55 6 3]

DAk, T RO MR I MSCMG 5% %2 E 5 I

AT R
oes

@5& =f = 2kx + 2k,

%y = f = 2k,y + 2kii,
so)rrols )
p.o=20,(L ko +ki,)
NG o2 ) L
i) nofas -

p, = 21"7(1",/;,[[3 + /Nfiiﬁ)
A em NETRIBUR T, T O 58
XY Z e 5% s i, ol T R 1 X B g
8T, =T, = 1,51, NG T Bl AR
0] Wt R b O R B 5, A G 23 O R e T X fh
FY V- 2y 38 A U, RN i O3 S R B T
L% X R Y fih i A e T 0 4 1R H O o

K3 (a) (b)) 203l 45 T 4% ) 4% 38 18 (448 18]
Ay Ay By B, 38 ) g O Ak I R R Y
IR FR R T AL I B M EE 5 62 RS O Rt 2k, 4 O
S S N R 1 BB =N SRR AWk S T A R
AL H R N BE AL RS R RE A Oy R R S R

—_—
Q:
+
|

(1)

—

OO0

600
580 +
= 560 F
<
Z
= 5401/ &
= J
= .
2 52014/ ) s
2 + 488 \\
7 A B GiH \
500 s b
O A B
© Bl
480 - . -
100 =50 0 50 100
Lt/ A
(@) R rfCe b 25 50 T T R S R Y e ARl 28
2.7
* A BiE
A & Bl
R o A,lili

\ . Bt
= 26% ‘&\
% /4

(VRS IE /(N-um ™)
/?,,x{-"

=100 =50 0 50 100
{88 /um
(b) ZE L LI At 7 BRI L 5 A 0GRl 2k
P 3 FL I B o A% I 32 7 A Hh 2%
Fig.3  Curves of current stiffness and

displacement stiffness variations

SRR G, TN T R R KA kA R Y
Mo | i 2 U7 B B A VR A B AN 58 A 4k T LA b
O, Y5 Am A% 007 B AR Lk I B R, &
1) YL W B2 A A MR A AR Ze vk K F i W EE S
DE R W BE 53 Ry WG &B 43, &, Ak, 53 53] R 25 FL G B
5 57 A T A2 O R R v 0 A 2 R Y S A R
MIBE , Ak, 1 Ak, 4351 R 450 % M BE F01ER Jat W B2 7
ISR T
Aok, =k, + Ak, k =k + Ak, fEAS (1) B
i
ﬂ&é = 2k,x +2k,i, + 2Ak,x + 2Ak;1,
%y = 2h,y + 2k,i, + 2Ak,y + 2Ak,i,
Cl . A
s 20) 1o s-24)-
20, (L ko + ki) + 20, (1 Ak, + Ak )
0] rafe )
20, (L, k,B + kiy) +21, (1, Ak,B + Aki,)
(2)
H 2 (2) Al 15 5% 1 gh J 2 A 80 vh 1y 'L G 7 AE
[dy = 20k,x + 24k,
% = 2Ak,y + 2Ak,i,
E) = 20,1, Ak, + Akji,)
| =20, (1, ARB + Akiy)
Krred, i d, 5050 X A Y #hoF 20 s 4
d, Fdg 53500 X BlFD Y Sl 0w % i 18 T4
=0 (2) Al T, AE B8 A 3 R R0 AR R B A
TE T35 1 1942 1) i % iz 2h J vy, DA I AE 22 O 5
FEL WL AR 1w . A HESRFE Zh e, HE 2R %)
AR R EISZE) 0, , % 1518 3 & AR I 1 3R
3, THER SN 1 E G, R85
IR B fim B AR R 32 3
HE A58 By %o} i 48 [ it % 3 20 1) 5% W), 45 A0
THESEH 1k W 5% 1 2 B AN AR Sh S1 5 p A p,, . TT
L) /N2 T AE S 3 R R A i R D

) V2,5, 0.2,
i 0,J,.02 2],, 0,

000

(3)

L]

[ 4)
% = @ 6,J..4 + gfn 0,

MRAEAE LAY A SC 280, 3k 1 s, Al A T i
2 T Tl AU B B I AE 2R A R R A
RSN 7 R A 5 A 1 B R A B T

B, 05 A p,. =g01,19~36- ISN - mAlp,, =



AL HLF W

SR, s [ % 1 |
1066 s & A KK E R 2020 4
#1 SGMSCMG gitS# h(x,) = x,
Table 1 Design parameters of SGMSCMG I
5% B {x =f(x) +g(x)u, +d, (6)
Ferrem s J,/ (kg - m?) 0.08286 y, = h(x,)
e F b i SR J,./ (kg - m?) 0.1302

HES B FA 0/ (rad - 57 1) 0.25

HE S5 Ky I BE O/ (rad + s 2) 14.137
BB T O B AR m R R b I BEES 1, /m 00,0725
T BUE R 0/ (r - min™") 15000
1 PO A T R LRI k(N - A7) 600
5 H P I A B A RS R EE K/ (N - um ™) 2.4
5T i m/kg 16.7

[%J,,ézo. 8283 N - m, 6 104> 5 4 HE 4 5 K i ok

JEE AR5 R A TN T T AL AE 2 A 3 R A ) I 2
TR T A I B AR sl ol THE SRz 2 T ]
WL, SO e E L Y A D5 1 e JC L
o BIRESCBURL AR E B, LA R ) bR
Pesh J o, LA s % 1 R gL pi T e

2 HBFREARZRGLKEN

2.1 BFRETEHRELEL
M T3 10 X Rl Y B 3h 3on o S IR
BCLL X Bl F- 30 0 0 2R A SO e AL, O O il
il s BT, SR T U R D A AR K Bh 2%, AR
X (2) 8 X RS A x, i AR u, M
ARy, BN e, = [, 0] = [, ,0, ] 0, =
LYy =%0
Tk ARRME ARG (2) 9 X PR &5
N

0 11r«, 0 0
- [Zkh/m 0] [m] * [2ki/m]”*‘+ [d/m]
0 0][9@1]

(5)

F T JLA] I B f S 45 Ak A T ik i o
RS S5 A s A2 H, 7 T AL 4 R A B 5 2 Ak
2R AF T, DR 5 1 A2 1 o7 8 R e AL O o8 A g
BB R IR R

i E X

P 18 g P
2ky/m 0 [ {x, | [Zkhx“/m]

i

EoNNEEN

SE SCPRIR R AL B (x, ) X T AR f(x,) B9 22

oh(x,)
Lf(xx)h(

x,) = ax{ f(x,) (7)

m‘ﬂ’Lg(xx)h(xx) =()’Lf(x()h(x,\-) =X ’Lg(xf) *
Ly h(x,) =2k/m=#0, REGER X r, =2, 5
AR B AR T AT R RS Rt AL
AR BRAS AN

LS e
Z, Ly h(x,) Xy
MR Ly Ly h(x,) =2k/m =A, Ly, | -

h(x,) =2k,x,/m=B_,A[ 15 B HE v, N

v, = B, +Au, (9)
A, A0, BT BRI R u, =4 (- B, +

v,) R G TR R R EEE A

5 6 4 g P R

JZR G S U A I 4 r R 5 AR A =B
MRS,
| 2k /m I
| W l

4,
l‘j’l

¥ g (! , 7 4 i.(] Xa L
t— (| A 2k/m [dr lde F—=%
= || 2k,/m

vV

B4 3 s
Fig.4 Coordinate transformation of radial

translation motion

2.2 BIERRERBREML
52 0 ) 7 ) B8 TT S {0 28 4L 7 2 A
b5 T4 LA S50 1 2 b A T o B 4 7 4 %
BREA R R (2) WAL TR 6 G
S LA LB A B0 6 B B0 2R ) R 00 L
ST A6 KRS B, 1T LA R R A 19 7R 6 HE T I B
B SO R SRR B AL R BT L
S P L 8 0 B SR B B AR (2) 5 X
(AR5 Bt X, F y 2 K



A A5

=
%6 M Vi Uk 5 BT R AL 1) MSCMG % 1% i 15 1067
Xop = [ X s Xop Mgy 1Koy | = [a,ﬁ,d,ﬁ.ﬂvr {xaﬁ = (X)) +85(x )0, +d, (12)
Uyp = [uuﬁlvuugz]r = [iu’iﬁJT Yop = h”‘ﬁ(x“ﬁ)
Yoy =[xy xp]” = [auB]” L2 Vg Ak FE L, AR 4 2 (7) X=X (12)
d, = (d, +p,)/], AT B 5
d, = (dy +p,)/], Ly by =0
i FAw e 8 )2 07 BT LR OR Ry
Lf L%
0 0 1 0 *
% 5 0 0 0 1 o
tl apl []
5 llznk)) 0 0 _]rz‘Q aﬁzlzl Iﬁ 0 g
= I e by = 0 o 0
- 2k, 1.0 g EO 2L,k 5
| 0o o J.02 0 apt O =
o U J I, = ‘ ,
(. 0 0 RGWAX B 2 (2,2),1M 2 +2 =4 5 R4
= Bo o B " AR S T 0 KO 5, DR 2R 2
% Lk a1 00 % 4 25 2 MR A0 Gl 20 JLART JEUBE, BOUN R A8 AR AR 4
O oJ %uwh H.H G O Dhep O Do O
O O 2 O 0 O %h OO O
O o i 2 ﬁum[l w1 [ Bl O (13)
o U J, U S
L] “H B " B 5 =
] oot O &, 0 dh,, 0 O, 0
0 (10 o0 0]4,0 N
D = [ B SCHA P
- 010 0)lg,.H 2
I 0, U A k¥ap = g
“ = T
(11) Ly h, = O + C(x)
A L @l khxaﬁz + ]r:Qxa[;BE
00 0 10 [ = J, =
o 0 1 o O Bk, O
%lzmk,, -J].0 . 0J |
fo(x.,) = 0 0 L L, L h, = " [+ D(x)
g\ Xag) = g]" J, aBSE gap fop' @B T QO Zl,nkig x
= 260k, J.02 0 PO O j O
Sk = I 125
| Yags O u,
O 0 v C(x) +D(x) (14)
| * u
%likhxaﬁl - Q’“a;%[l NN i
7 O HH?D(X)sléO,ﬁﬁfi'fﬁ?fﬁ%ﬂ%?ﬂ U, =
O
Pk WX +J,. 0%, u, -
% BZJ” 3% [uz]:D (D[ =€) +v,]e
0 9 g ARG RERH
0 0 O . 0 o
31k, O %ﬂm% 0 1]%31% . ]
0" o0 O
uB(xaﬂ) DJ" [l @ﬁz Gﬂﬁzl:l U d]
[ 21mkil:l (15)
HO —H @WD 0 l1@x0 [0 0
~ CRLIEELL)
h o X gp1 ._' P I YV UF = B 0 d,
aﬁ(xaﬁ) _[h 2] =Y = [x 2]
0 “ﬁ o F G RN I AR He Sy B S B o TR
[0 % AL, WNE S Fis,
d, = %15 A B, AT LAAS B 4 A7 1 AR 1)
, O BB R Y, th T4 77 3h B i 32 sh i BERLAR ]
JES) ik B LG T8 Xl i A 30 T A R T R



1068 b B = R KR

b A5 4R

2020 4F

v+ ? rg
¢ * .S‘
d,

St Yih (4%

LeXih ke
BS A g fin 5% Ak AR AL He

Fig.5 Coordinate transformation of radial tilt motion

3 EEBREEGIRRIRIT

T REA AL S M), S BOE#L R
ZESE R, R AL Ge 4z i 7 vk (PID S ST ) (I A5
A ) A5 A LA DR TIE 22 8 1 68 MR P o i 7 A A o
JIEYCHE T R ] R L S BE RS TR AN R G
R B AR 22 , B X SRR B i B R, B
BoRp LTI R . BT T T R B Atk
F% 8 i 28 AR 1 D7 kL PR S R N 6 BT

Kl 6w ,R(s) HRGHA,Y(s) ARG,
G,(s) MEPRPAERX G, G, () BN RN B
B E, () BT G2 N BRE R 5 S PR 2 22 9
G, (s) F1 G, (s) N AR il 4%, K O b2 R
D(s) R#zh. WAEE 6, LI Bt Y(s) &
Y(s) =

