COMMUNICATIONS OF CAA

EhH: HEBRHUESR http: //www.caa.org.cn  e-mail: caa@ia.ac.cn

1) [ 2 EE R B E (&

Bk

2011E6H

ISSN  2151-335X 7, 2 H‘H
067

6328 E&163H8

3



N1DEEEAZEHZR

2011l Avitenati @ @on:

AEBEERZER: RiE ZER: Wigh MR WTER: UK

2011PEBHNUKRS

=E AHRERABMULEER. EERIFRAR, RIS ERCIFHEE
HKEVFEARF
MERER “+Z8" WFEZE, EEEREFMEERENEHN—F. UNRETEFER
ARAEENRFERE, BIEFFEREHTHEFEANRETZEFARANNEEZE. 201EHEHE
MRS (CAC 2011) WIBMIRMER. A, LA, &l Wi, mRESAML. FBEX. LFX
i, ABESLTEEAREMIEMREZIEAR 2R BN RARNNS, EFthLIEF
Eiﬂﬂcﬁfﬁfﬁ “RFdd. REEF. BISHS” WRFER, MEXRETREMNATE, HERRHK
. BECIHFH A R E XA .
msael 01 FPEBHURSRLBHUTHAZT MM RAMBINE. FREEXEHEN
0P EEHURZRNERE, SWRFBEXHEUEEICENM, HIEEE Intelligent Systems,
IEEE Transactions on Neural Networks, |EEE Transactions on Transportation Systems, (B3z1{L
FH|) . (RRANEAIERE) , (FEHEREK) , (EHEREEA) , (MHEA) , (EHI
12), (ER5iEH) FEREANEASEEEHERALN BB LEXEIRE.

: 2L A B ENE A
X KR EBE SN FES IR ERS
SR o gt T 52 SR ﬂmazﬂmm&ea

hEEE JﬁﬁW%%gﬁﬂH EFHEAWHEZw¢¢IEﬂw SR ﬁ L_J;
u hIWMﬁ%IW%Rﬁ,u&ﬁﬁLi &EME?%M@ ﬂ%ﬂﬁ§,%u¢law1¢ .

A Ty it
%M&E&*% ENLJ Luﬁ&*&iﬁ%ﬂﬁlﬁﬁu& mﬁ#¥ Iﬁﬁﬂﬁ%%




iE-BEEITTE

201 1<E1 15 25-29) [E]

LR FRRRIOEERS
g%& F ﬁ%ﬁ lb\lu\ﬁﬂ:l_.'-/\

ZED FIARFREABZRM, RTRFHROFHABEE, KITRE

B ERE MEAA BFAMER

RERTER—(BSEENREFXID, HPEAEG. S8, MABVHERAAZENE W EE
A REEHUFSHEGEA, SREEHMENNL. RETEZUHNEEREMGME. ATL2EEE
KIFRHERRUR (PERBRTIIZRAAREIEERZRESENAR) HBHMEH, EIFRIA
PRERNZERH, S AHORENT, FILERSEMNHEE. PEESUFIRTHE
REERRIBEF 2R, BEFRP2EZSK. BAKMNERFEE, HHREHERROIRK, %
TEIRFREFBEMRE, 2. RIIREFFEERBES, REXECOHERBEAEANT B
RYHHE

IESCEE BSSFREEREN “ARSELE” W8, BH G B2 HBHSRHE
BE. “IRREEANRZR” BiE. BERASEZNR—ES. REBRSEIRNFE. BEHsHR
EMRFERECMMAEER, UREFI. K, AIRFRBEITANEESY, SBRFHRYERE
EHPRSMZNE, . RITSFRYE REEIMARE AT EFRRASE.

IEXEZHEHAKKAAN
i OB B 2011486 530 - e R b

Wi @M A 2011458150 ;. e R L
EFSEUE B 2011498158, ' ""l'"" ' K=
RARM: AEBNUERDNE BARIE: 010- 62544415-i_ E- m'lﬂ. [!ga:i@la ac. cn &- A
BRI LR TS R A 5955 HEJ]1U(J§509§ doois0) : =

BHERIES @Mﬁtﬂ%i mlﬁ'-'v’v'vvw caa.org jonl -

i '.".i --F,

- =
- e I

r &'

--'l" i

o il—

T %ﬁ@g GRS, DARERS, MRRERS




Contents

$32& F1H LE162H 201143A

o R AR KR AT F A AL AR
%er‘ﬁlﬁ B, 8 TRBI|LMBLA,; (240 RA AR KK E R
BT R B, MAS R BATAFNREFGALE
VISTAGGAFH] . MXFeI I EI0IR T2 L BP RN . XA

RAEME, HEIEER TS EHILL—H, €E

AR, =+ 345k, RFEMFEHGEATERERA L
Z AR — A AT RSEAR,
AR (FE G HLFLEINY 9F AEF), 16y

AR T AR E A TFEMRLIRA L. 3T RS
BTRE. TREERKLTIRT, BAEE S HRA DR
AR R R EHX—FF], e R TTRLF 0) B4z
+ KA RR R

WEEF O ZFNAMRAARAT ARAFEEE “UTE
N A TR B S RIS, AR —IT R A
—RREAF E R IRA, FiA ZFEA—ABH

MAAFFE, TAFL. MK, &k, &R EF
LM LN Rk, TR ENIN, RAFHE “HE

RE” AR, TAFEAR. BE, RREE—FAZE ET
B TAL. A, “RFRL, TP EiX—
T . SRR AR, @ EAHE, X%Mii&i}k%nﬂ%’—’
R, FIRAALS Y KA EAS KT 97 mh

“H AR A RIS im‘iﬁb“%Tﬂoo%E&zfﬁ\
¥, TR LFHAR A SA2010F 5 R B2 IR agHA
kAR AN, £5GooglefE RAIMR § T E K FFAZ
8] F2 ) AR o R A e AR

B, RN —ANE
T, A CFERE AR
R RBREFTE, ALK
X, RAEE NI iR
K& B AR 0 8 —AF
AN 5
R, WA AR
FEE GRIAY BEES
EEE R IEE Y

(738

o> W P0idPEdN

COMMUNICATIONS OF CAA

W E BB R

WWW. caa. org. ch

—_

12
16

22

30

35
39
43

93

95

97
98

Ehefr: PEANLES

(PEEREERRRE) FE
BREWMAIRE R

W RAIMET A SRR ERMEA
& FHER T & T £ w11l 50 B E RN

ETH=RENEREERZHEZERX
ﬂi *.L /)n\IJ

ETHEF ISR TABEERE
LT EMR

S B E B FNMHPSOE L B
ALVLTJJ%MJ

EFASIFTRIZMAKIE
MM BB ERFE LML R

An Autonomously Driving Vehicle for
Urban Environment

“RERR ERAIE

FREIRA

THEFRMENRE—EFAR
TTERRGEAESFERLELINA

BERERM R ARRKERETHEKS
(BaiL) MYImEIEXR

KX T = B

AZFFFAREG, KHSBHF AW LB

HEMTRXE. RieEERMAFFRRATE
FASESHERPILG. BEXNERIRMEE
BEMWR, SAFILH.



Chinese Association of Automation

59 ELHFE

CHMLFIRY hELSTRILE
F+E CAHLFER) hERERLE
CE R i R

BeE BB AT— ok h e 2 8 48 K 34T 5
TSN

KAF L0 CAAMHFH AR L 75 TAE

o RATM010-201 144 H 5 5 TR FHL
AR B

o “Q1F E b kg2 AT” EHEERIT

o HToRYE ( AA) AHLEMBME
FAR A Y E RN AL RIREAT

O RS EIMBR R R IR D RE A
& B

o FANEFTEALHIHLER G (B KR
XAt R AT

65 MHWHFSED
PRAR B DR A G RAFTRE R #45
LA g e Ay o A B AT
&

67 TAEItXI

o THAHLES “t_8” ZEANRE

EIhE

#2  CAC2011iEENTsE

H FZREETTESSN. 2EFT
BESW. £EHSHESNME

HBEF: R &

HELMN: (PEBUESRN) HKIEE
RHEWMEEFRPITHRE: FTEE

RHEMEIEE: BER

k. dERHIEREX P RATRIRISS HB4: 100190
BiE: (010) 6254 4415 E-mail: caa@ia.ac.cn
f£E: (010) 6252 2248 http: //www. caa.org.cn

Communications of CA4A4

REEH

A
RN 5%

ES
EkEK

£
WEr

B =
A
B

FReRi
KA

HE=E
E ]

SHE SR HEND
palil
I
m

&

WEERR

CAAEEE K, FEMFRRELS. PEMFRAZ
AT 58 BB 58 R
CAAEEK. WETRRREL. dTAFHR

CAABIEEEKFR K. FEBFEE AR
B R R ottt 85 FATE AR L E

CAAR A3 E. AR FK. HERFHR

CAAY 72, R K¥H¥%

CAAEE . HHNERFEANRE L L ER 2
EAZR. PEMFRREA TR
CAAESE . EMBHREENEFTIRENER
SEMAEZR. LERBRFHR

CAAEEZE. BIRLBK. BaH I MHARBI RS
BEHT

CAMMEEE, UREREEVLEZRSFHAZR. £
I E S EARRHZE T
CAAEE, ZAELVERLFAZR. v H
BB AF AT
HENEHESANRELVERL2BA K, F
E BBt 8 30 LT 5 BT A T R

CMEHEE, BIMBK. LFET AR

CAAESE, R A TREWERSEMEER.
o ER B A TR S A R
CAAE ., BPBERBHEELNERRELER.
o B AR B E A B F T4 R TR R
ARARBENVERLBHK. FERERA
AL BT R A

CAMAEHIEE, BIRBK. PEH¥2KRE S
RIFAR R

CMEE, 4WERCEMAER. HERFHARK
CANEE, FFTIHZR2EAZR. L¥ET
RFEHF

RGAREENVZRLCEMAZER. PEMN¥RA
A 5B ATE I R

CAAEBBEIR B K. FAEFH

CAAEESE. HHETHEZERQEAEZR. bBRA
REFHR
FAEHEGEEL LR R2BAK. BFH¥HE
RKF AR

HRRFHLERIER2K. HEAFHELE




(=

B BA B RIS RS 5 AT A R R R A RA
BREMBIETERERARPFALERS NI
7 &0iAkit 7 ERAR IR ERAFZ—. AT
AT TIE Bikdnit EAER . XEH AR HIE
FEFRRFE LRI, ARENZERFR TR E
KAFAAT, BROARFELEZNRMEAFHEER
ARG E RAET A L0944 H580— B+
B Bk ARIET R, RERAAKEERAR
W, R AAIER B AT AZ EikFafeit B a9 BF R AR
BREAATE. 245AL, CARIRETE “FiELk
WER R, T EMFR B BT AR EALZ
—, MXIHELFETVEFRORALH. £
AEREHERSE. BHZT, HAREERHAH
FAEERAMF P ERAL I RESE RANZEE
MALEF T HRBREFHIIFT RHG RS, 20105+ E
HRE AR R, FEAFR A BT A
L RELRFERARERFOHARNFRL TE, R
BEUFA LR L0 RERL, RRKEAEFRE
WL RIF ALK, BRIAPERERET.

RAL B ERBAR YR RTF 4T Lo+
FREBE B ER%EITE (SCT) %, A&
B, 19864 B3 T 2 B H&E %4 BN
(PROMETHEUS ) %], JUF AR M4, Z2EERZIKH
B KFFAE TVAMORS f 2445, B 55 LdHs
B TPVSH LA, it ER, RALREH
BRI R ENE, BARIRKFALGVISTAE
REMF ALY AN GRE, AR —ROEL, AATE
AR B DRI (BARF AL B sHLHT) T k3K
ARERFHEIHVISTAKEEBRA A TAFRLE
HAAR, F19995FVISTAK 45 5 4550 B 4E 4
A B ST A A R RF AR
MEGEFE, FTUNBFREMXTKEY
HwA. BA, PARAOHLHTESE KA
WMARBREF YA REREFLAH .

5XE. Bk, BAFLAERFHEA

BRERKAD) FE

b, REEAABREBEAFLF BALTRY, B
REGIZET ESRAAHRAT. EEER “NL” .
“HE” HRNEHT, bhFEIRF. BHFARK
FoFERE. WIXFRUTELXFREHH 6
“ERMBEALREHATR KEATFHEANEL
ANEBEBPARRGKF. TR BN, Bl
KB4 T SpringRobot RAZ I £48; K FAE
A K F 2 A T THMRA=CITAVT R A Bk £ 45 %
5, “F—&" BN, XAKF. FELEFR. LT
EIAFR. FAHRASRYRRR LS ERRFR
B, s RF. EEGEXFE SRAAFAMALTE S
MNB|RALREBBRGHFLMEF K. £TEH
, KB A IRy AESET HAFHBEATKELA
B EMBAGRL, TR, KERAL B 055
HANT —AEPRREGN &K, Biknt, BRAARAM
A A% 4 (National Natural Science Foundation
of China, NSFC) EXAFR X “PI A5 & 9iAfait
H B, EHRARABLRERF 6 AHEK, L
H A A A ARG L Aot

EAERER, @ TAN BAE R AABRAEALE)
R, RBFEEAG R E, HEMAEAALRE
WMBARGENL, RER—ELHNERANE, TAHE
§8: 1) RATBE GRS ANTAK T 8] 58 57 2 B 44K
APmEk; 2) THOBRRAFTREND TEEGY
A, B dHRAN G ETERE R A E R A,
3) A TRAEI R RIFHBIAT AF )R, B A
GEMAF, R RBHR, BIKERGHEAR, Y%K
HA 4) B EFEOFERERAE LRES A BAITRE
fo, B RBEHE, BRAMNAGYFHRE; 5) 3
BRAE B EMBASE TR AR T 6 A
R, Toefs, A “FBA&ERRIEIL
R BRI SR, FE AL R E
HAR LA A Pk AT A R IR KT |

£
/éi;
?T::
#,

hEE. AR



hEBRHLFRER

$32%  FoH

SHRFEWHAREEF

"EE

LEFRBFRAEILALR

R

WOE AU T R A A K I SR )
DR SR B R AT T R

TR FATAE T )
KEER  wiesm B

BHEZER (Intelligent Vehicle, IV) , HFRVELA
MBI ZE4% (Unmanned Ground Vehicle ,UGV) , J&—AME
BT, SR SR, B Rt S AT S 2 TRe
ThmgaRzs,

AR LK, Bl A HTE B BRI R
JE, AL I E R R AN, 2R
B, A A Ik R 5 o B TR AT T R A
TSy, KRR TEAAE Ay bl AR s B A o LA T
W30 AEME Sy, FMAEEMOSRAE S, AEE
A BRI . AR SO BTV L IR ZE R0 R AN DA &
AR R IVIR A, X B BEZE A0 1) A SR e B HL o 3k
A SIS ) SR AR JEAT T WP R T

1 BB EMNE

1.1 BREEWMBENESNME

20054F, [ [F Py H7E “21 20 ng BAR” ik
PHE “20tH 201 E RS R v, 21 Ak R
RTNIGZE o %t BRI R R
AEAEA . AR, R AE A0 2 ST T e 7S Hh R KD 55
KAESI SR T 2% B BCE M L R m .
W A ZERIUAE LR LA J5 T »

1) REAE AT M B o i e 26 (KO PR RE. B RE 4EA00 T AN
SR FRIHNLY, JOME L e S S H AU BT AL
A S, T AMEGUAE IR T B 5 N 53 B4 H AR B kAT
(K3 ER 7 Vot T LA IS, SR BAN B3 13 225 [ W] RAAF
WLy, RN SO, BT DU R 4
TEANIIRLENRE ) A7 RE I A BGLBE ) -

AT ORI B A e

7O

2 REGBFIRAR AT IR

AN

TR EBUIR, R T H A e

2) BEBATIN T BN, AT B AR S
RN 2, DLRAET . KIS g R AT
SRAT A5 BRI, SR N2 T W PRl BE R 4R
HE. E8hr. (R REFMRE 2 R 5e 1k
R AEIRAESS, BRI, JF T AR A% BT
R ZRAPEH I FIBITAESS, EASBMA, RSl
DU 1] ANTa] Wl

3) RENG AP BT A A HR A AR A IRk
Bffillh, HIRHE NI R B RN A 2
Hi BRI 7 1 I EAN ROt o A A Se bt 5 45
F03/IN 2R ol 2R AR R 2 9 T LA S BT (U A i A R 1
Dl Bhn, /N e AR A E AR T LARE N AN B
EHEAN KPR, AT FiAT 5 SAR B ) a1
fole fH, FE—SSRE MM (i, 2. ) 3%
Serh, RRE AR AT LUR A S iR LR Ak 1 s 3R A A
R R R R IR o0, AN IB SIS 7 AR 5
1.2 BREEWBEMRANE

BEEFMAIT AT FEFHI, mHAR
P75 T BAT Tz B AL R R AR A AR AE B B
(1 B P A S Ty AT B, LRAIME R 2R
BUELL R LA T T :

1) REWS SR AR E D RE . e A ] I8 B LA L
W AT RS CRRD 1oL, RIUER &
LU o el Rl 1) 7 sCER M 2 3 0y, AT B ot 4= A T Bt 2
2fE.

2) REMEARAL B IE N IS IDRE . &M A A B
FNEEAT B AT DT AR CRRERS ) o IR SRR AR AT N

516348 201146H



70 N P il P U R WL B e BB S

3) BEMS R I I T RE . BRI LA LA
B TR T B, O SIS I B R R R A,
R E 7 Bl 5 AT R A TR0 1 AT AT e 2 1 AT
TR A%, R, H DR B B 5 B
PRAC IR (1) B 25 g 5 | R IR B I AR h 25 1 DL

XLeTfe e H i S R I 5K E AR R ) S 4 2 e
LM &4 (Intelligent Transportation Systems, ITS)
ST BAR SR . R IX e RE, w280 B st b
ACHFH, REVRGEI B3 etk R R R
FH AR BT BN B, BRI N
R R MR G M54 77 .

