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Review of Blockchain in Internet of Vehicles

LANG Ping, TIAN Daxin, LIN Chunmian

(School of Transportation Science and Engineering, Beihang University, Beijing 102206, China)

Abstract: In view of the challenges of security, trustworthiness and data sharing faced by Internet of Vehicles (loV)
systems, blockchain technology is introduced to enhance the security and collaborative sharing capability of 1oV. The
overview of blockchain technology is given from two aspects of features and technical architecture. Combining the fea-
tures of decentralized storage, consensus-based security and data immutability of blockchain, the complementary ad-
vantages and research status of the cooperative application of blockchain and edge computing are discussed. Then, the
application direction and current researches of blockchain in loV system are analyzed from the perspective of synchro-
nization, security and data sharing. Finally, the development trend of blockchain in IoV is pointed out that the future
blockchain technology will promote the evolution and development of 1oV from single vehicle intelligence to group in-
telligence and from single point traffic control to regional linkage control from the perspectives of vehicles and roads.
The integrated application of blockchain and 1oV enhances the security and data sharing of 1oV, which will further pro-
mote the deep integration of automobile, transportation and communication industries and accel erate the devel opment of

loV technology.
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Trend
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Abstract: Vehicle localization is the basis of many intelligent traffic applications, such as vehicle navigation, path
planning and vehicle platoon. The existing localization method based on multi-source with vehicle on board sensors
cannot effectively solve the vehicle localization problem where satellite signals are not available, such as in urban can-
yons, tunnels and overpasses. A comprehensive review of vehicle cooperative localization technology is presented.
Firstly, the key technologies of autonomous vehicle localization and their main application scenarios are analyzed. Then
the vehicle cooperative localization framework is studied and data association and multi-source data fusion algorithm
are analyzed. Finally, the future development trend of vehicle collaborative localization in the internet of vehicle envi-
ronment is given. The research shows that there are still many key technologies to be broken in the research of
high-precision and reliable localization, and the collaborative vehicle localization in the internet of vehicles environment
uses wireless communication to realize the dynamic interaction of multi-source sensor information, which provides a

new solution for the research and development of intelligent vehicle localization system.
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FANG Jianwu?, JJA Hao®, ZHU Chen', WANG He', XUE Jianru?

(1. Lab of Traffic Vision Safety Research (LOTV'S), Chang’an University, Xi’an 710064, China;
2. Visua Cognitive and Intelligent Vehicles Lab, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: With the rapid development of autonomous driving and computer vision, more and more afforts are be-
ing made for traffic safety research, among which pedestrian crossing detection in driving environment is one of the
most prominent problems. The field of pedestrian crossing detection is reviewed, and its future research is prospected.
According to the three stages of pedestrian crossing process-crossing intention, crossing behavior and crossing predic-
tion, firstly, the crossing intention including three aspects: human posture, data-driven and Gaussian dynamic model is
reviewed. Secondly, the tracking frameworks in crossing are discussed. Then the pedestrian crossing prediction works
based on trgjectory prediction is summarized. Finally, some new research perspectives including multi-sensor fusion,
vehicle road cooperation and vehicle Internet are summarized, and some suggestions for the future development of this
field are put forward.
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Coordination Trajectory Planning of Wheeled Robot Using Relaxation
Sequential Convex Programming
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(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Aiming at the problem of multi-agent coordination trajectory planning in threat environment, a method
based on sequential convex optimization is proposed for wheeled robot. Firstly, through the analysis of the wheeled ro-
bot kinematic model, the actual input constraint of wheeled robot is given. The state variables and control variables are
weighted as the cost. Secondly, a honconvex cooperative trajectory planning problem of multi-wheeled robot is estab-
lished, considering kinematics constraint, obstacle avoidance constraint, actual input constraint and terminal constraint.
Thirdly, the noncovex problem is covexified, and it is proved that the solution which satisfies the convex constraint also
satisfies the original constraint, and then the convex subproblem is discretized and relaxed, the sequential convex opti-
mization framework is adopted to solve the problem. Finally, the efficiency of numerical simulation is compared with
the existing nonlinear optimization solver. The results show that the relaxation sequential convex optimization method
can ensure the optimality as much as possible and greatly shorten the calculation time, which has a certain engineering
significance.
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Resear ch on Congestion Characteristics of Vehicular Ad Hoc
Networksunder Limited Node Cache

