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The Eye of Unmanned Systems:
A Brief Analysis on Techniques and Applications of Computer Vision

ZHANG Dan' *, SHAN Haijun', WANG Zhe’, WU Chenwei'

(1. Zhejiang Lab, Hangzhou 311121, China; 2. York University, Toronto M3J1P3, Canada;
3. SenseTime Group Limited, HongKong 999077, China)

Abstract: Computer Vision ( CV ) refers to the ability to give the machine some visual insight, especially the visual
perception and recognition. CV is one of the most important research direction in the field of artificial intelligence ( Al) ,
and it mainly includes two research directions: image understanding and video understanding. This paper mainly reviewed the
research progress of computer vision from the above two directions. In the field of image understanding, the research status
of image classification, image object detection, image segmentation and image caption are reviewed. In the field of video
understanding, the research status of video object detection and recognition, video object tracking, video action recognition
and video caption are reviewed, and the research directions in their respective fields are prospected. Finally, the applications of
computer vision in intelligent medicine, public security and automatic driving are briefly introduced.
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Abstract: With the continuous improvement of intelligence, the requirement of depth estimation is becoming higher
and higher. Lidar and stereo vision are widely used, and good results have been achieved. However, limited by the weight,
volume and cost of the sensor unit, a new research idea has emerged gradually, that is, precise measurement of depth
information using only low—cost monocular vision. Firstly, the characteristics and shortcomings of the existing methods of
extracting depth information are analyzed, and the research significance of monocular depth estimation is given. Secondly, the
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analyzed.
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Fig.4 Deep neural network architecture: the numbers in the convolutional layers denote the number of channels
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Flight Principles and Research Progress on Vertical-Perching
Micro Aerial Vehicle ( MAYV )

CHANG Min', SUN Yang®’, BAI Jungiang’

(1. Northwestern Polytechnical University, Unmanned System Research Institute, Xi’an 710072, China;
2. Northwestern Polytechnical University, School of Aeronautics, Xi’an 710072, China )

Abstract: Nowadays, there is a growing need for micro air vehicle ( MAV ) for both civilian and military application
due to its small size, low cost and smart adaptability. However, mission endurance decreases due to reduction in aerodynamic
efficiency and poor battery energy. Inspired by flying animals like birds and bats, perching MAV is a bionic multi-mode
platform which can fly, perch on the surface or crawl. Perching and crawling consumes much less energy than flying so that the
mission endurance extend greatly. Perching MAV usually perch on vertical surfaces such as walls of buldings and tree trunk. In
this paper, the characteristics and system composition of common perching is summarized and flight principles of three kinds
of perching MAVs are introduced in detail. Based on these three kinds of perching mechanism ( microspine, collapsing truss
grasper and dart perching ) , the process of maneuver of landing, perching and takeoff are investigated respectively.

Keywords: Micro Air Vehicle; Bionic Multimode; Perch on Vertical Surface; Perching Machnism; Microspine;

Collapsing Truss Grasper; Dart Perching

ek HIP: 2019-01-03; &R HIY: 2019-02-08
FEWH . EHE R ) ((18-H863-03-ZT-002-018-03 )

22 | EARGRAR



1 35|

i’

WALTE AHL ( Micro Aerial Vehicle, MAV ) BA
AT REDN AR TR
TERJUFZER BN 2 . TERM I, s
TEAMLAT APA TR S 1% . PR R R AR ST 55
TEZES T, PRI AL V2 3 4 T i S 2V
FIPERCAOBE . HE S AR S, S AERIm
T, ARG B DSR2 P (] F) i 2%
SR, O PEHRRS PG ITRE SR S5
1 LR Ry /N B TE APLI PERE S 5L
Ho Raven ' R BB T/ TSI S
Black Widow ">’ 2}y 3& [ i 18525 ] HFH A 32 15em
T2 BMOR RAT 8%, DelFly 11 70 220U K
R MAV SEE 2 i R B3 KAT 8%, Black
Hornet -+ A FLIR A &) FOR B L, Spark 5 oLk
] A A ] 7 T 2 B TE A B 2R RS

x1 AFFHNITEAPLRGXS L
Table 1 ~ Comparison of different MAVs

Black DelFly Black

LR Z A S Raven Widow " Homet Spark

FE% Kl B T 2% W hE

25 I (e e eI

ATERAT RDEI REDER MR HTHL 2
] /min 60~90 22 10 20 31
P ES /km 10 2 EN 1.6 18

B fmes” 10~22 12 0~7 0~6  0~20

HE/ (HR) m 14 0.15 0.28 0.168  0.143
JFeh: kg 1.9 0.060 0017 0033 03

MR AT LA s /NBY [ 38 RAT R A1 iR AL
iR . 2 R REIR IS B LRI By, )
TR/ G A K AT HE, T RO I AL
PERE, RGE/AN, RATISE B e s Loy
B, LS5 IFIARSE . 3% B2 fa] R AT A B EL
WG IR K, WOTE AN B3 i B A= SERE T,
FEUn B T A AR BB R L W el S M X
S S it BE S T T, 4 ORI R AT 55 I [A]
OB AT e MO LA 22 AT A i HL A —
FERY L, PRALEE LR M R A R R, A