2 XEEREEFFRNIEZRIAN

H oA, SR 2 SR AE TT AN R AP 8 e 2
TR AR AHXE Ak, A 58 AR BRI
T SRBMEE . 5C [ 5 L4 R RE AR AR & 2
A ZE80EARTIT AR, 19834F 36 [ [H By s W 5T I H &
(Defense Advanced Research Projects Agency,
DARPA) ALk REi AR IpA % (Tactical Technology
Office, TTO) 137 A 844 (autonomous land
vehicle, ALV) WFFUTF K LAE. BI904FEA F G H#I, 2
Pl i 42 32 Rk i 2F R4 (Future Communications
Commission, FCS) , ZZRGHTHH I 2 AL L A T
T S BB R AR R AR XA RO e R, e
C2e I 1 RE A A FEBR e MR R T 1), B T it
BB WFFOIT . K2 ARl A5 i BRI ST A5
e, JFBRANT KERB S, JHAR TAamK . REME E
BERmE g BB BOOG [ A RE 2R AW B 32 B T A A
B, MORWRATHINpIE. K, WAL RS,
iR Pvtiskn. RSB RIS AE 2 ST

REMB R M EZMR A, PR, AR
R R A — T TR AL, B b AR
BARIRZ, REMESCINE MRS, WEME. K2, i
1[N LG PP I LR B Y (VA R L CTEVE R (1B RO
SRR, KBRS ME L T LRI, T LR
PR L S S R AR S B R LR

3 REFEFPHAERIAN

LR, TR RE 405 WL 32 24 A

R, H2RSRN, BN,
FEEPTERE, &R

MR FE 3R I R B A L I R 2 —. R
AR A AR R A 2 NSO AR SR I T LR e 2
AT SRR, EXRSE. SHHER T A B
HENWATF, TR R e A A N LT s
BRI A EAT RPN TAE T, TR RIS T B
CIZ IR Z bR R 2R T e, [ O H A PR 26
IRLRATHE, EBhIRES TR

HERFUHEINARERBEA S RAEFE ALK =
FEALGE 3T R G RN 370 BB 8 R 40 55 7 AT IR N T
IC, WHEH S £ P8 A (TsingHua Mobile Robot
V, THMR-V) fReZETE s 3 =B Bl ERER 418 1)
S48 Lk F100km/h, 5% 1o I AT 3k E150km/h ™[]
BEH R R E TR R R BR A
TREFINZER, ERHFH. FIREEE . 22
R TITEAR TR, H AT IEAE AT e
IRPTISHIRSE . AR TS R SRR S HAG LA

A R AENA NI ST IR 2% LT
TEREE K BE T ST, 200 TAERIF I H (R A 42 gt v I
HOM2Tkm/h, RESCELHERMSEBE L. B H 2 E NS
DiRE, ZERI2EE N AE A A TR TEIEE

T 975 s A5 K 2 (1 SR AR B0 i A0 ) 48 e DR R A A
ERER T IATHREM AW LA, ZRUAS ST
19954F [E B B 1.2 F120054F 2 BAAH DI H 15 RE -4 06
BHARTISE, 20034 5 H 5 — VA4 A MBSt )
AE4ECATA607E KV IAIR T,  middl o B i AR E 4
B B A 130km/h,  H 25 B ) e g e 38 AT 78 170km/h,
I H A& e E e

WK e 5 1005 R IT FTK i JE 509% 0 &
HERIR T “HEHHIE RSN WH, it
B4 R B R TR )20k /h,  3RERE T B 74 %) 10km/h.

1304 5% S | o I NG SN TE W N SN [ N S e
L A LRSS R R AT 4R TR RE
WIS, JEEAR T — 58 BT RCR o

4 BREEFWMIARES

I TE7E 7 BE 420 R RN . Y A0S — B AR DR i
BRIOR eSS RER RN R RIEA LR TR

H AT RORIT SN LA



PEEMUFSEIR 2% F2H L1634
EETRERMRBRFITR

R | P A B L
1 Dragon Runner % RN, HLEhELE

. 2 MATILDA BRAH e PR
3 T3 &4 KA
4 TALON Mg, s, i, AR e/ RGetT, RA PG
5 MULE gk R Bk =3 R
6 GTUGY firge. WML, Bodi IR R
7 MDARS SR AN ES sl PR Rz

MDARS-Exterior B, BaEsH RrlURs BE

B g | e | SRUSEANURA, MRS BN, FHDNATK
10 RCSS N2 I E e LA, ERL AREIR AT R
11 REDCAR (U6 - N e INIE L AR e RN
12 RONS IR IL I, fligR MEA RIS AT S
13 SARGE BRIt R S5 AN i
14 RAAS Yeiti, SRS, MEOURTE bR 3k HEK
15 ARTS ki Pl e e U EINE

- 16 CAT Yt ZALSHEN
17 COUGAR Fefit sk LMENRGL S
18 DENO 111 AN (O IR B 1 e B ) RIS, BUERRLF, ke 2iBAT
19 Robotic Follower ik, EEEREE Ly giivilkili
20 AOE A 2y DR 2 4
21 A-AOE St e e 2R, W

KA | 22 Panther TFi, 1% AT N 24 2
23 M60 Panther A R
24 M1 Abrams Panther TI A& YR, H

KA RE A A e i, B YT A A A ESR K A 2 (Gladiator)

41 EBER. RO, ERLER
45120094 K M BE 25 5 44w 28 (Training
and Doctrine Command, TRADOC) FIiH ¥ HL5h %0 &
TRErpy (Tank-Automotive Research, Development
and Engineering Center, TARDEC) BEGKATHI (HLE%
NS FLEEAS) 5 20 H 2 5 25 A RE A A A
LRE BRI TR, W LUK DU BE 4 K K ey B
INEAL L R RV GETRAC R B . K% H T
JITRIF A PR 2400 23 S T 0k 8- 22 S AN ] AR 95 SR AT

TN, G TR E VTR M RGEM (Mini-
Flail) 84 &N FWOTTAR DR, &, ki
AT 45 el (Dragon Runner) /N AEZEMHEE ., [A] M)
IR BRI R R 2 M AT, DG £ R
FRIAT 55 i 2. 91 4 26 22 5 e i 22 D gl ] / )5 ke 46 47
Wi (Multifunction Utility/Logistics Equipment
Vehicle , MULE) a2 — AN, eILWimsfh

AR, Gy B PR RS

4.2 BHREARENERERBRERR



LR BT I I 4 Be 2R R 2 R SR T
RS MR, B B BRI AN B, 7R AR ER
AL M B L BT R G na AT k
&, BB A H BN R ARSR I WESEE .
3% [ H 3 ) A R HLEE ARG A R AFCSHER M B £
S &4 (Autonomic Navigation System, ANS) Hi &
il H A LR R R R, B L& H TR
P A BE 440, s Wi R E I AR E S, % R%
LASEEIANFIIZhRE . BHRASK, X AR5 30ROy T~ —A4X
BRI 2 R T 2
4.3 UESENAAES, UREEZAAE
h, HiARRE

FEHBEARE RABARZ AR NN, BARE G
TR A B ) N - A5 AU, E A i A AR IR )
MR, B A 7 R AR . 491 G 5 [ 1y il 3 22
BRI HIRR . AR E A R R ) H 2 A H 0
H, (HIXL00 H g Rk JER m R, W&
KRR T ERIMESNER], RN RE T X £ 7 S i
HigE— PR RE. BRETFEWB RN R RETER)
M, HEANER R R T . O, &
AR AR T TR IR RN R AR B AR s i TR ) S FH U £ AR 7R
W ES A, BRI #l (A3 ISR,
BRI ) R R B R B ARSI ST, AR
HEN RN, RMTR X EH S H AR E
TRETA R, I BE 7840 A HT BT BRI BEUE, AR
MNP B AR AR ) R R

5 RETEEFNTRFENERE

AR, R REZE IR IT IEAE AW KRR,
152 75 THHRHUS T AR R, ARATD SR A7 A — 2 1 i

1) PR M AT A B BE A i 2L B H
BTk ik, B WD R G A B ARSI TS Y R
R, SUR RO AT — S 5 R B A A DS A, T
FLIGH £ 3 4R /b, 19954EF20104E A, [H 5 HAEHRAE
R R0 2 A 31000 )7 7T . M FI20074E K 11, £
CL 00 2 Al 20 S A0 5 bR i 100N IR H AN I50H 5
NG RLAB0—500)7 KT, BENHIL102EIT.

2) WIS A fiFA. H 3120084, HEZREEHA

RO A TR BN TR RET MW, L2 B, 3

] 1) R R AT S — MRS A2 i RS T REAT IR B A PRI
AP FUAN AN A5 B 0 RE AR 0 — D7 T B ¥ B AR 4R
Ko WBFFE LA Sk, AR | H ot it
TR L, AT D300 4 AR A I 28 1K e B 1EAT — L1
BB ME SE IS .

3D EWAMEKHEARZRHE. 2014290410858
TEAIRAAT T 2 X A B RER B LA TR . 8 E 5
J& SEREI [ B K2 HVaMP SR B R b AT T M\ 4 [ 5% e 2R )
WA JE TG MR, Horhos% e A Bl ™, [R4ESE E
A1) WK HNav lab R 41 H 42 W SE I 5 47 1k JE M
TG 1) B 052 K 2 b W BT 16 18 AR B0 P AR LT R SEBL T
HEHEREE . SR AN20094E FI20104EFRE 280K« [H
BEREAKRPRIE” WAGOL LT LIS RESR], 2
ANE S TT SR 5 BT R I R B AR K, 3R E B HLAE AP
WA LB 3 1R e 2R AR K8 Ak T A8 04E
A, OFERAIMACTE, AHIE AR ZRE R &

4 EWNEEATEEIT M R . HEINIEA
AR FE RN E ST AR e E B AN, IR
N FRAE RS Sk 1 AR, T RE A AR R
IR A PETE Y, HAnE® A 5 R E R E A = I EA,
T A TR R B 2 A0 5 [ 7 2 A T K 1) S A

6 X3k EE EEWMRAE

MM TR R IR LSRG, G&D T PRI EL
B YO T LHE R ALK DA AL SR
YRS WL R T [0 RS 4040 A= 7 A R P 3 7 R LI
WEABAIAE, AT REEBPRA, ASRA S5ES
AT SIS ). 20 R ITAR, (S BEAR
T2 N, YRR T N B AR TR 4 REALAS A
MR AR (R 58 = UOR JEBLE, R A3 A2 X U 78 1
Ao 20094FE, DABEHAF AR —HMITINR 5 H
TR, RSB MR O & T
Al Tl yumg, e R AR i A B = S ATk, TR
DAEXANTE RN, T BE 2 1) A R A AT 25 A 2

IR AERE, R30I IR RS —Fiofr
(VRS I, RO BT IR R B
YRGB AR . QA RE 70 70 IR B A B A ity
KA, HEASTT BRI AR R 1, AN B 424
X AR M A (K RE R, B2 A A A R KM IR A R A



hEBRHLFRER

U, AR REAEANE G D, R ORI RE S
LR PS5 7 NS

BT RS, B AV T ACE A LR
L5 L7 AU AR 238 B R E R R M BAIKA, - [Al I 1%
SN ARE BRI RV HR AL . /4 Tk
AR LUE B HA AR B GE A 525, T g
TERRAZ O I BAR IR AN . 3R TR AL
BREROAR, ] YA BOR, SR [ L E T8
NRGWAEE (Joint Architecture for Unmanned
System, JAUS) HSEpimie—M “REKRN” . HHY
JAUSC R JEBISAM, 227 JAUS F 8 e 2 4Hs £ R
KM5-104F N ITUASE A, JFAE204F Y REA RS 440
fis 45 B FEANTF AR B A B ERPE K VYR, 1
SURBRBRBLOT RS 1E, 22 RE “9 4 R 1R
ZERE I o B BB E ) 24, XM E R E o SRR
ARG AR E A R

TR N ERMARGE TR, B LEL
M. BT THENL FEN. N LERE. HRIERFLES
AP AT, ATATT— AN TURAIE T A 55 6 0T E 0 5 Y R
TR SRR o DAL, 20 R RE LRI BT S AN N [
KV R IR, AR A7 0 B ] AR . 1) R
m o UATIXRE, A RERE R RE A EITIY B 4% TR R 45
RA ISR, BLi /N SIS R 2,
78 i 2 1 T 45 B TR G ) A

BERE FFRAtRALIRAHK
¥ ERRRF QAR RER.

8% X FERAFRATKREAN
MR L. ERAIT OH LGRS LR

S0k

[1] Bishop, R. Intelligent Vehicle applications

worldwide. IEEE Intelligent Systerms and Their
Applications, 2000, 15 (1) : 78-81

[2] Chen Zhi—Cai. Summary of the U.S. Army’ s Century
Strategic Technology in the 21st.Modern Defence

Technology, 1995, 1: 1-6(in Chinese)

$32% F2oHf

(MR, 5 bl 45 2 1 tHE 20 il s BOARME L. (s 75 78,
1995, 1: 1-6 )

[3] Future Combat Systems (FCS) [Online], available:
http://www. globalsecurity. org/military/systems/
ground/fcs. htm, February 22,2011

[4] Committee on Army Unmanned Ground Vehicle
Technology. Technology Development for Army Unmanned
Ground Vehicles. The National Academies Press, 2002

[5] Wang Rong—Ben, Zhang Rong-hui, Jin Li-Sheng, Guo Lie
Research on Steering Control Technology of CyberCar[J].
Transactions of the Chinses Society for Agricultural
Machinery, 2007, 38(7): 39-42(in Chinese)

CEZA, TRIME, Sard. ISR B RE 440 s HlH
ALIT. AUk~ 2007, 38(7) :39-42)

[6] Zhang Zheng—Wu, Ding Dong-Hua. The Design of Road
Detection Algotirhm on THMR-V.Robert Technology,
2005, 21(12): 115-117(in Chinese)

(RkPRuC, T A&4E. THVR-VIEEATI vl MLas Ak
A, 2005, 21(12) : 115-117)

[7] Deng Lian—Wen, An Xiang—Jing, He Han—Gen. ALV vision
navigation based on road structure characteristic[]J].
Journal of Jilin University(Inf ormationScienceEdition),
2004, 22(7) :419-425 (in Chinese)
RS, 22 at, PR . FETIEH AR IE R 5 224
MBI, AR (5 R
Ji%) 2004, 22 (7) : 419-425)

[8] Multifunction

Utility/Logistics Equipment

Vehicle [Onlinel], available: http://www.
globalsecurity. org/military/systems/ground/fcs—
mule. htm, February 22,2011
[9] Bertozzi M, Broggi A, Fascioli A. Vision—based
intelligent vehicles: State ofthe art and
perspectives. Robotics and Autonomous Systems,
2000, 17(9): 1-16
[10] Shladover S, et al. Automated vehicle control
developments in the PATH program. IEEE Trans.
on Vehicular Technology, 1991, 40(1): 114-130
[11] Carl P. Evans, Development of World Modeling
Methods for Autonomous Systems Based on the
for Unmanned System

Joint. Architecture

M.S. Thesis, University of Florida, 2009

516348 201146H



Wi GEHETAZREERNBKAK

Bi.FjE1 ? KHH %/El;' e g'k_‘_1 ’

1. R K B3RS
3. KRR KF

TRERIRIIA L L A5 35
/Dh é%\]ﬁ);&‘/fa

2. RAKF BT 8
TIAREREERREE

1 OE AR R TRA A A (0 S5 A R ST AT B A I v, T R\ AN B T

MEGE A 2R 54808

T B 1URK 3 2 T I R T T 2

SIEA I
B LB AT R AN %%, W AFAE K E
A T AR [ T B R T B DA 2 A

EHRIE EABmL, EEAU, HRRs

1 55

AT AT B X RN — B DR AR TE N 2 B o
WA, HiAW 2R REMEIEH TRl A%,
T UL e 2 A B S A8, WIAWSTM, AutoVue™
RALPH™ ™" AURORA™. SCAR™. GOLD™™. LOIS™. %k
MK S SVE B X R s BBk B, AR B B T PR AR
PRI IHEASRE A B3E N, R T 25 80 N2 BB AR 1)
BT HERE, 20104 (¥ AR Bl 28 10 25 5 MR 2R A2 A
A IGPS & A A H Al N TFF F B, — il 45
2 el R 2 1 P A A AR AN [R] R T B 1 00, A ST AR
FA TR AT BUIREE A RE ) (A= 2k )
EAIORENR L ioaT DI V2 =5 SUNE VI BN 528 R X Al
BHIEN, 7RI T %5 2 A5 B & A g e

N LR FH PR A I o6 B THT M 5 T AN TR R R £
SINTRT LA SR S — I A it s — A0 ] LA B —Fh
Ysico AR T AbBE 55 4 55 D0 0 251 5 TR 2 A0 P s Py
Fro B SEAN I A IR RN B TR P 5 S 22 AR K, AnSick
WO T IA PRI T B T LA (5 6, AR SR — AN T
(1), IBEOM DU 2k e i -tk FL & DU, 5% i T ) 40
JUBEII I TANAE o B FAHH LRI — A i S S 1 Bt

SEOL, MR T B . A5 TSI A

A7 5 K B TR TR, AR BT 388 1T PR o AP A A T 8 M AL RN s M AT B 1) 22 B TR s A
AR T BORAT S R )L
o AN T FH 1) 22 B A £ JEEANTR] (1) 34N B0 7 5 B 1) et 2 5 M A PO RG0S B TRV T, ARl g 22
EHIHLA B E A 4 5 P AT AT B ZE S Lol 0 25 SCI R, BT VA RE RS DR HE R ) £ 22 2K Ti PR
(e T AR A R A ROR . AER
Ipe e N B 35km/h,  FIN R IR K D ER —

AL S o Bl At 5 RS i & AN =

BAEY

EAE PRI AR SE A FRBLA 2 BLIP IR AT

AMRIBE

T SARRLRE, ATLAE S HALBE KRR |, SRA L=
A AR LA, EIRR LTS SRS
BAR, M HBEER AR, R,

Rl AT LU AS AN IR J2 T AT S i BT R i A2 2R
SRR RV LR e ke i 10 e [) I 08 L DU AR, A
ABEH S BR, Be RO ETA, 2R 4E £
B IA%Z%, HGISIEBAR R, PLioiF 4 R
KPR IE 200 R TE B 0 2% o UG K 2l o5 R E Kot
EHHTRLG, CRRBOLER ISR B H B EoE
SEITARAR R T, e UL S SRE . M2 ARk
ik, ZRG O ML PR ARBERY . AT A7 B R
G IR, REOE E IS A LATRFAE_E A
SRR IOREA, W] LIRS AR A B 1) P A R A A e
1590, MAZIEG DR N ZRFEA 2, R REEHR )
(¥ &5 A th n] DL AESO TR B A B ) B . SEBRAN A
ks BRI AL R P R I 25, BLARAE DI 25 )5
F10 46 TS 00 3 28 4 (Y2 A DA 5 R A 365 1 AN ) R 355
MIRETID o [F) It Al DAk A A T 0 T B A A 1 A
B, LR SEEN SR A TE A SR IE N . P A B

Jo R AT AT T R o
iz, AR T Wﬁ?éfﬁﬁﬂ m

2 3 AT BB BOA S MR . A SR



hEBRHLFRER

ARFAT A1 FEAS [ B PO S 5 R A B0 B S 22 0 m] AT B RY
T X, 2l 2 B ARG A A P A AT
B BRI AR A A AT AT B I A ML AR R . AR
WAETE EAT BN AL s 45 HRS TR 420 2, EARSS
FEIA A3 b PSSO AT P PO 5 2R TR I e s A T B 1)
T B UNARIESR 5 R BOR AR R4, 2

1] =S TCKIO s M EE [ i (K AR BILAZ AR SR ) A% S
fvo ANSCIVERES (2 P R
1 AR A A s Bl ) AR A e 220 24 W A7 ik 5 1
D0 i) 2
SLBVE 2L ININE Ry
TR e o
Qe yly

B HATR Y, RESTS

?’

