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Review on UAYV Path Planning Methods for Obstacle Avoidance

WU Jianfa'**, WANG Honglun'?, LIU Yiheng'**, YAO Peng’

(1. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China;
2. Science and Technology on Aircraft Control Laboratory, Beihang University, Beijing 100191, China;
3. Shenyuan Honors College of Beithang University, Beijing 100191, China;

4. College of Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: With the extension of the unmanned aerial vehicle (UAV) operation airspace from medium or high altitude
to low altitude, complex obstacle environments in low altitude seriously threaten UAVs. Investigating the theories and
methodologies of UAV path planning for obstacle avoidance is essential to guarantee the flight safety and enhance the
mission efficiency of UAVs. The current research status of UAV path planning methods for obstacle avoidance is combed in
this review. First, according to the established optimization models in path planning problems, the planning methods are
divided into mathematical programming—based approaches, roadmap—based approaches, spatial decomposition—based
approaches, potential field-based approaches, stochastic programming—based approaches and machine learning—based
approaches. Then, fundamental principles, representative studies, merits and demerits of each approach are introduced
respectively. Finally, promising research directions of path planning for obstacle avoidance in future are prospected. The
review suggests that there is still room for improvement in researches on UAV three—dimensional path planning in complex
environments. In addition, we should focus more on the combination of traditional path planning methods and new-
generation artificial intelligence technologies, and take into full consideration of the actual performances and operating
characteristics of onboard sensors in path planning methods. Also, the trackability of planned paths needs to be urgently
solved.
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Decomposition; Artificial Potential Field; Stochastic Programming; Machine Learning
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Abstract: Aiming at the stand—off ground target tracking, geometric formation, stability keeping and cooperative
disturbance rejection, a leader—follower cooperative target tracking method is designed for multiple quadrotors in this
paper. The proposed control method can deal with the external environmental disturbance and the uncertainty of
aerodynamic parameters in the flight of multiple quadrotors formation. Firstly, the dynamic model considering external
disturbance and parametric uncertainties is constructed. Then, the hovering tracking control law is designed based on
Lyapunov guidance vector field. Next, position holding controller design is proposed and desired command is provided for
the following attitude controller. Finally, to cope with the external disturbance of quadrotors and uncertainty of aerodynamic
parameters, the attitude tracking controller is developed based on active disturbance rejection control. The simulation
results validate the efficiency of our control method under the premise of local agent communication.

Key words: Multiple Quadrotors; Leader—follower Formation Control; Standoff Target Tracking; Guiding Vector

Field; Active Disturbance Rejection Control; Cooperative Tracking; Cooperative Formation
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Visual Object Tracking Method for UAV Stand-off Target Tracking

CHE Fei, LI Jie, NIU Yifeng
(College of Intelligence Science and Technology , National University of Defense Technology , Changsha 410073, China)

Abstract: To obtain the target image stably in the standoff tracking of ground target using fixed=wing UAV , a visual
tracking algorithm that can reliably capture the target image is designed. Based on kernel correlation filters, linear rotate
subspace is proposed, used for estimating the out—of-plane rotated image. During the tracking process, tracking
performance assessment is used to determine whether to update the linear rotate subspace or not. In this way, the robustness
and accuracy of visual object tracking is improved when the perspective is changing, and the tracking drift is reduced. The
algorithm is tested on visual tracking dataset in drone perspective, the result shows that the tracking accuracy and
robustness exceed the state—of—art algorithm. Fixed—wing drones is used for actual flight, verifying the feasibility of the
algorithm.
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interaction. To make full use of the EEG frequency bands containing useful information, a feature extraction algorithm
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algorithm is tested by the benchmark data set of BCI competition, and it is shown that the result is obviously improved in
comparison with the competition result.