SHAO Yanmin, ZHANG Peiyu, ZHOU Jianshan, TIAN Daxin
(Beihang University, Beijing 100191, China)

Abstract: As a novel type of mobile Ad Hoc Network, the Vehicular Ad Hoc Network (VANET) has become an
important component of the intelligent transportation system. Currently, many researchers have been engaged in the re-
search on the congestion of VANET. However, few of them have noticed the practical problem of limited cache of mo-
bile nodes in VANET. Therefore, the congestion problem of VANET under limited node cache is studied, and the data
packet delivery process in the network by designing a multi-hop routing strategy is optimized. Simulation results show
that the multi-hop routing strategy proposed in this paper can effectively reduce the delay and packet loss rate of the
communication process in VANET. The increase of the node cache within a certain range can improve the communica-
tion capacity of VANET. The number of data packets processed in VANET can be increased by 1.1 times through in-
creasing node communication radius or data packet delivery capability. The research methods and conclusions can pro-

vide reference for designing and optimizing VANET for future researches. Studies show that there are still many tech-
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nologies in the research the congestion problem of VANET under limited node cache that has not yet been broken

through. The multi-hop routing strategy in the context of node cache limitation optimizes the data packet delivery proc-

essin the network and improves the efficiency and reliability of network communication.

Key words: VANET; Multi-hop Routing Strategy; V2V ; Packet Loss; Network Congestion
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Abstract: Synthesizing the continuous path under signal temporal logic specifications is a challenging task result-
ing in computationally demanding methods. A destination backtracking planning method is presented which is an ab-
stract-based method for continuous-time systems. The planning method consists of an offline construction phase and an
online planning phase. The offline phase constructs a rapidly-exploring randomized tree backtracking from rational des-
tinations under the guidance of timed signal transducer. When there are enough sample points, the online planning phase
uses Model Predictive Control to drive agents to leaf nodes. Through the proposed planning method, the state space ex-
plosion induced by the product of the finite transition system and the automata of STL is avoided. The proposed method
reduces the online planning time to less than 1s. Compared with the Mixed-Integer Linear Programming and the Bayes-
ian Optimization, the proposed method is more effective and can be easily extended to multi-agent collaboration.
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Abstract: Overall analyses of the research and review papers, patents related to the intelligent navigation technol-
ogy about unmanned vehicles are made. The data from 1990 to 2020 are selected. The publication status, development
trends, country/region distribution, organization distribution, publication distribution, highly cited papers, citation fre-
quency and research topics are analysed. The status of patent application, patent application time, country/region distri-
bution, patent holders, patent research and development hotspots are analysed. The research results show that in the field
