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Fig. 16 Frequency response curves with optimal parameters
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Abstract: The paper mainly studies the vibration control of the plate with piezoelectric network. After
giving the dynamic equations of the plate with piezoelectric network based on the homogeneous assumption, we
resolved the problem that the necessary inductance in the network is too large to be realized in practice. Two
kinds of simulated inductance circuit are designed. The respective vibration control effect and characteristic of
the composite plate with two kinds of piezoelectric network, that is, the network only with resistors and that
with resistors and inductors, are compared experimentally. Experiments prove that the electromechanical cou-
pling dynamic equations based on the homogeneous assumption can well predict the dynamic characteristics of
the plate with piezoelectric network. The coupling relationship between electrical modes and mechanical vibra-
tion modes of piezoelectric composite plate is also verified. A suggestion for determining the optimal electrical
parameters to have a good effect of vibration suppression is given, which can be used as a reference for practi-
cal design of the composite plate with piezoelectric network.
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Fig.2 Simulation experimental results of Situation 1
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Table 1 Simulation experimental results of

attacking fixed target

ol HhmEss B E/m it M w227 (°)
12.01 0.51 0.01
12.17 0.25 0.01
ANTSMG 12.29 0.43 0.01
12.30 0.37 0.04
12.45 0.50 0.10
12.31 0.58 0.20
12.50 0.29 0.10
NTSMG 12.44 0.57 1.50
12.51 0.89 0.30
12.71 0.87 0.50
12.85 0.34 3.40
13.59 0.61 1.60
SMG 13.05 0.58 2.80
13.71 0.84 0.80
14.69 0.51 2.30

3 E 2 MBS 4 R

Fig.3 Simulation experimental results of situation 2
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Table 2 Simulation experimental results of attacking

constant speed target
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Fig.4 Simulation experimental results of situation 3
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Adaptive terminal sliding mode guidance law with impact angle constraint

YANG Suochang” , ZHANG Kuanqiao, CHEN Peng

(Department of Missile Engineering, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: Aimed at the requirement of zero miss-distance and terminal impact angle constraint for some
missiles attacking the targets, an adaptive nonsingular terminal sliding mode control algorithm based on the
theories of terminal sliding mode control and finite-time control is proposed first. The algorithm avoids the sin-
gularity of terminal sliding mode control, and makes the state variables achieve the equilibrium point by impro-
ving a fast nonsingular terminal sliding mode function to construct the sliding mode surface, and employing an
adaptive exponential reaching law. Then the algorithm is utilized to design the guidance law, and an adaptive
nonsingular and finite-time convergent guidance law with impact angle constraint is proposed. Realizing the re-
quirement of miss distance and attack angle of the missiles. Finite-time control theory is used to analyze the
convergence of the guidance law, and proves the fast and finite-time convergence of guidance system states
during the whole process. Compared with conventional nonsingular terminal sliding mode guidance law, the
designed guidance law can attack the targets with less miss-distance and higher precision of expected impact
angle in a shorter time. A large number of simulation experiments verify the validity of the proposed law.

Key words: guidance law; impact angle constraint; nonsingular terminal sliding mode control; exponen-

tial reaching law; finite-time convergence
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B A [y B F PPU HH 5 B L U ( Beam Supply,
BS) i FhL A L Y L B A in A e I B A
JCHLTE L H O R IR L AR R YR DL B Hp e L Y
N, For, bR AR R A R TR BT R 80%
DL i AR AS TAE L R AE 1000V DL, SR
FEJR PPU H BH A oL U L fih i H YR A e R R
D) QUL R N LI SR QR i F ) s
I 90% LA b, B2 75 TAE ML 7E 300 V DA I
PR 0k S A e U R B R R D9 8 43 )k R R
KINFE T PPU FIEE /R PPU ¥ B9 S5 FAZ L

2 EAMAREIR

2.1 EMARIRK

EAMEHE R TRY-6 2 &) 2 8 1] 4 4
Ao FEUEH A F R BSS-601HP ~F- & % ] XIPS-
13 1 HL HEDE £ 48 BSS-702 - 5 5% ] XIPS-25 ff
NHAESE R GE, HA NASDA A H] [ ETS R4F- 5
fid#5 T TES-12 2 F Hi 4 i &2 45, ALENIA SPAZIO
2y ARTEIS TAEP % T UK-10 RIT-10 &1 g #ff
PEZR 58, WY %% 7R 2%-B) F JE W2\ W Y Spacebus
4000 5 | Astrium 2 5 %) Eurostar 3000 - & 155
FL Y LS 1300 75445 1 5L T SPT-100 (1 H #
PERGE, BT T A2 AlphaBus ¥ 5 Al Luxor -5
PR T RS RSET, w0, i R ST K
H i — A TR B RS ek E SR b, HAE T
B AR E s —Fh s R

Bl HAR Y K, o A RS AN P TE TR A%
[ZE|ADACRES S NIEDATR Sk USR358k
B SRS A E e S . BT, EE RS
ARVGAL 55 SRR S kW 25 9% PPU BF 4 5 ¢ 40
xR,

*1 PPUMIRIIR

Table 1 Current status of research on PPU
bR BPT-4000 XIPS-25 T6
R RIR/KW 4.5 4.5 4.6
PPU Jfi 5 /kg 12.5 21.3 23
PPU %%/ % 92 91 ~93 92 ~95
Aerojet Astrium
1 ‘u ) L-3
3 Rocketdyne Crisa
A HE/V 68 ~74 95 ~ 100 95 ~105
. AEHF HS702 KR
KAl ) : K
(6 i) (FZ£) (2018)
2.1.1 BPT-4000 £ %33 & %4

] A1 Ok v A8 1y 0 {5 b 3K (W] 2P 18 ( Geosta-
tionary Earth Orbit,GEO) T B & = Bl & &
REE /R LR E R 40, 2 B0 48 T FAE B0 R
R4 Rt in GEO DA S/ T,
HET,GEO T AV & R M & Kl 4 & 5 1)
5. 36 B M A2100M, LS 1300; ff& &' Hr i) MSS-
2500, UPS LI K US-KMO ; EX ¥ B4 Eurostar 3000
Spacebus 4000 #1 AlphaBus,

FT A2100M -5 14 36 [ B — AR S A w4
HEHAE TR AEHF R 5 kW 288K i
e 7 G0 58 O AT BB R A e b 8 O 4, P
BUR T 908 kg MY Fi i . AEHF TR K 4T 5, i
SRR RE TAE , & B /R B R g7 K
FRAY B BT PR T M 20 {2 En AN

BPT-4000 fii & PPU % v 7 £ - o T A
Aerojet Rocketdyne 2 Gl 7F 1.5 kW PPU f{)#% AR &L
fiti EDEAT A . BPT-4000 {if f i) PPU F2 22l
T3 CEMI) 8 P A5 He fin A4 i 7% 8% (HKM)
A RS HR YR AR P | AR R RS e Al Bl AR B
HE OB R R e A T PR S P R K B LA
R E AR/ 170 4 142 R, S5 HE R an &1 1 BT
R B Xe MR XFC I R 7

1 BPT-4000 ffj PPU 45ty #E [&] '
Fig.1 Structure diagram of PPU for BPT-4000"""
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FHAR HL IR D)% S kW, H 2 A~ 2. 25 kW iy i
VR 10 2H B, A P PR B Ty 8 4 g, 8% v
49 5K JH H O B 5t B R AR v LBt ROk 1 B A 4 3
AE ). EMI 8 A B T Uk B AREZL B PPU 1Y
ZERCMIILR A, 100y 0 e 15 e 32 2 Y 0 o]
B IR Ty A% TAE I 55 B 71K 4k 5 X PPU (4 I8 75
T4,

HKM 45 i P, P50 B A0 9 fh 455 4 L 250 B AR
AR FNHE Ty AS WG 2 B A5 2 i P o Hod &
O BFI A in A 25 R 4 ) e 1 2 Bl F i LA 16 200
B J1 . HKM 1Y 2 % i i 3 i1 L 224> i S7 H I
JIv s TG g PR R ORI D . PPU I Y B 2
HL Y50 A B R R R AR
2.1.2 XIPS-25 & -F it 2%

2012 4, € [# 3% & 2 6l 3815 4 i BSS-702SP
A HE R M Rk E B, Horh, ABS-3A A
SATMEX-7 D EE T 201543 A 2 H & H T2,
BSS-702SP K F XIPS-25 B T Hi # ik R G0 52 B 4
P TE B A% RN A B DR FEAT 55, BT T A S A
5,

XIPS-25 4% 2 M2 IURMF RE, BATF
R AR th PPU LR G 2 68 THEI A8 4 Al
XIPS-25 32 ¢ TLR MBI IE 5 # 2 3545w L fr
EPRAE AR DU R AT 3 e ) 2 T i R
B BSR4 55

XIPS-25 n] TAEAE 2 R R4, KTy A4
AR, PPU 4241 4.5 kW Iy, B Al i 950 T A 78
1L.2kV/3A, BEi, 4T3 8% 77 42 165 mN #E ), bE
1,793500s, RIJHFXA T AP B K
A % 22 TAE I [A] 7] 35 500 ~ 1000 h, /NIy
RN MR ATIE R 2.2 kW, ll TALE
fF5 o HE 388 A 79 mN #fE g, 1,4 3400 s,

XIPS-25 () PPU i 7 b7 iy PR AL, HL I8
b HE % A RELR R R O 100 V, I EE AL i
i BT V8 L TR S Bl IR R DR R T R P
DL KA g 5 g 5 F, 5 4% i &% (XTPS Power Con-
troller, XPC) 1& I ,

2.1.3 T6 &-Fwid# 2%

1992 48, WO & W 7E 25 [0 4T 55 v 4 1 o 4
L, Z R T 2 M i e L RO R i — K
1 H A R 7E 2009 4F % §F Y GOCE LA
R QinetiQ TS 8 -4 Sy g o RN & 58 n94E:
% £ % AlphaSat. BepiColombo #I Small Geo K
T

ESA 1) BepiColombo 7K & #£ Il £% il 31 K¢ T
2018 4F- % 4ff o BepiColombo R FI 5 At #f i & 48

VERHESE R GE . BT HEJT 8 K] QinetiQ 24w £2
fitf) T6 , 1 PPU I f1 P ¥ 5 Astrium Crisa 23 ®
ST B

T6 2 #E J1 4% PPU Hy J5 i Hi 15 R BH A% HRL 5-
I T e, 5 - R 28 H 5 ( Discharge-Accelerator-Neu-
tralizer Supply , DANS)2 4~3B432H 5 . 5 A 5 i
Astrium Germany 71 55 B4 , 1 DANS My Astrium
Crisa iS¢ il .

BepiColombo HT: 55 B 5K W #E i /3 & 4t [+
A 4 5 HE T A% 2 RO AR DL MR 2 B 4
73 45 [ I AR I AT 4 2R 290 mN HfE 3 Y RE T . A
I, R 5> R G BRZE R TN 2 BOR .

1 bar =100 kPa
K12 BepiColombo [ HL ¥i i 43 72 45 45 U AE ]
Fig.2  Structure diagram of electric propulsion subsystem

for BepiColombo

BepiColombo Hi#fE#E/r 24t H 2 & PPU 4 &
Ty 4% DL K 4 A i i 45 ) 55T (Flow Control
Unit, FCU)AL . B & PPU ALY 2 A4 I 4%
M2 4~ FCU fitrg . PPU Fil FCU 4 J) #% 2 0] 38 i
i F7 #5745 B8 5T ( Thruster Switching Unit, TSU ) 5E
WA X HIRTUA M R G AR IE R B 5 PPU &A=
sk 3 IH AT LA 4 5 4 g 4 FCU i, o Ok
2 B 4 Ty A R I 6 2 A AR
2.2 ERNARIEK

2012 4F, 22 23 ) S5 R Wy BT 50 P 69 85 1 H
A E 2 8RN b 5 (8] = I 5 R I R ) R 2 e 4
HRGEAESIOA” LR k4T 78 & i ik
' B 1 kW AEgE PPU, B I AE AL TLAL
AU B O A Y H A AR

W B TE B2 T | 3 i A A O Y K R LA
Kot BT B e B i R A SR 38 0T, R 4R
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TXF5kW 49 PPU (F5 K. B AT, B N IETE
47 5kW B F PPU 1 5 kW B /% PPU R B 41",
RN I T 3R ] 4 i A A AL DL R TR A R
AR . BT e R AL FE < R R R T R L I T
FEMEROR, 28 PPU B HIH AR, mBCR E TR
R HRIRR NI AE, S kW S PPU R L
TEMTERALE PR FF, R SR AL T AR

MRS, RE LS & T HERMT
FU S T HE IR AR IRl (BT 7E H IR T 5% % Ty
RGN  TAENCE & R otas ] S50 S
[ 40 S HE K 24 B H s 10 ARV o T A
SR & R 3R [ S () H R R R R R A e
AR, BRI KRR FHEMFESRR, L&
B PPU , oAy v i 3 Y AU -5 07 FH 28 5 JL it

3 XINZE PPU A

3.1 KRIWEBREHIMEIT
3.1.1 A&#dmi

“TRZE 157 B TEEXT 3 [E NASA Solar-Electric-
Power Technology Application Readiness (NSTAR) T
S5 MIHE . 2GR A RO 55 R B T ek R 4¢,
o PPU TR EEH M 2.3 kW, ff NASA GRC (#5Hk
WEFE L) st

Ry il R 5 B0 2590 LR D) AR HESR , NSTAR 11
et e PR R T A AR IS R AR AN S A, & 3
N o BRI AL S 4 Sl Y R AR R, g
TR 1) far Al 80 Vde i th o 300 Vde, AN
PR YRR S B, & 4 s, BB IR AL HCR
FH bk s 98 i 7 2, 0 38 5, el i AR e o

Lk A 80 Vde, i i 2 1100 Vde ik 1 ~
3 AN 100% , HE 4 5 25 H 2y 66% , X
PRAIE 4 ASBH Y 3 A T AR 7R 850% i KA 3R
4 BEHAE T ROR S . PR, B s R R S
e IR/ | AR T B v A% 4 g O 1L, A 1 i ) D8
T FL 25 1 A B A SRR /S

R N R W= g I AN R L S S

3 NN
Fig.3  Full-bridge topology structure

4 NSTAR ikl iy 95 4 £ 0 45
Fig.4 Topology structure of beam supply for NSTAR

RS KN AN TSI S VS S TR P
W S B T SR, & I H R T SRR AR R . FE R
NG 6, =FEAR PPU BRS8N, S #4
FEHT I 4H
3.1.2 RAH# AR5 4T

YR A LI g% E R UE KT A
B HORE IR [T R A DA R 4 B MORE SR (8]0 K 2 4
GEO F1 & =5 #R M AT 55 19 5 22, NASA 42 th 1 X
5~10kW 2545 1 PPU 753K . Boeing Electron
Dynamics Devices ( BEDD ) 7% #H T iz PPU §
SR

St L VR (5 A PPU T 91% ik it
R PPU BYE . BRI 4 4> 1. 1kW Bzl
B ANTEL S Bz o A R SR FBURE 40 41, 7 4k
HLER NI 6 B, JsL il iy 2 A4 0 v B O 3K 21
S, B0 AR A EAT R . B R AR
Ay 50 kHz , BEH ) T O 5 > 100 kHz,

Fel's NASA {1 5 kW Ji Al s 54 45 g
Fig.5 Topology structure of 5 kW beam supply for NASA

6 XU DC/DC A& 4
Fig.6  Dual-bridge DC/DC converter
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XU B8 A1 I 10 00 s 2 T SC M 38 8 | T e 1K
TRV TTAF BB S O R RO, SR PWM 4%
) RS A 42 ), 7 v T R A, B R A ) AT e
R T A 2l IR JF 56 (ZVS) 8% i i JF &
(ZCS) W/N TP fd s B 4 s 38 . LB R 7E T
R I 2 M I M 5 I I i T, PWML 4 4 i 1
BTG, B ARG 1 8 f5 88 e 4 00
3.1.3  &#aE kst

EFXF 5 kW IR 4% PPU (14 Jif il FiL U, Asstri-
um Germany BT T — Fi = 2% B 35 1) faj 5 DC
Gy R AS AT A T TR . R B A R
IR AL B DC/DC b, 14 4 B 14 iy [ 980 % ~
90% , it AR 53 5 /N Dy F AL e 2 R 4 4 X 4
g, P T A 0 A v el M 49 X 0 8 1 A
Uit BT LU RE 2 A I, i s R 4
Ui R IR o REAR AN R E RO T A R AR AU D
B REG B LR AR,

LC HRIR R A e s tn &l 8 fir s o &I b s 38 R
HLAS C, S8R AR L, #4 i Hp 0503 iR 0 4%, 30 A
AR T PR AT R 19 285 4R A5 3 B0 IE 5 I H
L, T A e A T g b, DRLOH S T 0 30 I 40 AR
DM BEAR, AH e T AR 1 4R B8R 42 #F DC/DC AZ 4
R S TIVE LA EEEI PN I

LC B I IR B X 1] 24 DC/DC AL i 6% 1) A

#l 7 BepiColombo 5t i} Ha, V5 41 F D 45 4
Fig.7 Topology structure of beam supply used in
BepiColombo

K8 LCi#RA DC/DC A2 &
Fig. 8 LC resonant DC/DC converter

JEAE T o 5 AR 1 H 9 0 A H R T R R —
B, A AR AZ BRI T N T, [R] B AR 0 4% 1Y)
BEEWAFTE— R PR . A k8, ZME &
TP I 285 R 4 B B RS I 0 2%, LR 1) 5 B il R
W% £ %k LLC 45 $h A1 LCL 4. #8774 7 9 i
N HET,E X LLC ISR AR e g8 R £

9 LLC 5 LCLi##z% DC/DC A: i £5
Fig.9 LLC and LCL resonant DC/DC converters

IEHRA DC/DC AF 3 88 1 a5 7E T A8 3 28 40
A RAIEREE & B s A TS T
FRIDG IR IR AR 40 2% 5 nI AE 4 TR L S ZVS 3K
FEOC, P v H R AR 4 ROR o SR, H R L AR AR TT
AR g LA 23 1 H Y5 BT A, FL A ] S B T
Ze, BRI T I 6 T A AR AT TR S R
3.2 KIhEJ[BMEHER

