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Survey on Small Object Detection from the Object Detection Framework
Based on Deep learning

ZHOU Helu, MA Zhaowei, NIU Yifeng, WANG Zhongming
(College of Intelligence Science and Technology, National University of Defense Technology, Hunan 410073, China)

Abstract: Object detection is a basic problem in the field of computer vision. Small object detection is a great
challenge in the field of object detection due to the small object size. This article introduces the development of small object
detection algorithms from the perspective of a deep learning—based object detection framework. This article analyzes the
basic framework of the object detection algorithm based on deep learning through image preprocessing, feature extraction,
feature combination, and algorithm design. Then, the improvement of detection algorithms based on deep learning is
introduced in detail from the regularization, normalization layer, activation layer, loss function, feature extraction network
design, feature combination, algorithm design, etc. Small object detection algorithms can be divided into two categories,
one is the detection of small objects in multiple scales, and the other is the detection of small objects in single scales. The
development direction of small object detection is analyzed and corresponding to the object detection framework based on
deep learning. At the end of this article, we summarize and analyze the existing small object detection algorithms and
discuss the future development direction of small object detection.

Key words: Object Detection; Deep Learning; Small Object Detection; Detection Framework; Algorithm Design;

Feature Extraction

1 3% ARG E BRI S K TR
553 4 B 26 W 4K 1 3% 5T HBRAS A

B2 AL 2 BRI TR ok

R R DI ERE R CNEEC Y N B ST R 2 37 1 FL AR 505 43 4 1 25

e H  HEK AR AIA (NO0.61876187)



2 2021 £ X N RGERIUEILIE (USS2021) 1830 5

PN B B, W B I GRS HEDRT SR | H ARSI
RIS R AT 207 M N2, BTk BN o . &
1 AR TR A 2T B F AR IS E ARG AN
A B G B T 2R RIZE R A 5%, W you
only look once (YOLO) 'l region based convolutional
neural network (RCNN) ™45 o K 80— FBEAR HH 4
SE BIREBRAR) BT, T i SERER A T 4

TETC AR H B0 25 H AR AL | 228 25 el 45 I

SEGER, B TR B R, HARTE MR T o ke
BN HAR R B J& T/ BAstaill . /N Hbrks:
W2 H AT E b Ssioft &, B et B Ank:
WP BRI AR X /N HARK I B A 5 55 20
C. Chen % A\7E 2016 4311 T — 4>/ H br bz I %%
it R T4t AE DG A PEAR AR 1, 2ol RCNN 58325 4
fT/NBFRE . W. Zhang 25 ATE 2018 4F-1# FH & 4
FLRCNN Sk 7E 18 3R MG s i s B AR

BT ARG A RESE

Fig. 1 Framework of object detection algorithm
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Attitude Control of Two Chained Wing UAVs Based on PID Principle

ZHOU Wei', MA Peiyangl‘z, ZHOU Ruisun', ZHAO Yuan®, FAN Kehua'
(1. Missile Engineering College, Rockel Force University of Engineering, Xi’ an 710025, China; 2. The PLA Unit 66011, Beijing
102600. China; 3. Basic Disciplinary Department, Rocket Force University of Engineering, Xi’ an 710025, China)

Abstract: Aiming at the problem of how the chained wing combined platform composed of two fixed—wing UAVs
performs attitude control, based on the established platform model, its attitude control strategy is formulated. Based on the
PID principle, the attitude control model of the platform is established, and the attitude control law suitable for the
platform is proposed. Further, the attitude control of the pitch, roll and yaw channels of the platform is simulated, which
effectively verifies the rationality of the proposed control strategy and the feasibility of the attitude control law. Through the
flight test, the stable flight of the platform is realized, and the accuracy of the simulation results is verified, which
provides a basis for the subsequent function expansion.

Key words: Fixed-wing UAV; Chained Wing; Air Separation; Control Strategy; Attitude Control Law; PID
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Fig. 4 Simulation diagram of pitching channel of the combined platform
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Research on UAYV ad hoc network access protocol for low delay service

SUN Shiyong', GUILin*, LANGXiupu’, ZHUShichao *
(1. The 54th Research Institute of China Electronic Technology Corporation, Department of System Design, Shi’” JiaZhuang050086,
China; 2. Shanghai Jiao Tong University, School of Electronic Information and Electrical Engineering, Shanghai200240, China)

Abstract: Ad hoc network access protocol for low delay service is one of the key technologies of multi UAV
information communication network system, which can effectively support the situation sharing and combat cooperation
between manned / unmanned combat units in the future. Based on the characteristics and shortcomings of TDMA, CSMA
and SPMA, a hybrid access protocol scheme integrating TDMA fixed frame length, CSMA carrier sense and SPMA priority
is designed in this paper. Through the simulation of a full interconnection network with a scale of 30 nodes, t The results
show that compared with the pure random competition scheme, the hybrid access protocol scheme has better performance
in transmission success rate, single hop delay and delay of high priority services, and can better meet the delay
requirements of single hop 2ms of time sensitive services.

Key words: unmanned aerial vehicle (UAV); Ad—hoc Networks; TDMA; CSMA; SPMA; Time sensitive ser-

vice

1 5l5

T NAUNE S A -4 4 I A 31 e g ) 2
SRR S, HAT TR E PLSh PR i nl
AMRAERE L, BT Z R T A AR IR B AMK LR T
YN 7/ NN =X A B N R S
£ W IN S IS A DS s NS -3 3 WA
TE AR R 2 A R 22, 40 R np e o
TENHLHY 5 R BRI 78 35 R A TC B e 45
Fis . Ho, AU A S M BRI AL T 200
HLA {5 B A5 R 2 R G, 8 o 45 305 B 15 R 4%

FAT P PR AN B R ), FTHTHER
K m ST T A N NAER TR S Ak
HVESIRE . (EIZFR ST, A AL 43 AU
TE SCRZE T i I A T A BEA RN, 2 e i
PEARIAE Ml 55 AT HE QR B A0 G B AR 2

P RAEE GEIRAE ] AR E], H AT A 22
KA NPV A B TR R i oy 2k AR
(TDMA, time division multiple access)"’ | 3k T 5 4
B 28I AT W/ v 5 3k 4 4 AR (CSMA/CA  carrier sense
multiple access/collision avoidance )" FIF T\l 5511
WG 2 bk B A R (SPMA, statistical

S0 - P TR AT BRA W R SRS G BT D H (BAX19629X011)



2021 £ N R G 51E18 1R (USS2021) 183 & 19

priority—based multiple access)"'""* . HH  TDMA /&
— P BT I R 22 bk AT 2, AL T i
RTS/CTS ML Bir i | 724 e BSE L A 41 ot [ % i A
2R AT RAE AL R, (ELIRE B A0 MR S T2 R A
A% i vh g | I 25 IS SEE DA T AR R 2R AT 1) 286 1) A 2%
UG . CSMA J2&— 4 F R A {538 U [ 42 ] DI
R T B kT AL PR A T R e R A
e B f A, (HAS RE S BE O S 2l , ok Rk
b 55 AT SR R AL . SPMA PRSI TR HL 7% 4 8L
R, 5B (0TI 20 FARL 734 AR, 7T DLARIIE 3 16
FEGOll 55 BRI HE % iy L K I P9 BT A Ml 55 1) P &
% % , {H SPMA 7£ 5 52 BOR ST wh R B ATH 98 58
H LA P S B B X BRSO T A PR R 1 R R bk
o Z5 LRTIR , AR —FioE B A3 A DR LA SE A
ST REPRIEHAEMY 55 PERE ML F PERE RO T $2 T , PR FR
st 00l 55 9 R N S gy ] AL o AN SCRLES TDMA
[#] 7 I CSMA T L L K SPMA X /L5 2%
() SRR BIMSCUE wi, BT IS8 1 AT SRR,
55 I SEAE R TR A AL

2 IRSHERELLSEA ML

Z: 7% TINT B i 5k R Ge 9 HE bR 2K, ol 55
1) BB S 42 7 AE 2ms DL R A BT BRIZ AR A
TR, B I ) AE A PR O 55 B4 AL, £
Ml 55 REUE TR 2ms N FEAT IR I o AR B S BME B 1 A
], 32 S g 0 MAC 2 B i 2544 (R R “ e 1”)
H SE 4+ 2" MAC JZ I igh i) (R AR 52 27)
PR A PRSOT 28, HDOMNTE T 07 58 177 2246 5 It
BT S R NS T (R )RR B,
AH S AU = 5 A S HL A i T v H T A9 BB T BT
5 58 2 /5 24t S By 1 S fE A 2 ID 5, AR
W Y 75 3K 9 AT HE IS BT o AR O, 1) 4 ) 3%
YL | I BT A A TR AN ] DA A b a0
AR 4 1 fiE
2.1 “FEF"MAC ZH gy 3

ASCLL0. 5ms VE R — S EclE i B A R B —A
2ms B4k 44~ 0. Sms PR B, Hodp 25— = )Y
BB T A A, 55— i BB 5 AR 8 L K
T U] T A, T R A S — I B P A2 B
B RARBO J5 22 B 5 T Ol . 325 158
— I B S 3 SR TS I B 5 T g e e

U (A S I AR v 0 5 B S R A ) SE B 2
Ho BN : LA 50ms S —>F BB, 55— R
BT 5 43 10 4~ FIF B 5 24 L 100ws R —4>F At i B
DL, 55— BT R 5 AT BR, DA, &1
J R T LA 60pws kBt B LA B g T 235 g 0] 43 ]
R TAE T2, 76 2. 15 2. 2/, BILL 60ps
R BB BE SR T 28], B S AR 3 TR0 L 4G
0T AN (] B B B X B A S )

i PENENTTT :
TR CHARHT )

- 0.5ms >l 0.5ms =I: 0.5ms =I: 0.5ms »

I T ————

| R

' AR 2045

'

60us ) GOHSMAGOus _60;15‘_60;13 _60;15‘ ‘Gous‘ 60u§

> [ il 1 ™ 1

A

I

K1 “5e5 U MAC 2 iz fa i) 43

Fig. 1 Frame structure of the “contention”~based MAC

R T AR BRER Al 5 A AER A SE R 7 T S AL K
KMk 55 R o3 e Se gk, 48 A Mk 55 i e e 4, HoAil
55 AR Se G o A s ERAT PSP SE G A
5 (8 H — AR BRI, (H & e gl 5 o] LA
BA) \— B HCR F— ] S T RS -