I2019/@

w43 TV 5L BE ) A9 R JE A HLEAT BE g 132 FR R
FARIS, WA & LB R L, e ik ek
PRI T R B s, RS S
gk, AR O

WIE JE AL R TJE A HL S 15 e e AT L #%
NG S, BEE R IR H &
Gt LR, 1R —HERERE RAT SRERTE 1
AR OISO AT BE . 5 B R BE T2 B Y
Cory 15 Moore & 775 1071 iy bt 2645 ( powerline )
WLEIT IR R G0 . e B R 0 4 5 R
P20 % (BDML ) f9 Morgan ') 25 Ji& 1 i
155 T 1 ICAT 19 e 3 I AHLSCAMP ( Stanford
Climbing and Aerial Maneuvering Platform ) fff 5% .
BDML ) Alexis 7" S5 JFJ#é 1 S (I . 55 33 1104 7
(YRR E AU . I KA 58K A9 Dino '™
S 1T OB LR i 3 7 4 B A B R JE A
BURD T % 0 B3 SRR T2 B (1 Mirko 55 1
KBTI ( dart ) 4 AZE TR SEITC AN LHE IR, .

2 HBTERESRSEN

2.1 BHEUFERE

WG| L RSN EOE: b s oS B o 1 = e
1R

‘
N o

"

“ My

[T

BE IR

K1 MR R
Fig. 1  Artistic representation of perching
(1) BE R
WL TEANUAE K e B b, DU EE AL RS
R SN RS ST 1] K RS

Unmanned Systems Technology | 23



Yl EAZZER | BARHR

(2) 4

U RE TR R A B A — R A, WEEALE)
TR AT, T ANLFRENE [, PR E
TE MR A AW, SR A8 Bl BE g 34 ok 552
PRV, A 3 2ok A e R AR A A A 1
B, (AU fA RS fa 0 T . TC AMLLARAR Y
TRATERE . HEIT 90" AARFAN # LA K ASEARG A8 R4V £ 32k
JEHE TR, SCOUSRIINEE . X TR AT
P, TEABUIRAR AR R I oL, FEfG— B,
A B LRI T R LASE IR ] A

(3) EBLzhHERE

ITE AL |- 355 BE S 4y 5 Je FF— R A HILAL K
B, UG R A S T B . AR A
IHERE ARG B ) # R A], 25 50K

(4)5°¢%

WiEZE AT, AT FRHE A RATRS . MR 4
PEREOBCmL, JE AHLRI AT 8 e 1. ) 3
e, TAMLT RIS, Y CHLLE RS A 3
2, fempeg st BRI, EHI T
UK IE R €A T . WS TC AN TAE TR & 2
Fi7R

W R e B
[ R
16 of 3 f
T TTETS
2 AU LLIEEER S

K2 AT AU R
Fig. 2 Flow chart of perching

2.2 RGHEK

e (AT S JC A ML R GE 2 A 3 B 5 AL Bl
AT B AR AP, B AN 3
7R o

e AR TC AN T AR Z, flin, Ktk
e WA, OB, B DRER . BESD . WA
W15, % PR EEN ARG, P e
R =AM FAEEIC AL AR

24 | EARGHRAR

T L AL
RGN
[ ciirn] | maa |
s
‘ i
wafema | PRI R
[ FERHLE |
| eeepern || et
R4 B
LA
YL (e EEREE
i Y sonme preTT—
FoCHE

K3 R ANLRGLR
Fig. 3 System components of perching UAV

3 iR

3.1 HRKE

PR 528 AT A SRR SR R e,
A A A 1 A RDRE UKL L, REDAE FORE X R0 £ 1
P I3 T il i 7 v sl A A A S A e
JEREE RIS . OB LS I TE 4 B 7R

EE%‘F’&

I Sl BhZE

iR i £
Faet” |
4
ok .;‘ ) 2
': »
- L
il
pes FOL

4 oo

Fig. 4 lllstration of microspine

OB R AR BN P S R, 3, 4 D)

] e BHLJE ARS8, T LR Z2 D) 1) 3 o oK f) i
e, 5OEm R ERL e RGE, HLAZE )4

[9]