See =
ik

IREETTE

T 1

POt RE 2

LNV PR

KL EDORSA 2 e

AT AR 88 AT 2 SO R B E s 48
ARRRAR s B TR T2 T ZE 3 B RO AL
T e SN S S DY YT R R K i m AT
BOAERN; KNS, SRNTA AR
P2 A SO AN G PR SE RN 1 e 3 £ AN
ﬂ%ﬁ%%Lklﬁﬁ#%ﬁ%ﬁwﬁzA%ﬁ%%ﬁ
R IO EE RATD AE I A AR (7 B i 1 B
m%& [ AR 410 b i 90 P52 AT 25 4 B R
38 LA_E 25 T DLAEF- 2 i 1T 0 P A EAT AR R 1R A
SR L A I AR L, AFET E AE
WO MG A 7 B DXl 2k . DErd BL B BEAL BE,
A UATR A A S A I (Y L, SRS BUE H AR, IR%E
S At SAYIIE Ui S DR S ko iall TP L AT
AR AT 4 E . BRI N UL HOk
KR s 85, T8I 2 W0 i R 3EAT i v [R50

EZMSIEE 2 3 el

3K 2k

g IS
= [aap o

g

.
s

E lJL- “

- BOLE BRSNS

$32% F2oHf

2 HCEBREERR

A5 BRIG H IR K BOE R R G — B Ak b &
T, VORI RS . ASCR SR RN TE
WRAERR R, HGWOBFIE 0 1) AS A 2R LA BAHBLAL bR %G Ay
KNIy T e i e T O AL e B TR
1o REEMRMARR (VCS) H5E XN : SR AORL T4k
) YENS AR fArh s — 30 Frm AR ar kg s Xh
YD, HXOYFI AT T4 bt 285X, YAl )
AFAbRR (E3) o BORHHCE AR & (LSCS) 1)
& ks BB OGR R T 0  JR R, B — Aok
CRI AR DX, 471 b5 XAl 5 e 2
Yo, ZEhSXEN . YRR A T AR R . I AR K3 G
WO w2 B LU BB B B A e 1

P32 A A 56 L O 2 ) A A 2 2 1 O T 2
Xy (T,
Y| =Ty,
Z \% TZ ;

th, I, o1

ARk, Ry (BR, (R, (o) e Hile, my, o Hofsl
To BHGHH T LRI B AR . A B e T A
P, T DA I SRR R AT AR 1 5
B BB A (5

(z)-1(;

o (u, v) o SAE SR B B AR, (x, y) DA TEIEEN
AR AR R o HO AR o AR R O R T L
TR AN OG L (BT B AR HLRR E 15 2o AR T ¥R T B
TEVEZ st it 2% 5 L st [10]

3 BRI RS RN

3.1 KB tEa
2R 2 BT v B S T e AR
4 XI5 5 B Rt AT I B L B A A A

X

+(1+mu )Rz(B)zz('Y)zl(a{Y

Z

(D

L

=

T, | O R R A AT

516348 201146H



MR R AR AT B R, WOt

LA AE 180° JEL Il A X TE B BEAT 4140, WO -1

-5 A T AR AT T O S 1 2 By ABCDEF , Jerp, 2k Bt
BCHDEACKE A 5«

[C3P R SO W
3.2 EFZEAEREEB IR
FETZAH 77 22 M AR A B R o PR, T
P e e B AR As bR B
B ZAE T =R
1 i+4

D=-Y2
9% &)

T BRIHT- 3, DR T b R4 A2 T 22 85D,
T 8% G A FRZA T 225K

I ST

L S BRI AT TRIAA SR K R A B LA BT AT 14
R ZA 5 %

2. FHAR P ANZA 5 2 KT Al HLX ) 1) 8 K1 242 9
IOERENTEVA) & Sud d=¢

3. AR A A e B FE mR  Hl mUEE SR I B
125 DA B B JBE VB 45 46 ok i BT 5

4. R BB SR B T
SANBOGER RIS T 2my 3. 5mA Sm)
AL P 2 AT AR 43 ) = AR U e el
HHREED G EL, UG T DA G a AT .
B2, EATAZESIA S % A2m, 3. SmAl5mir) o £ 3
R, AT MRS R ALA AR, AT RO
BB BINEE S LM, BaEgh
EONEEAT

4 ZHRETHREEDSRN

N T SEIRAE K A5 R AL TR IR L ARSCR
M =GB BRI AL AT P 408 . 11500 2 M
PR R R AL 2B I RUE— AL AT DL o B 4=
SKHr77 16K, EEAGTTHARITOK KGR, X
AEVURIEAE KI5 25 I A B RE AT E . [FN 0 T
PRAESEN S AL M AR S M AL T8 A RAFRCR, 5IA

TR E I B . Fe kAR X
HEAT LA AR AL 1) PR HEAT R A4 2 oKk s b
LA LA e S IR TE B TS S5O0 AR TE SR TR 52 R o X i e
AR5 1) G MOA GAR IO —fEAL, K25 R IER S R
PR e (L S0 21 (10 20 B 2 P i S5 as DR B b T
REA AL G I PTA il S e Ok BT e 4045 21 4%
T ROE L ) B R 4 I 2L

P62 SRt

4.1 SIEEHRTALIE

AR SCHE R B TG A IR A e, X4
(RBATFAR T, RIS S TROCLRAE 1 DL B ST A B 1 35t
A EIE R o B W RO TG A — R
FHIAAE e, IS I 0% A2 P (R AT ST AT
AUy, FIRAIEMSERITHE, K HE N bR 215
SePREG R . E AN GG E A

ke UBglxy) =minf(r—iy=)-gicl) } (1)

k. (®ny)=max{f(r=iy=i)+g(i=)) } )

i fog=(fOb)®b )
A feg=(f ®b)Ob )
wniEAsts, h=[f—(fob) )

Horp, fACKREBIKEEE, ¢ REHITLRINKIEE.
R A A T LR oS EEE 998 O PR i [ T L5
LS Vil EURS APT D NANIRSE NI TEN S5 1
AR B B E AL -



PEBEZCFSET $£32% F2H] S2FE163H4 2011468
(5) xfec; eC , X (8) JFUMHILAL, Hrh

4.2 HEE®
PR EEE AR E . SRR,
G . BRI S L O (R
BB mE R AL, Fiteg) AT A
B4Rk . HOEA AR EO R . 4 O B A g
. 1 - d
X=F1i=12N] | ¥ € R ek
G BT 1B B R 4
- Yoo (x-x)_ 11 ’
%WZF;FKGT%‘FEF{ ]
R R R R I A 9 K ()= & ()
I Em A, BEHE &, HREKXHR
KGI)-BexpI g st (o) k. b
Vi (%)

~ =

¢ (x)

AR £ (o) M RS G (x) 3 201 i

X — X

i

h

5 m(x)=C KRofs CHEH: Vi) W

RS, b 6o =cg(x?) wkms, 1

g(x) =—f"(x )’ Wk, mC) LnrLl&RN

i - x|
“ hd+2 i8] h _

m(x) = —<-x
mCe) WUBERR Vot B A i ik (3) WU
PR o 2 X U H 6 M R SR
Jil. Bk, B SRR AR

o eGPy k=12, (b
SRV N T R A B, TEHR 2 0 HC R LA ok
A SIAE . B e, | = 1,20, N IR R 012 2 0K
BRI, BT F

(1) AP — MR E RN G, X
C=%},

(2) FE X e, eC Rk KE &, WwE
Y| <T ) yugmigg s T, BT AMRE
OO

3 R, —c <7, WHE Y R ERE
Hl, B R MR R

(4) SREAE, B (D i,

(10)

= |

)

o,V =e; . BRI roicy

¢ it |
g
k1) _
Cc; (x) - c;") —cip 2 (12)
i |
C6 ) I Ja xS AT & JF

Vi (A Sab<mazb), W |w —ul|<r, WHab
WG IR, e eIt B,
4.3 SEARNE

s 2 SRS 1 B 0030 2 22 B 5 5 T e W A4l
BT A R B R 22 1o B2 S OR B R T RE D A 2 ST R
IR, 0F P AT A2 S 1) PR AT 4, K O B RCREAT O
B/ RS RBIRAEIE L.

5 SLIHHR

FRIPETVCH+6. 0FF &, BT AWindows XP,
CPU Intel Pentium (R) 2.5GHz, RAM 2G. AbFRiMEE%
L5/ R o S0 25 3 B A S on) T g M Ak R Al g R4k
730 2R AT AR AT R S ME R M . 5286 T 100005 %
P, PR FRART10%. ARE VLB TN W fe 4
DRI 223 T B A 7l 8 B g T3 % LA S 2 AN T I

FE B BRI, AT T ARG RS, BETh R
AL A TS I PEAR oo T A M R S PR AR 0 A
TR e R E AR R AU K 2K

JdlL

K7 Al LAl s g 45 R

K82 Smar t VITZ il o N 2 B4 BE 42 25 & PR i 38 A1
2, BREA PR IR 23 A el T B R e S el DI
HerPIE R R BN AR AL, BRI AN, Ed G
AW IAEIEL, AR IEAT LA MR RKISIE . £
AFLIR ST, AT Pk B b N S Ji 1
DUR B —NRIA & e AE Pel DX K I 38 21 5-10km/H,
FE TR T 5 13 20-35km/ho [ IS AR 4 A @ o T
W EELZATIE,




K8 e thaEd FEa 4

6 B4

-

AR SR T TR AR AR SR Rl 1 TR 255 BR T
ST AETERYI v, H Tl S Te N R R T
I ) 55 ACB I 5 BRI 75 5K, A YA 4k i
IRI5E o A7 A I E, 955 5 A A0 N AR 5 ) T B 1) 22 P i T 155

AT 5 FURIK [ 256725 T8 N i T 25 AR 4 3 B0 AT 5
RN ) . SRR, 1 UV AR PR YR Aff 1 7
Z RPN PRI AT L BT AT B A &, WAEE RS
TE KBS IS SU AT RGP IR ROR . 7R3 e - ik 28 5 2
BEA HLRET, 1 AR08 e A (7l 1 i R v i DA A
LA, B Rk 35km/h, FI B . TS
DA A R

[1] 1Iteris’Lane Departure Warning System Now Available on
Mercedes Trucks in Europe. The Source for Intelligent Vehicle
News, [Vsource. June, 2000:71~75

[2] Parag H. Batavia, Dean A. Pomerleau, Charles E. Thorpe.

Predicting Lane Position for Roadway Departure Prevention.
Proceedings of the IEEE Intelligent Vehicles Symposium.
October, 1998:245~251

[3] Parag H. Batavia. Driver Adaptive Warning Systems, tech.

report CMU-RI-TR-98-07,Robotics Institute, Carnegie

Mellon University, March,1998:5~25
[4] Massimo Bertozzi, Alberto Broggi, etc. Artificial Vision in
Road Vehicles. Proceedings of the IEEE.2002,90
(7):1258~1271
[5] Mei Chen, Todd Jochem, Dean Pomerleau. AURORA:A
Vision-Based Roadway Departure Warning System.EEE
Conference on Intelligent Robots and Systems. Human Robot
Interaction and Cooperative Robots. 1995:243~248
[6] Dean Pomerleau, Charles Thorpe, Lloyd Emery.
Performance Specification Development for Roadway
Departure Collision Avoidance Systems. Proc. Of 4th
World Congress on Intelligent Transportation Systems,
Berlin, Germany,1997:21~24
[7] M. Bertozzi, “ Vision-Based Vehicle Guide” IEEE, 1998.
[8] M. Bertozzi, “Gold: A parallel real-time stereo vision system
for generics obstacle and lane detection,” IEEE Transactions
on Image Processing, vol.7, no. 1, pp. 62-81, Jan 1998.
[9] K. Kluge and S. Lakshmanan, “A deformable-template
approach to lane detecton,” in Proceedings of IEEE Intelligent
Vehicles Symposium, vol. 1, Jun 25-26 1995, pp. 54-59.

PR i+, ARKFESHEL4
WE W, IFAEFREE, —ANFR
R Sn BAR KRR 7 #) TAE, AL AL
£ § FrALGE Ridn 3R AR,

S HIE, RAKFEINTHEREL LG
IR R AR, KRINE £ R S 4%
BEA. BT EHAELE,

Zz W
+. SHAER,

BB R b TAHE,

ZER i . BRAE -2 863itnl
AR ZBATRE FABR . HFHARERE S TR

FIHEFE TE, KIPMAFE: CIS-T. £HFMEFRR
BHRA. gobamnE. AENEL ZLTAEK. %
HRBEREH AR B ML REA T,

Bk = HE XKRAFEYNFLHEAS LML,
IR RBA, TENFER/MBSHREER,
KELHAELL T,



hEBRSEFRER

YFERTETFEZM

%3248 E2H] S 5E163H) 2011468

52 B TE B

EERER EIRR' X5

LIRS
W B MBI, i

R, AR HOTSU T b s AR 317425
KEEIE RNER, R, BT

151§

B VA NURHR IR AR R, R g, [
FIRRFA RSO 2 7 A3 7T 2 N b, B
B0 FT LUACRR N SAE fE B b T 4 vk 11 i P 1 3l
TR H M, IR NS it HEE S RS
LRI, TR A AR AT I
RerEAZz ks BFERFSOHEL, B B 4L T LU A
FEREIREE L R AR E R R AR TAE".

FEAR G R A T8 I T 8 BB A0 10 3T 2502 H AT G
G IWNGS SERINE ATV e S S PG H SRy = i |
i s, LB+ Ea, MR EENEZHE
Fe, wlRERE . WA, WERKE: ERiLALNE
B, RZRNTHIRERIS AR5y YD AR TEK
MBI st, I HSREFTARLSE, B b, b

TSR, R BB N ST 5 1 b 8 oA ks 52 3
TR LB . WMTEA B KBUE R b, BT
A LG (R T A0 gl A A AR A R B, T LT A T A
T DR i TR -5 A M 2 T (3 2 2 B 5

fiﬁ%ﬁT,iﬂﬁw@%(mwﬁﬁt)%%

Umﬁk%ﬁ%mhh%Wﬁ %ﬂﬁmﬁuﬁﬁL%
Rl w2, A sl AL A AL L & N Bkl
HEP S5 BT, IR SRR I B A R, SRS DA
AR TR B ML NI, f e MR I LA B Al
IEER AT

RS EEAR G

BTN T

KAGE, L

T HEAAF HEHRFIR;

PRI R i R R LA SR, 9K T I S P R AEE
FRIEEHIRER LS ARSI HH A o RIS 4

2.AILRFAEEHFE ISR,

SENEE I 62

P T Pk T R A R (5 SR AT R A

ZSHEREA R A A B RPUE L S, IF HAT R RIS TR

KRG 5 BRI RE s SR 2 FE kUM B i 4 1 2 11
Jefih b, 3T T AT OTSUS HE ff) 18 B A I 43092 5
AT T SLI AR SRR,

2 BERFHE

2.1 KRG

o o mnEi

2.1 SEo44m
K2, 1, SRR — e sy, BRI E T
BOLH L. BEHL. GPS. BTk, HhHik
64ALLEIEIOLTEIE (Velodyne HDL 64E LIDAR) . T.4F
PF N5 - 15 Hz, HizfiEsom(0. 1RER) / 120m
(0. 8 ST ) , I KA M E360° , d KT H A
HifE26.8° , MR RA0.09° , RE-2cm~2cm.

2.2 BALL M TILFRE

6L WO T IL bR e, RAK. P. Horn$ t 1) DY o
SRR BRI 0

PR B CL A0 — A = 4k i PG =1 E S AR BR R RN
TR AL R BRI A AR 4 ) g Xy € ROR X et Hooh
Xy =Ry 1, JRARFN e ] LA e /M T B AN -5 (E
ZWHRZE E R, ) 135, H,

E(R,1)= iHXL, —(RX,, +0)

(2-1



D st K ER O M T T IFI0N0, 1351
i:/\’u Ri/\’m

n

=X, - RX, (2-2)

2) 55 KR (-2 A QC-D, 3

E(Ra)=3((X, X, 2K, ~ )R, ~K,) +R(X, - X)) (9-3)

A X, =x,-X, X, =x,-%,, W4, it
(2-3), fndidR/ ML £ R, ©) S Tk
EMﬁ=§&ﬂn (2-4)
EHBING £ FRRA—-esmod a=[o ¢ @ o] ®
HIthig', b R 55 g RN
2(q193 +9092)

2(9293 — 90491)

22 2, 2
Qo —91" —92 +4q3

2(q192 — 9043)
QW0+’ -’
2(9293 + 9041

Clo2 + qlz —‘122 - qsz
R=|" 2q19,+9093)
2(q195 — 9092)

WAk, R 5 g M, SHER—A=4i, WL
RX =qXq"
¥ (2-6) N (2-4), 153
E'(R,0)= qT(ZXL,TX'V, ) (2-7)
R, KM (2-T) ATDUEAR S — AN SR Ek T
FEOVFFAEELARRAE () B ), Horh g HOARAS S5 R
20y R R L O
Rk, HEAbRE R A FEHbI b RCE T e
Wy CHngRAE 145D JFI L R 2 4 A A AR Ji AT A7
B B R 1 64 28 WO TR A IR B AR AL I
2 bR e 1) SRER B A A RN
Fz2-1: [ERHIRERS

(2-5)

(2-6)

E”j (Xy, Yy, Zy) om (X,,Y,.Z)em
1 (=60 500 0) (=71.26 692. 4 -191. 76)
2 (60 500 0) (48. 86 694. 5 -191.82)
3 (=100 1000 0) (-121.1 1191 —~184. 86)
4 (100 1000 0) (79. 64 1191 —184. 37)
5 (=100 800 0) (-115. 4 996. 7 —189.41)
6 (100 800 0) (79.61 998. 5 -189. 05)
7 (100 700 0) (83.07 896. 4 -193. 35)
IVt SR
0.999834 -0.015961 0.008847 0.0001 0.002 0.005
R=| 0.016091 0.999761 -0.014822 | +| 0.003 0.0001 0.003
-0.008608 0.014962  0.999851 0.005 0.003 0.0001

#=[-3.7389 197.9680 —201.2825] +[1.5848 2.0020 —2. 1525]cm
2.3 FERRHNE X

ARSI B R AR, LA % R R R 1
KB g TSI Ak B ROR SRS, SR T T A
sk, LR 1.