G,(s)G, (s)(1+KG, (s)G,(s))R(s)
1-6G,(s)G, (5) +G,(5)G, (s) +KG,(s)G, () "

(1-6,(s)6, ())D(s)
l—Gm(s)G,l(s) +G[‘(S)G[](S) +KGP(S)G[2(S)

(16)

R(s) +

E (s)

Pl 6 g 0 P 42 o A 45

Fig. 6  Structure of enhanced internal model control

58 5 R AR T S AR 2 B B A X
(% Ao 8 o P S G, () B R TE T, L R
TR ZR B K AT LA T A R AR G X 2 R B Y
BPEE . 2o I M T A A S A b AR i
T B A3 X G 1) A% 126 e K

QU)=% (17)

Ry B A A B R R T OA IR GE U8 D AR
F(s) =1/(As+1)2,0 >0, N UEIE AT S50,
R T IES BT ot g

F(s) s
n =0 = G,(s)  (As+1) (18)
PLIE 3245 5 3t s Fn B BR A 5 4 30 Sk 1], 56 3
Jir B il BT TR S 5 25 pR R
E(s) = Y(s) = R(s) =

G,(s)G, (s)(1 +KG, (5)G,(s))R(s)

1= G(6,(s) + G ()6, (s) +KG, ()G, (5)

(1-6,(s)G, (s))D(s)
1-6,()6,(s) +6,(5)G, (s) +KG, ()G, (s)
R(s) (19)
S RGBT R, S R(s) =0, 715

(1-6,(s)G, (5))D(s)
T1-G,(5)G, (5) +G,(5)G, (s) +KG,(5)G, (5)

(20)

BoE BEAURE L, B G, (s) =G, (s) ,¥=0(17) |
A (18) 8 A (20) 7] 15

G

E(s)

!
-

E(s) =("+9;1)D(3) (21)
R S
(As + 1)

d
SF B F D () =" d,
ﬁ@ﬁ%ﬁ%ﬁﬁ%qxw)ﬂﬁb-

A" +2As dy _ VLY N -
S T SO R 9 P
R E T LA B2 M B 3. % 4
AR, D(5) =0/ (5 +0) 0 HARAFA, I

\ . A’s® +2As
I} e 2 15 e, (0) =lim|s .
i R%E e () =0 | AT +2As +1 +K

(sz”=mﬁ%%&ﬁ%W%%ﬂ§%mﬂ

s +

PG 22 400 ) 1E 52 e 30

4 {(FESSH

HIEAR SCT7 5 9 A R AL B %) 3l
Pl B AT 1554648 PID 58 XU il J7 ik A MAT-



55 6 3]

DAk A T B AL B MSCMG 3% 1 FaE 1

e A iR
1069

LAB A58 T BEATXF U5 H o 1% fi e 42l , 55 PID
S AERTTEIA T B, DT B RN 2 Pos
®2 BHRKHESH

Table 2 Simulation parameters of control system

EY Hfe
14 TR Y A A R K 100
184 TR A O T B A 0.001
PID Fis i 58 o Ho ] 5 8 K, 100
PID $2 ) 28 P 04 B B K, 12
PID Fi il 48 BUY 2 80 K, 150
A2 SR 95 3 0 2SR SE @y /He 400
28 SR U 0 B 1L AR o,/ H 80

4.1 EEEHEHEETE

Sl PR IR PR 2 A R T IE 7 ()
JIE R MR AR A 1 x 10 ™" m (9 A B0 00 = 8 ke A5 41 F- 2
WIHARL ST, B H RS0 B ST
2. FERBCRME T (b) Fros, ol WoR AL 42
PID 38 X4 05 i, e R 224 6 x 1077 m, i R
FARSCH 5, B2 2205 1.3 x 107" m, & PID 42l
W T AT T8% o PRI, 7 3CT5 ¥k R LAA R il HE
SNSRI R T AR

2
7
£
: W
= 0 -
5 ld |
M -1}
k

-2 N s 4 "

0 2 4 6 8 10

fEl/s
(a) T-alyit i 280 2 ST

— A4 Hk
o PIDAE LR O e

AN AN AR AR

e T Bl AR 05m)
=]

0 2 4 3 8 10
El/s
(b) -l i R RS
K7 A st vt e x e
Fig.7 Disturbance suppression performance
comparison of radial translation motion
4.2 FEREEEGEETE
4.2.1 4B
e H ARG, U A BT 58 X Jili O e 1) D
Fef5 5, Y JhJs ) o A0 478 A5 S 1 B4R
an P8 T 7 o 8 () 2 iy A i % 15 5 IE 5% bR

0.10
— — - X BHALES
X T

0.05p

VA% T S

Tk mIEn©)

-0.05¢

0105 ' 0.1 02 ' 0.3
A fal/s
(a) i A LTS R gt el Rt
0.15

———X§IBER ALY
0.10+ — Xl T a1
e Y T A 1

0.05

FEEN®)

=

BTl

=005}

1% 0.1 0.2 0.3

i [a)/s
(b) St ABTERAE 5 B fif R
P8 il R R 43 BT

Fig.8 Decoupling performance analysis
B, X A Y B0 g % 1 OO, RTDL G TR X Sl g
eV DL RAF IR RS S, HIRER R 22 /N T
0.002°, JHEINF Y Bl 7 1 7 o7 B BE AR R A2 Xl s
UEZ 1R 8 (b) &Y X i A 05 5 R B R
o I R A 1 i 6 1 0, X A RT LR G R B BR
155 BRER IR 22 /N T 0.005°, Y Al B A TG fi % o
I, AR SCH VR T DL S BRAR 1) AR A R G0 1) 58 A FR AR
[ o B A R A7 R R AIOCR o
4.2.2 KM

Y I UEAR [ e A 45 1 0 BT IE ME BE L R T
ESZAR S M BRI ) 2 AT I TR
Z TS AR L S B S T DL R HE R B,
AR LG THE SRR 3, A 2 M 2 80 3 52 /0N, i mT
DLZWE AT o S 7 A ADL R MR HE 4 1Y) £ 3 B Bl A
R AE S S W AR AR X s e, SR T
2 FhAS TR 4R 0 1E 5% T P45 5 0. 1sin (4t ) ° Fl
0. 1sin(20me) °, i ELRCR WA 9 PR,

HAE 0. Lsin (4me) ° B THLF 5 T, R H PID
LR L P 1.3 x 10 7°(°) B 1E & i
MR AR SO, 277 0 0.8 x 10 ° (°) &
T HE BE SR = 0T 38% o M TR 5 BRI &
% 10 Hz mf, & ] PID 28 45 il J5 & 7= 4= 244
6.5 x 107" (°) ML & M 5% , Xt HUAS S ik 7= A 4



e A iR
.

1070 63 M= At R OK 2% % 2020 4F
3 0.2
AICHk 0F—
gy 32 - PIDZE L Iy ik 005t |/
= Y " > 0.1 610} !
= = 050000 0.50001
& g 0 ‘
= oy 2x10-°F
% F o1t OJv—\f
¥ -2x10}
1.0000 1.000 I
-3 L =02 L L .
0 2 3 4 5 0 0.5 1.0 1.5 240
IR fil /s i fal/s
() 0. 1sin(dxnP4L Zh7 AR N0 kL ik (a) PIDZZ AT ik de il S
- 2t
15 b
— A SO U =
~ 10 PIDZZE Myl 77 ik T
z : o e T e i :' E 0
s NV g
F = AR AR Gr
o =2’
L _IO . . -
0 0.5 1.0 1.5 2.0
135 0.5 1.0 15 20 i i)/'s

Ial/s
(b) 0.1sin(20m ) 4 3h 75 R Y 4% 1%
B9 EZP ST RN
Fig.9 Disturbance suppression performance

comparison of sinusoidal disturbance

2.3 x 10°° () #9185 M % , O % i i 0 b T
i 65% ,

XFLE & 9 (a) A1 (h) AL, 25 P00 R 52 w5
i, >R F PID 28 XU il 7 i, % 1 1) i 5 et &2 344
I, RS BE AR, i T PID 28 S5 I 69 3 73 30
T2 B R A RGN 38 A5 A, DR AR g TR e
P AR BURR, 7R AR B AR B e ) AR B TR, 225
ABRME R o B Gl 73 B4 AT AR g 4 A 14 i o 5k
JEE /0 98 Y R] AR 2 B B s A Bl T, R A
F1% Wi 7 3 A 2% 52 B RL 0 o A SC7 9k AN B A
SrI, I HLUAT DLORAN R SRR IR 22, B o AR e 4R o
KR s pT v RE

T ASADLIE RAE 2R A A o R R A A
AR A PR X % S, PR B BRE 2
W {5 0. LM J5 A5 51 o T AR 5, 2 I OR
WA 10 fr s . A ECIE 10 (a) F1(h) AT, 24 3R H]
PID 52 XA 75 15 0, B 48T Lk BV AR , (HAE B
BRAR - BRI, th TAFAE B 30719, 25 B 208 1 IBF
B4R 211, 4% 30 iR 5 B BR A S B IR (A G
11 R AR SO0 326 Pt 1R 25 R A 2 x 10 7°(°) LA
Wo P, Ze5 05 BACR , PID 52 UEE ] 7 76
L a7 1) 1 7 1 A T G R TR P 9 N

(b) A3 s il
B 10 Bk sh btk aext b

Fig. 10  Disturbance suppression performance

comparison of step disturbance

SRR WA ST L RS AT Ol 40, 32 v &
SR

5 & i

1) b 5 742 1 - s # i, 7E R 40 2 58 3
W TAUT M A SE PID 22 P 7 ik, 2 T
T 2 1 A 6 o 0 D R A F e o R 22 D
it 78% .

2) X A 1) e e 4 ) AR SO kT LS
AR 1) fi 2 R R S8 A2 A . 7 0. 1sin(4me) °IE
ST B A A1 52 0 e R (B2 PID 52
P il 5 5 08 A AT 38% 5 AE 0. 1sin (20me) ° IE 3%+
PN e 7= FE A 52 i % B PID 52 LA 7 vk
WAL 65% o AEBTER T T, R 2 T RO bk
P 3 5 0 PN R A ) D5 ki S T PID AR TR
B 7 £ 1 R ) 4R 2 1) R

2% 3 #k (References)

[ 1] ZHANG Y,ZHANG ] R. Disturbance characteristics analysis of
CMG due to imbalances and installation errors[ J |. [EEE Trans-
actions on Aerospace and Electronic Systems, 2014,50 (2) .
1017-1026.

[2] CHEN X C,CATY W,REN Y,et al. Spacecraft vibration sup-

pression based on micro-gimbal moment of magnetically suspen-



55 6 3]

DAk, T RO MR I MSCMG 5% %2 E 5 I

e R

a5

1071

(8]

(9]

[11]

[12]

ded flywheel with dynamic feedback and feedforward decoupling
control[ J]. Proceedings of the Institution of Mechanical Engi-
neers, Part C-Journal of Mechanical Engineering Science ,2018 ,
232(21) :3881-3896.

fEIC. KRB CMG g B V7 e 7 2R 0 v B B o g RE A2 1 7 72
Fe B se (D] bt b mtit 2 it K K% ,2012:2-19.

REN Y. High-stability and high-precision control method and
experimental research on the magnetically suspended rotor sys-
tem in a large control moment gyroscope[ D ]. Beijing: Beihang
University ,2012:2-19 (in Chinese) .

CUL P L,HE J X,FANG J C, et al. Research on method for
adaptive imbalance vibration control for rotor of variable-speed
mscmg with active-passive magnetic bearings[ J]. Journal of Vi-
bration and Control ,2017,23(2) :167-180.

SASAKI T,SHIMOMURA T,SCHAUB H. Robust attitude con-
trol using a double-gimbal variable-speed control moment gyro-
scope[ J]. Journal of Spacecraft and Rockets,2018,55(5):
1235-1247.

TANG J Q,ZHAO S P,WANG Y, et al. High-speed rotor’ s me-
chanical design and stable suspension based on inertia-ratio for
gyroscopic effect suppression[ J]. International Journal of Con-
trol, Automation and Systems,2018,16(4) :1577-1591.

