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Fig. 1  Formation flight path structure
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Geometric approach for intercontinental formation flight path planning
XU Xiaohao'*, MENG Linghang*"*, ZHAO Yifei’

(1. School of Computer Science and Technology, Tianjin University, Tianjin 300072, China;
2. College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China)

Abstract: For intercontinental formation flight path planning problem, a basic model was developed
based on the aerodynamic models and spherical metric characteristics of formation flight. The problem was
then abstracted as the weighted geodesic Steiner minimum tree ( WGSMT) problem in spherical point set due
to its topological characteristics. The principles of simplifying WGSMT to a finite geometry planning problem
were proposed. We also proved that the connecting points induced by obstacles only changed the topology of
their adjacent Steiner points while did not lose the accuracy of solution. Finally, a two stage formation path
planning algorithm based on “construct-repair” approach was developed, whose validity was verified by an ex-
ample. Significance of the study is that the sphere geometric fundamentals of intercontinental formation path
planning are built,which therefore makes the complexity of the problem depend on the scale of flight set rather
than that of geographic grids, thereby reduces the complexity of the problem dramatically.

Key words: air transportation; formation flight; path planning; Steiner minimal tree ( SMT ) ;

geometric approach
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800 kML ARE AT N 154 A, ER k7 ZMAE T ZE 175 AL Prig i # FEST £ U 4t
A A TR ERIATTIH RCERFTRERARKE T E, &7 HE KB CAHEMRE K
WA R AR, B ARSI RBERESE.
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ME AT 120 A BE 28 X B A 23 MELE A B9 R AT & AL
KGO K T %5 8 45 48 F AR Jmy 23 X KR i R
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A TR A 1 Bl RE EAT AF 5T, 36 [ 1B
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&, IR LL B737 BUTRALEE M S Rl o0 B A TR BT
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TRKCR B 21 LN e K8 IR T
FESI fHE &% B737-800 K AHLA B B 5 R ikAT T
el ARWFFEAAL ] XA CAL I %06 kK B
AE ST AT PEAS , AL 2B A0 Jmy e N B BT 8, 18
A A R 7R R R B K B T B AR Al R
JIT 4 0 Y FEST (% 8 & 38 ] Sy JHAth 451 388 119 3 By
HiEHE =%,

1 AREBZE£EHHRY

BT M BEAL Bl ki 1T ( Performance-based Fire
Protection Design, PFPD ) M 48 1) K HL & it kK B
RT3 30 3 X LG 2% T % AT T <2 4 g I )
(Available Safe Egress Time , ASET) 5 W75 % 4 15
AT TE] ( Required Safety Egress Time, RSET) 43 #7
B WG PR 19 2 42 1, RIS ASET < RSET, U 2878 i
il R FE K Y s #57 ASET = RSET, W 3% 7R i it i
Bz A R, 1207 5 (A 2 A B I R 75 22
A, TR B KA RERI L 25 . g, AR SO T
REAL Y RRLAR 4R T KR B 2 45 B FESI

FESI = RSET/ASET (1)

FESI J& — > 3RAE % 6 By Ve BE 19 JC it 49 %
{8, B BN, ROR B KPERE B . 24 FEST > 1 1Y,
TR I L BT e Y 5 2 FESIST B, 3%
FNZGEHGE B R A . [FRE, 15 FEST Z 8] 1y
ZAH N LRI R T BB KBTI Z 2R
JE 220K, BEW R S Rl 4, R 2
2 (HB /N, Ud B R i B e A
1.1 T AZ£BE A E

TE B KT g B, A 1 B 5 2% A N
GBS W i g T DAL IR AT 5 KRR N B
AR5 W I 32 2 R At AR A ERBE. i T RAL
t-4 P @SN N GHE SN TR A S P e
PR IR A CO L R ASET 32 3 3% [ i 9 J7 T 14
PRUER, 18 I 2 /ML LA AE

ASET = min(ASET(C,,) ,ASET(T,)) (2)
i ASET (o) 3 T CO W FE 1 ASET, s
ASET(T,) WETIRE T, 19 ASET,s.
WA 22 4> 28 g m ™ ASET (Co) & ASET
(T)H
ASET(T,) =3.049 x10 7’ x T,**  (3)
ASET(C.,) =36960.5/C,, (4)
ATy AEMAE N DA RS IRBE,C 5 Coy A
H ML O AR i SR CO VR 1071,
1.2 wHEZRELEHE
0TI [R] T A TR ) RSET 405 3 > 32 2220 il

BB3 2 A PR I TA] (e, ) TR 45 B BCASF TR] (e, ) D
AR B 18] Ce,,,,) 2 T 00 I A 1] A
TR KRk B N R B B R (e, ) RS Bl ]
(B oo ) - IR BT L4553 S B B ) A A8, W] A
R KK e 45 H R RSET .

RSET =1, + 1, + 1. * 1. (5)

2 EMBANERERZMEZRSN

2.1 AREHHRKRE

R AE K I L AR A RUBE S 0y T LR BE
2 A A8 R) UM DL AT, PR 3 H ML AR
Bk T E SR T B A, R R T K K B
M) T A (Fire Dynamics Simulator, FDS) [#) 7]
AL IR AT H KA PyroSim A4 KK A H T A,
B A2 08 R i Th 4 DR ASET; fifi ] Path-
finder 1 2y i #7744, W 7 %5 A8 R i R
£ 1 1119 RSET. L B737-800 K HLAS # g S a2
ST AH 5 FASE RS, Sk A B K Bt R A AR
1343 0. Hodr | B737-800 Ay 53 19 75 46 KL, H
K 27.70 m, 55 3. 76 m, 5 2.3 m, ML A5 H Ny
160 i, Horp L S5 A6 16 J, By 558 18 J, 28 35 i
126 & fE T TFI X IE 4 A4S 58 1.1 m, 3 1.9 m.

TE K R AT B, R T e e S8 7 B4 & B K
T HE AL A PyroSim A AL LA K il Mk s 119 Ttk
KRV KRB TE R AR A2, KRR
R KR L PORR i3 R ( Heat Release Rate,
HRR) 10 MW , 7 237 s it 3% 3] % & HRR. ffij
B 1) 3 i 28 TR LA 0 s o SR A i B TE R H A
VR — 2 i 0 TR R AT G
FIIF, PRI 18 A AS A58 8 e AT A iy 2 A4 i
HL AR Ao E 1 R Aot 2, &
AbFE ML 1. Tm g CAHR w5 B2 ) B & P i 5 F1 CO e
JEARI &%, e 45t Ry SE R E Ty K CO MR JE
Ceo» KRAFEAEALANE 1 FT7s.

—ccesadtay
SLLL T 1

BT R K R A AR

Fig.1 Fire simulation model for aircraft cabin

154 57, Pathfinder B HORBE BN, 352 B & AR N A
ARSI e TS T S N N ) NS e
Bt R A BRI T ON OE S A B
220 0.3, F B Y 1.1 m/s, g KD 3R
1.2m/s, /3N 0.96 m/s; J§ 56~ 0. 363 ~
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0.469 m 2 i [ BEHLIE s, A 1, 2K 25,1, 410 s,
0 SRR A1 2 R

B2 e i A T

Fig.2 Evacuation simulation model for aircraft cabin

2.2 FESI EMmEZESH

Hi T FESI n] RAF %8 Bk PR RE 45, I itk
FEST (145 i & 28 B > 25 it B K P g 1) 52 i R 3%
i BFD K AT A, 52 K K 3 5 T ASET 1)
DR 25 A0 475 ¢ A2 M A P 3 2 o AR 3l XL T i o

BT T RALSR UL, LG P T AR
F1 Y 58 BE | BE 23 %F ASET 7 A 52w, 1 4 F i) 9
FEFNZAR N (9 A Bk RSET (1 7% 76 5% i [ 2. W)
B, 30 Al 2 AE A B K BT T B R ol T
B . Rk, I ST kR B B RO R 4
B KRB 4 A5, L B737-800 AU K ML N 3
it 308 3 5 A 2 A S B TR L 1D R
ik B NH, WEAT 2 A5 B B E R [ R
S 1) A K I B A R R, S BT X BB I R AR AL
X FEST 52 M, # oy 25 R L% 1, g5 4 2k
HLT A A BT ) B737-800 K AL kT B 1L
T DL

1 AEHETEHY O FESI
Table 1 FESI at two exits under different scenarios
5 PN 22 17 FL/m? T /m 7%/ m JSUN 4 HET B a2 A% FESI 1 FESI 2
1 341.6 1.90 1.1 160 70 90 0.6942 0.9846
2 354.9 1.90 1.1 160 70 90 0.649 1 0.9717
3 368.1 1.90 1.1 160 70 90 0.6494 0.9596
4 381.4 1.90 1.1 160 70 90 0.6915 1.0276
5 394.7 1.90 1.1 160 70 90 0.6806 0.9955
6 381.4 1.90 0.9 160 70 90 0.6890 1.0012
7 381.4 1.90 1.0 160 70 90 0.6909 1.0149
8 381.4 1.90 1.2 160 70 90 0.6942 1.0315
9 381.4 1.90 1.3 160 70 90 0.7012 1.0343
10 381.4 1.90 1.1 154 67 87 0.6658 0.9984
11 381.4 1.90 1.1 156 68 88 0.6760 1.0088
12 381.4 1.90 1.1 158 69 89 0.6852 1.0174
13 381.4 1.90 1.1 162 71 91 0.6995 1.0376
14 381.4 1.90 1.1 164 72 92 0.7105 1.0430
15 381.4 1.90 1.1 166 73 93 0.7326 1.0488
16 381.4 1.90 1.1 168 74 94 0.7423 1.0602
17 381.4 1.90 1.1 170 75 95 0.7520 1.0673
18 381.4 1.75 1.1 160 70 90 0.6181 0.9188
19 381.4 1.60 1.1 160 70 90 0.5805 0.8770
20 381.4 1.45 1.1 160 70 90 0.5595 0.8410

WoFESIL b

Hy {77 EL 25 SL W] 41, B737-800 % K ML FESI 1 2y
0.6915, 8 F/NF 1, %L TUARM K, F W HIE 5
H R 4y % 4 SR FESL 2 24 1,027 6, % {8
Pl B ViR BN N B S DN A R N7
A R TEHEMBAEY ST, KRG A EK
HHR T 22 AR %, T AE R BT N 5223 A 3 ik
B my O, B 70 4R kB O 1, 5
90 FRFWEPEH T 2, ML T8 T FESI 2 i K F
FESI 1. Hlt, AR 1T 2 B9 ASET #¢H 11 1 WSk,
Az O WREZZ T H 1, 5353 RSET
KAHE T H I 1B RSET, & ¥ i T FESI 2

KF1.
2.2.1 ZEMAEBAREMIRET FESI 4% @

ST % P9 2R T AR MR 1T 5 BE X FESIT
FIEE I, L B737-800 1K AL A Ak, 35 24 4 KA
i/ UL WA S H A DR AR 1] 98 BE SR &N

L K 22 A6 20 FEST 2 g 1 11 2 /9 Rk 9 i 2e 2 18 .

BORNAS 38 o 7 BN, 15 3] T & N R AR
19885 FEST G R M4, i 3 fras.

B3 R T &M 160 ZR B AE KK IGHT
B AR AR I ) T SR e N R R T AR 5 O
FESI [A] ) 0¢ 2 , Horp i 7] 58 B2 430 %1 4 0.9, 1.0,
L1, L2 f 1.3 m. U] LA H, KA R R 1H
FFE 381. 4 m® HF, Bt [ 1HY FESI [A ) ik £ i K
1B, >4 PN BB 2 T O i 4 R B ek /) s, FEST 23 []
B Rk /0N, 76 T AR/ & 368. 1 m” B, FESI ik 3] %
AME, B RS TR A B0 FEST R W73 K. 78 0
B A Y A PN I B /M R 3416 m”,
e ot R o ol I T A AN I V7. a3 2L
160 24 Jife % , 3 5 £ 45 H e 1 ) #5098 3% A7 52 Bk 3
SC PR K 37 T B A P 2R T AR Y X ]
7 341.6 ~394.7m’

[F] I, 30 & B FEST [ A0 1] 96 B2 i 1 O 4
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= 099
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096}
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TONHER)

B3 FAEN R AR SE S FESIAYE R
Fig.3 Relationship between FESI and cabin

internal surface area or width of exit

K, BIVBEE A 1T 98 B2 A 350, 25 A oK 9 B A2 4
BT REAR. 31X 2 o AE T B737 1Y B T A AR K
ML HEAT B BT, R T o ()58 1 R P, H g
JE AN NAT , Xk 5 BUR & SRR Bk O, i
ATEHHAE 1A A B AL, 19 38 S Y K4
/NS E Y 58 BE X RSET JfJC 52 Wil 5 10 A6 1 58 32 1Y
Bl R Wb oK 25 it B 38 X TR 3G, ) kR R R
PR RIS, 1 ASET [ 98 /)N , 5 43 5L
FEST (/38 , DT R AR 9 B FCRE 7. SR T, B AR
U/ INAE 1] B B 23 1 R %8 R B LY 22 4k (H
L /N B 23R % T, 43 R R B N ik %
TR T B B ), 5 SO BB BRAIG, K FESI i
M ASFF B 4 (HA RN, DL g5k
T8 R G RALIT S X F e R 2 aE 1A L,
B HUCRRAE A AR KON ], R IG5 AN 3406 DA 1 e
2.2.2 FREANFFEMIT G ES FESI 89 % vf

G %A PN S 2 TH R KRR 1] R BE 4 FESI
FISZIR , LI B737-800 B K ALk LA, 3 24 18 K 0
/N BTS2, [ DR 8 P 3 T AR
I1 58 BERAR o f LT A5 2 TR T i B SR
HNES FEST Ry H ik, sl 4 s,

Hi & 4 W] LU 9 H A FEST B & ik % A

— 0.68

7¢] L

i3}

= 0.64
0.60 g—
0.564

&

03251 156 158 160 162 164 166 168 170
ik NE
(a) 11

1.15

—=— [ ]#1.90m
110 —*— [T#1.75m
—a— []#1.60 m
105 —w— [1#1.45m

_ 1.004

(7]

53]

=095
090L

0.854

b
.80 1 I 1 1 L 1 1
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IE I
(b) #3112

B4 AT B AN B FEST G R
Fig.4 Relationship between FESI and height of

exit or population

0 3 T A B 4 kR TR 3 2 S L
f9 RSET A5 I S A 45 28 30l 5 Ak A 2 £t
Az AT T 2B 45 R TRAIL N B A A SR
T34 0425 2800 B N, e 24T o 2 (A5 KL AR
f14 K I BT HICRE 0 AR, 3 & A B R e Ab, B
Hh R A IR, A 1A FEST LB 22 98/, il
i TRHLE G 9 K96 BLBE T 45 LU 3. [R) i ads m]
B R BN 190 m [ E 1,75 m Y a] Efl
FEST [ {5 (9 1 B2 f5c K, Bl I 4k 25 e A1 i 1 i 2
FEST #8452 9 F 2. D9 G £ 2 A7 LBt it
IO AE PR RN B IE AT A0 O R B AR LR
JEZE 175 m Zef, fdf KL 3R AT BAF A KR i HE

oy
He JJ .