FL Y AR 4K 5 T S 18 LA K AR PR AR S B i
& PPU [m % 10 kW Jo 0 i Dy SR 45 i SR (W 38
B A8 B2 W N TR R T 3 R B It b
K 1078 & Astrium Germany #f i PPU F4 84k i
2o ATLLE 1, R Flatiop # Fb . SiC T 2 4%
G LA TR B i AR R AR R 505 A D B A AL B Bt
(¥ 91% A THE] 97% %,

2012 4E ,NASA GRC ) PPU 3 H H &1t 1T —
B 15 kW RS K PPU, o, BH# H U8 iR
2 AT S KW B BRI L A e A 0
4R T 3T SiC MOSFET [ 247 406 b , 3% 3
AR T T SiC M Rr i A 1 A
B, Zit 5 NASA 300 M 20 kW & /R #E ) 2%
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110 Astrium Germany 23 Al ) 204 42 713 /8
Fig. 10  Efficiency improvement made by Astrium Germany
LIRS W, FE T SiC R84 14 BH A F R K
AL 97% , B3 & T AT Si FEER 1 1 s R

SiC 5 BHL BT P, 1 e | 38 245 v BELAER L JF G 3
FE/INELT i il A, AR 58 Si B AR L BoAT T 4 1Y
R, #0R H N T TR 2 A€ PPU H AT L 3 4R
R R TR T G R R AR A ol s
A AE T HOET SiC 8 1 M A% B 5, s ] PR R
A R RAT R IE
3.3 KXEBREGFZE

A UL e R AT Dy R T A ) R
Ty AETF 5 A8 iy e R0 A0 A 1 /N A5 W] I A
SRR I AR A AR N A B e, B
Pl O A A < 2 PWM 5 i B M 4 i A A
PR
3.3.1 i@ PWM 3% 4

il PWM 42 i) T A 530 5 i 5, G 25 4
75 L S B A 1 TR, P 3 TR O AREXS £
3R IF AT QL A1 Q4.Q2 1 Q3 705l h—4 , &
LT O A ) B 0l sl k. 2 A JF O QL
Q4,02 F1 Q3 3@ PWM Ty x5 5 IF i A1 G W, IF
IR ] Y AN ok A R, Bl A 2N T
180°, PWM il (¥ 4K 2l {7 5 I J3 an Pl 11 i

1L PWM P 3R 3

Time sequence of PWM driven control

Fig. 11

PWM 5 i L s 46 T2 BE 32, FAR il 2o
KRB G PWM 45 il (19 S o5 A T 2 A8 e 4y
TARTERETT AR, (75 TF SCHFE A, I FR 4] A
PR TR, 2l R B B di/de 5 do/de, 38

JEEL T S
3.3.2 #HARiz4

o AR ] L 4= A7 720 40 A O HL B 3 4, SR TR
PR AT . A A T E i PWM 5k
PWM FYHRF L, FEA AR B Oy« ] — AR B9 2 A
JFRAE QLA Q2.Q3 1 Q4 T 4h 3,2 I 1Y
S I [A)AH 22— RS AR A AR 12 o il i R
T RS A A1 BRI AT S B A A L

B 12 B A AR 45 3K 3 i )y
Fig. 12 Time sequence of phase shifting full-bridge

driven control

P FAH AR BAT 52 BT S I e, 7T DL R A
RAGUARHE, i/ EML. FLi 5 7E T B O, W
T RAAE N, B AR R SR
3.3.3 #A/PWM i&A-4= 4

P AR/ PWM 1R & 45 ] e MR 30 22 40 i il 113 L T
IR/ D S P T 5. T BT B S A
2 AR B Bk S 5 T R R i R PR AT R
TR T e e MR ICA I B B S R W R
Bl fy TERQRIF G, SUCEHRN Tz 7%
HLETTC

TE e i 1, SR RS A 5, BT 47 MOSFET
TAEAE 50% i 23 1, g 9855 Q1 F1 Q3 a Q2 I
Q4 JFI 2 1] /Y B8 AH #1552 B0 X fan it FL T 69 3 9
P AR T 9 T K B 5 5 an i 13 s

13 BURR % A 45 i 3K 2l i )7
Fig. 13 Time sequence of dual-bridge phase

shifting driven control

TEAR T A 1 I, 728 46 47 32 RF AL G2 PWM 4%
il o MK E] 180° )5 , Jo ik P i 4 94 15 £% AH
Sroml /N R s o I g R O Uy PWM
P, BE A& & 23 LR RN, R T SCE E A
ELF) 523 A B 50% , PWM 5 i JC 2 P $2 5
H AT ] 7 U0 e B0 AR AR A A R ARAT I
1 HL s
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RO R VRN & b Ah , TERS AR 2 5 A, £ 28 P U
o2 A W) 20, e TR SRR, R T
%
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P FIAZ ] o AR ) 23 b 1 iR H Uk
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AT LA SE I R TT O i A LB/ i R A
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AT G o HoR s e T 2 2 4 ) 4% B 8RR P R R
AEAG IR, Bl T AT A R MR A2 A, Ay o % o i
TCAF LA K i e s 0 A B 13 s RT3

4 KIWZEPPUHAREEHEHE

B LK e L o L K A i A e T R o R LA
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£f BRI AN K ) A A A B H R A BB R
14 ¢ J 32 B 0 v e R RO T R PR AT AIE S
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Technology for power processing unit used in high power
electric propulsion
LI Feng', KANG Qing"* ", XING Jie"?, LI Yalin'?

(1. TInstitute of Telecommunication of Satellite, Chinese Academy of Space Technology, Beijing 100094, China;

2. Joint Laboratory of Technology Innovation for Space Power Supply System, Beijing 100094, China)

Abstract: Higher requirements are proposed to propulsion for space technology in new environment. As

an advanced propulsion technology, electric propulsion has the virtue of high specific impulse, low launching

mass and low cost. High voltage power supply is the key technology for high power and high efficiency design,
since it is the main power supply for power processing unit ( PPU). Application of novel power electronics
technology will have a deep effect on geosynchronous orbit, geostationary earth orbit (GEO) telecommunication
satellite and deep explanation. This paper focuses on PPU of 5 kW and introduces the current status and de-
velopment of large power electric propulsion. The characteristics and prospects of large power and high effi-
ciency PPU are analyzed in detail from three aspects of power electronic topology, components and control
strategy. It supplies a reference for developing Chinese high voltage power supply of large power PPU.

Key words: spacecraft; electric propulsion; power processing unit ( PPU) ; high voltage power supply;

soft switching
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3.1 154 ACF-GW &£ 5 i# ACF-GW &%
RSB EG B UEAR SCHE il ACF-GW
A AL S ACF-GW 3L S 85U TR B
i 4% 40 5 e b ACF-GW 83k 43 il X MA (1) |
MA(2) Fl MA (3) #4705 &, SR IE L  E n =
50 W, KA A K B 1 =6000, F FH7AE 22 &
B R 1 S U0 T B /NFEAR K B NV, B Bl g
PR R ol =1,
R IEM e FR A T 3 4
1) AR PR AR 1 +0,27 460,277 + - +
0,z =0 AR oA [ Z2 5 B A5 SR 1 A BUORR JEE
2) BEAHER 2 e, 58 LR n RS HU
TP 5 2 801 Sl 22 22 107 07 SF 280, B

e=[[ X (0. -0) +(al = o) ]/ (g +1) (25)

3) BRI AR d,7E R S R
M 5 5 5O 5 5 2 22 1 F )7 V180, B4 o,
B A 47 R IR 22

di=JZ(éij_0i)2/n (26)

K0, B 6, (5 j AT, 495 0K 30 e s )y
% o) BHA Al o7

1) MA(1), %06, = -0.5390, fjH%;
e 1 FE 1R,

®1 MA(1) £ 5K ACF-GW EESHMAITIRE
Table 1 Error of traditional and improved ACF-GW

algorithm parameter estimation for MA (1)

ik sy stam o BT
TR ¢ MR d
1£4 ACF- 6, -0.5420 0.00259 0.0371
GCW B o’ 0.9980 0.0319
Mk ACF- 6, -0.5402 0.000 84 0.0194
CW B o? 1.0012 0.0259

2) MA(2), &%t 0, =-0.4944,0,=0.2971,
15 ELERNE 2 F 2 iR,
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Bl MAQL) FFAEJ7 72 A9 AR

Fig. 1  Roots of characteristic equation for MA(1)

2 MA(2)RAET5 F2 AR
Fig.2 Roots of characteristic equation for MA(2)

F2 MA(2) 5 5 ACF-GW EESHHITiIRE
Table 2 Error of traditional and improved ACF-GW

algorithm parameter estimation for MA (2)

SR e e

ER7R S SHAHYE TR e BRI d
[ 0, -0.4952 0.0050 0.0300
ACF-GW 0, 0.3056 0.0416
Bk o’ 0.9988 0.0347
g ik 6, -0.4924 0.0018 0.0260
ACF-GW 6, 0.2971 0.0207
Bk o’ 1.0024 0.0326

3) MA(3)., &% 6, = -0.5319,6, =0.2196,
03 = _0‘41650 'fjjﬁ%%ﬁu@ 3 %u%‘% 3@?%0

El 3 MA(3) AT B AR

Fig.3 Roots of characteristic equation for MA(3)

*3 MAQ3) fE5 5 ACF-GW EESHEITIRE
Table 3 Error of traditional and improved ACF-GW

algorithm parameter estimation for MA(3)

STt SRt

% ZH 5 i1t
Bk B S8 EIE TS e BRI d

. 0 -0.5486 0.0202 0.0293
155% ‘
0, 0.2185 0.0166
ACF-GW
) 0, -0.4387 0.0335
ik o’ 0.9707 0.0377
0 -0.5305 0.0045 0.0094
gl !
0, 0.2212 0.0127
ACF-GW
i 0, -0.4173 0.0119
ik o’ 0.9913 0.0203
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FMA (3) 2 50T A5 RR0E 5 B2 B0 AR A0 20 A3 15 o, L
e RN R, AT LIS, £ 4 ACF-GW
B ACF-GW 553k X 17 (14 45 iF 4R 46 43 1
FE RIS ARJE B, U6 W0 X 2 Fh A SR i MA 25
PYIERE M W o] LLUFE Y, i ACF-GW 53k
Xt o7 P4 R E AR 43 A B R v

2) F LK 2 MFE 3 55050 H AL S
ACF-GW Bk fnok it ACF-GW B 3L K MA(1) |
MA(2) fil MA(3) 2 5 B F 24915 22 A4y Jr #R i
%, A HCBE O 2445 22 T, 1% T % A B Bl

THE S S BEAE RV 00 22, 2 58 ACF-GW ik
2yt ACF-GW B35 9 3 4, Ui B et ACF-
GW B33 19 2 HO A T {8 3 400 B AH, RS B
Xt He 2 Al T2 J7 MR 22 T, % IR AE 2 KA
{652 RO E A 22 , SR Ul T 285 51 9 T SE 4
4 ACF-GW 5352y Jy ot ACF-GW B35 2 ~
345, Uik it ACF-GW B3k 1) 2 B Al {84 3
AN B AL T R R
3.2 BAEMHITH m rgiER

LIS 3.1 45 P g MA(2) il cRAGHEA K
N=2318, AthJr 225 TH K E S m B R R ANIA 4
fise B ACd) 2 r(0) (1) A r(2) BiR 2 MG
e AL, 2 m =5¢ =10 i, A W7 Z A4
e TRE, BAitiREDN,

4 BT 2R 2 BEIER Bk m A2l

Fig.4 Estimation error of autocovariances versus lag order m

4 MEMS B2 U BEILERME

TE AU - ADIS16375 1 5 i #F 47 158 22 A 1Y
MEMS-IMU , 3% & 82 {3 (% 2% g £ 22 o 12 (°) /h,
BT AL TR 1 TN 1% 25 A0 455 0 2 P 1R 2 R B LTS
o B, T = B 0B & X MEMS-
IMU 17 2 8 25 A 358, #2200 R 1R 25,
18 B FbR BE DRV ECSE o ARG, R ff P 1R 22 R
Je A B BE LR E 1T ARMA 84 B, A
3 ARMA A58 70 1258 0 5 PR 1% 25 4 2 )5 1Y
BE B 1T Kalman 3§ 3, X6 & P A 145 21 1)
BEHLAE 5 5 0 P 15 22 2 2 05 1 Bl P S0 1

25, BN BE ML R A S I 25 2

#£ 30°C 15 & 4F o # B I 5 MEMS-IMU () %
H A 4 B AR = B LT RS 2 4G 06 R
FaUF 51, ARMA LSRR Yk 4300 S (1,1) ((2,1) Al
(2,1) ,A&SCHR S HAR T T EAGE H T p > g, Box
X Hipe AR TR By I R (2,1) AR e
W VS UE X R 1 A BRI . 7 MA S804
30k A% 58 ACF-GW B35 fl e i ACF-GW 5.
o HF ARMA SRS FJE 56 S B od #2352
T B S SO T W B A A A A B AL TS S b
A2 T R RN S B R AN 0 B4 (B RN AR o 25,
AR,
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Table 4 Mean and standard deviation of

compensated gyros

NP, s ¥fE/ P2/
Fiz B2A% MA ZHfk it () - s () - s

S L) -0.1822 0.2386

W MR 25 M 0.000 1 0.2387

Y g acrow ik 0.000 1 0.0665

ik ACF-GW 88k 0.000 1 0.0522

S b L 0.0129 0.2654

B 2 Tk 1 2 A -0.0020 0.2650

Yo fb4 ACK-GW H5HE -0.0020 0.0963

ik ACF-GW 44 -0.0020 0.0596

JE iy SO ) -0.0957 0.2129

P T o M AR 22 A 2 0.0078 0.2127

f54; ACF-GW #1% 0.0078 0.0545

MilE ACF-GW 453 0.0078 0.0373

VA fEL MR o 2 0 i 45 B, XF HE R 4 P 4%
il LA H

1) He B bmsd T E A TAM2HGE iR 22 , 0
PR 22 WA £ 4 J B {E 4 T O, 5 b o 22 B A
AAE

2) REHLERFS B R 08 b £ mT AT 25 A
WA PR EZ . AR 2RI A A, MA 2 504l
i R AL 58 ACF-GW 5535 Fl e it ACF-GW
Bk, XYL Z Bl b oE 22 B R E) 0. 066 5,
0.0963,0.0545 F10.0522,0.0596,0.0373, X
Ferl &, et ACF-GW 55 3k X 7 1) A E 22 B
AN AMERCR Gl kHE ACF-GW Bk Ah 2
Jei B b o 25 IR AN BTG 1/5 Zefa s

LA X Bl BERR A 451, 7 Bir A7 0 i 0 v B AL
BEFE 6000 s F B SR AR , 1 H L 25 1 A9 B 4
LI A R P R 2 A S ) R B AL R
A B, AR S B aR o o BEALER RS A 2
R ARMA 2 80fil 31 % gt ACF-GW ik,
M sl B o E DR 25 A ERB IE
i i AE, BENLERAS A S T BB TE AR E2E

ARMA 5 i i 96 X5 X 4l B 8 A 1) 452 284 T B
T A A 2 A A O vk W] ARMA (2, 1) i &
PRPE . uERAR 22 BE b Oy RS SR, S5 B IR
1A HTE ECOE B S 8fE, DA A THE , 225 S0k
(81, LA 1/y/NAE ik i 5% 22 11 AH 5C R 80000 s o 22
SRR R IR A B AR OC B 2 i 2 (i S i 2
FN, AE S KAl RLRE T T — B R e Y SE S
6o (1] ARMA (2, 1) BRI X ik Bz 2 A B AL
DR 22 I 1Y) 08 D5 Ak 22 1 A O pRRL, JEIR R T S
(¥ AH 5C PRBCHE A A — A5 Am E 223 A, T IA
ARMA(2,1) BRI B B

B 5 X BB IR AR 2 A 5 2R

Fig.5 Results after error compensation of X gyro

P 6 X B AR AR 4K 22 1Y B AH G R AR
Fig. 6 Autocorrelation function of X gyro’ s residual signal

after error compensation
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An accurate modeling method for random drift of MEMS gyro
WANG Kedong* , WU Yuxia

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: To compensate random drift in MEMS gyros, an auto-regressive moving average ( ARMA)
model for measured data drift was developed using time series analysis, and a new estimation method was pro-
posed for moving-average (MA) models. The gyro noise was modeled as an ARMA with the observation noise.
After the auto-regressive ( AR) parameters were estimated, a more accurate estimation with a smaller variance
of the MA autocovariance sequence was deduced for the residual noise by the AR filtering. The statistics were
used as the input of Gevers-Wouters (GW ) method to estimate MA parameters. The results of simulation prove
that both the accuracy and reliability of parameter estimation are improved. The compensation experiment of
MEMS gyros random drift further verifies that the proposed method is more accurate than the traditional one.
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Fig. 1 Hierarchy index system
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Fig.4 Original data sampling diagram
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Table 2 Naive Bayesian classifier parameter table %

P(X=xV1Y=1i)

.
;i% U Wl FRTH FREE FRRE
BRI MR MR
Y=1 76.23 73.27 73.17 69.46 71.33
Y=2 10.18 18.77 11.22 9.77 11.42
Y=3 4.32 9.62 10.72 4.32 3.12
Y=4 0.58 7.30 3.62 0.98 1.51
Y=5 0.26 1.08 3.62 23.71 0.40
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Fig.7 Host security index diagram
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Table 2 Experimental data sets
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cacmcisi 4663 14409 2 0.0012 1460 3203 0.53
classic 7094 41681 4 0.0008 1033 3203 0.55
mm 2521 126373 2 0.0015 1133 1388 0.14
reviews 4069 126373 5 0.0015 137 1388 0.64
sports 8580 126373 7 0.0010 122 3412 1.02
RCV 9625 29992 4 0.0025 2022 2638 0.18
News20 18846 26214 20 0.0052 628 999 0.10
Baike 9809 287986 20 0.0021 27 1601 1.14
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Table 3 sensitivity analysis of feature sampling rate

s FrAEARE R/ %
10 30 50 70 90
cacmeisi  0.4238  0.1599 0.1535 0.1609 0.1659
classic  0.7084 0.5021 0.5525 0.5239 0.4545
mm 0.8167 0.8426 0.8142 0.7770 0.7793
reviews  0.6129  0.6182 0.6189 0.6036 0.6030
sports 0.5238 0.5180 0.4174 0.4597 0.4989
RCV 0.5580 0.5667 0.5733 0.5801 0.5006
News20  0.3438 0.5424 0.5732 0.5968 0.5894
Baike 0.5222  0.5409 N/A N/A N/A