JEE BTl A By oy A
BT
W
OB VRS
PEER GRS
IR RSt

R
s ok B JE AL

Fig.5 Artistic representation of microspine

PROBRAE W BE S A v, 52 SO A9/ ] 7 8>
VA 10 S50 T B PR A e — R, AR S
R . 308 X RO 2% L A F S
it N BEFLE R YL, S SRR KW,
Wl —WZ . BeRrtE T, Blosz 204 )
H5HSUBIEMK, HABBKR, 855 3%
R, e Aaps 251 BRSO 14 B R AT R .
RV RN, RGP LB B, W
IR GRRL, e gi e, FERLF R R RER
FERS AR /I, A A i BELJE SR B N D) i AT R
{EPES R NS = €01 E GE (A PAR: NI R 1)
S AR Y R R A R, AR A T . WARSR ]
JEAR FEAE L e SR B URS PERELIE ,  BE8E RHJE P15 137
BAHE, I HARMEB S HEEHE SR 4 PR
FEHLHI S S5 —E, ARG — DB RIS R

[9]

WLERET M, BRI T RO 32 T,
PR B SE X OB 2l ) 2 R P R AT 20 B o SROBRCT
VR A b 32 2D 1) 75 32 100 748 1Y DX SR B oy
FRF1f0, WP 6 s dEm I afE, £z
APE I A JE AP B S . DI1a) Jp o IE{EL, o
M2 BB 05 M AE R T

OBV T sk m 1 f, I 1/, £,>0
PR IS HOBOEAN BB IR, >0 RWRUIA T
MRS wknl, BRSOV TUE, ROV EGAE
iz A s TCAMUA T B RS, Y o B

I2019/@

T b
EERH
ﬁ<\\4mmt Q_EA
S

6 R A B i
Fig. 6 Limit surface of microspine o
TR AT 5 2 P 7 R BEAT B o A A i SR
R2PR,

K2 OB I 24K

Table 2 Constraints on spine forces

FAl 2y i I
JEHE T S < wuh £<0, £,>0
[iEPi] S, <alf, £>0,£,<0
i3k N TR H]

X BRI - 1T A S SRR BEAT M, n] AR
It 188 2 1 I — A -

(1) PBORER I, OS2 7 A, &
Bk 159010 )3 P AEDEE BRI Hh 2 it 5 o

(2) s Fpad K, AT ROASTE A5 A0S A8 U
{3788

(3) WORRAE P T RORAE, SRS fih
KT B, SEGEIE

IR Al - 1Ty 794 2% 320 53¢ a2 M0 el 23 240 SRCAY
PTG, e e XA 2 4 X H 2
XN A RLEIE O T, MR 2SR B IR R i A
BRM ., Z i h2x BB IR R R, 2 OB
8 T 42 fi O MR AR T R E Y . AR B L RE
UERE R, BAESEPrRh AR Z W R, 1]
i, ORREURL AR 3% A 0 AR BEHLAY , T RE K
32 BT A QLR BERLAY , O T R R 21 ol
B NI, WTRCRMZ RO HE, BEA]
PURZERMSSd s, XTI A T
TR feh, A RnERmE s, SHE
WA, I, FTA RO A TR BOA B 5l

Unmanned Systems Technology | 25



Yl T )\EZGER | BARAR

AR RE R TORE - 3RA5 A FH 0 A1 DL S R
R4 f e fh e e, HEORAIETE A ML B T A5 9%
B0G, TN R ZJa il SCImE. .

ENEE AR SRS TR WS N i £
S HHRERBOHIR], AN [R) Z A7 T W Ao 2 25 AL ]
b B, A PR I, R T ) ) A )
I E A iE . MR EE AR, 2 R T AN
AV R RAE AR AR, 8k T
BRI

OB B RE A A2l L 4 Bk T O AE e
i A b i 52 20 ) Bl 28 A BE A5 2 T A 20 R
Tl ARG O ( RATH A DL RGE o
BUESE ) N, BOMRY 3h S 80 W TR R RS
(SR AIBHJE R o PRI, 6 T AR X OB i) S
eI, I E TR ARG RIS Tk . e
ORI S 20 &1 7 frs , R AR B an 4] 8 Jir
N LR E RS R R o= 2 S R v K v I V= g
TR WIA, 5 Zms H B Eh IERT, PR g
M 2RI, MR R, SRAGA
By e AR, PRI AR 22 S ]

W KA s s, Frig A4 A %
M2 AR, BE T2 R Y J AT TR
BN W, W, UEHLERhZ RN AL 2y
a2 Ra,. a, PATHEE TR R E
for LULCHATRIEE BT R R 10 BT
B BN SRR S KR, P A A2 S 7
R, JFBAA R R, i IS i
Sl FIBELE 1 SRR A, AN R AR =R
PESCHERF o3 PR Gy, — R0 S AR R AT i 4 1
INIMA, 55— FR o T ARG S AT, 3l s
THE W ARE .