3 ETEMINERENERTRML

3.1 XHREAHBLERAEE

HAE DL B, RALEE AR & N o ™
S H B KPERE , DA R E LS RPLIY IR %
B EBR XSt 25 22 vl oz 5 I g 2 4 B G
ARG P A TR A 1] T R R g R A 2 X ik
2 NEL R AR 52 3k 28 PR R 2 (8] 1 AR LR
R 52 2%, IR ] BP( Back-Propagation ) #i 5 %]
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25109 75 1% ML R B A B b BRE AT 43 A T (R
I, SRR AR S O R T N R B AT R e I
Bs JCAEBE , B DR KRB R B9 N 51 % 42 Jep BP
NS N R IR RS N R S TR AN o 4
A BE LA K FESL 2 3% 4 ASPER g iR 2 AUF — 4
P BIIR & N B b R T B 52 56 3 A
(MATLAB ) H i) i 22 19 28 15 8 7 08880 47
NG, T BP #2228 BTN 1E] S fr s [ o
w K BP 2 45 R (£ T R B A AR L b
AT S8 0 M b W {E 1 MATLAB £ /F A 2l
Az I BE & R VI G R AN I8 B BT 2 0E Y A L
{E, 805 4101 R L 23 530 0 BP 28 0 265 452 750 4%

g AR
S CEo o)
10 1

65 BP 2 [ 2 45 2l 5]

Fig.5 Model diagram of back-propagation neural network

TESEINER G, DL F 2 (1 FEST = 1 4 i
PO S5 G R E LR Y I YR L
FERG TY 58 B2 A0 B2 i A B BP i 28 R 25 B v
3T Z RS RHLAY IR B N8R, WL 2.

F2 HBETCHMBAKBER

Table 2 Maximum population of each types of aircraft

HLAY B737-700 B737-800  A320-200 A319-100

AEE R 126 154 148 122

3.2 XHEMAREBAROMRML
i BP fliz W 4 45 4 FESI i 5 Hh 25 8 KL
R TR 2 N R BT T G S A A e 10 R 5 2, 3
JE R TAETCHE ST B HoE R, i a2
M NEC Z i 3 30 R, S T A b R R R B
HCIS A 22 A, ) ok i BT S8 e AT A, O =S e
A G AR BROCAGJS B 5 B SR 46 SR & AT AL
SR, 72X B WL 28 AT AR, Z i 9 F 5
AT PR B BT At E R ASET #4K T+ RSET, {H o vk
WAL S /Y8 BT & . S TR RO R
FME KT B B P A, T FEST 9 HE
LN TR IR BT AR AR
z=min|FESI 1 - FESI 2| (6)
K, FESI 1 =f(S,W,H,P)
FESI 2 =g(S,W,H,P)
FESI 1<1
FESI 2<]1
Hrb:S MM RE A W il 158 H Al

B P oNRE NG, Fl g 'R SSW.H.P 5
FESI 1 J FESI 2 1 3¢ 5 1 B ok 5, mT A 2891 25
Ji B BP 2 [ 2% i 52

ZBER H bR AR OB Y FEST 35708
T 1 MET4R T 45 1 E) FEST (1) 22 {8 e/, 300k
R AL Oy 281 1 &t A i 420
AN BB OGS R 2 At IR B R . It AR AR
IRFET FEST (0 AR AL, Xof 38 246 11 T 1Y
B737-800 B ML B i 7 AT AL, AR AL IS
W7 SR AR 1T 1 1) 78 £k & izl 1 iEAT B
B AT 1 2 19 82 AR & MM 1 2 SEAT B,
ALJG i FESI 1 =0.9465 ,FESI 2 =0.948 3.

AN, ¥ FESI 1 f1 FESI 2 #8452 K 1,38 %
AL Y K BP 1 22 ) 4% | ml 45 31 55 #0240 1k
JG &R A B R, X B737-800 % K AL, &
e N BB 175 A, Hod 85 A3k £ i
11,90 Akt 10 2. 4842 CCAR-121-R4 L &
CCAR-25-R4 3% 2 iy e o 42 & 1) 35 A 220K, 1R
38 AL 3 T A ] — 0 O HE AR R AN AN K T3,
JAE T AT J e/ TR A 660 mm, K I 175 N & /D75
B30 HEEE A, BT /DB BN 19, 8 m. X T
AR R 27.70 m (4 B737-800 # K HL, it 25 4
AT E 52 42 Tl 2 35 0B T 081 0 T R 5 AR o 5K
B 175 .

4 % it

AR SCHEFPERE AL B R T A AR R T kR
B4 4 45 B (FEST) M ME &, 45 & 1S 0L DG 1L,
XF 52 0 CAHIL A By K P BE Y B ok B R R AT T
3BT R K G HCRE 1 AT A0 0E 5 T — R BITIA
F A FESI W52 . bl J5 >R A BP B 22 X 2% 1) 7
e TR RHLIMIR 2 N8k PR, I DL FEST g %
filt, XF &M B O AT T Ok, AR B LLE &
BLA5E

1) "RALEAE Y P90 2 E AR AR T RS L
eI ST E S AR D XA S S

2) RN ALEE 381, 4m” B, AR TTHY
FEST [w] B 3k 21| e KAE, FESI Fifi 25 H 0158 B R0 58 )32
PS8 N A G R R WA NS & R/ P EZ00
1] 225 17T TG B BE M 38 o 8 67 B AT R 2 S B0k K B K
22 4 P A R AR

3) mJLhgE A FESI Ml BP #4848 5% ALK
RO AT Ak R A B B737-800 ALK
BULE K 9 B HORsE, A 10 2 R i 5 A K9 I K
b A& AR AR AR, FEAE TC 48 8 R Y i A AR
R & LR 154 N FEXT i AL | iR
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Fire protection design in aircraft cabin based on fire evacuation safety index
ZHANG Qingsong ™, QI Hanpeng” , LUO Xingna
( College of Safety Science and Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to study the influence of aircraft cabin design on fire protection performance, a con-
cept of fire evacuation safety index ( FESI) was firstly presented. The fire scenario and evacuation procedures
in aircraft cabin were simulated via simulation software PyroSim and Pathfinder. FESI at different exits were
determined under the scenarios of different internal surface area of cabin, width and height of the exit and pop-
ulation. An analysis was conducted to study the influence of such design factors to cabin fire evacuation per-
formance. The maximum populations of several narrow-body aircrafts were determined using back-propagation
(BP) neural network in case to ensure the safe evacuation. And an optimized evacuation program was pro-
posed for B737 aircraft. The results reveal that internal surface area of cabin, width and height of the exits and
numbers of seats are the design factors that significantly impact cabin fire protection performance. The maxi-
mum population of B737-800 under typical layout is 154. However, it may increase to 175 after optimizing to
the evacuation program. The proposed concept of FESI not only performs an assessment for the existing air-
crafts against fire protection performance and an optimization for cabin layout and evacuation program, but also
provides a basis for fire protection design of domestic large aircraft cabin. In addition, it can also provide a
reference for other areas of fire research.

Key words . aircraft cabin; fire; evacuation; fire evacuation safety index (FESI) ; fire protection design
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Accessory gearbox temperature field analysis considering fuel
injection lubrication

CHEN Yunxia® , LIU Wangjia

(School of Reliability and System Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Accessory gearbox is a major component of aero-engine, and the heat production and heat dis-
sipation problems of accessory gearbox are complex. Previous studies have focused only on solid domains ther-
mal analysis, however oil cooling effect has not been taken full account of. Aiming to complement this, a fluid
simulation based on the steady-state temperature field thinking method of analysis was proposed. Firstly, basic
rules and characteristics of the heat production and heat dissipation problems of the accessory gearbox were an-
alyzed. Then we applied the k- turbulence model to simulation, applied the multiphase flow model to simu-
late the oil, and used multiple reference coordinate system to simulate heat transfer with gear rotation. Finally,
the application of a specific case of accessory gearbox verified the correctness and feasibility of the method,
which formed a set of effective models and methods using FLUENT software to simulate accessory gearbox’ s
steady state temperature field. The result plays an important supporting role for subsequent research on acces-
sory gearbox reliability and lifetime analysis.

Key words: accessory gearbox; temperature field; FLUENT software; multiphase flow; injection lubri-

cation
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Spacecraft electrical characteristics identification method based on
PCA feature extraction and WPSVM
LI Ke*', LIU Yi', DU Shaoyi’, SUN Yi’, WANG Jun'

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Institute of Artificial Intelligence and Robotics, Xi” an Jiaotong University, Xi’an 710049, China;
3. China Academy of Space Technology, Beijing 100194, China)

Abstract: To solve the problems of large amount of unlabeled test data, high dimension characteristics,
slow computing speed and low recognition rate during the spacecraft electrical characteristics identification
process of monitoring system, an on-line identification algorithm based on principal component analysis
(PCA) feature extraction and weighted proximal support vector machine ( WPSVM) was proposed. The prin-
cipal component analysis is used for feature selection and extraction during complex signal analysis process, to
reduce the characteristics dimension and improve the speed of the spacecraft electrical on-line identification.
In order to resolve the PCA results selection problem, our team put forward data capture contribution method
by using threshold to capture data, effectively guarantee the validity and consistency of the data. The experi-
mental results indicate that this method we proposed can get better spacecraft electrical characteristics data fea-
ture, improve the accuracy of identification, and shorten the compute-time with high efficiency at the same
time.

Key words: spacecraft; principal component analysis (PCA); dimensional-reduction; small sample;

support vector machine (SVM) ; electrical characteristics identification
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Path planning for UAV under three-dimensional real terrain in
rescue mission
LIANG Xiao"', WANG Honglun®, MENG Guanglei' , CHEN Xia'

(1. School of Automation, Shenyang Aerospace University, Shenyang 110136, China;

2. Research Institute of Unmanned Aerial Vehicle, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract. Basing on the capability of three-dimensional flight and planning of optimal path, unmanned
aerial vehicles (UAVs) can reach the disaster areas within shorter time than ground vehicles, which will im-
prove the efficiency of rescue. Firstly, according to the real geographical environment, terrain is modeled by a
mesh uniform method based on UAV constraints. Secondly, a data structure which is suitable for calculation is
designed based on the characteristics of terrain data. Finally, the integrative performance function includes the
deviation cost, height cost, terrain following/avoidance cost, threat cost and security distance cost. Both
methods of waypoints cross and grid search instead of waypoints are engaged in the improved ant colony algo-
rithm to make three-dimensional UAV path planning. The simulation results show that the method can deal
with three-dimensional terrain data directly. While maintaining the topography of the premise, it can find the
three-dimensional optimal path of UAV and improve the practical value of path planning technology.

Key words: unmanned aerial vehicle (UAV) rescue; three-dimensional path planning; ant colony algo-

rithm ; digital map; real terrain
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Rigid-flexible coupling multibody model for the tethered satellite
system based on recursive dynamics algorithm
ZHONG Rui*

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A multibody dynamics model of hinged flexible rods was established for the spatial tethered
satellite system (TSS) based on the recursive dynamics algorithm. The system was consisted of two rigid end-
satellites and a flexible tether connecting them. In the model, the tether was discretized into a series of flexible
rods connected by spherical hinges and the non-uniform longitude deformations of the rods were considered,
whereas the bending and torsion of the tether were simulated by the motion of the spherical hinges. Then, the
equation of motion of the rigid-flexible coupling multibody model was derived based on the recursive dynamics
algorithm. The simulation results prove the efficiency of the proposed model in simulation spatial motion of the
TSS, including tether vibrations and oscillations in different directions. The introduction of the recursive
dynamics algorithm effectively decreases the dimension of the discretized model and therefore reduces the com-
putational efforts sharply.

Key words . tethered satellite system (TSS); multi-body system; recursive dynamics algorithm; rigid-

flexible coupling model; dynamics simulation
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Digital combined measuring technology assisted quality inspection for
aircraft assembly
JING Xishuang, ZHANG Pengfei, WANG Zhijia, ZHAO Gang”

(School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Aimed at the issues, including that detail features of the large size aircraft panel components
couldn’ t be achieved directly and the low measuring efficiency by using a laser tracker separately in large size
aircraft panel shape measurement, a combined measurement method based on the laser tracker and the articu-
lated arm coordinate measuring machine ( AACMM ) was proposed. Under the premise of the measurement
precision, by adding the AACMM to the measurement field of laser tracker, the detailed forming information of
large size aircraft panel could be acquired comprehensively. According to the characteristics of the aircraft
panel assembly process, some combined measurement tools were developed based on the Spatial Analyzer soft-
ware, which could process all measurement data from the combined measurement system. Some examples are
also given to illustrate the effectiveness and the efficiency of the method.