6 AR 2B 1R

Fig. 6 Impact of number of basic partitionings
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Table 4 Comparison of clustering quality

IcC CLUTO

IK-means

none idf none idf none idf

cacmeisi 0.4283 0.4886 0.1650 0.2203 0.4603 0.6081
classic  0.7064 0.7209 0.4508 0.5471 0.5064 0.3810
mm 0.8167 0.7161 0.7817 0.0000 0.1361 0.1115
reviews 0.6129 0.6053 0.5706 0.5298 0.3218 0.2824
sports  0.5238 0.6742 0.4722 0.6654 0.2044 0.1245
RCV  0.5580 0.5927 0.5864 0.5949 0.4637 0.0257
News20 0.3438 0.4909 0.1641 0.5912 0.0587 0.0685
Baike 0.5222 0.5517 0.5013 0.5441 N/A N/A
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Information-theoretic ensemble clustering on web texts
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Abstract. Although being extensively studied, text clustering remains a critical challenge in data mining
community due to the curse of dimensionality. Various techniques have been proposed to overcome this diffi-
culty, but the negative impact of weakly related or even noisy features is yet the hunting nightmare. Mean-
while, we should never lose sight of the explosive growth of unlimited user-generated content on social media,
which is extremely sparse and poses further challenge on the efficiency issue. In light of this, a disassemble-
assemble (DIAS) framework is proposed for text clustering. Simple random feature sampling is employed by
DIAS to disassemble high-dimensional text data and gain diverse structural knowledge by avoiding the bulk of
noisy features. Then the multi-view knowledge is assembled by fast information-theoretic consensus clustering
(ICC) to gain a high-quality consensus partitioning. Extensive experiments on eight real-world text data sets
are conducted to demonstrate the advantages of DIAS over some widely used methods. In particular, DIAS
shows appealing merits in learning from a bulk of very weak basic partitionings. Its natural suitability for dis-
tributed computing makes DIAS become a promising candidate for big text clustering.
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Comparative analysis on primary parameters of loitering munitions of
different propulsion systems
HAO Feng'?, CHANG Min’, TANG Shuo'" "

(1. School of Astronautics, Northwestern Polytechnical University, Xi” an 710072, China;

2. Xi’an Modern Control Technology Research Institute, Xi’an 710065, China)

Abstract: As to loitering munitions, the propulsion system significantly influences design missions of
flight endurance, cruising velocity, range and the mass of payloads. Based on the constraint of energy bal-
ance, the estimation formulation of loitering munitions of three types of propulsion systems is established, in-
cluding electric-motor type, piston type and jet type. Then the influences of performance parameters on design
missions for different types of propulsion systems are analyzed comparatively and individually by the sensitivity
analysis method. The characteristics of equivalentenergy density for each kind of fuel material of three propul-
sion system types are compared from the perspective of energy supply to conclude the original reasons for those
three types. These conclusions could provide useful guidelines for selection of propulsion systems for different
military operations in the phase of preliminary design of loitering munitions.
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Fig.3 Flowchart of 2D obstacle avoidance
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Fig.5 Flowchart of 3D obstacle avoidance

w=vtan[5(6 - 1) ] (1)
2 S JO R B AT X G TR L B R AR o

R, R BT AE X A, ~ A, 3 U 2R 17 B i3 9
5 B BT, A A8 JC B0 0 A X, D) 98] o o o 3k 22
w RAL TP 5 ok WL A4 . X AL w
w=—ovtan[5(j - 6) ] (2)
e Sk T B AR A X G 5 BT L Y R A

BN, ELTHHUARSE j -6 16 — i thE/INy HEAT
TR R AT, B2 -6 =6 — i B % e T
’AT . B 6 o By S R B e B R U v L A R
X IR AT, Bl j = 12, fr LUK A7 45’47, Bl
K (2) [ Hl,w=0.58v,

Bl 6 Bt e B R
Fig.6  Obstacle height detection

T 24 ELTHAILAL TR 4 iy D) A 4 G S5 s 2
e B (AR g B8 H) O R 47 ey B ) o, o 2008 2o
C H: DX R0 W 17 00 2617 0/ 8, AR SO H, 8
2.5m, MAHh, = 4E R T AT TR R I TG BE AP i
CIRZ 1), AR H5 4 55 PR AT B9 B 75 SR 0 6 A7
JEREAT IR
1.3 FHiEkk
1.3.1 B ® AT JE 454

BT HLEERE AT i R, O T 7R 4 B R
R AT R ) AR A A Y B S AT
AT HE R AR SCHAE - 5 IR BT T E 5 XN B
T4 S5 T RS d Ofe AT o R 4 o], T O R ) i
T

2 2
_ v - Umuml (3)
T2 -d)
Hofed, YIRS X N R/MEE 0, 8

PR S X A P B BE B d 33k d, BT Fe i/ (9 e
R, BRSPS R v, 5 d fHWE PR,
£1 SERERENFSEN v,,.5 d,,

Table1 v ., andd . of each state intervals

MRS X Ja] Vpaxea/ (m* s™h) d,;./m
R 2.0 30.0
W& 2 1.5 15.0
KA 3 1.0 5.0
R 4 0 2.5




1622 | R I N N = < 4

2016 4F

R AT B AR A XIRAS T RS R
BURAE TN A X TCRAHY A O, IE BT HLRG
KHE v=2.0 m/s, T FO R B de KR AL A R
BN, T LGSR S 1A 0 5 E bR A AR R R 2 A
REF, AL AT R R I B 2, bR 52
M) 3k s R S AT RICARL , DR e b X RS 1 B
B 1 ok el 3 3kt B AT MR RE . AN SR E, HTHALAL
TORAS 1B, 20 S0 A D 2% |y, | =20°, W H
PREEE S=5m, 5 [y, [ < |y, [H [y, [ < |y, [0,
D =2.0m/s, HEM A v, ,=1.0m/s; W S <
Sm, 4w, ,=0;%]y,| <20° v, ,=2.0m/s,
W Ah 24 T LR S Y T R RS, BDOF R X
P TC R AR 4, ) L s £ Ak F SRS AR 4 H
PREEES S B e KT Wl A v, , N3R 2 PR,

x2 REWBYBERLTARE S MEE v,,,
Table 2 v, corresponding to different S in

none obstacle circumstances

S/m §>30 20<S5<30 10<5<20 1<S<10 S<I1

U/ (m = s71) 5.0 3.0 2.0 1.0 S

TS B o T DA I R Rk e R S AL
A, 46 T R TR R W 0 AR Ak e K AR
THE e 25, 1 o ke R AT R R P A A BOR |
1.3.2 #ZTHhi

B IHHLE SR P A FRE T H A& A 1 ]
HAAE ™ E IS G o T DATE AT B AT i
FE PO ) A R AN R, W 2 S B TR
Fao P, Y RHL S B A S ik HCRE Y &
J5 DX TR > HiF AL ) A AH 22 8RB i T L )
W X R R — S AR TS 2 BN AL ) R A
JEE 56 Bl VL ST Z0 0K 1% FA B D 2, i R R 1 A
KNG BFHLG T CAT 3 A OC (AR SC&E A
[F] A7 T X6 114 e K A AR TR SR 3
JR7R) o BRI/ A BE 25 5 300H T HLAE 2 S8 s 15 )
HIT S LA A RS G O . VR A ES B E e DT
B T N BVAE R — RS
(BRARZS 1 A0) EIHLIn A (B2 ) I3 % — o M i
W)= A e e AL, 25 T — AT AR AR 2R A D £
R A (B ) TR & A7 B2 3% #f BE el > i S5 PR
A EE B, (8L B,) thiE . RERLBHIES: 2 3
2 ik A0 7S o

S ML Ak T LA JE N B T BILAE KR B

*3 AEAv TRARERERE

Table 3 Maximum deflection angular rate at different v

o/ (m-s") v<0.5 0.5<v<1.0 1.O<v<1.5 v>1.5

o/ ((°) = s71) 90 30 20 10

Py ol B LR B 05 ) T 3 e RR U B AR A
JF- 3 B S T TN L ML B fE
1.3.3 U R 55 4 M8 £ 4L

TS R o) ) R gk R R T LA S AR
D 1 s ik 0 0 ok (E X 300 S I v 2 Hh B
U BURE R (s [a] A 5800k 3% %% ) , & HARTE
U RURE AT IS 7, i HL R 85 9 ROST LG 3k i R D
0 ORI, 5K 2y i (N T IGE 55 ) —
FE 2Tt S B TEALAE U B R A5 47 B (e 1
Jo 1Al PR A A S T R 2 e A TR Y
RE R B0 W A8 X A — b R 3k 7 R LAk T

St Z WA B R, EIHHLTE U A R A
PIE 2 2 A (B 7 (a) Fras ), By, %6
J5 4T 180° ( - 180°) Fl — 180° ( 180°) K 4 1 F+
PUOLE o A A5 2 AP sl e BT ) A bR
77 1) 1 AT DU 35 BN 4 SRR B I T 1R
54, P28 7 0 BLAS 2 45 0505 1 B A 1)
RGN — A~ I B B AR, % B b i A A0 7E B T
LR A a7 (B A2 w7 ) , P L i U
YRGB 40 9 RE AT RAT , Y S 0 A B 22y, 2R L
PRI/ E] 90° (B K F - 90°) B A I B H 4%,
P AZJFE R H b A, B SE B U 7Y s 18 4 %) 0 3k, 4n
B 7(b) fron. {5 HSCH R, X T4 F U AR
59, 1% 5 V5 Y re Ad T AL S0 B R A R0k

B 7 U B R A A AL T JS
Fig.7 Obstacle avoidance without and

with U-shaped optimization



5 8 1

SRS E N E TP = Gy s Rl B 1623

2 ZHBERE

FE55 (195 ELYUE 2 R ] MATLAB (€ ++ 7%
S R AR AT, B 2 ST I UL P S B G v
UL 5% 3 i A0k SR 2 ik 28 i L R R — Rk
AL, = 4 bk B R AT 7 2% AL IR AR 0 A
PR G UL K B RS W ) R A AR S A%
g H 7 s TR AR K, i HoME DL ik 2 ) 3
R

ST 4 M 560 % TG A LT L = 4 s 7
B AR SR T = e A CATIA R IF R H R
A E w8 = 4E 5 B 5 0k 50 B T Y
U7 BLIRAIE . %07 1 T # S7 RAT BRI v oK 0 R A 4
FEEAY ) I3 1o AR AL SO TR IR R I R A, A5
3 7 3 AT o N T RLTE A 1 R AT
15 H S5

2.1 =Z#HEFE

A SCR R AN A (78 VB &P fiik A
CATIA 5 [a] F2 5 ) i 15 COM 2 (15 [7] CATIA Py
X o B X CATIA B W IF & W 7 3k, 45
A VB BT vk B 5 ik AR 3 [ R R ok O B

WK 8 iR, EH4 3 A I, 20 3205 H A
A (2 ) B R E () A S S 08
BT ) o D7 EAEEE 1 AT LA Sk s 2 5
TR IRAS LAY N7 AE 55 H AR A5 0 A 8 DL RSB 4R
FE AR 1R 5 3008 S 7 0 0 DO 2 X 3kt i 5 40 52
IR AN A AT X BT P AR T RAT S5 5 S
I OR300 DU % 0 B R BE A R 2, AN TR T
WAL CATIA T HEE I, 52 A 08I0 3 11 60 468 #8000 %)
14 B A 0 AL EL T AL AT AR A, T I Sk
S 5 3k RS0 UL

K8 N

Fig. 8 Simulation windows



1624 G| A T N N R 4

2016 4F

2.1.1 BEIRF = p

ik R R R — > s T R A P R 2 A, T
W A AL R ( Ay i TG HE ) 2 7R CATIA 1) i =X 4
BB e b JEAT B R BT A 5 VB AR U ()
My, EHEROTH Ty T DUEE T A 2R
L R PR B AR PR Oy — B AR B IR BB AR
FEAERI AT

TEIE 8 B BV 5 B R b, n] DU o 7 e A
H bR B f7 HF 67 4 B O A A PR A B
W39, o ml DUd AT 105 B 5 7 $Hl  A BUE
ST B B ALY o T R A 2 AT LR S
B — T, BT R B B A AR ) 5 S R R R /N
D7 B3z 5 B R W AR /), i 0 HF AT LS
IR i B2 2 N7 B2 A e s B 58 47 B0
2.1.2 HRAZRHAEM

A 3 TR T IOL kO B A A 4 AR
I, BT LA == 2 s s 7 L 0 1 S % 41 i A S I O
B RSO 2 ] A A% L ZR R LBOL T Ik
WOCH, 9 Firas , ) R 5 4 U1 #) B 3R AT B2k
AR L, i fw #%2 ELZC R T7 2 A o AT 6 R TH5
BEf 4 OB T H THHLAL AR A b5 2 19 AL A, T (5]
10 s, ot E A =00
X =Lsin asin 6
[Y:Lcos a (4)
Z = Lsin acos 0

AR DAL 7000 4 B A5 4 A A o 1) W 32 BT
JB BT AE X, 25 sl R ik S5 Ik B L

9 BOLHEMAE

Fig.9 Laser detection simulation

L0 b)) 42 4 2 3J I B i ) o A A
Fig. 10 Obtain coordinates of obstacle via splitting

scanning lines

2.2 (FEWIE
2.2.1 EIEFRETHRAG L

P 1L Ay 38 o s e W A 3 425 RN 5 45 AR 4k
HIJE ©AT 07 HAOCR B DAk e 4 B 45 R ] LA
HE 7 R B TR R A R AN S AR, TR IR
S 2 i AL A R R VR B SR, TRt AT
S5 SYLJL I ] PN AR A JRE T e R AR A
5Py 45 Fh Ak skt e T R AR B0 A S AR, 4 i i 2 B
], $& 1 B 5 RO O R ) B RAB DL T, ok A
INFABEAE SN AR HCER B AR SR R R AT
i FLRE O 7 B 35 H bR f ik B, e Ah, o 8 il
KA PAR G, ASAUIG I T 38 B T 47 M A
T HLRAT B 1] A X P Ak i 4 43 30%

PELL o o e A R A D SRR R
Fig. 11

Simulation before and after speed control and

turning optimization

2.2.2 A RABEEL A

WAL 12 FFoR o 2 22 R AT Y 4 ok /AT
15 B, V3 B it 49 B 355 v N ANCAT TR B2 11 3
BG4, 0 V5 S T I P A GE A L 1) AL R A D U
RIBE 3955

12 2 sl oy B
Fig. 12 Simulation of 2D obstacle avoidance
AT ELEE SR Y sl B B A W] LA HY A H AR R
AUTE BT, PR FROR R4, SEBE T S 2R 1 R
PRIE R 0 B AT, ik R AR I, T 25 o B A 49 14 5
B WL OF BA TR E B AR AL, SE B T R AL T



5 8 1

SRS E N E TP = Gy s Rl B 1625

(RRERE AT, B0 T ey vk i AT AT
2.2.3 Z4mbmEEGA

R T B UE =Y R R O AR SCHEAT T SR
2% ki [ PR BT BT (LA B i O Oy R R R i B
S, kR OFELSE g H, R WO A R )
180° K5 B2 3° s 9\ ) AfFAF 43 41 FE B0k 60° 45 5°;
VOEAL S5 AT E BE R 3 m, =4k 5T 2 PR B 1Y gk
D5 FACRE N E 13 s, B 14 K& 15 KK 16 4y
) S ke B A5 LR A ] ol AT TR R R AT
T BE X HE

WA EE5 T LA 7R AR AT B
FLAHHLC L T = 4 bk s R AT, P &k 248 2 B
B o MTRAT i BT L R LA Y TR
AR B M3 m (9 4T 55 AT = B o AT AT

P13 3D 52 J PR35 sk e 0
Fig. 13 3D obstacle avoidance simulation in

complicated environment

P14 g ) AR AR IR

Fig. 14 Vertical view of obstacle avoidance simulation

K15 B R EEXT

Fig. 15 Forward speed contrast

B16  T6AT B B X L
Fig. 16  Height contrast of flight trajectory

KT LU, BT OLF 2 RAT U 2 m/s g e
ROR R4, B0k T = 458 B 75 3% 19 & B2 A e]
itk

3 & it

Py ELS2E R W, %77 A (L RE 5 ML ke B 2% B
B, 10 L RE TRUIN ik 30T B 5 490 1) #) 7T 473 5 , REAR
UF S T BUATIE 5 25 (U Y A R 5 i
HAREH, Py LBV Lr, ol LSBT N LR
ARNB S 2 BRI T 1) sl e RAT

BEAb 1% =405 5V & BAT S | fig
i S 07 VR T A, BE A% T AT 49 5 B s ) el L 42
v ) L S 6 g RS R A S

S #k (References)

[ 1] SCHERERS, SINGH S, CHAMBERLAIN L, et al. Flying fast
and low among obstacles[ C] /2007 IEEE International Con-
ference on Robotics and Automation. Piscataway, NJ: IEEE
Press,2007 :2023-2029.

[ 2] STENTZ A. Optimal and efficient path planning for partially
known environments[ C] // Proceedings of the 1994 IEEE In-
ternational Conference on Robotics and Automation. Piscat-
away,NJ:IEEE Press, 1994 ,4.3310-3317.

[ 3] GEYER M,JOHNSON E. 3D obstacle avoidance in adversarial
environments for unmanned aerial vehicles[ C] // AIAA 2006-
6542 AIAA Guidance, Navigation, and Control Conference and
Exhibit. Reston: ATAA ,2006:1-12.

