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Research on Environment Perception Technology of
Unmanned Vehicle—"Intelligent Pioneer"

Wang Zhi-ling, Huang Jun-jie. Lin Ling-long, Liang Hua-wei
(Institute of Applied Technology. Hefei Institutes of Physical Science. C. A. S, Hefei, Anhui, 230088)

Abstract: Unmanned vehicle is an ideal platform for intelligent information processing, an important
equipment for national defense construction, and a means of transportation in the future. It has received
great attention from scientific research institutions and automobile enterprises. Environmental
perception is a prerequisite for unmanned vehicles to run independently and to perform their own tasks.
This paper firstly analyzes the status quo and development trend of unmanned vehicle perception
technology. And then taking the "intelligent pioneer" unmanned vehicle as the object, the sensor system
and the traffic factor detection technology of the unmanned vehicle environment are analyzed. This
paper focuses on a few difficult problems encountered in the process of unmanned vehicle running. They
are the problems of unknown road environment, unknown traffic participants, the high precision
positioning of road-select and so on. This paper illustrates the strategies of perception modeling of
“intelligent pioneer”. and shows the real verification results.

Keywords: Unmanned Vehicle; Environment Perception: Intelligent Pioneer; Multi-information Fusion

o H# i, 7E 2004~2007 4F, 3% [E] DARPA 435 LUAR 47 52
1 3% ARBTG5 SR 85 B, 0 T A 4 B A

FNEWAEEIE A AL 2y T it P UCRITHREE PO IBRREE. JU ST
AFRAE G S R A8 VT A o U 98 T K
EEEM - EERA983 ), B WA A F5 6. h A s feE AIRET . AR — 20 5| 0 T SX T 5 . 764 Wl P A 55
LRGN WER ST EEHER O 0 KNS M A R M IERE a7 2% T T A M EET R

AR SCEDE TR # : zZlwang @ hfcas. ac. cn; EE A (1984 ), &, T 0 A B O T T R L A S A R
IR AR A S BB, RS O Ok R AL B LA KR R T ; e <

BE45 T 200 732 B9 H E47L I,
(1988, B &R T A BB 9T 5%, 2 B9 7 [ Ok BR BT I 4 e T REH HETBEN

R LI B (1967 ). 3 T A A BF5E B o £ BRI 7 KEEEARESZE 0 G 4 A RBE K
BB A S g a e, F%(Future Challenge., FC) "l i % 4535 5= 70 Y 5 i 16 BHL

B TH: MEK [ AR S TABICH4 R H (91320301, H I TE A 5 Pk T R A B T P TN e A X



F—8BD RTWHRIRE

BERSEENIR. BEAREESZE “WTEFEEN
NI E AT R DAJE NS B 4 O EE S IE
SEAEFFRBUMY S BN I 5 . A
2009 ISR D B R E AR PR BEEHE
V2% 0 A4S P RE, B % & Safety, B fiE——
Smartness . -4 Smoothness Fl i & Speed, 2014
AF L 2016 4F , G4 4 RS A T i R BEL b i O A 65 Pk
AT T A OG T JC NS 3 A A A SR b TR 0T L )
R E AT EE L 3R AR R T B B R R

FEX SET A HLFE A HESD T, 3R A2 e AR B R
EHIE T KEMERE. EHERE P EBEEBESIEY
TR ST BE 3 208 2 B E R LR TR
7 TR S AR B BT & R T 45 A TR .
ISR EN P WNENGRZE E s K ST RS SN 5 ] e
FrfEahft, MR S L RRYE A ZiF %, HA P I B
SR BRI AT MO HERE T

FEA K 1 JC 25 SR v B R IERRATH J AX TR 7T
o B A% O BT AE

(1) Z15 B RA B AR AR, (UYL
X A TE LR I A | SC 08 KT 5 A 3 B F AR I X LA v R
RGBT K . 215 B G 2458 &tk oA 20 .
He i, BB AR K E AR G AR — R T
"B, ) RS B VR T 3 A A T 30 94 B 74 4 3] A 14
e P 0y 0 o P, SR P01 7 DL ST HE 242 o
AT REANE » S5 B e 200 B T ARG D) R 4 0 75 b e R 2 1 X
K GPS {5 5 M A 5iis sh i il 55 5 20 i
b P R R B AR AE A R IR R B B R FERR AT TR
5 R B T IR R B e . BESE RS 2R
FRBEHASE vk DA B 0 A TR 0 o o P O R R B, o
PLE X RAR IR BE (4 A B F AR AT A B RB UL 2 R