SR ARG 3 DAL ALER R
Chip ). #4715 (knee ) AR U545 15, Cankle ). P
SCEEFT . ARFEEAT (femur ) RIS SZEEFT (tibia ).
AR OC FIR v 8 AL R AT EAT IR, SEBERIEE
FBHJE , i EARTR I E IR, IR T A
BRI, KB IHLE AR X A BRI
AT PR A AL G032 A RE Hh B RO i o R AT R

26 | EARGRAR

AR
o ﬁ?ﬁ%@ﬁ ;
\' e 2 170 SN

R A T

K7 OB B 2

Fig.7 Compliant leg suspension of microspine o

Y
K18 OB B 4 PR Bh g e

9]

Fig.8 Dynamics model of suspension

SRS R SRR SEAT th THAR R, A
Ui VN BRI, PRIHah 207 RS it I E
1117322 $2 MR 2 w15 e B s AR IS R AT 0 T A A 2
WA

rER LBl RE R, AU JC AL AR RE
T HIRGE PO L, S IRES SRR,
—IEHEIEAE TR, fih Ak AR, IEYIm
RS AL R YT Sy, S BRI F- 1f A 2
Wo Pt WL A A A 2 A A e B ) RE
i, M A SRS S e Rk, LS xR
ey, RN AL S 1 S AR T,
ORI 52 B 3 A BR A i AT, R DRV S
W B R AL S 2R, (A
A A I ) 26 ol o 8 5 AV o JHL b
S, RPHLERAL SRR A RAT R 1 ZOR AR, H
Fil o] R gl T PRI

33 §%

SRR 9w, Had AR G 20 Y
RAEFE B, AN w7 5 K R 1
AR



AR AR RFLE130°

ARAE1R0°, WRALIE N AT

o 4 ks
Fig.9 Multiple exposure photograph of the takeoff sequence

(1) oo

OBALA I 10 fs, SEH)E, e A ek
Wedii, $ERF S HIERE U, AR SRR, fd
PGB B BT, L RZY0.15s I, ICIC A B
AR 0.6cm.

[17]

E10 oo
Fig.10  Spine detachment '

1

(2) B

KAE BRI EXEE, BREE N RNE
A . (A2, AN B 20T 5 83
S BNZFH R T, RERCTHE . IR RIS A
ERAT, B EE AR R AR AR, X PR R
A AR AT, A BB E R .

(3) 5 &l

MEH R R, e Pe i Uma, AR
S O T TR, LR/ NT L, B
TN ST IEN T, 2 TRk e . e
W2 G, 0.15s NICIZ G @i, Rl RiEE L,
WihAYES, AR 11 R

MM R KA, METH KA 248
AR T HE T, AT DU L AR, SO 180 1R %
[IF]EH AR . S by CHL R RE

I2019/@

W FE IR BS R B fi=0°
READ£=00° vt FE 13000k it £

HEE /N T, BIEREFE300
AR

| At>2s
W Il o Uy
|ar>0.15-0.25¢
HEE LR T
[Ar>0.05s
TR Il e B
|

WLIE 3 <A

LN RS
Fig.11  Flow chart of takeoff 7!

flR—2t, EJRn] DAAE BE % A s ] HL S S el
WA BT &HRRMARIL, —BERRM, AT RISE
AL AR WRE, TREShR . GOk, AR
& Rl s B T, — LR, Hs B A
MR AR 2 e A AR, DRI AN ESR i L]
PATER/INE T R BE, S B ome, IR K
EE L, PEARITIRE.

4 {FERIHE

PlOBGE RIS T B — e MR i i, {2
BEXf— SO A, B, i R HEA
oo O HE R AT B R AR R R P AR O
Dy, Sy B FERE D, WG T 2Rl
REfE S S Al

4.1 WMBRXE

P A= e A 28 B ] DA T e AHLI A S,
wmE 2, 13FR. WA TR RS EA, 7T
FIF A B 1 B 5 RE 1 KA R B RE LA . AR
&, WME4. 15FR . B AMLp Y A SR
e, BRI N R, R bl R R Ak o B R
(AEE, I REBTETEBIRA, IR M AL
6177, DAYERFP 8 Bk m Ve 4.

Unmanned Systems Technology | 27



Yl EAZZER | BARHR

K12 s py Ak e s S
Fig.12  Quadrotor Micro Air Vehicle hanging from a glass

surface using the directional adhesive Collapsing Truss Grasper

~ 7
NI filidee=

P13 FT s A0 2 A B sy
A ) Schematic showing functionalcomponents.
B) Device in locked state ( grasping a surface )

Fig.13  Collapsing iruss crasper.