[ 4] RUCHTI J, SENKBEIL R, CARROLL J, et al. Unmanned aerial
system collision avoidance using artificial potential fields[ J]. Jour-
nal of Aerospace Information Systems,2014,11(3) :140-144.

[ 5] ZHANG H,YANG L,GAO Z,et al. The dynamic pathplanning
research for mobile robot based on artificial potential field
[C]//2011 International Conference on Consumer Electronics
Communications and Networks ( CECNET ). Piscataway, NJ:
IEEE Press,2011:2736-2739.



1626 Jbom M= R R ¥ R 2016 4

[ 6] ULRICH I, BORENSTEIN J. VFH " : Local obstacle avoidance ance for fast mobile robots[ C] // Proceedings of 1998 IEEE In-
with look-ahead verification [ C] // Proceedings of the 2000 ternational Conference on Robotics and Automation. Piscat-
IEEE International Conference on Robotics and Automation. away,NJ:IEEE Press,1998,2.:1572-1577.
Piscataway, NJ : IEEE Press,2000:2505-2511. [14] DONG T,LIAO X,ZHANG R, et al. Path tracking and obstacle
[ 7] WO, SRR, RAMAEE T HT VEH ™ (Pl A kEpE(J]. avoidance of UAVs—Fuzzy logic approach [ C] // The 14th
AL E ,2010,27(3) :156-160. IEEE International Conference on Fuzzy Systems. Piscataway,
XU X D, GUAN S X. Obstacle avoidance for robots based on NJ:IEEE Press,2005:43-48.
VFH " method in uncertain environment[ J]. Computer Simula- [15] X%, FHER, AR, 55, 5T o 28 0 4% il 15 B0k 0 B o)
tion,2010,27(3) :156-160 (in Chinese) . HLES A2 B R0 [ ], 3F 5 ML A BF 5%, 2007, 24 (2) :
[ 8 ] BORENSTEIN J,KOREN Y. The vector field histogram-fast ob- 264-265.
stacle avoidance for mobile robots [ J]. IEEE Transactions of LIU L, WANG Y N,KUANG F,et al. Path planning of mobile
Robotics and Automation,1991,3(7) :278-288. robot based on neural network and genetic algorithm[ J]. Appli-
[ 9] QI C,0ZGUNER U. Real-time navigation for autonomous vehi- cation Research of Computers,2007,24(2) :264-265 (in Chi-
cles: A fuzzy obstacle avoidance and goal approach algorithm nese).

[ C] // Proceedings of the 2005 American Control Conference.
Piscataway ,NJ : IEEE Press,2005,3:2153-2158.

[10] REN L, WANG W, DU Z. A new fuzzy intelligent obstacle fEE BT
avoidance control strategy for wheeled mobile robot[ C] //2012 REE BWA R HZ., FEUR TR AT A SRt
IEEE International Conference on Mechatronics and Automa- To NAL I i AL S A/ S/ 45 )/ 0 AR
tion. Piscataway, NJ:IEEE Press,2012:1732-1737. Tel. : 010-82317557
[11] LI H,YANG S,SETO M. Neural-network-based path planning E-mail : mengzhijun@ buaa. edu. cn
for a multirobot system with moving obstacles[ J]. IEEE Trans-
actions on Systems, Man,and Cybernetics Part C ( Applications E2E O MM, EEMR TN EANEFYLERS
and Reviews) ,2009,39(4) :410-419. Pl T AL A
[12] WAI R. Tracking control based on neural network stagy for ro-
bot manipulator[ J]. Neurocomputing,2003,51 :425-445. frRE B MR, FEME A CAETILA S
[13] ULRICH I,BORENSTEIN J. VFH + : Reliable obstacle avoid- HRATERIH A

3D obstacle avoidance method and simulation for unmanned helicopter
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Abstract.: Autonomous obstacle avoidance is an indispensable ability for unmanned helicopter (UH) op-
erating low-altitude flight. A new 3D real-time avoidance method was presented to solve UH obstacle avoid-
ance problem in complicated environment. The vision space of sensor was divided into several unequal radii
sector-shaped cylinders and cuboids distributed at the same angle, estimating the obstacle distribution based on
sensor data, and UH can execute corresponding maneuver calculated by this method to avoid obstacles suc-
cessfully. An originally 3D simulation method was also proposed using secondary development technology on
CATIA, which can build 3D model for undiscovered environment. Combined with the obstacle avoidance
method, real UH obstacle avoidance flight simulation was carried out in it. The feasibility of 3D obstacle
avoidance method was validated using the proposed simulation method.
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tion; CATIA secondary development
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2 S B S8 Fi S9 (1) SEM BE B 2 /MR
Y OR300 42 30, A A 1 — o BRSO UKL #4
K, K/ 300 ~500 nm, BE 5 S8 FURLEL /N, K/
24 100 ~300 nm, 44 K UKL R SF /)N | B3 AU,
WE T 4 Li™ (9 9 RS 42, SCRT 35 0 A 1 R
PR VAT il T AR, A B TR A e RE . (B
&, R TR R 2§ 80— 20 I S 1 &4 FEAIR
H1 AL A R RE

2 FEAh S8 RN S9 Ry B IR A
Fig.2 SEM photographs of sample S8 and S9
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2.3 BiFEuiR

& 3 JEBE S S8 A1 SO 7E 0.1 C WAy FT ik fe
Mk, N LLE S, 2 SR E R T
R 7E 4.5V b H8AH — KRB F A,
XEE MR —, X~ FEERER
FEHL IR P e o BE L S8 Y2 A X EAR, IR
FEHLA I A 354. 0 mA - h - gl IR A
H269.0mA - h - g™, KESE SO MY R FE A
FHH345.0mA-h-g', H R B HE KB A
273.9mA - h - g”', FEEL S8 FI SO (B KR AL
B K 76.0% F179. 4% , 55 2 JH 55 7 th 4&
o RS S8 I FEHLZS Rl 268.8 mA - h - g7 iR
BN 259.6 mA - h - g7 EARBUER N 96. 6% .
552 FIRERL SO M FE AR A 275.3mA - h - g7,
L 75 B R 269. 9 mA - h - g7 EAR AR N
98.0% ., JIT LA, FE i S9 FLAT 45 i (1 1 v 25 8 A%
BRCR

K13 HFEdh S8 A SO HIARAE 0.1 C Ay FET £k
Fig.3 Charge-discharge curves of sample S8 and S9

electrodes at 0.1 C

P4 ShRE S S8 A SO (1 JE K i 6 JE CV il
o K 4(a) T LIE 2 DRSS 1A b
AT 2 A A0 R S8 1 S AUt BLAE
4.25V Fl14.69 V, FE 5 SO By E ALt BLAE 4. 06 V
4,77V, BARK AL A7 X T Co® " /Co® ™ Al
Ni* " /Ni* S B 35 v 0 S A i 0 T 7S
Mt frh 4.5V AR &, R E R Li,0 1)
Jii 5 2 Li,MnO, —Li,0 + MnO,, %5 1 J& & &
IR, 404 VR T XN O 5 4 A i A
F| Li,MnO; £5# 1,3, 6 V 1y i& Ji W5 XF i T
Co*"/Co™ I Ni* " /Ni* " Wy if JE o F2, /N T°3.5V
B I8 UG X T Mn® T/ Mn® A 38 5 R o
Kl 4(b) Al LAE VS 2 B It S Ak 72 i
WIAUE, 58 1 AR, % 1A Akl
(S8:3.25V,S89:3.48 V) X} i () /& Mn*>*/Mn*"
AL i 2 B2 A S Ak i L (S8 4. 20V, S9

P4 #£dh S8 A1 SO HLE H JE CV B KAl 6 A CV £k
Fig.4 CV curves of sample S8 and S9 electrodes for

initial cycle and for first six cycles

F3.95 V) X & Co’F/Co®  FIl Ni* ¥ /Ni** [y 48
TR 553 AN IETE 4.59 V 2247, 2 B 16 1k 58
210 Li,MnO, fY4k2e 6 At 2 . o 50 1) i 17 15
951 ARl FEA SO B AL IR S R 25 /N TR
Al S8, F HHAE iy SO ELAT T g () 47 B ] 3 1 i

TEAFE M N 5 7R 0.1 C i), B 5 S8
R R R 269.0mA - h - g7 FEFR 30 J G K
AN 122.7mA « h - g7 B FER 145.6% .
B SO L A R 273.9 mA - h - g7 R IR
30 JRJR AL 7R Ol 202. 8 mA - h - g7 AR EERHER
H74.0% o FE 5L SO HAG B 0 I 2 o R B
B FR RS EPE . LA 2803 900°C e )a , MR
ML PERE T . XPRE AL SO HE— B 7E 1 C Tt
AT FET AL IR, WP 5 (b) PR S5 SRR 7R 1 C
e 7 JE R 5 O 188. 1 mA - h - gL AEFR30 J
JEBCHR AR R R 173.3 mA - h - g7 FREBRIFR N
92.1% . FEfh S9 78 1 C F 75 0 i 716 36 I 6 B iy
T ARG WG AR T

K6 25 T RESH S8 Al S9 fil EIS B Hi &%k e
B SR B TR, g B MR FLBE R, R
W HL AT e B WL BH, Z, O Warburg BH 4T, CPE 2
TEARBLICAE, Z7F0 Z7h B B0 S8 38 A 3 2 A
A ETS 32 B by w5 991 1X 10 2 R T X 1) 40 26 4
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5 BEfh S8 A S9 TE 0.1 C MR AR 2 M il 2k
S9 7E 0. 1 C H 1 CF BI6 PR A2 1 i £
Fig.5 Cycle stability curves of sample S8 and S9 at 0.1 C
and of sample S9 at 0.1C and 1C

K6 FESh S8 Al S9 Y EIS K H 255k v j%

Fig.6 EIS of sample S8 and S9 and its equivalent circuits
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3 & it
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Synthesis and electrochemical performance of lithium-rich cathode material

WEI Xin, ZHANG Shichao® , LIU Guanrao, YANG Puheng, MENG Juan, LI Honglei

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Lithium-rich cathode material Li, ,Mn, ,,Ni, ,;Co, ,,0, has been synthesized by sol-gel method
followed by a high-temperature calcination process at 800°C and 900°C ( signed as S8 and S9, respectively).
The structure, morphology and electrochemical properties of as-synthesized materials are characterized in de-
tail. Electrochemical test results show that sample S9 has higher discharge capacity, better cyclic stability and

1
and

smaller charge transfer resistance. Sample S9 delivers the initial charge capacity of 345.0 mA + h - g~
the initial discharge capacity of 273.9 mA - h + g”' at 0. 1C (25 mA - g~') with a coulombic efficiency of
79.4% . The discharge capacity is 173.3 mA - h - ¢~ " at 1 C after 30 cycles, remaining 92. 1% of initial dis-
charge capacity (188.1 mA - h - g~'). The results indicate that the ordering between lithium and transition
metal cations in their respective layers needs a higher calcination temperature in spite of the formation of the R-
3m layered phase at 800°C. It is helpful to effectively improve the electrochemical properties.

Key words: lithium-ion batteries; lithium-rich cathode material; sol-gel method; electrochemical per-

formance; calcination temperature
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1.2 BB ge bk A ik

PR BE DU 32 %% B D A A 8% AL S ol SYA-
1884 A (454 GB/T 1884—2000"" 47 v ) ; $h At ]
AL S HWR-ISE gt ifF 7 (45 & GB/T 384—
19811 FR ) 5 IR A58 0 430 28 Oy 5 i -5 T 14T 1
IR 52 B0 A (£ 4 ASTM D323—15a"* 454k ) ; 4
SO AL SR S R SKT (£F & ASTM D1322—
15l M FRifE) o LT KO AN RS 5 o BS124S, 4G
4 0.0001 g

BE S 3 FI0 - BR R A B AR RSO
HWP21-30S (45 4 GB/T 21844—2008') %5 1t ) .
F B IRF A B AR A R A R
J2 I ZR 2% B FE TR S A 6 AR A 4 A .

SO FEA R N« e X S 1 ) R R 2
A EAT Hh EL A TR T vk R = A EAT 3 WK, LU
PR B 2% VR S 56 I TP 1 B A R R Bl S AR
TR 37.8 °C, [R] Ak X 52 0 7% i E A o B
8 R Tl A 3 5 X5 b R A LS, O DRI B S R AR
HEZS 4 N AAEAR T 1.4 kPa ;5@ & e 47 09 A
ANZE R, SR A o R Ak, 1808 0E A S
L BN 252 R 738 B R e EA T B
PiE 2 5 min DM R IR S E A AR A
H AL F #HOP RS B IS HEAT KRR R
BU FE A2 AT S 6 DA AR AR I R T Bk B

2 ZWHERSiTR

2.1 BERMEAHEMRZTHEBALFZERER

IR SR A O RR Bt T2 2 Ak 2 A R B B AR
AT E B FE A RS R S 2 U
T AT DA AIE 118 5 35 AT 2 R Tl LA B Ay Sl 26 4 4 il
fetkfe Fry 2 5 AT & KrifE GB
6537—2006"") fy i 25 159 RP-3 . 2% Merox Jid i Fi
T 25 345 B (R SCRIFR Merox #5RH) 7 LU
Kk SASOL /A w] A 7= B B 58 3% 46 & & iR Rt
FSJF 3 Ffk b 5 18 5L FT RREIEA T4 50 X HE

F 1R AL A S SO AR ) 4 Rk
& R 43 B i L) 38 5 X RP-3 (FT (FSJF |

F1 5HEBAS

Table 1 Components of five fuels
UL BT YR %

Hikeke Wk SRR R
RP-3 44.36 10. 54 32.89 4.46
FT 99.04 0.18 0 0.03

FSJF 45.48 42.90 10.58 0

Merox 49.64 27.59 22.72 0
FT.RP-3 & 1: 1 {R& 71.70 5.36 16.45 2.25

Merox LA ¥4 FT RP-3 # B8 1: 1 [ BIE & TR &
BRBES b s AR e X00RT 25 W o 21 73 B9 6 BE, BT
LU A i BE A 2 5 8 2 8 o3 e B 52 4, T
B b K PR R DT T R R e S T 2 Ly,
B e K R o A R AR ), (HLJR O A e R
SN FIE S AR o HE AR Y BE ] 5 28 Merox [l
B T 20 I A AL 2 R0 B 23 HP AN 5 A 0 e B A
Wyl , 55 A K8 BT ol LE AT R B s A L 2,
F s AR FSTF w5 55 7 J8 o o 23 Ktk —
U AR AR T RS 9 2 90%
2.2 BREBRBMEAMEMZHEHERES

TEAL 25 JR0RE A 32 2 O o0 T SR e B E
K& BAT IR be IR B BRBR IR R4S A E PR AT
oy TR S R 5 07 A K B0 A7 A R T 32 e AR Y
PO U LR A I v iz R e (H 23 AR
TR A | HE BT R AR 2 s R OO R

s AT — 58 L B 07 KR ALy, ke SOl

T ARSI Al 2 M B+ o 3 Tk, A A7 10 E TR
We2e N L BR . Wy IRE T ARIVR Z
[F1) R R 7 T ) 22 5%

2 s RP-3 5 FT 0K BE AL 1 BE XS
oo MR RTLUE h FT 808 i B AL PR BE 5 RP-
3 FFAE—E 25 5, (EUE FLBR % 1 A i L Al B Ak
i ¥ 45 & GB 6537—2006'") & ASTM D1655—
15! b SRR I R, o i 11 i 28 78 MG AR
HEZR L Z N .