Key words: Brain Computer Interface; Human Computer Interaction; Motor Imagery; Wavelet Packet Decomposi-

tion; Common Spatial Patterns; Neural Network

FEHL I “ e mIALER A7 WUH IFSE .
20094F, 24 L EE 4 H S T (Opportunities in
Neuroscience for Future Army Application)™ , ¥ fxi #/l
He OV Oh ZE 5 U o UR R . 2013 48, 6 [ [
B P4 1 B MUK 3 4005 IR R R AR AL
a7 A L R AER ERATESAT 5 i

1 35

i HL4E O (Brain Computer Interface, BCI) 7] A
TE Nl 5 41 L1 IR 58 1 22 TR) 37 B 45 A2 T ) 3
RN AN D0 P 2 S U 2ot ] R S )
PAITERE I R e bRl A N S HLE R R BE , IpLE: F 4
ARAEAES BRIT G AR AF G R B T T R A T 5

[l

21 20 %) 26 FEk7E B s L g A = m H p
AT KEWMBFRZ Y. 20044F, L5RZB T 2

Wk HIW:2019-11-13; &1 HH:2019-12-28
e H  HE A AR AI 4 (61803033)

A, Fo ETE M SN A A, JFHRAS T AN 1
J& o T B B R A B P T LAAR B



32 TARGHAR

553 %

N SEC A B T8 B Bl e A RN A A A
VES S AT LUK ML T BOR AT g pl g A e i 7
FRATE R UTR e ILRAR , 5| & AR s A s
77 T A o

Fi AL 11 28 0 5 A 46 A HL A 5 1 SR AR 5 7
AbFE REAESRER A3 2RO A AR . E AT, KA
O AAG 5 B 2R Ge v H R Sy B I 9 i
L5 5, TP s Sl AR G 0 F 5530 Ao R 0 A i e 1
AN B Uk ) Rl 6 A 1) 5 R A T RIS B
I F B R G, FRAE RIS 4 TR0 2 5
IRRAILEE 1 R G R A% BRSO S5 ST LU 4
BB RS 4 o iSRG LR S
P RAE SR O A AR D 3 A 1 L [ G R [ 1] I A
R /N AR e R s (R AE T R 1 2 U]
FILA RN BT B R B R AR | S E )
LRI TR 2 28 460 H T, 32 2l AR 5 ki
TR AT S5 T AU AR 25 R ST s
(i) A5 X A SRR B BB VR A A T 0 Sk i S 36 rhom]
DA R IK 97% MY IERRR e 2 41551,
IR RPN FRAL, 220 45 /N A 5 A
SRR R HLTE 24T 55 19 43 28R P AR 43 S
AR 69% ; Tt R S5 R 323 [ B Hilbert 55
RN SR ] ALAE 20 JEAE 55 v 1 e AR A 2
91% , (HSZ I 1 60 Mg FEL AL AR, , B A S
AR PN B, R PR A 5 KRR 1 T M1
SERIH T 4 A B AR 43 BT | Fisher 11095 A1 52
Frm AL T T 253 84T 55 WA AE , B vE R a0k
FT 86% AEAH T 60 4 Hitk , BB R 24, k=
SR

B —BE R R B AR SCR A T /N
A3 AR AALER R — X 22 2 TR ARE 20T g H A5 5 2R A 7 R
R ESREL, B JF LR 15 5 2 i ol 24T, R HL
T AL B HURARAE , 705075 18 T 18 sh ARG ik FL A
5 FRRE AR P , S0 FH N TR 28 D 286 %o B2 B Y
FRIEHEAT 02 b, A — eSOk th i 3k
BT RAFARER (A A2 20000 SRR 5T 4
DKL 2R (RS2 ], 0 BT %) G P S A7 A 25 5, ke = S —
P XELIAS 5 B e g 5 . IR, AR Sl
FH“BCI 1V 58 2 th P2 I 1) S HEAR E £ 4l Dataset 2a
XPEESAT T Sk, O 53R AT LA AR AT I
B A SRR A SRR R B R A 25 A
T