Key words: aircraft assembly; combined measurement; digital measurement; quality inspection; meas-

urement efficiency
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Subgraph matching algorithm based on graduated nonconvexity and
concavity procedure
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(1. Jiuquan Satellite Launch Center, Jiuquan 732750, China;
2. College of Communication Engineering, Chongging University, Chongging 400044 , China;
3. Beijing Aerospace Flight Control Center, Beijing 100094, Chinaj
4. School of Astronautics, Harbin Institute of Technology, Harbin 150006, China;
5. College of Statistics, Capital Universily of Economics and Business, Beijing 100026, China)

Abstract: To achieve robust and efficient matching with outliers is a fundamental problem in the field of
graph matching. To tackle this problem, a novel subgraph matching algorithm was proposed, which was based
on the recently proposed graduated nonconvexity and concavity procedure ( GNCCP). Specifically speaking,
the graph matching problem in the existence of outliers was firstly formulated as a quadratic combinatorial opti-
mization problem based on the affinity matrix, which was then optimized by extending the GNCCP. This is a
new second-order constraint graph matching algorithm. Compared with the existing algorithms, there are main-
ly three benefits for the proposed algorithm, which are as follows. Firstly, it has a flexible objective function
formulation ; secondly, it is effective in graph matching problems with outliers; thirdly, it is applicable on both
directed graphs and undirected graphs. Simulations on both synthetic and real world datasets validate the effec-
tiveness of the proposed method.

Key words: graph matching; combinatorial optimization; graduated nonconvexity and concavity proce-

dure (GNCCP) ; point correspondence; directed graph
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Fig.3 Schematic gust response diagram of

flexible aircraft with aerodynamic nonlinearity
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Table 1 Major parameters of high aspect ratio aircraft
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Gust response analysis of flexible aircraft with aerodynamic nonlinearity

BI Ying, YANG Chao, WU Zhigang "

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Aiming at the gust response of high aspect ratio flexible aircraft, the unsteady aerodynamic

considering the nonlinear effect at high angle of attack (AOA) was calculated in time domain by combining the

modified Theodorsen method with the strip theory. Based on the nonlinear aerodynamic in time domain, the

aeroelastic model of high aspect ratio flexible aircraft with gust disturbance was established, and a novel meth-

od applied to gust response analysis with nonlinear aerodynamic was integrally developed. The method was val-

idated by carrying out numerical simulation and method validation basing on a general flexible aircraft, and the

gust induced load at wingtip and center of gravity (CG) were compared between linear and nonlinear cases.

Numerical results show that the nonlinear effect of aerodynamic at high AOA obviously influences the gust

response of the flexible aircraft, and the gust induced load at wingtip reduces as much as 41.7% compared

with linear case. The aerodynamic nonlinear effect cannot be ignored for flexible aircraft.

Key words: aerodynamic nonlinearity ; aeroelastic; high aspect ratio; gust response; Theodorsen method
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Acoustic numerical simulation of high frequency combustion instability
CHU Min, XU Xu®

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: High frequency combustion instability is one of the major issues existed in design process of
liquid rocket engine. A time domain numerical simulation was used to predict high frequency combustion
instability of hypergolic propellant orbit maneuvering engine (OME) by computational aeroacoustics, which
was less dispersive and dissipative. The coupling between unsteady heat release and acoustics was realized by
Crocco’ s pressure time lag model. The effects of different parameters of pressure time lag model on stability
were analyzed, and the stability map was obtained. The first order transverse mode and the first order radial
mode were recognized as the most dominant instable modes, which were consisted with the instable modes rec-
ognized from experimental results of ground test. The results show that high frequency combustion instability
can be successfully predicted, when acoustic perturbation equations with Crocco’ s pressure time lag model are
solved in the time domain by computational aeroacoustics.

Key words: liquid rocket engine; high frequency combustion instability; computational aeroacoustics;

time lag; numerical simulation
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Table 1 Technical parameters of shock tube

platform and calibration test
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Fig.3 Characteristic response signal of

pressure transducer calibrated by shock tube
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Table 2 Comparison of reliability calculated by
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different methods
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characteristic of calibrated pressure transducer
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Table 3 Key parameters of sine pressure generator and standard transducer
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Fig. 6 Difference between amplitude-frequency and

phase-frequency using different methods
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Table 4 Dynamic performance indicators of calibrated pressure transducer
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Dynamic parameter estimation of pressure transducer in
shock tube calibration test
LI Qiang', WANG Zhongyu"', WANG Zhuoran' , YAN Hu’

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Changcheng Institute of Metrology and Measurement, Beijing 100095, China)

Abstract: Shock tube is the key device in the pressure transducer dynamic calibration. But as the output
of pressure transducer often contains strong interference, which makes it difficult to directly use the output to
build the dynamic model of calibrated pressure transducer, in addition, the accuracy of the model is hard to be
characterized. A parameter estimation method was proposed which could be applied to pressure transducer in
shock tube calibration test. Firstly, the operation of information generation was employed to process the output
of calibrated pressure transducer under the pressure of step excitation, and then estimated sequences, upper
boundary and lower boundary were obtained. Secondly, the processing methods about filtering and modeling
were used to deal with the estimated sequences, upper and lower boundary, and then we could obtain the best
estimated value model, the upper boundary model and the lower boundary model. Finally, by solving the ob-
tained models, the indicators obtained by the best estimated model was the best characteristic indicator of the
calibrated transducer, the indicators obtained by upper and lower boundary model could compose confidence
interval of best indicators, it could show the reliability of the best indicators. A calibration test of shock tube is
conducted with the piezoresistive pressure transducer of Endevco 200 series type. The relative errors of dynam-
ic indices of time-domain are no more than 8. 17% ; the relative errors of dynamic indices of frequency-domain
are no more than 9.15% . All the obtained indicators fall in the estimated interval with 100% probability of
reliability.

Key words: parameter estimation; dynamic calibration; shock tube; pressure transducer; frequency-

domain indices
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Modeling and analysis of dynamic collision region for
UAV avoiding aerial intruders

LIU Chang', WANG Honglun""?, YAO Peng', LEI Yupeng'

(1. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Research Institute of Unmanned Aerial Vehicle, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In view of the existing methods to calculate collision region using certain threshold value of dis-
tance or time, an unmanned aerial vehicle (UAV) dynamic collision region model based on maneuver infor-
mation of both UAV and aerial intruder was presented. Firstly, the no-maneuver collision region was pro-
posed. In this region, UAV and intruder would undergo collision if UAV didn’ t execute any avoidance maneu-
ver. Using a geometric method, a mathematical model of no-maneuver collision region was formulated utilizing
the motion states of UAV and intruder, and minimum safety distance, etc. Secondly, the constraints on the
UAV maneuverability were added to calculate the maximum maneuverability collision region, which was the
border for UAV to avoid the collision by maximum maneuverability flight. Thirdly, the concept of non-escape
region was proposed. Then the safe flight envelope was presented. This safe flight envelope was a boundary
line of avoiding a collision with aerial intruder for UAV. Finally, the key factors of the proposed regions were
analyzed by theoretical derivation combined with simulation. The results show that the presented collision re-
gions are useful for UAV to select and evaluate the avoidance maneuver, and to decide whether to execute
maximum maneuverability flight. The presented collision regions provide a practical guideline for UAV to en-
sure safe collision avoidance.

Key words: dynamic collision region; non-escape region; safe flight envelope; sense and avoid;

unmanned aerial vehicle (UAV)
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Table 1 P-wave velocity

BEES/mm I ] /ms M%{E/ A 111 8] B/ ms A ﬁ%/
(10 "°mm) (m+s™ )
200 0.52 1
400 1.24 1 0.72 277.78
600 1.98 1 0.74 270.27
800 2.76 1 0.78 256.41
1000 3.54 1 0.78 256.41
1200 4.36 1 0.82 243.90
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(LS-wave and R-wave recognition)
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Fig.7 u, with respect to u, (R-wave recognition)
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Fig.9 Fast Fourier transform of u_curves
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Table 2 Amplitude and phase of first five order

o ] AitE Ty ARsiwi|
B S5/ He — - — -
PRIE/mm  AG/(°)  PRUE/mm  AAL/(°)
15 99.90 4.91 244 .21 5.49 245.72
2 B 249.75 1.51 598.24 1.62 600. 42
3Fr 399.60 0.55 999.16 0.62 998.13
4 By 549.45 0.18 1040.31 0.21 1030.31
S5Hr  649.35 0.12 1021.98 0.16 1014.40
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Propagation characteristics of Rayleigh wave under gravity based on
FDTD method

LIU Ning, LI Min", SUN Jie

(Institute of Solid Mechanics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: R wave is short for Rayleigh wave. R wave, on which the effect of gravity is generally inevita-
ble, has received considerably extensive attention and been widely used in many fields, such as geological
exploration, nondestructive test, etc. The effects of gravity on R wave velocity for elastic parameters were fur-
ther analyzed based on available R wave velocity function, and the applicable range of the approximate one
was given as well. Wave propagation through quasi-half-space isotropic linear elastic medium with gravity, un-
der the excitation of differentiated Gaussian pulse ( DGP) was studied by finite difference time domain
(FDTD) method with staggered grid discretization, and extended boundary conditions were introduced.
Velocity values obtained were closer to the theoretical ones. Meanwhile, the influence of gravity on time
domain, frequency domain response was discussed. By analyzing the theoretical and numerical results, it is
necessary to take the effect of gravity into account in simulation for more accurate prediction.

Key words: Rayleigh wave; finite difference time domain method; gravity influence; differentiated

Gaussian pulse excitation; extended boundary condition
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Parameter identification of magnetic bearing based on
rotor unbalance responses
LIU Chao'?, LIU Gang™ "’

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and
Astronautics, Beijing 100191, China;
2. Science and Technology on Inertial Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The force parameters of magnetic bearing obtained by theoretical design method were usually
inaccurate. To solve this problem, an identification method based on rotor unbalance responses was proposed.
Making the rotor rotate at high speed, the eccentric effect of the rotor imbalance can be used. The force
parameters of magnetic bearing were calculated by measuring the synchronous currents when the rotor was in
the null-displacement control mode and the synchronous displacements when the rotor was in the null-current
control mode. The null-current controller and the null-displacement controller were designed based on the gen-
eralized notch filter theory, and the T matrix was set up to ensure the close loop was stable. The experimental
results indicate that the difference rate between experiment identification result and the theoretical design result
is within 20% . And it proves that the method is correct and effective to improve the identification precision for
the force parameters of the magnetic bearing

Key words: magnetic bearing; parameter identification; unbalance response; current stiffness; position

stiffness
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Experiment of air flow behavior and heat transfer characteristics in
microchannels with different aspect ratios

LIU Yangpeng, XU Guoqiang, LI Haiwang™ , TTAN Yitu

(National Key Laboratory of Science and Technology on Aero-Engines, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Experiments were conducted to investigate the flow behavior and heat transfer characteristics in

minichannels with different aspect ratios. The widths of microchannels are constant of 0. 4 mm. The aspect

ratios of the microchannels are 2/5, 1/2, 2/3 and 1, respectively. All tests were performed with air. The ex-

periments were completed with the Reynolds number in the range of 200 to 1600. Results of experiments show

that the aspect ratios of microchannels have a remarkable effect on the performance of flow behavior and heat

transfer characteristics. The friction factors decrease with the increase of the Reynolds numbers. The Poiseuille

numbers increase when the Reynolds numbers keep rising. Both of the friction factors and Poiseuille numbers

drop as the aspect ratios increase. Nusselt numbers increase as Reynolds numbers increase, but decrease with

the increase of aspect ratios. The corresponding empiric equations for the flow resistance and heat transfer

characteristics in microchannels with different aspect ratios are fitted.

Key words: microchannels; aspect ratio; flow; heat transfer; empiric equations
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Control method and applications of robust trajectory linearization via
nonlinear differentiators

SHAO Xingling'”*, WANG Honglun*"*, ZHANG Huiping’ , ZHANG Xiaofeng'”

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

3. Beijing Aerospace Automatic Control Institute, Beijing 100854, China)

Abstract: Considering the lack of enough robustness against uncertainties in conventional trajectory lin-
earization control ( TLC) method, an improved robust control method was proposed, based on the design prin-
ciple of nonlinear differentiators. Firstly, via introducing the concept of second-order linear differentiator
(SOLD), it was indicated that peaking phenomenon which was similar with using high-gains in SOLD would
emerge during the transient profile of differentiation of the nominal command in the existing TLC. And then,
tracking differentiator (TD) was used to produce the nominal command and its derivative, peaking phenome-
non was totally eliminated and the ability of adjusting the response speed of closed-loop system under the phys-
ical limitations was endowed simultaneously. Secondly, by constructing the desired tracking error dynamics of
closed-loop system, the control law of the linear time-varying (LTV) system could be directly obtained, PD-
spectrum theorem and real time tuning of the time varying bandwidth (TVB) of TLC were both avoided.
Meanwhile, by utilizing the non-perturbation form of hybrid differentiator (HD) as the desired error dynamics
of closed-loop system, the robustness of the system was thus enhanced. In addition, the boundedness of the
tracking error in interference system was proved by Lyapunov theory. Finally, the proposed method was ap-
plied to the attitude tracking problem of hypersonic vehicle. The simulation results demonstrate the proposed
method can still exhibit better control performance and anti-interference capability even if there exist large un-
certainties in the aerodynamic parameters, thus the effectiveness and robustness of the control scheme is vali-
dated.