AV, Do 2 . B 0 2 o) O3 i R MR e 7R 19 78 AR R
B 3 P 7 5 [T ] PLAR R 2 4, 2007, 43 (6) -
110-115.

WEI T,FANG J C. Adaptive control based on variant operating-
point linearization in magnetic bearings of MSCMG[ J]. Chinese
Journal of Mechanical Engineering,2007,43 (6) :110-115 (in
Chinese) .

MIN S K,WOO H Y. Acceleration feedforward control in active
magnetic bearing system subject to base motion by filtered-
XLMS algorithm [ J ]. IEEE Translations on Control Systems
Technology ,2006 ,14 (1) :134-141.

BIY , Dy £ . R 0 5 ) 0 6 B MR ) B HE 2R 0 B L A
ST 7 TR A2 1] F A0 42005 ,26(1) 11923,
WEI T,FANG J C. Moving-gimbal effects and angular rate feed
forward control in magnetically suspended rotor system of CMG
[J]. Journal of Astronautics, 2005,26 (1) :19-23 (iin Chi-
nese) .

A, P . 2 4 ) g R B 9B 0 A SR A0 9 FXTLMS
R A A ) 9 O LRI S [T ] T A i, 2006,
27(6) :1205-1210.

WEI T, FANG J C. Accurate compensation of moving-gimbal
effects based on FXLMS algorithm in magnetically suspended
control moment gyroscope[ J]. Journal of Astronautics,2006,27
(6) :1205-1210 (in Chinese).

CHEN J,LIU K, CHEN X. Modeling and low power control of
active magnetic bearings system[ C ] // International Conference
on Modelling, Identification and Control. Piscataway: IEEE
Press,2011:319-324.

INEI RERE. = B R A Rl R /D> 3R 6] e FRAS
PR SRR w [T ], b E s L R A% R, 2010,30 (15)
112-117.

SUN Y K,ZHU Z Y. Inverse-model identification and decou-

pling control based on least squares support vector machine for

[13]

[14]

[15]

[16]

[17]

[18]

[20

—

[21

[

[22]

[23]

[24]

[25]

3-DOF hybrid magnetic bearing[ J]. Proceedings of the CSEE,
2010,30(15) :112-117 (in Chinese) .

FANG J C,REN Y. Decoupling control of magnetically suspen-
ded rotor system in control moment gyros based on an inverse
system method [ ] ]. IEEE/ASME Transactions on Mechatron-
ics,2012,17(6) : 1133-1144.

REN Y, FANG J C. High-precision and strong-robustness con-
trol for an MSCMG based on modal separation and rotation mo-
tion decoupling strategy [ J]. IEEE Transactions on Industrial
Electronics,2014,61(3) :1539-1551.

WEN T, FANG J C. A feedback linearization control for the
nonlinear 5-DOF flywheel suspended by the permanent magnet
biased hybrid magnetic bearings[ J]. Acta Astronautica,2012,
79(10) :131-139.

LI H,YANG S,REN H. Dynamic decoupling control of DGCMG
gimbal system via state feedback linearization[ J]. Mechatron-
ics,2016,36:127-135.

LIU C,LIU G,FANG J C. Feedback linearization and extended
state observer based control for rotor-AMBs system with mis-
matched uncertainties [ J ]. IEEE Transactions on Industrial
Electronics,2017 ,64(2) :1313-1322.

WEREE KR, SCH , 45 OUHE S8 8 7 47 1 ) R B SR W i R
FEIEE GAMEMERI[T]. L% TR, 2015,23
(8):2211-2219.

XIE J J,LIU G,WEN T,et al. Composite compensation for load
torque of active magnetic bearing in DGMSCMG/ J]. Optics and
Precision Engineering,2015,23(8) ;22112219 (in Chinese) .

DONG L,YOU S. Adaptive control of an active magnetic bear-
ing with external disturbance [ J]. ISA Transactions, 2014, 53
(5) :1410-1419.

BALINI HM N K,SCHERER C W, WITTE J. Performance en-
hancement for AMB systems using unstable controllers [ J].
IEEE Transactions on Control Systems Technology, 2011, 19
(6):1479-1492.

PESCH A H, SMIRNOV A, PYRHONEN O, et al. Magnetic
bearing spindle tool tracking through-synthesis robust control
(1.
(3) :1448-1457.

LIN F J,CHEN S Y, HUANG M S. Adaptive complementary

IEEE/ASME Transactions on Mechatronics, 2015, 20

sliding-mode control for thrust active magnetic bearing system
[J]. Control Engineering Practice,2011,19(7) :711-722.
FANG J C,REN Y. High-precision control for a single-gimbal
magnetically suspended control moment gyro based on inverse
system method[ J ]. IEEE Transactions on Industrial Electron-
ics,2011,58(9) :4331-4342.

SR W SR 000, AR TT , 45 T8 15 ) 0 B MR 4 A
R B ) []. 36 30 28 o K K 2 2 4, 2018, 44 (3)
480-488.

XIA C F,CATY W,REN Y ,et al. Feed forward decoupling and
internal model control for rotor of magnetically suspended control
and sensing gyroscope| J]. Journal of Beijing University of Aero-
nautics and Astronautics,2018,44(3) :480-488 (in Chinese) .
#RGE. JREOK. B3R IR S R EIMC R JL 45 # 1k
WhoE[J]. A A 3hfk,2014,36(1) :6-10.

DONG F L,QU W T. Study of enhanced internal model control



A fu S 4R

1072 S-S | SR NI NI i 2020 4
and robustness for electric drive system of electric vehicles[]]. fEHE R
Electrical Drive Automation,2014,36(1) :6-10(in Chinese). FkE T b BIEE . R R RE CR RR
[26] P pl, AT o0, h-avF F thl J7 0 e s B R [ M. b 5T« [ Bl T TR 1 BRI AR
Al H B AL, 201419220,
FANG J C,REN Y. Magnetically suspended control moment gy- [ I S 1 B e O -8 1 ey T IR = 8~ X o A Bl A
roscope technology [ M ]. Beijing: National Defense Industry W2 5 T o
Press,2014:19-20 (in Chinese) .
(271 BRwh, SFur, T4, 5. B2 M R 404 vk 1k 09 305 JLART 2 FER o MR BRI DT A A B R R R
[J7. WK ol KA 2% 4k , 1993 ,25(2) :48-53. [
CHEN C, QI H, WANG Y, et al. Differential geometric ap-
proach of linearization for nonlinear systems[ J]. Journal of Har- BB 5 WA, EEBEIE T ) B R TR 4R O A B R
bin Institute of Technology,1993,25(2) :48-53 (in Chinese) . AR s

Stable control of MSCMG rotor based on feedback linearization
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(School of Instrumentation Science and Opto-electronic Engineering, Beihang University, Beijing 100083, China)

Abstract; The stable suspension of the Magnetically Suspended Control Moment Gyro (MSCMG) rotor is
the key to achieve high-precise and large-moment output for gyro. Aimed at the problems of the rotor radial tilt
coupling, nonlinear parameter perturbation and moving-gimbal effects that affect the rotor stable suspension,
the rotor dynamics model is established and an enhanced internal model control method based on feedback lin-
earization is proposed. The feedback linearization method is used to decouple the radial tilt motion and linear-
ize the rotor dynamics model. The enhanced internal model control is designed to compensate the nonlinear pa-
rameter perturbation, suppress moving-gimbal effects and improve stability of the rotor system. MATLAB simu-
lation results show that the proposed control method can decouple rotor tilt motion completely. Compared with
the PID control, the proposed method can effectively suppress the influence of parameter perturbation on rotor
radial translation. For rotor radial tilt, the proposed method can effectively suppress moving-gimbal effects and
improve system control precision compared with PID cross control.
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Fig.1 A self-designed experimental device for controlling thermal runaway of lithium-ion battery with fine water mist additive
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Method for screening fine water mist additive based on
temperature drop index of lithium-ion battery
ZHANG Qingsong, LUO Xingna"™ , CHENG Xiangjing, BAI Wei

( Center of Aircraft Fire and Emergency, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to compare the effect of fine water mist additive on controlling thermal runaway Domi-
no effect of lithium-ion batteries, the temperature drop index model of lithium-ion battery and its test method
are proposed. The self-designed thermal runaway experiment platform of lithium-ion battery was used to con-
duct the Domino effect suppression experiment of fine water mist containing different additives, determine the
temperature drop index after the action of each additive, and analyze the action mechanism of each additive.
The results show that the temperature drop index increases obviously after adding the additive, which indicates
that the additive can significantly improve the thermal uncontrolled continuous propagation effect of fine water
mist. The inhibitory effect of inorganic salt additives is higher than that of surfactant additives, which mainly
enhances the chemical fire extinguishing effect of fine water mist. Further comparison of the temperature drop
index shows that the effect of fine water mist suppression is the best after NH,H,PO, is added. The tempera-
ture drop index was used to evaluate the thermal runaway domino effect suppression of fine water mist additive,
which provides a theoretical basis for screening fine water mist additive fire extinguishing agent.

Keywords: lithium-ion battery; thermal runaway; temperature drop index; fine water mist additive;
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Fig.7 Pressure distribution curves along plate center line of
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Experimental research on aerodynamic force effect of multiple plumes
based on pressure-sensitive paint technique
WU Jing""*, CAI Guobiao®

(1. College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350116, China;

2. School of Astronautics, Beihang University, Beijing 100083, China)

Abstract: The interaction of multiple plumes may cause interacted plumes with complex flow field. To
experimentally study the aerodynamic force effects of interacted plumes, an optical measurement technique for
surface pressure based on Pressure-Sensitive Paint (PSP) was employed to globally measure the aerodynamic
force of a plate model impinged by single-and dual-nozzle plumes which used normal-temperature air as the
working gas with high resolution. The strength and region of the aerodynamic force under different distances
and angles between the nozzles and the plate were analyzed. The experimental results show that PSP using poly
(TMSP) as the binder and PtTFPP as the luminophore exhibits fast response and can distinguish tiny pressure
variation of Pa level in the plume aerodynamic force measurement. Compared to the conventional method based
on discrete pressure taps, PSP is low temperature-dependent, is capable of measuring large pressure gradient,
and can accurately describe the aerodynamic force effect of plume. It is found that the aerodynamic force is
significantly enhanced by the interacted plumes, and the enhancement effect decreases as the incident distance
reduces. The aerodynamic force of the interacted plumes cannot be directly superimposed by those of single
plumes linearly. Plume interaction enhances the backflow intensity, and thus the plume shield after multi-
plume interaction should be taken into account in spacecraft design.

Keywords: vacuum plume; interacted plumes; aerodynamic force effect; Pressure-Sensitive Paint

(PSP) ; pressure enhancement
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A method for GNSS-IR soil moisture inversion based on GPS
multi-satellite and triple-frequency data fusion
SUN Bo', LIANG Yong" *, HAN Mutian’, YANG Lei'?, JING Lili', HONG Xuebao’

(1. College of Information Science and Engineering, Shandong Agricultural University, Taian 271019, China;

2. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China)

Abstract: Soil moisture monitoring is one of the key applications of Global Navigation Satellite System In-
terferometry and Reflectometry ( GNSS-IR ). Traditional GNSS-IR soil moisture inversion methods generally
utilize only one frequency of single satellite, which lose the opportunities of taking full advantages of difference
and complementarity of satellite signals with different orbits and frequencies. To solve this problem, this paper
proposes a joint inversion method with weighting fusions of the L1, L2 and L5 frequency band data of GPS
multi-satellite. In this method, the weighting factor is determined by an adaptive fusion algorithm based on the
minimum variance. Field experiment is performed for verification. The results show that, compared with tradi-
tional Larson method on the test set, the correlation coefficient and the root-mean-square error of the inversion
method proposed in this paper are 24.69% higher and 22.28% lower respectively, and meanwhile compared
with the fusion method of the mean value method, the correlation coefficient and the root-mean-square error
are 26.77% higher and 23.26% lower respectively. Experimental results prove that the proposed method can
effectively improve the inversion accuracy.
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Tactical activity recognition model and online accurate
inference based on CIDBN

GUO Haifeng" * , LIU Honggiang' , ZHUANG Yanlong®, YANG Haiyan®

(1. College of Aeronautical Operational Services, Air Force Aviation University, Changchun 130000, China;
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3. College of Air Control and Navigation, Air Force Engineering University, Xi” an 710038, China)

Abstract: Tactical activity recognition is an important research content of battlefield situational aware-
ness. In order to improve the accuracy and real-time of tactical activity recognition, a tactical activity recogni-
tion model and online accurate reasoning based on Context-Independent Dynamic Bayesian Network ( CIDBN)
are put forward. Based on the analysis of tactical activity mechanism and Dynamic Bayesian Network ( DBN)
theory, an initial tactical activity recognition model is established. In this model, threat index nodes are intro-
duced to influence the termination and selection of activities, and the fuzzy membership function is used to dis-
cretize the continuous variables. The model is simplified based on the relationship of context independence,
and the new tactical activity recognition model based on CIDBN is obtained. The interface algorithm is extend-
ed to the model and an online accurate reasoning algorithm is proposed. The simulation results show that the
proposed tactical activity recognition method has the advantages of high recognition accuracy, low uncertainty
and high real-time performance.