(2) gL AAESS 1635 71 B FEAEAR .
— MR R WA RS AN A EATH THES. E 2 f
o8& FF 4 X i 22 k. RRIT B 3 T2 B 9 Jan
Oberlander i Hi T —Flif LA A , %8 A 7T LA E
R T BB O A B A5 SR B A IR E S
P, S BE SCEANL R AR 5 S T AL, Bk
4 U #9 Marvin Raaijmakers'™ § t — fp i 8 38 53 JLAT {5
BIEERI L B —F A SR S RN B R G, (T
ity GPS 52 A3 A1 B in 18 b i A 5 00 T R Rl E o 3R 55 .
1111 E S B () T E B v B8 PR 8 A5F 4235 2t o A i B
SN ERIAR I AELE R Ak Y X 3800 Rl 52 R BE B A (B AR
GRS BT 5 v AN AT [l sl £ 0 T AE

(3) B8 FHEM MBS M AR . B SRR
14 o S B O A R o 3 e A 1 R e B IR £ ]
SEE S BRI A B Rk A R 2 — . TYBES
FWF5 Z R4 Vicente Milanés™ 25 A — Fh 7 i
N B O o 5 | A S O i A R
ML EmE-EEEN T EMA EANER, LA

B, 254 FERR A JE A BRI AT ATE —SREE (19 1V H
AR KEIE .

(4) fERAAL i B B S B R . AR, ZFIE
FECR G| S Rl R sh i m, BN & KIKER L.
IT 42y 2 55 A sh B FERRE P, LF K,
FRTRGTHESEN N ERNZ K B S50
RGP RS B AR A RS, Rid, X —3
S A E S S K LS PRt b KO < A
ML EIL S & L A B S &8 7 . EESN, E 5.
Pt B RS A HE T B B a B AR T
R RIREES . (5500 TC A28 B0t &) 53 1% 18T Be , B
0,64 LRFOCT KM R T 50 7, BR R S
20 J7 » X Se R IR AR 0 i FH PR i 1 0 A28 3 R ) KRR
HE . B T AR R AS A A5 RS BOCE i — IR A
1A e T A PR R A A 2 T AR R 1 R AT 2
P, H R AL 1 B B BB R JR R R B — A R
H1

b E Rb B A AR TR R4 0T 5% Be 0F ] A 4 B S
ENBWHEEY  EES S THEAREEZEHN T
EA e R EPRIE (FO) RN H A FaEH M
BREACF RS . 7 2013 409 FC KFEM 16 km IR
R R AT e S b, LUARE 25 min B ) 52 AR T 4 Bk Bt
B A EATRIF T HsE 728 H FEFS KRR RS
(55— 4% 5 £ 2014 4F (19 5 R RS B B 5 8 v, LR 52 A 42
THRERREAT 55 AL A5 28 1 B AT | £ PR K ST FNE S B A
E 2015 450 FC KFEp, Se Bl 17 e itk 238 A e ik A
A ELATHE AT I 4 0 3 A T R AR LD SR AT 48 N AT 9 4
SPACEML A [ AT B BT R FRRIRS .

AN E B NS I E AR RS
A RETERENT S, MR HEEE X
N AR TR B8 B T 4 2 R BT AR R A H e i
HE 5 RN PR S8 L JE X S PR IR Hh A SR IE S AT 44T .

2 “BRisE T AFEREBRANRS

N W B — AN RIAFE R R RIS A £
A, % A I R A R0 M TE 2 0 A 1 2R
BORA EREDR . A EER R L. “HEREE"XAE R
FRRESL T 2B SN IF R R A5 B T & 1
G A FE B RAFA 3 O 7 L TR
RIS E A 1 FR .