2 HiERE

2.1 /NS

I AL 5 f# (Wavelet Packet Decomposition,
WPD) & 78 /N 28 He (Wavelet Transformation, WT)
R B OIS B RS0 i S A T . /i
A n] LIS & AT SR i Ak 5 2 R0 A (e 1R 5
b B —E ny A, H2, /NER e HO2
XHE S BARARR 73 HEA T 53 Ak 55 LAY, T /N ipt 72
FE TG SRR o) BRSNS SO0,
SEAR T /NI AR ) [ A SR PRI N AR
BRI 2R PR S WU 315 555 T DL T
SUFA I AT

ANBEA S3 iR A TRGE U B % b, (n e Z) FlE i
WIS g, (n e Z) XA AR ARG 5 1 TR I, H
g, =(=1)h,_,, “HNIERSER . IEAERE KA
& (£) F/ N PR EL o (1) TG 12
b(W)=V2Y, hd(2-k)
e(1)=V2Y, &b~k

R N AERAB A — M A SO IR S R R
B (0) F/NIEREL @ (1) IR Ry () FEREO
e R R g o (1), RUBE 1 1Y 1E 58 RUBE R EICR
N R R o (1) Rl () W CD) FE R 2
ISUIE- v F

(1)

fo(t) = V2 Y kit o(2t = k) 2)
poa ()= V2 Y g (2t = k)
XF R 7, e nl AR 2R I8 A0
P (1) = V2 hyps 1, (20 = ) )
Binor ()= V2 gy, (2t = k)

Horp, B R, R/ NIRRT @ (1) B/ AL, 8T 1
N =R INB AL I R 7S B A
2.2 FEEER

s fa A= (Common Spatial Patterns, CSP)

[00 |
0,0

[30] [30] [32] [33] [34] [35] [36][37]

1 N IE

Fig. 1  Wavelet packet decomposition diagram




R

JE— M LR )3 S AR RN LA SRR R SR IR L T
T RAES IR T RIFRIRCR . CSPAERY )RR
J il BTt A [ g g, —2RA5 5 M7 2R K
&, IRl 55 — 2R 055 19 75 22 fe MK, SR BUX 73 2
B IR L RAAE o AEZ 3 28R, AT DU — %)
Z 1) AR SR R 1 — 532 CSP Rk ik AT e, Bk
ALK 22605 5 i — SRy ot — 2, HoR e )
Gi—AE R I3 AL B ARV AR R A 24K
S K38 — PO Y CSP AFAIE B UL A

fBBE X & KN R NXT B8 i R IR IR I A5 5
Horb N BRI A5 5 I, T RS R A X,
VA — A T 22 HE R R -

R - XX
trace( X, X[")

PO 3 S AT 55 b IR G S (Rl B 5 22 6 R T LAt

EN5F

(4)

=R, +R,+R,+R, (5)
Hr: R VR, Ry R, 53 M F2m X N 2032 s A A5
S Z LR AR B )y 25 R . R4
FEIES ] LAAS 3] -
R=U\VU! (6)
Hor: U, 7R RIWFHIE 0] &, V 3R R W RHEE
W XPRRE(EHAERE v EA TR HES , IEXT U, #4740
NV, PR TR
P=ViU (7
X P4 AT 55, — X 2 CSP B IEAE T3 ik
5 IR SE BRI K b — 2 AE S A Dy i,
R =RAE TR 5 —25, LA R, FEHEM Ty
], 53 —K R W LRI R
R =R, + R, +R, (8)
S R R, 0 -0 7 25/ IF R
R, R, SRJ5 X 34 #E4T IR AR S T 15 .

=l 5

)

Sl = PIEP;F (9)
S; =P R P}
SrRIF S, RS FEA TR 0 «
S, =UV,U"
10
{s; =UVvur (10)

Hrb.v, MvigRe v, + v =1 BEHEET LT
R
W, =U'P, (11)
[R1FE, R X5 N A5 R0 o] LATHAE R

T ORES T I AHLRS IS Sh AR 1 S R B T 33
W,=U'P, (12)

R ERED Gl nEys MUYV SR
Z=WX i=1,23,4 (13)