PR St AR AN AR BEAS 2ms MUY FF 4
W B, T 5 L 2 a0 45 171 i s R H I 45 BB Hh
P Se it = 04, AR Ja B ML £ 5 4 7 01 ) —ME
PEATEI T o S T OREE SR RS0l 55 R BE , 2
AL e 955 4 % 0 BUR R RS B, AN ARFESS
BN SR Se e g L1, 3] IR e
FH[4,8]. e A~E 2545 i, TR
AR A N2,B.C N3, D N4, ENS, B
B9 e AT, 280 120ps Ji, A FOTTECRS
R N 8 S = R e S TNy
I, HoAth ™ 85 2858 60ps S, RN A5 5, WE A —
ANEFBRYE 5H E AT A — AT FEIE T
ok 5 BB 34, U LA AT A AR v iR A
R 3 BT ST BT (S5 8 T A E TR
1, BT DA B LAt 1 05 0% ] S B T8 ok 2, 7
180ws A, B C T s AT AR B Y 25 5, 1
S HRE S E S, D E AT R G



20 2021 EXE NREBIER

1%(USS2021) 30 &

S B PG T RS B8 1, 28 A 1, 25 7E 240ps , D
TR KA SRR BRI T35 4, 1T E Y
TE 300ws I W7 21 Je $ (5 8 TR 128k 0, U E
PHITE 7E AR ot 24 Hp 2 6 AT I B, 7 — ol 3BT
T

ATy 5 TR S B B ARG, BRI SR A
60 s 14 S [ Y 161 PR A T v PSP BV AT (25 R 3] S B
B B 0, I B B2 TG A3 JE /0N, R I3
G DR BN ZRRRIR , 75w 4 1 H i B AL A
(RIS K . SE T Ik, AT — 2P T 5
Gr+T 2 1) 7 2RI THE R T %
2.2 “TEE+WAR"MAC ERGH TR

2 /R T 5 28 2 Hh PR B BE A 60 Ay it
SER . MIEE TR, R 2 — I B A58 4 B
WD T VAT K 1 R S 1A IR %
[Fi] 25 PR ) 20s FE R AL T TR BY B, TR B A
ST A BE T Sk SUFE T2 B BB ) At
RUTRR S5 BRI R O, DAY M

i B, =, PR "
[CERZIE D) CEARIN D

- 0.5ms >l 0.5ms =I: 0.5ms =I: 0.5ms >

I \\\\\ —~ -

: P

3 B | B

:GOuS‘I‘GOpS _60us_ 60us  60us  60us_ ‘eops'; 80us ;

\

S -t -t
i > >t > I i

K2 e+ Wy MAC R gt A % 43
Fig. 2 Frame structure of the “contention plus appointment” —

based MAC

T2 AT T )RR A B
LS8 71 R ID 5, I SCA IR 75 S 77 5 5
— NREGEAST S LU & 1135
BOE AT 2RI BOE A A~E 385475 6, HE]
TR E B N AN 2,B.C N3, D N4, EH
5,0 A RS S B IR AT T
F& 1D 5, HoAth 1 55 BE A5 H2 05 10 7 28 — A1 B B
WL B CAN T SR ID TH B A T RIERE A LD
E 7 8, J0 T IE B0, PR ook 674 0 i i i 32
A5 LT WA 9 5 A S A TR E I E AN
B A CHESE 4 s B2 T ok 7R U 55 HASFREBR A, D
FES B3I #4 A ID 5, HAb 7 S Bl X

FE—3k  FETZY B B 2R AT, 19 85 A Gt 4B al DA
P AR TR 2L 2 AR T 5 A D E, IE A
D EBHAR UK A 85 =k 45 BB, 7 A X —{F B
TEFR LB B 80ws ) HAD T £3) #E . 4 BAICUK
B — S Be g i I T e A TEA R 2 &
Bl , R BT ColE AN S e A& X 5 76 T
— T T TR IO, BT SE S o

T %2 577 VLG B R DA oK 58 4 1 ) it
OB/ T 1, Bk i Ak S mT LRI RS — AT
IR & AR b gE o 7 58 2 HUA — i A i 4 1 B
i, BY R B A 28 0 AN 9 2558 58 — AN BTBRL, HeAs
ST AR T B BB 2 [ R — A
P isf BR R HEA T3, T LA B TR S R A AT
FE A5 5 M 8, AR PP DL T, R4 Hp 8 T A 1 0,
Tl 55 15 [ BT 4 80 B A A0 AS 60 T 224 i i g el
BT 2 0, I8 4wt e BE e AT] 2 W S A0 0 25
Ko WRTT A AR BESTEGEE 1 A0, C D E 43
BITES 2 3 AR, AR ATEM S5 L B B, £ 0
ShAEE B O 3E G 1Y B RS FEIZ MY | TR &%k
55, A BT RARAE S — Ml 55 B R R 26D 55 T i
LRI , C 5 s AR EE A 55 B BR & 2%, D 1T B TESS
SN BR . X R 2 ME— 2 K Al
L

3 HELERSST

3.1 fiESH

5 B3 e e o0 30 A9 S A E i I 45 . X
Pl 55 PR SE g (i AR b 55 % i B 18]
0. 5ms. Ml %5 Az 8350 YR /s . 500 YR /s . 1000 I
1500 /s HEATA L, e AR Se g i L5 4 1
9, M ELEAFIAIA 1s,

T B A B 5 T, 5 1 50ps L 60ps \ 100ps —
FPE 0L, IRIESE . YR B S S0ps B, 75
FROR e sa et sl (1,3 R[4, 1005 % 1D/9
(FE2) |5 M P B 60ps B, IR 569 1)
T a D[ 1,3 ]84, 8(F R 1D/T(I7E2) ]2
THF B R 100ps B, RO SE 20 1) 56 S 8 1114
R, 2] M3,5(FE DA E2) ], FE2HT
AT WAL, 72 b5 — i B 46 (5
B R E A N 1

h T PR RE I B A — T 5 3 U



2021 EX N R G HIEIRIR(USS2021) g 30 & 21

2ms 4 i%HT 0. Sms 55 1. 5ms, E-HTRT 0. Sms A [# 2
TEES, J5 1. Sms R H2ERENLTE G 5R M o 7652 PR H]
IR AR5 3, AT 58 3 H2h 174251
NGB FE AL L 558 17 8 2 M 1 T4k
BEALTE P PERESR T
3.2 fIE4R

AN s M RE LA Ml 55 1 A% 4 ) 5
JE DR R T 2ms RFHE A i 5B 200 55 el ] 3~
570 T 5 I BRI B R 50ps . 60ps  100ps i 2%
Fh7 2 B PERE

1,
|
0.8 i T
Loz \ \6\\
= |
= |
0.6 [+ TR I \’
i o i R LR
0.5 |- J5 %2 Mtk et
- J7 2 ik
0.4r | o= 75 %3 m it se 4
- I3 (84564 \T
0 500 1000 1500
NE3=TS
L Ei A Vi
7| o= 7 EAEAR S 2
- Ji %2 Fth /
W e R 2 AR S g
E | |- rm3mii s
B ek fithses /
24
kA //
2
10 500 1000 1500
NZ3-TRNS
0.55 T i
| /H\ R ES]
05 /hr N %2
oas\ &7 %3

~
><\
d

LS FE R T-2mstL 7]
¢ o ¢
!
K

=
o
© N ©
'\%o

0 1500

500 1000
M5 &S

Fl3  FHIB A S0ws B PEREXT b

Fig. 3 Performance comparisons with 50s sub—slot length

T
0.8 T
= |
208 e mL mmea
T | e n®l it
-~ 7 =2 mi Rk
0.4 o7 %2 AR e 4%
-5 &3 Ei ek
-©- i %3 1&@5‘62&
0'20 560 1000 1500
N ST
12 i
- i EL BRI
10l |6 7 =L T4k 5%
- 7 R2 Tk /
W gl | TR2 A
& 7 e rk3 mikse
2 | |emEsmikis
= 6
: /
4 f
2
|
|
OO 500 1000 1500
W2 AN s
0.6, r
| =7 EL
= _a |Eum
5"3 0.5 ~ B 7 %3
H 0.4
K I/\
o
03
= 0.3
= \f74>—ﬂ
= |
IE 0.2/ 3— —

0'10 50

0 1000 1500
Ak 55 BAMs

K4 TIBE S 60pws I AIPEREXS L

Fig. 4 Performance comparisons with 60s sub—slot length

ki N AT, TR T R e iy e 4
IR/ N TARIL B, I 5 1 57 & 2 il ot
AL K AR R B BUE AR 22 A K, X 32
FRBAEAR I S B AL M . T B L
NI B AT IR PR, n] AE T 56 2 F T
AR, i — o th e, (A5 7 % 2 PR BB AL T
Trg 1. BT E 2 IFANRESE Atk nh 28, R T —
AT B A A v 5, T 5 2 ek sl HLAT—
AT REIUAE 2] — A, 7547 — RE AR A2 —
ASF IR SE, B, 24 7 B BRI, Se 4



22 2021 EEANRGFIE

$15(USS2021) i 30 &

A EE /IS, BB 2R —> B B vh 2 (Y R 3R A ke i L
BOR, HAHW T IT 21, R 2 — N T 3a 4 2
MR, PR S AR B0 T 5 58 2 ik e = AN an oy
F o HTIBURE/NT 60ps If, 5 R 20T %
L2 TR T I 2.