%<2 RP35FTHEMEL s
Table 2 Physicochemical properties of RP-3 and

FT fuel
GB 6537— ASTM
AP RP3  FT#k  2006!*) DI1655—15¢!12!
5 AR R % R
PRI
& -, 783.4  758.2 775 ~830 775 ~840
(kg - m™)
N& /°C 43 39 =38 =38
M5 /mm 25 =25 =25
Kb/ °C —45.2 -47 < -47 < -47
/
Tk s "
(mN-m™")
KB (20°C )/
*M‘,( 1) 1.72 2.22 =1.25
(mm” «s™ )
WA/
B 42.9 47.4 =42.8 =42.8
(MJ - kg™ ')

TERR MR AL VR OS8O R 8 (e %
SR K AL S PR BEA AT AT AR , 177 DA AR
RIE 311 T 5 eV KR R 8 1R BE R ¢ S I il ML
2.2.1 #AEHEE

K1 DR T AR A 5] L 9] -5 il A =3
Bl FEAT RIS, 9250 I B AR A ORI EL (L)
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Fig.1 Mixed fuels’ experimental data and fitting

curves of calorific value and density
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L e 7% 1 A A R A T TR AT R 1 5 k) 2 A P I
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XL s BRBHIN 5, d5c T 10 14 BE 48 A 2 KR
TR BEPERE o AR B RABE 20 (IR i B I R 2 P
BRI B Pk e i H 4R A

SR8 R I A IR 91 B R /N 42 00 R Bk
(5 A PERET o AR SCHRBR T B B I S2 0 3RS, R
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1 +4.773(n+q+#)

Krp o € s S B EC FL A3 BEE IR 3 B n
g3 F kR G m Sy o SR BB
p T AR TN EGe PR AR T
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4.46% Y [N TR K 11 A% IR AR
BB BE 1R
U' =3.85C, (5)

2 it R S I T AR A B B R b 3l R
AR AT RIS SR M Es 0. BEE FT BkH7E
TR AR BT 23 B0 R, AR 3 T B A
s b B LR BT RS, i
SR AT BR R IR LG Bl 0. 652% ~4.913% ,FT &
BLRATBREE IR LG Bl 0.792% ~ 4.8771% , RA
PRBEY AT BRI FRE TR G OB T BT BRORL BT 5 BT
OB MR o FT REHMR R T IR
LU A i 2 ST R e T PR G 21.47% . #RAE -
FEFLR R T B i 48045 22 36 2 253 3l A

{a“ =4.9125 - 3.5142 x 10 R® =0.999
o, =0.6414 +0.00139¢ R® =0.964
(6)

B2 REMEHASEIL RS E 5 EE L
Fig.2 Combustible limits experimental data and

fitting curves of mixed fuels
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B TRA VR N AR (°C) B BLE 2565 F

T=8.2]exp( ¢ )+38. 14 R =0.972  (7)
53.92

FT BRI TN o5 6 5 EL A 9 35 T 2 A58 3l 1) T8
MRFEALT7.5°C A2 10 16.13%

R B 20 43 (B) ) o1 1t 53 4025 S 02 FT KLY
AT AT 2 I A S 25 R R R N & 4 TR
kWG 3 Fe AN [R1IR A LU APIRE 45 O AR TR A A e B
finERE,

ME 4 m] DL A L AT A

3 IRARHN I E S A 2
Fig.3 Flash point experimental data and fitting

curve of mixed fuels

P4 RS R B A s T
Fig.4 Schematic diagram of carbon number distributions

of mixed fuels
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3] 6.58% B IR G BB 7 H IR TR B E A R
DL IR RHRBE B R o PRI, BTS00} 5 A 3 25 A
25 I B A B A R B AR M e

#3 RAMEHE SRR

Table 3 Smoke point experimental data of mixed fuels

FT YRR > 80/ % 57 A e i 5y B/ % HH 15./mm
0 32.89 23
20 26.31 26
40 19.73 32
60 13.16 38
80 6.58
100 0

2.3 BREEMRMES A iME M E AR s T
B AT LAY B AT AT 55, R I SE 56 445
FT BORME RE R , 1T 8 AU LI T FT R Y
AR, TR s 5 s BT R AR [F] R ATAT 55 4540 T B
AT, LIVPAS FT ORI AR Rk
2.3.1 AR EFE
K0S O R A& B AT AR S R R
X T E T B Be F0 T BB B, SR HT R0 5 #L LAY |
F B F 250 kt/280 kt/0. 78Ma F1 T [ 18 ¥
0.78Ma/280 kt/250 kt'"7) . 43 5318 & HLLE A 7]

5 R P AT S gk

Fig.5 Typical flight envelope of civil aviation aircraft!®’
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KPS N W, g 4% By B RALE &, Nyo, 4%
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(°) s AH, 345 Gy BeI€ T J , m; Range, 2 4% €T}
B BOKFALAR , m

XF [ 2 B KATAE 55, LU BEAT T R ST BL
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AR T FT ORE S A il R A S R P
2 5%, PN I TH 5 I 5 X 35 T A TR S BB
PAEHEAT R AL, Fefb 0N

L
sfcd=sfck(LLu) (10)

oL, IR A MR B0 A 7 AR5 L, R A T R A
25 R AR S B 5 sfe, A1 sfe, 23 0k 408 FH IR & 454
ek AT KL 2 i e 2 BIL 1 B i

TER AL B B A T Bréguet fi #2455 77 361
FIFER (8) ~ 3K (10) F5 75 31 1 38 5L 7T JH 494 it Joc
AT . B R LT 3N S5 T,
FHLRATHEFHBL L N 2 (. Bréguet fiifE %R N
Range = ;((lsz(zln(ltf/e) (11)
Xrbeg R S W,k TEHLIK AT 4R B Y
o W, R KL AT LS s ) T
2.3.2 MAERFHELR

EHL B737-800 Bl Z HLIEAT A7 L B ML
A 2 & CFM56-7B & shfl, KHLE & N 41 413 kg,
KATI A 160 1 e % , 40 e % 1% 1R 72 ke,
Ml 20 kg F725 514, KM £ 15000 L,
3 A A AR )RR RP-3 48K 3k IR 4 9% A0
TR, e DA B AR 0 A A

P 6 24 AN (] L 1) TR A 1 TR A ORI 7 8
%ML B, 515 3 3% 55 TORL I 0 1
TRl KA TR KR . LA SR A
BRRE T FT JRORE B 43 B B0 485 0, &ML Bk G A AR

(9)

BT 4 FT OB AT SRR 09 AT AR A
IR ZS B D 2. 1%, RAT TR B0 728 Ak
5 WY AR 4 2 32 o AU A ) 52 il R 2 O T MR il AR A
XHUURE AR W o FT R8RHTFE BE 71 09 R B 7 n] 3%
ZHRREN

6 R A ORI R Al T i 2k
Fig. 6 Simplified range calculation curves of mixed fuels

TE 2. 2.1 545 B AR S OB 5 52 AP (H 1Y
L5 e B IR, 75 2R 5 KR B R0 B Y 4
B, P G0 A T 5 0] ) B R AR R AT A
R4 PR E S AR AR ST A
ERY TSR . N2 FPHRUE A TR A R B 25 1L
Bln] LI Y 6 U5 (A5 B AT H 345 2R 5 (T 5
AR RIS T R, NI, 2.2, 1 1R
F AR A5 RO B BAV(EL M % 8 400 T e T A R
T IR R LR A B9 RP-3 KRS FT KL
AR PERE , TIUI A9 45 2R+ 70 K

4 FRAXBEMNSEAMBITES RO

Table 4 Comparison of range calculation results using

experimental value and fitting value

/% i S 96 (. iREHEE KBRS UE
HH LR/ km AR km A2 LB/ %
0(RP-3) 5905.7 5905.7 0
20 5857.3 5864.1 0.12
40 5815.1 5817.2 0.04
60 5759.5 5769.2 0.17
80 5715.0 5724.4 0.16
100(FT) 5684.4 5680.4 0.07
3 &% it

1) JREE SR T AL 25 HRR) ol T JH T 20 o
AR A A A i R S B A A —
25, I th Al o 3 A B R RE Y 25 57

2) MR B AT A MORE 5 A Dl R A A R
Hoy A 22 7 5 20an A BT AR N L, 55 A ke o i
IR RO/ BT AT B B R R fE
B R B T S R BT Y
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BOARR T 68% .
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Combustion performance and range of coal-based
Fischer-Tropsch aviation fuel
ZHOU Guanyu, WANG Hongbo, WANG Zhichao, YANG Xiaoyi"

(Energy and Environment International Centre, School of Energy and Power Engineering,
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Abstract: Aviation alternative fuels play an important role in energy security and environmental protec-
tion. Coal-based Fischer-Tropsch synthetic fuel was chosen to experimentally study its basic combustion per-
formance and evaluate the influence of flight range compared to theretical study. A B737-800 with two CFM56-
7B engines was chosen to evaluate flight range in full envelope range in a civil aircraft typical mission. The
study results show that the coal-based Fischer-Tropsch synthetic fuel has lower density and higher calorific val-
ue than petroleum-based aviation kerosene. The evaluation results show that the coal-based Fischer-Tropsch
synthetic fuel’ s lower density and higher calorific value lead to its range shortened by 2. 1% . Although Fisch-
er-Tropsch synthetic fuel” s combustion boundary is narrower, it performs better in ignition and coking than pe-
troleum-based kerosene. The results obtained has certain directive significance to the practical application of
the Fischer-Tropsch alternative fuel.
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AR SCHR R T S T ARE A AT AL 5k B BRI
A ( Eulerian Two-Fluid Model with an Interface
Probability Approximation Method, TFM-IPAM ) f#
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Fig.1 Membrane static gas-liquid separator structure
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Impact of channel curvature on microgravity membrane gas-liquid
separation performance

ZHANG Wenwei', KE Peng™ "

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The simulation research on the performance of microgravity membrane gas-liquid separation is
of great significance for the design and optimization of gas-liquid separation technology. The Eulerian two-fluid
model with an interface probability approximation method is introduced for the computability of multi-scale gas-
liquid interface problem at inlet boundary in microgravity (inlet flow pattern problem), and the momentum
source method is proposed for multi-scale geometric problem at membrane boundary. The model and the meth-
od provide a valid entry and permeable boundary for the simulation study. The influence of channel curvature
on the membrane separation performance with typical operating parameters is studied, and the influence mech-
anism is analyzed in the view of flow morphologies and force contributions. The results show that the membrane
separation performance reduces with channel curvature increasing, and the influence is related to inlet gas
phase volume fraction; straight channel is suitable for membrane static gas-liquid separator.

Key words: microgravity ; membrane separation; gas-liquid two-phase flow; two-fluid model ; momentum

source
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Fig.2  Control structure diagram of IEHSP
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Free-chattering fractional order sliding mode control of
integrated electro-hydraulic servo pump
YANG Rongrong', FU Yongling""* , WANG Yan’, WANG Deyi', GUO Jianwen', ZHANG Ling'

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Thanks to the special structure with the same rotor and housing shared by higher degree inte-
grated servo motor and pump, integrated electro-hydraulic servo pump (IEHSP) has significant advantages in
aspects of size, noise, efficiency, etc. , and it has good application prospect. To improve IEHSP’ s speed reg-
ulation performance and anti-disturbance ability, a novel fractional order sliding mode controller ( NFOSMC)
is designed. First, the controller provides the system with more degrees of freedom because of introduction of
fractional order calculus. Second, aimed at chattering problem of traditional sliding mode control, it is ensured
that the fractional order integral action of switching term is included directly in the proposed controller, so that
free-chattering sliding control can be achieved by utilizing its filtering property. Meanwhile, the finite time
convergence stability is proved via Lyapunov theorem in presence of internal and external disturbance. Be-
sides, the range of order for fractional order is extended due to the high order fractional differential term avoid-
ance. To further enhance the ability of anti-disturbance, fractional order disturbance observer ( FODOB) is
proposed for observation and compensation of internal and external disturbance, so the response speed and
stiffness of the controller is enhanced effectively. By comparison with PI, counterpart integer order sliding
mode controller (I0SMC) and conventional fractional order sliding mode controller (CFOSMC) , the simula-
tion results indicate that NFOSMC based on FODOB can effectively improve the performance of speed tracking
and the ability of disturbance rejection, and the effect of chattering elimination is remarkable.

Key words . integrated electro-hydraulic servo pump (IEHSP) ; fractional order; sliding mode control;

free-chattering; disturbance observer
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FE53 R T IG ZR A8 T 1 4R Ak B g (GPU ) X i 3t
SRR o AT I [ B TR AR 3 W B AR P R
AbFRES (CPU) Hr ik 47 Fil 4b ¥ J5 % A GPU itk 47
2l o B 7 A Ak PR R I B X R G B
SFHRAEITE CPU B 5¢ i, GPU Hf HUPRAT L £k 8045
A A W 5 2 R — R SO B, &
L 5 158 & i A9 Sk AT AR A B o
WL s - 2 AR
data = getData( ) ; // FRIEHE
max = getMax (data) ; /115 24 i W () 5 B 4 1
countForEquation2 (k) ; / R (2) BY 8 5 4% 14 I
it
if max is beyond the value corresponding to the col-
ors then
if time between now and last adjustmentl is too
short then
ko=2k; // PR (1) v e B 4 o TR
end
equation] () 3 /475 (1)
recordTheAdjustmentl () ; /10 3% A< IR 8 B
recountForEquation2 (k) ; / B #1451
else if h in equation2 is reached then
if time between now and last adjustment2 is too
short then
h=2h; /X (2) B b
end
equation2 () ; / #4f75K(2)
recordTheAdjustment2 () ; /10 3% A< I 8 B
recountForEquation2 (k) ; / B #1451
end if
sendData2 GPUandBindTexture () ; / 33 1% %] GPU
It 98 € 3 808
g_CastRay <<< gridSize, blockSize >>> ( Image) ; //
JeL % 5
2% i AT 45 1 1 4% PR 2L g_CastRay ()
pixX = blockldx. x * blockDim. x + threadldx. x; //
XF AR R X AR R
pixY = blockldx. y # blockDim. y + threadldx. y; //
XFRAR R Y AL FR
if (pixX, pixY) is in the Image then
pixValue = {0,0,0,01; / ¥ L 18 K ic %18
theRay = genRayforPix ( pixX, pixY); / 4 @ %f
B2
while theRay not terminate do

rayPos = getRayPosition ( theRay, dataVol-

ume) ; // T CL A KA 7 L
if rayPos is out of the data volume then
break ; // L ATERHE A N , 15 1R B
end if
value = sampleTexture ( rayPos) ; // S0 B R A 3k
(GR €L
color = lookAtColor ( value) ; // 2% $% %% 3= (B X}
g g )
pixValue = accumulateColor ( color); / 2 fH
Fi
if opacity of pixValue not less than 1.0 then
theRay casts ahead a sample step; // 4k B
=R
continue ; // 4k %L while {fF#
else
set opacity of pixValue 1.0;
terminate theRay; / Y626 # 11
end if
end while
Image [ pixX, pixY ] = pixValue; // 3k ## J 2 %)
NSRS
end if
b, ELm RO S TR
FIF AW AT 20 (1) il (2) B IR B &1, 5
A W FEAT AR D g e o 5 (1) A (2) 9 B i 2y
it R LR B b — Y] & 1 Ik (] [ B , A R] B K
R D) ] X IO Y R B R UK R S X (2)
A VB 25 A TR T E R AR 52 U RO 3 1%
A GPU Jf- 8 B 4y 3 8 T )5 2206 R 55 A
SR AL 256 B 7 AT P R B B
F GPU H L B pRAL g_CastRay () X 4l
PEAT2 ], Z 8 gridSize &5 blockSize % 71 I Ji H)
LRARAL, AR R B RN SE - AR R R I —
Y
PREL g_CastRay () 322 58 MOL & A0 10 BT A
BAE R R RE R N IR R E . AR &R
IATHAT S RS, B3R A5 A il 181 1% , GPU REf% &
Fol HBoR B B . JCL BT 1 e i 4l & AR
(9 1d 533 H X B B 48R AR AR (pixX, pixY) , 8K
J&i genRayforPix () ok AR 4l #5045 3 A1 B 1)
= A )AL T AR O B 2k theRay , H 2
B LR 2 ORI 5 I B9 A R A A R
J5 1] o G A 5 T 46 1 4% 4% O 1) DA I i 20 K
HEAT B RAE B 2D AR A — I, R A5 1O B4 (B
WSy B0 5 R AR R AE pixValue o bR %L
accumulateColor ( ) #F 17 B {6 /9 2 1, ffi I MIDA
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Fig.5 Examples of adjustment corresponding
relationship between color and data

WS Fros iy S ApdE AL el LAt A shiE
BRITEAE—E N OU T & AR, M EA 7 2
FRE PR, MR S Mgl T ZY
PR S (a) MK S (b) Frs B3 RAF B, -
SN AR A S I N2 04 i T, Bl 1k EOE
(B0 9 3R 7R 3 Bl T TR S () M
FS(d) Bros i Bt ol rb, FH P T DUAR 41 75 22 32
P R AL 5 A R R (R RO B R X T
KIS (e) s BYREAL I s 16 B0 b, P = 28 108
SN HEAT IR, 2 fild 2, B B 3
PHROIRZS, P ] DUARE A © A W% BE i T 3l 34
BRI A R SOR N (BT B AR BB

(ELIRE5) I, o 50U P S8 LR AR
4.2 ZHERSEHH

SEH A TR B S AN R 6 B, Hh Y
P 2 3 7R X B 9 A o7 W L, BBCLE Y 1R N
[O, VTP I) o 75 B0 358 B v, 2 A B4 %) B Y
AN O, D HX B 4 BOHE (EF A 2 5 224,
WAL 6 FRATLREE 1 B A B O, BE S 1R 22
i) 45 2R rh 5 B I S /N B R (. P AT L
VPO AN I W 0 2 5 2 Y BOde 4, 1K
e P o SR B (AT 22

B6 i
Fig.6 Color sequence

S BUN G NN ORGSR R 7 €
Y2 il R G, DA B R 2 B R, A A 345 5 40 A 25 ()
rh Y B SRR R /N I 40 A AE 0 DA S £ B 21 45
TR B AR R R B L PR B B A A A U
PEAE BN R, G 23 (o X 38 3R 7R 1 45 T
FE DX, 0 2 €8, DX ek B S 30 5080 2 1 i

K7 rpo2 R — Bk 5 R R KA —
HOPE W 22 25 X L, o 7 (e) i SCRk [ 8 ]
R s, BV i B €0 5 R o 4 37 1) 1 38 A
XL BT H Y AL XSk B oA 5 A BT AE X
B 7 hiR P ke TR S (a) s A2 4T 81 6 i
BIRG s Riir s, B 7(a) (Bl 7(b) .
B 7 (e ) Hoxd 45 g 5 A0 [A] 0 454 FH i 55 3
GiMalal . 7 (a) 5 7(b) il i i g A
[, 7(b) 5K 7(c) MM

TEE 7 (a) FIE 7(b) 8 7 (ad) ~ & 7(ab)
HE 7(al) ~E 7(a3) 0L, B 7(b4) ~ & 7(b6)
FIE 7(bl) ~ & 7(b3) Mt , 2 [ A YA B i
o, B AE Bl (ad) F0EL (b4) kb A7 T M
& 7 (a3) FIE 7 (ad) Ry AHAR T, T8 38, P I K]
KORFEE A — 8, HE K 7(al) ~K 7(a3) 5
Kl 7(ad) ~ & 7(ab) o0 SR 4F T B0 60— B0, fig
i 0 73t v R) R A W RS R T AR A R A
R u BT K, B 7 (a) FE 7 (b) ]
TR 210 Xl A DRI 15 K i G At 15 48 Ak 1 21 8
XA AR | 5 3285 1) 58 B A8 AR X R T 6T
TE7(c),m s RAERT 2 iR BG4 I B AR
Ak, [) sy At 15 85 A 9 20 66 DX 38 4 /N I 53X 5 18
TSR — B, AR — ISR R R R
RO B — BobE 0 £ b, B 5 508 (E
A X6 7 1% 490, it 5 4l 4 79 A 3k AR AT AR Ak, 5 304



1664 | R I N N = < 4

2016 4F

F7 PREFEE — B 5 R AR 35 B — B 0 22 ) 45 SR X L
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Table 1 Statistic of algorithm implementation time
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Rendering algorithm with color coherence for dynamic
electromagnetic environment

FENG Xiaomeng, WU Lingda” , YU Ronghuan

(Science and Technology on Complex Electronic System Simulation Laboratory, Equipment Academy, Beijing 101416, China)

Abstract: After studying the existing state of the art, we firstly propose an rendering algorithm with color
coherence for dynamic electromagnetic environment. The definition of color coherence for rendering is that the
same value in different data frames corresponds to the same color and the change of colors in different rendered
images follows the changing data. Based on the definition, the algorithm of rendering static electromagnetic en-
vironment is improved to render dynamic electromagnetic environment with color coherence kept. If needed,
the relationship between mapping data and colors is edited by user interaction or the principles defined for the
algorithm to follow the change of data. The experimental results show that the dynamic electromagnetic envi-
ronment can be rendered with color coherence kept by the algorithm and the change of data is shown in the
rendering images, which is helpful for user to understand the electromagnetic environment. Furthermore, par-
allel implementation of the algorithm using compute unified device architecture gets a high efficiency, which is
good for using it.