SR IE S Z,(=1,2,3,4) % B
I m AT AT DAL B —1~37 A0 DU 2 CSP 4RI H2 B A
A N=dm 47 BRI AT AR

U(LT(ZP)

z:: var (zq)
2.3 AT HZER%

N T2 W 2450 i 22 AR T A R . 22 0T
BT S —Fh AR Lt 0 (5 B AR B A5, 254 G 5] 2
ivays

/= p=01,2,---,N) (14)

f0)

K2 ok ssi e

Fig. 2 Structure diagram of neuron model

o xy, o x, APRATC I I w5 . . w, NIEFE
K,y MR TE L fCo) it sR g, A RY Y
i 4y

Yi =f(2_;l:1wijxj) (15)

P22 285 A 45 Z2 RPN s, b R i Y
JE I &G A (back propagation, BP) ™,

&1 3 SRy BT I 1) A%k 118 BRGS0 J2 o 22 I 2K 45 1
Hr X, X, SR Ly, ey, I AZE
2R

JLT BP UM MR IR T B o S0k, o
> BE R 3 R E AL B RN B el A R PR 43 o AE TE 1]
TeRE AR T, Bl 22 W 285 A M55 20t 45 38 2 15
B\ 2 AR R S AEAS 0 A B Y, ) Bk
GEO N T T 2 R A R A
Z YR 22, 5 B B AR T I 2% 1) SO 1) o) 4
2845 R AU AN (A T IR 8 R B b/ ME iR 22 1Y
H g,



34 T NRGHAR

553 %

AR

i patt

Fu =

LR

» ¥ »

E3 BPM LA

Fig. 3 BP neural network diagram

3 WEMETIE

BEXT U AT 55, 1 JE R — X 2 CSP 3 A
s AN E U, SR [ ) 1)y 22 e KAk, 485
R 15 5 X 43 BB AR [0 1 . PR T8 AR
G 5 i B B T Y A (8~12Hz2) Fl B 1k
(14~30Hz) , J5 1 B4 A HEL A 5 T 325 T 0 12 A3 XoF iz A
WA L, A SO Jofdi FH WPD B3R it R IR (5 5
1530 A gl (5 2., 85 i FH CSP 3Rk $2 LS
AT 1 0 LA, B (o RN T I 2 A 7 4
R AR A 4R

HAAERN .

IR 1 AR 3~6s I R BE A Al L5 5, P HE

JELE G P

BB

EEZERETTE

| cspasism | [ coppies | e

liEARES e
K4 Frkiiirer
Fig. 4 Algorithm flow paradigm

U 2 8~30Hz (T 5 5 135 ShAH G T 55 E 4
T 3~6s, w19 HEFN B I A 2231 ] 32 %2 F 8~30Hz il
GHSPR

ABR 2 Ad ] WPD XN AR FEAR S T 20 fift S5 o
I e S NPk R VSN ON Ry = o7

AR 3 X o ik R AT F — X 2 CSP AL
PEATRAESR I, VE R 2 25 1A 5

IR A KR 3 AR B RRAE ] S A P2 R 2%
AT B IE 45 A AN A, 52 B2k 5

WS i IR A 2 3 IR SE AR U AT A B
SR I i AV I () 40 28 W 8 A5 B e A 40 e

4 KBWERKS

4.1 LHEHE

AR SR B E [ “BCT V™, B 4E 1 Graz
University of Technology #£{it , 243 & 9 A~ 2 & /Y
V07321 S AR RN A5 5, PUSE 5523 30 B A
F AT OBUEANE L o B EEE AR H
FESE PR S, B SRR A 288 4 LI K ,
PUz ShAR AT 55 5501, A 21 S B i R A i 7
P IRIE 5 A S5 CTR

P
YL E Ha

| | | | |
0 1 2 3 4 5 6 7 8 tls

RIS ek wy R

Fig. 5 Flow chart of experimental paradigm

FH B FAS 5 SRR W S B0 A A 22 R
PR E WA 6 T o A IR SR ABESI % 2l 250H
fdFH 0. 5~100Hz [ 38 B8 % 25 4 SR AE I R 4R 15 -5 0F
TR o POHE S0 B o3 VR R I A 5
FEAS Wi FH AN, J5 4 F AR E0E
4.2 S