N

0.6
04|+ TiEL %—m%h
RSV SR Nt
77 %2 Wi \
0202 Lt A2k
7S A N
I

[ IES

500 1000 1500
55 &8s

1
450 -e- 77 %1 fk A A2k
e /
4| e 77 %2 i Atk
& | |+ rxsmitis /
235 o &3 Rt % /
E A
S ~
25 ;:%
zp-é
1'50 500 1000 1500
45 &AM s
0.6,
%L
_ B %2
§ 0.5 ~ B %3
& 04
- X
g
Eo03
X
pe
i 0.2 I=/

o
=

1000 1500
55 &I Is

&5  FEIBRHEEE R 100ws B A PERERT LT

Fig. 5 Performance comparisons with 100ps sub=slot length

TENSE 7 1], J7 58 1577 58 2 W9 e L e 2 I S
22K, 1 25 BRI SE 24 2 2ms , BEAS 3K B X bR
TTNT ZRGERFEPREOR . Tr 3 1 575 % 2 i X £
BHRBAEARIE S AE , 7 58 1 B A FE 5 58 2 11,
XS 7 G 2 s 1 WAL, X T AR — AN

BRAY PSS, 376 N —A 2ms FRIEA TSR 4, R 254
RIFHE

TE RS i 2ms AT B0 HH BEAY L5 1T
JrE ST R 2AEA TGO T 2R, 302 K
e golh 55 50, Al LARAIETE f il B9 2ms WUk HY
AP SE S H 2ms AOMEAR S T AERT— 1> 2ms WTAYER —4>
0. 5ms 7= A 55 FURESR , 278 259% (Bl 55 1 50
UK i 75 HG 5 a2 PR R ol 55 oAb SRR AN
), IXFEBCICE R . A 6 T -

2ms 2ms
K6 IEERT 2ms 2441
Fig. 6 Case of the delay larger than 2ms

LEA DL BRI AT Y FEAR SCHE H ) R
Zh, BRSSO 55 B IE B 7E 2ms A2 AT, AL
BT , BRAS IR BIXTAR TINT RGE TR PR EK
FEARAR S0l 55 M REFa A5y T, %ot EL PR 5 S8 14 1
FLZE ] DUAS 24 0T SEELAY F e B B A /N
(/NF 60ws) , Sa4r i K BERCK, LR RENS & ¥4 7
L2 B, A TEAR M ZE (1) 55 76 T — Wi B 5E
G, ARG G ek 28 5 A, $ETHE R R o), T
]S B B R (KT 60ps ) , S5 i
P RN, RS B SE — 1> 0. Sms HHF- 7S
— BB EIRAE R TR B B, B TR 1R
1A NIk 55 w5

4 it

T HAL WK EN Z T AIGE BRG]
Do E=% U E PN W (E A w1 [ NP B e (5
I ) B (LR s 22 5% S Fsf %) 30 £ T 485 R B, S B
MLZE = R A — A~ B B 40 . A SC el 1
TDMA ,CSMA £l SPMA WS 4% A A A, #2871
] AER s 42V 55 119 T8 L 1 2H 2 9 25 (1) & 43 A B
B, BT T PRNAS [R5 2 B A S By 58, i aok
X R Sk 30 AT i Y 4 B I 2 1) 5 L A,
UEIZT R AL B D) % | Lk A SE A5y T M R AR AH
ML TFAE G H AL, B i 2 7 3 8L 268 %
A 50l 55 B K 2ms A F S 2K B X AR SO 4 Y
(1) 75 58 AR S 2ol 551 i i 2h 3R Bt B b 55 6 3



2021 £ NRGSIE

it

17 (USS2021) i 30 % 23

IR B TR, A I 25 TAR gt — 2 A ot

LK), 25 B RE Wk — AP 4 3 1o R Bk o

(1477 el Nl A2
—

=z

Z X wt

[1] Gupta L., Jain R., and Vaszkun G.Survey of Important Issues in
UAVCommunication Networks [J]. IEEE Communication Surveys
and Tutorials, 2016, 18 (2): 1123 - 1152.

[2 ] W BR0, BrhA, AR IS RS JRAS AT . TE AL A 41
U028 L 16 5 H A BOR B 05 B S B ). B e
FHCASRFARR) ,2019,48(01) : 56-63.

[3]Y. Wang, F. Yang, G. Huang, et al. Media access control
protocol  with  differential ~servicein aeronautical frequency—
hopping ad hoc networks [J]. Journal of Software, 2013, 24 (8):
2214 - 2225.

[4]W. Zhang, N. Lv, S. Du. A Balancing PriorityMAC Protocol under
High Load for Aviation AdHoc Network [J]. Telecommunication
Engineering, 2014, 4 (5): 656-661.

[5 ] Fymut. T3l TDMA fBksi s (5 3 ABORBEZE (D], 1422
ML RHEE, 2010.

[ 6 ]S. Pourmohammad, R. Soosahabi, D. Perkins and A. Fekih. An
analytical QoS model for IEEE 802.11-based single and multihop
wireless networks. 2014 International Conference on Computing,
Networking and Communications (ICNC), Honolulu, HI, USA,
February 3-6, 2014.

[ 7 JH. Zhai, Y. Kwon, and Y. Fang. Performanceanalysis of IEEE
802.11 Ll
Communications Mobile Computing, 2004, 4 (8): 917 - 931.

[ 8 ] SITHARAMAN S G. Modeling queues usingPoisson approximation

in IEEE 802.11 ad=hocnetworks [C]. 2005 14th IEEE Workshop

mac  protocols in  wirelesslans Wireless

on Networks, Crete, Greece,
September 18, 2005.

[ 9 1 K. Kosek—Szott. Throughput, delay, and frame loss probability
analysis of IEEE 802.11 DCF with M/M/1/K queues [C]. 2013

IEEE 24th Annual International Symposium on Personal, Indoor,

and Mobile Radio Communications (PIMRC) , London, UK,

Local& Metropolitan  Area

September 8-11, 2013.

[10] Y. Tang, D. Grace, T. Clarke and J. Wei. Multichannel non—
persistent CSMA MAC schemes with reinforcement learning for
cognitive radio networks [C]. 2011 11th International Symposium
on Communications & Information Technologies (ISCIT)
Hangzhou, China, October 12-14, 2011.

[11]S. Gao, M. Yang and H. Yu. Modeling and parameter optimization
of statistical priority—based multiple access protocol [J]. China
Communications, 2019, 16 (9): 45-61.

[12] Wang Luman, Li Hai and Liu Zhifeng. Research and pragmatic—
improvement of statistical priority—based multiple access protocol
[C]. 2016 2nd IEEE International Conference on Computer and
Communications (ICCC) , Chengdu, China, October 14-17,
2016.

[13] M. Yang, Q. Zhang, Y. Tu and H. Yu. Modeling and Performance
Analysis of Statistical Priority—based Multiple Access Protocol
[C]. 2018 IEEE/CIC International Conference on Communications
in China (ICCC), Beijing, China, August 16-18, 2018.

[14] JA%E. TINTEUREEN ZHEHA MBI LD ] 152 FRHE K
*,2015.

[15] E. Altman and A. Jean—Marie. The loss process of messages in an
M/M/1/K queue [C]. 1994 International Conference on Computer
Communications (INFOCOM) , Toronto, ON, Canada, June 12—
16, 1994.

E&E T

L5 (1976—), B WLAFFE A AFFE 61 . EZEWFSE )5 [l
15 Bl A5 M2 B TE AL E 24 Gl M4 T8 fig
HA.

VARR(1975-) , 2, i WFE 03, EZERTSE 7 [n) b JOZk W 264 ¢
TP 2K MY Massive MIMO Hy 32 (EHAR

AR (1993-), 55, W 5E A=, J2 20507 1 JE LA
B TEL M 2 G IR A B TC2k F A IR

HRIEEE(1995-) , B -E0F 98 4, FEBHFFT 7 1) o ALl — {4
A TR LR AR KA UL LR TR 28 A5 A A



2021 £ N RS SIEIL IR (USS2021 )83 &

— B R Z AT A BB A AT 8 g

E #', £ %7, 1k &’
(1. 95791 FBBN, HRE 4R 7350005 2. 25 Zafiisz s iWIdbatiL 430000)

B OE: ARSCRRORZ SRR R, B IRARAE SR R B — i G R AR R RIC N e A AT
v s M ATORMS 3L S, RATAE S A TR o ARSIy, T RAFTOTRG3AG T, 5 3t HLAG
Wi Bt 7 RSN R AR, TR AR T, ERAAECRMEX ICME/ MY R A, TR EA
DB T BEASME AT RATERE, e VAT, St Bk, HUIRTE AR R/, AT RUER i
WEB LR IR D, T A e AT R RE s EALIRIN SR FA R EOR , IS SRR B0t
M P R Coanda SBUN A ] 23 B B, WTIE Jod 47 i SR U R R4 1 RALTH g o sl Dy LA R AR
T TR AT R, ARGENER, MLahPERiZ KR e RAT e DU BB A B 7wl A AT, 5
RBUE STE R T B RATAI L, SRR REAIR .

KGR FUEN; AR YOIRMSEE s PR R iR

An Unmanned Hypersonic Vehicle of Self-Adaptive Variant
Configuration Design

ZHAN Ren', WANG Ling’, ZHANG Yan®

(1. Company of Postgraduate Management, the Academy of Equipment, Beijing 101416, China; 2. Department of Space Equipment,

the Academy of Equipment, Beijing 101416, China)

Abstract: An unmanned hypersonic vehicle of self—adaptive variant configuration is designed under the environment
of future air battlefield according to the features and requirements of future air combat. The retractable canard with cabin is
employed which is released or retracted during low or high—speed flight. The variable swept wing structure of the outer
segment of the main wing is designed: higher aspect ratio and lower swept angle are obtained during low—speed stage
providing prominent lift—drag characteristics and long—flight time performance, while lower aspect ratio and higher swept
angle are obtained during high—speed stage that are contributed to delay shock wave occurrence, reduce the shock wave
drag, improving high—speed flight performance. Active jet circulation control technology is used on the main wing that is
composed of blunt trailing edge and an additional upper jet slit. Coanda effect is adopted to control the separation point to
control the jet speed generating lift. The aerodynamic simulation results show that higher lift and instability exist that
enhance the agility, and the high—speed configuration is proved to decrease the drag compared to low—speed configuration
during high—speed flight.

Key words: Self—adaptive; Variant configuration; Retractable canard; Circulation control; Variable swept wing;

Aerodynamic simulation
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Fig. 15 Velocity contour (high—speed configuration, Ma=5)
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Fig. 16  Streamlines near the leading edge(high—speed configuration, Ma=5)
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Human—-Agent teaming system trust calibration

LIUWei, WUYu

(Beijing University of Posts and Telecommunications, School of Artificial Intelligence, Beijing 100876, China)

Abstract: The development of artificial intelligence makes the conventional automation system become agent which
is so intelligent that the agent can complete the task independently and efficiently. Thus, the new human—agent teaming
relationship forms. Trust can affect the human team significantly. When the human team builds up appropriate trust and
repair the broken trust timely, the human team can complete the task efficiently. Likewise, for the human—agent teaming
system, overtrust and distrust will dampen the human—agent teaming performance. To study the human—agent teaming
system trust calibration, the characteristics of the human agent teaming are summarized at first. Secondly, on the basis of
the comparison of human—agent teaming and human teaming, a trust calibration model of human—agent teaming—situation

awareness based transparency ( SAT ) isreviewed. At last, practical significance of trust calibration and the further study

need to be conducted in the future are discussed.