Keywords: Dynamic Bayesian Network (DBN) ; interface algorithms; context independence; threat in-

dex; exact inference
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Numerical simulation of parafoil inflation process based on
fluid-structure interaction method
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Abstract: To study the fluid-structure interaction dynamic characteristics of rammed parafoil during infla-
ting process, a folding model of rammed parafoil with multi-chamber was established based on the theory of
free form deformation. The time-step updating technique was used to make fluid field move with the movement
of the parafoil system. The nonlinear dynamics numerical calculation was carried out with Arbitrary Lagrange-
Euler (ALE) method during the unsteady parafoil inflation process. The numerical results are in good agree-
ment with the airdrop test results. The three-dimensional shape and unsteady flow field distribution indicate
that there exists a wake recontact phenomenon with “tip warping and central depression” due to the tip vortex
during parafoil inflation process. The inflatable law of each chamber is symmetrical with respect to the central
chamber. The dynamic variation law of parafoil aerodynamic characteristics is analyzed and the glide ratio is
stable at 2.24 after inflation. The conclusions provide a theoretical basis for parafoil design and inflation per-
formance prediction.
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Table 1 Average surface stiffness of scarf-repaired

laminates in four hygrothermal environments
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Table 4 Comparison of maximum tensile and
compressive loads of scarf-repaired laminates in

RD enviroment between experiment and

finite element method

PERE  EREFHEAN FRROTER/KN R/ %
AL 104.7 106.0 +1.2
TE4i 79.0 80.3 +1.6

LTHEREIT

(a) gasiR (b) FyFRoCHs R

K10 RD PR35 T $2 % s 56 A AT BR IS s (e SR AR 00 He
Fig. 10 Comparison of tensile failure profiles of scarf-
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experiment and finite element method
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Table 5 Corrective parameters of composite CCF800/
epoxy in RW, ED and EW enviroments
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Effect of hygrothermal environment on tensile and compressive
properties of CCF800/epoxy scarf-repaired laminates
ZHANG Jie"?, CHENG Xiaoquan' *, CHENG Yujia', FENG Zhenyu®

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. Institute of Telecommunication Satellite, China Academy of Spacecraft Technology, Beijing 100094, China;

3. The Airworthiness College, Civil Aviation University of China, Tianjin 300300, China)

Abstract: As the aircrafts after scarf repair may experience hygrothermal environment during its service,
the effect of hygrothermal environment on tensile and compressive properties of scarf-repaired laminates was
studied in this paper. The tensile and compressive properties of composite CCF800/epoxy scarf-repaired lami-
nates in four hygrothermal environments were firstly tested. Then, corresponding finite element models of hy-
grothermal stress were established to explore structural hygrothermal stress distribution in different environ-
ments. Finally, the tensile and compressive property analysis models of scarf-repaired laminates in the hygro-
thermal environment were established to explore the effect of the hygrothermal environment on the mechanical
properties of the scarf-repaired laminates. The experimental results show that the hygrothermal environment re-
duces the compressive bearing capacity of scarf-repaired laminates, but improves their tensile bearing capaci-
ty, which is inconsistent with the common sense. Through experimental observation and mechanism analysis,
it was found that the fiber misalignment in CCF800/epoxy laminates is the main reason that the tensile proper-
ties of the scarf-repaired laminates do not decrease but rise in hygrothermal environment. Therefore, with hy-
grothermal environment considered, the problem of fiber misalignment needs to be paid special attention to in
the production of CCF800 fiber composite materials.

Keywords: composite laminate ; scarf repair; hygrothermal environment; tensile properties; compressive

properties; finite element modeling
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Research and detection of magnetic anomaly signals of
moving vehicles at different speeds
WANG Yao'?*, SHAO Jianda'”®, HU Guohang'*** , LIU Xiaofeng'®, ZHANG Kaixin'*"

(1. Laboratory of Thin Film Optics, Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China;
2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China;

3. Key Laboratory of Materials for High Power Laser, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract; As speed increases, there is the creation of non-steady-state materials in vehicles, such as
high-temperature combustion of gasoline and free charge accumulation caused by high-speed friction. These
signals can not be explained by magnetic dipole model suitable to ferromagnetic materials. To solve this prob-
lem, a method combining the equivalent model of magnetic dipole and motion charge is proposed in this pa-
per. The magnetic anomaly signals of vehicles at different speeds were calculated theoretically, their character-
istics in time domain and frequency domain were analyzed, and the dependence relationship between magnetic
anomaly signals and speeds was obtained. Further, a weak magnetic detection experiment device was construc-
ted for detecting the magnetic anomaly signals of vehicles at different speeds in time domain, using the Tunnel
Magnetoresistance sensor ( TMR) combined with filtering, amplification and analog-digital conversion technol-
ogy. The frequency-domain information was obtained using Fourier transform and the results agree with the
theoretical model. In addition, the frequency-domain signal spectrum shifts to the high frequency as speed in-
creases, which is extremely significant to extract weak magnetic target signals from low-frequency geomagnetic
background field.

Keywords: weak magnetic detection; moving vehicle; magnetic anomaly signal; spectral shift; magnetic

dipole model
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Periodic quasi-satellite orbits around Phobos and their injections
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Abstract: The Quasi-Satellite Orbits (QSOs) around Phobos are the most practical orbits in Phobos ex-
ploration missions due to their stability. With the planar circular restricted three-body problem model,
Poincaré’ s surface of section and KAM tori iterations are employed to investigate the periodic QSOs. Initial
conditions of periodic QSOs with different energy are determined. A method to design transfer orbits from orbits
around the Mars to periodic QSOs is proposed, which propagates orbits backward from injection points on
QSOs with a AV to somewhere away from Phobos to complete a transfer. The fuel consumption and transfer
time are optimized by changing transfer parameters. It is found that when the energy of the periodic quasi-sat-
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ty can be used for fuel saving, and a shorter transfer time can be achieved with a small impulsive velocity.
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Fig. 1  Situation of resultant potential field being 0
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Table 1 Kill probabilities of attack platforms to

targets in Scenario A

wikrs T-1 T2
P-1 0.41 0.65
P2 0.77 0.70
P33 0.51 0.64
P4 0.53 0.72

®2 BEHMEGERA)

Table 2 Target value in Scenario A

H b HArf E
T-1 3
T2 3

R3 AEEFBEER(HEA)

Table 3 Task assignment results in Scenario A

A 75 = P-1 p-2 P-3 P4
Aa T-1 T-1 T2 T2
D T-1 T-1 T2 T2
DD T2 T-1 T-2 T-1
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Table 4 Kill probabilities of attack platforms to

targets in Scenario B

%g T1 T2 T3 T4 T5 T6 T7 T8 T-9
P-1 0.58 0.65 0.72 0.67 0.63 0.46 0.52 0.79 0.50
P2 0.52 0.74 0.48 0.48 0.66 0.72 0.47 0.44 0.77
P-3 0.64 0.60 0.58 0.56 0.64 0.56 0.64 0.69 0.75
P4 0.48 0.78 0.47 0.40 0.68 0.76 0.69 0.69 0.72
P-5 0.52 0.56 0.46 0.63 0.52 0.51 0.70 0.71 0.42
P-6 0.45 0.65 0.41 0.66 0.41 0.57 0.48 0.69 0.60
P-7 0.78 0.43 0.42 0.74 0.40 0.63 0.64 0.59 0.49

x5 BHRMEHEB)

Table 5 Target value in Scenario B

H 5 H 7o 8
T-1 0.77
T2 2.20
T3 0.76
T4 0.62
T-5 1.70
T-6 0.65
T-7 0.75
T-8 3.30
T-9 0.50

®6 ESZSEER(FHREB)

Table 6 Task planning results in Scenario B

MR Pl P2 p-3 P4 P-5 P-6 P-7

ks T-8 T-5 T-8 T-2 T-7 T4 T-1
D T-8 T-5 T-8 T-2 T-7 T4 T-1
DD T-8 T-5 T-8 T-2 T-7 T-4 T-1
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Fig.5 Path planning results of circulating APF and
traditional APF with ID decoupling method and coupling
method ( Scenario A)

Wiy V- 65 i A2 P-3R o, B ARl o A g T-
TR

1) %A

e ID fif #5375 3CF , 3R APF J5 ik 5 15 48

APF J5 459 30 (W L B AH R, an il 5 fiR .

76 DD R T, P4 HE L R >
[ 1 X 38k 2 35 H bR A7 E LR FH £ 48 APF J7 3
P Jed 8 A /N 7] BTG e, an 11 7 BT, T SR R 30 3
APF 7536 WA ff , an il 6 FFR o

500

x RUGAE
— B
s a5 a HiR
300 7 < "R
100 -T-2 e

-100F \ R o T

. 0-({100 -200 0 200 400 600

x
6 DD figfl 75 s T B APY J5 ik B A0
MANEE R (G5 A)
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Multi-platform cooperative task planning with decoupling
optimization and circulating APF

JIA Zhengrong'?, LU Faxing’, WANG Hangyu® "

(1. National Key Laboratory for Vessel Integrated Power System Technology, Naval University of Engineering, Wuhan 430033, China;
2. College of Weaponry Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: For better performance in cooperative task planning, a multi-platform task planning method is
proposed with the high efficient Artificial Potential Field ( APF) method. For the coupling problem of task as-
signment and path planning in task planning, two decoupling frameworks are presented, namely Decoupling
with Independent path planning (ID) and Decoupling with Direct distance (DD). The objective function of
task assignment is constructed considering the sum of target value, range of distance between platform and tar-
get, and sum of distance between platform and target, and is solved with genetic algorithm. By presenting cir-
culating APF | the no-solution problem of traditional APF method caused by local-minima is avoided, and the
simultaneous arrival control strategy and path confliction avoidance strategy are proposed for path planning of
multi-platform simultaneous arrival. The simulation is conducted in different scenarios with coupling method,
ID and DD. And the path planning results of traditional APF and circulating APF method are also compared.
The results suggest that, decoupling methods can reach results close to coupling method but with less time cost
than coupling method. And compared with traditional APF method, circulating APF method is characterized
with better solution feasibility and path performance. For method application, it is recommended that ID meth-
od is used in big block obstacle scenarios for better precision, and DD method is used in sparse obstacle sce-
narios for better efficiency.

Keywords: task planning; path planning; task assignment; task decoupling; Artificial Potential Field
(APF)
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Beijing-Tianjin-Hebei carbon steel soil corrosion rate map based on BP-GIS
LI Jingyang'®>* | WANG Zhen', CHEN Yi', QI Junfeng', YANG Bin’

(1. Beijing Spacecrafts Manufacturing Co. , Ltd. , Beijing 100094, China;
2. National Center for Materials Service Safety, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In view of the corrosion of carbon steel soil in Beijing-Tianjin-Hebei region, the prediction
model for corrosion and pore corrosion in soil were developed using Back Propagation ( BP) neural network.
The main influencing factors were used as input parameters. According to the values of main soil corrosion in-
fluencing factors, the carbon steel soil corrosion rate was predicted. Average annual carbon steel soil corrosion
rate in China was mapped based on Geographic Information System ( GIS). The research shows that the aver-
age annual corrosion rate of carbon steel in Beijing-Tianjin-Hebei region is higher in the northwest and lower in
the southeast in one year, and the average annual corrosion rate is basically uniformly distributed in many
years. The carbon steel soil corrosion caused by pH value, total salt content, soil temperature, total nitrogen
content and organic matter is more significant. The maximum average annual corrosion rate of carbon steel in
1,3, 5 and 8 years is 6.159, 2.322, 2.614 and 3.467 g/(dm’ - a).