Key words: trajectory linearization control method ; second-order linear differentiator; nonlinear tracking

differentiator; hybrid differentiator; hypersonic vehicle
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thin layer material (A =0.1 mm)

Thermal radiation characteristics of sapphire
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Measurement method for thermal radiation characteristics of
IR window materials
WANG Yahui'>?, WANG Qiang™', ZHANG Bochuan®’, XU Li**

(1. School of Energy and Power Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Beijing Aerospace Automatic Control Institute, Beijing 100854, China;
3. National Key Laboratory of Science and Technology on Aerospace Intelligent Control, Beijing 100854, China)

Abstract: When a hypersonic vehicle is flying in the atmosphere, serious aero-thermo-radiation effects
can reduce or even destroy the performance of infrared (IR) detection, and high-temperature IR window be-
comes the main factor of the effects due to the aerodynamic heating. Based on thermal radiation transfer model
for IR window, a method was proposed to measure thermal radiation characteristics of IR window materials.
And thermal radiation characteristics of a sapphire IR window material applied to mid-wave infrared (MWIR)
detection system were measured. The results indicate that thermal radiation characteristics of the sapphire IR
window material with thickness of 0. 1 mm, in the wavelength region 3.7 —4. 8 um, have an approximate cubic
relationship with temperature, changing from 100°C to 350°C. With the rise of temperature, the transmittance
decreases, while the self-radiation increases. The intensive self-radiation can make detector into saturation
state easily, of which the influence on the MWIR detection system is bigger than that of transmittance which
decreases detecting signal to noise ratio (SNR).

Key words: thermal radiation characteristics; infrared ( IR ) windows; transmittance; self-

radiation ; sapphire
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Under Test) il i 75 5K , B8 7E — & B2 B [ 48 & 0 ik
o SR PR TR R O ER 2RI A
1 RGP, 2 J7 12 4k LR 320 A0 % e 3
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SCHRCRE AIF 5 F s A R FH UML A5 Y 50 i 3 37 55
HEAT R, TR L Al B 5T 0k ey 8 Bh A
BT SCHR (1S ) SR JHASE R R g SELAL, DL
SR IR B HRAE R 75 5K, LOIR 25 T 4 34 )
FH R HEAS BEHT , 25 7 — b 45 AR 1 0 3 491 A
BT %, 1 SCHR A 34 1 58 7 T %) I 3 5 SRl ik
B ARG 148 % 5 50, AT R 34 245 78 1K 3%

S SCHR L 16 1ok T M5 SR i LV Ak i 3 BE A7
TARSCWTIT, e 45 A & R AR 2R T, 25 T
B N AR SRR AR, G A I T R R R
BEAR By Sl i A o K S0, A R T A
RS SRR, Ok A R R e, LA 5
T2 AN RE A DR AT R A48 DN a5 5K 8 3 B I B 3l A
Jia) 7.

R SCEE XK i 2 B I 15 SR 4 3k K ) B
A2 BT i FE PR 5T, D S A RO b, 2 T
PR 2R LR g, R IR XAk 0 ik R AR 2%
LGSR A, 255 00 R I el o 55, A
FOL R o 1 28 00 1 A0 3 25 0 A 5 9 R PR A O T
25 HRL K 4 S RE AR I 75 SR 8 38 MLV S 1 3l A
Jiik IER AR EGRIE F Haskell ™2 25 T i K
A N5 3R A2 7 125 00 AR S B A SO i Y Y
FLR A I 3R A Bl A T i e AT AR S BT R A%
D5 SR LV Al 1 38 K G A 2l A i, A 888 i A
KA U SR A2 R, I AR I S0 K 445 D 1
PG B Bh Az B, A SCak B it 5 B K A% K 7
KA B A BV R G, % R GE A

1 MRFHEAMER
L1 MEBARLEMBMRITE

AL D 5 R 0 4 0 A AL, i T
R A4 100 3R G0 M T B AT i R S
O 2, 5 R 8 4L 45 B it o 7 O R
YD LT L9055 b KO R A 1R

L REEs _. il F 9] FU A A T 55 i
| MTP ‘ |
— e il

%
NEEE

[ ] - R & 1] [hAieg2) - [dik ] A anl [kt e ™

A |

i
St J —— B
BT I S SRS ’;Tﬁfiﬂl w [BEE i

CeELn] - B fee2n] -

N
%_‘ ’_4 >_‘ o
b2 ibfFal] o [Pk b

B iR A 2,

:

¥ R i A s B

Fig.1 Schematic diagram of spacecraft organization structure and test process
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AR TR BRAE S 0 R i 00 3K o 90 R R 4 DN 3k R
G IR A e I A R A% = S 8] 179 52 B3
FErp B i i 5 o O A I 2R g R
2 A B A b 1 20 I 55 4% MTP (Master Test
Processor) , MTP 45 W 21| Il 3 1 9] /5 32 47 fifk #% TR
1, 98 5 il 5 & TN % % SCOE (] 48 %E 1y Il X
WA KRB A BRAVE AR 2, 77 A B AT K 45 750 A7 45
V482 B , At < i W50 30 AH R 8 A 4 4 50U
J& B A SRS S HOF AT B, 0 1) 58 i
BRIAE A 138 2 BOBE ST P Al L 58 UK %
IR r et W/ PN 22 EAR L R IR R e
K Bl 0 X SR A R R B A% R K A B S A
AL FE DX ) B 3 AR R R g i A Y A
Ak, M5 SR 0P 9] 2 g A A 00 3 497
SR A S A i AR 0 52 B A A
T T SR A 1 R A T 52 BT R 2% B 3 Ak i ke
B REERIER.

1.2 mRFBERUERT

TEMTR f 2H L5 K v, i % i I 3K 75 5K 5 0
K W L5 B s B UIA G TH R =
BRI 5 B R e DOl 55 s
B A B R AR R A R g i K
i LG OB i 2 S 2 R N R A 1Y £
R34 9, il & RER I RER HH T
AR ARG o, 21 1R 60 65 B A5 A Zh BE A, AR
IO7 M, 2R R AR AR 0 R B A AR RS A 4R 5 B
HIFAHACHE R IIRE R 2 W E M &
45 th 224> D RE R A4 LS8 i — S RE Ay B H H. 18
a0 3 15 25 3K Bl 5 I 5 TR G2 W e 2 A4S 4 &R
G .-

EX 1 fji X%+ Spacecraftld = ( Spacecraft-
Name, SubsysldSet) .

H vp . SpacecraftName H flii K #% % 5 4 FK ; Sub-
sysldSet HRGES, HEXLH

SubsysldSet = set of Subsysld

Subsysld = ( SubsysName , DevSet, ComSet)
H.rp : SubsysName 5 43 5 48 4 B ; DevSet N /3 &
G 5 4 5 5 ComSet 2 73 & ¢ 1Y J) AE #8114 4
&, T g3 5l 45 i DevSet Al ComSet (9 JE 2 fk
E L.

DevSet = set of Dev

Dev = ( DevName , DevOpSet)

DevOpSet = set of DevOp

DevOp = (DevOpld, DevOpParam )
Horp: Dev g HAA ¥ 4, i #5 4 #% DevName Fil
WA ERAESE DevOpSet 41 i, % % #:/E 4 DevOpSet
SR A PR A DevOp WYSE G, Op i B 4% 48 A1 5 iR
FIBE A B AE S R L.

ComSet = set of Com

Com = ( Comld, ComOpSet)

ComOpSet = set of ComOp

ComOp = (ComOpld, ComOpParam )
Forpr: Com Sy HK Iy 8 % 1F, th 2 g 38 4 4 A%
ComName FIL)j 58 &8 7 5 FE 48 ComOpSet ZH A ;
PFEAESE ComOpSet 3 FRPFHAE ComOp H4E &,
AR PEERAE ComOp iy 38 AF 4 A 4R I ComOpld A1
P VE S50 ComOpParam 4 ji%;.
1.3 MRB[ESHEMR
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PR ASE SR X, G o T A R R 455 e S B
IBATBE R [ B e [ Wi 35 Pl B, e B A XA TR ) 3K
AR RS ) N AT R 3 3 Y K R T AR Sl AR N 1Y
R R e LU G th B, RO R R AT 2.

i, ADRE AT K A% B AY I 3 i R A RO
KA e AN DA 55 i B, 32 256 45 b T A5 A A
RS RE F A A A A A T A A 4R A 1l e
R REAG A | T 1F B A 45 4 f BE F0 R REAG: 25 5 B TR
A AP AT I TR R RO K e 3 2 AT 55 it
B4 1E A Rl A

FL K s e A U 55 AR L 4 B A A A D) ik
TR IR AR A (DA R4 G A RN D RE AR 1 4
VEFR K4 4 A5 T . #5 H StaticCheck IR K 2%
ST R, Devinspee 7R i # 4 A AT 5K
ComlInitStalnspec 7~ ) 68 #1444 46 104G A I i 75
3K, DevOperlnspec 2 7 15 & 452 1F 48 4 K 2 il i 75
3K, ComOperInspec 327 i 14 45 1F 48 4 K 2 I 1 757
SR WUE R i e S D R R X 4 R A
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StaticCheck = { DevInspec, ComlInitStalnspec, TEFE S hRiR) 1 X 248 2 R BE K6 A DevOpe-

DevOperlnspec , ComOperlnspec | .

PO A5 e 2 I 3 95 oK) il R 2 g AR 0 e 2
AT 55 TR , 0 0l & 1 A A A DT R e
FRPE R AR ARG A 3T SR | A R A 4 A A A
T SRR A 4 A A DT SR A B A X
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iR S BERIE AR AR AE 2.2 T4 .

2 MmRFAMLFREKXMLERTR

2.1 fRHFHSMNAETREXULERTR

EX 2 gk a i K Devinspec = Dev-
Check (BU5 ZFK, 0 R4 PR, ).

40, devCheck (“#ff £+ + 57, “H & 7+ &
MR I 1 M 3 Y2 1 R E U TR
CEAEBAT CIFERM T, R S BIAR ) &
7R A AR TR B O 0 AR G Y O I
AL TEC P, T oy 04 Y o AR T SN e R A AL
o S A A AR ST A

EX 3 DIREFRAEH) Ih A PR 246 A I 1 75 5K
ComInitStalnspec = ComInitStaCheck ( Bl 5 % #% , 43
RGEAPR,WIEER).

WG R = CRROE 2 PR, SR S50

WIS = (S8, IR, S8R R)

BEIRAS = “E 4T | WFT T 1
RIE TAIEE T RIEE ST

#lan , ComInitStaCheck ( “ 1 f++ 57, “ ¥ 4%
s &% &7, (DCA, {( VoI,
“>3.5V7) 1)) ok st S UAREUE 7 R
Girh B A A UINMAL IS, oS4 Vol HUE
EHERKT“3.5V".

TEAT R A 0 3 A v, A0 K i 188 95 R A AN
PR AR G S 0 3 e > PR A O 2 B, TR G K 5
Fe BEAEFOARAF B A 43 )30 2o 1 A5 B AR 4R 2 R A
BAETR 2 920, T T 3 ) 4 D A R AR R S A A
FNI)REFRAF B AE 45 A0 A M 5 R B e X

EX 4 ALK ANKT K Devo-
perlnspec = % % #: VE 18 4 {# fE K & DevOperEna-
Check (B15#FK, 7 R A4 PR, B & 24 B, B 1%

“ Power ”

rUnEnaCheck (BS54 #%, 73 R G AR R, B8 24 FK
WA RAERR S PR

A ARAE AT A0 A 35 B A PRAE 1 2 [ RE N
PREERY A, 954 BE 5 5 A5 1L 0 i 45 2 5%
AR 4 A RE S X 1R SR EA G R A
R R G WA N IDE FRok ok o U A E RO
A IR BRAEJE R A8 2 JCAL. BN, DevOper-
EnaCheck (“fiif+ + 57, “W = 5l F 0 RA”,
“EUERTI T, KLY RN KM T R IR S
AR 73 28 58 1 B8 T o B AR 4R A 1R S KL [l fiE
DevOperUnEnaCheck ( “## 53+ 5, “ M % 5 i@ 5
SPERGETCBETR T, KLY RO SR
W45 5 R O &R B8 R BOE A i R PR AE R A
“K1” Bk HE.

EX S FRIFHERAESS 2 A L 5K ComO-
perlnspec = FR {45 1 18 4 i iE 45 & ComOperEna-
Check (RIS #FK, 70 RG AR, AT 24 B, 78 1F 42
YEFE 2 AR ) | FF 45 AR 45 2 BRE K 25 ComOpe-
rUnEnaCheck ( 1524 B, 73 R 5L 24 0%, #4444 9%,
ERERAE TR 2 FRIR) .

PR T8 4 BRAEAG A A0 55 AR 1 1 2 [ RE AN R BE
K4, 47 4, ComOperEnaCheck (“ i #4157, “ %%
EOrRG,“DCA”,“B27) R B M A 5 R
B RGN BAE A A MR AESE 4 B2V fi
HEF6 25 ; ComOperUnEnaCheck (“# £+ 57, “ 44
EOrRG”,“DCA” B2 R M A+
B RGN BAL A A HLRAETE 2 B2V BR
AE A
2.2 MRHB|HEMRERELXMLERT

R LI A% 3l 25 I 34 55 9t 2 1 4 34 W
e R i 3 25 0 R SR 2 0 A X T R AR ik
M5, 25 B A R 2 A 3 o 7 e A A ) 85 =X
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Fig.2  Architecture diagram of spacecraft dynamic test scenarios
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MNIE 3 ] LU H, A 4k 28 o i v D 3 5
SR 6 I8 4R A A KX 6 RS R
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A B 5L 8 56 B 1 A v gk Z¢ s fin e 0 337 S, BRIV RE
il 3 v 28 28 e 03 0K SR AN 07 5 4 i
IR SR T 8] PR 3R a3 55, 9 e 461 1
Wi S by 1 4 B, e ¢ 5¢ R AR 2 B 57 B 20 R
ar s A DR KR A3 0 4 i R R 4R A
84 B BRI g 3.