Key words: human—agent teaming system; trust calibration; situation awareness; SAT model
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Fig. 1 Lifecycle of trust repair
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Fig. 2. Trust repair in human working relationship
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Fig. 3 Trust calibration
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Overview of UAYV Airborne Sensing Sensor Configuration and Fusion
for Reconnaissance Mission

WANG Zhongming, YAO Wencheng, MA Zhaowei, LIN Bosen, NIU Yifeng
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: Due to the characteristics of strong mobility and wide field of vision, UAV has been gradually used in
investigation missions in recent years. UAV reconnaissance needs to rely on various airborne sensors to provide sensing
information. Due to the limited use range of airborne single sensing sensor in different environments, multi-sensor
configuration fusion technology can make use of the information obtained by multi—source sensors to complement each
other, so as to overcome the limitations of single sensor in mission environment, mission requirements and information
types, It can effectively optimize the utilization efficiency of multi—source information and improve the mobility and
reliability of UAV platform in the future complex environment. This paper analyzes the elements of multi sensing sensor
configuration, designs the sensor configuration fusion method, and summarizes the current situation and development
difficulties of visible camera and infrared imaging sensor configuration scheme commonly used in UAV reconnaissance, as
well as the fusion configuration scheme of visible camera and lidar.

Key words: UAV reconnaissance; Airborne sensors; Sensor configuration fusion; Visible light camera; Infrared

imaging sensor; Lidar
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Fig. 1 Sensor properties
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Fig. 2 Sensor configuration fusion module
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Fig. 3 Common configuration fusion scheme
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O E: TALEAKHL (Unmanned combat aerial vehicle, UCAV) 45 % & SAPPAR 258 72 AT AHL ®AT 5
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Air Combat Situation Assessment Based on Deep Convolution
Generation Against Neural Networks

HAN Bo', ZHOU Yipeng®, QIAN Cheng', ZHAO Lin', ZHANG Guowen'

(1. Unit 93535 of the Chinese People’s Liberation Army, Xigaze, Tibet 857000; 2. Department of Space Equipment, the Academy of
Equipment, Beijing 101416, China)

Abstract: The traditional method of air combat situation assessment of UCAV is based on the prior knowledge of
manned and aircraft pilots to build an air combat situation assessment model. There are problems such as the limitations of
human cognition, the weak ability to process big data, and the incomplete feature extraction. The paper uses air combat
data as an example. The research object classifies the air combat situation assessment problem as a data mining problem,
and proposes a situation assessment model based on DCGAN. Build a situation classification model based on the DCGAN
network, use the situation sample library to train the network, and finally form a situation classification network.

Experiments have proved that the data—based situation assessment method has a good assessment effect and provides strong

support for air combat decision—making.

Key words: Situation Assessment; Big Data; Data Mining; DCGAN; Clustering Algorithm
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Bk P (%)
SVM 83.3%
BP 80.2%
CNN 84.7%
S-DCGAN 97.3%
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Fig. 6 Track of air combat confrontation
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Research on UAYV Cluster Self-Organizing Control Method
forSpacecraft Reentry Measurement

LIU Bo-Yang '*, WANG Jun'
(1. PLA Unit 63610, Korla 841001, China; 2. Reentry Dynamics and Target Characteristic Laboratory, Korla 841001, China)

Abstract: In order to improve the measurement and control capability of the reentry spacecraft, designed a UAV
measurement cluster for this task, and designed the cluster self~organizing control method. This method is divided into
several behavior rules, the individual control under each behavior rule is achieved by proportionally combining multiple
artificial potential functions, introduced in detail the composition of the control force under each behavior rule and the

design scheme of the basic artificial potential function. Use experiment confirmed the effectiveness of this control method.

Key words: cluster self-organizing control; virtual potential field; behavior rules
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Fig. 1 UVA measurement boundary conditions
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Abstract: As the sea combat power of aircraft carrier, the UAV is the key to ensure the navy to seize the air
supremacy and confront the enemy and ourselves in the battlefield. With tje change of battlefield task which is increasingly
present in modern war, it is an inevitable trend to get on board.Unmanned carrier aircraft can independently slide, launch
and block the ship on the carrier, and independently carry out the operation tasks under complex combat environment. This
paper analyzes the technology and system composition of the satellite guidance full-automatic landing, discusses the
structure of the satellite guidance mode, and summarizes the research results of the automatic landing of the carrier aircraft,
and forecasts the future development direction.
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Research on Multi UAYV Task Allocation Based on Reinforcement Learning

DAI Qi, HE Bing, LIMing, ZHANG Jie
(Rocket Force University of Engineering, Xi'an, Shanxi 710025)

Abstract: Aiming at the problem of small size of UAV cluster in the optimal allocation of multi class tasks under

unconstrained conditions, the mapping relationship between Markov decision process and multi UAV task allocation model

is established, and the algorithm based on reinforcement learning is adopted, which achieves the effect of rapidity and

large—scale in the process of dealing with the established targets. In the process of algorithm implementation, the

environment can be regarded as the whole system, and all UAVs are regarded as an agent. Assuming that the first target is

currently attacked, the agent selects the number of UAVs in each group according to a certain strategy output to obtain the

current reward reward from the system feedback , and then the system moves to the next state, that is, to attack the second

target; with this push, the state transition of the system occurs in the switching of different targets. Compared with the Q-

learning method, dqgn algorithm has shorter time and higher efficiency in solving large—scale task allocation problems.

Key words: Multiple UAVs; Task Allocation; Strengthen Learning; Deep Neural Network
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Table 1  Uncertain environment parameter setting

Target Object att(Ty) def (T}) ele(Ty)
Object0 0.7 03 0.4
Objectl 03 0.1 03
Object2 05 04 02
Object3 0.4 03 0.1
Object4 0.9 0.7 0.8
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Table 2 Value coefficient of target

Target Object w;
Object0 10
Objectl 20
Object2 40
Object3 30
Object4 10
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Table 3 UAV target assignment results

ENE W EAEF W
Hbr10 1 0
Hiri 1 2 0
Hori2 1 2
Hir 3 1 1
Fhri4 0 1
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Trajectory Optimization of an Unmanned Aerial Vehicle for Maximum
Fairness

CEHN Yancheng, ZHOU Xinjie, FENG Xiaokang
(The Unit 63615 of PLA, Xinjiang 841800, China)

Abstract: Recently, Unmanned Aerial Vehicles (UAVs) have been widely studied in the communication area to
work as aerial base stations due to the high probability of line of sight (LOS) and high flexibility. However, few works
consider fairness for the users, which is one of the most important metrics for a network. In this paper, in order to maximize
network capacity with the consideration of fairness, trajectory and scheduling of the mobile UAV aerial base station are
jointly optimized. Firstly, the problem of maximizing network capacity with the consideration of fairness is formulated. On
account of the coupling relationship of trajectory and scheduling, an alternate iteration approach that contains ant colony
algorithm and genetic algorithm is then proposed to solve this intractable problem. Finally, the simulation results
demonstrate the fairness enhance of the network and the validity and effectiveness of the proposed optimization approach.

Key words: unmanned aerial vehicle; fairness performance; circular trajectory; ant colony algorithm; genetic al-

gorithm; jointly optimization
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Research on the Distributed Unmanned Cluster’s Operational
Capability using Percolation theory

CHANG Qiang', YANG Shuai’, YANG Shaoqing', GUAN Shaohua', ZUO Yuan', TU Long',
DENG Baosong'
(1. Defense Innovation Institute, Academy of Military Science, Beijing 100071, China; 2. 78102 Troop, Chinese People’ s
Liberation Army, Cheng Du, 610000, China)

Abstract: The distributed unmanned cluster breaks through the limitation of human physiological limit in manned
equipment operation, and has a wide range of military application potential. It is of great significance to study the
generation law of distributed unmanned cluster operational capability. The distributed unmanned cluster is formalized using
OODA theory, and the operational capability of distributed unmanned cluster is quantified based on the algebraic graph
theory. The unmanned cluster in the course of confrontation is regarded as a non—equilibrium system, the change law of
operational capability of unmanned cluster under different connection probability and node survival probability is studied.
In site percolation, a critical phase transition occurs when the node survival probability is 40%. In bond percolation, a
critical phase transition occurs when the connection probability is 10%. The results reveal the change rule of distributed
unmanned cluster’ s operational capability, which provides the basis for designing the architecture of distributed
unmanned cluster.

Key words: Unmanned cluster; Distributed operations; OODA; Algebraic graph theory; Percolation theory;

Phase transition
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Reviews of Dynamic Soaring: The Novel Way of Flight Endurance
Extension with a Fixed—wing Unmanned Aerial Vehicle

LIU Duoneng, LU Fengshun, YANG Tianqi, HAO Rui, QIN Shimu
(Beijing Aerohydrodynamic Frontier Research Center, Beijing 100011, China)

Abstract: Extending flight endurance and reducing energy consumption are continued pursuits of research on
unmanned aerial vehicle (UAV) technology. Albatrosses use a flight technique called dynamic soaring (DS) to gain energy
from wind gradients near the ocean surface to travel for a very long journey and period, almost without flapping their wings.
Fixed-wing UAVs therefore have great potential to use DS to achieve long—endurance and broad—coverage flight. In this
paper, the concept and mechanism of DS are explained, and the three key technologies supporting autonomous DS,
namely wind field sensing, trajectory planning and trajectory tracking, are reviewed in terms of research status and trends.
In terms of application, the DS strategy can be combined with on—board and external energy use to extend the endurance of
UAVs; UAVs can accomplish various long—endurance and long—distance missions with very little on—board energy
consumption by using DS techniques.

Key words: Dynamic Soaring; Fixed—wing UAV; Long Endurance; Wind Sensing; Trajectory Planning; Trajec-
tory Tracking
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Fig. 8  Flight control framework for autonomous closed—loop DS
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Concept Description of Swam UAVs Operation in Open Sea Based on
DoDAF

ZHANG Qingjie, CHEN Biao
(Aviation University of Air Force, Changchun Jilin 130022, China)

Abstract: Swam UAVs operation is one of the hot issues in current research, which has the advantages of slow
velocity, more scales and low cost. Based on the background of sea combat of swam UAVs, the objective concept
description method is discussed using DoDAF 2.0 architecture, including the combat perspective, system perspective and
capability perspective. Firstly, the high—level operational concept graphic, organization relationship chart, operational
activity decomposition tree and state transition model are established; Secondly, the system interface model and the
function description model are established in view of the perspective of system function and information interaction ;
Finally, the capability to operational activities mapping and the capability to services mapping are given from the
perspective of operational requirements. The operational concept description model can provide reference for the scientific
evaluation of operational concept and the development of equipment technology.