ARSI WPD il CSP 3 vE B A H U HL (S 5
R, T ZE 0 CSP AR A R e £ m A ff
N T AR 28 AT 2R B, FH TR 45 1
BHLE T 25 25 IR TR] 75 B0 S B2 1 il 22
TN BAR R IE WAL RECGES 8L ANEISHL



o RRAE T ML 2 Sl ARG LA S B S5 35

@0 00606

O 3@ ®Cz® ®c4®
ONOROCNONE

Fl6  H BTN I G 10~20 KLI)
Fig. 6  Electrode position diagram (follow 10~20 rule)

YRR 235 M B A A S B 4

iz SR N LA S A R B B T T A (4~
12Hz) F1 83 (14~30Hz) H , 25 FE 2 PG4~ 5 3 1) ity
T RS 38 AR SCHR IR dba” /INEAE SRy /N il
RN, AT 5 2/ NB AL A3 il SRR T 4~32Hz 11 81
FHOCFHT HEA T e S R e

CSPRERFIE R m — ML BEREAE 2~ 12 Z 1], S i
FE B G AR m , 5 1 22 IO B 25 ) B 2 R AU
25 B2 1A 2T BCE 2 T 100, 1E WAk R0 &
70 1, &5 m, W] Kappa {EASAL U 7 FTR

Kappa

K7 AR m AR Kappaﬁ

Fig. 7 Kappa rates with various value of m

4 CSPEL B RFIEE m o~ 6 B} Kappa (HEAL
TERSEL, SR G X G W 4 G A UEA T R T
PR B2 R B2 A 2 on B L TE L R
B K dropout JZH1H H

B E B2 A 22 08U 100, 1E AR 2R K0

0.8

07

0.6

05

04

Kappa

03 1

021

0.1 [

0
1 2 3

EZ%H
FE8  AIFIBZEER Y Kappa (B

Fig. 8 Kappa rates with various number of hidden layers

0. 1, JC dropout J22 , SLHR 45 KK 8 Fraw , il LLE
FUZECE M 1B, HAT ALY Kappa fH 0. 72,

B RIZEBEBE R, B2 2T E R
100, IEWIFE R R 0. 1, B dropout 22 1 S 0JH 5
T 0~0. 5, SLE 45 KN E 9 iR

08

0.7 [

0.6 [

05

0.4 |

Kappa

03 r

0.1 0 0.1 0.2 03 0.4 0.5 0.6
dropout

E9  AN[A] dropout 280K 43S R

Fig. 9  Kappa rates with various parameter of dropout

Y dropout ZEH 0. 4 B}, i)t Kappa {4 0. 73,
B E % S, B E IE AL RECH 0. 1, BRE M Z T8
FI A 18 775 3 % 8 S 50~250, 55 56 45 L 4 10
Fi7s o

FZ R s 28 H R 100 B, 45 & Fe L) Kappa
0. 73, [ HAMZSHC, a9 B4k 52 8, 24 e
T ZRECH 0. 18F, Kappa fH 4 0. 735 4 1EN{L RECH
0. 01 B, Kappa{E4 0. 70
4.3 ZHER

TEPE“dba” /NBCEE R BUHEAT 5 2/ N i L 15



36 TR G H A EUREC
08 2 L g5, AT LARH 4R o 28 M HER R, 5 BCT TV

Kappa

50 100 150 200 250
(Gl EE S EE|
E10 RRBEZ508 H 1 Kappa 8

Fig. 10 Kappa rates with various number of

neurons in hidden layer

B CSP R RFIEECH 6, 156 FH 2R B2 4 28 W 45
J o2y RIZM TR | IE WAL R BT dropout
SR MR 100.0. 1.0, 4, 78 FE SR 4R il 52
AL RN 1R,