Keywords: carbon steel; Back Propagation ( BP) neural network; Geographic Information System

(GIS) ; Beijing-Tianjin-Hebei; soil corrosion map
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3.2 BT RS 2R A0 BB 5 25 g0t

T A ) O v DR EC R G T, LB AT B Y
B bk 78RR IR R G Rz I
AR SR P A A2 1) 45 5 4 aKODR 2 UL I % 1 4 1) 5
W ok 312 T 2 Gt L B B R RE o

TE AL ERERIRZEN e = x) —u,,, BT
[0
s =ce+e (23)
A BH e WEEE R R IEZ W0 A + ¢ O Hur-
witz, X T E LR A +c =0 BFRAE(E AT 11 52356,
Bl e¢>0,

XF s oK, A4S
s =cet+e =ce+x, —x, =

ce = b, x, +x, + b, w —x,, (24)

% BB B AR B 22 % s (A BR 4], 52 PR £
Gerh — MRAL T 2% 1 R AL RS AL s T SRR A 0
028 T LS H RL  RE AE  EAT A, e T
Pl e vt v T M L 2E A0 R R R X —

I\E] @ o

f(':':'k, j‘jﬂz%ﬁ(;é=£z _x.m;§=0é+é,é=£1 ~Xygo0

7E X Lyapunov pRE R V. :%sz L

V. =ss =s(ce —b,,x, +x, +b,w-2%x,,) =
S[C(x.l _;52) _bln(xZ _562) + X3 _923 -
ks] =s(- c;cz + bh‘;cz —;63 -ks) =

— ks +s[ (b, —c)x, —x3 — k5] (26)
Rl w, =8, —2,50, =%, —x,35 =5 —s =ex, +4,,
AL, (b, =), —x,y — ks BYR/NBCHR T fi
BT TR LI 1 2% 4> R B WL 5% 22 L, X
A= [ (b, —c)x, —x, —ks| WA
I./ﬁ <-ks +%(s2 +A%) =~ (k —%)52 +

1 _ 1o
SA = -2k 1)V, + A (27)

Sa=2k -1,8= A MRER IR, <
1 .
-2k, -1)V, +7A2 B fif vl L 7n
Vs(t) < e—mvs(o) +Bje—a(/—r)d7_ —
0
e “V.(0) +ﬁfe_a(w)d( —a(t-7)) =
aJo
eV (0) + B (1 - ey (28)
o
N 1 )
HH k. >7,91'JEI4%':

lim V_(1) =% (29)

i # E Lyapunov p& BO6 ] 36 & 42 (19 2
PEBEAT T 40 BT ORAIE T 2R G i W SrE | Wi s o B
P TP A b, A8 S8 0,0 B3 (25) 0]
L, A A5 5 P A RO S A B IO 5 PR IO I AR
0 3 AR b, AN R I AR R A
il 2 G0 2 O 0 2 B A B0 0 1 5 R A
PR 1 T kg TC e Bl 15 B0 T i 28 GIR 2L T 4 5 T
R P ERIAE T B R IURT LRAIE & S8 BRSO BT
EE T BURKING 5 o LK (BN RS NI 2
2 L AR IR R 48 B e 0 7 B BR R R R

4 BKEMHE
FIF MATLAB/Simulink 1 AMESim {5 2 -

B, E T RE AR RGOS O H A
Hob s RS RAE AMESim 5 78, 2% T 75K
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RS LN 2t A T 42 A ¢ A5 1 fE MATLAB/ Simu-
link gy o RIS P B R ER 5 B T WK &
GUitk U A R AC B BB A M LB
T A7) A R AL R ) S R A MR SRR
TR R B Oy AN A 2 FFR, f 2S5
mE 1R,

T S UE AR ST AR A o SR ) O A o
TR A WL 5 A T A T 4% A PID 45 i 6% K
T GE i R 2% 3 M At O SR BEAT XS He 3T o 3
10 2 07 LA R AT LB, I 3 A 45 ] 4% b
AR BB S8 Hoh 2 TP 50K
AL i Y R A% (T e T R AR ) B2 8

BUEH w, =500,c =800,k =500;PID # %8
SR N P =5000,1=10,D =0; ) T fii %} L5k
PNV R A G B T 2% S BRI BT

SRCTR A LN 2 B T 5 922 1 38 DR — 380, BV IO € =
800,k =500,
N T RERS X R G REHE AT E IR, A SEH]

AR S E LT 3 LR G PERE R AR T T X &
GEPERE R TPAR 43 S0 A+ R 1R 25 2 X (B Y de R
Loy » X — B0 AR 42 ] 5 9 B BR P BE 5 BR B 3 22
FT7 BB Ly, 1X — FE AR AR P ) B AR A
AR S SF 2P BE 5 4 B RO T 8o 2 8
Lyse 3K —F8ARAR AR ) 0 422 1] 550 B2 F) R/

MATLAB/Simulink Q.J—:El -5
| 'S | —m
— wer — \ .
> WA EREN
o lmr i % . | g
L adle = I— ‘Wa-wa‘
T L rensuws [

LF’

20 NG o A ) ‘ ‘_ = e
2 MATLAB/Simulink 1 AMESim Bt & {j5 H A5 I
Fig.2 MATLAB/Simulink and AMESim co-simulation model
®1 REBRARRZHESH
Table 1 Simulation parameters of pump-controlled Lyse = N 2 [w(i ) ] (32)

electro-hydraulic servo system

2R e fe
X s A HE R/ (mL - v 13.3
R fRT % ZE EL AR/ mm 40
1% ZEAT B A2/ mm 28
fER i/ kg 55
) Al FELBIL A5 i) o o AR
HEBERIEE /(N - m - (°) ) 10000
WA B 1 I K 71/ MPa 0.3
JEACEEHE /N 30
WL ML R 100
(N-(m-s"H) ™"
W ZEAT R /m 0.2
THIV T AR £/ MPa 700
{7 IR v L B AR i/ (kg - em®) 50
i i I TR J1/MPa 15
W ES MR 2%/ (L » min ™'+ MPa™") 0.3
W LR EE 03 /N 50
Lpp = maxy‘e(i)‘ (30)

1 ;’V

lyse = WZ e(i)]’ (31)

BUE R Geastr i 18 i W A AR SR
Y1, 09 1 LB i 4 AR AN [R] 00T B9 PERE , 20 %l
MELT 4 Fifs S BEAT R B PR 00T, BRER I
3 0.1 Hz B H 4 SO mm BYIE LA EAE S, H )
JE D3 P BT 4 ) 4% B R RO 2 e 4 > MR BE
3000 NBMER T4 T, BREZ A 0.1 Ha (@B
50 mm [ IE 5207 BEAS S, B ARG T B 4
AR ARPT R R PEBTER T A RE 1 s 2 HOEH 21k |
s B 26 1F R BRER IR O 0.1 Hz iR (A
50 mm B IE 5K 07 B A5 5, FAY = 03 BT 5034 il
AARYT S A% 3 KA B T 0 B RE U752 Hz,
1000 NAR5X T4 R BREZSIAN 0.5 Hz MR 5
10 mm {4 1 5% A0 A5 5, F A9 I3 BT B3+ 4 il
i BRER AL B AR S ARSI AR R TR BE S
4 B O AN [R5 i O vk B PR RE XY Ee e A A E

1) ETHEL T, BRE AR 0.1 Hz M5 {5
50 mm B IEEALEAR S mE 3 (a) kK2
(9 1o 385 PT LAFE H PID 45 1 g 1) d5 K BR B0 22
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Table 2 Comparison of comprehensive performance
indexes of tracking 0.1 Hz,50 mm sinusoidal position

command without disturbance

Pl 7 Iypp/m Tysp/m*  Iyse/(rad - s7')?
PID 4z 4] 1.30x107% 1.16 x10°°  4.52 x10°
1t G2 Y AL 47 il 1.00x107% 5.19x10°7  4.25x10°
NI+ RS 1.84 x107° 1.64 x107"0  4.26 x 10°

N 1,30 x 10 ™7 m, £ G5 W A5 45 ] 25 A0 B R R Bt 1R
2279 1.00 x 10 ™ m, J T3 3R 28 0L 2§ 1) 1 45
P 2 e KR ER IR 220 1.84 x 10 7 m, AL T
PID 2 16 #5 I 15 314 1) 25 19 S R BRI 1R 25 /N T
98.6% , HH Lt 1% G ¥ B4 ] 25 BT B T4 1 5 14
RIS IR 2 WU T 98. 2% 5 H BT % 3 1 1 28 1
Lysp T8 PR BT /N T PID $8 il #5 F 4% S8 1 A 42 1
A, AT LLE B BT U 4 o A A TR R
SR PR AR T A 2 Bh R AR s e Ah, B 3 (D)
B2 Wl Ly A6 AR 0T LA, BT 48 ] 25 1
Pl /N T PID 5 4 25 i L X U B 5 PID
e AR AT IR R R 2 W LR N A R T
PR BTl oA T PR £, 5 2 g )
HE S R T A2 0 T S L 2 X — 4 4 A o R B2
WM B E /N AR, mE3(e) . (d)
15, BB T sk IR A5 0 I 5 BE 52 B4 W T8 )
o7 A B RS AT
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Fig.4 Tracking 0.1 Hz,50 mm sinusoidal position

command under 3000 N step disturbing force
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Table 3 Comparison of comprehensive performance
indexes of tracking 0.1 Hz,50 mm sinusoidal position

command under 3000 N step disturbing force

a7 ik Lypg/m Lysp/m®  Iyse/(rad + s71)7
PID # 4i 6.50 x107% 1.76 x 10 ~° 1.02 x 10*
1t e W A 47 i 3.00 x107% 1.36 x10 ¢ 9.80 x 10°
NI ES + W AR 1,90 x107° 1.72 x10~° 9.88 x 10°

22 AR, T3 BKCR S TLI 2§ 1) T 45 ) 2% F 3%
TR IR ER R 22 B AR R B RIR 22
1.90 x 10 ~* m, b J5 £84F 0. 6 s 1% 22 1B Pk & 2 m
AT AT 7K IS T 458 hy BHRAEL R 428 R0 5
1% e v B i 2% T WA T AN, 7 T R A
KA IR sk, R i 22 M R 3 4k 88 . L
P AR BT, BT A SR m EL A R Y B A
P, XA 38 T FT 8 9 ok R 2 LI 2 X6 3 4 K
B 0800 5 2 o 28 % P 08 E A A L T 4 (D) R
T KR A LI X % X 5

3) ZHORFIAE A R SR AT R
EESR RN 0.1 Hz i {4 50 mm 1 1E 3% 47 BA5 5 .
h T BAES BRI B AR R RS AT
RYNERE, 7E AMESim rp L 7 800 5 M 5k 1Y
55 kg A%k 165 kg (22 K 200% ) , FivEFHJE &%k B,
A E R 100N/ (m/s) 28 % 1000 N/ (m/s) (A8 K
900% ) , ¥ R 4T 1) P9kl R 4L C, k19 0.3 L/
min/MPa 75 7 0.9 L/min/MPa ( 25k 200% ) ; £ %
BRI BB A8 AL i TRl B A 0. 1 Hz #3132 000 N 1
1E 5% T4 0 (05 B4R B A) F15 000 N #Y B Bk
TV (5 EHEATE) 20 s BN ) 5 1 42 1l 45 2 54
RS f BA5 R WE 5 fE 4 PR,