HiRo-1 ET R AMNESERENEE

fiiN: Velodyne 644k ik ¥ HRI .

finth: BEAEERSNA LI .

Bk

L WO 1A AR R I R B 4R AT R

2. G EAR AR FR K =4 AT LG £1400 X 40071 — 4E B T
(FED , BAMREARL20em 20cmf i

3. MREELUT RO R . RN 2] A P
E—ERERIEH (E2) 7, ST MFRAATICR A%
FHIH A HATIRL, WEARR S IR, T

a. WA, WYY

b. W JEH , NIKBERIRER

c. WA IFH MRS, HAWRET

4. X AH PR 5 L E B EAT SRR, s

5. AL BRI ) A% ] AR DY 2 0 A 8300 X

6. KW R IR A A BER IR

7. RHFARERS R AR R P iR 2 ded s S R
DAL S R

8. i R DY A Gt A

W1 RN TEARAMERR R I R B T HE R AR I, R
HOT — S0 L BRAR % R U AR s RS Tt % 09 4% 1 23 Ay
SR, PR O AR X, 2 A O E AT
BHIX, H2H R, HA ke 420k X 38 A 1)
ST DLW PR AR AT 0 T AN N A, R
VelodyneJ#d, TS ) 4= 44 X S5k LA # 1X k.

L] I 8

Kl2.2 #%iuH

TE2: AR R R A8, anlE2. 2FTR, [
B AR e 2 A BT Ay RO 1 T TEAT X . L8 R e i
A3 (2-8) Fl (2-9) 455

O IR BOE R ARSI S 2. 3R IA %
Fwmgyl2e -24.8° 1, WBHEEERININEN Hi,
o MO B R T TNVERS RIS 452 80K Hb T 1442 7
PR B L LT A

r=

H lidar
24.8°+2°

tan(24.8° -

n+ tan(eslope) (2-8)



hEBHEFRER

T =P 0+ T’
XK FHAT
26.8° 26.8°
———H ;4 S€C (248 - n)
dr——64 " 64 4 (2-9)

26.8°

tan(24.8° —
(tan( 64

n)+ tan(eslope ))2

2. 3 R

B2, AR R AR 5 R Ba) PRSI A
TR O 6425 I YR, Eb) EEa) ik
SRALTR A S, PR R B I A R I [ B,
LB/ 5 TS . O T U I 7 SR 1 B
W, EREARS R, AR FE T 207 K I 10% L/ 10%
(5, Gi i XD Sh SO BER A ) 2 ( SE m. nflep
B, ARSI R 54— X R T b BS54, X 2
P, MBI R e p kL i LR A2
RO, RIS - .
FBE, % B i =@ | :
SEFEAE T — S IR, sl
T e

b) AR I 45 R

P2, 4 i A B ps Ao ) 45 g

3 %q: BE-E?L:I IL,\ E%*ﬁ;)n\u

3.1 Z{EM&1L

h T BRARHE AL FE R, K A A B R B
150100 S, /MRS K 9 20em, a2 it A
A FHZEAR 2245 45-20m, i J7 30m KIS AE— ANt il P 1) BB g

$32% F2H7

YImibks Bl ARS8 1, A0, ILIEIS. 1.

B3, 1 T KM S

MIES. T AT LU B, 5w S M S it o A7 2 W] AR 1Y
EERIA T, HIKGE IR S ORI, BT TR IS it
BEAT — R AN AR BORSRIBCE L rp s B S B

3.2 Rk EIEM

P13, LD T S AR B G I 5 4 T A b — i A 1
%o B, BEAF P SRUE KA BT LA R AL PR
TAE. B TEMMILMMAR, ARSI ALY, §
B ARG T AEAEAR 2 U 5, RITTR TS 278 1
Jiid, X EMGHHAT IR R ik, 3 30 T X

D54 2% S BAE R I R o BT MK i TR 2
45 10 5 A W S AR AN, DT A A T B R R AR AR
th, BT T B33 s M. g a3, 2, wf
WATREF R, TR IBIEL S Tk, JFHEk
RS 53 A1 KA J TV KRR AR AR A, v () i 4
FEEA B B AR

05 325 B B
3.3 ETFOTSUE X KBUEK AR

eI T2 I (0 K ) XA 8%, 19 20183, 3
Besg s, B AT LA S A S B 32 1 e b 1 T B
PR H bR, EBAL TP HARZ I, X H AT LA )
OTSU™ (R Jy 2300 sREUBAE A It L, 4408
5 T L M2 A L) HRORSK Y IE A 5

Ji B )

3. 2

| i
&3, 3 et

51634 201146H



OTSUFK) st LI SRR — A d e B EE S P4 2 BT 5%
HRMWAEG . o TS 3B Rk, E A0
I By RIS Bt A 0 BRI 2 3 S5 M e T 5. S e
BB, P RRe RS BB 220 B i Bk, 7EOTSUSE
b RIS 2 50 (bR A P Al e R ) g 2

WA PR HARI S EIBE, i HbRL, il
HAR2, HARLGE SR EG w2 u; H
FR2 s BRI R wy, I

W RTRIE R W= W R+ Wy *,
b3 LRI bR21 77 2 «

g=w *(”1 _”)2+W2*(”2_”)2 :Wl*wz*(ul_uz)z

77 Zeg i KIS, ATDLUCOH BRI 6 H AR 22 K
Wi BN e R R B . R
(LD RN BEFZANF 16 g oy I AR e, AR r

P e

(2) ¥ ABEEIE, $&OTSUR SR I — AN B
B ¢ LT #ogs

(3) 83Ty Z I KIS B )T 2 g0 UK
T £ 5 angle;

(4) RS BEAE anglelff T Jig i 5 1A IS it , AR5
HAE (2) M (3) ;

(5) fJaf3 IR Manglesy I, TEERTHOFIER
Jiln), ARYEIE K L A I (SR A AL T

4 LGSR

K LR EEA TR, RS e — B 2 Ml
e EREE PR KB AT T 5556, R PR

_ 3 3
K 4.1 EfEk

4.3 w0 B4, 4 Jei53E i
B4, 1. 4. 20 4.3 4 45 A AR I Z0AS ) 3l o5

KR HH o AL L 8k R S bn
st T A8 D A S B 3 S AR A R SR SR A K %
LR IWET AT LUE SR T S5 A e D At 33
DUz B i VRSO0, 1 058 2 Rl 28 (K B 54) »
TR I T A0 A fo 2 SR IAT P 2% 50 I PR R A BT
SR BRI LU AT HE 1

5 HiLSRE

ALWRT M S HEBIAET, FTOTSUM E
BRI G S U, (EIERE IL B 6 T & KBTI
DN, X 2 b I AT T B A R, ASEAR
JCHE, LA R, RE AT SR RRUE IR 4R I W3 B X A
Gt H AR A B W B, 2 O T 2 U
R ARRE, T LA Al R S N A B

BEER HRmikFitiag b
ARFEAERIAA S LG, B AT 22
FHRMBEAFIMHEAAR, 2HERHAFH
RAA (90820306) (4 AHEHRIT AAL
B F AR KA B ARIE-F AR 69FFR.

BEIRR &= Rgitfias R ERuE 12
B 8K B AR AR,

XFR k12 s 2 44t 22705 @BERRA.

S0k

[1] Jaczkowski, J.J. Robotic Technology Integration for
Army Ground Vehicles. in The 20th Conf. on Digital
Avionics Systems, pp. 1-8, 2001

[2] Schwartz,

I. PRIMUS: autonomous driving robot for

military applications. in Proc. SPIE on Unmanned
Ground Vehicle Technology 11, pp.313-323, 2000.

[3] Wilcox, B.,et al. Robotic Vehicles for Planetary
Exploration. in Proc. of IEEE Int’1 Conf. on Robotics
and Automation, pp.175-180, 1992

[4] Berthold K. P. Horn. Closed-form Solution of
Orientation Using Unit Quaternions. Journal of the
Optical Society of America A, Vol. 4, page 629. 1987.

[5] Nobuyuki Otsu. “A threshold selection method from
gray—level histograms”. IEEE Trans. Sys., Man.,

Cyber. 9: 62-66.  doi:10.1109 TSMC. 1979. 4310076



hEBHEFRER

$32%  FoH

BT I 2208 S R
&7 & 1 X AR )

KEE E AT ARG

1. B T K A LA 5 B R AT

2. BHRBEFIR

W E clysth g BaREUR R TR AN EE . ASCH SR ISR, % B
s AEm R E R ERORS S,  AUZETE e R AR i B ) ERIssh B2 PEE. RS, FIRIAMICE T R HriA,

DERR R TP A5 S DA A 1 D FLAT S5 R 10 3 st [ b DX
BEAT TNK, 45 REW XL R i SRl ) 5t T4 Bk

KHEIR S g, AP, e

AR, A NSRRI R G0 WL BE A5 2 1R AL AL A
R AL LA 1 R B 22 Bk SR 5 oh — bl
WA TR, dTXREEARE LRSIV Bf L
RUE AT 55 S AR G (1 B AR MRS dis - AT 1V 22 1 FH 40
A BRI B TV LI R BRI . FL
VT RV SRR (R A A A IR B R RN i e 2
BIGINT —AFEARRNFIE R XS REX T
FESN AN, IF 5 At A H AR B R gk it
BREHE,

N T A s R AR PRV S, SE R L R
GENZTINEREHLE] o W RE LR R AR 4F 1 s
ANE RS R AR S KRR TAE. HAr, #)
X e e R R R AL L E A PR, — 2 HR A
ERERE RS, AN AR PRI Gl A 9K S G
BN SR — A AT N, h RO
(KA KNI R R KB, A1) (KR LR AL

ENNEE N (NP S R F i
DB, Tt AR B v R R B AR e b L
P Teti AR A5 1 xhE Bl ik 1 2 HOR 73 A
HIL 5 AN SRAL 0 A 48 1038 3 %N D) BE 3 A7 A 22 57
Belardinel 1155 i W th T —Fhdk - I = g I iz 3
BEEPE AR,

IBENBURNENS TR 2 BUEYIR B S B R SORM 3R
YRR AR . £ R KW K= A
58 DX TR R 52 BRI RE 8. [RIFE, 7RG
NBBAREATHRE R, TR EREsin g, 4

RN A A G 5 AN S By g 5 B8 7 51 E

TEARATBAR R BB B X

FRILAEAAT N E AN IR R s, o EA
BERIAS 4 2 A R R TR A AT B F A . AR R M
FASER AR s i R iy, AIRZE
AR TR AE A USRI o SR T I 2 vk 5 Sk
BV, WO s ARk A
SOALAR, LIRS AR S o T EL, A% G5 VR U6
JEWIMIHEAT LR, A Z R ITIh. oM
T AN P2 118 B IS R T B 25 s i 4%
AdelsoniIBergen™ J7 T 3 Pl T 40 ) FH I 25 47 1) fi
IS ZH AT 68 L fE

FUSEA Z LT FUN S 2R Ge e AR A F 00 B 2 5
IS TBL. MEABIEARRE, gt . xFEs—FF,
BB R CAG]E Hbr s % . WRosenhol tziTfig
. IR Al BTGP = 5 N e N
T3 . B, Rosenholtzitth—Fh4eit B & PE#
T, SRR SR P R 1 SR U b 2R TGN T 2T
AR FE TS S, RENE AR VE 22 I 3 P4 R S
Lh e L TP oo S HRE ) o E LRIz 3 o0
SRR RO IR L . X AR A T A A
H g BB SR 22 23, MR T At AU R T sfe i,
XM T LA I A UEARAE, O FLHR D STt
WA SEBs s L

ASCHEH — PP T I IE B B B S s P s 8 B
XIFR I, N TR TN B SRR R g,
W I Bl e 2 A R B R VS A R N . b B

51634 201146H



DI () i BOCR ] 28 v 3 A 2R Rl i v e — JA L 22
Fto ASCRHZIELLU N WARBATAS,: BN THT
I 2 i B BRI . 2N RN Gevt il 2 A
RUPIIE B B E X I 25375 A ISR B oK g R AR ST
WIS E I 3 X, B4 4 4 HEAE B B RN S B
R EBEATIRIR A S5 2R o B ) TIX —HIERI e

(@) IFFIN x-y-t FHFR (b) v=100 4bM) x-t VI
BT A9 22 TR R R s

1 BTz g8 8 8E 3 ia

T TR, VEE &AM TAE D &
KT I g AT IE B M. Xl R R
PIBAE x—y-t XA =4Es P BT, b x f oy 2
PN (R P, RIS RSB0 31 rh At P45 0 A 2 Pkt
B, ¢ gERE . M EA, s A 5 i R
W VT A5 7 A I ) P #3803 — 7 ) o A3 — A 8
By X A 2 T RO x—t Y s KT
IR y-t VIR — RGNS S AEIXEEY) Jr
OB AR A E0 TR SRR I S ) R R iE )
WEMK. K1) 4t T — MBI x-y-t 2 H
BRI R o R H 2R A A0 1y s
FARDL AT 2. B (b) 2 y=100 AL/ x-t Yl k.
ATLVE M IR R QU e A IR, XS A
XX BRI B EAR ST o T2, XFT-18 3 R ) A8k
Ak e 2D DIR BRI e X ROl VRS
KFR I o) b or M i, AN AEM i (). JF H, XA
75 2 B3 G REAE 2 DC T I — N AT R AR 1 1)

BT xmy-t RPN, Wildes®5 gt 741
I GRS AR AL (s IR —Bugsh. A—3
BEh. BRI P BT HARES, —8UEE)
FEATIE Y S IR e A A, AT 3 55 o R 5 o B
Kz gl JLF-# A B sl iR sl Lo, AAE4EE T
44, BT DB AT NS, P 2uss). B,
FEARSCAUN —BUS S S SLEAT 00T . 535h, AWildess
PNESECE SN S P S S M st G PO ¥4
SR L AR R IS S . T, ASCRAE

WriEBAR I B FE Gop MIHAY RAAKSALH Hypr Horp
0 EIEBAF M o X RGBS, EHIER]
FCT5 T VAR B A SRR . RREAS x-t Ryt L
ATPANTT ) FRIDEE, 0 B 1) 22 \ T A7 A ) B\ i)
Bzl M AEADXFE X IEAZ g SRS, TSR T
AERRIAA, DME— x—t Pill y-t ERAAIEZ) N6

ER, (x.1)= (G, (x.1)#1 (x.)) 1
+ (o ()1 (1))
EL, (x.0)= (Gup, (x.0)*1 (x.0))

+(Hop, (et)* 1 (x.0))

EL Fl ER 43R A M A8 3 RER . % y-t i3t
TR, ReB1S BRI RIA. 1% RS 2R H 77 )
I g kL. T B R TR S, B
BN G5 B T A AN (R AR A S8 U
EfnAdelsonHR Y, FER—IP2Efi b, ABE R
S5 SR A IR By Sl — wephr po e ™, b x—t 7
i B ZENG B kiR Bz S E B . T H, #F R
AHHETH 177 208 DO /NIl TE SR AR (5 B A7 — .
FAE, ST —Busgkil, 1Z80ARN e X 5 5 B
850 X xmy-t WA, HKCE IR 5 R
HIfER T T A H,

E, (x,1)=ER(x,t)- EL(x,t) (3)

E,(y,t)=EU (y,t)-ED(y,1) @

FTEIRH PR, ASCRA A\ ERmZEN\ N T2

V) P B 5 22 O SR AR A S R B, T AN 2 SR L 4 X

XN R B B 7 1 X TR IS B R A AR R

FLRFAE, VF 2 OB 200 Ak ) T IX — 2. 4,

Rosenhol tzBIFHRHM AN 98 OKPRIER) KEFER
e LS (K G2 PN L7Fs LGP IE e

2 HEEHREEHE

ARSI LR SRR, )2 B TR -
FRFAIE 22 5 3R A 10 o X T — ek e, 28 B LA
| D A O RS S0 AS R FRORFAE IR, XA ATE EL A S e Dl
Flo L. Teei SR T oh e 203 O 2O RER B PE e AT
PTG 2300 oL AR RBE 1 ) Hp S SRR RUE ) J] T D32 (1)
()22 5 A P Ak 5 o AR — 7Y L R M AL — 2D Feok 5
ZURFALI W e O TR T 2 YRR T A B -
FZZ AR EA 2R, ARMER R — MR 2 5 M B 5

(2)



hEBHEFRER

XX R, D. GaoiE AR I & v A ] i X R 1 P Al i)
CEEGHR X SRITE S0 (MR FIIKL BUE™ .
B, V. Mahadevan i FH i — R k) B i 2 8 254
Rosenholtzfth T —Fhi it W PERTI ™, 20 &
P DX Bl IEAR Ay 2, BT 3 v S Sk Dl ] X
SRR AL T PR PRI A3 2012 D) S 2 M D
LGt - JEZERAR, Seih R MRS [ TR
ULAE A I DX b3 A, A A3 — R e T AR 22 AL
R, JCHIEAFRSESS, e b F4kis
BT B R oo FHRE UL PTG . IR T
FAERSE SR ERITRINGE s, I A SERI RIS L, A
KNG BB MR A s 8) B .