of intelligent navigation technology for unmanned vehicles, both the United States and China are at the forefront of the
world in terms of the number and quality of patents and papers. Research hotspots in this technical field mainly focus on
navigation systems, navigation satellites, inertial technology, geophysical data, autonomous vehicle navigation, autono-
mous vehicle positioning, lidar, position data, neural networks, target tracking algorithms, sensors, convolutional neural
networks, Automated driving, etc.
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Fig. 1 Thedistribution of papersin intelligent navigation technology for unmanned vehicles
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Fig. 2 Thedistribution of papers on intelligent navigation
technology for unmanned vehicles by country/region
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Tablel Thedistribution of global research institutions in intelligent navigation technology papers for unmanned vehicles
Herp PEH B WIEE ] 55 14t X
1 Beihang Univ JE T = A R K 2 89 i
2 Chinese Academy Of Sciences ERESE R 7 63 ey
3 Natl Univ Def Technol B B K 2 57 T
4 KoreaAdv Inst Sci Technol i = AR R B 54 i
5 Harbin Engn Univ MR TR K2 48 H
6 Nanjing Univ Aeronaut Astronaut B LT AR K 46 i
7 Nanyang Technol Univ [FIRESLIMIp N 41 B
8 Beijing Inst Technol bR T ok 2 40 R |
9 Univ Sydney e K% 40 WK FI W
10 Carnegie Mellon Univ R B R 2 37 FH
1 Natl Aviat Univ Ly 50 22 H S K 37 555
12 Natl Univ Singapore Bk [ 52K A 36 IR 4
13 Northwestern Polytech Univ PEAL Tk k3 36 L
14 Cranfield Univ Pt Ve N 35 e
15 Wuhan Univ Technol E) LN 33 w
16 MIT JR A HE TR 2 32 [
17 Univ Calgary R BLK % 31 JIEDN
18 Harbin Inst Technol W IR Tl K 29 H
19 Politecn Torino HR T K2 28 BKH]
20 Univ Chinese Acad Sci HpE R R 28 T E
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Table2 Thedistribution of papersin intelligent navigation technology for unmanned vehicles
Hoy A Rk YA RICER R
1 Proceedings of SPIE SPIE 21 208 2
2 Sensors 1R %A 143 BT
3 International Conference on Unmanned Aircraft Systems WG e 97 2
4 Journal of Intelligent Robotic Systems BEEPLI N RG] 96 W1
5 E:]og(ixre]z((jeirr;gsspcl)fE The Society of Photo Optical Instrumentation LA TR 2 2 T 68 3
6  |EEE International Conference on Robotics and Automation  |EEE #L#% A5 A 31k [ PRl 60 2
7  IFAC Papers online FAC Papers online ] 1 57 HHH
8 gﬂﬁgjggyﬁggﬁggﬁﬁzmwwm“ ER LRI S S SRR 55 i
9  IEEE Access |EEE Access i Tl 51 BT
1 Issliirlnréternanonal Conference on Intelligent Robots and |EEE S BEHLIE A5 2 45 [H bR il 49 P
12 Oceans |IEEE |EEE i1 431 46 E
13 Journal of Field Robotics WFAMPLAS N1 ) 45 BT
14  International Journal of Advanced Robotic Systems [ R S HEHLAR N R G 1) 44 1)
15 Remote Sensing 1 I 42 W7
16 |EEE Aerospace Conference Proceedings |EEE it %5 23 106 S8R 41 Ea
17  Chinese Control Conference r | s i 2L 36 2
18 IEEE ION Position Location and Navigation Symposium IEEE ION {8 . & 5 M2 34 2
19 Mediterranean Conference on Control and Automation HirpofE LA A B k2 34 2
20  Lecture Notesin Computer Science THENLEF R 33 2
143 G Jo N G F R RE S LB AR B 53 08 1) SCHR SED VT DI RIS S48 IR 3 o A 4 R 4
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Table3 Thehighly cited papersin intelligent navigation technology for unmanned vehicles

HY =4

AR FUBRER B %X

Behavior-based formation control for multirobot teams'”

1 Balch, T; Arkin, RC

Mahony, Robert;