M 5(a) e 4 il 1, F8 45 0T LA, PID
Pl o A e K IR BR IR 22 0 4,19 x 1077 m {4 550
g o) 25 0 R BR BRI 25 0 9.30 x 10 7* m, BT
75 IR S LI 45 %) T 42 ) 245 7 i R R R 1R 22
4,80 x 10 ~° m, I T PID $5 il 2% B % 14 il
PR B KRR IR 220N T 88.5% A TG 1
R4 ) 8 T 38 T 9 1 2 A AR R R B R 25 0N T
48.4% ;i HAE i HiE AT 5] 20 s B, 78 AT 19 1E 5%
T4 7 B AL A 5000 N [ B BR T4 7, 76
WIS T4 7 BsF, PID 428 il 5 Hh BRAR K i IR
BER 2, S EOREGD AL B BRI, B
ERR 2220t 5. 1 s A WA B A AT 19K 5 fi
ST IROIR S LI 5 11 VA A o B AE 52 9 T
JIBT, BRI 22 AR K H PR A 4 5Kk 2SI 5
M AEAE % TR EAT T LA (RS (b)) #
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Fig.5 Tracking 0.1 Hz,50 mm sinusoidal position
command under the condition of large range variation of

parameter and strong disturbance action
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Table 4 Comparison of comprehensive performance
indexes of tracking 0.1 Hz,50 mm sinusoidal position
command under the condition of large range variation of

parameter and strong disturbance action

P )7 e I pp/m Lysp/m>  Iyee/(rad - s7')?
PID # il 4.19x107% 2.88 x10 ~° 2.31 x10°
18 G5 v A 9.30 x10 7% 2.50 x10~° 1.65 x 10°
AL A% + WS 4.80 x 107 4.32 x10 78 1.66 x10°

A AR BRER IR 25 AL R0 1. 2 s fEIR A B A+
PEHT K A T B BAR A 45 T SOR 3 — &5
KU PID 5 ) de AH b BT B35 il i ol DL BT
SR BN 5 [ I, 18 2 BORE B AR R B B0 T, BT i
TP AR 1y S8 AR T /N T PID $5 1) 45 A 1%
G5 W R ] 4, IR W BT LT 4 1 A AR R A A S
B S- K PERE DL T H b 2 s ) e, [R] F 35 BA P
B e AR A 2 4 R A 1R S BORE [
ARPE R B0 75 9K AT AR 5 v 4 A R B R
fEs AN, 1 4 PR Ly AR A nl LU, BT B3t
s il e 1) 2 1 /DN T PID 5461 A B0 i i 3 P
BRERIRZE 0 OB A P A B o 28 bl 4%, BT i
THPE T 4R A LT HAD 2 R &%, X RSB
R B2 A K 5 HE s AR s T B i
Pk

4) 2Hz 1000 N 4252 T4 1T, BB 3R N



1166 b B = R KR

e A iR
A

2020 4F

0.5Hz IE{H H 10 mm B 1FE 3% 7 B(E5 5. H
K 6(a) Bk S 4%, 76 1000 N K% TN T,
PID 454 2% (0 e R BR BRI 250 1. 18 x 10 * m, f&
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Fig. 6 Tracking 0.5 Hz,10 mm sinusoidal position command

under 2 Hz,1 000 N cosine disturbing force
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Table 5 Comparison of comprehensive performance

indexes of tracking 0.5 Hz,10 mm sinusoidal position

command under 2 Hz,1000 N cosine disturbing force

il 77 vk Iypg/m Iysg/m”>  Iyse/(rad - s7')2
PID #% il 1.18 x107% 6.14 x10 > 1.58 x10*
AL 1) 1.40 x107% 5.96 x 107 4.74 x10°
NI EE + W AR 7.55 x10 7% 3.83 x 10 ° 5.12 x10°

(4 i b T/ T PID 5 A 60 B s i
P 6 () AT, 47 sk PR 2 LI 4% X5 4% 5% T 48 7w i
BAF AL ROCR o @ X AR sX TR IR 3 FhE
il 7 v L R R A X LE A3 BT, B B4R R 2
(& e E— 2D A5 LIIE R .

5 &

A SCLASE A AL WA IR R G WS R 4, S
FE T S BN E AN T T X &R e i i
M), o i 7 bR 285 WL T % 11 A A ok Bk I
TREBRBMAMRAS D &5 TIZRGE L E R
ERPERE o

1) 3 A 5 40 2l B8 0 2 45 o W AR IR R 48
0 R B AT A BRI B, AT AL T 1 A% BT

2) FETFP AR WL &5 B A AR 2, Bt
T RE B & G2 W B &, R IER] T R TR
EME

3) BRE U HA R KW, 5 PID £l 48 Ff% 5t
AL A LE, B BT 5 ) s AN AL RE I R e Y
o7 i BR R 5% 22 WY S /0, i EL G AR G2 1) 2 e A
2 G as 47 B v 32 2 9 SN T P8 01 BoA 39 1Y
PR, BT T R AR PRI ACR

PR T5 1 Tk — 25 B T A A L WA AR R
4 N 3 5, BoA E B B RS PR
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Extended-state-observer based sliding mode control for
pump-controlled electro-hydraulic servo system
GUO Xinping' , WANG Chengwen'> " | LIU Hua', ZHANG Zhenyang', JI Xinhao', ZHAO Bin'

(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. The State Key Laboratory of Fluid Power and Mechatronic Systems, Zhejiang University, Hangzhou 310058, China)

Abstract: A sliding mode position tracking control strategy based on extended state observer is proposed
for pump-controlled electro-hydraulic servo system. The mathematical model of the system is processed by re-
ducing order using singular perturbation theory, and the mathematical model of reduced-order pump-controlled
electro-hydraulic position servo system is obtained. Aimed at the complexity of pump-controlled electro-hy-
draulic servo system and the disturbance of random external load, an extended state observer is designed to es-
timate the disturbance on-line. Besides providing the estimations of disturbances, the observer can also esti-
mate the position and velocity of piston rod. Based on the sliding mode control theory, a sliding mode variable
structure control algorithm is designed using the estimations of disturbance and speed. The stability of the pro-
posed control strategy is analyzed. Co-simulation model of pump-controlled electro-hydraulic servo system was
conducted using MATLAB/Simulink and AMESim. The feasibility and effectiveness of the algorithm are veri-
fied by co-simulation. The simulation results show that the extended state observer can accurately estimate the
disturbance. The position tracking performance of the proposed extended-state-observer based sliding mode
control strategy is significantly better than that of PID controller and traditional sliding mode controller, and it
has strong robustness to external disturbance, which improves the control performance of the pump-controlled
electro-hydraulic servo system.
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trol; singular perturbation theory
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Control-oriented modal analysis and dynamic modeling for
six-degree-of-freedom piezoelectric vibration isolation platform
YU Shuaibiao', ZHANG Zhen"* | ZHOU Kemin®

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, China;

2. College of Electrical Engineering and Automation, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: The strong coupling between the channels of the six-degree-of-freedom piezoelectric vibration
isolation platform and the inherent hysteresis nonlinearity of the piezoelectric actuator pose challenges to the
system dynamic modeling. In this paper, based on modal analysis technology, the control-oriented nonlinear
dynamic modeling of six-degree-of-freedom piezoelectric vibration isolation platform is studied. After fully con-
sidering the hysteresis nonlinearity of the piezoelectric actuator, the Hammerstein nonlinear dynamic model of
the vibration isolation platform is established by the modal coordinate transformation method, including the
hysteresis nonlinearity subsystem at the input end, the decoupled modal equations and the modal positive/in-
verse transformation matrix. The parameters in the modal equation are identified by experimental measurement
method. The static hysteresis nonlinear subsystem of the piezoelectric actuator is obtained by MPI model. The
correctness of the hysteresis model is verified by inverse compensation control experiment. The modal inverse
transformation matrix is obtained based on the hysteresis inverse compensation strategy. Finally, a dynamic
model of the platform was established, which laid a good foundation for subsequent control.

Keywords: decoupling; modal analysis; hysteresis nonlinearity; inverse compensation; six-degree-of-

freedom piezoelectric vibration isolation platform
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A roll angle estimation method using GPS based on adaptive filter
LIU Yang, LI Huaijian, DU Xiaojing "

(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The two main techniques for Global Positioning System ( GPS) attitude measurement are to use
GPS carrier phase and signal power, but the measurement information is single and independent. Aimed at the
problem of attitude measurement of a spinning vehicle, a roll angle estimation method using GPS based on
adaptive filter is proposed, which measures the roll angle and roll angular velocity by combining signal power
and Doppler frequency information of GPS receiver antenna. The system model of the roll angle and roll angu-
lar velocity measurement is established by using the current statistical model, the measurements are selected
according to the predicted estimation value of the roll angle, and an adaptive filter is proposed. The adaptive
filter algorithm of roll angular acceleration estimation is used to realize the adaptive adjustment of the variance
matrix of the system noise, which avoids the selection of the roll angle acceleration maximum value and re-
duces the effect of noise. The feasibility of the roll angle estimation method using GPS based on adaptive filter
is verified by simulation, and the results show that the measurement accuracy of the method is higher than that
of Unscented Kalman Filter ( UKF).

Keywords: Global Positioning System ( GPS); current statistical model; Unscented Kalman Filter

(UKF) ; adaptive filter; attitude measurement
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i E: Hir W H kA& PASCAL VOC £ K HEFHAT ¥ F WK, E 2
EAREEZREGRFMAEFGRMNERXFRME, B, THLLERE G A, A
YOLOv3-Tiny & i ty ol b3 n 74P AEBR SE 3k, 0 TN B4R G £ & 093F X E &, F W & 14
R EPI AAZNE BB TRUERE, AT HRRBAMERFE, TRERLH R
J& B M-YOLO 54 M % 5 94.12% . A8 T SSD 2 YOLOv3 4 3% ,M-YOLO % 3% & £

MAEHRLHNEGT 11.11% F8 9.44%

X # WA AN ; YOLOV3; YOLOV3-Tiny; 5% 2 I 4 ; 454 Be 51 4% 3

HmESES: TP39I
MEARERG: A

B 18 SRR 1Y e 18 IR R Ak B AT 5T
HOR M2 B H M, BARZATE &4 TIF 2 M
A6 DN Bk, 5 el T A A I R A
ANt s PR PR ZR, e 2 v AR AR ARG 0 ) o 5 AT AR
B NERPES . A, 2R AR IE DL, H
i 98 7] 3k 50 ~ 100 km , b (g i R EE /N B
WS, BAERBUN B AL EZFE YT
PEPER A RE A, AR T PASCAL VOC %4 4 b ok
M7 2t A A H b o 2 R P A 2 2R/ H
i, BV 7 i i 2 BE RN A A A Y R 2
2315 MER.

et AW JLES D, a8l T B 5 i
RS Bk o A SR B R DL T L B T R
AR ETEM SIFT'" (' Scale-Invariant Feature
Transform ) FlI HOG ™ (Histogram of Oriented Gradi-
ent) FEAESR T ¥, A 18 s & 1 4% AR B bR
9 P AE X SR BURFAE 7 B, BT SVME Il Ada-
boost! " 4543 %% 2 X I A 44 A 1k 47 I3 A0 53 26 A
W, A7 H AR T AR TR R AL

XE4HS: 1001-5965(2020)06-1184-08

TERE ARG I 37 5 v SRR 28 ) BBk DX B, AROAR X
SR PRI AR G A PERE L (H A R 3 5T S H]
PEAR 25, 76 S PR AT 55 b dfE DA Gk B R 08 1 RS B . 4y
S0l H, 35 T Sl A O T DX B R M s
HEAT R i 8 A AR, VR W R R S I A

FI INTE ImageNet 3¢ 28 5| A 45 PR 28 ) 2%
(CNN) LIk, B2 S B R A5 28I T PR i & e
5545 58 0 AR AGE DN Bk R L, B R T B e A
T o 5 B 28 ) 4% o DI 4 1) 3 SR PR AR R AT 2 T
FI 3 1l DA PG e 4 B A 9 R AE 2% 2] g ) 5
HAR G P RSB s . H AT AT 09 H AR A 5
AT LA AP 2E s — 80 B T X H A A ) 45
7, Fast R-CNN ,Faster R-CNN""! Mask R-CNN
A5, 3K S0 BB R AR B B DX TR 30 A
MIH 55 8 G 7 — A Mg rp 48 T R RS B
LA 0 38 AR 0, I 32 A S IS T P 5K 5 S —
SRR IE T H 9 H AR K I8 2, 40 YOLO'™ (You
Only Look Once) .SSD'”' ( Single Shot MultiBox De-