AR S AR

[22]

K4 bk
Fig.14 MAV pivot linkage grasper

A AR gl iR ﬂfﬁ%wﬂ%
R 14— i it 1
_—
B. ELHU S DIk T

v

1S Rl s Je i psny
Fig.15  Simplified model of gecko—inspired biomimetic

adhensive |2’

28 | EARGHRA

4.2 tHSRE

5 Az i AXTC AU S R B 2 i 16 Firs
PRER N whdy O, R R LR S -5
PIta i n BE A LR RO FERLAE I . AR B
A e it iU 1) 7 v [ s 7 A e 400 1 AR AR
J1, RAPLENEY I, A RE R e 3 b
RMEIAA —E R ABE, b iR
R o

)
XFFFE ﬁ —

SR ™
7'13{':7 Y4

i
Yy off

HTHHES

L —
WaichE
e Eg — m o
& i

16 (iRE AL TN B ot i 2

Fig.16  Illstration of functional principles

(1) X S

T NNUTE K HE T, 0] BE -5 2 AT —
s . L, JEABLE S ff B A 5 PSR i 52
2R e T AR N 7 A ) R S B0 B e O X
FFIE

(2) iz nh

oo P P FE R 2 490 U H2 fih 5 i 6 1
UCHAES T AR I,  WRACRE B B BE ) R T Y
RNV B ASCRE B I AR VR T, R e A
SR @ tesh, mEEd R, AR A,
S AR, ANRElE L R TR

(3)H i 71

1 B IE [ 45 T 0 0 F AN REGE LR, BRARA
Iy A e IERR DT 0o NI T RERS SE LA
SMRUI I 1 S OL T AR, e ATKEE R GEAR

[22]



B A MR T

i —E BHUBES R, R LURE et i A A
MAFA VI T, (HRR/NEGE R, 2 G
BURWL, Zahet nl LIBORE il sl B Aok,
AR, TRVERTRT Ik B —F S, FEhn
BZHT, PO R EAAA S R e, A,
EIHUR AU R 16 1 TR PRAIE R 18] 7 SR

(4) RGHE

— NG A T U gy, OF Hoeb i it
HNERGEN T REIRER, Rt ABUE
A, LAOREFDIIE Jy, XA i P i i v i A
BRI

(5) P

PR AR, il T AN REMER Y K 0 K1
I H BB Al — 2 Bt , s A ik iR fE
G5 i, B2 5 DR Bl m AR s . &
GEAR LY N Yk GE R — E W, JF HAES L fx
BT B T, 97 AR S B A X A A
BEHA B3z )y BIRGURB . e, A ek
DT ARG AR AR T H AT

43 EF

YWLEER, IS EE A S Y e
NHLE RS R . AT ZATIFBUE LI, I s
TR, k1) -5 3 i 2 (8] AR EAE R 2 A
Ko FAGEARIRERAS 2HESN IC AN S R 75

K17 52 iR
Fig.17  lustration of resuming flight

5 FRIZHAER

5.1 MRXE

T8 SIS HE T 2% 8% ( EPFL ) 3% H an &l 18 i
= FhaE R Se I AT IR R,

I2019/@

rd 4] e

K18 &bl
Fig.18 Ilustration of dart perching e

75 5& AR IR RHARS AL Ay Be ) 9 20 51 RS,
AR SR VA W SRS vl oy, RERARAE, i
SR VRS, AZEST S X e R, A
REARUFRURIA, BRI [RIRE, 7SR ABCAHZE
oy, Prl AR e D R . BBEMAY A
BE N 20g, Ll4m/s B9EE ®IT, FH AR
B Imm, B2 I RZ 0 160N, XFFE
IHLEE 3R T S o AR Y o 7 5 B AR Y
BEE A LTI A AR TR S TR I s I o
WM, BEERIAGRE, A5k Al IR
AR R R T AR o J7 58 CHERL T —NHH A S A
A, T AL A, SRSl SRR,
APE BRI TR PR 1] /T, R AR . = Fh
T SRR L AnER 3 s

R3S R R LR

Table 3 Quantitative comparison of three principles

PERETEAR FRA H%EB HEC
Hi 5 3 4
NG 4 2 0
e 2 2 5
TR 4 2 3
SHE N ] 1 4 5

SME: 1-5, FoRdEtrih S EIL

J5 58 CAHELRTPIAS R A R0, AR AE
FH 3 ml DA ik i 56 ) R R ) B R R K . ik
TR B AT DAGE Ao 2 TR K B R AR DR ik
NP R BT EE R AR ) o HBSTE T,
BN, (IS5 EARXS R ALk,
J7 %8 CHP A E R4 an & 19 Fos .