Key words: Swam UAVs; Operational Concept; DoDAF 2.0; Operational Perspective; Ability Perspective; Sys-

tem Perspective
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The Evolution of Satellite Populations in the Process of Intelligent Based
on Ecological Public Goods Games

ZHAN Jun, ZHANG Wanpeng, LUO Junren, CHEN Shikai
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha410073, China)

Abstract: Aiming at the problem of how the idle satellite resourcesevolve in the process of intelligent, we research
the evolutionary dynamics of satellite population. Considering the impact of dynamic in population size on individual
income, the interaction between effective used satellites and idle satellites is modeled as an ecological public goods game.
Using evolutionary game theory, considering the influence of average income, growth space and elimination speed on the
evolution trajectory, a evolution dynamics model is established to show the changes of effective used individuals, idle
individuals and remaining space. Through simulation experiments and theoretical analysis, it is concluded that low—density
populations in the evolutionary dynamics model are more conducive to cooperation. At the same time, it is found through
comparative experiments that although high elimination can increase the cooperation rate of satellite populations under
steady state, it also increases the risk of population extinction.

Keywords: Idle Resources; Satellite Population; Evolutionary Game Theory; Ecological Public Goods Game;

Evolutionary dynamics ; cooperation
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Design of Spherical Reconnaissance Robot in Wireless Drive control and

Image Transmission

XU Dasheng, HONG Huajie, HOU Yangyang, ZENG zhe
(National University of Defense Technology , the College of Intelligence Science and Technology, Changsha 410073, China)

Abstract: In order to reduce the reconnaissance risks and resolve the problem of reconnaissance spaces being

constrained, a control system of spherical reconnaissance robot in wireless drive and image transmission is designed in this

paper. The system is mainly composed of the spherical robot and the upper computer, and the spherical robot hardware

circuit and software part are designed and completed, and video data synchronous transmission is implemented based on

the UVC class protocol, and the host computer control and display software are developed. Experiments show that the

proposed control and transmission scheme are feasible, the spherical robot can complete the expected action based on the

control command with the reliability of 90%, and upload the reconnaissance image to the host computer, the reliability of

90%, displayed with the refresh rate up to 20 bps.

Key words: Spherical Robot; Wireless Control; UVC Protocol
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Fig. 3 Wireless instruction drive software design
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Table 1 ~ Standard request settings

bmRequestType | bRequest | wValue | windex | wLength
1 0x80 0x06 0x0100 | 0x0000 | 0x0008
2 0x80 0x06 0x0100 | 0x0000 | 0x0012
3 0x00 0x05 0x0001 | 0x0000 | 0x0000
4 0x80 0x06 0x0200 | 0x0000 | 0x0009
5 0x80 0x06 0x0200 | 0x0000 | 0x018f
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Table 2 Probe & Commit Control Properties Settings
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Table 3 Control instruction test results
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Fig. 8 Enumeration test

im a3z 577°285°430 | F

Video Strezm S BOORV I LA A2
In 435 577°205°458 || | éxd 1 )
DAT:

9 11
s oo RIL
im 43z 577°265°458 F [T 1l 1
Packet 275524 5 LT AR -

im 43s 577'205'957 |F

®c Bd 19 53 6c 85 ...

5 ...

i

Ko [El i

Fig. 9 Synchronous transmission test

4.3 SRR

1% B Qtereater BB A AL 4T S A
HREMIA . Qtereater HAT I K 1985 - 5 554, 7E PC
Uity FIT T B R TG 5 35k 2248 2 B AT /E Andriod %ifiz
11 PRI, s 2005 7] LR PC BB sl ik 45 , AL 56
R PCHLA 23 . BRIEHLES AT RE M LGB
28 Wi-Fi Tk G5 2 AL, RO aniE 10, &
G0 DR 4 I R MG, Hots K 4 % T ik
20bps.

5 &g

AR SCPI BT B BRI iU ML 27 A\ Jok 3k 2 M 4]
B R GE, N 58 T e i Je e F il 15 4
PEATERS) , I UVC 2 EHLATT R PRIE 194

151078 RA% S AT 5 SR s il 4E A ] SE R AE
90% LAt , FG B/ e KR 2535 20bps , 15 51 15
I B SR 2R . ARG 5EH T EK
T g pLEs N By Diae sl , 34 Bl F AR & e
B, 4 2 S

BRI
192.165.110.1 | 1P
8080 i 15

TR REEN
il

turn on
The eurrent speedlevel:
o

Wi
it | [k | ks #eik:
|| e | %k HAF

K10 S AEE 2R

Fig. 10 Overall test results

2 % X M

[ 1] 44k, BAvits, dKis 5, 45 . —Fh iV B e TSR R R 4 Y ik
P BT TR, 2013, 21(019):86-89.

[2 ]tV Mg sk—— fe iy o = R [T ], BCIR 4+, 2006,
000(005) :39-42.

[ 3 ] 9hie%s, Bt e, 25k, 55 LS HERENLa ARGt ].
AL, 2014, 000(022) :7-9.

[4 1% A%, M, M, 5. mTHIE 2 sh S sg il A sh
B[] HLAREEIT, 2009(09) :30-33.

[5 ]9 Hpk, BERME e, fIRHE . —Fh U INERIE B B i 2 p L i
gL L) ] ML™ T 4 5 BT, 2020(06) : 28-03.

[ 6 ] Universal Serial Bus Specification [ EB/OLJ].2000[2015].https://
www.usb.org/document-library/ush—20-specification/ush_20.pdf

[ 7 ] Universal Serial Bus Device Class Definition for Video Devices
[EB/OL]. 2012 [2012]. https : //www. usb. org/document-library/

video—class—v15—-document-set/UVC 1.5 Class specification.pdf
EE B
Wik2£(1997-) , 9 WFgE A, BTG5 0] A AL A ik
FEFE
HAEAN(1976-) , 55 P98 50, TRBWFE 07 10 ks Bk sh S5 4
il , FLHIE SR B ML — A4
RPEFE(1993-) , 33 P98 2k, EEEFTE T [ N 3L TR 2% 2]
HIALIGE Zha i
£ (1995-) , 5 WFFE A=, ZZEWFFE 7 1m) R HLAE 2 42 i) Ko
BER BTSN



2021 £ N RS BIEIRIR(USS2021 )0 XX &

REMRBFEN— U N FER

la=s &%2

=, ZrRfg',
I 1500015 2. PO R2E, P 710072)

ALK, KE
AR

2
(1. W REE TRER A,

M OE: FEXHRMEURAE R S R A S AR, ZE5 7B AR SRS shid B P AR R L
BERG  BEVEIRSAE S R, R DU TCE 5k, LB R AR L — IR B SRR, IR R
e . LS SHMEIRS Z ARG S R BT E T . BRMENUR 50— 1A 3 Jy 2] LU St ik bk
PURAR I AP IR A G A, BERIRI I 1A sk, DS BLBe A A ol B4 ) S S . i i e
D7 B HESL B B J1 2R AT UG, IEW] T BRI R T

KR DMERURES; ShJicd; — ML MG

; MHERPUICEG PUB- LSRG

Attitude and Orbit Integrated Modeling for Flexible Spacecraft

ZHU Weibing', ZHANG Xianliang', WU Xiande', SONG Ting’

(1. Harbin Engineering University, Harbin, 150001, China; 2. Northwestern Polytechnical University, Xian, 710072, China)
Abstract: A dynamic modeling method of the flexible spacecraft is proposed in this paper. Considering the attitude
and orbit coupling and flexible vibration coupling factors, the dual quaternion method is used to establish the dynamic
model. On the basis, the coupling relationship among the orbit motion, attitude motion and flexible vibration is analyzed.
The integrated dynamics model proposed in this paper can compactly describe the attitude—orbit—vibration coupling
relationship of the flexible spacecraft. The model is simple and computationally efficient, which lays the foundation for the

realization of high—precision control of the flexible spacecraft. Finally, mathematical simulation is provided to verify the

validity of the model.

Key words: Flexible Spacecraft; Dynamics; Integrated Model;
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Review on the Development of Space—based ADS-B of Low
Earth Orbit Satellite

FANG YiGuang', ZHANG Xiang’
(1. The 20th Research Institute of China Electronics Technology Group Corporation, XiAn 710068, China; 2. CETC Avionics CO. ,
LTD, Chengdu 611731, China)

Abstract: ADS-B is the core technology of the next generation of air traffic management, the traditional land-based
ADS-B system can not realize the surveillance coverage to the special regional ocean, desert, The space—based ADS-B
system of low earth orbit (LEO) satellite can effectively overcome the limitation of land—based ADS—B system, to achieve
global seamless surveillance coverage efficiently. This paper, combined with the MH370 event introduces the
characteristics and advantages of space—based ADS—B system, analyzes the current research status of space—based ADS-B

in the world, focuses on the Iridium and Globalstar ‘s space—based ADS—B system architecture and performance in USA ,

finally gives relevant suggestions

Key words: ADS-B; air traffic management; Low earth orbit satellite; Iridium
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Design of an in—Wheel Motor Drive System

MA YaQing, Tian DeWen, Xing YanBin
(China North Vehicle Research Institute, Beijing 100072, China)

Abstract: This paper presents a high efficiency in—wheel motor drive system for six—by—six self=driving light vehicle.
According to specified performance indicators of the special light vehicle, this paper made integrated matching design of
in—wheel motor and reduction gear. To meet space dimensional of and functional requirements, the PMSM is the preferred
research object for its high torque density and high power density. The feasibility is fully verified by electromagnetic
simulation analysis and multi—field coupling simulation analysis comparing with laboratory results. The reduction gear is
constructed based on one stage NGW planetary reducer transmission, the lightweight optimization is given, which is
verified by strength check simulation analysis. The in—wheel motor drive system runs stably and reliably in more real
vehicle tests, and its characteristics of operation meet the needs of the overall performance of self=driving light vehicle.