F1 SLRERA L

Table 1~ Comparison of experimental results
Tl AR H14 H24 34
A01 0.73 0.68 0.69 0.38
A02 0.48 0.42 0.34 0.18
A03 0.74 0.75 0.71 0.48
A04 0.48 0.48 0.44 0.33
A0S 0.42 0.40 0.16 0.07
A06 0.41 0.27 0.21 0.14
A07 0.63 0.77 0.66 0.29
A08 0.76 0.75 0.73 0.49
A09 0.64 0.61 0.69 0.44
T 0.59 0.57 0.52 0.31

ARLE A ORI Rk S SR 3 A4 B
A WERR A LR B AR A 3 BN W] A $E T, k5
TSR AR

5 &

Bt Xz S A G AR 5 AR 22 23 S R T
il DX 73 BEAN iSRRG JEE AR TR, AR ST A 1 /s
PR AR LA 5 AT T 2200, M —
Xt 22 CSP KX 70 i B 1 A0 EA TR Ak S B, )
R 2R AT 026 . BRI SLIR AT R R
W], ek B/ INBE L3 JR 8 CSP Y m S BRI

Ta R A FE MR R B LA ZUR XS e rh B T AR
SCOTERAHANE . AR SCHYSE X T T s 3h
RGN AR5 A AL 1 il LA A S, R
KGRI LR R GE TR B A T IR A RIS

2 % X W

[ 1] B, £70. HE T U5 TH A 28 160 25 ) i - AL 1 B
5 [1]. RGTEAR, 2007(19) : 232-233+249.

[ 2] National Research Council. Opportunities in Neuroscience for
Future Army Applications [M]. Washington: The National
Academies Press, 2009.

[3] AR “WALE O HOR AN ()] BHEAE, 2016
(26): 193-193.

(4] B8, R, R, 55 . INHLER 4 SR S 7=
JEFIRTSELT ). FEBRHE, 2013(6): 14-18.

[ 5] Pfurtscheller G, Neuper C. Motor imagery activates primary
sensorimotor area in humans [J]. Neuroscience Letters, 1997,
239 (2-3): 65-68.

[6] Zeng H, Song A, Yan R, et al. EOG artifact correction from
EEG recording using stationary subspace analysis and empirical
mode decomposition[ ] |. Sensors,2013,13 (11): 14839-14859.

[ 7] Moulin P. Wavelet thresholding techniques for power spectrum
estimation [ J |. IEEE Transactions on Signal Processing, 1994,
42(11): 3126-3136.

[ 8] Nicolas—Alonso L F, Corralejo R, Gomez—Pilar J, et al.
Adaptive semisupervised classification to reduce intersession
nonstationarity in multiclass motor imagery—based brain—
computer interfaces[ ] ]. Neurocomputing, 2015, 159: 186-196.

[9] LuH, Eng H L, Guan C, et al. Regularized common spatial
pattern with aggregation for EEG classification in small-sample
setting [J]. IEEE Transactions on Biomedical Engineering,
2010, 57(12): 2936-2946.

[10] Subasi A, Gursoy M L. EEG signal classification using PCA,
ICA, LDA and support vector machines[ ] |. Expert Systems with
Applications, 2010, 37(12) : 8659-8666.

[11] Gholami D M, Wang G, Kasabov N, et al. A spiking neural
network methodology and system for learning and comparative
analysis of EEG data from healthy versus addiction treated
versus addiction not treated subjectts [J]. IEEE Transactions on
Biomedical Engineering, 2015, 63(9): 1830-1841.

[12]  BRit. CSPRIEAELAT S T B i B A ki~ HLHE 11w i
[D]. BiE: HBR, 2010.

(13]  FE &, 2207, Z2erer, & P -J-2s s a8 5
AR SRR IO EDFE [T ], AR B2 TR ARG, 2014
(5):955-961.

[14] iy, voakd, £48 . MRiE ML E SRR IS
SRR L) ] TR (T2 R L 2012(2) 2 156-162.