Key words: color coherence; dynamic rendering; ray-casting; parallel implementation; compute unified

device architecture
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Table 3 Head-pursuit interception results of different scenarios
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Method of time-to-go estimation based on predicted crack point
LI Yuan"?, ZHAO Jiguang”* , BAI Guoyu', YAN Liang’

(1. Department of Postgraduate, Equipment Academy, Beijing 101416, China;
2. Institute of Tracking and Telecommunications Technology, Beijing 100094, China;

3. Department of Scientific Research, Equipment Academy, Beijing 101416, China)

Abstract: Aimed at the different characters of the head-pursuit and head-on interception flight trajectory,
the time-to-go (TGO) estimation methods are designed. According to the prediction of the crack point for the
interceptor and target, the influence of different launch conditions on the precision of TGO estimation is de-
creased. At first, the linear proportional navigation motion equation is transformed, and the first order differ-
ential equation about the distance between interceptor and target is obtained. Based on the predicted crack
point, the error for the integration result caused by the different initial launch angles is corrected. Then the
TGO analytical expressions of two interception models are obtained. Compared with the existing three methods,
the simulation result verifies the real time performance and the estimation precision of the proposed method
which is able to optimize the guidance performance effectively.
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tion; proportional navigation guidance law
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Table 1 Normalization lift data

% E7K % EE % 7R
1 0 186 0.5000 386 0.1667
2 0.2500 187 0.5833 387 0.1667
3 0.1667 188 0.5333 388 0.2500
4 0.1667 189 0.6500 389 0.2500
5 0.1667 190 0.5000 390 0.2500
6 0.2500 191 0.4167 391 0.0833
7 0.3333 192 0.5000 392 0.1667
8 0.3333 193 0.6500 393 0.1667
9 0.2500 194 0.6000 394 0.2500

10 0.3333 195 0.6167 395 0.1667

11 0.6667 196 0.5000 396 0.0833

12 0.7500 197 0.3333 397 0.0833

13 0.5833 198 0.5000 398 0.1667

14 0.3333 199 0.5833 399 0.1667

15 0.2500 200 0.5833 400 0.1667
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Condition prediction of liquid propellant rocket engine based on
process neural networks

NIE Yao, CHENG Yuqgiang, WU Jianjun "

( College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410071, China)

Abstract: Aimed at the problem of liquid propellant rocket engine condition prediction, a double parallel

feedforward discrete process neural network ( DPFDPNN) model based on extreme learning ( EL) algorithm is

proposed. The discrete process neural network ( DPNN) , which was trained via off-line data, is firstly adopted

to make prediction of liquid propellant rocket engine condition. In order to improve the accuracy and efficiency

of the DPNN for condition prediction, the weights connecting the hidden layer and output layer are then direct-

ly updated by the EL algorithm based on recursive algorithm with the real data stream. The corresponding com-

putational steps are given and the DPNN with weights update is compared with the DPNN without weights up-

date by predicting the lift of oxygen turbo pump. The result shows good accuracy and adaptibility of the DPNN

with weights update and this work provides an effective way to solve the problem of liquid propellant rocket

engine condition prediction.

Key words: liquid propellant rocket engine; condition prediction; discrete process neural network;

extreme learning algorithm; recursive algorithm
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Symplectic weighted discontinuous Galerkin method with minimal phase-lag
ZHU Shuai', ZHOU Gang’, LIU Xiaomei’, WENG Shilie" "

(1. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Department of Mathematics, Shanghai Jiao Tong University, Shanghai 200240, China;
3. Department of Mathematics, Shanghai Second Polytechnic University, Shanghai 201209, China)

Abstract: Symplectic finite difference method (FDM) can keep the symplectic structure, and finite ele-
ment method (FEM) can keep the symplectic structure as well as energy conservation for linear Hamiltonian
systems. However, symplectic FDM and FEM still have phase errors for the numerical solution, so, the com-
putational accuracy is not very well in time domain analysis. Symplectic weighted discontinuous Galerkin
method with minimal phase-lag ( WDG-PF) is proposed for Hamiltonian systems. This method is symplectic
and can highly decrease the phase error, compared to traditional method for Hamiltonian systems. Meanwhile,
WDG-PF can keep the conservation of energy as well as the symplectic structure of Hamiltonian systems.
WDG-PF can solve the phase-lag problem of continuous Galerkin method, and WDG is symplectic by the tech-
nique of weight. Compared to symmetric symplectic ( FSJS) algorithm, Runge-Kutta-Nystrom ( SRKN ) and
symplectic partitioned Runge-Kutta (SPRK) methods which are aimed at increasing the accuracy of phase er-
ror, WDG-PF ismuch more accurate and increase the energy accuracy of Hamiltonian systems, tremedously.
The phase error and Hamiltonian function error almost achieve the accuracy of computer. WDG-PF has the ul-
traconvergence point in each element. Especially, for the systems with high and low frequency signals, and
seldom has a method can simulate the high and low frequency signals with a fixed time step, WDG-PF can ef-
fectively simulate the high and low frequency signals with large time step. The numerical experiments show its
validity.

Key words: Hamiltonian systems; discontinuous Galerkin method; phase error; symplectic algorithm;

energy-preserving
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Fig.2 Stress-strain state of tube forming and spring-back
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Fig.3 Finite element model of tube numerical controlled bending process
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Fig. 6 Flowchart of bending tube quality prediction
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Tube numerical controlled bending quality prediction based on
machine learning

GE Yulong, LI Xiaoxing" , LANG Lihui, CHENG Pengzhi

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Wrinkle and over thinning, as well as inevitable spring-back, may occur along with the tube
numerical controlled (NC) bending process, which have strong impacts on forming quality. As the bending
processing is a complex non-linear system, it is hard to compute the result theoretically. Besides, finite ele-
ment simulation is a time-consuming method for industry. To predict the forming quality of the NC bending, a
rapid method based on the machine learning method and finite element modeling is raised. To apply the meth-
od, the first step is to build the finite element model of tube bending and make simulations whose process pa-
rameters are selected randomly as samples. After extracting experimental data, a radius basis function ( RBF)
neural network and a support vector machine (SVM) are built to predict thinning, spring-back and wrinkle
separately. New instances are taken to verify the prediction method. The results show that the machine learning
method can reliably predict the large diameter thin-walled tube NC bending quality and improve the efficiency
of part forming process design.

Key words: tube numerical controlled (NC) bending; wrinkle; spring-back ; wall thinning; radial basis

neural network ; support vector machine (SVM)
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Fig.4 Target tracking location and velocity root mean square errors of axis x in simulation one
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Fig.5 Target tracking location and velocity root mean square errors of axis y in simulation one
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Table 1 Each state component average error in simulation one

x J7 [ y 75 1)
(i SEYRERT /s
P /m  HEE/(m-sT') B/ (m-sT?) fIE/m o HE/(mesT') A (m-s?)
ik CS-Jerk LAl 47.41 111.69 45.51 55.52 8.09 1.39 0.9528
CS-Jerk £ #1 66.54 129.57 50.31 73.11 22.23 4.37 0.9309
Jerk #5175 74.02 129.74 51.12 73.23 27.39 4.74 0.8954

6 (5 2 « Bl B bR BRI Y L5 AR 2 7 AR R 22

Fig.6  Target tracking location and velocity root mean square errors of axis x in simulation two
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Fig.7 Target tracking location and velocity root mean square errors of axis y in simulation two
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Table 2 Each state component average error in simulation two
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Highly maneuvering hypervelocity-target tracking algorithm based on
ST-SRCKF

FANG Jun', DAI Shaowu™" , XU Wenming’, ZOU Jie', Wang Yongting®

(1. Graduate Students’ Brigade, Naval Aeronautical and Astronautical University, Yantai 264001, China;
2. Department of Control Engineering, Naval Aeronautical and Astronautical University, Yantai 264001, China;
3. Information Management Center, Nanhua University, Hengyang 421001, China;

4. Science and Technology on Electron-optic Control Laboratory, AVIC, Luoyang 471009, China)

Abstract: The movement model of highly maneuvering hypervelocity-target is difficult to construct accu-
rately, and the existence of bad measurements in tracking process may lead to filtering divergence. In order to
deal with these problems, a tracking algorithm applicable to highly maneuvering hypervelocity-target is pro-
posed. This algorithm derives a new strong tracking square-root cubature Kalman filter ( ST-SRCKF') structure
from the orthogonality principle, and introduces multiple fading factors. The solution and function position of
fading factors are both different from original ST-SRCKF. According to the statistical characteristics of innova-
tion that the trace of innovation covariance matrix is in a chi-square distribution, a modified CS-Jerk model is
constructed. The model describes target movement more accurately. When the modified CS-Jerk model is com-
bined with the modified ST-SRCKF, highly maneuvering hypervelocity-target is tracked with high precision.
Simulation results show that the modified algorithm has better tracking performance for highly maneuvering hy-
pervelocity- target.

Key words: highly maneuvering target tracking; square-root cubature Kalman filter (SRCKF) ; strong
tracking filter(STF) ; multiple fading factors; CS-Jerk model
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Three-dimensional model of mechanical leg
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Fig.2 Mechanical structure diagram of mechanical leg
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Dynamic modeling and simulation analysis of robot driver’ s mechanical legs

LIU Kunming, XU Guoyan* , YU Guizhen

(School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In order to improve the design efficiency of the robot driver, the dynamic analysis and model-
ing of the robot’ s mechanical legs are carried out, and furthermore, a collaborative simulation platform of the
robot and vehicle is built. The mechanical leg dynamic model is made up of mechanical structure and servo
motor, and the simulation model was built by ADAMS and MATLAB/Simulink; then the vehicle model was
built by CarSim while the electromechanical co-simulation model " robot driver-vehicle" was built based on the
closed-loop speed control in Simulink. Simulation results show that the dynamic model of mechanical leg has
good dynamic response; in addition, the electromechanical co-simulation model is able to complete the basic
speed tracking simulation experiment so as to provide a virtual prototyping model to improve the mechanical
structure and control strategy.

Key words: robot driver; vehicle; collaborative simulation; dynamic model; virtual prototype
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F gl AR R 0 T UL AE R A b 7 1) AN H A S
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FIEF] ACMM B LR ERE M 12 4 L4, JF R
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CMG ffi sl , DA g 2 BReR 25 77 s Hh O A0 Al 77 1) )
CMG 3l , DR AL A 77 1) L A 228 265 42 1l i
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TEVE S0/ A 7 1) 69 23 1 2 R A B S T Ol
T, 1E 7R S/ A7 1 79 20 B2 4 00 9 1) B KOO
2 x 163 25 M M x" N k.0, H. H f TE K 5/
UL B 75 i B 2 T 4R R A o R RO x"
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OM 00 -w,0 0 2e,mp0HH
720 '8 o
O oW oo 0 0-2w, 0 y O
2, H 2

(18)

T =-Ky (19)

Ao T T 7ROl O i L g sy =

(o H fo AT ML 20 251 ke, HORf
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A R I R 8 3 250 B 34 b T F S S
F I IX 8, 2 B T I 38R 5 e Al 1) S #4171y 30° ~
90,y SE B, BRA 28 AH O 58 BRAN S | BRANF .
[ 2 P I AR A T 45 N ) R

3.1

X(1) =AX(1) + Bu(t) X(0) =0 (20)
BE LQR LA s KN
J=f:(X"‘(t)QX(t) +u"(t)Ru(t))dt (21)

KA FI B 3 ) A AR A B B8 I R4 o g AR
W s KO SR I Q AR HEFE R 43 50 - R 2 1E
FE AR A R™ ™ Y IE S A
s /MEE(21) PERE TS A 1y S 2 il 43 ok
u(t) =-KX(t) = - R"'B"PX (1) (22)
KA. K=-R 'B'Plymxn TP Hnxn
AR X R W /R B R AR T
PBR 'B'P - PA -A'P - Q =0, (23)
SIE 17 8(A,B) N4 (20) ik R4
H AT X B h =0 3RoR £ G0 1Y Fe o M B, D PA BR
A% A -BR'B'P A EEER T - h L
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(22, JLrp g B PR 8 5 AR 1 i
PBR'B'P - P(A +hE,) - (A + hE,)'P =0,
(24)

SIEE 2 R L RN A fE R
Rl 22 21 - T RE A 4, (A | R fE 4l 47 )
ST A RRAE TR A

1) LA RGN R EE S
[A(A-yBR'B'P)| ={A] | U {-A]}1 (25)

Hy=1 HHEFE P WL Q=0 A KTy
R (23),

2) 32(L7 ) L AR AEAE LA | XL AR [7]
I B R B O R R KRR EE PO
Py7 =0, Y0 =1,2, - 0 XF B 4% fiF {6 5 &
[A(A-BR'B'P) | £ F: R, FAMI n” A4
EAB A 2l A2 2P0 1, oy > 0.5,

513" X TFHEME AR, E X
2 XM A eR7HIAT e R JFHA
{MA>=uJﬁu{mﬁ

AAT) = (A7 U ol
KT SER G382, G EE2 a0, M 34 &R
YA -BR'B'P AT HRAEME AL - A #B 2
0 =0nF AR 48 Jr A= (23) It , T AT

(26)

2tr(A") =tr(BR'B'P) (27)
b (- ) AR

5134 (A B) W, N (-A,B),
(A*,B) A #51,

513 5" e if Z2 2 - i A i — A

B IX 48 He i 3R 5 St e g o +45°/ £ 3001
LRADL T IR . B E BRGEHE M A S i I B , LT
5 U A 43 A 7 22 28 T A, 7T 43 B T DX 3 P
SR 2 A FEEAE T8, E AR B GT A L - A7,
AL AP TINHREAR I A B T DX 38R P 159 45 F T 42 e g
S HE I A 2 T 0 4 A4 T 4R 10 R IX 440
(A T2 W 7 A 2k T L
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(A VL BETHIBE S R R RN . i A
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(28)
PBR'B'P -PA -A'P - Q=0 (29)
WP T R G R
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HAFHEERR LA L A0, B — D SRR
o — X I HE A R AR A T B IR XS, X T 3

SEPR R, 55« B T MR IE B Y 25 TB) ol A 3 A 1719
it Z ALy AR
’y‘ak +'yk']ak71 ++a, <0 E=2,3 (31)
Lhia, =-1""w[(BR"BP)]; q =

- 1“*f*‘(]f)tr[ (BR"'B"P)"];a,=0.5t[BR"'B'Q].

J
3.2 =Z[Eif ACMM =l 25 K i i 12

MBI ~ 51 # 5 0 LUF i 0 %A 7k
AT LU 22 G5 1A BRI 5 TE 5 £ 45° 8% £ 30° LI,
I H P I SR = 45° 45 A I R GE B A B Y
] P WO SR K. A T g ] e oK A
AR R, B E AT 2 B st 1)
SERRIEGIEE 1K A B B T RO M A
LR ENAE QKRR AR h,,
L B A5 280 4 A 50K R A SR B TE 30° ~90° P,

HARB SRR T .