FEMT R i M ey, D48 4 20 S I A R AR 4R
MR RAETE 2, B R R A8 S 18 10 B B 1R
VERY BLAASZ B, A0 A 45 A 48 10 22 8 1R 4 1y Bk
SEBL, T g KRR R L I AR R.

EX 6 MHXEAES S = & HRAERLS 1
THEAESR 2.

BRI S = (B SR, 1 REL TR, K
TR, B B S 8, B R R AR Rk A,
FIEWHL, 482 MAT IS R34

WIS S = (B S 2K, 7 RGEA B, 8
PEERAE bR UL, TR HRAE S 50, S R A R iR B %
RIEWHL, 48 A AT IS TR Z9 5

R Testlnsld = DevInsld | ComInsld

Devinsld = ( SpacecraftName, SubsysName,

DevOpld, DevOpPara, DevinsToDes, Times, DevIn-
sTimeRestri)

ComlInsld = ( SpacecraftName, SubsysName,
ComOpld, ComOpPara, ComInsToDes, Times, Com-
InsTimeRestri)

B, (B9 R S E I R,
“K17,“Vs66 < =1&&Vs67 > = =17 “TCF” |1,
2) KR M AT A 5 AE > RGP iR KLY
Kk B W Hb S < TCF” B 2& D A i, )52 2 80k
“Vs66 < =1&&Vs67 > = - 17 %8S K% 1K,
HAAT I ] 250 2 s.

8 2 B2 I R AR 48 2 Ay 7 9, H
Xk

EXT 1525k TestnsLink = (515 4 Fk, I
R, T8 2 BEAR UL, 45 2 5k ) .

MRS = T AR |l RS 5
o 1E R A A B as AT B ik [ B K (]
W 3 Bl B 5 A A T X 7 22 A 7 ) RS 2R R T

§ B — R KA 18 2 P 81, LN B e
AR E TR B, W AT DL — SRR VR HR 4, B

188 = MR AR 8 2 T IR AR 48 20 I
IERAESR 2 P 50 LG4 A B -« 0 4 A 48 2 4
YEFF 5.

Bl TestlnsLink = ( SpacecraftName, TestMode,
TestInsLinkId, TestInsList)

TestMode = NormalMode | FailureMode

TestlnsList = Testlnsld | TestInsld : : TestInsList |
TestlnsLinkld : : TestInsList

3 MRB[ESMNFERERTE

BT MR & AW T R AR, T
25 TR a R A DS SR B 3 AR T
3.1 EERENKERBIEN

MRS EZN T RGE, AT RE, A% A
IR S R SO R R S Ll VN SR S Py
FEA UL, 45 B A A A K R oK ZE B Creat-
eDevTR , H B RS2 F N
CreateDevTR ; SpacecraftiName X Subsysld x TRSet—
TRSet
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CreatDevTR ( (spn,ssid) ,trs) =
let(ssn,devs, — ) =ssid
in DevCheck ( spid,ssn,devs) :trs
Horp  TRSet S i K a4 M 75 5K £ &, X 45 7€ 1
Kaw spn, Hor RGN ssid, WAL B OE T 40 R 58
W45 K%L CreatDevTR i 1 98 J DevCheck 4= i 1%
o Ao AU SR IR 8 A S K % Dl 75 oK
trs "I"
3.2 MRI|[IMEMGMBURSEREMNNE XK
B £
MRAAZ NI RG, AFM I RGA % A
AT RETRIE AR &, X BB AR 4R 5 b 1) 4 A FRAF AR o
PEAT R A, die 2 A2 T K A 45 > T RE AR R 0 B 1k
ARG A T K. Ja i, 1 e 4 TR &% B 2
RE B A1) iy Al DR 25 A A T 3K 75 5K A 38 S R R
CreateComInfoTR , EL{&R SZH Ny
CreateComInfoTR ; SpacecraftName x Subsysld x
ComlInfo—ComlInfoTR
CreateComInfoTR (spn, ssid , comif) =
let(ssn, — ,coms) = ssid
in let( comn, { (compid,comst,compv) | ) = comif
in ComlInitStaCheck ( spn, ssn, ( comn, { ( com-
pid, comst, compv) } ) )
Horp: ComInfoTR & A= B 14 LA Ty 6 & 14 0 1K 75
3K s comif Sy 4 AR A5 B s coms Sy Ty BE A AR 4E G
comn g FHF 44 B 5 compid S R AF S KObR R 5 comst
KRR s compy i Ty BE A 2 4 compid 7E
PR S comst I 1Y HU{H . BRI %L CreateComln-
foTR i i 8 F ComInitStaCheck A= %1% ) fE #B 14
A6 A 3 T 5K B T R TR A 0 A AR 25
KA UG, AT 25 73 22 58 19 i A5 2 RE AR F 00 4R 1k
ARG A T 5K A Az i LR % CreateCom-
InfosTR , EARSZ I Ky
CreateComInfosTR : SpacecraftName X Subsysld x
TRSet—TRSet
CreateComInfosTR ( (spn,ssid) ,trs) =
let(ssn, — coms) = ssid
in let comnum = length coms
in let nthCom coms n =if n = =1 then head
coms else nthCom (tail coms) (n -1)
in let comsCheckTR coms i =
i < = comnum— CreateComInfoTR ( spn,
ssid ,nthCom coms 1) :trs
in comIfsCheckTR coms comnum
Horbr s TRSet S K A% WA T 0K, B4 i — 1> ) g
PR A 46 AR 254G A I 35 SR A S i A s

s comnum g3 5 G4 B BE A A SR 34 U pR R
nthCom 78 MU BEFR 114 & v B — N0 F , 4 A
NREFRIEE AT coms HICH — DA%, i 3 136 U bR
# comsCheckTR 3 Ji] B4~ 2y B8 & 1+ 411 4R 10 AR 25
Az A U 5K AR PR B CreateComInfoTR , AR i 1%
T RE B A 40 4 AR 254 A 35 5K, IF I A E 1 i
KA AT R ws b, B D) REMRATE S coms
25, 98 %I 2 58 B AT D) REFR A 0 4 AROIR 25 4G A
I 5K A R
3.3 EEREBECHREMNLERERT &
VAT B AT 6 A 0 A A 45 B PR A 4R ST RE AN
R AE , 550 A R 11 i 4 A6 A I a5 SR o A R 3 £
FE VA AR 8 4 01 BE I 32X 75 SRR R BB 375 5K
LR AR REA S A B
oA A5 B A B R A LE A L T R
R, 3k SE Al oo i A R AT 4R R S B L,
X AT A L BT AT R AT AT AN Y R A
K. a5 o s A i s B A A 4 (RS A
MR T oK A2 118 S PR #L CreateDevOpEnaTR , H {4
SN
CreateDevOpEnaTR ; SpacecraftName x Dev x DevOp—
DevOpEnaTR
CreateDevOpEnaTR (spn, ssid, dev,devop) =

L BB

let(ssn,devs, — ) =ssid
in let(devn,devops) = dev
in let( devopid, — ) =devop
in DevOperEnaCheck ( spn, ssn, devn, de-
vopid)
ot dev i 4 5 devn Jo i 4 4 s devops i
7% dev IR & HAESE 2 4 s devop HIX S dev I —
VA HRAE ; devopid R FIRAEPR L. KA Creat-
eDevOpEnaTR i@ i3 4 F s 4 DevOperEnaCheck =
JIER AN B A AR AR AR T REAG A DT 5K
BET B DA B AR A A MR 5K A e
%1 CreateDevOpEnaTR , 7] 25 H4 A= il — N 45 A
TR & 1Y M0 RE A A 0 3205 5K 1 SC R £ Creat-
eDevOpsEnaTR , H HAKSZH ok
CreateDevOpsEnaTR ; SpacecraftName x Subsysld x
Dev x TRSet—TRSet
CreateDevOpsEnaTR ( (spn,ssid,dev) ,trs) =
let (devn,devops) =dev
in let devopnum = length devops
in let nthDevOp devops n =if n = =1 then
head devopselse nthDevOp (tail devops) (n -1)
in let devOpsEnaTR devops i =
i < =devopnum CreateDevOpEnaTR (spn,
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ssid,dev,nthDevOp devops i) :trs
in devOpsEnaTR devops devopnum
Horr - devopnum % a5 (R A48 2 A% 18 I pR
$ nthDevOp /R A RAE R & T — i a4
VB B TE R S B AR AR & P I — A B A 1R A, il
9 e 44 devOpsEnaTR 74 ] CreateDevOpEnaTR 4: i},
A TR ARAEAE Al BEAG A T 5K, IR AR
AR s, BB B AR GO S, SE UK
VA B AT R AR 45 4 (ol REAG A 75 R A 1
AR — A~ 7 19 BT A o R A i 4 A A 0 3K
R A4 i BRI %X CreateDevOpsEnaTR , A 25 1 — >4
R G A B R A5 A5 AT I 37 SR A BT R
%1 CreateDevsOpsEnaTR , JL B {&SZHL K
CreateDevsOpsEnaTR : SpacecraftName x Subsysld x
TRSet—TRSet
CreateDevsOpsEnaTR ( (spn,ssid) ,trs) =
let(ssn,devs, — ) =ssid
in let devnum = length devs
in let nthDev devs n =if n = =1 then head
devs else nthDev (tail devs) (n —1)
in let devsOpsEnaTR devs i =
i < = devnum — CreateDevOpsEnaTR
( (spn,ssid,nthDev devs i) ,trs) + + trs
in devsOpsEnaTR devs devnum
Forp devnum S 3% p 28 G 1 B A B 33 UH eR L
nthDev Jy N £ 4E & H — i3 4. B R IR —
AV, RIAT 58 3 3% 15 R 4L devEnaTR i J] Creat-
eDevOpsEnaTR A 8% W 4 B9 BT A7 #4195 4 fd fig
KA M 3R, IF A Sl A S i K A% I SR s
T, BB T AT A4S H BB AR B S, S
O RGBT A B A R A A AR A RE DI R R AR
B B B 2 BR BB AS A T SR A T ik S
o1 A A 0 a5 SR 2B I 1 26 00, AN R A
3.4 HHRBREECRENKERENTE
PR ERAE TR A A6 A A F5 TR PR R A 15 2 [ RE
R AE , W57 A7 J5 1 i 4 4G A 00 375 SR e A R 3t £
5 B AT B AR 5 4 401 R 00 3K 75 SR R R A I 3 SR
LR AR REA S ARNRETRIF LA,
A TR AL A L A A SR AT e e e
PRAE X S R4 S R R A AR R S B A,
s BN S T REER A A BT A R AR R AT AR R Y 4
(R R A i N R T E B S (B R
fiE A A I 3 75 oK A BUTE X pR 8 CreateComOpEna-
TR, RSB N
CreateComOpEnaTR : SpacecraftName x Subsysld x
Com x ComOp—ComOpEnaTR

CreateComOpEnaTR (spn, ssid, com ,comop) =
let(ssn, — ,coms) = ssid
in let( comn,comops) = com
in let( comopid, — ) = comop
in ComOperEnaCheck ( spn, ssn, comn, co-
mopid )
v coms Sy Iy BE & 1 4 4 5 com Sy ) BE A AF
comn 4 ZJ BE FF 44 B 5 comops Sy U i #B 1 45 4
£E s comop N B E A EEAE. PR %X CreateComOpE-
naTR 3 i 94 J 264 ComOperEnaCheck = ji{ B4~
PR PEHRAE TR 2 RE A A8 I 375 0K
BET B TR A 4 2 O AR AG 2 I U5 5K AR
A PR AL CreateComOpEnaTR , A 25 H A= il — 3614
JIT AT 48 A 48 2 10 58 A AG: A I 175 5K T SCeR %L Cre-
ateComOpsEnaTR , H H A& 52 3l
CreateComOpsEnaTR ; SpacecraftName x Subsysld x
Com X TRSet—TRSet
CreateComOpsEnaTR ( (spn,ssid,com) ,trs) =
let( comn, comops) = com
in let comopnum = length comops
in let nthComOp comops n =if n = =1 then
head comops else nthComOp (tail comops) (n —1)
in let comOpsEnaTR comops i =
i < = comopnum — CreateComOpEnaTR
(spn,ssid, com,nthComOp comops i) :trs
in comOpsEnaTR comops comopnum
Horpr: comopnum Sy 3% Ky BE R R AE 5 2 A
U pR & nthComOp 4 75 2y RE #8 AF 48 /5 4 5 b i —
A TRPFRAE B AE AR RAESE 5 comops HI L — >
FRE4RAE 8 5 3% 5 PR &L comOpsEnaTR 3 Ji Cre-
ateComOpEnaTR E i 54> ¥ 74 45 4 45 2 i G K2
A IR 5K I AR R R SR ws v, TR
NG e Rl
AR — TR 1) BT AT FR A AR AT 8 4 A A I 3K
TR A2 B PR X CreateComOpsEnaTR, 7] 45 H — 4>
73 B G A D RE AR R AE 1 A A I KT K A 3h
M 18 LR %X CreateComsOpsEnaTR , EARSZHL Ky
CreateComsOpsEnaTR : SpacecraftName x Subsysld x
TRSet—TRSet
CreateComsOpsEnaTR ( (spn,ssid,coms) ,trs) =
let comnum = length coms
in let nthCom coms n =if n = =1 then head coms
else nthCom (tail coms) (n —1)
in let comsEnaTR coms i =
i < = comnum — CreateComOpsEnaTR

( (spn,ssid,nthCom coms i) ,trs) + + trs
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in comsOpsEnaTR coms comnum

Horr s comnum 3% 50 £ 4¢84 ) BEFR 14> %5 338 09
PR nthCom Sy R4 5 R — AR 1, s 3R
B —A~ 4, B AT 38 1 35 U pE %L comsEnaTR 78
CreateComOpsEnaTR Az i 1% 38 14 1) T A 4 4F 48 &
S REAS 22 I AT K, IF A S A B R 27 I L7 R
trs W, BT A SR AR A A BRSO AR S R AN
25 DRETRFARAEHE & BRBEAS 2 Il 5 5K AR T vk
55 REAG Ar I 75 R A U T2, A HRBER.