Key words: In—wheel motor; drive system; permanent magnet synchronous motor (PMSM) reduction gear;

multi—field coupling; structure design

1 5|5

i w VAL e BT WS S =P =P I ke )
PR S 3R S] 5 o sl & 3 1 R G N IR S e
WA TN 0 BRI RSN AR # A,
PATC B AR g 2 R T 1) 1 [ AR A i >R 8 — b
BV RIS R TGRS
P AL B 2R 58, L sh A et Bk s . 4
BURPLIKBI R GE, AMLBENS ] AL BE 42254 , i a5l
FR G B TR BE R TRT I , A RO R AR 23 18] i
HURESh IR BB 2 AR R N, D/ 1 WL 2%
BRI o ISl Hfe 1548 50 57 UK
BT TC NP B SR B AT E R S

TR £ RGN TR T3k . AT
AR 6x6 B R 4 T A5 A R B J)
(330VDC) /NI BAHLA . R HEe @B LE N
KB R G, LIS G5B AL S 9K 5l , 38 ZE 5
Frolrp MLl , R IE I, DA S B A5
MIATIMERE . Fea W AL BREK 2y AT 4 Ry ek
KB B AR SR, SR AL A4S B A I
(14 T B2 9K 8 75 =M E |, SR FH D80 9K 50 7 =X, B ok
SRALFG il 7E F LA 4256 2 (8] 38 2 3 s s A LAY
SR i H AL B B, T A R/ N Ee 2 L BIL I
WTIMERE , (Rl B 4 AL Th 3R D R, R
SCRH T ISR S e RS, SO RS AR



128 2021 £ ARG S IEIE 1R (USS2021) i 30 &

2 BEEILZIT

2.1 RBHBYER TR

T AR B ) RSP A B, 1 e i i 2% B L )R
5 B LA R K B (R 28 LAV S BT IR 42
2 & F LR AR 1 2 A5 4 B R ATLR FH N
TEEE o — AT B Y DR AN 10 1,
H 2555 F e 1A 500rpm , 1 201 F AL e v s A
1 5000rpm . P HL AL A& #AR] L £ B0/ T 600Hz, 1
XL p AR 7. 2 454 o 5 I HL A URE AR 5 T G 3R Sl
T Y BRUE Y ], R MLAR X85 p=8. M/ HE 2
W RCT R T B AR rh SR . R
TERE 14 L ESE, n] A 3 R SE 4 i A B [ It
PR R . AIE ) 2 WA A ] LSRR T A R
B 38, A EE 8 rE AL B L, 2 R R PILRIR
Wt 207 B 2 T 16 M 18 7 N B T FL LSS
4, 38 3 5 BB 3 AT S AT, T R e L H
Bt L] Wit R FESHWE 1278,

*1 RPLEELAHSE

Table 1 main structural parameters of motor

FE T 18 N4 (mm) 150
FEFHME (mm) 275 T RJE (mm) 62
FEF AR (mm) 186 A A B20AT1500
FEFRE (mm) 62 AR (mm) 5

TR R B20AT1500 HEAA S (mm) 27
B (mm) 0.5 TR SmCo28
HeEL 16

#2 WHLGASH

Table 2 motor winding parameters
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Fig. 1 electromagnetic field analysis at rated point
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Fig. 3b  motor speed—torque-voltage map
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Fig. 5 motor efficiency Map
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Fig. 6 simulation analysis of structure—EMC
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Fig. 7 steady—state analysis of temperature field
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Table 3 main parameters of reduction gear
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Fig. 8 sketch map of reduction gear structure

3.2 JEAUA AR BRI

BEXTIA] 8 S B AL HLA A FROCGE B HEA T 73
B oK, A 2 8 B Oy B0 E 5 45 2R an &1 9~ 14 12
7R

Ko N =k

Fig. 9 stress map of ring gear
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Fig. 10  deflection map of ring gear
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Fig. 11 stress map of planet carrier
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Fig. 13 motor external characteristic curves
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An Improved PointPillars for Fast and Accurate 3D Object Detection

HE Xinwei, YAN A’ze, CHEN Long , HOU Pengcheng, DONG Dandan, MA Yating
(Hubei Sanjiang Astronautics Hongfeng Control Co. , Ltd. , Wuhan430000, China)

Abstract: How to design an accurate and fast LIDAR-based 3D object detector is a very critical and challenging
issue in autonomous driving and many real-time robotic applications. The influential work—=PointPillars, which uses pillars
to represent the point cloud, has demonstrated great potential towards this goal. However, due to the lack of intra—pillar
feature learning and insufficient multi-scale pseudo—image feature extraction, its performance on 3D objection detection
has been limited. Motivated by this observation, in this paper we aim at enhancing the learning capability of PointPillars on
3D objection detection while decreasing the computation complexities at the same time. Specifically, the former issue is
addressed with an intra—pillar multi-scale feature extraction module which helps to learn the structure and precise point
locations within the pillar. The latter issue is addressed by a novel designed multi—scale feature extiraction based on the off—
the-shelf Res2Net. The combined modules greatly enhance the capacity of PointPillars on the 3D object detection task.
Experimental results demonstrate that the memory footprint of the resulting model can be reduced from 19 MB to 12 MB
when compared with PointPillars, but can yield better results on KITTI dataset.

Key words: LIDAR; Point Cloud; 3D Object Detection; Representation Learning; Deep Learning; Artificial In-

telligence; Robotics
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Fig. 1 The overall framework for 3D object detection, where Conv represents convolutional layer, Deconv represents deconvolutional

layer, Res2Net represents the module adopted for multi-scale feature learning

D Z0 LR 4 RS BER N
W/2 x H/2, W4 x H/A, WIS x H/8 1) 45 fiF [/ . Al
PointPillars AN [A] , AR SCHA B BUE G115 )2 2 RE
FRIEFR IO 5, ] & 15 £ Res2Net 32 PR\ BE L2407 i
JZE TR BO IR AR5 A R TR SZ B A RRAF R
X F 25 7 Hi A B RRAE ] 2B i e A ok —

BERFELH , SR )5 {0 P — 4 A BRE D A 4R BURFAIE 20 7Y
Z RJEAE B o AT— 2 A R b A0 4 i 4 A
ik P — 2 R AT — AL A DB P i Hh S B 5 )L
fRE . I REE W, H 2B AR 1
AbE B JERE A A R R PR R g AR
— 2 X1 TR P TR S



136

2021 £ N RESIEIL IR (USS2021 )83 &

Res2Net 7E 42 0 22 RUEEFRAE - 26 WA
oD BT A BON , BN RRIE U 8 AR 24 T A
AR RUBE A AFAIE 27 A ek 2, DR HA B 5 A A
BT 3 2) 5 A 2 ROBERRAE BN 23 , ] 4% IS
Pro oK, SRS 22 RUERFAE 7 > #5541

7€ Bk 22 ROBERG BYRAE , 20 Bl TE R AR Y
S VAN EINE PO ) A R ke s3ill RN N VA= R
OEEEFSE

3 KWH

XSGR FH PR 3E PointPillars Shy 2 S ) 25 fEE 42 |
FE KITTUA T BRI TICH0 . A SCR ARG
(Average Precision, AP) PFAGHE PR PP AR AU L BE
3.1 KITTI¥dE4E

F£ KITTI VAL ECHE 5 v, AT b T AR 3%
P 455 7 —PointPillars 1 SA-SSD[ 14 ], 43 1 fris o

5 PointPillars LY , A< 77 SRR AU 78 /MR 42280 1
(ARG KRG 2 SF- Y A5 E 1%, T AEAT NN T34
28 53] L A R UK D K IR AW 5 4% A A . 5 SA-
SSD L, A 5 ZE A DN ABE R AE /INPR 22 00 L () A DA
JEAR T SA-SSD (B AEA T AN TG 47 35 (1) A I A B2 1
BIiseiE 2%,

ATk — A 7E KITTI TEST U4 48 b gk 47 56
WE . W3R 2 PR, AT BAE /MR L AR
A E R IRS E . 5 PointPillars AH H , A4S J7 ¥
7E BEV AP 48 4R b6 T 5 (il h PRl i & | 405G
1% , 7 MEAS B8 & B S T M S I PERE s 76 3D
AP F5H5 b, A J5 S A5 R 4 KR 451 5 PointPillars ,
TE Sy HME L 3E AR 55 A i SRS 1. 7% . 2. 8%
3.0%. 5 FastPoint R-CNN[15] [t , 4% 9 4 fig 485
PRl Y (AR AR s s ik, B B A —
R

F1 AEKITTI VALERAE b AE 2GR E T 5C T 3D AP ITEREXS H (%)
Tablel  Performance comparisons against other state—of—the—art methods on the KITTI VAL dataset in terms of 3D AP under multi—
class settings
; N (PN BifT%

il e - X - X . 3

Y g A Vi & A Vi i A
PoinPillars 86.3 76.9 75.5 53.6 48.2 44.8 81.2 65.5 61.3
SA-SSD 89.7 79.4 78.3 55.8 48.0 41.9 82.8 63.4 61.6
ATy SRR 88.1 71.8 76.2 57.8 52.5 474 85.0 66.4 63.2

222 FEKITTI TEST £da 8 /INR 427 B REXS HE (FPR-
CNN {3 FastPoint R—-CNN)

Table2 Performance comparisons on car class of the KITTI

TEST dataset
BEVAP(% 3DAP(%
Kb VAPER AP
5 i XfE 5 iEH X
PointPillars  90.1  86.6 828 826 743  69.0
FPR-CNN 909 878 805 853 774 702
ARJ7HEBERL 91,1 874 823 843 771 72.0
3.2 HEERUK/NFIHEEE B AT

ARERIAE BT LW T Pointpillars 1Y 1% 71 &
B, NI AR S S AR, sk 3, 7ERlE
A Intel (R) Xeon (R) CPU E5-2678v3, 4 5K
GeForceRTX 2080 ti it 55 #& I, 4 #3838 de phe v

ik 42. 2FPS, (K IL RE Sl 2 SER iz B EE SR . IkAh
AR nfs Al K/MUA 12, 1MB,

3 RANERE SRR RN L
Table4 Model comparisons in terms of inference speed, param-

eter size, memory footprint

TensorRT /Il

LRIk A SR FEHI AN
=
PointPillars  4.83M 29.1FPS 42.4 19.4MB
BN S 3.02M 42.2FPS 69.0 12.1MB
3.3 A4S

AT B B AGEIN 25 58 T LAk 51 3 i
e AT AR SRR FARARE AOAS D sl 1 2
PR RE L P38 B e 7 AR RS



2021 £ ARG 5 1E18 1R (USS2021) 18 3L & 137

(a)

(b)

(e)
K2 BORGINZS RAE KITTUEE S BT AL, b () AUREA S =, () FERBERIAG I A5 AR, (o) R TN 25 SR AE 2D K]
(L EWbEe A
Fig. 2 Visualizations of the detection results on KITTI, where (a) represents input point cloud, (b) represents detection results, (c) rep-

resents projection results on 2D images for the detected 3D bounding boxes

4 zE-L/B [ 5] Minemura K, Liau H, Monrroy A, Kato S. LMNet: Real-time

AL SCHE T PointPillars , 43 514 A Y 4R AE A1
22 RUBE O EVRRAE () 2 ST e 3 T XS 55 25 A RRAIE
2 HeS) o FEKITTLARE 4R b o S, ik Ay
AN S HOR FH % i ARG I 1 R R Sk 38 3443 5

PointPillars .