1) XFFAR A J7 B X (1) =AX (1) + Bu (1)
X(0)=0, X ERERE - h, BLE A BAC
R R
POBR“B"'PO -P,(A+hE)-(A +h,En)TP0 -0 =0,

(32)
fif 2R E L FE Py WS RTHIA RGN A =A -
BR 'B'P,, M R R G A WA - by 20,
idi=1,

1 M L5 45° ~90° A
Fig.1 Pole placement within region of 45° - 90°

2 ML EF 30° ~45°)
Fig.2 Pole placement within region of 30° —45°
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3 590 45y AR G AR A il 5 7 2/ A L Al ) 4 iE
FEAR , SR R IR 25 J7 R AR B L 5 30k B n] oK i
AR ) ACMM 42 4 5%

4 {FERWIE

ASSCER X T 7 Ay B B 25 [ ol ot A 5 B4
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BPERE S, AR — ek, o iR 2 345 A T2 25 A
HWENE, RE TR EME iR, KMERT

051 -0.20  0.10
I"=Eto.20 8.3 —0.080@10"’ kg + m’
Hooto -0.080 4.8 U

®1 HtF#HAKET,
Table 1 Other disturbance torque T/,

T ik
T 0.002 +0. 3sin(w,t) +0. 1sin(2w,t)
T 0.0001 +sin(w,t) +0.2sin(2w,t)
T; 0.0003 +0. 5sin(w,t) +0.2sin(2w,1)

25 (] 3 B2 17 BUIE A 400 km B 3T 53 U,
M AEEITLI o, =0.001 1 rad/s,

MARZSTT R (16) MU (18) nf LI Y, 9 4k
Je B 7 REAE T S/ At 5 1m) b E 0 3h il it S
T B W, B T CMG i 3l i AR 2, T8 W01k 1%
Peahid i CMG W Wi 5 T 76 R A 4t D 1e] & (5 8 30 |
LASA 2 A% T B 0E SR my R 3h 24 B CMG Il
(1S ) Ak 5 s R 2 I i 8 25 41 R
(o ") =(-1.32°,3.58°) (42)

TE IR A0 b 7 1) 0 R 3 /Al A 2 g 1) AR A S B
R YIWRALHERE . T RG A —E & EE,
(7] FRF SCAT HE 8 R Ay i) 7 3 B8 )7 L I 7 FF AFD el
TR E LR 0. 20, , LIE S L 45° . TEIR S/
TR 5 16 B T B H CMG /1 sh &, ISR pH e
FICR NN, 2 45 S 5t 1 25 B 2k K, DN T &5 B0
A CMG fa t ) 56 8K, PR A VR 3/ A 7
o] b 58 E # R HL 0. 25w, , BHLJE £ L 60°, JH 55 3
TR A PR PR A AN 3R 2 B P BR R A5t
AR A PR AN 3 Fron o A T AN B R P
P B B, AR B T R i, A 3
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x2 HAREE(-w,)
Table 2 Closed-loop pole ( —w,)

TR B/ I A il A A
-3.828 +3.298i -3.828 -3.298i —5.846 +5.411i
-3.828 +3.298i -3.828 -3.298i ~5.846 -5.411i
-1.534 +0i ~1.482 +0i —1.544 +1.073i
-1.034 +0i -0.9816 +0i —1.544 —1.073i
-0.8038 +0.969 0i -0.8038 —0.9690i -0.4000 +0i
-0.8038 +0.9690i -0.8038 -0.9690i ~0.4000 +2.609 x 10 i
-0.5000 +9.820 x10 "7 -0.5000 -9.820 x10 "7} -0.4000 -2.609 x 10 i
-0.5000 +5.610 x10 ~7i -0.5000 -5.610 x 10 ~7i

®3 RRWEHEE(RE)

Table 3 Feedback gain matrix( transpose)

R 3N/ o il ARF A0 %l
0.028902 0.000343 04 1168.1
0.000433 44 0.029133 0.017578
470.01 5.3047 0.039637
5.6011 440. 64 -1.1645
0.042975 0.000287 88 0.085026
0.00037828 0.043173 0.43774
4.5677 x10°° 3.0982 x10 8 3.0593
4.4604 x 10 * 4.5902 x 10 ¢
-0.12140 -0.0053014
-0.0051838 -0.11601 Bl 4 7/ ARl B R AR
0.29737 ~0.003 9060 ) ) _
Fig.4 Closed-loop pole in roll/yaw axis
-0.0033021 0.27472
0.24296 -0.010226
-0.0092752 0.22053
0.67539 0.0097575
0.010057 0.63436

L3 ] LUVE A ZE R il oy, BT A
e s R B TR R 0. 20, ~ 60, BT, [F]
R P SR o5 EBAE = 45° LD, 1 B 7R ARE AT 4y 1) 2%
A5 S 1) T S R /N F R A i DAL 4 AT D
B TEIR S/ AT O T A R S £ 60008,
PRAUE T 38/ B R i, HLAR A B R il 0. 250, ~
4o, P ARUE T 5 R T B ) ok A T

5 CMG 4 H K42 K OB . R 5 A 20 B4 3 s ws
,ﬁiﬁglﬂj:%ﬁul;ﬂ 5~ Izigl 8 }5)]15_\‘0 Fig.5 Attitude angle
3 RFAR Al P P AR 6 CMG fazh&

Fig.3 Closed-loop pole in pitch axis Fig.6 CMG angular momentum
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Fig.7 Angular momentum caused by gravity-gradient torque

K8 HAb Ty R 51 9 £ 8l AR
Fig. 8 Accumulation of angular momentum caused by

other disturbance torques
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2) BT E A LQR Ak HA B i il
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it A R H
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Angular momentum management of space station based on pole placement
DANG Qingging, JIN Lei”, XU Shijie

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: For the problem that gravity-gradient torque and other disturbance torques can cause the accu-
mulation of control momentum gyros (CMG) angular momentum when space station operates in inertial frame.
Gravity-gradient torque is used for torque equilibrium attitude. An angular momentum management controller
based on pole placement is proposed. First, the linearized model of space station in inertia frame is established
and the infeasibility of the pitch axis direction of angular momentum management is proved. So we decouple
the pitch axis and the roll/yaw axis, and do not constrain the angular momentum of CMG in pitch axis. The
disturbance rejection filters are introduced to suppress the disturbance’s impact on attitude in pitch axis. In
orbit plane, to limit the cyclic disturbance’ s impact on roll/yaw axis and the secular disturbance’ s impact on
the angular momentum of CMG, other disturbance rejection filters are introduced. Then, feedback controllers
in pitch and row/yaw axis are developed based on linear quadratic regulators ( LQR) with pole placement re-
spectively. This algorithm is developed to place the closed-loop poles to the left side of complex plane imagi-
nary axis based on the system performance requirements without choosing weight matrix. Finally, the simula-
tion results demonstrate the validity of the proposed algorithm.

Key words: space station; attitude control/momentum management ( ACMM ) ; pole placement; gravity-

gradient torque; inertial frame
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5255 T GNSS Z UL ¥l B im 4038 5] &2 R 18 X 7 #F

o

A

(LRI Zs LR R % LT 8 TR %+ B, bt 100083)

i B: E2REFMIE RS (GNSS) 55 it & I Il & GNSS 4 4 (RF) 5 5 # 0 &
MRELAF  ARAETHRERRG TR FHE, Hxd Z 34 G4 (BPSK) fn — #
HEBRE(BOC)EHEE, EAAE T XMERET HHTHERNF REERHFEME L
(BSQ) Gl WM R B, HAIPN T A FREMER B bR o RALT] R B 48 247
TAERMmREHmEMF R RNGRE, e T HARENRITREAXFREAT ER
BWREEMER;ZE, TRE RFE ELARNEANENRRE, RARSEFE T EGHE
AT GPSLI C/A G EETRREFAAMEMLFRTHE AR hF,HiTTREN
FAE R A6 Ak BOFE AR AT R 8 R0 7 ik DL LA

X B W: ARFMELERL(CNSS) EMAM; HXHHE; FREE; RH; Ef

hE4SES . TN96T. |
XEkARIRED . A

W7 A Bk S0 T &R B8 (GNSS) 12 Y AL A i
KA AL (BSQ) 4b BRTE 58 AR 5 % 5 16 1Y 1]
I, 225 —E B 300 L BUFE RIS 2 D R 45 R , A

S 32 S IL 1 T R R PR M A AT
FUAT A 1k, 5¢ T GNSS $2 W ML AT S BSQ 4 4% Y f
FUHR S B X G FE WL AE IE W T AR 5 i
F4 G L A5 AE , 38 SE B B #% 00 GNSS T2 {5 5
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Fig. 1 GNSS receiver signal processing model "'’
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Table 1 Optimal V
N 14 SQNR/dB
1 1.2731 7.2216
2 1.1382 13.7765
3 1.0712 20.0030
4 1.0370 26.0772
5 1.0190 32.0858
6 1.0099 38.0710
7 1.0052 44.0517
8 1.0025 50.0349
9 1.0012 56.0206
10 1.0007 62.0761
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Table 2 a, for each optimal V

N 14 a,

1 1.2731 0.81048
2 1.1382 0.95812
3 1.0712 0.98998
4 1.0370 0.99756
5 1.0190 0.99936
6 1.0099 0.999 86
7 1.0052 0.99998
8 1.0025 0.99999
9 1.0012 0.99999
10 1.0007 1

2.3 BSQ X EERAR YR

— AR DL, H LR S 9 U A% A1 5 9 AR TG
BROK, Al L A5 Rl R A R 1, 4 BSQ L [R] #1: J
I, 18 O LR A 2% o DB U0 A 1A T BRSO R 2 47 5
e 7 B0 Aub 7 2 IR % 280, ] I 55 4 W 2 5
el A A% A A i B W R B D Y S Y
BT/, Fi i A [T 5 (L, 3 BRIV 35 A 3B
2% S8

A (1) s (18) iy Rk Al DL I, £ R
BERR TR E W R ORI SRR 5 5 R\
A AL, P AT 0 M A0 038 A T A 0 4
Feo RS R P BAUTT i, 0T DL GE it 19 £A )i
WgE ZF L EAVE I ARCR . AR SCR T A BF RO
OB 5 A AL 25 R 2 W AL AR g P B 00 3K
ARG E T GPS L1 C/A {55 76 A A 4fF v 1 i fk
O RO B Hh 9 U3 — AR AR OC D R, S R sk 3
JI7 o A B RS i A S R R A B A
KM% T hamming %7 1) 46 B A7 FRA 507 vh
Bz (FIR) JE B4, AL gy V VRN ER 1 BE (5
Shifich 12,36 MHz, K A% 5 50 MHz, 75 Ui BH
10— s, BEAE 0 e OB IE % AR (9 A ] rh 33 A
R FE AL E I AR 3 SR

®3 HEXBFHHESH-—KIIEE
Table 3 Normalized power of output

signal of correlator

5 G/ MHz
N Jo Uk
2 4 6 8 10

0.5266 0.5834 0.6119 0.6230 0.6254 0.6560
0.6472 0.7569 0.8183 0.8469 0.8565 0.9192
0.6915 0.8106 0.8772 0.9097 0.9166 0.9781
0.7100 0.8315 0.8977 0.9235 0.9348 0.9957
0.7187 0.8390 0.9038 0.9308 0.9397 0.9988
0.7224 0.8427 0.9066 0.9330 0.9422 0.9985

7 0.7244 0.8448 0.9080 0.9338 0.9435 0.9985
Jotefk 0.7643 0.8691 0.9247 0.9477 0.9549 0.9990

AN W A W N =
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XF 3% 3 HhJCuE B OGRS T R BRI (E AH S A 1 0 — A D R mT DL R R N

AL R (T) PR (A7) i Z 5 22 s, 1 (19)

HHS AR AN D7 BLSE SR AT EE A2 4 T S FTR © L.LL,

4 ZEAHBEXIENERESHEE
Table 4 Theoretical and simulated correlation power

without quantization

AH K T %
7 %6/ MHz

PRI fE 15 HLAH
2 0.7653 0.7643
4 0.8702 0.869 1
6 0.9259 0.9247
8 0.9490 0.9477
10 0.9564 0.9549

x5 TREHEXWENELESHEE
Table S Theoretical and simulated correlation power

without band-limiting

. P

‘ B D7 ZL A
1 0.6569 0.6560
2 0.9180 0.9192
3 0.9801 0.9781
4 0.9951 0.9957
5 0.9987 0.9988
6 0.9997 0.9985
7 1 0.9985

F 3T IRAE S AT L ) — 1k
UIESE S A RE 8 BSF EIVAE L (- R I
WY, B 5 ek L BEORIV A S 1) 389 1, A 6 2 i 1 15
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F L, T A/ TE U B I A5 B B 07 B4 AR U s A
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1 FH IS 155 508G F A 7 2 i 5 DA T JE 75 6 47 L1
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FIF 5, TEAL G AT 5805 5 108 o Ak B 53 FE I
A Al A5 A0 20 O 5 R A TR A5 ) — 3 e R 4
FHARFE I A5 7 3 43 1 B A 3 348 B 52 B
FEM/N . R0 9 4 0F F UL W, il T ug ok 2%
X135 5 I 38 T £ o A 7 Ak Ak 7 0 i 28 4k R
1 A B4, O 7R B 77 8 Hb ) JE 8 £ 0 G g 0
F9 £ 5450 6 T 36 (L AF T 45 31 — 3 St R 4E B
FE 3 0 AR 07 B2 6 4 BT R B, f e LR
TP D 08 I 400 A T 3 LA — A 5 00 O A A O 1Y
B IE T L, T LA A5 5 K X B 00 A - 45 8 e

L, AR U8 P av 28 8 e 2800 6, 7] RoR

| R, (0) [ B R0 R | R, (0) | 2

LI 2 5, B R, (0) 10— B B

X AR SO A R 0 0 U A, X B A R AT
e /N RS o B T LA )
57:0.3218- |R., (0)|+0.6689 (20)

m

e (9) 3N (18) (X (20) LA (19), FFH]
F(19) X 3% 3 iy AR W 17 5 A Al L K7 B0 2
FAGTE I, AL TR A X R 22 A0 6 R . i 4
AR, 2C19) X AR G 4% i Hh 1915 5 2 R Al T A
AT B B A TORT I, AR 1 H R Al EL A 5 B
WA R 22O ST N, B e, 1 il
s DA A 5 B9 A5 5, IH I 31 5 4 X0 i )
RN R Uk 55, SRR A 5 (19) Al T B R G 2 &
A5 HL U, IR I AR A SRR I A5 5 i rh AR
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Table 6 Estimation error of equation (19)

7 9/ MHz
N
2 4 6 8 10

1 -0.0926 -0.0504 -0.0343 -0.0169 -0.0119
2 0.0316 0.0227 0.0090 0.0105 0.0082
3 0.0309 0.0196 0.0049 0.0044 0.0058
4 0.0194 0.0092 -0.0029 0.0045 0.0013
5 0.0107 0.0038 -0.0060 0.0003 -0.0002
6 0.0065 0.0004 -0.0081 -0.0010 -0.0018
7 0.0040 -0.0017 -0.0094 -0.0016 -0.0029

i AR B L [F VR AT, GPS L1 C/A {5548
KAFERY AT DL
Ly, =L,L,L, (21)

RAE Lk HE5 R 25T GPS L1 C/A BPSK
(1) fF515 30,82 T BPSK F1 BOC {55 #F
JEAEIE X3 FFE AT 180° AR AL 14 il , 422 W WL AT o
XFHAF 5 T R A AR W 0 /E B0, B
X (21) & M T WA BPSK(n) #1 BOC(m,n) {55 .

TIAN AR5 LR AR BE R T 46 B hamming
% FIR 383 &, H 2 (21) Fr 2R 1Y 43 17 5 %0 F
AT g 8 U A% LB RS 0.l Bk
BN L, 5, B AT f b 4 B o Ak 0 I R A R 1Y
55 A AR FE
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Correlation loss caused by GNSS receiver front-end processing for
strong signals

PAN Hongchen, KOU Yanhong "

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In the applications of global navigation satellite system ( GNSS) signal quality monitoring and
GNSS radio frequency (RF) signal simulator test, the power of the desired GNSS signal usually goes much
higher above the noise floor. This paper investigates the correlation power loss of binary phase shife keying
(BPSK) and binary offset carrier (BOC) signals caused by band-limiting, sampling and quantization ( BSQ)
processing under strong signal conditions. Firstly, the correlation power loss caused by band-limiting and sam-
pling without quantization is studied, and then the loss caused by quantization and sampling without band-lim-
iting is analyzed. Consequently the desired signal correlation loss under corresponding conditions is theoretical-
ly derived, and the optimal step size of the uniform quantizer with different quantization bit numbers is deter-
mined. Finally, for the combined effect of BSQ on the signal correlation power, Monte Carlo simulations are
conducted to analyze the normalized correlator power with the configurations of different bandwidths and
quantization bit numbers of a GPS L1 C/A receiver, from which a method of fitting an analytical expression of
correlation power loss by using the simulation results is explored to simplify the analysis.

Key words: global navigation satellite system ( GNSS) receiver; correlation loss; band-limiting; sam-

pling; quantization
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Fuzzy time-variant reliability analysis of mechanical structure based on
generalized degradation
SUN Xuan'?, ZHANG Jianguo">* | WANG Pidong'>, PENG Wensheng'"

(1. School of Reliability and System Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Science and Technology on Reliability and Engineering Laboratory,

Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: The character that the specimen number of on-orbit mechanical products in space is small
leads to the fuzziness of relative parameters and the dynamic degraded failure criterion. The existing fuzzy reli-
ability model mainly aims at static problems, which cannot describe the time-variant and fuzzy problem. This
paper proposes a fuzzy time-dependent reliability modeling and analysis method which is based on the interfer-
ence model of generalized stress-strength and takes account of the fuzziness of both variables and failure criteri-
on at the same time. First, fuzzy criterion can be transferred into random variables equivalently. Then the the-
ory of cut set in fuzzy math can be used to deal with the fuzzy random variables, and thus the fuzzy time-vari-

ant reliability model is built. After that, a new method ( FPHI2) is presented, based on the method of PHI2

which is a tool for time-variant reliability computation based on the outcrossing approach, to compute the fuzzy

time-variant reliability. In the end, a numerical case and an engineering case are provided to verify the feasi-
bility of the proposed method.
Key words: fuzziness; degradation; time-variant reliability; cut set; PHI2
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Fig. 1 Structure of simulation test platform of electrostatic damage
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Fig.2 Physical structure of ESD gun
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Fig.3 Equivalent circuit model of ESD gun discharging
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At Bl
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Fig.4 Comparison between standard waveform and

SIMetrix simulated waveform
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Fig.9 Schematic diagram of surface current distribution
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Fig. 10  Surface current distribution at 2 ns after discharge
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Simulation test platform of electrostatic damage based on three-dimensional
field-and-road coordinated method

ZHANG Xin' * , BAI Chaoping'"*

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;

2. College of Earth Science, University of Chinese Academy of Sciences, Beijing 100149, China)

Abstract: The electrostatic discharge has been taken as one of the main reasons for failures of electronic
equipments, so electronic products are always tested to examine the antistatic ability in the process of develop-
ment. However, the test is limited by high cost of expense, poor repeatability and damage on equipments. In
this situation, the problems can be solved by building a simulation test platform of electrostatic damage based
on three-dimensional field-and-road coordinated method. The platform is based on the computer simulation
technology (CST) software and the results can be calculated through the electrostatic discharge gun module,
tested equipment module, simulation parameter setting module and data output and processing module with the
finite integration time domain solver. By using the platform, a data transmission equipment was tested with an
8 kV voltage touching input and then the conducted and radiated interference were analyzed with the results of
surface currents and magnetic field distribution. Through building the simulation test platform of electrostatic
damage, the purpose of repeatability and no damage of testing is achieved and the engineering guidance is
meaningful.