4 FHEWXERERTIE

AR K 5 3l 25 3 75 5RO A R R T vk,
AR SR I 7 5 4 3 I a5 K, kT P 401 1
WA 5, I i ] 1 i Ry 48 2 6 | B 258
H 48 42 5 58 8 20 I K s 3 A I oK R, A
W2 T 1 i T KA R R Ty i

EX 8 MBI = (6, HEE)

FBI%E = HII 55

) = 55 VAT 9 Vs 5 sh VEAT 0 P 5

ST EVEAT BT A = T SEAT R ST B
YEAT M P 5

Bl UseCaseDig = ( Role, UseCaseSet )

UseCaseSet = set of UseCase

UseCase = AtomAct| ActSequence

ActSequence = AtomAct; ; ActSequence

AtomAct = TestInsld

o O SEAT o — A 5 sh AR AT O, U )
W 55 o — R BRAE 4R 4, BIX L A 48 4 6 Sy — A4
VE3E 2 & B s AR AT Je — T s VR AT O P
B, T WS O R SR A TR 81, RIVXT I F) 48 4 B A
USRS IR

PATF 25 1 8l 25 0 30 3R A 07 vk 56 i b ki
T, 155G G 1T e — > A 2 25 004 5 3R
Ji i SR G 8 ] — A T 2l 2500 307 5K 2R
T3 15 58 U 3 57 49 181 1) gl 285 0 4 3R A R
IR R T R A A 3 B, HURR IR X Y
55 0 P11 20 280 35 3R AR T ik B Rl 58 B
A 37 5 Bl 20 T SR AR O 2

P, B e s — A ) A% 3l 2 K75 R AR
Ji1E X PR %L CreateUseCaseTR , H ELAR S 31
CreateUseCaseTR ; SpacecraftiName x UseCase x TR-
Set—TRSet
CreateUseCaseTR( (spn,uc) ,trs) =
let(atomact:; ;ucl) =uc

in let trs’ = atomact

in trs = CreateUseCaseTR ( (spn,uc) ,trs’ )

Horbcue g JH A & rb i — A T, 3 ) 2 —
ANEFEhEAT N atomact, W) B 4205 % 5 F s VE 47
SR VA =R | WS B BP NEr  RO R N
W, A B T SR AT N 81 uel, U3 U9 9
JH R %L CreateUseCaseTR 52 Ji It 1 sl A 1T 0 7 41
XoF I F 0 R i 20 285 0 5 SR AR

AR AR A5 P&T v — A 90 79 5l 28 04X 75 3R A
Ji ¥ CreateUseCase TR, W] 45 i 8 A~ HI 431 [51 B A7
Bl 1) 3h 75 4 75 oK 2R 1R X R % CreateUseCase-
DigTR, JL A A28
CreateUseCaseDigTR : SpacecraftName x UseCaseDig x
TRSet—TRSet
CreateUseCaseTR ( (spn,ucd) ,trs) =
let (rol,ucs) =ucd

in let ucsnum = length ucd

in let nthUc ucs n =if n = =1 then head ucs

else nthUc(tail ucs) (n -1)
in let nthUcTR ucs i =
i < = ucsnum— CreateUseCaseTR ( ( spn,
nthUc ucs i) ,trs)
in nthUcTR ucs ucsnum

Horcued 9B 50l 2 53 5 ues g B4R 5
ucsnum Ay %L 58 52 8 11 3% )9 2R %L nthUe 4RI
M 46w BB — A 5], IF 94 ) oK % CreateUse-
CaseTR 5¢ i — > FH 1 1) 20 285 I 75 oK 2B 7 2%,
L2 A I IRC5E , 34 AR R R Y 3l 2

LA A AR AL I E W BT st Bl
1], 38 B0 K 45 3 A 75 SR A2 Uy 125 B4 il
s A7 Bk 5t ey 181, i 4 B

EfTR

TestInsList]

B4 s Ay Bo g s T

Fig.4 Use case digram of running period of test scenario
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A 5 AR 0 4 R 81 4 RO 55 8 4R OC R
A, Wz A Bl 1w 5K T il i S

TestInsLink = (“#ft £+ 57, “ E W A7,
“B47Et” , TestlnsList)

TestlnsList = TestlnsListl:: TestlnsList2::
TestlnsList3 : ;: TestInsList4 ; ; TestInsListS

TestInsListl =[ (“#fif+ 57, “BE SRS,
CKITL T CBUE TR ,2,0) , (RO ST B
SRRGET,CK2T T RO R, 1,1) 0 ]

TestInsList2 = [(“ MRS, “E DR
T CR ?"’HUlﬂﬁ’ 1,3), (“# ¥+
=7, %@kﬁ(ﬁ@ﬁj‘%,u 'fﬁﬁﬁ 1,
5), (“?¢ﬂ+%” “’ﬁﬁl”’sﬁgéﬁ” “KSTL, UL iR
B, 1,4) ]

TestinsListd = [ (* 4+ 5, Wb 50 £
YRS, KO, B RN T ,2,3) , (R
M RS K19
2.2) CHEFE AR KIS,
YT 2,2)]

TestlnsListd = [ (“$# 5+ 57, “BE 24"
K BN 25), (RS
Fﬁi%%” “A207, 7 BRI ,2,11) - ]

TestInsListS = [ (“Mi 4+ 57, “ 0 4% 5 8@ {5
YRS, CALT T RUE e ,1,10)
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Fig. 6  Architecture of automatic generation of spacecraft test requirements system
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Spacecraft test requirement description and automatic generation method
GAO Shiwei, LYU Jianghua”™ , WUNIRI Qiqige, MENG Xiangxi, MA Shilong

(School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Spacecraft as a typical safety-critical system, its trustworthiness study is very urgent. The eval-
uation and verification for spacecraft depends on the data obtained from the execution of spacecraft test cases.
Moreover, spacecraft test requirement is the important basis for test case generation. In practical application
such complex system of spacecraft is faced with problems of the complexity for the spacecraft test requirement,
long preparation period for the test requirement, and difficulty in assuring the adequacy, completeness, and
reusability of test requirement using artificial experience. To solve these problems, the spacecraft formalized
model was constructed by analyzing the characteristics of the spacecraft structure. The formalization specifica-
tion of spacecraft static test requirements and dynamic test requirements were given based on spacecraft testing
task flow. And the corresponding automatically generation methods for spacecraft testing requirements were
proposed. The adequacy and completeness of spacecraft test requirement are ensured, and the reusability of
test requirement is enhanced. Compared with the artificial establishment way, the period of the compiled test
requirements is shorten. Finally, the application system for spacecraft test requirement generation is designed
and implemented, which validates the effectiveness of the proposed method.

Key words:; safety critical system; trustworthiness; test requirement; test task flow; spacecraft
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Performance comparison of four pre-filters used to
prevent pitch category Il PIO

LU Yang', YU Liming*', FU Yongling’

School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Category I PIO cases are mostly characterized by actuator saturation. FWB, DS, DASA,

RLF are four nonlinear pre-filters that have already been used to compensate for the phase lag led by actuator

saturation, thus to prevent pilot-induced oscillation (PIO). Different means were used to make comparison

among four pre-filters. Dscribing function was used to analyze and compare the phase compensation in open

loop analysis by linearizing the nonlinear components of the fourpre-filters. The study mainly focused on pitch

attitude PIO, in a pilot-vehicle closed loop system with a neutrally stable pitch bare aircraft that could easily

cause PIO, three typical pitch flight simulation tasks were used to make comparison in terms of actuator veloci-

ty saturation prevention, pitch output dynamic characters, degree of phase compensation and alleviation of

pilot operation burden, measured by pilot input magnitude. DASA turns out to be a better design among the

four pre-filters. The result can provide a useful reference for filter design and pitch attitude PIO prevention

stud

y.

Key words; pilot-induced oscillation ( PIO) ; velocity saturation; phase delay; nonlinear pre-filters;

describing function
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Table 1 Microstructure characteristics and mechanical properties of a high-strength and

high-toughness titanium alloy at different solution temperatures
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i/ C LT/ (MJ - m™) /) R

E % wm I/ % .

(pm = pm™")
790 13.7 1.9 28.9 14.2 1307 1260 13.8 233.2 18.3 10.4 7.9
800 9.6 1.8 33.0 15.1 1357 1291 13.1 210.6 17.8 11.1 6.8
810 9.4 1.2 38.2 15.5 1311 1289 15.1 220.7 18.0 10.5 8.3
820 4.6 1.5 46.5 14.5 1365 1290 11.6 200.9 16.2 8.9 7.3
830 1.6 1.5 51.2 12.2 1356 1220 9.3 170.7 16.1 9.1 7.0
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Fig.2 Microstructure of a high-strength and high-toughness titanium alloy under
different solution-aging treatment conditions (AC +580°C /8 h,AC)
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Effects of solution-aging treatment on microstructure and
mechanical properties of a high-strength and high-toughness titanium alloy

XTA Xiaojie"?, WU Guoqing ">, HUANG Zheng®, LI Zhiyan’

(1. Shanghai Aircraft Design and Research Institute, Shanghai 201210, China;

2. School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

3. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: Solution-aging treatment was performed to a high-strength and high-toughness titanium alloy.

Several microstructural feature including volume fraction of primary o phase, size factor of primary o phase,

volume fraction of secondary « phase, o /B interface density, were quantitatively characterized. By making a

statistical analysis of the microstructure characteristics, the relationship between microstructure features and

mechanical properties of the high-strength and high-toughness titanium alloy was investigated as solution tem-

perature changed. The results show that with the increase of solution temperature in o + 3 phase, the volume

fraction of primary o phase decreases, the size factor of primary o phase firstly decreases and then increases,

volume fraction of secondary a phase increases, and the a /B interface density increases and then decreases.

The elongation, static toughness and crack initiation energy increase with the growth of the volume fraction of

primary o phase. And yield strength is positively correlated with the o/ interface density.

Key words: near B titanium alloy; solution-aging treatment; microstructure; mechanical properties;

quantified analysis
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Fig. 1 Residual signal of system in the fault free case
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250
J (k)-2F EKF-NUIO

200 J (k-3 FCKF-NUIO

£ 150}
‘E’ 100
. I J (k)
50+ |
ﬁm NL)K/
k il ~L%wm

0 D.(J 100 150 200
k02

F3 Q=100 LT J,(k) 2z 5 J, (k)
Fig.3  Evolution of the J,(k) and J,(k)in
the case of 0, =100,
I RS SRR AN MER A I OL T, AR ST 4R
(07 ¥ RE W% 1 ol AG I i ik R, T B T EKE Y
NUTO g s 3 7 12 2 2%

ﬂﬁTi&#%}ﬁé%%‘ﬁﬂlﬂﬂﬁ%ﬂﬁﬂﬁﬁﬁ%ﬁ%
X A RS 00 77 925 M R B R WL, AR SCE AT T — 4L X

AT E“ﬁ'@f*ﬂéﬁﬁ%ﬁaﬂﬂﬁ‘fﬁ OLF il i H R
A TR) 5 SR 39 5 R R AL T, BT CKF |
NUTO g a6 i 75 25 15 4% T+ EKF ) NUIO i e s
77 0 A S G N Y DR P DA R AR/ i I A 0 i
J3 457 T 28 53, Bk — 20 UL T AR SCRIT i 1 /9 7
A R, SR A RN AR 2 k. AR 2 ha] LA
A BRI G R 1RSI A A RN s
PR 532 B4 S A 0 41 R T8 AT R ) B2 T TR A
F2 HERNEREIT SR
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NUIO based actuator fault detection for a UAV
ZHANG He, ZHONG Maiying"®

(School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The actuator fault detection for an unmanned aerial vehicle (UAV) longitudinal system with
unknown atmospheric disturbances and stochastic noise was studied. Based on introducing a nonlinear longitu-
dinal model of the fixed UAV, a residual generation was designed by employing a nonlinear unknown input
observer (NUIO) which is based on cubature Kalman filter ( CKF). The unknown input observer structure
was constructed to decouple the unknown disturbances from residual. At the same time, the CKF was applied
to calculate the gain matrix to achieve the requirement of robustness to noise. Finally, the occurrence of fault
can be detected based on chi-square test about the residual sequence. The simulation results show that the pro-
posed method can decouple the unknown disturbances from residual effectively and achieve the fast and accu-
rate actuator fault detection.