[ 1] LiB, Ouyang W, Sheng L, Zeng X, Wang X. Gs3d: An efficient
3d object detection framework for autonomous driving[ CJ. InProc.
CVPR 2019.

[ 2 ] Amold E, Al-Jarrah OY, Dianati M, Fallah S, Oxtoby D,
Mouzakiti A. A survey on 3d object detection methods for
autonomous driving applications [J ]. IEEETITS 2019.

[3] Wang Y, Chao WL, Garg D, Hariharan B, Campbell M,
Weinberger KQ. Pseudo-lidar from visual depth estimation:
Bridging the gap in 3d object detection for autonomous driving
[C]. In Proc. CVPR 2019.

[ 4 ] Kuo HY, Su HR, Lai SH, Wu CC. August. 3D object detection
and pose estimation from depth image for robotic bin picking[C].

InProc. CASE 2014.

multiclass object detection on CPU using 3D LiDAR[C]. In2018
3rd Asia—Pacific Conference on Intelligent Robot Systems
(ACIRS), IEEE, July, 2018.

[ 6 ] Talukder A, Goldberg S, Matthiesl., Ansar A. Real-time
detection of moving objects in a dynamic scene from moving
robotic vehicles[ C . InProc. IROS2003.

[ 7 ] Kim DI, Sukhatme GS. Semantic labeling of 3d point clouds with
object affordance for robot nlanipulati()n[(l] InProc. ICRA 2014.

[ 8 ] Zhou Y, Tuzel O. Voxelnet: End-to—end learning for point cloud
based 3d object detection| C . InProc. CVPR 2018.

[9]Yan Y, Mao Y, Li B. Second: Sparsely embedded convolutional
detection[J ]. Sensors2018.

[10] Lang AH, Vora S, Caesar H, Zhou L, Yang J, Beijbom O.
Pointpillars: Fast encoders for object detection from point clouds
[C]. InProc. CVPR 2019.

[11] Gao S, Cheng MM, Zhao K, Zhang XY, Yang MH, Torr PH.
Res2net: A new multi-scale backbone architecture [J]. IEEE
TPAMI2019.

[12] Ronneberger O, Fischer P, Brox T. U-net: Convolutional
networks for biomedical image segmentation. Inlnternational
Conference on Medical image computing and computer—assisted
intervention, Springer, Cham, October, 2015.

[13] Geiger A, Lenz P, Stiller C, UrtasunR.. Vision meets robotics:



138 2021 FE T ARG S IR 1R (USS2021) iR &

The kitti dataset [J]. The International Journal of Robotics
Research, 2013, 32(11): 1231-1237.

[14] He C, Zeng H, Huang J, Hua XS, Zhang L. Structure aware
single-stage 3d object detection from point cloud [C]. In Proc.
CVPR 2020.

[15] Chen Y, Liu S, Shen X, Jia J. Fast point r—cnn [C]. In Proc.
CVPR 2018.

EE &I
B 1.(1989-) , 55, 1, AR, WF5E 07 o) 4% — 4k H brks:
I = HERE TG 2R LA R EARRE A 1

EIRTE (1989-) , 58, TR -1 e, B 2 T AW, DRSS 710

=4 HARGI

WE A (1993—) , 5B A1, R TR0 , (5805 1) R =4 H bRk
i

PEMSAR (1991-) , 53 A, TARUR, #8598 07 1) 0 — 4k H bRk
IS

#HPHF(1992-) , & A, TR, =BG 5 10 =4 H s
ioRi

e (1996-) , 2o A, BB T AR W, WFFE 7 0] g =4k H bR
Rl



2021 £ N R G 51E18 1R (USS2021) 183 &

1

KSR Al TCNAC AR X — AT 1R AR A B9

MWEFEL AL RFEIZIT

RE A, EZiEA, RAM, KER
(63615 HBBA, JE/K ) 841001)

ﬁ E: MELNMEEARTRERREGETI A, BTN T AR R R Ao ™ .
IAE R ZS SR R 5, ARG AT D G55 HIEF IR RG R  m, WNEANMERG B
k&k R TET AL, Bt [FRARMBR T ANRTRIT TSR Bt T EAERS S SR
AR At te, i B AshT R RS TARR A, Bt RN 6 A0 T
MR, ATAMEARM S T T RAR A 275
KR AL Al #AERK; TARSG; KEERER; Rt

Design of Unmanned System for Ground—-based Radar

ZHANG Jingdong, Wang Runsheng, Zhao Mingxu, ZHANG Rongbin
(Unit 63615, Korla 841001, China)

Abstract: With the development of unmanned technology and space exploration capabilities, the prospect of
unmanned space exploration and surveillance is more and more broad. As the key equipment of space situational
awareness, ground—based radar is indispensable for unmanned system. According to the characteristics of ground-based
radar system and the requirements of unmanned system design, a design scheme of unmanned system based on
automation, intelligence, information and network is proposed. Firstly, the automatic operation process of unmanned
system combined with ground—based radar , and "seven automations" are proposed. Secondly, the unmanned operating
platform is designed according to the working characteristics of ground—based radar. Finally, the support methods of
unmanned system is analyzed, which is used to provide reference for unmanned technology.

Key words: Unmanned; Automation; Ground-based Radar; Unmanned System; Space Situational Awareness;

System Design
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Fig. 1 Flow chart of automatic operating system
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Research on Unmanned Cluster Combat Mission Decomposition Method
Based on Meta—task Dictionary

DI Jiangfen, ZHANG Yong, LI XiaoQin, WANG Yaru, MA Rubing
(North Automatic Control Technology Institute , Taiyuan 030006 China)

Abstract: At present, the combat task generation is dominated by manual decomposition, which is difficult to adapt
to unmanned cluster combat quickly, automatic, accurate decomposition and distribution demands. The paperfirst
establishthe models of combat characteristic elements, the task capability of unmanned platform, the correlation between
the scene and the performance of the meta—function fatigue. Secondly, the task decomposition mechanism of unmanned
cluster combat is analyzed based on meta—function multi-dictionary. Finally, a task decomposition mathematical problem
description is established and an extended HTN algorithm is proposed.

Key words: combat characteristic elements; unmanned cluster combat; combat task generation; HTN; Task—Dic-

tionary
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Study on the Method of Installing Cross Eye Interference Equipment on
Target Drone

LI Hongtao
(Unit 44 of PLA 92941, Huludao, 125000)

Abstract: Monopulse Angle tracking technology is widely used in Angle tracking radar seeker. In view of the lack of
effective monopulse radar jamming means for traditional target aircraft in the assessment and identification of air defense
missile weapon system, a self-defense monopulse radar jamming technology (cross eye jamming technology) is proposed.
This paper introduces the basic principle of "cross—eye" interference, the design and simulation of adding cross—eye to
target drone, and proves that it is feasible to install cross—eye interference equipment to target drone.

Key words: target drone; Cross eye interference; Methods to study
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Analysis of Current Situation and Development Prospects of Artificial
Intelligence Applications in Foreign Armies
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(No. 23 Factory of PLA Air Force, Beijing 102200, China)

Abstract: The application of artificial intelligence in the military field has great advantages in enhancing military
information superiority, improving the speed and quality of decision—making, and reducing the risk and cost of
combatants. It has been applied in the fields of intelligence, surveillance and reconnaissance, military logistics, network
attack and defense, command and control, etc.The United States, Russia and other military powers have planned the
layout in advance, and carried out the actual combat tests of artificial intelligence system. This paper reviews the strategic
deployment and application status of military application of artificial intelligence in the United States and Russia, analyzes
theissuesinvolved in the misjudgment of military artificial intelligence systems, as well as some issues related to system
security , with a view to the application of artificial intelligence in China reference.
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Research on the Development Status and Trend of Foreign Military
Ground Unmanned Logistics

CHEN Shu, ZHAO Yuanyuan, TIAN Jihong
(China North Vehicle Research Institute, Beijing 100072, China)

Abstract: While unmanned systems have multiple uses in defense. There could be particular advantages in logistics.
The application of unmanned ground platform in logistics is more realistic, direct and effective. It has become a new trend
in the logistics construction of armed forces in the world. Starting from the current situation and characteristics of foreign
military ground unmanned logistics, this paper summarizes its future development trend, and puts forward a new direction
for the application prospect of ground unmanned logistics.
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Fig. 1 U.S. DOD accelerated autonomous convoy technologies
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2040
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Research on Application of Laser Blinding Technology in Anti-UAV

MA Changzheng, LIU Dapeng, SHI Liang, GU Fenggiang
(China Academy of Aerospace Electronics Technology, Beijing 1000103, China)

Abstract: With the rapid development of electronic information and artificial intelligence technology, the UAV
(unmanned aerial vehicle) technology has been rapidly developed. The UAV has gradually become one of the main means
on the battlefield, and anti—-UAV has also become an important mission on the battlefield. The use of electronic jamming to
destroy (UAVs) has been widely used as an important means of anti—-UAVs. The use of laser jamming to blind and dazzle
UAVs photodetectors has also been deeply studied. This paper first introduces the basic principle of laser blinding
technology, expounds the main key technology of laser jamming anti—-UAV system, simulates and calculates the

effectiveness of laser blinding, and finally summarizes the possibility and effect of UAV airborne laser jamming technology

applied to anti-UAV.

Key words: Laser interference; Anti—uav; Blind distance
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Summary of Unmanned Agriculture Development

LIU Xinxin, YU Yanan, DENG Jun, ZHANG Ze
(95894 PLA Unit, Beijing 102211, China)

Abstract: Based on the introduction of the development status of unmanned agriculture and the application of related
technologies, the paper discusses the development of unmanned agriculture at hone and abroad. The paper analyzes the
development prospect of unmanned agriculture from two aspects: the development and application of unmanned
agricultural machinery and intelligent farming. According to the applied characteristics of unmanned agricultural
machinery, the author puts forward the idea of unmanned farming system. The unmanned farming system is realized
through the comprehensive application of unmanned technology, 5G communication technology, artificial intelligence

technology and new energy technologies.