WEIPTE, x-y-t 0N ER— SRS SRR
H—A—4im&ERoR, HUKFiss)ae &6 Hiz 3 b
e A TRXFENER, ERRZ], REWIEGR A, X
FEASEMRALE, AT IE I3 R/ DA 2 H
PRI, H BRI A 2 SRR ] e Kok 2R
A FRIERE NN AR, IR R 2 H AR DS R R
P83 A o R DX X35 P ) A S (AN B 5 22 53
S pg M Zp FoRe A, AERX—IZ, EAEEALE
(10 52 25 PE AP A DX IS 1) de B A A P4 (R Jo] BB D 1 e
ARSI 2 1A ) ) PR P oK

S =1 1) =5 (1~ 1) ®)
B EE, X5 H AR IE 3 (R 28 S A
PE 2 WA Z AR Z AN B2 45 T IR/
AN, T YEARKR R BTN AL FR 23 53 2 s 7K ST R AR
Fia bR . 865 P SRR TS SR G IS B REIE Y
fH, £LEFIRE 5 B 5 50l R s A B A% 5 0 IS B R A
Y. B T AT MG, 4 SRR S R i
ZERRFN L H bR I £ R P J7 ZEAG 1R

K2 givt 3 AR E

$32%  FoH

MR EUR Y, 20t 5 R AR 1 H b 5.0 B R €A
AR F AR H BB 1S 5 G 5 IR B R, It
ERGHIN BR, WRBIERERER YL, A HARE
TOILTAE, ARIEAE SRRk 6 Hh 20T AN R K ROR

3 ETIMRTFEERJLIALIR

LRSS S, A AR S
. BARIX— R T DURREAR 2 0 A B2 55
o, ALESEERFREEhHE ARG . — R T SEbR
AR A, UG R R B AR e, 3RS
AR AE T 2 AT B0 X 1505 A X
A P B AT W R (I B E . R BB, R 245
ek S 1 DA T A T A T AR 132 Bt e 3
FSEBREREE SRR, ARG, HAe
1% ERBEEN AR . RIE] x-y-t 156k R 2
T WATLUE L, REGERE, BRE R,
(B R B R BRI 5. B, TR %
WEBR A7 P X 2 X 8

5 R 1 AR PR AR LA 205, LI 4
R AERHE SV AR T, T L3 P s =
WL R TR . BolleZidi T SR AME T i I
T LK 4 1B 2 S 0 1) A — 4 P L AT 404
W WML TR A TR, LR BB
TR T R . BT, V4 2 M T T
VP 0 7 S R R, KA T S AL B R e 1
BRI, T e L AR Y 1 P 1 5 0 B
AT AN B L, B0 AR . ok AT ok
AN IS R AR AR, T AN Y, AR A
AT BUEUY HLk, kR AR R BT, A
MOPRSIZS. KR, TSR FR AT DIE BT i (10 48 5 2 A
Bl B2 BOP R IE3), T FLZSh 7 [ S PG
7 T30 PO RER B FT LU A >

Bolle4s il T HINLILE MEIZ AN, Hodteh — i
(oo 2o ) AR AP Ak (s v ) O R,

wx,tcos0, +(y, sinb, —x, cosB, )x, + ©)
w,1sin6, -y, (x,sin6, +y, cosb, )=0

HP o sz s R AR R N . Ay

FANIZ B O R— R A S E iz 8D

HRERINTTR], R AHML G Al s 1) FAH WLz 3) 77 ) 2 8] ) 5%

51634 201146H



fyo LEASOFTH R MO RIS T K A0 B f
0° o T H, y WIHHUGHE 2, AR T T AR B
REERREN, WETHIRE fo TR, &%
RATBLH 8,
(vt-x,)x. =y, =0 (7)

SR, (7D DUt T K 7 b A e
R AEHTHUGHRGES) 7 I BORBL R, AT
G-yt (BN IR DI, I 5 % 1 7
BB R . FR (D)KL, LA,

(vt-z,)z.-y.y,=0 (®)

Soefr % 1 2o 43 BURATHLAL b 5 R FAR 5 1) 75—
AAREL. B, (DRI B) W X, (3R z, ) At
ML TR, (I AR BT, T X,
z, REAAAMLORR, %/7=0-2)01-x), &
BN, (EAMIOTHIE L, Bk IE SR
Ktk

ASCIBBATTHLI oot T PR .0y, R O
BLIE S IR A T BT P T o0 1 o 3
AT . HUFHU AT BRI DR T HE L
I XSS A B T, FEAT R 41
Wl 000 T IR L RE OB, TREAMICT- P i
BOSEAMR AR AL G ITTFTAE, % T AL B
A SUOESMET I L — s A T2k JET IR
T LIR30ty FATIE ) P O L 03 ¢
AT FEI3 (a) B 1 T AT (5 T TR R
3 (0) S ASMICF BRI RG], TBLT BT T
T WU IE B PSSV T PG B A L, T
AELEAMNLENY, AN L, BB T A
ARHAR I (LRI TR RR L R )
KB E 220 -

(@) MEFEEESTTER

e

(b) SMEFE E TP
K4 &R B o) & s 8l B 2k

4 KWERR S

N TAEF RN R EIE N BOR, AR SCH fefe &
OGP ST 6 B b A B ) BB B R . B
£ 52 A2 8 3 S5 10 LGP 51 b S O AT 38 30 et 35 )
DI, DURSUESE A R

4.1 (REMSFI 8z R & E

Jy T WRRA SR P16 30 8 35 B e, BTV
0 BB IS S SRS R T 20 IR
s P 100 ME B T, b AR HARE, H
(TGRS L e L E=bi E = e
H RS LTY OCE AL, P4 (a) .

" & @ & & & & & & =

L]
L ]
L]
Rl
.'
.
L]
L]
L]
L]

a & & 8 8 8 & a8
« & & & & & &4 & & =
- & @ m e e .ow ow .
a & & & & & & & & &
« & & 8 & & & & & &
4 & & & & & & & & =
- & & & & & 4 & & &

(a) EHHEEFT

" S

w8 # B B 82 @ |

(b)  y=163589 x-t YIE

(o) EHMREE
K4 G EHEF 8 s 8 225 1



hEBRSEFRER

K4 (a) g5 T srh N ooiisglpiRas, 12a)
JT RN RPTE, WS H A RELE . &4 (b) 45
T HARITHTAEAL K-t D). W RAE Y, T HARH T
CUBOR R S5 ) 4738 3y, 152 S R Sl ac— D) T L gt mT LA
At AT H RS FLIG I A S0 T SR IR AR AU
RRER. BT HREGPIIT, HARRIGER IE
LT [0) Y38 Bl A LL T S FRC R R, DRI H A i
JGAE [ E AN A A7 i 8 BATRGR Kz B g i
2, mGEE BE MR REAR A RS IC HE H AR T, &
HGPH ER SRR 45 AR T, ASCTR i T
DRI IRIZ B 3 ML ST AT ROTAT I o

b

(a) BEMEG

(b) BEEHRZM
KI5 AR TS ) 1 35 1 B AT P13 AT S

4.2 FKPRsg= ER F 580z 30 2 AT

FHF- IR0 52 B 5 1 B 91 80 Bl 2 2 A L
AEARTT . (BT RE, ERAL R BN AT R %
W, RFIE TIPSR, I AL
S A THOT AT o SSCRER NS B R R A T

(c) SMRTFEES M

SoRAAE o KR ARAE N B I8 5) 5 R X
RNEER, — B A IE AT RO R, A AR %
WG S A IIAARE AT RN A8 5 B %
WATBEE AR, AT NAEA R R T

MEBFIE 6T LA Y, il A& 7 U iE
HEFEPEE TIRE THXE, XX A T e

$32% F2oHf

7, AT REXT N A b 5 RS AR TR Ty, A
NI LI T AEAE SR BT LU 2 s sl th g 50K .
MIFEHI GE vt W2 A TH B, X 6 X AT W] e b
W, B, BSTRERAT L BRI R AT 6
B GAT LA KA T AL S TR A Rl T IR X
SEATRT S S R, AT R B RIS B B AR A B
BB APIE M4 HE.

(a) TABEZFDHEMM

() SMETFHEESFTER

(b) EHREE

K6 AT ABEE T B UAUE Bt 2 P S ST T P A 4 R

URBEAE S M1 B (B P S BUBR XA i H L, B Aamt
AN s stk i, ) LU 2 e
JERR . N T BT, FRATHEREs) B2 K B
o P DI A T AR, B sk S B W
JRER L SRR SROE I IZ R MBI, SR A £
Hh FHGE ZS B M BB WERRERBIFT A 2P
L, IBATEA B it N s i b . B IR
el 1] o £ SO VA B e R T B P e D e i R S
R tE. DIk, R MR RS IR L R
R P B g PR AR A A T LA S35 B rh g, 16 (b)
F T A ) 2 DX 6 () BB RR S 17 IXAN X Ik
FEIRI6 (a)  HowS R A A 4R 1 — R R . T
TBOZ BN D2t IR T A E B B
W RIighnes. K5 FIEe thifmAa Ry, midfe
SR PR AT AR B, BENEAE e RERE L HRRRER L
/B9 RUPNAINETE RN

51634 201146H



5 &it

AT R RE 440 AT B R P Al 3 5 b e s 8
DRI SR IR T b T I R B s Bl 2 R
Jiiks RS B ORDE B 5 3 55t e 1L DX SAR X
ISAIORTE A Ees A= Vi W ap e R S NI DR A Syt E
vk R F VR, TSN AT 5 NSRS R G
DI BCANSE B Bl (K S I 4 AR W], AR ST iR A RE N vE
i B B 58 55 8 B 4 AT B AT O 19 (8 35 d8 3l H A
AIEFETARSCITAR, wr LA & FAt R ARAE, Lttt
BRBES Jri . PSS, A8 A R FoRAE RS %
Bl Sioh, AT AR Ge vk sl L as 2% > 16 J7 ik )
5B BE AT BT S5 RN e 5 38 50 H AR

KEF serdxFATmhR

BAFR TR A, 200946 A 2009
o |

* ; G990, ELEREE LKL RS AR
\ 4 A RdeF R NG 2 A . EBAR

AR A . B RA R AR, Gt B

AW S5R5], K

o

R RS FaAl AL &t FLARR

T K BRRERFAIFRENBEAHLATEHK
#. ZRAR T A EAME At AR

HET ®EBRFAIFLENEATTATHK
#. ZEBHRFEOAERAAN. BAGE B R F

% hefs BT R L.

Ik ®eRBRFATFESAEARLHHE
Bk, EBBR I 6 AT EAME.

S0k

[1] TItti L, Koch C, and Niebur E. A model of saliency-
based visual attention for rapid scene analysis.
Pattern Analysis and Machine Intelligence, IEEE
Transactions on, 2002, 20(11):1254-1259

[2] Adelson E, Bergen J. Spatiotemporal energy models
for the perception of motion. Journal of the

Optical Society of America A, 1985, 44(3): 284299

[3] Rosenholtz, R. A simple saliency model predicts

a numberof motion popout phenomena. Vision
esearch, 1999, 39(19):3157;3163

[4] Gao D, Mahadevan V, Vasconcelos N. On the
plausibility of the discriminant center—surround
hypothesis for visualsaliency. Journal of Vision,
2008, 8(7): 13, 1;18

[6] Wildes R, Bergen J. Qualitative spatiotemporal
analysis using an oriented energy representation.
In: Vernon D, (ed.) ECCV 2000, Part II. LNCS, 1843:
768-784

[6] Freeman W, Adelson E. The design and use of

steerable filters. Pattern Analysis and Machine

Intelligence, IEEE Transactions on, 2002, 13(9):
891-906

[7] Belardinelli A, Pirri F, Carbone A. Motion
saliency maps from spatiotemporal filtering.
Attention in Cognitive Systems, 2009, 112-123.

[8] Gao D, Vasconcelos N. Decision—theoretic saliency:
Computational principles, biological plausibility,
and implications for neurophysiology and
computation, 2009, 21(1): 239271

[9] Mahadevan V,

Vasconcelos N. Spatiotemporal

saliency in dynamic scenes. IEEE transactions on

pattern analysis and machine intelligence, 2010,
32(1): 171-177

[10] Bolles C, Baker H, Marimont D. Epipolar-plane

image analysis: An approach to determining

structure from motion. International Journal of
Computer Vision, 1987, 1(1): 7-55

[11] Baker H, Bolles R. Generalizing epipolar—plane
image analysis on the spatiotemporal surface.
International Journal of Computer Vision, 1989,
3(1): 33-49

[12] Li Y, Tang C, Shum H. Excient dense depth
estimation from dense multiperspective panoramas.
In: Computer Vision, 2001. ICCV 2001. Proceedings.
Eighth IEEE International Conference on, 119-126

[13] Feldmann I, Eisert P, Kau® P. Extension of

epipolar image analysis to circular camera

movements. In: Image Processing, 2003. ICIP 2003.

Proceedings. 2003 International Conference on, 697—

700



PEEHUFLSIBIN F32%& F28 SF163H 20114568

& T it B 45 A = T EC RY
T ABEEREMAZMR

HEE" PEER FR'

LR RFHFMA

LEFRIAZFR

) OB AR TS T M R AR ST R [ SR A v IR T R SR RS
T Rl AR AR MR AE S OGN, T DA O BR DT HES. (DR A IS bR 28 S BRI 1) S it v 22 110 5 DS PO 132
VLR R S E SR Y R R 2B B B A T R S8, B 1 M A4 ABSHR IS LU T B R4, I 9t
PR UCHC RN B B B o AR5 A T AR SCHR L P b 2 2 TR e AR DG WE S50k S BLUL T, R AR i 3 AT 10 £ A2 A 1 52 L

T, 5o A A S T AR S S R, DS SRS R e . BLIZ A B I 2 W], ik
S ST USRD, T LU [ A DR A [ BB YE, RENS RGPS B B T, S KB BORS A E
KERIF AW I, R o R R B g

1515
I204F 3k, HHECIM RS, B EEMMEIME L4
AN—BHEHGERFYIIHR RS2 —. 7 LIRHFTRH,

FIAEHLRAS RS B K 245 B S R K 2 B e
filto LS RO A A ) 8, HT O 2RO,
#1IGPS, GPS/INS, GPS/DREM™. GPSHILLFRAE mks 1)
A SR EAG R, R AEHIGPS, W28 552 BEfES
RS, (5500 SRR, SN RS RER
2e. ik, —BCRAIGPS SIPENI R RIT (IMU) | B
T MBS 7 LRSS AL A B TR,
MHE A RGO G R EARE S o (R TC VR KRy
AXSEIER, WM RAEH A AT REG ), HAEME A 777
AT 22 R BE LTS 0 8 RGBT R BRI
PN AT IR ZEHATIEIE . Hh P VS AR At o 45 ha ik
T PR ERBE 1) — g by S 1 77
FEHUFRAS RS (GIS) Hf, T~ b ] i 9 4 25 sk
PEEAR R, TEGSRIACERET, A S H R e A Al
(KR 2 A A B R R i TR I 4 B T LAY
b BIEAR EAE AR T DU S — R R R Ok 72 4y
GPSRGE AL & T RGP SR HERT B o R 1 P ) 45
175 LS I T 1 e ey =t 2 M PRI TS, ] D
P e — Al AR AR R i OB I T3, A AR

Ha AT B B 3t B R AR A I i I A B AR DG K
(19, W T 5 2 0 Pl I 2 v (A7 28 o b P DL P57
A 5 B AL PSSR 1) AR AT Bl AE
EEERA N, 2) AT VLS 0 7 b I R AL 05 e 1K
JEo DAlut, P DG RC A T2 T i o0 i AR R E A
WAL, U SR B B PR 55

FI A3 B VS RC R SE P 2, ATRT S R R B 3
SR R IR 2k BB, R e
RO DL SR TT BLA DU Uk bk
O MR RS LA DT R T R I JL AT U
FAAOAE pi- L - ILEC M -2k LS, B 2R
JH MG LT B A% IR RS R, A%
FEREBLIKIER Ty 3o Hh b 20 Mg T M I 0 J LA £ B AN
AR S BRI VLR 3 1 MR AL S S
Pl At S B AL 1) o7 e JA) R S A I 85 TR LA X
5, WRAEEAA KNS 2B, MR
TR d RN AR AT AN R B B BR T IR =R
FREAN, EHERIRZ 2 H RN -R/R IR, §REFIR
BUEY . D-SUESRELIE . RAEMARAL . BT g
AEH AR BORE AR P 2T ) K D S 4
S L I L .

ARSCHH T — P B2 T B AR R UERC B E4E
WAL TR HAERIY R RR 2B SR A B R



g8, B AANABSIL K s LU T B AL %, JF
P BEIEFEVCIC A Ik i BL o R R AR SCHR 1) ol 42 28
AV AL DG B 53 S DL B UL, AR h 5 Ry 1) £ 22
M E VL IE R 5 R AT b TE R 7K 2 D il 5 1A U
B, LS mRs BEROAL Z A oo D78 i S e 5 R R
W1, IkAENS A RO SEHL I UL RS, JF AT LOERR A B4
DR RARZE , RERGAEGPSAE 5 RGBT, 5
PR BRI E AL

2 BTHESES RN EEFMEN T

P UG 355 5 Rt B 90 o 8 52 2 AL
B8, A SE U I B K % ST ) B B bl I 047
YU B 0 PRI PR, A3 4 3 o 3 U i
Bro 27V RREE B PR A KIS S HObT R S
ES LIS EP 2 TN ATS e AuR s LI
7 A5 BB AR 2, TR A R 2. A
SCH R T R AE VSRR 0 7 SRS B I IC D, %
VCRE 0T LAY 2, o AR L B RS AE, SR
SRR S R, LI 0 2 DR 0 U R 1 S
S R PR PR 45 G S BRDC E
SR FL AL B 45
(1) S04 UG R PO B 7 Sk US4 7 A M A 8L, 4R
JERFBS 00 A R 3IKBRE S I 4 AL A
(2) ShF 25Ok 1% il 817 3G 1 SR
(3) B HCRAE 5 1A 2 it A2 R a0 (KA, SkRIOE
R 5 AR B
K = [Je(s)fds 0
(4) 7ETCRF 5 AUl b S B SRR, oK
B AL R A, BT 755 2 AR
2.1 —FhET b [EHHE S B B T 77 0%
(1) Tl ) 5 U G 3ROy i
TR S WA 5 X, SRk
X(s): (¥(5), 1(9)) FARREIMBE b2 52 X4 ™
() = X ) @
12k .5, 1S, K2 TR TE A4 5l R0 i S
K(s, :s,)= J‘:Z |K (s)|ds 3)
S, K (s) ez bt 3w X st (1) 4
Hie FEBYINIAL, RIS M itk AR A2
PRI, 2 AR TERT S AR L2 A A S U
AR OMEAR RS, 25 P AR ST, T
RS BN AT IR UEIZ S0 A B T 2 S (s, 2, IO

ASHAORAERE, Seofis, 2 | OFERTRLAE.
REE: I PRI, T B A Y AT
At
SERR: LRSIt R AT, IR0 R KA
B, XTI | R, T IR K
K(O:0)=[x (s)|ds @
X IS A, A RI e RSB
alffg L X6), T IR I T

K(0:00) = j:’|ﬁ(§)|d§ )
T iR AR LR i e R AR LR S b, R

oy 1

|K (S X = a|K(S)| (6)

Hdy=ods » FHANBUIS IR, AT

K(0:al) =j;‘%|1<(s)|d§ )

K(O:al)zj%\x(s)\ocds=j0'\1<(s)\ds ®

T2 M FAERMBIMLs: (s :5,) A
5:(5,05,), wm K(s,:5,)=KG:5),

(s=s)/(5:5)=m .