Wi B 201907-19; EABH: 2019-10-18; M4 H A E : 2019-10-24 14 .38
M 2% H R # ik ;. kns. enki. net/kems/detail /11.2625. V.20191024. 1126. 003. html
E£TH: HEXARRSES (61872017) ; i RFHFH A KRS (190109)
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SIS E5H, £/, A E EFHAHYOLO ikt 28 & H G AR [T ] b7 = A XA # #2020, 46 (6) : 1184-
1191. WANG X K, JIANG H X, LIN K Y. Remote sensing image ship detection based on modified YOLO algorithm [J ]. Journal of
Beijing University of Aeronautics and Astronautics , 2020 , 46 (6 ) : 1184- 1191 (in Chinese ).
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tector) JF 5 | X S0 5k B HE A IR AR R 1 58 il
LN E i = w3 B T i FE A R L S 2
i — O, i RE A5 2 B B bR B AL & TR
50 LA KR I 1Y) A AR R T L A N R T DA
T SR Y R, IR TR 2R o B AE H AR
KoK 42 PASCAL VOC 2007 12012 |8 T
AR A RG I R SR , mT ARSI BN % sh ¥ 55 B,
HH X H AR 2 o A R R A3 A ] I A
SRS A E S A 10 ~32 R R IRE A
A X AR 1 A 0 R ARG, G 2R A e Rk ER
LA B AR S B AR D) JE AT S ok

ASCLLEE T 03 /) YOLOv3-Tiny 573k o g
T e A S L SN (EOS I I = I 7
YOLOv3-Tiny 559 Y 0 £ 152 28U rh | FH 5% 25 ) 4%,
PE R T REAE 4 I 45 0% A I P B[R] B S AR AIE
B ST A B, A T 2 B AL S R A SUE R, NN
A5 U A AR A

1 MHEXTIE

AR R 2e S PR O A I 5B L 22 R T
BN TTVE o ARG T ] A B R T TR A
(9 H AR G 0B A RE TR R A o B A A
Bk

TEHE T HREE 7 2T 1 AR A I 45038 v, R A 42
Y B 3 It B v R R T XA [ U ) A i
% ¥, R-CNN Fast R-CNN Faster R-CNN"' % [
P R 00 B, o e X A AR R R Y T
AL & R I % R 4 T A 1 FAE , 15 P 2 e e A
0T A 0 SHE BT O S R A N 4, D X 4 T IR
K B BE R (5 )5 . YOLO™* R[] F ¢ 46 H #
RO 5532, HOR H AR S I AE: 55 24 Al — A [l U ) Rt
KA PR, i F— A A FRH 22 0 45, B D — e ik (K]
ORI H 2 SAE B AR A 300 SAE b A 5 W A Y
BASE MR, SSDT T T YOLO 3 F [l 4 1y
JEAH 454 Faster R-CNN [ € S AE , 318 H 713X HE
FUIM AL 4 53, B H Al T X R X BOF HIE 52
BUSCI G . R AE 42 5 35 W 4" ( Feature Pyra-
mid Networks, FPN) 5% H] £ RUZ R 1E 4 FHE X,
TFRE T —Fh BA R R B BT A 2R,
TAERTA RUEE F A v 90 SURAAE I, 5F 58 40 )
JEVAR fiF PR AR A5 B 4 ARG T 25 52 . R-FCN™ (Re-
gion-based Fully Convolutional Networks) 4 & T —
BT X 58 2 45 TR 2%, JL-F i A7 1 SRR A
AR B TR R > T S8R 4R
TGN O B R R R U RCR

N N ERTY Rl KER-S NN R ey SR LB

R o SCHRL10 ] 48 M 1 — i 5 7 45 B pi 22 0 2%
FRT LS ARG D00 B 7579 (S-CNIN) DA 3 5T 450 v 48 B
1 28 B A AN A I, I 45 6 B0 9 0 3 R A
SRk e ST ARDR 55 /0 B A0 T AR o 9K T A 4k 2
ANTR) B 2% 3 56T W A AR B, ARG DU o A R ARG
SCHR [ 11 ] R A SE i 1 2 3 (CFAR) ¥ LA 1Y
H A5 K 35 7%: Faster R-CNN &8y CFAR #i,
4 Faster R-CNN A i A9 %} 52 @ iUAFE S CFAR B3k
HIPRAP BT 1, SR BRI RS B AR, 307 1Ak A
W 265 Fr 73 A5 20 AR R BN Y 2 SR (B A A U
A 22 XBE R B A0 RS I A 70 ™ 45 8 25 2k 1)
A, SCHRL12 ] 4 7 — ol ik 77 76 Bl 23 1 19 45 A1
Pl ) 4 1Y FL A ARG 0 AEE 22 (SLS-CNN) |, 3 &1
SLS-CNN £ 4% | . 35 P2 3153 70 f 9% R AR 25 52
Ko BRMIAE IS A TS T B A KR L i A
i, — ELAR B URE, TUAY X AR B8R, I AN
T AR ORI H B #AE , &% S BUG I £ R .
WR[ 13T T — b2 T YOLOV2' ™ S5 3% i A
K2 YOLT( You Only Look Twice) , YOLT #E
A A 2 B A 2 IO 445 Sk T 2K ) RN 1 A
5% GoogleNet [ 2% 254 , LA S B 2 B 32 17 ) 45 45
I A T8 . YOLT eI 25 A i€ i /g 46 Il
PR, KRS TERER, WM LUy &
AN Gt bR SCE B SRTT YOLT B4 457 AiF il &
T, BAB/NRZ R, gz R i XEER,
233 /I FAR 9 o SCRFAE 25 2k 7™ 5, A A ) 7 4
BE/IN Y L I A AN M B85 0

2 YOLOvV3-Tiny EEFB R

2.1 E-FHARKNAE YOLOvV3-Tiny & ik

YOLO 553 28 2o A Ak A 3% AR, 76 A6 T 1 R
HBAL T SSD  Faster R-CNN 4553 o 7F W 2% 45 14
I, YOLOvV3 G5 T YOLOv2 Darknet-19 D4 M HAth
BBV ZE M2 S 3 x3 T x 1 HREH
G o. Wh — Il 53 AN ERIE, MR
Darknet-53 .

YOLOv3 [ 2% & Sg 418 22 Jak [81 150 2E 47 i 4 2 497
HCE] 416 x 416, I35 A B 28 W 2% 047 4 B,
R Al Do) % A AR (%) A R oG i 45 SR R A 7 AR Al R A
21 5], YOLOv3 [ 48 % 5 A 8114 %) 43
BES x S AP G SR R A& B s TR A R B bR
/RN UB e S T = i 11 S 7/ K % N 5 g
& TR LA 00 40 0 300 R AE B 4 AR RS A A (e, Lt
t,,0,) LA SCEAR AR 7. YOLOV3 W25 7E 3 Fij A
[F] A AABE L AT TN, 435302 13 x 13,26 x 26 FlI
52 x 52, RRFPAL B 3 4~ HAE . 7E COCO %K
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P 4L S8 vh L YOLOV3 B33k 43 03] Sy 4 b HL AR 2% 931
W7 3 A FAE, B ISR sk i 2 S x S x [3 x
(4+1+80) ], Horb 4 5% 4 A3 FAHE Y AL 45 (o,
t,t,,t,) 1A H AR LA K 80 Ff 43 26 ftill . ik
B VAR 70 b AR T g A8 A L, U B3 5 A% AH X
TR A b5 R (x5 500, HSE K0 1 FAE (Boun-
ding Box Prior) B % & Do N Py » AR A Tl
L P RS DU HE AT LR R

b, = o(t,) +x,
{b, =o(t,) +,

b, = p,e™

{b,, =p,e"
A (b,,b,) R R HE B o A bR o () RN
t, Mo, HJ—4kk 0~ 15b, F1 b, 3 ) Sk A 0 HE (1
T R B

WiE 1 Fr7s, YOLOv3 [ 28 1 3 A A /] RO
B EATEUN o U )ZE ] TAE 3 AN AN R R /N 4 AR
P BP0, R AE P D R 2 0 2 32,16 .8 X
BWE, M A KRR K /NR 416 x416 B, YOLOvV3
PIL&AE R 13 x 13 .26 x 26 Fl1 52 x 52 | AT
I 32 0 2% A 5 — A I 2 =2 H R i A R AT
T ORAE RGN 2 AT 2D R Sy 32 1Y 2 B R AR 1A A
Freill o BEJS fERAT N 708 2 8 BRI LIRS
B — )2 0 RRAE 1B CRRAE B RN AR TR DF 2. 5
—AKEIAE AL 0 16 /Y2 AT . R R AR
EOREEL IR B Ja — R AE D R D 8 B JZ R
1o B RE B BARITE A 3 A 5 B0
3 AN FAE B s R 9 (AN T[] RLJE B i s A
[]) o YOLOV3 1E 24> KU A 45 E ] _EASCR: I, Xf
TN F b B8RS 0 OR £ T 5 2 I Y

Type Filters Size Output

Convolutional 32 3x3 256x256

Convolutional 64  3x3/2  128x]128

Convolutional 32 1x1
1%|Convolutional 64 3x3

Residual 128x128

Convolutional 128 3=3/2 =64
Convolutional 64 1]
Convolutional 128 3x3
Residual 6464
Convolutional 256 3x3/2 32x32
gon\-'o:ulionai ;28 ;x;
onvolutional 256 3= =
Residual 32532 Beales
Convolutional 512 3=3/2 16x16
Convolutional 256  1x1

J
X

8

»

8 |Convolutional 512 3=3 Scale?
Residual 16%16
Convolutional 1 024 3x3/2 8x8

Convolutional 512 =1

4x|Convolutional 1 024 3=3

X

Residual gxg  |Scalel
Avgpool Global
Connected 1 000

Softmax

YOLO Detection

K1 YOLOV3 ¥ 44 51 75
Fig.1 YOLOv3 network architecture

YOLOv3-Tiny % 4% & YOLOv3 [ % i) i 1k ,
JEHZE T FPN ORI FCN 5335 BRI 254 1% 5 Ak,
Ko oKs B2 A 7 AR K42 . YOLOv3-Tiny ffl & 1
2 AR (13 x13.26 x26) , 78 2 A ]UE Rl G 4y
I P14 5300 57 ASORSE 0 TR) B b SR R R LS B i
W0 2% 27 2] 240 KL B2 R AIE , 5 B AS DU /N B AR

Sy 7 % YOLOv3 1 YOLOv3-Tiny %% % /]
H 5 B K 58 77, 43 5 A YOLOv3 Fl YOLOv3-
Tiny %} PASCAL VOC # 44 b iy 20 3¢ H bt 47
R, I 31550425 H bR i R 0 v 2 R 20 26 H B
R~ BT AG  VEEA R (mAP) S5 SR IR 1 R,

T H# YOLOV3 Hl YOLOv3-Tiny % il
TR T AR AE RS (AP) , ASCRIEEE T
T SRR A L 2 S 2% AT I, B A S 0
TOMMEZE) o VIZRES, WItR B B 2% > %624 0. 001, 5
I FZRECK 0.000 5, 76 Il Z53% A8 Uk 5 A 40 000 ¥k A1
45000 ¥ B, 43 A ¥ 2 2] A FE AR R 0.000 1 A
0.00001 , fff 4 2% ok B it — 2B W 8, R &
45000 RERZ G, &S B EEEARTLE