JiE: |IEEE TRANSACTIONS ON ROBOTICSAND AUTOMATION #:14, 1534 |
:6, Ti:926-939, HfR4F:DEC 1998

Nonlinear complementary filters on the special orthogonal group'®

2 Hamel, Tarek; Pflim- >kJ&. IEEE TRANSACTIONS ON AUTOMATIC CONTROL #::53, #:5, Ti: 730 AR
lin, Jean-Michel 1203-1218, HiREAE: JUN 2008
Lalonde, Jean- Fran-  Natural terrain classification using three-dimensional ladar data forground robot
cois; Vandapel, Nico-  mobility!
3 |as Huber Daniel E.: sy ; ) 229 F I
'as; Huber, Dani€l = Sk Ji: JOURNAL OF FIELD ROBOTICS #: 23, §1:10, 11:839-861, ifi it 4:0CT
% 2006
Hoy, Michael; Mat-  Algorithms for collision-free navigation of mobile robots in complex cluttered
4 veev, Alexey S.; environments: a survey”! 162 W T
Savkin, Andrey V. kJF. ROBOTICA %: 33, #:3, W:463-497, M4 MAR 2015
Bloesch, Michael: Robust Visual Inertial Odometry Using a Direct EKF-Based Approach!™!
5 Omani, Sammy; Hut- k. |IEEE/RSJ International Conference on Intelligent Robots and Systems 146 Hi+
ter, Marco; 4 (IROS) 2183 5 Hamburg, Germany, 2:i H : SEP 28-OCT 02, 2015
Liu, Z_hixiang; Zhang, Unmanned surface vehicles.: An overview of developments and challenges™?
6 Youmin; Yu, Xiang; . . . . 140 JIEDN
2 SJH . Annual Reviewsin Control #::41, 7: 71-93, HJR4F: 2016
hgeﬁelei ;-bho[]ﬁi/ln} Autonomous Ground V ehicles-Concepts and a Path to the Future!*®
immelsbach, Mi- . , " v
7 chael: Wuensche, kU : PROCEEDINGS OF THE IEEE #%: 100, $§F:SI, 77:1831-1839, I 4F: 124 |
Hans-Joachim MAY 2012
Toward reliable off road autonomous vehicles operating in challenging environ-
ments*4
8 E(;Itlg(,)gllgnAzr%ijtentz, KU : 9th International Symposium on Experimental Robotics (ISER)Zs 13} 50 o7 £
Omead: % ’ Singapore, SINGAPORE 2:13 H #1: JUN 18-21, 2004; INTERNATIONAL
JOURNAL OF ROBOTICS RESEARCH #::25, #]:5-6, Ii: 449-483, i }fi4F:
MAY-JUN 2006
o gaeem V\/\\I/aSIYf Ir'win,  COLREGs-based collision avoidance strategies for unmannedsurface vehicles®® 8 LB
Agﬂ;?e 5 rend HRUE: MECHATRONICS #:22, ]: 6, ##T: SI, 51:669-678, i Mi4F: SEP 2012 h=
Terrain traversability analysis methods for unmannedground vehicles: A survey!*®
10 Papadakis, Panagiotis >£i: ENGINEERING APPLICATIONS OF ARTIFICIAL INTELLIGENCE 63 =il

%:26, H]: 4, 7:1373-1385, Hf4E: APR 2013
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Table4 The citations of papersin intelligent navigation technology for unmanned vehicles by countries/regions
[ % X P ISESEIE e i BT AR
BT IR IR HErP T Y5 IR IR HEp
1 USA 1029 4812 2 4.68 16
2 China 856 6791 1 7.93 2
3 South Korea 246 1075 6 4.37 17
4 Italy 199 1130 5 5.68 12
5 Australia 184 1184 3 6.43 9
6 Germany 177 975 10 551 14
7 England 171 1149 4 6.72 7
8 Spain 138 1023 8 7.41
9 France 132 1027 7.78
10 Canada 125 1003 9 8.02 1
11 Brazil 105 432 14 4.11 18
12 India 104 589 11 5.66 13
13 Singapore 83 453 13 5.46 15
14 Japan 75 539 12 7.19 5
15 Russia 71 239 19 3.67 19
16 Poland 70 420 15 6.00 11
17 Portugal 62 381 16 6.15 10
18 Ukraine 54 7 20 1.43 20
19 Mexico 50 325 18 6.50
20 Turkey 47 331 17 7.04
#5 NG HEREFHE AT ) 7341 1 5
Table5 Thedistribution of research directions in intelligent navigation technology for unmanned vehicles
HEF WFFE 7 18] KSR
1 Engineering Electrical Electronic AT 1642
2 Automation Control Systems ERsIK i B3 906
3 Robotics Hlas NHAR 856
4 Computer Science Artificial Intelligence THELENAE N T g 735
5 Engineering Aerospace LIRS IS 465
6 Remote Sensing IR 423
7 Tel ecommunications HAE 378
8 Instruments I nstrumentation INE I ES 340
9 Computer Science Information Systems HHEHEFFEERS 271
10 Optics s 235
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Fig. 3 Thedistribution of patentsin intelligent navigation
technology for unmanned vehicles
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Fig. 4 Thedistribution of patentsin intelligent navigation
technology for unmanned vehicles by country/region
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Fig.5 Main patent applicants for intelligent navigation
technology for unmanned vehicles