Key words: simulating and modeling; electrostatic discharge; computer simulation technology ( CST)

software ; surface current; interference routes
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Fig.4 Antenna array pattern with amplitude calibration
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Influence of inconsistence of GNSS anti-jamming antenna
array on MUSIC algorithm

YU Lihong, QIN Honglei, LI Wutao, LANG Rongling *

(School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract. Suffering from the errors of antenna array elements such as radio frequency ( RF) amplifier and
analog to digital converter (ADC) , global navigation satellite system ( GNSS) anti-jamming antenna array has
channel inconsistence inevitably. Firstly, the influences of the amplitude and phase inconsistence of channel
on multiple signal classfication (MUSIC) anti-jamming algorithm are analyzed with the subspace theory of ma-
trix. Theoretical analyses and experimental results indicate that in the case of single interference, the ampli-
tude inconsistence decreases the nulling depth of antenna array pattern generated by MUSIC algorithm, but
does not influence the nulling direction, while the phase inconsistence affects both the nulling depth and direc-
tion of the antenna array pattern. In the case of multiple interferences, the amplitude inconsistence influences
both the depth and direction of nulling in antenna array pattern; the phase inconsistence of channel influences
both the depth and direction of nulling in antenna array pattern of MUSIC algorithm. When the channel incon-
sistence changes slowly, before using array pattern to evaluate the performance of the MUSIC algorithm, the
array pattern should be calibrated by measuring the deviation matrix of the channel amplitude and phase.
Then, the experimental analyses on the influences of the inconsistence are carried out by simulation, and the
results of the experimental analyses are consistent with those of the theoretical analyses.
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Fig. 1  Processing flow of threat evaluating
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Xy 1500 100 1.1 15 11

x5 10000 3 0.5 45 5

MR A5 5 B RRAE -5 1 8 0 25 ) 4 b bk
e 3 5 A A Y A R

X FIAT 25 AT 55 B9 BOPL T 5, BR A 7R 0K R
T3k, I A5 G i i 4 A R R A HL AR K AR TR A
B2 KA T T Y — TR S AR R O 268 TR Ak
T XU B, O BT A T & Y A T R
R, DRI ) 72 000 R 34 4 8L 5 PRI B8 80 Jok o =
SR (PRF) o T RS a0 i HAR(S B, Pl k4
IR R R R E A (HPRE) 8L 2K, 50 B v 52 0 o
HARZSH, it RGN K 73T b A e K 5 A
FAF e PRIy AR B9 5 PW A 45 1] 1 i
X £ 5 0 R o B A e, S B TR A
T T 26, JF A AT BETE B bk v T 4 b B, B PW
NI s AOA /IS, 77 8 5 IR -5 e J7 bl By i
S VB , AT TT SOYLBORE UL EE T A R S
(e, R B B K, AOA BV Bl A 8 Ji8 44 s PA
MR, TSR E 5 A5 5 1 AR B B, 5 AS BIL Y B RS
T, I AR g, DR PA S e 2

4 {TERIE

R 1 PR B R IR A A5 3 WA A AR
W bR 7 AR AT AR B e R R (5) R
BUH R 1 AR AE A R I ARG 56 3 1 X 4 A R &
BB Rz Jras AR (6) ~ K (9) X155
R AR (R B 0E A7 90 03— Al b B, 45 5105 — 1tk
SRR, I 2 BTk,

WHEAEEYE abcde WE B, 33
FER o

JEME abc.d.e ()@ MERCE A RN 4 R,

Fz2 A—RKRER

Table 2 Decision matrix after normalizing

J&
& a b ¢ d e
X 0.2380 0.0002 0.0002 O 0
X, 0.2458 0.1126 0.1126 0.0540 0.0543
Xy 0.2255 0.2084 0.2084 0.3439 0.3620
Xy 0.0401 0.3223 0.3223 0.0182 0.0808
x5 0.2506 0.3565 0.3565 0.5839 0.5030

®3 SITEMNERE

Table 3 Information entropy of five attributes

Ja HE a b o d ¢

& B0

0.2143 0.7161 0.9285 0.7052 0.9176

x4 STEUHEMNERE
Table 4 Weight vector of five attributes

& P a b ¢ d e

N 0.5175

0.1870 0.0471 0.1942 0.0543
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MF 4 BB P T DU o B AR f
K, BARX TR A SIS, BPIFAEFE S
B AR T T T AR 3 280 ) e 1 ) 25
TE AR AR LR K P s o AR S PR A R T
SEZUETT RE A B T B4 4 5 O R B, A5 &
LR O . 45 & LR BERL, A] LR SO5UE
B U HURE £ B T PSR R A USR R vk Do
HEASREBNE, WS FIE B RE L, W
£ SPR,

B PSR HERAERE , nk 6 IR .

x5 BRLBESENKGERF
Table 5 Each radiator’ s PDWs after discreting

X4 L
b ¢ d e D
X 1 4 1 3 4
X, 1 1 1 4 4
kN 1 4 3 1 4
Xy 4 4 2 4 1
Xs 1 1 4 1 4

RO6 RRYHAIERE

Table 6 Decision discernibility matrix

A 1 X X3 Xq Xs
x %) %) %] bde %)
£33 %) 1%} (%] bed %]
X3 (%] ) ) bde (%)
Xy bde bed bde (%) bede
x5 %] %] 6] bede %]

PR G0 TR TBEE S < b, d X LT
JEPEH 05 B0 RSB TR HE AT 5 % 1 17 )
P2

PRI R IR TR A 56

U/b ={x,,%,,%5,%51, [, ]

Ule ={x,,%5,%, 1, {%,,%}

Usd ={x,,%, ), {x ), [, ), {og)
Ure={x,} ,{x,,2,1,{x5,205}
U/D ={x,,%,,%;,%5} , | %,}

BT RS B 22 R S A HE P A5 B AT
FARAF— AR T A T 2 s M 10 K 3k 7
FiF7s o

x7 SIMERENTFREBENNEE
Table 7 Weight of each attribute relative to

decision property

POE
b c d e D
X 1 0.67 1 | 1
X, 1 1 1 0.5 1
i 1 0.67 1 1 1
Xy 1 0.67 1 0.5 1
| 1 1

Xs

T 45 ) 4% A4 48 S IR 9 Bl W B Bl Q,
X8R,
%8 BENESHENBHESMEQ

Table 8 Threat metric value Q of each radiator

X4 Xy X X3 B2 Xs

Q18 0.9845

X Q (B HEATHER , 44 21 i B IR 25 09 HE P A
X5 >x1 =X3 >x2 >x4

P D6 R dl e T AR H s RS IR A PW 2
PRI, 75 & i = 5 35 AR E , B 55 90 e i
Al oo, B IR B9 PW BC7E PRI BG4 AT AEAb
TR F AR BRER (STT) B0 i B 1 148 (TWS) R
A E FALRSAE R, LS| S 2oty , b 2 9 52
15, FT PRI B, Mk L 52 B X 36 07 b 2 4
P8R 0 00, O 35 A R 4% A S 2% A (LB 5 Aot
B H I RO B R ALEIT , 0 45 AR, A
AR SR UK JBE 48 BP0 9 BT A 1 20K 2 s, 1Y
15 5 AL 5 2 7 Rl B 2 I TR A A, S B
Xof 3 7 1A s A REL IS R, DA 5 | 5 RAILAT B,
SFGANT o HE AT WL AR SR {7 g 2 2R
PR U 25 A W) &, T LS BB 1Y 4 5 R S U
147 SRR B o

0.9729 0.9845 0.9573 1.0000

5 & ¢

1) Ay F2 1 502 A5 R0 S92 BT ) T B S DR
TR JE B A ROT Al o SR T RS 4 BRI 19 J7 0%
H A a0 Hh 5 A, A 5 LR T e T R R
PR B arrow AN AT RE R E B, IR D TR TR R
FERIER .

2) AKERY AT LU i T A B R U
i (E, A R S e S DR R R AR o S U
JAL R ) B A AR R AT HE R, i R T B 5 TR
S5 EOED , HEAT R A SE k5 AT

3) R T LR PR A2 2 M PR A 1 FR
i, AT BE T BOTEE B B K ohofil A AR R R BE
TSR EI AN DL, MRS B2 A B B AT — 1)
AEE 18 B S PR R B OR

4) ARTSCHR A9 07 35 ¥ e T OMLRE 4R 1 R T
[, AT DLAE R 0 e 3 i P I S BT T X i HE T
DR £ BLE ot — P58 o (i B A o8 K IR
FEAL PR, AT N, B 4545 45 52 B A 15 B0 AH
P ARIE T 7L B IE R . A SOk B R
A2 i I, L5 % 5 T S B, X o 2 g A
Ay M BEE S TR SR AA R X
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Radiator threat evaluating method based on rough set and
information entropy
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Abstract: In order to meet the need of threat ranking arithmetic of air radar emitter in complex electronic
environment, the rough set theory is introduced into radar radiator threat evaluation. A self-contained data pro-
cessing model for computing threat metric values is established to realize the quantitative representation of the
radiator threat degree, thus allowing evaluating the threat degree of emitter straightforward. The information
entropy is applied to determine the attribute with the maximal weight instead of decision one, solving the deci-
sion-making problem when there is no prior knowledge, which can be used to extend the range of application
of classical rough set. This model is based on data-boost method to acquire the radiator threat metric values di-
rectly, which is easily realized and has favorable time-efficient feature. The method reduces the demand of
system for prior information and avoids the effect introduced by subjective assignments. The simulation results
show that the method has good ability to accomplish target threat assessment fleetly and exactly.
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1 oo A T AT AT R, R AL O o A A 2 — xR AT
FRATELGZFNANEREXREE, AXHEAGZE ARATHR, E T EHRFALHAT
g ad , REERT, EREFZEGLRREE A FBE (gPb) RIH E 0 3w L,
MNKEEREE , AEAFFORE KE(RCB-D) BE P WKk AT oH. At
REGE®E,ITHFE £ REREE RSB E (mPb) fvif 552 8E 3 (sPb) , 7 /5 B BE 3 o W 45
&RE gPb, MEHAGHEEREES 2 KW H ik, T 7 mFAER LN gPb BRAEE L
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2R TE R FBE(ePb); oKW H % B
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FH G5 T RS 230 1) 0 1A% I 2 T 1763

B AR 1 R, RGB-D IR FE SR ML 1 Rl -
(4 B, I AEEFE SUAR B T 72 AT 5T, B
P37 5 B | = A i AU FAR U A
ShAE U S FE DRA R o M AR X MR B 19 TR L £
BOR AL AR (AN Kinect) fY{f FH , {75 7T LR
JEE A S Ak Ly A A G R BB 1)

1 HBEHFIEREL

TE 50 S50 45 iF $ U 43, A 302 % T Martin'”
F1 Arbelaez' " 21 T #E . Martin 2217 @ X T 5
J& B AR (Pb) pREL, T W0 7 4T B — A R 1L
(o, ) MERN 0L AL G R, ok
N oy 08 AR ) o B L 00, N B0 B 8 1Y 22 R ok
53] Pb RS, i A SCHEF RGB-D EI%, i T
AR B SR 2 m ) Pb kg, FE, RHZ
RUBE R Ph B, FEEE T IR F B 0 T BEOR 1L
H R MERAE
1.1 KNSE . B AEMRENGERGR

Pb B i B R W kB RS
G(x,y,0) o ST BRI HE—15F 5 (x,y) B
— AR IR, XS P AR R R 0 ) ELAR
T ER Ay o R I T B BN AR E CE AT o
FEE TR AR E S (v, y) B R
X (e h) =5 3, OB (1)
2 AR E R (A, SR RV R R R A
P43 B R 2 5 g () A1 (o) Ry > [T P99 o 3
Bl AR —A B AR R AU L it — A~ J7 1)
h 60 W R Yk 1, EXA i 0N IR R
AR FR AU N (R AR A K AR A8 B AE
— 1R F R D7 1) B B . PR S B AR R
R — R R IUIE 2, AR B E R X R R AR B 2
B IE 7 i, A AR W 0 & FE . XFF RGB-D [
1§, A SR i i P By I R R A S A
FRAE,  BJR s BE R A G Ly o F1 b RRAE, 1K
BH 23 ] S8R 1 ) 0 B RE IR R X R B AR AT o
1.1.1 Lab &H=

S T /N RGB B8 B 48 Fir 52 1) ok 4R X 45 5%
M, R A Lab 6% 25 M R i 473158 . Lab (A8 25
A5 RGB 2 [l i 5 A X W F

RGB 7 [l e A8 4l XYZ 25 ]
9 4124 0.3579  0.1805 gg(R..) O

HHEHE 2126 0.7152 0.0722%(%,)%

U 0193 0.1192 0.9505H)(p O
(2)

KPR, G, B, 43 RGB E{& 3 A~ iH 1
fH;X.Y.Z 03R4 CIE XYZ 75 [B) Y H . %f B —i8
WHE K, 24 K>0.04045 i, A g(K) = [ (K +
a)/(1+a)]”, Hfra=0.055,y =2.4;1M Y4 K<
0. 040450, g(K) =K/12.92,

XYZ 75 [B] 455 2 Lab %5 1]

. =116f(%)—16 (3)
()AL

)£

AL Ja” FbT IR B Lab (8% 25 ]
{E;X, Y, FLZ, W8 E B2 i, X TR —2

ﬁt,%m(;gf aﬁﬁﬂz)ni;ﬁﬁzs(gf i

~

IS

>

1(29\" 16 .
fr0=5 () e+ g H1 0 R E R

N Lab (45 73 8] 9 715 4] &1

Kl 1 RGB E{§ %5 K Lab 4% %5 [A] 7 f
Fig.1 Example of RGB image changed to Lab color space

1.1.2 232 4 A Fo iR B 45 JE

P& R B S PR TR o B R e
IR BE MG, I T 8 45 11 B Gabor /Nl #1 DOG
FEOE P HUR AR 7 m i s 35 B, B3/ 17 A
e TR A R TR 2 SRy A s BB R

R 17 R i ug s, BB R A
— A 17 4 i 3 A B X I 46 R [ ff B K-means

P2 ks s il
Fig.2 Example of filter maps
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(K, =32) Ry RE, BEMDOE LN B
oL, BB E A RME N (1,32 ) 8 AR . 3t
AN — IR NEREWA L K] ERE N —
AR BE Y R, X A A B JE B K-means 285
PATEIR B TTAR R o 15 B0 SO PR AR AR SR B T
El 3 fros .

I3 RGB (%75 1 1 SOBA G
Fig.3 Texture feature of RGB image
H1 RGB-D {4l 15 1) 1 U8 B2 17 206 1 o B 4>
B AARXT AR S B TR BE AR, B R RIREE A&
VST 1T, DT A5 21 8 5k 5 04 R TR A S,
B 4FrR o AR TR B AR 2 AT il B i B A &
TR FEFREAE 1 A B2 A B
TR B B 2% 3 TG AR X T 4 Sk VR B AN
B Pk A VR EEAF D, B U7 1 M4 BE AL T IR
(AR NEIE SV IUE7/ L N N e & - T R ERSE /NP
I, VR BE AR EE e VR b RGB £l iy A 2 o

K4 RERE
Fig.4 Depth image

1.2 sREEFEME

AT F—F T Pb B F R L2 R Bl
Bo N T EERIEE S, & LT3 Fh IR R
AR A, X R R AR AR A 3 MRUE [0/2, 0,
20 o XF TN [E A RRAOE T LA SR F A ) B REE 1A
g ok S Kb TS 4 B B A A B 22 RUBE Y [
FE L= (6) Frs
mPb(x,y,0) = 2 Z o, G, ., (x,y,0) (6)

s AR 3 MR 50 A3 5 P ARAE (52 )%
L, 0% a, ¥ b, L T HIRE D) ;0 7E[0, 7]
WA T 71056, 0 (v,y,0) B 1.1 A5 BT 42
FIRM AT — 1R R A (v, y) W — AR AR, XK

AR R AR JEE 0 1Y AR 23 D PR O3, 4 3 7
B [ A AR R TR AR A i o, R
B — MR B TTRKE . 2 RUZEAS B A& 45 2R
BS B, B05 (a) o 2 JOE A5 B Rl& f A 15
BB S (b)) S BRI fE B4 B A9 i i, mPb 553k 4
A 6 Fr s o #F mPbAE 22 A J7 ) A B K

5 ZNEMR A4

Fig.5 Results from multi-scale cues fusion

6 mPb BILE5R
Fig. 6 Results obtained by mPb algorithm
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NAEAE A B R FR A5 300 B i B A i S 4K
mPb(x,y) =m§1x{me(x,y,0)} (7)
1.3 # 4«
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Abstract: Contour analysis and extraction is the fundamental problem in computer vision, and the re-
search about it plays an important part in complex scene analysis and comprehension. In this paper, an algo-
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dataset. The experimental results show that our method can extract the distinct contours of indoor objects.
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Simulation and analysis of active cancellation stealth based on LFM wave
BIAN Xiaochen, HUANG Peilin, JI Jinzu"

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract . Active cancellation stealth technology is gaining increasing attention due to its wide applicabili-
ty, flexibility and its effect which has nothing to do with the shape of the target. A kind of active cancellation
system based on linear frequency modulated (LFM) wave was proposed for its technical requirements such as
rapid response and low-delay. The phase and frequency of the sampling incident wave were modulated and
transmitted, so the synthetizing output of cancellation and original wave are decreased. The electromagnetism
principle of active cancellation technology is discussed. The effect of cancellation between plane wave and cyl-
inder wave was simulated based on the scattering source of the ideal electrically conducting infinite cylinder.
The conclusion is that the effect of cancellation is influenced by the angle of view and the intersection angle of
the two waves and the best result is obtained when the angle is 0°. The output formula of the output signal is
derived and the simulation is carried out using MATLAB. Simulation results show that the effect of cancellation
is decided by the division of repeating time delay and pulse width, and the width of the output signal is decid-
ed by the bandwidth.

Key words: active cancellation; stealth; signal processing; matched filtering; linear frequency modula-

ted (LFM) wave
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Dynamic surface control for quadrotor unmanned air vehicle
FANG Xu, LIU Jinkun”

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A dynamic surface control method is proposed to control position and attitude of quadrotor un-
manned air vehicle (UAV) against its characteristics of underactuation. Considering that velocity and angular
velocity are hard to measure, we design a high-gain observer for UAV to estimate velocity and angular veloci-
ty. Compared with backstepping approach, the design of dynamic surface control is more concise. Dynamic
surface control eliminates the problem of “explosion of complexity” by introducing filter. Traditional time scale
separation principle cannot prove the stability of whole system. By introducing the dynamic surface control
method, it is shown that the control strategy can guarantee semi-global stability of the closed-loop system and
arbitrarily small tracking error by adjusting the controller parameters. The stability of whole system is also giv-
en. Simulation results indicate that the proposed control system can achieve accurate tracking control for
quadrotor UAV.
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aration theory; global stability analysis
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