S N
5
Sy
.,' D/m T ,"
!
r l': O”"
K Lo
d —
S, o"' 5
———— L "
1 ! K i X
|
s _
0 Sy _ _
L8 X, K, Ky

BT B BURHIE U A

EIB: EH AL i [k | BUS S 4
kst T [R5, | 2 ts & achm, 0

4D K, =K, =K, =K,

(2> T [ ]z & mRa ]2 m
s k. WK, K =K, - L I (k) = mD(K)
S AR [ | B9

IERR: MBI AT an, W R A2 BLUL RS, A
TR AR A A A . BeAh, AT

T(k +Ak)-T(x,) = m(T (K + Ax)-T(K,))
I — AK) ~T(k, ) = m(T(% - AK) ~T(%) ©



hEBHEFRER

¥ B PRI AL B4 Ak — O A
o T(k+AK)-T(k-Ak)  T(E+AK)-T(K -Ax)

TV S . N TY" (o

B 2 T () = L (K) -

ALK R BT T A SO LA
i T =dS/@[[), gt =1@fkl/a -k, H
P =1/[K| S b, ROt A b2 35 6t
Too XETUSEIRA, P2 I 2k ol 2R 2 7
SHRIEHBIER, Mh— R g b AR A
BT LA 36 7R o DR L 0 2 SRR AR P 4
UCHEAT B«

A R AR RS LSRR S IR, LT
R B E IR R UG RG 2, DURCH 4 10 il %4
SR B P Al A . Lg% 15 2 0 T R e
S, BN A EILRE A BRIEZSIE R BRI I Tk
I R UG

(2) — P T-HB BT A 01 P DL 7

i UG L 05 24 102 MR 5 6 2
BB IODCIE B, 0T LS P 58

o) MR o o TR S RS P 7 PR 2
b, K= s

b) MM B PRV U A I B UL

TP B R 2 A RO P B T T 2R
FORLTE . 1 0 B S RS B B, S T R
UG RE B Bt i E RV B B, T B e
(1.0 12 FE 2 S 4 07 L 4 5 52 D D
BRELIUZE, T IR AR DG RE 2 0 408 BOR
o S T RPE SRS AR (O HIBLE, 7T BRIk
A RAGH AT«

B2 VUJC B BN BRI i 2 S FOAH 56 28 Kl ith 2

R T Y M L HOAR DU S A2 7 S s
A UG A R BT 47 L UCRC, TR I

$32%  FoH

Z Fywhole—to-partVCht, W] LLfEILACH—4ihdk (%
) e RS —4iigk (MEESFE LD W,
DR] bk R S ) A R A A i B R . e Ab,
TR R A S50 i 2R, 5 ZEDC I A 7 4% il
2 2 1) AP AE O R B TR IX 3, B iR S 0080R
BOFESCLE, R bt o 28 T P () S8t 6k ol T S AR DTG FS 1) )
A, R R F R HEAL AR DG R AR, ATV BR ISR R
g, WmE2FTR, SRl T A IKRLZ B . M
I 1) 1 6 53— 11 A A (il S R AE i 42 2 1A) PR A DG &R
o THEP S 2 R bR AT o REUH A KU R

. Y L1 [0)-7]

\/zieQ[f(i)_J?T Zieg[t(i_u)_t_]z (1)

b, ¢ AR ALk f SRR
W, w4 MG A& ighmEE. 78
AR, f R &M s E O M.
v N -1, 122 H1E, v(u) ) R0 B R C T £ ik
U — HRGui RAEATE, o LIS 26 4% il 28 % ok 1)
PrE . TR B VT EC I T S0, AR S B 18 B 15 4
W& — N EME, WLk — AN BIE A e gk bR
AHBALR B

(3) HIREARE T

TRI B4 il 2R DT LS9 () VST i S 20 BE R O (), T
Lewis#H ML A (sum table techniques) , ]
DTG FER (11 (MR, W ERE R ON), =
WAL 2R O(N) o 30 (11D [4: T3V (B i) 52 2
FEh O(NlogN), #5342 O(N ). SCHR™ " #ELewis
S J7 TR R b HEAT T ek, VR SR bR A
e BGRB8 £ I 1) 52 2% FE
O(NlogN)

2.2 —METHERESCENBEER
ELLFE

(1) EFUKFFAHL B VL ) 20 & Sk

T 2 A SR AN 7 1) 50 A0 1 TR A AT 2 £
il 1, 7R EKF - SEUGY 72 52 7 A e 1T (10473
LRI A AL A O B0 A SRS
L IRER, WEBFTR. 3d Ver, Vg, Vi, Vo 4351
JE CANSA SR SRAH (0 47 506 L JE R+ AT AT R e i e

51634 201146H



(KIABS {5 W 5 (R AR, 6 D 5 [ i 4 A TR

(A0, ]y BKP I B AR DU /N3 . 7 [ 84 A4 R TMU
THAT G ELFR A 5 4 RO fG = O, .

ABSAi R #
ik v,
ABS i Jqkt
Bk v,
ABsLﬁﬁi@
B v,
ABS £ Hik
Bl vy

TRIR
(UKF)

|

PREAR
(EKF)

(XAWVMGA )

(8.0,)

HF LS

BHET R G

I3 44 A5 S 4 HOE

T UG 7 7 i 78 o S T 3 G b 27 4T 40 0 22
B 22, DR UL TR 2 e OB SR A VIR A R
&, =[0I . LSS RIILA T K b 75 0
G HIEE] b R A R, TRATR
FH T EKF 7R SEBUAPRA (050 7 A
LA A S A7 B R A

X=X, +A, cos(q)k +, /2)

Vi =Y +A; sin (q)k + 0, /2)

¢k+1 :¢k +,

Hoh, (X, Yy ) FRKEZIUGVIIBL T, & i
1o 5 A T PR, UGV B R 2 T AR i

X, = [xk’yk’q)k]i%%"

(12)

kI 7 i o7
(e v0)

.~" a ‘(‘x;mvy.ww)
Ve e

mRsHs /7 e PR

[UN:RY=S

B4 Hu B DU ECAT &
K FH LT il SRR AE 1) 3t B DS S 1y v 4E 5 25 LI A
SE VSO IR B, AR B AT m) A 2 LA 4 il 2 IR A AR A 0
VERC A, ARG BABIZE P A DG E 05 5 05 T B v h 50 2 i
RNEWMAES ZPBP I E, WE4AFTR, MnfE 215

b P DG T P = 5
2 :h(X):{xMM}vMM

Yy (13)

SEtt, (X Vansy ) FRKIN M I VC LB 20 ) 42
WALE, AV, DR o f T DS AL R R M UL
A B A AR DO HER , (PR A CRAE S I R4 ) £
57077 MR ZE /N DRI e 2 0 Ak S SE B, R T
TEZERAT B R b, W DR g sk 03 S B 48 1 T
W77 2%, FE AT S H POL I BB, MR
TR A, A TR AL

H T SHRGE RS TRt />, it
KA UKFIER A 2 B B M LEAMTh. UKFIERGRE T
sigma—point KalmanjEykse™, A b 2R IRz i
MTFEHLE AT AEL ML 5, s grHE BRI A THR B
KalmanyEi Sk, FHg H T UKFR:.

UKF B %2
‘} A/\ H + At +
%Jﬂﬂg}'ﬁ: [_:) :E[(xo_xo)(xo_xO)TJ
X, = E(x,) For k=1,2, - do
T .

Xy = [xk—liyl;—l’q)k—l]

. . ) T
sigma—pointi: a+ _ ¢ [+
X =X 2WmpL

SLLE
X :_Z Jea (xlj—l)
2n 3 |:

2n

R =g X[ T 6] e

i=l

sigma-pointsgi: —\
X, =X, i(«/npk )

. 12n B
mEm 9= 2 ()

BT ZERER -
n

B =$Z|:hk X )_ yk:“:hk (x; )‘ Ve T +R,

i=l
2
R :% in1 [561: _x;:||:hk (x; )_ Yk :|T
- _pv(pnY
BT Kk _Bf (Pk )
8 =x +K, (5, -0)
E: _ E; _KkPk}’,VKkT

end for

Horft, nFORRGORE IR P S npyy (R
FEJTAL, D N2 )T (\lnp,f,, ): np, s A[LLR I Cholesky 4%



A%, Ho o AIYERGMES I AR, R Atk

PEEHFUFLSIBIN F£32%& F28 21638 20114568
L DAS,,
Koo *mlﬂm (16)

TURETS [P JT ZEHE B
(2) DRBEH
EDRFHARLH, — BRI SERIGPSE S, FE
2SO AR bR 2 S SR A SETRAE LR e UE . A H2
HFE 3t B USRI S B0 HE 7, BLRE VT R BE BRI AR
SERH e X Ko B Koy,
AQ =Kgym 'S-AT+AW
Horf,  AQ FoRAE AL 0] 18] B AT W 230K 17) £
ks FRORPEIBA R EEA s ST BEMRCLE ] 7] b
A, FERBEI R IR AT P ZE404 7 00 g P 8 ] 2
NN ¢

Seure = Koo Viensor (15)

K, S, e FITEGCERAREIN ) IR0 AT P9 47 58 B
B Voeor SRRV AR

T HERE SRR bR R 7ERR B R AR
T 58X T 6 BRI 44047 3 g S B SR FH = IR 4 B T
SR, ARG TEUTHC R4 1 % B CUTTC A AH DG R 4L
KT0.99) FHIHEAT ) A AL R B PT A B 8 5P P,
SR FH M ] 8 2 28 Bl T8 B A0 1 Y A 8 R A s A R
(0 ST LR b e R % RIS 645 Y T UL R 4T
P B SRR B e e i o MZER NP RIS BN BIP, RN, B
G0 T8 AT BB I 2 ) (1 DR L B B R b R B
BIESH.

(14)

Ctraj

KI5 DLHAC R L i B B IV ) B 45 ot

0.015

p

1
0.01 ﬁ

1A R
. —

o
o
o
wu

Heading difference
Q}

o
° o
o ©
=

e

1

<

5

-0.015

[0} 500 1500 2000

Pl6 DL i BOAIL 1A A 35 ) R IR b (10 22 73

1000

o, Koy, REESERIRE RS, Ky, WELRN
bR R

5 4 0 PR 36 €0 22 RO RS 22, A R
BORCHE AT b R, L0005 B3P IR MU
W FOA R TSRS 22 I LR BB AL i
FEANTTHNTO. 021 TR R SRS M.

HPE SRS (INS) FUHIRDIL, A% TS~k
SR R RO IR S, RV S R, R
SR ARA 4 0 5 R T 0 BT LA B
R 52 B I AL S 5 SRS T B, DR L fBINS /
DRI 2 KB B AR . O, IAAOR IR A0t 5y
WIGPS . 1S 55 A 4000 o 05 T LA B 520 10 L 1
T PR 01 P G 05 R M S B 0 L 5
SR TIUCRE, LI LA DU RS B A0 0 £ 2 B
TS AP S R BV DRLOEC T LI A I G UG
SRR RSCUEAFEIE, T T BB 5L T DRICHE 25
SRR

3 HEERS5HH

YR SE R A RN, TR R RE TR THIV-T
R, WETHTR, BRI RIT (MUY 22k R Jn 4
s SRHIPYTCEGFARYE IMUR S A Y RS I TR S 2 AT
AT RG] LU I 4 A5 5 RICAN S 2k L HE AR AT ABS 1 1k 8
SR PUAS SR I GO TT AR A o SR AR IR A K R DA
SIFRIY R IR 2 DA V-SRI Ta) [ R Y [ AT
YRR IR A Al AEIEFRERE BRI JEE R 2k 2y (UKF)
SCHL B VU RS S DRAEG RS, S E SRR AR

GAER ML (HDLY

GRS




I8 i R 2 A bl P A B 3G

B R HNovatel 24 & I =i kG B Span/DGPS A & 5
AR SR A A el SR A I B d , AR5 i S5 Google
T T DC P ) e 20 SR R AE IE A RME T 1
BT, KENGoogle PEE MG Z )RR
0.25X0.25KLLN, Rl L B L4 SHPIBE IER
K, wrEBHTR .

HEFWEATHOE AR S, FIHATR P el 2%
BUB ST ULES, Hrh S BB R AE T LA 4, T
SRS EN IO G UGS/ TR VA )i SN 5 € N
) A A R AR B, O T RIETT R I e,
A K T0. 051 J5 50 KA B 1) Py s B BEATILIC . —
FLUCHCSE B JOVRR I i 5 A2 36 B A R I 0 0 5 AT
BRI I R VEC Ao TR AR A LI 25 UKF IR 24
PERIE S, SCILIER SRS F . BIOf K104
25 H T AR B2 T FC R SR DT R 1 Bhze B

1200 — - —p - - ——— - —— e e I ;

+ AL A
+ HAPELA A |
D U 2 T SR |,

' i
1000F— - —L - - L

7
]
|
]
i
|
ElaTe | e S R SR, SN S e
i
i
|
Y] R R Y ) Y M
£ i
5 i
= a0t AN -F---F->*F===r"%-r---rF---r-}-i
[ A B
i
H | | | | | | |
20F—---F---r---r--—rF-f-r-—-r-——-r-4-i
H i i i i i i i
H i i i
b - L - L L L _ =T P EE S —
o ] 1 1 1 1
] ] J
| | |
a0 L
Lo —fooo 800 600 400 200 O 200 400
East

Norh

1 L H
280 300 320 340 360
East

S 7R P CAE TF K B

K10

N T SBIDRZHONIL ) F RAELRAZ IE,  ARAE YA
ABVCAC A TR PR 2 ZE DR 0 11y B3 FR B B 1 2 % s
SR BB AEAT B IE, T s e S B L e
B, MDOACHE. 4 T P ARG A FEVER IR AR A I,
BIES i SR E 2% AN (KB EL,  — FLE HH v [ U
FEIRATRRE B AL ) A U B AR A0 A T L0 oy R A
MRS i B Ff M ELEAT B B, AE BRI 20
K WU B A A ST AL 1) A2 2% L ) BEAT 2R 1
BIE. K114 I T L DRERE RS 1E 5 I B iR 2

£
e
e
) 1
1% 05 1 15 2 25
FURE x 10"
BATT Ghrag AN 1A 5E 7 0% 22 LR
12000
L
10000 ,
8000} Al = == = = == /= = g
. R y : : :
= W i . |
R ety e R e B,
S EX A T A
4000 4 - -\.:_;2,__.4!--_--_‘*_».\_ AN LT EP R
P ] 1 1 H
La\YS ' ~— o !
2000 _ \ Fored 1 s Y\ I i
R TNINUT
-t =~ .:“_“_-«r_:__ \l. et
% 2 4 3 a 10 12

3

Bl12  DCRCAE IE 5 22 K giit
710, BT UKEAZ A T B 3 ZEDRIGAL E 0] 7]
G Ji) B KR 22 4359) 498, 994818, 9407k, 171y Fit AMMULI]
ST IGO0 1) RN ) e KR 22 53 ) 2 5. 8820114 6961K
1185 H T SR b SRS AE T A 1 BT 1R A IR A1
FEREGet, UCRE IERTE P4 S E R 1R, Bk
AARZENRRRAL, 45T M A ) w2210/ T 1. 0K
2. OKFH5. O B (1) SRR LR oy AR B 1 L f31
F1 TEEERFIFEN LSH

SE PR ZE T BKER | MFLO | AF2.0 | M5O
HNSE CKD) | ®E O | KWL | KB | Kk
UKF fil i 25. 648 8.9948
7.7% 12. 5% 52. 6%
UKF 4hJi) 12. 5491 8.9407
UKF-+M {11 2.1754 5. 8828
54, 9% 70. 8% 99, 2%
UK 4L 1] 2.4639 4.6961




hEBRSEFRER

4 it

-

ARSCHREHY T T i el 2 2% 2 R R (K 3 P DL
WEJ7 ik, VUL A B R AL B S DL P 2 AT
QAL 2 ) £ AR AOAR SRR o i A el Y
5.5 HLIE (ATBEIF (]300 1) fsEdt, RUNZEIE
VLRCHERE v, BAT Bk, JUILIE & A i
Sov AT KRS A ERRNSATIEL . BRI BT RE IR
FHPRANIE B A5 R BT B A, G UL T LS I E A 1B
I, MERRBIRZE . [FINZ 7% 0] LU RIDRA% ks &
HOPRRE VR ZE L Ii) Sl 22 1T 5 | A ) P 5 % DG A
I BE 5 SR DRAG S M BE MR bR 2 R BB IE, T
TR RGN EAREL -

D ESUE AR AR AR
+, #F. TENFHEIEMFMEE
B, MUBA, BHFEFTLAE, SHEARE

&Rk F AR F AR LA,

MER B s BEE95. FEREIR
%, BRHKSZEAFEEERE, ARK MEA,
BEEM, HEAML, AR, RAHEBRLF
B MR AekEaEA, ARAK RARLE,
MBEA, HFERIE, ALFGRE, LABRERLS.

S0k

[1] Greenfeld J S. GPS Matching Observations to
Locations on A Digital Map[C]. Proc of 81th Annual
Meeting the of the Transportation Research Board,
Washington D C, 2002.

[2] Zhao Y. Vehicle Location and Navigation System[M.
Artech House, Inc, MA. 1997.

[3] Zhang Q@ S, Wu J P, Yang D.K. Intelligent vehicle

positioning navigation system and its application[M],

$32%

Scientific Publishing House, 2002.

[4] Su J, Zhou D F, Yue C S. The real-time map—matching
algorithm in GIS in GPS vehicle navigation. Mapping
Journal [J], 30 (3),2001: 252-256.

[6] Kim J S, Le J H, Kang T H, Lee W Y, Kim Y G.

Node based map-matching algorithm for car

navigation system[C], Proceedings of the 29th

ISATA Symposium, Florence, 1996, 10.: 121-126.

[6] El Najjar, Bonnifait M E. A Road-matching method
for precise vehicle localization using Kalman
filtering and belief theory [J]. Autonomous Robots,
2005, 19 (2): 173-191.

[7] White, C E, Bernstein, D, Kornhauser, A.L. Some
map-matching algorithms for personal navigation
assistants. Transportation Research Part C 8 [J] ,
2000. : 91-108.

[8] Joshi RR. A new approach to map-matching for
in-vehicle navigation systems: The rotational

variation metric[C].

IEEE Conference on Intelligent

Transportation Systems, Proceedings, ITSC, 2001:
33-38.

[9] Greenfeld J S. Matching GPS observations to

locations on a digital map[C]. In proceedings of
the 81st Annual Meeting of the Transportation
Research Board, January, Washington D.C. 2002.

[10] Quddus, M A, Ochieng, W Y, Zhao L, Noland R B. A
general map-matching algorithm for transport
telematics applications[J]. GPS Solutions , 2003, 7
(3): 157-167

[11] LI Zhihua, CHEN Wu. A New Approach to Map-matching
and Parameter Correcting for Vehicle Navigation
System in the Area of Shadow of GPS Signal[C],

Proceedings of the 8th International IEEE
Conference on Intelligent Transportation Systems,
2005: 425-430.

[12] Quddus M A, Noland R B, Ochieng W Y. Validation

of map-matching algorithm using high precision

positioning with GPS[J]. Journal of Navigation,

HoHE EEE163H] 2011468



2004, 58: 257 - 271.

[13] Pyo J, Shin D, Sung T. Development of a map-

matching method using the multiple hypothesis

technique[C]. IEEE Proceedings on Intelligent
Transportation Systems, 2001: 23-27.