F 1) BB RSB L: E 1(b) 5 AE e ik
ZEK. NE 1M AT LA B RE BN RN RS
ROk A SR 015 B, B ST A BT R, JE LA A% 3th P
AL 4 DR R G0 LR RS HE TAT 55 AR A% St P
A NG A FATH T, K% A R G B RS
F5 PR AT R A BRI T O 1) R B4R 4 AT R A
AT, LT ERE SRR R ITERR
HEH AT LS WSR2 ], A< SORE T R A EXE
AEPEAY TR LTSS B, 3 O R R G AT 40T .



FRAABARABRALEA - F 184%

(a) “RHESE 1N 2 A5

v mumg BEE P

I g7 FIPL ML SICK IBEQ #EApkiliik HDL
i) | g

BRHEAEE A

B A LR

4

G

AR

() (e
1 “EAEEE T ABRER

FEFRATIE T B e I R R AL TR
N eV <1 T G PR AT UL e RN RS E S E 1 6
iR B RAMEOGTE IA 052 0 3 B S AL SRS
BRI XT AT 2R AC AT Al AR A i R HoA 2
R NSNS TR IR Al ELE O N
“JE IR S B SR A R TR A AL RS B
S50 A S0 L TR BN P R A B A R KU 1 T
A7 o 8 3 A RS A 5 A SRR () PR BB, S e A4 AL
Ji| IR ) e A Al 2R . e B, PR S 50 1R 3 R B
R TSR A BRI b L A S 1 R s 7 s A D
Tk 2 — B[] P A ST Y S S Y R B R

BB SR A T AL R NN 1 R

1 “BEEETEAFERERE

| e B f s T i
MG IS (64 B B .
p | BOLHEGASR | b | AL 360 B

32 8% 16 2k)

£ ST Jo N 25 i J5 1 4 A

2 R

(ESR) PN R
KPOEL | N
K e KA A = = N R s
3 (RSDS) EARRINN S| JE NG e il B

X
5 IR AR AT AT LI s Thfe
o] WOGAHBLCE JoN TR M
4 U[_H ETRT IR !‘nu ’ Tl %fﬁ :
FEBE) 2 AT NG5
a] LA o | TN TR AL ST .
5 A TR 0] JFF A0
’ ke | MR e e
[R5 (GPS | AT K
6 . AN ek
skt =l LT
o N ZE IR f 7
7 [ SR A (IR ) LR LRSS I
BEESH

3 ABFEFERBHABEA

ol

3.1 FiE%REH

BT ELSE MR 2 FE M SR B E N B AR A I AT
R FER MG LSS 50 T B BRI 2 % — R
SIS LB T Z2 R0 5 20 B F 1 42 T 4G ) 5 iR
e FEAESAERYI SRE T o 484 0 5 45 B T B L 6 249 i
PR T IR ER R 1 7 1 2 B 4G D S8R R TP fiE
IR () A 2R AG TN 45 SR An &) 2 BT

(@) A 75 418 28 i i P4 (b) {HAbas A=

(d) 25 A 5

(c) I HERENL LI

2 “EEEEHTEELET

3.2 ZEAmAN

AR TN B i L E AR TR 2,
X RGN ) B vk =R D 1 O E O 2 K
AR MR b R LA Sy B4R 4 a4 T 4G I 45 R R A T
@ FEME G P R A Hog HFHE Al (o 2 R HELL A5 AT K
M S%H SVM i # Adboost 4335 #1745 25, X f oy
Xt BERRETE A A A PG b B A A A A8 s O 7 4
Pl A s 3 ol T 5 2 2 SR A T A ARG T 30 ey 1 0 4 K i
HIBEREAS , AT ARG RO ISR . 181 3 45 7R HI SSD
222 (R 26 I 8 i Sl e X el DX P e G 0 45 S [ et



B8 RSIERE

3 “EBHEAE"FEFRENER

3.3 EREEAN

il e T B () 42 T ZRAG DN 7 L T IO A Y
fiSh 0 ARG I B A A A R N 3 e AR RO TR
kB 4-
S0 A R I G 5 S PR A X el R
A BNBOE T R B A B, T B ARG A 8
R VRGeS . fbf 4B 2k BERR fni L A BN E
Fily AL 3 S8 P A A5 5 1) L AR A A ARG T 235 L Pl 4 R