5.2 WMERE

BRI S AR AN 20 Fron . 18] Ca) fil &2 B
e, Hm)EA2sh; B (b)) AR S R

Unmanned Systems Technology | 29



Yl T )\EZGER | BARAR

- = i
Rt

B9 EFRIpLARSS R e

Fig.19 Device of dart perching [19]

20 ERRIRE R
Fig.20 Illstration of dart perching :

19]

MRy RS, AGIRRE, S T AT 50
Bl Co ) RIEE AT, AR Bl T 3 1f 8] A9 A0 EL A
71, R Z G e A o v ARORIA T Y S AR
s B (d) TN SRR, BEA
PR

PP T 42 i 0 B A Rk T LA A4 g, (]
FORROE A B2 . O TR W, &
PR R MAV BFrsz 201 1, B ANLShRE>
10m], ABRBEETRIBE T ES  2mm, AR AR e
MPEI 12958 5N, HOR/NESE A A I 1 28
fiefts, W T REEREITAIME, XA L]
o sk, I IRATAT LAY, BHRIAYRE ) 2
MG ) R

53 &%

WLEEE R, O ALK sh A2 S lilnl,
Bl SRy B . B A BRI T BN,
JIr LA AL Bl m b 75 A B A AR 4R i Sy, A ]
K SOOI 1 R i el o Wi lnlZe iy Re i ), 2

30 | EARGHRA

FILGE L AR AW T8, 7555 — B ek iy W
VERIR #E AU I 0, SR b AL S0,
B A AL PR OB Y, T AL e T

6 & it

AR A 4 3 TG S JC ALY B
iR T FSNE R0 e e e A e L P SN
SRR R, PR EYLSIEERE . 2K, S
2T 3R EZANE T RO, e B
il WA BRI L 1By S IVAER TN SV AR AP 9
s, AHBESETT

(1) 7ERLLREOLT , Mot nl REAR 24, ik
B, WAEGE IS AT LR
SRR MRSy T RE, e 1K
e K T EA R AR L S R AT LSl AR LA
2 /AT, HAERERD, DAIMTRRHERAT S5 i)

(2) SR A SR L B e - 1) LA B T I
e, MeimnA R fos e, ARk I T
PUIR MBS R, MR BT i
A GRS, TR RO N IEAE, AR
S . TCNAUIRAD A A WG R, A 5 A D
/NEF S TE AR T A R I T 69 R 228
FIRGPEREL ) RSB B A R g

(3) Wome= O 838 1 T BoA — 7 KRS 2 ) o
1, 27 R REIESE, PR A BT T LUK
BRI B Rl Ol o 28 R AR T AR I AL
SURKFETLTEAE Ty, AH LU RO 388 25 e it A
A AP RPN RE ST o ARV SR S 1 R B AL
S AE, P TR ATERI A TR, (HOR A
NANBRAFRE BRI T

(4)BFFERM, AR Z R A I WK I T 5
TGS, SEOCAPLL L ald B AR R
P S0 5 2 ) A2 SR AR RGO T 0 P e A%
AN, AR TR R

(5) HATE A S B R 2RO, R
KR DL E S S E, e AL 1 n]
PAHEATICET, LUETEEE H O B ALEFIT5 1]



2 E X

Aerovironment. Raven RQ-11A/B Datasheet. [ EB/
OL ] .2017 [ 2019 ] . http: //www.avinc.com/images/
uploads/product_docs/Raven_Datasheet_2017_Web_v1. pdf.
Grasmeyer J, Keennon M. Development of the black widow
micro air vehicle [ J ] . Aiaa Aerospace Sciences Meeting &
Exhibit, 2001.

Groen M A. PIV and force measurements on the flapping—
wing MAV DelFly II- An aerodynamic and aeroelastic
investigation into vortex development [ D ] . Delft University
of Technology, 2010.

FLIR. Black Hornet PRS Datasheet [ EB/OL ].2018 [ 2019 ].
https: //www.flir.com/globalassets/imported—assets/
document/black—hornet—prs—spec—sheet. pdf.

DJI. Spark User Manual V1.6 [ EB/OL ] .2017 [ 2019 ] .
hitps: //www.dji.com/spark/infot#tdownloads. pdf.

Zhang H, Jackman J. A feasibility study of wind turbine
blade surface crack detection using an optical inspection
method [ C ] . Madrid, Spain, October 2013.

Joseph L. Moore J L. Powerline perching with a fixed-
wing UAV [ D ] . Cambridge: MIT Computer Science and
Artificial Intelligence Lab, June, 2011.

Moore J , Tedrake R . Magnetic localization for perching
UAVs on powerlines [ C ] . 2011 IEEE/RS]J International
Conference on Intelligent Robots and Systems. IEEE, 2011.
Desbiens A L., Asbeck A T , Cutkosky M R. Scansorial
landing and perching [ J ] . Springer Tracts in Advanced
Robotics, 2011, 70:169-184.

Cory R E, Tedrake R. Experiments in fixed—wing UAV
perching [ D ] . Cambridge: MIT Computer Science and
Artificial Intelligence Lab, 2008.

Cory R E. Perching with fixed wings [ D ] . Cambridge:
Massachusetts Institute of Technology, February 2008.

Cory R E. Supermaneuverable Perching [ D ] . Cambridge:
Massachusetts Institute of Technology, June 2010.