Key words: Unmanned; Agriculture; Unmanned agricultural machinery; Intellectualization; UAV; 5G
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Reflection on Avoiding UUVs Being Artificially Salvaged and Sabotaged

ZENG Pengpeng, JIN Haibo, YUAN Long, DONG Zhongliang
(PLA Troop 32033, Haikou 570100, China)

Abstract: The running UUVs potentially risk accidental loss, being artificially salvaged or even sabotaged causing
the complexity of the marine environment and the current limited technical level of the relevant equipment. Several typical
cases that UUVs are captured both at home and abroad are presented in this paper, summarizing into three main kinds of
reasons for the missing or salvaged UUVs based on the analysis on these cases’ temporal and spatial characteristics, along
with the experience from the equipment development and using enterprises. Further, three basic disposal principles are
first proposed for the same case in this work, that is, the main work is to prevent the loss of UUVs, the central issue is to
ensure data security, and avoiding dispute is the bottom line, followed by five specific measures. At last, some advice is

particularly raised on the future pivotal work for UUV—using units from three aspects which includes the demonstration and

construction of UUVs, job-related training, and the complete systemic mechanisms.

Key words: UUV; prevent loss; artificially salvaged; sabotaged; data security; avoiding dispute
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Research on The Application of Unmanned Combat Force in The Army

WANG Rui
(Unit 71352 of The Chinese People ’ s Liberation Army, ZhangJiaKou, HeBei 075100, China)

Abstract: With the development of new unmanned autonomy equipment and technology, the new army unmanned
combat force is investing a lot in the battlefield, profoundly changing the war form, and providing a new basis for winning
the future intelligent war. Based on the analysis of the development background, concept and application characteristics of
the new unmanned combat force, the paper introduces the operation application modes of global operation, three—
dimensional operation, multi—functional operation, precision operation and continuous operation, and distinguishes
between "someone designed, no one independent", "someone dominated, no one supplemented" and "someone designed".
The mode of man—machine cooperative marshalling is deeply discussed and prospected in three different development
stages of "unmanned autonomy". The formation of opinions and suggestions on strengthening the construction of the new

army unmanned combat force and carrying out the mission goal of "global operation and cross domain coordination" is

significant to promote the construction of the new army force based on man—machine hybrid and enhanced intelligence.

Key words: Unmanned operation; Intelligence; Operation form; Marshalling mode
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Research on Curriculum Construction for Comprehensive Practice
Courses under Emerging Engineering Education Background: a Case
Study of the Comprehensive Practice Course on Unmanned Vehicles

LI Junxiang, NIU Yifeng, LI Jian, LIU Daxue

(College of Intelligent Sciences, National University of Defense Technology, Changsha 410074, China)

Abstract: As an important part of the curriculum systemsfor emerging engineering majors, the comprehensive
practical course has a vital influence on the quality of major construction and education. Taking "Comprehensive Practice
Course on Unmanned Vehicles" offered by the artificial intelligence major of the National University of Defense Technology

as an example, this paper has carried out the research on the curriculum construction. The research attempts to makethe

course practical, comprehensive and advanced.

Key words: emerging engineering education; comprehensive practical courses; curriculum construction; un-

manned vehicles
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Research On Military UAV Personnel Training

CHEN Wei, CHEN Lei, HE Yun, ZHANG Chuan
(Air Force Aviation University, the Combat Service College, Changchun 130022, China)

Abstract: UAV is becoming more and more important in the future war, and it is an important combat effectiveness.

The training of high—quality talents is of great significance, and it is very urgent. Starting from the post particularity and

quality requirements of military UAV talents, this paper studies and analyzes the existing problems and reasons of military

UAYV talents training, and gives some suggestions on the education of military UAV talents.

Key words: Education; Personnel Training; UAV; Quality Training; Team Building; Training Suggestions
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Exploration of Unmanned System Integration Application in the Future

WANG Nan, NIU Yifeng, HONG Huajie, XING Kunsheng
(National University of Defense Technology, College of Intelligent Science, Changsha 410073, China)

Abstract: With the goal of shaping the core competence of the intelligent unmanned system and combining the
current and future demands of the operation and application of the unmanned system, this paper puts forward a practical
teaching reform plan for the training of high—quality military personnel for the comprehensive use of the unmanned system :
1. Building a practical teaching system for the comprehensive use of the unmanned system, guided by the post
requirements; 2. Creating a "combination of warfare and technology, promoting teaching and research mutually" New
mode of practice teaching; 3. Supporting the innovative practice activities of "practice—oriented, interdisciplinary,
academic-research integration". Hopefully, by improving the methods and means of practice teaching, it will provide

strong guarantee for the delivery of high—quality compound talents to the army to meet the needs of future intelligent

warfare.
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Initial Positioning of Underwater Terrain Matching Navigation

1. Key Laboratory of Coastal Disaster and Defence, Hohai University, Ministry of Education, Nanjing, 210098, China;
2. Science and Technology on Underwater Vehicle Laboratory, Harbin Engineering University, Harbin 150001, China;
3. Chen Yunsai, National deep—sea center, Qingdao, 266237, China

Abstract: Research background — Satellite signal cannot reach the deep sea. Acoustic positioning has limited in
operation range and time—delay, the error of inertial navigation is accumulated infinitely over time [ 1]. So, underwater
terrain aided navigation (TAN) technology, which has the advantages of bounded positioning errors and no time—delay,
has become an important breakthrough for long—term, long—distance and high—precision navigation of underwater vehicles
(UVs). Underwater TAN is essentially an integrated navigation system composed of main navigation system and terrain
aided positioning (TAP) system. In this system, prior terrain information is used as the source of positioning information ,
and the iterative solution of positioning is carried out based on terrain matching information, main navigation information
and fusion filtering method. Due to the large positioning error at the initial point of the underwater TAN, and the strong
nonlinearity, self-similarity and non-Gaussian measurement error of the terrain information cause filtering instability of
the underwater TAN at the initial stage of operation that affects the reliability of the TAN system seriously [ 1 ]. Research
objective  the instability of filtering is mainly due to the large primary positioning error at the initial point of the
underwater TAN running, which leads to the increase probability of positioning pseudo—peak and mismatch in the
positioning likelihood function. In addition, the continuous input of measurement error and the memory effect of the filter
cause the instability of filtering [1]. Therefore, this study intends to build a high—precision TAP method to improve the
initial positioning accuracy of the underwater TAN system, so as to improve the filtering stability and system reliability.
[ Theory and method ] In this study, we propose an initial positioning method based on Non—linear Multi Terrain Aided
Positioning Point Fusion Positioning (NLMTFP) , and construct the NLMTFP model based on Bayesian estimation theory
[1]. A finite grid numerical solution method is proposed to solve the of NLMTFP model. Though, the error of TAPs is no
correlation and are only related to terrain features and measurement errors, the errors of TAPs are bounded, there is almost
no correlation between the TAPs. So, the TAPs error can also be regarded as mutually independent. Considering that the
main navigation information is divergent in time, but the relative positioning error in a short distance is less than the terrain
matching positioning error, so its correlation can constrain the terrain matching positioning points jumps. Therefore,
NLMTFP method can effectively suppress the pseudo—peaks and mismatching peaks, and obtain the more accuracy and
more stability initial positioning results [ 1]. Results The replay experiments are carried out by using shipboard data,
which was divided into high adaptation area experiment and low adaptation area experiment. Among them, the terrain
adaptability of the initial point of TAN in low adapter area and high adaptation area is 0.0080 and 0.0107, respectively;
The total distance of the test path is 2107.78m and 2183.28m, respectively; The initial point of TAN is 1316.47m and
1483.09m from the starting point of main navigation (dead reckoning navigation) , respectively. And the main navigation
error is about 5% of the travel distance. In the experiment, 15 frames of multi beam data are used for TAP, each frame
contains 192 measurement points, and the area of search interval initial positioning is 200m X 200m. In the contrast test,
TERCOM initial positioning[l} , confidence interval constraint[5] and NLMTFP (3 TAPs)[ 1] are used to initialize the
particle filter (PF) of TAN. In the low adaptation region, the distribution variance and positioning deviation of the three
initialization methods are 8.58m, 6.85m; 8.60m, 6.56m; 8.86m, 9.25m, respectively. In the high adaptation region, the
distribution variance and positioning deviation of the three initialization methods are 6.85m, 6.90m; 6.56m, 6.92m;
9.25m, 6.01m, respectively [1].Conclusion High precision initial positioning probability distribution function and PF
initial sampling method are of great significance to improve the convergence speed and stability of PFs in the initial stage of
TAN. NLMTFP initialization of PF can reduce the distribution range of PI and the weight of particles near the pseudo
peaks, so as to, effectively reducing the copy speed and the number of particles near the pseudo peaks, and improve the

convergence speed of particle set in the initial stage of TAN, and effectively improving the stability and accuracy of PF. In
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addition, the initialization accuracy of PF mainly affects the stability and accuracy of TAN system in the initial stage. Fast

filter convergence in the initial stage is the premise for TAN system to enter the tracking and navigation stage and output

effective positioning information. If the stability and reliability of the initial position of deep—sea TAN cannot be improved,

the application risk of TAN will be great. In this case, it cannot be widely used, especially in the field of deep—sea

exploration. Therefore, it is necessary to study the initial positioning process of TAN system (TAN initialization and filter

convergence) in the future research|[ 1].

Key words: underwater vehicle; Underwater navigation; Terrain aided navigation; Terrain aided positioning;

Particle filter; initialization
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Stages of Development of Unmanned Aerial Vehicles

YU Huangchao, WANG Xiangke, NIU Yifeng
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract: This paper analyzes the stages in the development of Unmanned Aerial Systems (UAS) based on their
main technical characteristics. First, the development of UAS is divided into an initial stage, preliminary developmental
stage, stage of rising development, stage of vigorous development, stage of steady development, and intelligent
development by analyzing its historical development and main characteristics over 100 years. Second, multi—dimensional
analyses and comparisons of the characteristics of each stage are provided from the perspectives of the mission task, task
load, navigation system, and control method. Finally, the trend of intelligence of UAS is analyzed from three perspectives :
the intelligence of single unmanned systems (cognitive intelligence) , that of unmanned cluster systems (swarm
intelligence) , and the intelligence of manned ~ unmanned systems (hybrid intelligence ). This study provides insights into
the history and developmental trends of UAS.

Key words: UAS; Development Stage; Intelligence; Control Method; Manned—Unmanned System
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