[14] Yang D, Cai B, Yuan Y. An improved map-matching
algorithm used in vehicle navigation system[C].
IEEE Proceedings on Intelligent Transportation
Systems, 2003, 2: 46-1250.

[15] Quddus M A, Noland, R B, Ochieng, W Y. The effects
of navigation sensors and digital map quality
on the performance of map matching algorithms[C].
Presented at the Transportation Research Board

(TRB) Annual Meeting of the Transportation
Research Board, Washington D.C: January 2006.

[16] Quddus M A, Noland R B, Ochieng W Y. A high
accuracy fuzzy logic—based map—matching algorithm
for road transport[J]. Journal of Intelligent

Transportation Systems: Technology, Planning, and

Operations, 2006, 10 (3): 103-115.

[17] Phuyal B. Method and use of aggragated dead
reckoning sensor and GPS data for map-matching[C].
In: proceedings of the Institute of Navigation
(ION) annual conference, Portland, OR, Septembe,
2002: 20-27.

[18] Yin H, Wolfson 0. A weight-based map-matching
method in moving objects databases[C], Scientific
and Statistical Database Management. In:
Proceedings of the International Working
Conference, 2004, 16: 437-438.

[19] Ochieng W Y, Quddus M A, Noland R B. Map-matching
in complex urban road networks [J]. Brazilian
Journal of Cartography (Revista Brasileira de
Cartografia), 2004, 55 (2): 1-18.

[20] Kim W, Jee G, Lee J. Efficient use of digital road
map in various positioning for ITS[C]. IEEE

Symposium on Position Location and Navigation, San

Diego, CA. 2000.

[21] Gustafsson F, Gunnarsson F, Bergman N, Forssell
U, Jansson J, Karlsson R, Nordlund P. Particle
filters for positioning, navigation, and

tracking[J]. IEEE Transactions on Signal
Processing 50, 2002: 425-435.

[22] Syed S, Cannon M E. Fuzzy logic-based map-

matching algorithm for vehicle navigation system

in urban canyons[C]. In proceedings of the
Institute of Navigation (ION) national technical
meeting, California, USA, January 2004: 26-28.

[23] Fu M, Li Jie,

Wang, M. A hybrid map-matching

algorithm based on fuzzy comprehensive

Judgment[C]. IEEE Proceedings on Intelligent
Transportation Systems, 2004.: 613-617.

[24] Cui M, Femiani J, Hu J, Wonka P, Razdan A. Curve
Matching for Open 2D Curves [J], Pattern

Recognition Letters, 2009, 30 (1) : 1-10.

MGEAR, IV, — Ffont il R 3 B B (8 A SO

HeKalmanygde, FEHERFAR CERREABO [J]. 1994,

34(1): 55-61.

[25]

[25] DENG Zhidong, SUN Zengqi, Robust Kalman Filtering

insensitice to continuous outlier[J], Journal of

1994, 34(1): 55-61.

[26] XG4, FMEYT, A% HIGNINS / Dopplerdl & 3
RG[J]. TR, 1994, 15(3): 55763

[26] DENG Zhidong,

Tsinghua university,

SUN Zengqi, INS/DOPPLER integrated
navigation system based on learning adaptive
Kalman filtering[J], Journal of Astronautics,
1994, 15(3): 55-63.

[27] WfEEE, XSGR, AR GEE LB iKalman g

[J]o MR, 1988(2): 1-5.

[27] HU Hengzhang, DENG Zhidong. Continuous-
discrete Kalman Filtering
for integrated navigation
system[J], Journal
of inertial technology,

1988(2): 1-5.




FEEMCESEIN $£32% F28 251638 2011464

ETSHUEHER
FRESLEPSOR Z RIALVIZ R XY

T XFE KET

YWEIHEFREH IHEZ

& OE S sEER T E S U M S R A AR AL R,
SR T — T S S S B RISGIER PR SRS SR . T S S B RR AR  SELT K- ih %
PR, IR bR PR ST T S50tk st O TR U P T K S e
HIZBRAL VL. (72085 AR T %07 R e, 2 1 T A s ) —FhBetif 7
RIS, S, BEIE, RTRMAL

. 15 40 3 5% R ARSI 3020 I Ty £ AT
= THHT ST S S HALE A, ARSI
FAEIEER (L) R s R WRBRRIZEIORIEE. eI L

%H%%ﬂ%j}%{ jFﬂ E 54}\ X, %fjﬂ ﬁ:ﬁﬁ%ﬁ%#@m%ﬁqﬂ iéiﬁf)ﬂkﬁé&lﬁﬁTﬁﬁn, /El I'IEI T*?’l‘*%?ﬂﬁ(iﬁPSO

M HAR S B EER S RS, 158 24 FIE2m sl Tk, SKIRAIRRN], &7k 24 i
QL H AT R ML (s go ks, e ORISR BT T VB IS AR, (e )
LRI B o B S R T LR ke g VIR R R SR I 3R G S I Ak
SEE RIS, SR T RO L, TRk

% K32 22 R A S 2R, BRI M 2 S . e

T ERIBEAERA D WIRSRE ) i emaer

REREATATI, LI 5 48 S5 K B A A s ) i
fe, HEsBRZ AR &N, Wi, s TALVEESIN, i TR ok

S VX, (7 o2 S S e BT
B Ah TR R B G Ay PUBFUEIEIOA. WAL, ALVESIRLRIRE — A A
T SER TR A AL . 6 52 B T A 7
Ihomas . Toward™ b bk g g Ko (EPPSUBBLSN SRR
DL, BT RO R RS, 3SR o JRRE T APRELOT R, R AT LA A
SR WM, SRR R sy PO TR
fho AR TG o T35 BOM R A M 10 p) =1 (ulp.0))
S ITAL R R R U AT, %07 VA 2 5O g, X =60.0.081 , (x,0,0) 5%
WRTRII B, U Se SR i v, § S0ieiii Pk 1
o TR B 0 B VT T B K
92 503 e, BRAL T SRR 6 0 L
o 2T SR SO AL S e i, Dsegge Pl DRRALAT TR A IR S
f B RTRE TIREHIAR
RSN R TR S AT, RO - U =00 VB, v, | FR W ARG SR

28 u(p,y) SRR X Zu(p,x) 5%



Xr =[%52050,,v,,8, L SomEmisng, amvIais
YORAS . VIR TR RIA TR R £ -

e (PX) =2+ ), A (s p)ds

(oY) FRAHIEARES Xy TFUR, LEFE RIS 5P ifE

JIF R . C(y, p) & XH HARR SRS LI R &
i, HEEIRA C(1, p) = Ay —Xp(PoY) - €N RVFIE
KAz, CX, p) Se Forpikl g RisH B ok
H. C, BOVRTBTY ARRRELRNES, W
R R B Ar . Tl w= f(p) Fom HbReRs, 1F
SR R R

wF— AL H B, P — HAT B
Up Uy ooyl FE LA S W — RS
Koo Kp o WARBRL RS IER {5 Xe)
NCo=¢ , MATSEPHIEN MRYIT . T
CUHL A8 2 5P 5t IRRR S 7 9 200 X V5 R 381 5
w= f(p) WM. Bk, 2zl i @] LA F

minw=min f(p) ,

st C(,p)<e HpsxetNC,, =9
3 S LEFHRE

3.1 B FAREVRTS = (B 1A
M T4 S ARG G ) C = RPx ST ot n4
q=(%,,8) F5, Hrh x, y ORI DO FHER

frE, 0 RRERINTTI A LRSI e R .
WP LR o S NS A v RTHTRE 5 AA 6 5 Mkl 4240
IBEHPRA T B -

X =vcosO

y=vsin0 @])

0 =vtand /L

Y

o ' X

K1 g4 mie g X R ik

T X A N 22 ) T LA S 1 £
R TR . BB LR A HR o T 4k
B LK, ATAHRA0 O WAL[S| <8, . T2
R, FE 22k 1 22 T LA
RS — 7 T A AT R b o I
SR T 5 — 7 T T 2 A A
AP, AT A RIS R, BT i o B
SRR, FTLL, B A S = £ (¢) P
peblith gy = £ (6) B L ST
SRR 2 AT A . — BT
Sk, MBSEIELORN, A RE L ST TR

3. 2 IEEF AR A4 ph 2R == 8] 1A
AR I s e, el {L:y = (0}

75 M, RS b
kzlimég:é9
As—0 AS ds

Mz I T e B2 A M BB i 25 B 28 I AR
B, WERILT Mg m AR P, Bk, T RUH G-
2R R ZE 30— I 2 TR B AR A R £ AR A
X (D 2, AT T AR TR
Ax = vAt cosO = AscosO
Ay =vAtsin® = Assin0
AO =vArtand /L =Astand /L

R BT AT
@« _ cosO
s
ﬂ =sinB
s
do _ tand
ds L

k:ﬁ:tanﬁ

! ds L

FBAT S, 7 20T B3 1) 2 4 R R
PR, SEEIEK.

TP 2 1) T, M AR M 138 3 2 2 ok
Jye IS AT RO MR R || < k- fETEAE
PP R, TS Am /9, K
BOCHIRIEAD S REMM, MEEV S, b
S = VEars, matSIks LM, Kk Ui
KM% X F k = f,(s) #EH MBS = ). W




hEBRSEFRER

EILE I AT A k= f,(s) 78 5 €[0,5,]
EBNES AT, K| < Ky s HITERBERE v
IS O (ORI A AR B OB, B Y
g, A7k oc @ k<0, /Y]
3.3 SHEULIK-ph F &R

SRR K 2RO s r i k= (8)
25— A 3UCRER B S, I m AP IRE TR 1
st (ko k) sem k = £.(8) mamow
v |ki|gkmax ’ i:1>2>'”am o

HRAE 5 AT, 3UCRE 4% 6 KT R i £ il 48 L
Y, EIZEL IR L CRLIET AA) BAT — I SRR
SRR LSRR, TR T DU A R
o S, KRS RN AT o pe b, R
AR A 6 RIRTEIZIE S ML, /BB A S2 s
IR ) RGASIAE, 5L PR T B 2K

T3 VCRE S B BRI e MR o 542
SRR G Sy, KR R A A S AR
B 0 45 DR 20 mEATSE AU . 65 B I K- i 2 i

T, e, WA RA T RIS 6 Yok, it
fH, KA. WE2TR, 4 medh, 3B

R BH s K, kg kS, o

k k,
—_—— P
i E P
- i
kot i "“--‘1‘_7‘2
[
[
I I k
1 1 xh,_hkkz
T
0 x 2 s S
355 s I

12 I R 3 UCRE 4 B 5

4 JREMXIRE

% SR e R0 25 AT R,
U A I e K D R 2 BV
o ARSI 0 W Vi PO Vg o
S, ASCBELE T 3FOR 0 2k PR, B A
( VO = vtask < V;ax WD o e (VY < Viask 5
Vo <VE D FEE (Vi < Vo s Vg <V
I . TR, R A TSR
3.5 iLIeFriREL

O BLEF 00 VP B 00 TP Sl T

$32% F2oHf

ALVISZHLRI I SE R R, VPO B B0 4 A % HR B 2 10
At TR SRR, RS, fTA
SCR U A b i OB~ I AUAE T B R AT BT
Btk LIRS bR N B R e AT I B 4

5 SUARALARRE W = 04 Wy T0G Wy, o Wy, AT
St W, BB, 00 R R

(1) HURIER R AT e A, B0 phy 9K — 2 7
SR (10 B PR e 5 BRI A, FLIN R (R — 52 (1
LA, A, VO A ET R W, o MR
5 A W R 2 100 N 5 Do N T8 1 %2 A
B D, W, BEHEATET, FLAE T R B0 BN B B
WRERB B4R A A 2 1) (5 N BE B i K
F 852 (0% A Doy W, 2240 VAT T B MR 5
iy =D, IRV S, DAARAIE S 20 X 0 3 15 E 0 50

G Jey R/ NME— 1k o SIS 2 A R AT R £

1’ dmin > Dvafe

Wsa/e = (Dsafe +1 1) O d < D
. 2 ‘ ) < min —  safe
P d_ +1 !

d_. =minmin \/(x(s) -0, +(y(s)- 0},)2

0eC,y, te0,1]
R, x(s), y(s) dakk- Bz, C, %
B BT A BRI S
(2) BRI PRI, B K A o 9
BT, R A TR A B R B R
B SR B A A S B Wy, =SS o Aok

Smin SRR SR H AR ARG B, s U T
4 MHPSOE X

X TR R R RS BRI 1) L, A7 23235 ] o it
TF LIRS AR A T o Bt Ay )T kAT R0E AL 1)
FEUIRY 1A A% B 06 200096 A2 ML T 20 R 4 (RS T 7 B, L
Hbr BRI RN R T2 MRE R BT ER=
AN A, RORHEIN T 04 i U R R, %48
MDA TTIEARAE L.

R FEERAL™ (Particle Swarm Optimization,
PS0) , HKennedyflEberhart 3 T —Fitt <00 22 AR AY
T By A 2 SR R 22 31 U R A R ) 42 R Ak

51634 201146H



HEI ST, SOHE AR &5 T 00 5 60 60T R, 15
SCR ML, PSOSERERT ML T . VAL 4D,
BHIL, AT RRIO AR R e, HA
AR A R 05 L A0 T 00 S AR B (A
L SRA S — IR 7 2, STV K
I T ORI SRR 0 2 e
4.1 EARPSOE;

PSOSEH: 1 J6 25 AIRATIRE, JF b1 H AR Ch A
T —AERAL . TR PIZE), S0
VMO (1 540 250 LU R B4R (0 2%, I th—A~
P i s 3R — 25 AR 7 T AT B

BRI mde, WIS RO R R
FARCHn, HARF R b X, =[x, 0, ]
SV, = [V Ve, e 4 X, (0) et
TAEMZIAE R R, R B A 2. BT
FRO R B A MBI v (1) B, B

X,(t+1)=x,(t)+v,(t+1) (2)

e x () eU(x,,,X

X ) AR A R
(R A Wy B =[Py, Py, B, 1o o BE 16 4 55 R £
P =[Py Py P T o I BB AR 5
7. SRR B R UORL T 0B, AR T 1 8

R v, (¢ + 1) R E RS
v (1) =w () +¢r[B (1) - x,(0)]

+o,n[ P (1) —x,;(1)] )
ok j=120ms =120 ms v (8) S
T, Ay PARS 1hobE T ORNE I SO R Ty 1), AR R EAT
AT AT e o WA o Ml IR 53 A
TL0. 12 M BaHLEL, XLEhENLECK AT E R R T IA
FIFE o Mo, & IERUR IR B &, 2 i SRS =
IS AL 23 B of T P BE BT R Bk
4.2 WHRNFRERUE X

BARFEARL TR STDAFER V2, T
BTy, ABN M R N EA AR B 5 BN R B
o, ARG IS g A e i T ik, ASCRANR
WL TR L TR SR EAT T it

RIS e R G AR B, |
AIRE T AR I I A AR SO . SALTE R 1) &2 ks

3, R E 5T E R ER— k. RHEE)
BAm Ptk POBARENE a7 KA T
Gy SSRGS R ™ 3 LI B ORI R AT -
(1) MR
z,/a,
%”z{a—%ya—@,
(2) YL s
WA ¥ Logistic IS & T Z e .
z,,=MAz,(1-z,),A €(0,4],z, €[0,1]

0<z,<a

a<z <l

EPSOSEIATR, WIMERREE A L. 2
K, RARAE AR T80 A M2 ], Ik
TPSOM A B ZRAE J 0 A SCR K RIS A Fle YR
BUSEPSOFIRE (I BHEATHIRA L, BEASCEPSOMIRAIL I T
AT IOBEHUEEAR, SR PR AR PSR T R Rt
PR AR R . a7 K RGBT L, AN
HRE PR AR R RL T R AT BE

“ RN R TRV T I (B . R
TAE PR E B R A, AR5 SRR T
19 N GMAE ST, MR, AT SR R
Befl. B, FEESLETIMA T RN
BRI, U TR A R IR . TR
WS LA S T A 36 D A 4 R I AR B,
e, PSSV HEI , 1M IR 25 1] 905 PRl Ay 32 4T VR
VEREAS, DAIBAR A FIERL T, 5 B M L 7306 5
AL, B T A BERL 70 2 FEPE
4.3 BEDRE

Stepl WIS, BEEFBHIBN, BRI
Gen. BAUMERP K PSORLVE A JAT G B 50 WAL
we DR e, o VT FI R i

Step2 SRHNRHLEFIRIBA R TIORLE . BEHL
—AmifE FERASEOERD H AR R AE0-1

ZIEE, 2= (220 2,) o AR
Ko BEINA R 222075 2y o HIPNON, $iz0
BN B A B RO B K . R
BT HE R, MNASEE TP B P BT FINASE
PIEFIRE, JHRA A B E P, FAER LG

Step3 AT () (3) , B ACIKRTAE,
IV ELHE AL, BN S B 5 B K AR
(RT3 R PR L= A 50 ) TR T 30
R, SRIFEHPHP, .



hEBRSEFRER

Stepd FUWTHIEZ A A S NIAATSteps, &
WHRATS tepb.

Stepb &MWL A, EMN p D mYERIL
B, LRVES B E B A TR A, BEALEACR R Y
N'P/I\Wﬁ*ﬁ?; iR [A|Step3,

Step6 A2 il A HIE A R4, Al R 2k
Bk, PATStepT: M, $hATStep3.

Step7 finth 4 RE AL H AL

5 SCIGLGR

AT WAES AR, o T S HUE TR i
HEMEAY R SGIEPS O 1128 B BRI 7 vk BEAT T K () 07 BL 52
%, HSEEEWT: FRESEIA Bom=6, PR
N=100, 23N T c=c,=2.0, PR Ewbi %S
A0, 9L LR/ NEN0. 6, KB EGen=50, BACHE
Hp=0. 4, VIR EII R0, ASLLAMANM BLIA S
fl, FSEG SRR INE3. E4R.

-3

| 18181 |
|
"

T P

B3 PRET LI F A5 R K4 2 g R

WEEL: A RS 30m X 30m, i i AL bR A
(8,3) , ZEMRTT MM N0, ZEAMTTHARM N0, Ak
b (1.5, 27), ZEAKTT M fi h-pi/2.

W2 B R S) H60m X 60m, e s A bR by

(24,3) , ZEARTTWAMAAN0, TEMTRIEM N0, ik
b5 (42, 55) , ZEAKTT ) i Api /6.
F1 BEFITER
THEREAm | TIEAT I ms
8 9 28.06 177.03
2 55.51 229.34

SY A UEN, AR SEX T AR IR R A
KB, HE LR ORI S a4 e e,
SO FEAR DR, W62 1 1 4 9 2R T R SN
Ko AHAXT T RNE RIS 28T 1 1 e A2 BRI )i, 0
A S50 P A TN, E i A RE W ST 4 e B DAL
e, s anE .