Moore J, Cory R, Tedrake R. Robust post—stall perching
with a simple fixed-wing glider using LQR-Trees [ J ] .
Bioinspiration & Biomimetics, 2014, 9(2).

Roberts ] W, Cory R E, Tedrake R. On the controllability

of fixed—wing perching [ C ] . Hyatt Regency Riverfront, St.

I2019/@

Louis, MO, USA. 2009.

[15] Pope MT, Kimes C W, Jiang H, et al. A multimodal robot
for perching and climbing on vertical outdoor surfaces [ J ] .
IEEE Transactions on Robotics, 2017, 33(1): 38-40.

[16] Roderick WR T, Cutkosky M R, Lentink D. Touchdown to
take—off: at the interface of flight and surface locomotion [ J |.
Interface Focus, 2017: 1-15.

[ 17 ] Desbiens A L, Asbeck A T, Cutkosky M R. Landing,
perching and taking off from vertical surfaces [J ] .
International Journal of Robotics Research, 2011, 30(3):
355-370.

[ 18 ] Mehanovic D, Bass J, Courteau T, et al. Autonomous
Thrust-Assisted Perching of a Fixed-Wing UAV on Vertical
Surfaces [ J ] . Living Machines, 2017: 302-314.

[19] Kova& M, Germann J, H ii rzeler C, et al. A perching
mechanism for micro aerial vehicles [ J ] . Journal of Micro—
Nano Mechatronics, 2009, 5(3-4):77-91.

[20] James L, Tangler J, Kocurek D. Wind turbine posi—stall
airfoil performance characteristics guidelines for blade—
element momentum methods [ C | . Reno, Nevada, 2005.

[21] Deshiens A L, Cutkosky M R. Landing and perching on

vertical surfaces with microspines for small unmanned air

vehicles [ J ] . Intell Robot Syst, 2010, 57: 313-327.

Hawkes E W, Christensen D L, Eason E V, et al. Dynamic

surface grasping with directional adhesion [ C ] . IEEE/RS]

International Conference on Intelligent Robots & Systems.

2013.

[23] Hao J, Pope M T, Hawkes E W, et al. Modeling the dynamics

of perching with opposed—grip mechanisms [ C ] . IEEE

International Conference on Robotics & Automation. 2014.

[24 ] William R T, Roderick W R T, Jiang H, et al. Bio—
inspired grippers for natural curved surface perching [J ] .

Living Machines, 2017: 604-610.

EE &N

g #(1986-), B, HiE, SHEILENF, LEHEHA
H B BAN R EL Tk,

o (1996-), B, AAE, ZTZHRT @ AL E AT
B,

G455 (1971-), %, #Hd, #x, TEHETE A T
BRI E R AR,

Unmanned Systems Technology | 31



Yl T )\EZGER | BARAR

AN ImPAEHE ST HIRA
AR R R EEE

FHE, RMERAC, FXE', BRF’
(1. PEIE T R ARG ARG, PE4E 7100725 2. Pt Tl R2Emi K2#b%, 7642 710072)

 E. ZTAVGRATEEE AN A TR BE AR BB T PGS HFE AR, [ NS E 2 TN
B4 BN TR ) 4 ) o B R FHAR SO T )V Z R ARIBESE, A I R4 ) 4 Co TRl R ) 22T AL 4 BN sl s
il [P BT S T —2e iR . EE M T3 BT I Dubins B8 42 = AN THIA 24 T B0 ALk 5 4%
HIEAR, XS R AL, $ T et vk . FELSEnt [, SO 2T A4 Bk R 55 42 il £
ARFTEAMMLRI BT REHESAT T L5, &R RS . e, XFZ2T0 AN BAEE RS K il & e fa#iatt A 7
T, JEERH T R AR A 7

KEEIE . ERFRRE; 2NN PEEES; aBARERE AN 5 ML Rl

FESES. V279 MNEMFRRE. A MERS. 2096-5915 (2019) 02-0410-07

Research Status and Development Trend of Obstacle Avoidance and
Control Technology for UAV Formation
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(1. Northwestern Polytechnical University, Unmanned System Research Institute, Xi’ an 710072, China;
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Abstract: Multi—-UAV formation cooperative control technology is the hot research issues in cluster intelligence direction in
artificial intelligence, domestic and foreign scholars have made extensive and in—depth research on the theory and application of
multi—-UAV formation cooperative control, and as the core issues of collaborative control, the research on multi-UAV formation
avoidance and control problems has also achieved some results. In this paper, the single unmanned aircraft obstacle avoidance
and control technology is summarized from three aspects: artificial potential field, speed obstacle and Dubins path. Aiming at the
deficiencies of each algorithm, some improved methods are proposed. On this basis, the multi-UAV formation avoidance and
control technology and the anti—collision between UAVs are reviewed, and the advantages and disadvantages of various methods
are analyzed. Finally, the development trend of obstacle avoidance and control of multi—-UAV formations is analyzed, and
feasible solutions and methods are proposed.
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Multiple UAVs Cooperative Area Search Algorithm Based on
Centroid of Voronoi Diagram