(151 Jor, XUZER], WA, 45 T ML R ik iy AR R 3



R

o RRAE T ML 2 Sl ARG LA S B S5 37

[16]

[17]

[18]

[19]

[20]

[21]

PUILI] TR, 2010(10) 2 51-56.

Ocak H, Loparo K A, Discenzo F M. Online tracking of bearing
wear using wavelet packet decomposition and probabilistic mod—
eling: A method for bearing prognostics [ J . Journal of Sound &
Vibration, 2007, 302(4-5): 951-961.

Shi L C, Li Y, Sun R H, et al. A Sparse Common Spatial
Pattern Algorithm for Brain—Com—Puter Interface [M]. Berlin:
Neural Information Processing. 2011.

(S N1 RE SN L EY S ) G s T sl o J oA E A sl o
HEPIBEEE T ARG, 1994(5) : 249-259.

Lippmann R P. An introduction to computing with neural nets
[J]. IEEE ASSP Magazine, 1987, 4(2): 4-22.

Ding S, Yu J. An optimizing BP neural network algorithm based
on genetic algorithm [J]. Artificial Intelligence Review, 2011,
36(2): 153-162.

Wang L, Zeng Y, Chen T. Back propagation neural network

with adaptive differential evolution algorithm for time series fore—

casting [ J]. Expert Systems with Applications, 2015, 42(2) :
855-863.

YEH A -

a FORE(1994-), B, WHFIAE, EE
BFFE 5 1 h AL F1 S ML

HAE(1988-), W, it BhHEIR, =
FIRFFE 7 [ A HLES AR RERE S I L gL
AL RIS 5 5 o

Hooi(1971-), B, W+, #kz, £
FET R =l S PR e S5 L 2R R
HIRRG AN ERER | 2 K b— R R G 50HT
S EEtiE




$3EE 1 T ANBRGHF AR Vol.3 No. 1

2020 4 1 H Unmanned Systems Technology January 2020

[GIARK] Z%F#, AT, KR, £ REXFEZR S CEREELT]L TARGHA, 2020, 3 (1): 38-47.

REXFEHES ESINER D

FEE FERT OKRENG, SHES, x O #H'?
(1. JEat B TR TARE, d6at 1000815 2. KATassh fi2p S 2R SR B i 9848, bt 100081 ;
3. dEE LS LR KA Bl 5 TR A E, dbat 100191)

8 E: fNES R E R RIS IMNE Z 2530 2504 i R 0 AR A B 0 2 S 3 vk R i )
L, OJFRT S ARG RS ERE BT T AR 2% (CFD) BB T ko . IR A WIE IR
R, W 2RI (VMS) 5 5)75 Smagorinsky KIBBAL (LES) HERAIZE S, #2788 VMS-
LES i BT o B 2T RANS J5 35 F LES J7 75 i A = Flam i A AR XS L, A PR T 4O . S a0 il =F 5 i
6: 1 F AR QXA [) 1)t DA TR AT T X BB AIE . 255 R LES J vk Tl 45 4 5 S0 i 45 R A e, T
RANS 71, JFRER /S WP shany, M4 nY VMS-LES A5 GE % TR Al 14 3R S2 96 A28 rh IR 2 19 VR .
R A VMS-LES BT 3 HAV 5 238 HAV 547 T sh a8 0, JFIFIE T AR CE < stk
HIsgm . Z5RR, PRI LA — RS ZUGRAHEAER, RBEARI ST 0 R T .

KR AR IR JRACAE; RPN, RANS; HE LES ik

FESES: V211.54 XHERFRIRE: A XEHE: 2096-5915(2020)01-0038-10

Aerodynamic Performance Analysis of Hybrid Air Vehicles with
Large Reynolds Mumber

MENG Junhui'?, LI Moning', ZHANG Lanchuan’, LV Mingyun®, LIU Li'?