SHFEARBIHEE S, LHHIFRZE LT

6 AL R REPAEA T 2L AR5 S

Table6 Details of main patent applicants for intelligent navigation technology for unmanned vehicles

Herp HLH L ) R 3 I £ (] HLFG P sSaviLE T 5 AFEL R R T
1 Mobileye Vision Technologies Ltd 2014—2019 4 4k 143 96.50%
2 Zoox Inc 2015—2020 4 Ak 109 80.73%
3 Caterpillar Inc 1990—2002 4 Al 106 0
4 Uber Technologies Inc 2014—2019 4 Al 100 95%

5 Ford Global Technologies LLC 2013—2019 4¢ Ak 83 89.16%
6 Gm Global Technology Operations LLC 2011—2019 4 4lk. 71 94.37%
7 Here Global B V 2014—2019 4 Al 64 70.31%
8 Wipro Limited 2017—2019 4 Ak 57 100%
9 Waymo LLC 2016—2019 4 Al 50 100%
10 Walmart Apollo LLC 2016—2019 4 Al 47 100%
£ 7 PELRENE ST
Table7 Analysisof Chinese patentees

Herp Gk 4 ) R T AT S (] BUFS P BT R I 5 AR A B
1 IR =R ECR BRA 2016—2017 4F Al 14 100%
2 DRI T RSB A H RO BRA 2016—2018 4F Ak 13 100%
3 JbnTH T ok 2012—2019 4E L3 11 63.64%
4 AR RA 2018—2018 4£ Al 1 100%
5 B 2 28 LT ) RHE A BR A 2019—2020 4£ Ak 9 89.16%
6 [iESrStpNe 2014—2019 4F [ 9 77.78%
7 [ B K 2017—2018 4F = AL 8 100%
8 RN 2013—2018 4 [ 7 57.14%
9 HHERF 2015—2019 4F = AL 7 85.71%

10 HEEFEL M H AR L) A RAE 2016—2019 4F Al 7 100%
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Table8 Analysisof the distribution of patented technology topics
Hey LRI incoPat {5 Fp SR R

1 1865 GO05D1 Flidh . K . 2R g 8T HALE | ATE . SRS EER], nE shE aY

2 1068 Go1C21 S AL E7E GO1CL/00 &= GO1C19/00 4 H i1y SN A%

3 700 G08G1 T B R 3B A R R G

4 533 B60W30 A5G JE— R 8 T R G 1A AR D ER 11 T 5% A 2 b 4 o R e 0 1

5 422 GO6K 9 FH T ) i3 SR B il 5 5 5 E A7 5l0E H T IEDE R3]

6 321 G01S19 PREILHEGEVEMNRG, FIHXMRGEEMOGESIEME . HERES

7 275 B60WS50 AN B - 2R G0 A R R I 109 T B A s o A T R e BB A

8 264 G01S17 7 JH I 0 2k Ha U8 A ) LR IR T S S R AR R R BT, IO IR RS

9 262 B60W40 A5 B - 2R G AR TR R DI 14 T % 2 0 4 o) R e 2 B S ) W s A

10 177 GOLSS iﬁi‘iﬁﬁe%ﬂﬁﬁ\aiﬁzﬁ\ﬁrﬂﬁ%ﬂ%&ﬂ’a@aéﬂé%m, 3 3 0 S 1 BB 22 B S A G

AT RENL
9 FEEEF LR GR35 A0 i R CBp: )
Table9 The quantity of patent applications in major countries by subject