ZHU Li', FU Xiaowei’

(1. China Electronics Technology Group Corporation No.10 Research Institute, Chengdu 610036, China;

2. Northwestern Polytechnical University, School of Electronics and Information, Xi’ an 710129, China)

Abstract: In order to reduce the environmental uncertainty of the whole mission area in the shortest time and improve
the efficiency of multi—-UAV cooperative area search, a new cooperative area search algorithm based on the centroid of Voronoi
Diagram is proposed. Firstly, mathematical models are established and search effectiveness evaluation indexes are designed.
Then, according to the changing environment information, a Discrete Combined Partition and Search ( DCPS) strategy is
proposed, which uses the centroid of Voronoi Diagram to guide UAVs movement. Under this strategy, the mission area will be
re—divided into Voronoi Diagram in each step of search, which improves the search efficiency. Then, the influence of sensor
detection radius constraint on search algorithm is studied. The simulation validates the change of search efficiency of multi—-UAV
cooperative area under different conditions. The simulation results show that the DCPS strategy can guarantee the robustness of
multi—-UAV cooperative area search and reduce the environmental uncertainty of the whole region as soon as possible.

Keywords: Multiple UAVs; Cooperative Area Aearch; Centroid of Voronoi Diagram; DCPS Mechanism; Sensors
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Patent Analysis of Bionic Propulsion Technology of Unmanned
Underwater Vehicle

ZHANG Mingyu, LI Feng, ZHOU Peng
( Beijing HIWING Scientific and Technological Information Institute, Beijing 100074, China )

Abstract: Aiming at the global patents of bionic propulsion technology for unmanned underwater vehicle, combining
with other information such as scientific and technological literature. This paper analyses the patent application situation,
technology field, patent layout, research and development institutions of major countries in this field. Meanwhile, it analyses
the development of bionic propulsion technology for unmanned underwater vehicle from the perspective of patent, with a view to
providing reference for relevant institutions. The results show that this field is in a period of rapid development, the number of
patents is growing rapidly, the number of patents from Chinese applicants is larger, but the quality of patents is far from that of
the United States and Japan. The United States, Japan and other countries have patent layout in China, in contrast, Chinese
applicants neglect foreign layout. Universities and research institutes should attach importance to the research of flexible driving
and intelligent materials, carry out patent layout ahead of time. It is vital to expand cooperation between industry, University
and Research on this field, then eliminate the industrialization gap from China and developed countries.

Keywords: Unmanned Underwater Vehicle; Bionic Propulsion; Flexible Drive; Robotic Fish; Fishlike Robot; Patent
Analysis; Patent Application; Patent Layout
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A Survey on Edge Computing

GE Yuetao, YIN Xiaotong
( Beijing HIWING Scientific and Techonological Information Institute, Beijing 100074, China )

Abstract: Edge computing is a novel computing model after distributed computing, grid computing and cloud computing.

This computing paradigm operates computing on the edge of the network. Because it provides intelligent and interconnection

services nearby, edge computing could meet the key demand of the industry in the digital revolution process. This paper reviews

the recent research and achievements of edge computing, and the future development tendency is then prospected. Firstly, the

definition of edge computing is summarized, and its advantages in data security, interaction delay, bandwidth cost are discussed.

The rapid development of edge computing has a synergistic and mutually reinforcing relationship with many frontier technologies

and applications. Then this paper analyses the development tendency of edge computing from three perspectives: edge computing

twines together with cloud computing, becoming the key to the realization of intelligence Internet of Things (10T ) ; the further

development of edge computing needs the support of artificial intelligence chip; the commercialization and acceleration of 5G

provides new opportunities for the development of edge computing.

Keywords: Edge Computing; Cloud Computing; Artificial Intelligence; Artificial Intelligence Chip; 5G; Internet of Things
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Analysis of the Application Prospect of SG in Driverless Cars
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(EO Network Technology Co., Ltd, Beijing 100020, China)

Abstract: With the development of 5G technology and the automotive industry, driverless cars of 5G—based have recent
years, it has received special attention from the government, media and related companies. At first, this paper gives a general
overview of the development of 5G from two aspects, including the advantages of 5G and the three major application scenarios
defined by the ITU, including enhanced mobile bandwidth, ultra-reliable low-latency communication, and large—scale
machines Communication. Then, the second part analyzes how 5G is applied to the driverless car field and briefly explains what
the current related companies focus on. The research has shown that the current 5G application in the unmanned field is still in
the testing stage, and it is expected to realize large to scale commercial use of specific scenarios in the next 2 to 3 years.
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