P

(a) Dl BRI H B HUEEE B (b) IR R B R AL A YL
( ) ! ) ) £

(d) i THRIE B FA AT S A4

(c) Z b it B b 4l Bt L
EH4 FEZESHERBMSER

e 4 rp g2 2RSS T 44 {5 B IR bh
25 VRO X B £ 25 AR 1'1[“]4’{?1' BN SUR (XN N
BRI A AT A TR A T N A S B
(AR s L R RE AR T AR S b X IR T L & A B A

S8 HEAT RRABE , I Xk B A5 T AT B 1

JoNZEAEA T B 8 v AN AT sk G 2 58 5 o 4 R AR i
()T % P18 T A T B B8 TR O s R e D R M ) T R
(1) 18 i o B PR B A B il S *HH’U (uJL/l\Luﬁlfﬁl &n
fu] 4 \r A EE PRAFAR Y2 A 4
Pk i) C 3 i B BE )L)\/Q LAJ11311A11IIIJA:UMJJ
S5 AR AT A X 8 H AR R4 T e B BA
R RN AN 7 P L JERE XS AT O AV R A T 5 B T
By —AMES )8, S A AT AR AR umi-
mn"l A TR LTS BRI AT AC AT 5 R F

'W‘LA@HHML%M%MZW“&WW%HE
L YA E A4 Uhduﬁtif o VAREIEA TR N5, L 50
g MRy R R E AL S AT e S
PN U =g VA TS ] IH T T 2 O i 22 (0 22 4 B il 22
FIAER) B RME LA E F B b T BRI b 0 e B 7

QI8 14 e 2 2 A R AL« A% R BREON T S A R o fest

FARAS . 59— 1] ST P58 1Y 2538 (R AF D RB AR X %
2R MR P R AE S PR AT M AR P, TR A
e v oAt Ao P ol TR S R . XS i
BT TN GEAE A AT e A b o o ARl B Y o A RUESR
e MELL ELIE R IR AT e AT, 2 ERRA R

B SR I R 3 S 5T A T 5 ME R T LR ) AT R4k B
}14\-,
4.1 REMEHEIAE

BHRE ST LU E TR 1k 2 s G 000 T % e 104 4 2R D
PRI EEA D (R BRI, 256 L DA E
{247 LRI o5 D LB & 36 3% 2 P B 92 i A
Bt 55 07 LA RURR S B K 20 IR AT A5 /DN I A T 2K R B U
B fl £ A —— R ST R PR BT A T AR R, AR AR R 1Y R
ek

FC2015 KA iy M 7 i B A T AT 55 st — MR 1Y
il P 5Ca) Fif 7R Hrp 20 €8 * HE 2R bt %) 5 b DX S 7
TERTHLIG I FRE T — St o i Ir b EEAS 1 3% . 141 5

(b) ST AR BRIy 8 15 B R X L SR A
i Eat VTR SR RS TR R D BTN SUR T
e SR R A LRI Y R TE A S T IR I Y B B
(ERSRL A s T avas
i T WAL fEP 5Ch) FIE 5Co) iR 3
HERLEE LR 3 25 W b PR P R AT X L
FERTHE LB ) AT R B

[P S A A Im A 5Ce) . A
bR BT )
[ 5(d) &% g

A frl 1,
L2 AN

(@) 7 Ak HL P (10 LA 1K bR (b Sz P % Ll {5 L Al

(d) BHEALFEAN ; it ¢|H fri
BS5 FAEFEENEETE

(RN CHESCIHPEN =g IRy

42 RAMHBBRTBSS5E

R TR AT A A G AR Bk S L R Y
JEAR LA B FEA T30 64 5 1) « o] LA 5B HH L2 B 55 P A
PHELE s 1 % Al AR o AMLE f TR S 5 & g A

Fh T A SR ER  SCrp e B i A 2 €6 e R 11 1 R
ACRE T A o . MG A



6

FRADRBARBRILLA - 3 18 %

sh), Haz s ABREENE & . 720 BT (9.2 3 i3 4
BATPLE AT T N2 )5 BT T E A S B85 e
2 [8) Y EARE G 2R o 45 0\ 2 5 2 49 ) o o o R i (A DR SR
o BT IO N Bk A Az s R A A T T s o
B [ R R GE ) BT EOR R RS R A OL E A
KPR BB 38 o b e 23 e A A% 1, O B
AT R PSR Z B AL B AR P 6 F .