= B SRS i {riEs] PLE 51 fif % HA Y [ BN Fiii
GO05D1 1151 112 97 77 97 35 49 38 46 32
Go1Cc21 615 108 35 34 101 39 39 10 26 18
G08G1 400 12 40 58 36 34 24 14 11 19
B60W30 271 11 86 50 59 4 7 3 12 18
GO6K 9 248 19 13 13 73 5 1 8 20 4
G01S19 196 37 13 7 13 9 11 3 3 5
B60WS0 179 3 42 24 9 0 5 5 3 4
G01S17 185 18 2 6 5 10 3 8 0
B60WA40 142 6 69 18 2 5 3 1 0 7
GO01S5 114 0 5 4 10 10 0 3

33 /& R E AWK, 2017 4ERR) T T A

1990—2010 4F, tEH XTI A4 HE B =M
FARBE G LR HE SR AT D, FAERIER L
BRI K 2218, 2010—2015 4F, %4 AR 4TI Y
L) R B R R P AR e g K . 2016—2017
i, BHEH AR LR, ZE ARG LR HIEE

827 1 [ M\ 2000 4F I #f A AH B AR U A &
AR, (AR IR OS> . 2015 4501 R, %
ARG A HOFRCR T R A E Y 1<, 2019 4F
R IAE] 122 14
MARIEAR R FE R R PR, L EAET



60 TNRGHA : RGBT A

4%

; :;&%ﬁgﬁﬁ

SEEEEY . mien

K6 JoANA4 IR BE AT AR IS A
Fig. 6 Thedistribution of smart navigation technology
hotspots for unmanned vehicles

100% 1
0% | I - =
80%

ok

"RE PE SE NE U6 A Bk KE GE

= GO5SD1 = GOIC21 G08G1 B60W30 = GO6K9
= GOI1S19 = B60WS50 = GO1S17 = B60W40 = GO1S5

P 7 R LA R EOR R A
Fig. 7 Thedistribution of technical topics of patent
applicationsin major countries

NZE IR B8 U AR ST 37 0 & AR b T
%, ik 56.30%, M T EEN—F . HEAE 2
3 Wil E AN, LA B R Al
4 10.52%71 6.56% . I\ & FIH AR (T 5553 1 K
LRI B0 T3 L PR

TETC N AR R SR AR W 58 U8 % ) R 3
Bt 7 TR AT 10 057 A HILAG 4 A Al o HE 4
55 LA R R 56 E 38 AL RO IR A
", LRI 143 15, P EBF L TE TS

N T e SIUBAR IS 0T 1) i i R 44
BONVE IR, ARG A AT 10 AP,
P IC— B e ELHABART 10 (ZAYHES
e, Al M AL i —2F, 5 KAl 4 KL 5
AETT AR HIR A R HAR SR L F

FIAT, Jo A BE SR LM HIE A%
FEEPELAME R, AR A4
L BEASHAIN LA& R E A 5 DT I
OGRS IR, SRS, FMTE . Btk
PR B EEEE . A WS, A95S
B AEGEWEN ., WOCHIL . A EEE .
2Rz FFRERERT L | R | B R4 |
ERREA N

4 &

A Web of Science SC R 2B HE P Fl
incoPat & | %4 4 %+ 1990—2020 4F ¢ A 4
RE T AT AR AIF 5 40030 11 16 S H IR & R H I
MLEAT T RREL . MR RS BRI A
LA A . BF9E 208 BRI . BRIF R HR
PO T T RIR AT 0. DR g REM,
2010 “FLLJE, oG HE e St 5 AR Ao &
A8 S0 K 3R RN L R H O A RO B R R R E
PR G s 55 E A E AR 30 ARIR SC R R A
LR T B B8 T — B R T RS A 5 AE
Te N fe S AR 58 ek , 38 SO & R 43
MresRLm, MRl EBEPEFMASE . T
MDA, SRR R . A T 4EHS
t. BEEWENL . WOLEHIE . MEE. fha
Mg HARRER . RS . BRI ML
H 30172 3 5 77 1 o

2 £ X W

[1 M. ARG A ESHHE AT SRIED]. V§%: &
FRHE K%, 2018.