Key words: unmanned aerial vehicle (UAV) ; fault detection; cubature Kalman filter ( CKF) ; nonlin-

ear unknown input observer (NUIO) ; chi-square test
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Fig.1 Scenegraph of early warning aircraft radar flight test
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Probability model for early warning aircraft radar flight test based on
probability of detection curve

WANG Han, MA Xiaobing® , ZHAO Yu

(School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A novel probability model was proposed to ensure the coverage rate and the accuracy of proba-
bility of detection (POD) curve in early warning aircraft radar flight test, which can also provide the distance
sampling intervals and boundary conditions of flight routes. Firstly, we derived the optimal number of sampling
points used for curve-fitting after the test based on the requirements of the coverage rate and the accuracy of
POD curve. Then, an algorithm was proposed based on the empirical distribution function of POD curve,
which could calculate the minimum and maximum detection distance of early warning aircraft radar flight test.
Simultaneously, the length of distance sampling intervals was obtained on the basis of the algorithm. Finally,
we calculated the number of sampling points in distance sampling intervals and the number of flights according
to the statistical properties of the detection probability. The proposed model provides a quantitative basis for
the design of radar flight test and the performance evaluation of early warning.

Key words; radar flight test; probability of detection curve; distance sampling interval; sampling
points; number of flights
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Table 1 Grid numbers of three kinds of models
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Fig.3  Profile of flow velocity and pressure coefficient for

three kinds of models with different grid number
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JE A /NT 3000 R 2 B A B 5 A KT 40 -
A T B AR O, B R A e AL 3 AT 2 s - _ _ _
%) 20 - - - -
[ A R A el W VA N IR = - - - -
30 274.5 — — —
2 e =) =l r 50 . 4
AR TRED AT O, £ 4 41 » 120.0 s s 1085 2070
TEMERE AN BN, EAFE G AT NG 45 99.0 121.0 149.5 193.0
W A, 3% 4 A3, 545 E IRk 2B A 50 86.5 103.0 124.0 152.5
it =150, U] A, B 450 00 0 00 T 00/ 45 2 2 “ .
4 ExREEHRF(A=0.2U, )W NEUR x, =25 LR NIEE A,
Table 4 N factor at transition position x where A =0.2U _ , and the disturbance amplitude A, at
x, =25 of inducing wave
x =150 x =200 x =250 x =300
A/(°)
N A() N A() N A() N AU
10 0.11 1.8 x10°" 0.19 1.7x10°" 0.25 1.6 x10 7" 0.28 1.5%x10 "
15 1.16 6.3 x1072 1.47 4.6 x10? 1.67 3.8 x1072 1.78 3.4 x10 72
20 2.63 1.4x10°? 3.15 8.6 x10 73 3.47 6.2x107° 3.66 5.1x107°
25 4.10 3.3x1073 4.80 1.6 x10 73 5.21 1.1x1073 5.46 8.5x10°*
30 5.50 8.2x107* 6.34 3.5x1074 6.84 2.1x107* 7.13 1.6 x10 74
40 7.96 7.0%x107° 9.01 2.4x107° 9.62 1.3x10°° 9.96 9.5%x10°°
45 9.00 2.5x107° 10.12 8.1x10°° 10.74 4.3%x10°° 11.12 3.0x10°°
50 9.92 9.8 x10°° 11.07 3.1x10°° 11.71 1.6 x10°° 12.10 1.1x10°°
60 10.29 6.8 x10°°¢ 10.39 6.1x10°° 10.39 6.1x10°° 10.39 6.1x10°°¢
o 22 1 B Y AT AT B LR AR AR A AR /D
A\ NUNTUNGRY 2. .
3 4 [0 8 f R A £ ), T A% S 4% 1 T £ R 0°

TR Y B AR 2 I A R IR TR R XU TR ) 5 T
— R BT AR /N IO XS LI A B R R
E MRS I B 5T, AR ST S5 18 R /N0 O 4 O T
MR — B E T B S APAE R —E I X ). HLEE
F4 Ji R R R 2 W B AL A T A Sl AR
TE P, DRI S P 1) KA 25 a8 AR 25 B 122 3 T T
Jite e W A AT O 350 FLI0A il R — 7 B %
F) AN [ 4t A s A R I 2l AR R R
AR, R AR T — 2 TAE.
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Effect of sweep angle on stability and transition in
a swept-wing boundary layer
SUN Pengpeng' , HUANG Zhangfeng "'+
(1. Department of Mechanics, Tianjin University, Tianjin 300072, China;
2. State Key Laboratory of Aerodynamics, China Aerodynamics Research and Development Center, Mianyang 621000, China)
Abstract: The stability and transition of swept-wing boundary layers have important reference value to the
design and optimization of airfoil. The sweep angle is one of the key parameters to the cross-flow instability of
swept-wing boundary layers. Based on the NACAOO12 airfoil profile, the mean flow of a swept-wing boundary
layer was calculated by numerically solving the three-dimensional compressible Navier-Stokes equation, then
the neutral curve and the growth curve of unstable Toumien-Schlisting wave were obtained by solving the Orr-
Sommerfeld equation to study the effect of the sweep angle, and the transition position was predicted by apply-
ing eN method. Study shows that with the increase of sweep angle, both the strength of the cross-flow and the
amplification factor n of the disturbance amplitude increase firstly and then decrease, and the strength of the
cross-flow reaches its peak value when the sweep angle is in the range of 40° to 50°. The N factor predicted by
eN method is the largest one when the sweep angle is about 50°, implying that with which angle, the induce
disturbance with a smaller amplitude can easily lead to the occurrence of transition.
Key words: sweep angle; swept-wing; hydrodynamic stability; linear stability theory ( LST); eN
method
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H At P25TiO, AR ERERE RN ET A M ELERE T KA T &5

RLORW T HERES ST B R MR Rk 81 7 3k (SILAR) B, P25TiO, 5 & 5 4 FA R &
FHEGWKRZ, UL ETFTAML EHAM I I LER LR ER A BE. XA &L FHEHR
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X FFRE B9 T & AT LAAR 280 fige e AT T T o 1)
RER N A B fa b, oK BH fig Fi bt 2 R K PH BB 1Y
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K BH fE FEL b 32 22 Sk A 5 0K BH fig F Y, 4K T A 2 K
BFRE H 1t 194 B A 2ok v 45 1) R PR ) JHC R T AR Ok e
B A R 58 = AR K BH AE H v 1) - s B ik oK
BHRE FL L, 7E A e 0 B 45 3008 O T AR B A TR
KEYPEF, 76 R R K BH e w7 T A & R R &
R H

7 5 8k K BH RE L b ( Quantum Dots-sensi-
tized Solar Cells, QDSCs ) 42 75 4 Kl £ 1k K BH i
Jih ( Dye-Sensitized Solar Cells, DSSCs) iy & fili | %
JEE LK, AR A AT BE Al T DSSCs Hi 1t 7 4 B ik
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SILAR) "5 i] DUAR 4 b R AT 22 i 7 s S il fk
AT 8 00005 BH B 1 5 3 W A T A 3. AT, T
S R R TiO, J6 PH AR 78 Ti0, Z L3 B )2 (1) J5
BB A T & T AR i B S T T
it = R

AR P25Ti0, S J5URE, DL iR vk i 4O
BHAR , 388 2o 28 G5 (0 BIF 93 ' PHAR JRE JEE i i do b ik
BRI BTG B AR R BE XL R 2 A S H
¥ A 145 ) R A5 A AR 28 R BIOR l BH
e S HEL P B ) R

1

1.1 SWEHR

S JEM R P2STIO, (FE[E 38) (R &
(73 F £ 20000) | Z Bt N i . OP-10 (ITO [Pt J.
1.2 {U=[ig&

CHI 600A Hifb24 T /Euh ( EisE1E =) T
GEAN ) JBE B ' B 6T JH: H, 73 iy 19 52 el L T 4€ Ak~
] W56 (UV-Vis) 409606 1 ( GBC, Cintra 10e) il
TR i X 58 AN FT AT L S 3 g IR S
1.3 NXFEBHFH &

R 2 ) 5 O BH AR - B 0. 3 g P25TiO, fin A
0.3mL & ¥ K, SR 5 I 1 3% £ Bk 5 B, %
OP-10F10.5mL B Z, —BEA W (I 1 g |2 s
fift T 10 mL 258 5K, G I 4k 2 58 W) |
FHES G B 6k BF BS 1 h 45 30 BOR KRG 242 W
(450 H ) Bkl gk 1 v . 80U 25 11 &5 19 TiO, S BH )
h ZALEER X 2 AL A R T A TR
11 EL AT D38 4 55 v fige o 42 fioh , DA T 2 8 L L A%
e CAR
1.4 XHEBMEF SRS

W B U 4 14 6 BE AR #2355 0. 5 mol /L Cd(NO, ),
CTEVE W 30 s, 2 B K U T A KUK T 5
#2351 0.5 mol/L Na,S 7K ¥k 30 s, #F 1Ml 2 I H
535 Ti0,/CdS St B . ¥ Ti0,/CdS S B % 5 ik
0.5 mol/L CAd(NO,), LW 5 min J5, £ &
TR Uk ¥ ORI T R B B 7E 50°C Na,SeSO,
30 min(23.7g/L Se.75.6 ¢/L Na,SO, 7£ 90°C T i#
SLEEHE 7 h) AT 2 R AE P45 5] Ti0,/CdS/CdSe
BH % B J5 # TiO,/CdS/CdSe 't FH # & Wi
0.5 mol/L Zn(NO,), % 5 min, Jf 22 5 T 7K Y14
T 575 0.5 mol/L Na,S 7K ¥ 5 min, #17£
WAE 153 Ti0,/CdS/CdSe/ZnS S .

1.5 E2F AU AKPAEBMAIALRRNK
1T Pt AL AR TE 22 B R A o b i AR TS PRI,

5

e

DAL SR T 56 4 22 22 i P i B AR AL ) 3R A5 1Y Cu, S
Y xf B . ) 45 (9 Ti0,/CdS/CdSe/ZnS Yt I
e 5518 X LA 1 Cu, S 4128 b i it &5 7, SR 5 7
H Tt & LT VR A 22 P BT PR BT T Na, S|
S KCI, 2% 8§ - 7K A1 B B (4 R K AR R =
7:3) 16 S0C /K e pi # 1 h il L. R 100 W
AT AE S R BE O B UL 8%, A O R R
100 mW/em”, % FH #g #9 5 ¥ 1 BL o4 0. 25 em’,
QDSCs 1) I H, YL -HL Js /i £ A1 56 g i -r s (J-V)
M4 A ZE CHI 600A Wi fb 2~ T AEuh I i 4718 5%,
LR 10 mV/s;J-V il 2 06 IR HIEA 7
TGP AT 2 380 ~ 700 nm & % F 1 500 Wi
KT, JF 8% 8 JE % 8 ( Open Circuit Voltage Decay,
OCVD) Hiy 2 iy i 12 2 A6 58 3 ol 100 mW/em® (5,
MO M 5, A CHI600A i Ak 2% T 4 ol id %
QDSCs 14 JF fif 1L it i i) 19 22 1k

A CHI600A F Ak 2 T AE 3 1 1 QDSCs 52
it FELBT 3 B, 453238 1 4 0. 01 ~ 100 000 Hz, H, &
AR EE Sy 10 mV ik B2 v a] DLAR 4 75 2t o A
[7i] A 1. N 5 BE i R B 45 A7)

2 ZRHMEITR

2.1 2T 3T PAR B AL B RN
FRARE SC ik o Cdst | cdSe! | znsSt Fn
Ti02""20) i 37 B A A 00 B Ak R (R S R
REF S5 A K AN 1 (a) TR, CdS | CdSe 1 2847 58
FESEHA /N T TiO, F1 ZnS [ ARH: 55 BF . A5 AR5 55
FEE R BRSO T2 P E BTSN £,
WA AT R4 58 0% W Wi 1. A& 1 (b)) SEM BR
AILLE W HL SR 45 H W 0 o 22 FL A5 A . Y IR
Bkl TiO, G HAR Sy FEbt , 34T SILAR W fb 48
AR 9 B CdS . CdSe B ] DLF] A & 7 RS 8500
AT f - 5038 o RS AR Ak ok 8 8 A 5 R, R
b J5 I BH A v A% 20 43 19 R Al 245 A8 R K AR R R A
ik #2745 CdS.CdSe . ZnS fE TiO, /Y
RN (BB U ) X5 O BR AR 04 6 Ha 14 B
HE KW, BT Tio, . CdS Fl CdSe 4 # 4
Sl L EARIE B B 3 A, 24 CdS 4b T TiO, Al
CdSe Hr[E] B, CdSe 1 CdS R REHT 1 70 9 & 4k
AT, X Re A 45 F08 A R T s
T [ A T 23 e RS AT i CdS/
CdSe 1 5 FL R AL BH B 00 e B sk R i T
M T G A T QDSCs H 3 A7 7 ™
HYHEFE GG, 15 i i 6 i P RE L.
PR FH 58 25 47 2 SR M B ZnS 1B R & T 0, 7E
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CdSCdSe ft F i 41 i HEAT 8 — 2 ZnS, A LU 20
b ¥ R T A, NI A RO i B 2 5 i i 1.6 Tio/Casicdinzas
F9 5 45, 4 7 L T O P TR 6 et = 1ol
Ti0,/CdS/CdSe/ZnS T £ Sl fb % BH ks 22 ] g
. 08r
gl 2 JoR. L2
04}
af Ti0,/CdS
1 2o %0 200 500 660 '?{IJ(] 800
“'[cds
R = S - s B i</nm
2 4 = < _~ (a) RIS FIRR 5 50T RO
Eal|9 4 ; a 60
B I T T
.LZT‘ 2+ % 50
et s i TiO,/CdS/CdSe/ZnS
L 4ot
% 30  TiO/CdS
E
& 20
10- _
: TiO,/CdS/CdSe
0 =y t 1 1
15 20 25 30 35 40 45
hvfeV
(b) B FARFEDEMR A AR -hvilli £
30
iy TiO,/CdS/CdSe/ZnS
TP / o "
Lol T “ TiO,/CdS/CdSe
: | g s Rzt
(b) ZHLTiO,MHSEMIE - = W
10 : e
BT ORI S B AR A 45 F1 2 4L TiO, MK SEM B8 5 TiO,/CdS N,
Fig. 1  Structures of energy levels of different o i .“::‘.A-
semiconductor and SEM photograph of TiO, porous film 0 OI_I Ol_z 0:3 0{4' g 05
LN AY