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, China;
3. School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: In view of the problem that the large size and complicated aerodynamic appearance of hybrid airships
making it difficult to accurately measure their aerodynamic performance in wind tunnel test under existing conditions , a
numerical analysis method of computational fluid dynamics (CFD) for aerodynamic performance analysis of hybrid airships
is developed. A combination of the variational multiscale method and the dynamic smagorinsky model is investigated and
three other different turbulence models of RANS methods and VMS-LES methods are compared for this study. The
validation of the turbulence models is carried out for a 6: 1 prolate spheroid because of its similarity of Reynolds number
and abundant experimental data. Results show that the predictions using LES methods express better agreement with the
experiment than the RANS methods and they can display more flow details. The combined LES model can capture a
secondary vortex which is effectively observed by experimental studies. Aerodynamic performances of the winged HAV and
multi-lobed HAV are carried out using the combined LES model at last. The effects of different components on the
aerodynamic properties of the HAV are studied. It can be seen that the tail adds the aerodynamic lift as well as increasing
the drag,because of the interaction of first and secondary vortex generated on the fin surface.

Key words: Aerodynamic Performance; Turbulence Model; Hybrid Air Vehicle; Vortices Prediction; RANS;
Combined LES
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Underwater Terrain—Aided Navigation Method Based on Gaussian Sum
Particle Filtering for AUVs

HAN Yue'?, CHEN Pengyun', SHEN Peng’
(1. College of Mechatronic Engineering, North University of China, Taiyuan 030051, China; 2. Modern Education Information Centre,
Taiyuan Tourism College, Taiyuan 030032, China; 3. National Deep Sea Centre, Qingdao 266237, China)

Abstract: Aiming at the need for accurate navigation and positioning during long—term submergence of autonomous
underwater vehicles, a multibeam sounding system is used as a submarine terrain measurement device ,and an AUV subsea
terrain matching navigation model based on Bayesian filtering is proposed. Aiming at the problem of solving the Bayesian
filtering posterior probability density function, a Gaussian mixed density function is used to approximate the state of the
posterior probability density function, and a seabed terrain matching navigation method based on Gaussian and particle
filtering is proposed. The playback simulation experiments based on multi-heam sounding data show that the method
proposed in this paper can effectively approximate the Bayesian filter model of terrain matching and has good practicability.

Key words: Autonomous Underwater Vehicle; Bayesian Estimation; Particle Filtering; Gaussian Sum Function;

Terrain—Aided Navigation; Playback Simulation
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Summary of the Development of Unmanned Undersea Systems in 2019

WANG Yalin, LIU Duqun, YANG Yiran
(Beijing HIWING Scientific and Technological Information Institute , Beijing 100074, China)

Abstract: This paper analyses the development of unmanned undersea systems in major countries and regions in the
world in 2019.Firstly, the strategic planning of unmanned undersea systems released by United State and Japan is studied.
After that, the development of unmanned undersea systems in major countries and regions is summarized. Then, the
development of key technologies for unmanned undersea systems is summarized. It shows that the major military powers in
the world continue to promote the capacity building of underwater unmanned systems from the aspects of strategic planning,
equipment development and technological progress, and comprehensively improve the level of undersea autonomous and
cross—domain cooperative capabilities.
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A Survey on Brain and Cognition Technology

ZHU Cuiqin
(School of Computer, Beijing Institute of Technology , Beijing 100081, China)

Abstract: Brain and cognition aims at processing information by leveraging neural morphological computation. It is
regarded as the most direct technical route to explore and realize artificial intelligence (AI) , and meanwhile it could
provide basic guidance for the research of artificial neural network , because the inborn structure of human and animal plays
a decisive role in their skills and habits generation. This paper reviews the recent research and achievements of brain and
cognition technology, and looks forward to the future development trend. It mainly includes three aspects: the research and
application of bionics has improved the Al system, and the reconstruction of complex neural networks and circuits in the
cerebral cortex is the focus of current research; pulse neural networks are considered as the inheritors for current deep
neural networks; the development of brain computer interface technology presents a non—invasive trend, and speech
synthesis for patients with language disorders has become a new research direction in recent years.

Key words: Brain and Cognition; Bionic; Neural Mimicry; SNN-Spiking Neuron Networks; Brain Computer In-

terface; Artificial Intelligence
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