o AR SRR AR A 1) AR R HlE 22 ToUAh B 5 2R 5 Y
BT X 53 iz sl B ) Mg SRR Y ma Rl » i 25 i

(i)

‘ujji; ( b4 )

FRAE RS R YIS 1 L 32 2 B 65 P A A8 LE I B iz 2
BERFISI R . SR P de K ORI ARL 2 o >4 iy WU A% 3t 1] o
H’Jl"r‘?fﬁf%%ﬁli;b*!‘g'ﬁ“%‘%ﬁlléé‘f ) B A 1 247 DC JC 5 AR 4 L
GEROR Bz sh{E 8. JF B s BRI & . R
f‘XW'Ji’z 113z 2 R %Mé_ﬁﬁulf&m.)f&ﬂh I fi
{7 T TN » SR PRI 225 I 00 A 4 3R HC N 28 B 2 i 5 )
Bl B b ) i A BRE 6540 7 AR S — BT 1] 1 )l £ O A%
R LA X K N 2 B P A A P R A A Ay e R A AL
)5 FE RN 30 42496 1432 B e B ) okt e sh 1

g . Gl /

N ()

o), — (]

e TN J )
B ) 'l )

Hotiik I

[ W{T‘M@*f‘ \
?e Eﬁtf}

iz
ia 1,)”2-5’- i
‘l 51 4
/ ||u|iu ‘ o
zj,lly '\__”“
W le
[ MHIL ‘
AN M) i
{| rfmm} * I H’I/)j’]ﬂ
q' l ('T 4

6 MZERMEERSE

4.3 ZESRENEREEN

BN B E A AT, SR A R B b SC BT T
NEW R BEENL . MUt 75 B TG 2 X P55 (1) FE A
BRI GPS/CPT 4l & FMUIRIF 245 BEVE AV 4 &
(15 8 X AR Sk 2 I 2R B A 2 T 2 A 00 485 SR M 0K
IR S A BRI A i1 4G W 25 SR AT b A SR IR BR S
Ul TR R BT e A B T A R A R e, 4R
S s ARG I 25 S A M R 4 5 3 A VA B, PR A A £
NIRRT A BE AR R R F ST LIPS IR S D sk
FERY eb (R AR B EAT X VA, B S P b R A 45 R, i
AT 259 2 WL AR X RS I BEAR R, R B B B E A
fe B P2 B A IE B A5 R B, AR IR I AG AT 345 Rt 24 iy
OB BEATIEIE , SE PR 2 0L

(&1 7Ca) 2 ZE AT AR BIL Y S5 B G Y00 2504 , AL 7 Ca)
PR AR M EAESABRMAX IR, B 7(0) 8 Y[
ZTNFEX AT & BB, W XA EE ] 100 m
4 J5 50 m A4 % 50 m (VLR , B, A A ALK
SRR €8, X 35 2 51 %o 10 P 7 Ca) o f HE A DA BG4 R
RHEERR B RO M A B RN ER . Han
:426}9}11%1ée'-iiﬁéﬂuiw%é%-ifﬁﬁzif/ﬂiftﬁ%}\!ﬁ/ﬁ &5
EREE R E AR, B 7 ME 7(D 3R A 7(b)
T ELR 1 S (0 X B KB, b, B/ 7o S T
I GPS/CPT ] 45 5 v {5 B B 4 49 76 37 55 vh 11 ﬂ! xr f)/,
BOME7OAHTRERTEEL DA LEFL
WEEW AR ENE. NEPTLIFES, ﬁ'z‘}l h‘cﬂ
Ja s BN E LRI A P X R & b i
FREE A BNl A 82 0E BT LA 5 ] < B B b (R FF B %