[2] Brigk, BHZE. A E ARG A& RBUR[Y. EAMAE,
2018(9): 12-22.

[3] EHEHE, KK, £I¥, . 2019 F A RGET L RBLER
[0. TARGHA, 2019, 2(6): 53-56.

[4] skEIH, ZEE %, 5G T AR b i R T 5L 40T [].



R

BEERSF: TN IR RE SR PR H B 61

(5]

(6]

(8]

(9]

[10]

(1]

[12]

[13]

TARGHAR, 2019, 2(2): 65-68.

BEZERT, TLETFL, . 2019 4R ESMBPER A K e 5 ).
S E AL 542, 2020, (1): 60-66.

BEER, WU, BN, 2018 AEESMBMEROAR KRS MI[J).
KA, 2019, (4): 14-21.

Balch T, Arkin R C. Behavior-based formation control for mul-
tirobot teamg[J]. |EEE Transactions on Robotics and Automa-
tion, 1998, 14(6): 926-939.

Mahony R, Hamel T, Pflimlin 3 M. Nonlinear complementary
filters on the specia orthogonal group[J]. |EEE Transactions on
Automatic Control, 2008, 53(5): 1203-1218.

Lalonde JF, Vandapel N, Huber D F, et a. Natural terrain classi-
fication using three-dimensional radar data for ground robot mo-
bility[J]. Journal of Field Robotics, 2006, 23(10): 839-861.

Hoy M, Matveev A S, Savkin A V. Algorithms for collision-free
navigation of mobile robots in complex cluttered environments:
A survey[J]. Robotica, 2015, 33(3): 463-497.

Bloesch M, Omani S, Hutter Marco, et al. Robust visual inertial
odometry using a direct EKF-based approach[D]. IEEE/RSJ In-
ternational Conference on Intelligent Robots and Systems
(IROS), Hamburg, Germany, SEP 28-OCT 02, 2015

Liu Z X, Zhang Y M, Yu X. Unmanned surface vehicles: An
overview of developments and challenges[J]. Annual Reviewsin
Control, 2016(41): 71-93.

Luettel T, Himmelsbach M, Wuensche H J. Autonomous ground
vehicles-concepts and a path to the future[D]. Proceedings of the
|EEE, 2012

(14]

(19]

[16]

Alonzo K, Anthony S, Omead A, et al. Toward reliable off road
autonomous vehicles operating in challenging environments[D].
The 9th International Symposium on Experimental Robotics
(ISER), Singapore, Jun 18-21, 2004.

Naeem W, Irwin G W, Yang A. Colregs-based collision avoid-
ance strategies for unmanned surface vehicles[J]. Mechatronics,
2012, 22(6): 669-678.

Papadakis P. Terrain travers ability analysis methods for un-
manned ground vehicles: A survey[J]. Engineering Applications
of Artificial Intelligence, 2013, 26(4)

((EARIE

BEERT (1991-), &, Wi+, TR
3 Ui, ETHFE TS S SR,
ASCEIEE .

BRI (1992-), %, Wi+, T
I o Sy B 1 B o A = S i 8

25— (1993-), 2, Wi+, BhER
TRV, ETHFIE 7 LRI .



FABE LW TANRGEHAK Vol.4 No.l
20214F 1 H Unmanned Systems Technology January 2021

[51AEX] 7 &, B, 50 @alBES5 08 AT AR EFFE]. EARERA, 2021, 4(1): 62-70.