Y25 45 505, 4% 3 K] F YOLOv3 #1 YOLOv3 -

# 1 PASCAL VOC #iE & X £ Exitt
Table 1 Comparison of PASCAL VOC

dataset algorithm results

. mAP/%
YOLOv3 YOLOv3-Tiny
Person 70.89 57.96
Bird 40.62 22.79
Sheep 53.31 44.41
Cow 53.39 43.68
Dog 54.78 37.83
Horse 76.13 59.96
Motorbike 73.81 61.55
H{E 60.42 46.88
i mAP/%
YOLOv3 YOLOv3-Tiny
Aeroplane 64.09 47.14
Bicycle 71.05 61.44
Boat 43.56 27.49
Bus 68.16 58.10
Car 75.87 65.39
Cat 59.31 37.89
Train 75.21 53.92
H{E 65.32 50.20
o mAP/ %
YOLOv3 YOLOv3-Tiny
Bottle 57.43 47.41
Chair 29.32 13.45
Diningtable 36.04 25.78
Pottedplant 59.66 34.77
sofa 27.60 20.53
Tvmonitor 55.69 31.92
H{E 44.29 28.98
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Tiny Xt 1 8% %5 95 42 b /9 A0 28 B Ax 2547
JETET A S B AR 0 R I o AR R 25 R R 2
PR o

e 1 38 2 W40, 7F 38 %3 45 PASCAL
VOC I+, YOLOV3 B 3k () 5F ¥ 46 I o 8 % = T
YOLOv3-Tiny 2 ¥, T 75 3% BB 35 4 -, YOLOv3-
Tiny F53% 09 A6 W0 oE 5 52 20 b YOLOV3 B3 ik 48 &
2.55% ,

i CE, 7E ) H bRk I 2 HE 4E PASCAL VOC
B N SR H AR S R R R s ]
YOLOv3 % ¥ [t YOLOv3-Tiny 575 2 BUAS 58 411
i 25 2R o T AE R R R b, IR s
10 ~32 {83 ,YOLOV3 iy T M 28 4549 52 2% , M 2% )12
R i YOLOV3 3803 o I s A e 00 A AR I
YOLOv3-Tiny [ 45 55 51 42 & Ak, , 11 78 78 4 I —
/N H AR B, HAS I g 1 AR 58 . Hk, YOLOV3 [
HKPATEEREN T REZ XETRERSS
SO G2 B AT SRR RRAE 2 B o B A0 R R
M B bR HA LR Z RS, A YOLOV3 [ 4%
S AL Z N 25 A 08 32 A% JF AR [B113 % 13 (1 T
FE I, SR A2 B AR AE i R R T OR 2 32 AR
2, RBEOXE B AR AE O X A R &2k i DUAE
T JEBCHE A B X/ B AR B R TR, YOLOV3 [ 4%
4 A 00 4 Ay 2% A8 G I T YOLOV3-Tiny M 45

R2 MMBEEEENLER

Table 2 Ship dataset algorithm comparison results

Wik AP/ %
YOLOv3 84.68
YOLOv3-Tiny 87.23

2.2 YOLOV3-Tiny [ 45 1& & £ 1k,

FEF LI E YOLOvV3 1 YOLOv3-Tiny M 2§ X} %
SRR G RS A I 25 2R g b, AR S 3t R
YOLOv3-Tiny P11 T 2ttt & YOLO ¥ 4% 45 4
( Modified YOLO, M-YOLO) , M-YOLO [ %5 4 #4

ResNet
Block

W2 FiR,M-YOLO M %445 18 N EFUZ 6 4
Maxpool T K #£ 2 .3 /> Route layer JZ .1 4~ Up-
sample J= .2 > YOLO =,

TR M-YOLO 5 25 X% Mg A /Iy H A 9 46
WRE J1, M-YOLO 2 & H 45 BUZ 1R R A 2
32,76 416 x416 R R /N A3 R T, 40l
FRAESR UG 153 2 A9 2 4R AE 18 59 K/ 13 x 13
Fl126 x26,

A 416 x416 (18 &K 55 , M-YOLO ¥ %%
23153 13 x 13 F1 26 x 26 4 Flt A [ KB 1) 45 4iE
P, JF H R RS 5 E PR 54> 9 A% BT B 3
5'6%1{ A I A% BT T S 46 AE A AR AR AE (2,

J0) 5 DA RCREAS S 96 HE 1 8 AR R 4 B0 N A
?@ﬂlﬁ‘ﬁ{ﬂ' (N A6 B AR 89 B & 2851 ), i T A 3C
SR AR 2 A I, Rt N A B 1, A
Rk FLOCHY KRB 3 x (4 +1 +1) =18, f g5 2
BRI RS T B g 13 x 13 x 18 +26 x 26 X
18 =15210,

W 2 iR ,M-YOLO W25 D5 12 2 B2
Conv8 JT U730y 2 4% B A%, K5 AR 2 A R AIE 7L 456 3%
te = ) | B = = o (T S D A o = N
M-YOLOM %% H T 3 > Route layer 2, HAEH
T T L A R AE R, i LR Ho
N J2E 0 TG i 0 i J3E A B0 45 5 G SR AN 25 )
8 Route layer JZ 5y H 56 )& W 5 & H B C
HBCE N0,

M-YOLO R H] 1 5% 22 [ 4%, 1E 265 2 > F 45 3
DR RAEZZJE 53 5 A 8% 22 77 2 Bt i i —
J2 1% AT LA 1 e LR A D S T — )2 A
AL S T I R e . R AE BN H R AR
53, M-YOLO MZAES 11 DM ERZZEMEH 1T
3x3 HBRUZA T x 1 45 B2 A8 By 45 AiF e S 45

Pe, LIS 2 1 7F J2 00 18 SCAE 5L R v X e i
/I H A ARSI 1 e
%
5 “o 4:&“4
50 %, %
Conv9 Convl0  Convll r& /)’%o Pl
13<13 3[7| H 256 l'% 13+5] J.}.Oz,p
/.B‘_ /s(
7
1 YOLO
a? i
+ ’% Detection
o, 0
Convle Conv17

26x26x<256 26%26x18

K2 M-YOLO [ %554y
Fig.2 M-YOLO network architecture
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YOLOv3-Tiny W 2% 3% H] I 2R #F F1 fl & (9 45
L ElE T RUEE 1(13 x 13) FIRUEE 2(26 x26)2 4>
FOBE P RRE RS 2, 76 2 A ROBE By /il & R AE 18] I
S3 BIABOM SE AT o X T RUBE 2, WRUEE 1 v 2Z i
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Fig. 6  Ship detection results
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Remote sensing image ship detection based on modified YOLO algorithm
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Abstract; Although the target detection algorithm has achieved very good detection results in data sets

such as PASCAL VOC. However, the accuracy of ship target detection in large-scale prediction images is very

low. Therefore, according to the characteristics of the visible light reflection image, a feature mapping module

is added on the basis of the YOLOv3-Tiny algorithm, which provides rich semantic information for the predic-

tion layer. At the same time, a residual network is used in the feature extraction network, which improves the

detection accuracy and effectively extracts ship features. Experimental results show that the detection accuracy
of the optimized M-YOLO algorithm is 94.12% . Compared with the SSD and YOLOv3 algorithms, the detec-
tion accuracy of the M-YOLO algorithm is improved by 11.11% and 9.44% .
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Table 1 Technical parameters of GF-2 satellite payload
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Fig.7 ROI extraction process of remote sensing image
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Table 2 Absolute radiometric calibration

coefficient of GF-2 satellite
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PAN
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Bias 0 0
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Bias 0 0
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Fig. 8 Artificial image data sets
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Fig. 11 Quadtree based segmentation results
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Fig. 14  Spectral difference segmentation results
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Fig. 15 PCA dimension reduction results
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An object-oriented multi-scale segmentation optimization
algorithm based on PCA
JIANG Chenchen', HUO Hongtao"* , FENG Qi*”

(1. Tnstitute of Information Cyber Security, People’ s Public Security University of China, Beijing 100038 , China;
2. Remote Sensing Center of Public Security, People’ s Public Security University of China, Beijing 100038, China;
3. Civil-military Integration Center for Public Security, People’ s Public Security University of China, Beijing 100038 , China)

Abstract; Multi-scale segmentation is the basis of remote sensing images object-oriented classification.
The paper proposes an object-oriented multi-scale segmentation optimization algorithm which combines dimen-
sion reduction technique with clustering algorithm aiming at the subjectivity of optimal segmentation scale de-
termination of different regional features and the randomness of clustering center determined when using cluste-
ring algorithms. In this method, the initial clustering center is generated using the result of dimension reduc-
tion and sorting by Principal Component Analysis (PCA). Then the probability of merging each pixel is calcu-
lated by K-means clustering algorithm, so as to obtain the multi-scale segmentation results suitable for different
scales in different research areas. This paper comparatively analyzes, in combination with the existing image
segmentation methods and the original K-means algorithm, the K-means clustering segmentation after PCA di-
mension reduction, using multiple image databases, through a series of clustering evaluation indicators (inter-
nal and external evaluation indicators) and segmentation evaluation indicators ( segmentation accuracy, over-
segmentation rate and under-segmentation rate) to evaluate the result of different methods. The results show as
follows: first, the method of the clustering algorithm after dimension reduction is more stable than the original
clustering algorithm; second, compared with the traditional clustering algorithm, the PCA dimension reduction
can identify the optimal segmentation scale more automatically; third, in the combination of dimension reduc-
tion technology and clustering algorithm, visual and quantitative evaluation indexes show that the clustering af-
ter dimension reduction preprocessing can get higher-quality segmentation results.
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Control-aircraft state interdependent network model and
characteristic analysis

LI Ang'?, NIE Dangmin'?, WEN Xiangxi"**, WANG Zekun'*’
(1. Air Traffic Control and Navigation College, Air Force Engineering University, Xi’an 710051, China;
2. National Key Laboratory of Air Traffic Collision Prevention, Xi’an 710051, China; 3. Unit 32211 of the PLA, Yulin 719006, China)

Abstract.: The controller and aircraft are the key of the control system. They are closely related and inter-
dependent. Analyzing the relation of them can deepen the comprehension of the control system and maintain
the operation efficiency better. For this purpose, an interdependent network model coupled by aircraft state
network and control network is established. In the model, aircraft state network is composed of the aircraft and
their relative position. The control network is made up of the control sectors and their handover relationship.
And the weights of the edges between the networks are calculated according to the control difficulty. On this
basis, an artificial network is generated according to construction principle. The node degree, node weight,
weighted clustering coefficient, network efficiency and network robustness of the interdependent network are
analyzed. The analysis results show that the constructed interdependent network model can reflect the relation-
ship between the controllers and the aircraft and the importance degree of the control nodes is higher than that
of the aircraft nodes.
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complex network
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Vulnerability and defense strategy for gunship against HE munition

HU Zhengzhe, LI Xiangdong® , ZHOU Lanwei, CHEN Xing

(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; In order to study the defense strategy for gunship against small caliber High-Explosive ( HE)
munition, the vulnerability model of gunship under the attack of small caliber HE munition was established
and the vulnerable area of gunship in typical strike directions was calculated. The bottom of the gunship was
divided into several regions and the defense effectiveness of these regions was calculated. According to the cal-
culation results, the vulnerable area of gunship attacked from the lower-right back direction is 6.97 m*, which
exhibits the highest vulnerability. Considering the shape of the gunship, its bottom and sides need to be defen-
ded on the top of priority. The defense effectiveness of the two regions that contain front and back fuel tanks is
higher than 50% , which means that these regions should be priorly defended if the mass of armor is limited.
Adding the clapboard between the mainbody and the tail of the gunship can prevent the fragments spreading in
the lateral direction after explosion of projectile, which leads to the defense effectiveness improving from
2.93% to 11.07% , compared with direct defense of the tail region of gunship.

Keywords: gunship; small caliber High-Explosive( HE) munition; vulnerability; defense strategy; dam-

age assessment
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Abstract; Aimed at the low searching efficiency of traditional methods, this paper, using aimed search-
ing strategy, proposes a fast and accurate algorithm for detecting and estimating multicomponent Linear Fre-
quency Modulation ( LFM) signal parameters. The approximate relation between the power spectrum width and
rotation angle of LFM signal in fractional domain is deduced. This paper presents an efficient algorithm for
searching the optimal rotation angle using the variation law of power spectrum amplitude with rotation angle in
fractional domain. And it is concluded that the computation of this algorithm is small and has great advantages
compared with the traditional algorithm. In the case of low SNR, two times of S-G filtering can significantly im-
prove the detection probability. Simulation results show that the algorithm can reliably detect and accurately
estimate multicomponent LFM signal parameters under the condition of low SNR and interference between com-
ponents.
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Table 1 Fusion estimation accuracy with different

transmission rates
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{1,1,14 0.7130
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{0.5,0.5,0.5} 0.7244
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Abstract: The networked multi-sensor fusion estimation problem is investigated in the paper for a class of
networked system with non-fixed packet loss rates,which aims to solving the problem of modeling of non-fixed
packet loss rates in wireless channel and the problem of dropout compensation. The dropout rate of the wireless
channel is assumed to be non-fixed. A linear coding method is used at the sensor by combining the past sever-
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timator is designed by minimizing the mean square error accounting for the non-Gaussian non-white noise ran-
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