' o TiO,
SRATARS,  oTIO,  JSRNRRNRY | cis
TiO, AP TiO,/CdSE
.TiO2
. Cds * TiO,
+ CdSe

- cds
. ZnS  SVOWRURNRN . Cise

TiO,/CdS/CdSe/ZnSHMIME  TiO,/CAS/CASeHIHE
2 Ti0,/CdS/CdSe/ZnS 4k F- 1 3L Ak S BH A 7% 7 1

Fig.2  Schematic plot of co-sensitized photoanode of
Ti0,/CdS/CdSe/ZnS quantum dots

K 3 ARG R P RE T ZE. F(R)
A W Wi B2y P8 3 Ca) TT DL R W B T Y
Ti0, St B 't 1 W Wi 11 (300 ~ 400 nm ) fR %,
M FEAT IR CdS 1 55, TiO,/CdS S FH AR B9t
T [T 98 5 300 ~ 600 nm, [7] fif HL 5 Bt A7
F S A . S BfE CdSe fE 1 kU, OGS I Wi 4k
2% 1 5 | Ti0,/CdS/ CdSe ¢ FH #% XF % & /N F
700 nm {4 ' 1 W SCA R S A OR . Ak 2k I T
ZnS Hi 1 a5 WSO T L4k 22 5 3 Ti0,/ CdS/
CdSe/ZnS JE B A #4058 ) 1YW ME B, i B
FEWE 5 BE A — % B3 . 3 (a) Al LAFG

(o) AR IRIE PR Y St - e R i 2k
B3 AN [ B A B O v P RE I 2
Fig.3 Photoelectrochemical performance curves with

different photoanodes

th, BE G 7 R 2 I G, O T W AR S 3 5
W Wi Bl ) 4 T 1w RS S, BRI Wl H B 2T RS
A UL G I Sy % T e B
T, M 0 R B o RIAR A SE R OE, Z [
A

Ol(hl/)=C(hV—Eg)l/2 (1)
A hw O RER B, AR R € Sy 54T AT
FROCH B BRI 0 IR 10 R AR AT O B R B AR R
L) AT LIS Y, 24 Al 26 AR I, 2 R Ol
R IS S 2 R R BE AT TE R B, A7 OC B, H
/N, 6 W LB B 1 3 (b ) AR A B 1Y BE
B Ao, 855 20 (1) W] T 3RAE A S 4 10 25 o
E,. WE3(b) hal LB A Y, 2 2 AL Ti0, i
W B A T 1 T, AR R AR A, B B, (B
AN BT DA 20 (1) AR S A B8 1016 BE AR O 1% 18 i
70 P2 5 A4 J D R T S R O BE A B B
Vi JE AR AE F IRl T K CdS(2.25 eV) (CdSe
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(1.7 eV) {4545 98 BB 4K Ti0, (29 3.2 eV)
7, A TiO, Z2FLEE B R CdS 27 xifs
3 ' BH AR 8 AT L ' £ W WA L, 2 5 FH AR 6 T
DL e B e Wi 4
A 3 X6 A AN [ Ao 288 10 01 BH A 2 25 L b R AT
JEHLR-HL T (J-V) MR AN & 3 (e ) fros. J-V il 4
RGN AR BRI B 50 0 I I R TRV, 5 R
W T BB 3 (o) n] UL, S i il 2 M RO B
e L B p B — i A O B R B 8t R 0 e
R 2 1 A ARRDE R J-V ilh &4 2801 R 1.
miZe 1ol bl 3 Al 1 s 6 B AR (Ti0,/
CdS/CdSe/ZnS) It i fb 1 — & ¥+ &l 19 Ot FH i
(TiO,/CdS) B RLES HL IR B2 5 1 34% , L e s %
n $ew T 42% ff BRI T, . M 2 A
T RN G B 4 H A BE Y B e AT S 2 AR
F1 ETAREEMEERI-VHMEHENSHITER
Table 1 Parameters calculated from the J-V curves of

QDSCs with different photoanodes

AL ISUES Jo/(mA - em™) V. /N /%
Ti0,/CdS 17.40 0.378 0.38  2.54
Ti0,/CdS/CdSe 22.50 0.426 0.4  3.88
Ti0,/CdS/CdSe/ZnS 26.50 0.474 0.35 4.34

2.2 CdS/CdSe/ZnS = F 5 W Bt ke £ 34 St BH AR
M BE B 22 0

SILAR b7 & F i UL B, 45 A4 57 4 3
AR RN Cd* " (S*™ 1 Se’ ™ 7F P A7 7R IR
BAFMAR. T cd®* # S 7R ] LLfa
SEAFAE , LA 5 We B 2 22 FL Ti0, b 5 [H bk 3k K
TiO, Bt A& Cd* VWM S* 7 W W45 30 s EAT 8
R 2 ARG R 7 12, 4 4 s ) 38 351 0 A TiO,
W R CAS b3k AT 523k Ti0, FLBRIE 2, AT 5% 1
HL & 4. L Na,SeSO, Ay il 4K 14 $2 it () Se” ™ 7
VRO BRI Se” T R BRI, IR T T LK B A] 38 5
Na,SeSO, W 15 Se” 1. E Ay 4l fk )2 19 ZnS,
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Table 2 Parameters calculated from the J-V curves of

the QDSCs with different thickness of photoanode

FPHEE /pm S/ (mA s em ) VoV /%
4 16.61 0.451 0.35 2.65
8 21.50 0.457 0.34 3.37
12 26.50 0.474 0.35 4.34
16 25.30 0.462 0.35 4.23
20 22.52 0.427 0.39 3.88
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Table 3 Parameters and values of electron lifetimes

calculated from EIS results
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LB R/Q  R,/Q ! R,/Q ? r,/ms
JEBE/ pm (107°F) (10 7°F)

4 130.9 93.3 3.58 32.1 1.71 0.55
8 137.0 70.5 6.85 98.28 1.18 1.16
12 142.2 62.5 5.01 239.6 1.25 2.99
16 132.2 110.3 1.34 126.1 1.42 1.79
20 127.8 80.1 4.40 114.4 1.05 1.20
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Influence of quantum dots and TiO, photoanode parameters on
electron lifetimes and performance of photonode

QUAN Linlin, LI Weiping, GENG Huifang, LIU Huicong® , ZHU Liqun

(School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract . Effects of film thickness of P25TiO, photoanode, different types of quantum dots sensitized and
method of quantum dots co-sensitization, which are the factors of interest, on P25TiO, photoanode were ana-
lyzed. The relationship between P25TiO, film thickness and electron lifetimes were investigated by the method
of successive ionic layer absorption and reaction (SILAR). Besides, the influence of quantum dots type and
method of quantum dots co-sensitization on photoelectrochemical performance of photoanode was studied. Elec-
trochemical impedance spectra ( EIS), open circuit voltage decay (OCVD) and UV-Vis absorption spectra
were used to measure and analyze the factors which influence the photoelectrochemical performance and elec-
tron lifetimes of P25TiO, photoanode. The results indicate that P25TiO,with the film thickness of 12 pm exhib-
its the minimum recombination losses and longer electron lifetimes. Furthermore, the short circuit current and
power conversion efficiency of co-sensitized photoanode (TiO,/CdS/CdSe/ZnS) increase 34% and 42% re-
spectively compared to those of single sensitized photoanode (TiO,/CdS). Besides, appropriate film thickness
of P25TiO, photoanode and method of co-sensitization are important factors to increase the electron lifetimes of
photoanode, the absorption spectrum and intensity of photoanode.

Key words: photoanode; photoelectrochemical performance; electron lifetimes; cosensitization; electron

recombination
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3D light fields based foreground segmentation in static scenes

WEI Wei, LAO Songyang* , KANG Lai, BAI Liang

( Collage of Information System and Management, National University of Defense Technology, Changsha 410073, China)

Abstract: To address the problem of extracting foreground objects from complex scenes, a 3D light field
based method for foreground segmentation of static scenes was presented. Firstly, the method relies on densely
sampled 3D light field formed by stacking a sequence of images captured at different viewpoints. These view-
points were equally spaced along a linear path so that object trace was smooth in epipolar plan image (EPI).
Secondly, line segment detection ( LSD) method was performed to extract edges and compute the correspond-
ing depth in EPI, based on which a depth map of the scene was obtained through a fast local depth interpola-
tion algorithm. Piecewise cubic Hermite interpolating polynomial ( PCHIP) algorithm proved to have desirable
results in this phase. Finally, the recovered dense depth information was exploited to facilitate foreground seg-
mentation. A threshold approach was used to separate different objects in scenes. Preliminary experimental re-
sults show that our method is able to estimate the correct relative spatial relation of multiple objects and our
proposed foreground segmentation method reduces over-segmentation effects existed in traditional methods
based on region clustering and mathematical morphology.

Key words: 3D light fields; epipolar plan image ( EPI) ; depth map; static scene; foreground segmenta-

tion
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Image crosstalk correction method of the infrared multispectral camera

CHEN Huiwei'?, ZHAO Huijie "', JIA Guorui'

(1. School of Instrumentation Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. The 63780 Unit of PLA, Lingshui 572427, China)

Abstract: There are two bands in the wavelength of 1.55 —2.35 um region for the infrared multispectral
camera. Due to the detectors being located on the same focal plane assembly and the design of the readout cir-
cuits, one band was found to have crosstalk from other band. Firstly, the crosstalk phenomenon in the infrared
multispectral camera image was described and the mechanism of crosstalk phenomenon was investigated. Sec-
ondly, based on the aspects of the inner structure of the HgCdTe detector’ s focal plane array and some impor-
tant parameters of the detector, it was found that light is reflected and transported by multiple reflections in the
focal plane area, which was mechanism of optical and electrical crosstalk phenomenon. Meanwhile, the read-
out circuits’ inaccurate design could also lead to crosstalk phenomenon. Mathematical model was built based
on crosstalk phenomenon. The research shows that the crosstalk phenomenon ( negative/positive pulse) of B10
is relevant to the step (ascending/descending edge) of B11. At last, the crosstalk math model is validated
and relevant correction algorithm is developed.

Key words: infrared multispectral camera; crosstalk; HgCdTe detector; readout circuits; unitary

linear regression
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Algorithm of position-based dynamics and cutting simulation for
soft tissue using tetrahedral mesh

BAT Junxuan, PAN Junjun®, ZHAO Xin, HAO Aimin

(School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to improve the realism and real-time performance of virtual surgery technique, a cut-
ting algorithm for soft tissue using tetrahedral mesh and position-based dynamics was proposed. Firstly, the
tetrahedral mesh was chosen as the geometrical model for soft tissue, and position-based dynamics were em-
ployed as the physical model. The external surface of soft tissue was formed by the convex hull of the tetrahe-
dral mesh. Secondly, to support the cutting simulation, we also modified the position-based dynamics method
to ensure it worked well when the topology of soft tissue model changed. Moreover, the tetrahedral mesh cou-
pled with texture information was applied for the highly-detailed incision exposure. Finally, the haptic render-
ing was implemented on this dissection algorithm to enhance the realism of the surgery simulation environment.
The experimental result shows that the simulator works effectively and stably with this physical model, when
deformation and dissection occurs. Moreover, the algorithm has been used in the virtual surgery simulator de-
signed by State Key Laboratory of Virtual Reality Technology and Systems in Beihang University. The laparo-
scopic surgeons from cooperative hospitals have given a pilot study and high evaluation has been given from the
doctors for this simulator.

Key words: virtual surgery simulator; cutting; deformation; tetrahedral mesh; haptic rendering
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Fig.3 21 pixel paints template classified into eight groups
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Table 1 Experimental results
Seq. M Bits/KB CR CR ratio Time/s Time ratio

HMI12-RExt4. 1 426.1 14.26 371.9

CAD waveform 2.86 1.99
TMM 149.1 40.74 186.3
HMI12-RExt4. 1 425.1 6.35 219.0

cg twist tunnel 1.91 1.75
TMM 222.1 12.2 125.3
HMI12-RExt4. 1 505.1 12.08 381.5

pch layout 2.1 1.73
TMM 239.5 25.37 219.9
HMI12-RExt4. 1 567.8 4.77 232.8

Programming 1.57 1.73
T™MM 361 7.48 134.8
HMI12-RExt4. 1 712 3.79 213.9

Word editting 1.88 1.75
TMM 378.1 7.14 121.9
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Lossless intra coding on whole frame for screen content video
based on template matching

FENG Lixin, TAO Pin", WEN Jiangtao, YANG Shiqiang

( National Laborotary for Information Science and Technology, TNList, Tsinghua University, Beijing 100084, China)

Abstract: The-state-of-art video compression standards, such as H.264 and high efficiency video coding

(HEVC) are mainly designed towards the camera-captured video. However, screen content ( SC) video is

created by the computer without noise, which needs higher efficiency than the camera-captured video. SC pic-

ture contains more structural similarity in contrast to camera-captured picture which could be used to improve

the intra-picture compression ratio. A template matching method (TMM) was proposed by exploiting this simi-

larity for SC intra lossless picture. The 21 pixel points template and the high efficiency 24-bits hash table were

designed in TMM intra frame coding. For every picture, the first step was to use template matching for every

pixel, and then speed up the matching processing by hash function, finally encode the residual picture by en-

tropy coding. Experimental results show that TMM can double the lossless compression ratio compared to

HEVC range extensions version 4.1 and reduce the compression time by half.

Key words: screen content coding; template matching method (TMM ) ; high efficiency video coding

(HEVC) ; residual picture; entropy coding
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