P R A BE AT

V4
— -
: g

(a) T4 AT PLA DL &R

(b) hﬁ/st“.,i Bl

(c) B2 AEATIY A 40- 0 58 X 7 (d) B2 E G 10 -5 - 2158 R
B7 “BiEcH" IR BERESSRERM

5 B&E

Wi A T N 25 B T K AT 425 ) 445 ) A BRI ) AS AT 42 )
f{JJHJﬁcPFf“’f%* Xt J0 N A AR A R i ke B
o AT CFRESEE” N G IR R A, i r
é“f‘E%’ﬁ"—!"ﬂ’J’%’ﬁE”@ﬁlh 5 AT A A2 0 A O
SEEOAR I3 A T ) R RIER AR AT [ R AL 5H B
53R T i) T A R R 0 A5 TS A ) R )
fife R 7 5 3 5k S R N FHAS SRIGIE 1 X 26T ik A R



F—EZ RSIWEIRE

S22 3k

(1]

[2]

[3]

Urmson C, et al. Autonomous driving in urban
environments: Boss and the urban challenge[J . Journal of
Field Robotics, 2008,25(8).

Mei T, Liang H W. Kong B, et al.

“Intelligent Pioneer” unmanned vehicle: IEEE conference

Development  of

on. ., June 3-7, 2012 [C]//Intelligent Vehicles Symposium
(IV), Spain :Alcala de Henares, 2012.

Zhao D W, Wu T, Fang Y., et al. Efficient vehicle
localization based on road-boundary maps [ C |//PRICAI
2014 Artificial
International Publishing, 2014.
Zhao H J. Chiba M. Shibasaki R, et al. A laser-scanner-

based approach toward driving safety and traffic data

Trends in Intelligence.  Springer

[5]

collection [ J 1//Journal of
Systems. 2009, 10(3).
Milanés V. Onieva E. Pérez J, et al. An approach to
driverless highways [ C ]//Intelligent
Transportation Systems (ITSC). 2011 14th International
IEEE Conference on., 2011.

Oberlander J, Klemm S, Essinger M. et al. A semantic

Intelligent  Transportation

vehicles  in

approach to sensor-independent vehicle localization [C1//
Intelligent Vehicles Symposium Proceedings. 1EEE, 2014.

Raaijmakers M. Bouzouraa M E. In-vehicle roundabout
perception supported by a priori map data, 2015 1EEE 18th
International Conference on. [ C]//Intelligent Transportation

Systems (ITSC), 2015.



8 FREADRBEARZLLEMA - 3F 18 %

EMERIRN LT NSRBI AT R

#F AR FE, FER
Cop R R B 0 AR TR o 1L 137001)

B B AIRBRTFAEZUAREREARLA XL TE A FHRIEMEGRXLRA ., 24T BATE A
HANFHERABRAGAKRELE AR R ERAFRAEN KB LA FHRBXLGAMENLT. 23023
TEHREGHXEFTNOANFABEMHEARAE ZAF R . ZART TFAEZ D FREEMB RO LR H
M ES AR TEREGENERGABRRE HEFEFTAESR AKX e dl,

XER:FHAES; RBRE T A PR EMHFE KR

R E %2 TI306; TP391.9

Simulation Technology and Application of
Mechanical Environment for Conventional Weapon

He Chi,Sun Ming-yue, Li Qiang, Wei Zhi-giang
(Baicheng Ordnance Test Center of China.Jilin, Baicheng, 137001)

Abstract: In this paper the types and characteristics of conventional weapons and acceptance test items
related to the mechanical environment are introduced firstly. Then the status and development of
mechanical environment test technologies is presented. as well as the national military standard GJB
terms on the mechanical test environment for weapon systems. Two kinds of mechanical environment
simulation technologies commonly used in the national test range are shown with their implementation.
At last, the paper discusses the developing trend and key issues of the mechanical environment
simulation technology for conventional weapons, and gives advice on using modeling and simulation
technology in conventional weapon acceptance tests in the national test range.

Keywords: Conventional Weapon; Test and Evaluation; Mechanical Environment; Simulation Technology
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