T [o] L RUE SR AN/ T AL B R RE WA

F R, &EBE, FAA
(b T R2AML R S A s Hl A 50, b 100081 )

B OE g ANEAHE RS CISR AR T A —Fh B, A SCLA AT ALY AT S 5T 55
WS R, BEXP R AT AR | AT A AT AN P RSB BVE PE AL T 1k Y [ R IR AR . BT T
A NITENHLI PR RIS FIREIN 5 AR5 R FH DR R o2 B 48 BOBAL , #E SpLRE BB Skl |, 42
T —Fa AC AL AV R RE AL ik G T Xsim (B RGF G e BT 45, @t 41 i e
HLEL A 2 Fh 2 BAZH A5 0 ECHETE , 45 D [RI AL RE O B 45 SR 5 3R TH B 45 SR IEA T A0 e xd L, BRI RCREHE T 19— 3K
PEISUE TIZ IR EAL 7k A — s W AT SEE S ] F e AT DAL, RSk A4 A TC ALY BRI VE ek bl
PR .

KR ANTANBE,; R, AL 55, Xsim 1

FEESHES: E926 ERFRIRAD: A X EHS: 2096-5915(2021)01-62-09

DOI: 10.19942/j.issn.2096-5915.2021.1.008

Cooper ative Effectiveness Evaluation of MAV/UAV for Typical Missions

YIN Hao, HOU Tingting, LI Dongguang
(Science and Technology on Electromechanical Dynamic Control Laboratory, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Manned/Unmanned Aerial Vehicle (MAV/UAV) cooperative operation is an important form of C*I1SR
System. In this paper, based on the research background of cooperative operation of MAV/UAV, areliable and compre-
hensive theoretical evaluation method of cooperative effectiveness of MAV/UAV is deeply studied. Firstly, the coopera-
tive mode and application rules of MAV/UAV in the future are analyzed. Secondly, based on the single aircraft capability
model, the evaluation method of MAV/UAV cooperative effectiveness is put forward by using the comprehensive index
model of cooperative system. Finally, Xsim simulation platform is used to simulate the combination of multiple forma-
tion of certain aircraft type under the typical tasks, the simulation results of cooperative effectiveness and the theoretical
calculation results are analyzed and compared. The consistency of collaborative effectiveness ranking verifies the reli-
ability and availability of the theoretical evaluation method. It could be predicted that the cooperative operation of
MAV/UAV will be widely used in the future war.
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Abstract: Air-ground unmanned operation system, featured with intelligence, unmanned operation and networking,
becomes a key trend for land combat equipment compelled by the requirements of digital battlefields in intelligent war.
Firstly, trends of unmanned combat systems in USA & Russia are studied, and their emphasis on new-style unmanned
operation system for land combat units with new combat capability as the core is shown. Secondly, combat advantages
of a new-type unmanned platoon are analyzed from independent and continuous operation, command and control, re-
connaissance, firepower damage, etc. Thirdly, aiming to build a light CISRK system, a construction strategy on an
air-ground combat system with command & control of manned-unmanned cooperative engagement as the core is pro-
posed. Finally, key technologies to be developed are pointed out, so as to reinvent the functional alocation of man and

machine on the battlefield and provide references for the development of unmanned combat system in the future.
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Research on DDS-based I ntegrated Simulation Platform
for UAV Mission Payload
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(1. Hiwing Aviation General Equipment Co., LTD, Beijing 100074, China;
2. School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Modern Unmanned Aerial Vehicles (UAV) have a wider range of applications in military, civilian and
other fields. Meanwhile, the payload is the necessary equipment for the UAV to complete specific important tasks. The
selection and verification of payload equipment is an essential part of using payload. A UAV payload integrated simula-
tion platform based on data distribution service communication technology is designed for the problems of UAV load
selection and complicated load test process. The platform is composed of payload simulation system, communication
simulation system, flight control simulation system and efficiency evaluation system, which can effectively simulate and
verify the load equipment. The system architecture and system workflow of the simulation platform are introduced, and
the actual application effects of the platform are demonstrated and analyzed. The research shows that the simulation

platform provides new ideas and tools for the follow-up UAV research and development.
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Fig. 7 Dataflow diagram of integrated simulation platform
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