$32% F28] EFE163H 20114F6H

6 &it

ASCER O BREAGPI RS T A 2 b 1 2 93 32 B R )
AL, A G IS SRR D S B IR — AR
FEREM, JFPe T — P T 2 H B i 3t PS04
e R ARFEMLI )5 i 0 PSOSTIL AT T 0kcidk, A5 Uk
Yo T HEAPSOSER o N il de it B4 i 0 e S
PEtg S, )T SR, 7S RERY T Tk
A R . SO S A BRAG I BE T i8 s IR HEA T
THEFE, %Iz g1 TT 8 T 3 A B A 58 2 5
LB .

FI[I] zvrrezmesoe
AMESRA, ti: $H. HEHE

&l A FR A ZEMESAR.
B IR AT IR IZIE ]

RiTH, W, 38Kk, AAMR: AT
KRR S EN A T EBER,

5K B

RiTE

% e

WL, JHF. BRAUR: B REsIEAR.

S5 3Lk

(1] x#2%, Wi, R, BRI, BFREE. BabldNisshi
RIFFFTLRA (J]. b E TRERFE. 2006, 1:85-94.

[2] Thomas M. Howard and Alonzo Kelly. Optimal Rough Terrain
Trajectory Generation for Wheeled Mobile[]J]. The
International Journal of Robotics Research, 26(2),141-
166, 2007.

[3] Dave Ferguson, Thomas M. Howad, and Maxim Likhachev. Motion
Planning in Urban Environments[J]. Journal of Field
Robotics. 2008, 25:939-960.

[4] Kennedy J, Eberhart R C. Particle swarm optimization [C].
Australia: International Conference on Neural Networks. 1995.

[5] Kennedy and R. Mendes. Neighborhood Topologies in Fully-
Informed and Best-of-Neighborhood Particle Swarms [C].
International Workshop on Soft Computing in Industrial
Applications. 2003:45-50.

[6] Parsopoulos K E, Vrahatis M N. Recent approach to global

optimization problem through particle swarm optimization[J].

Natural Computing. 2002, 1(2) :235-256.

XF, BHER, B SabriRE TR RA ], AR

REAR CARERERD . 2010, 36 (2) : 267-272.

RS, RMRLF R I LN (D], R E PR

SRR, 2007,

[7

—

(8

s}



ETFASIFTRIZ M & X BAREIR A

[ A S

BT Y S

1 XK F T HIBEF R EAR G MR HEF 3 TAFL TS,

2. RRAKRFELTEEFR;

B OE: HxAREER R
WIS SR ASIFT 60 A8 A8 Ak AN AS P
Y5 R I SRR A BN A bR BB A IR I 8

‘%%ﬁiﬂ /)CJ\_/{‘/J\Au 1% E’IJ ASIFT, 4‘%*&[&1‘@[{

1 51§

A bR 7RG R A A RS T AR ST 2 Al B 2
ARG OHEIANT o SN R (A I U3 ASE AR
25 3 G SRR AR TR 55 S T LAY A0k A2 T 3 2 AN T A
R emue, (HRE, d TAAT BT [ AN AT bR 5 1

JRCRE, AE A AR BRI 3R 2 1A TE AR AE A AE 2 MU
oL, AT A SR AR ﬁ&*AEﬁ%&ﬁ%ﬁ%
AZIB IR A5 U L9y Ay P Ir AR

W, B R wbr . *II%%%F% BN
ik, ZRACERE S FEARGRE M b —
Fh 7 v SR BIRR UCC 07 . M. Betke s A3 tH SR FIH 82701
Kb 3R 5 T AR R AS TR &5 G 5 B AT 18 b s HEAS AR 2 [B] 1)
AR BN S WAR & I 40 S T77:, AHILREOEOR,  WAg @
i s S5 5 AR AR PRI ATACLI: R RO, At RO AT T s s
KU AR A 7T e bR BRI 5 . SCRFm L (SVMD T
V2107 A 3RS EAR R K 3 2

L R SVMAT 2 P SVMUZ: S A0 30 e 2 2R A Ji5 75 21 1 7Y
AR B3 28 o AR B EE 5 3 HH SRR RF
BLEJN G, vl T K5 AR % 140 288 DR S 1) i
TR AT (PCAY FIZ kA7 40 HT (LDAY Bk ok
2 1 Sh it e ot ) T EscaleraetalmﬁﬁnT ANAE
WA AR ARG . WARZBIENAE S H—2FH
BE mﬁ\ﬁlﬁﬁwﬁﬂﬁﬁﬁiu@ﬁﬁm,ﬂg
R MG M VR . AEARSC P4 I 45 HE
Nz BEME . KRR )2 32 X 32 M4
JG, FHEEINMEIC. XA M G 9K AT Tl

3. R K F

AT AE 2 A0 A ME TR AR e R
Lﬂ“Jr%?ll')"I IT_EELr

ML ZBAZEITRERE L ELET

, AR —FR L ASTET PCRC A8 i b s iR
TG HE LU UL E 25 KR s b i R

bR, BIMPRESSEY: (matching pursuit method) ™ 5]
BT REMARR AT BIRE N EUE ML G—Mp bases

O TARAZIEARE) o BRI I AZ 8 b5 5 -5 AN F
AT bR IO, f3 B e L RC . DL ISR

BEATEE R AW AR 10 2 WS o) EREAT I, MIFAE S
ZA ISR E 52K

ARG, BT A TASTRTAL AR T
e RS WAR &S IR 2 R HASTFTHL T 1T UL IR ik
PG P T 2 MBS AS AR R e, T8I H Abs 7 R A
TS ObR AR (MASIFTEL TSRS, Goit I Lo BAT 2 SR T

*Tj:/\

2 E?A_SlFTE(] ﬁhlu\b\%u

2.1 FEHL SRR

PRI T AR R A AT LA OB . AE i
PR S BOGH I 1 T MLAR (0S8 T el O P
ASKHL. W TR,

SIRVE RS



hEBRSEFRER

FA e et Ry s R ) s R AR AR SRS, T
op' =00 +0'p’
=(a13el +aye, )+ (xel +ye, j (1)
:(‘11361 +aye, )+ x(allel + azlez)
+y\apne +azzez)
— @
op =X el +y ez
(D 2 &
{x' =a,x+a,y+a;
Y =a,x+a,y+ay (3)

Horpray,ay,%,p,a,5,a, AR IEHEL. H o_p’,a H

al]

AATS A #0 [H M  AE B HLEL 3 i e

a|2
Ay Ay

i f T A8 K5 u(x,y)=ulax+by+ecx+dy+ f) , Hoop

a b
A=| 0 sAm s AT ARy E TR, 2
W%)
1 L4
1
I
/ |H’; /
u P
7
/
’
2 FRAG AL FUR AL E O R R
WFTTT 50
vy cosy —siny [t Ofcosd —sind
“lsing  cosy |0 1]sind cosd )
T Al
A=MRGy Y RG) ®)

Hopa >0 RAMATHIL. 0<[0.180), RY) ki
BRI W, TE= DAL A . @ A

0 =arccos }// FRAMLII I FA B, Wk e T AHHLI I £
B, WE2HR. AR, ABYLAEEE BT A

PRARTEROREE . TFRARBLE: TR IERT 77, BEAbLAe
TAE U 25, INAbeE T Esh.
TR FL £ A I P A 2 02 PP
@ Fi1, RAFIMERIE . SRR R e T
HaRL R 0 f, XA SRR, BRE = Yo -
WL & O HIE . P R B 30 A T 05 54
oM. BREAE AR O)

ulx,y)=ulax+by+e,cx+dy+ f) (6)

$32% F28] EFE163H 20114F6H

M Ay =Lty =10, =y, =0 i, MHLEERGKE )T,
BEESHO, t O, W IHBCEARNLR A R I et .

2.2 ElgAETiRinfE Tk

X 1. OV P AR A R R 4 3,
u (o p)=uldle ) o (er)=u@BCr)), ehimmae
A Tu, ) WA 0@ 1) NRE
I A HBA HBA™ = H, R LR, ©) -
UER: O

()= (4o, y) o

(v, )= u(B(x, ) ®

A= )\'IRQV 1 )TtR((b] ) B :sz(‘llz )thR((bz )
BT T2 0 AR R LA e v LS AR R A A e . X T

BA™ = 7"17"2R6‘r’2)T1(t1 )R(¢2)R71@)1)7‘7‘2(lz )Ril@’l)
= HAR@/z)Tl (tl)RZ @))Tzil (tz )Ril@’l)
= H, Ry, R, @), ), 7™ @ )R v,)
=H, Ry ,)R, @I Ry ,)
=H, R@’z)Rz(q))Ril@’l)Tr
=H, R@/z)Ril@’l)Rz(q))Tr
=H, Rl@’)TrRz@’)

[ EER I AV

"3 KR FIOGSAE

KIOEGE o=0 ", i 0=30° , 6=60° X
BHE = Vosg = Vot = Vose =2 BURHIE R 0y
T= % =3, 1

0 =0+90",0 =60°,0' =753",t=2,¢' =4,

Tuu,)=0-0'=8 bl W, PR L0 A
SRR G AR IR AR, 7R AL I R}
AR AT LUEF36, 64 R TH R, WHIE KR AEA B ITHE
13 KRR T max BT R0 IO SEBGUEBISTRTY
B AR NT e ® 2 Haaris—Affine FilHessian—Affine
T KR AT T-2. 5. MSER de L #bk, LT . b
53100 ASCAE I FASTFT I AR AL A, — ATk 36 LA I,
X ULHC s A D i T N ERe .
2.3 ASIFTICHL

ASTFTIA LT A «



(1) K0 R GBI v BE B85 KTy T (KA 4k
MR MEAS, AL HE AN R e A AR g, X H
BTG T IS B TE & ML 0, ARG
PRI A R L e ARt 0 T8 EIg,
TARRBURC EBACRRE, IBATEEAT xS W TP
WIUERE, BG5S aiin ek BUscE R, A SCH bRz
Heaft? —1 b ¢ =0.8 .

(2) AP TERE MUBURMSLL X A B IR 22 BE RN 203 B AR
e, FIMURERAE AR F BE I Z D, IR AT LU AL
FABUR] BEAFAE AR A

3 P MBI E G RERAR . WAL FRBA
A (ZMISIFTRED FATHCHE. B TSIFTIH—1k.
B PREARNL S 6 T TAT H G el BESAENL, BRI IAH
BUKI6 SHB L AS TFTHEAT AL AT

(4) BEZE 0 RGHR = La.a’sa” Jrha> 1A
1. SCUIED], 2a =2 RNt nitBUkBI50#
gk, TR (1, 32) ol B AT B SR .

(5) X T AL & fHitIFa 0.5 ... ) Hrp
b=12° Hitk, EWE@V<wommwﬁEﬁﬁ

(6) S4B —MERHER 2t YR A4 1 15
23 S A B T 0 X I T AR e A P A

(307, )i =251, Bt sa e i bR
YCHUBIE HEf) . i) T FEMR DRI AN B 450 T 5
PRSI . TS, STFTILSRIS I ANTr G AR A (%
DB IO NRIELC I, HALEBE ASTFTSZ BT )
CUCRPERIB RIS b) HEERI () X
o) HEEME (1 @) RGNS PR,

(7) ASTFTIRS IR IR fie 2 LL— D SEBIfRRE 2 70 i
00 OO S LS ST RO RE SO I RS TRTHI PG5
Bga=v2 . n=5 , W B GRRHAA UA
5.7, BOKHOBEACIR LRI, 54 BEL RH DI
AN RS SIS T 12. 565 . TR R I 23X 31k
TR, AR ORI L. Af5% . WSR3
S, ARSI RISIFTSE I S A AL 27
{50 PG TR T EL8 RN EBRTIT_L (KA RPY A
ATEAIH AT .

(8) M FAC AR AARBAPEAL,  E A 1k
D RV L A R A8 LA B AR AR 7 475
X FAS TFTEETE R B SR B A R 0 I

i B AT UL R IR T A, o AR AR R bR S TR LA
ey AR AL FC AN bR R AR DG BC I, DL IC A R 2 — 5
(7, T AN R 35 5 HG DG C IR DG E PR L AT PP 2 A7 A8
3, B Gt ARAZ VLR AN B P A RR v T ELORK
BEARAR LU AHABLAR 5 70 S AESE 32 iz SAAE A il
AU N I A 2

3 KBRS

AT AR A R, AR SCHER PR S s . —
BRI T W UEAST OO AL A S NS, S — B
P S0 A XTAS T M BEASCUTIT . A SC IR0 A B R AT
CATAE S RE . WERTBRRRE . AT S RESE
SRR AR, R DAL X S5
FRaMR, FRAEMLL SR H RO RS, bR AiA gt
FSeihdIe sy 0, 0 M10FT0RERG108EA T — K HA A g s
RoA . — MR ICRAEL TR S 1T AR —
nEl4. R TEARAE ARG I B SRR L bR

- FRARRESE, MRS AEIATALN L, 1TAARE
(RIAC AR 53 S FIZE N [ BT AT AR EA T UL, e vt
FCA BRI B LA A 23 AR o A SCIE PR T
REE R R BRI KA R G0 R AR (AR [ IR TS [ 1 17
400 A8 b 2 LA T

ML LR, LI A5 R T LA HAs P800 T HE
30 1501 [ AT IBAR EHBAT BT BOR o« Asiftad T
[F) (¥ B bR AT R AP IR, AL RSift, SurfAEAR4R
P TR A AR SRR A E . I szgb 2k ]
DA, AT AL E AR A FR G U HER 2k 3 T 91%, 1
A TG HR R bR 86. 5%, T4 — M AR N 94%, Sk
IGETHHERG % N 89. 8%z i T- 3L T-STFT. SURFIWILHL, [h
T BIOLDAS AR AT W A3, b A A
KIFFEREASIFT. SURFFILDAZRTCHE N 110

SvG)
.. B88E
. 8Nk

K4 AR SOMSRIBUR Y £ B b i 1




hEBSEFRER

5 EUAE R

COBEOS
®®®®®@®@
)
ANAOEEEES

RO Y § |

7 1Ty

SR I TAS TRTIC i 45 5

1 Wil oA R R — 20 Y FObR R [ AT
ASTFT. STFTAISURFUGHL [ IEAAUCHC M AN ST

fiRE (%) ASift Sift Surf
10 0 0 0
20 32 0 0
30 42 4 5
40 68 5 11
50 115 8 16
60 138 16 25
70 128 20 32
80 143 25 33
90 113 31 40
100 134 30 40
110 127 22 40
120 75 19 22
130 70 10 15
140 50 3 5
150 29 0 0
160 10 0 0
170 0 0 0

R2 2N FEASEARE VNN L

o ASift Sift Surf LDA
07 &
8 ERECRIE ERE RN ERR AN TR e
00 182 9% 128 64% 133 665% I8 50%

200 173 865% 113 56.5% 121 60.5% 109 54.5%

00 94 W% 75 T T6 Té% 64 6%

A s 500 449 R9.8% 316 63X%

330 66.0% 29 58.2%

$32% F2Hf

4 &g

AR ARG 3 AR AR U AT AR 5 IR AR
ZUANIEOL, B T I TASTFTUC LS4 1 AZ 18
), I A S o BB T ASTRT 22404 (1 U
AR F 2 A A AR G WU e T, SE80E
WILEZ A A1 Bt FASTRT LG AAE 432 () 5304 W] L 1)
Pl ARIMTASTFTAIA I I UM R i f A Ja ik —
TR B T o

*]—\‘ILA\-L/\

FER k. #E. BRANE
“—A7 8634 X IR B AT F KL
- HESHRIE BRI FHT S8
FAE, RIRE: GIS-T. £HFMEL
WHAR. HotiatnE. AENEE = 4T
R, S HERBERE %R LR B NAHAREAR K T4,

|Z,1E o HE, RRKFEF5ELRES L,
IPAMAH R, — AN B dn AR X A5 5 @ TAE.
FAE BT R F P 1 FTTALSE Bedm B3R TR,

s PR s, RRXFEYNTHEKS LT
BIBFR T, PR RAR, RINE LB S A
B AT XIIEL I,

ERIM  sizux, RRkpnsassz e TR g
TEEREHE, KARFETISERSHnE. AR
&AM, ERBHERBER. SN ZRIIEL T,
MBI L EAF N ZAR KA.

ATRE IR RSt TAE,

S5 30k

[1] H.M. Yang, C.L. Liu and S.M. Huang, “Traffic sign

recognition in disturbing Environments” Proc. of
ISMIS’ 03, Maebashi City, Japan, 28-31 October 2003.
“Road

[2] J.C. Hsien and S.Y. Chen, sign detection and

recognition using markov model” , The 14th Workshop on
00TA, 2003.

[3] Aryuanto Soetedjo , Koichi Yamada Fast and robust traffic
sign detection IEEE Xplore

[4] R. C. Gonzalez and R. E. Woods, Digital Image Processing,
2nd ed. Reading, MA: Addison-Wesley, 1993

[5] S.-H. Hsu and C.-L.

Huang, “Road sign detection and

recognition using matching pursuit method” , Image and

Vision Computing, Vol. 19, pp. 119-129, 2001.

51634 201146H



MM B HERSE L NEILS

R

v A BRERE TER"

L B A5 e ARty A5 A7 50 e S ) S BOR AR 50 P

wm =

LPERFERAKRF AR

HBIHAE RGN BRI R B K, SRR A ) 3R 4 22 A AN 2 B T A 1k BAy R B

o AERESAEIE B A BRI R AL b, RIS RO TR IR AR AR IR L, 0 PR FLA AT T R AR R, i

h TP R 2 E PR R S, JFIAT TSR, 2T A RE AR RTE

TF RS A HEAT 1 T BT
XEEE A% REE LERK

1 HIS

WTAESR, R L5 IR AN RA K I3 &,
TR AT B PRI 0 A A0k T PAY R R ) BRI kb,
JORMZERE, X TERARNSH AR, &
BORT MR, T AN 20 RT3 3000 25 Fh 20 0 = i o AR
Z. BT, RAHEKAELA, WFEH, AH, KR
1 BB EE I RGN B DR R T, 1
20104F10 24T “rp A R4 AR BRR2E” b, A3
HERGWE — I E I LU Bk, 3547 B3
RGN TG BRI AR RETE L.

H A ZER AR ISR A, BRI, 45 IR R
T B R FE sy, IR AR Ty IR AL TR 2B
B, s /R RSO B E Y B AN ST
JEALEL, liMukherjee 25" XHAZE RGN AR SE AR
BRI ) EHEAT THFST; Paromtchik T 2% 5L T4
WIZ B B SA G HIEEAT TS, Florencio M 2™
X SPAT YA AR IR R A5 ) o) UEAT TIPS Rk, ASCER
PR B SNAES et T PIRE Z B AR R R g8, o

GEINTET IGIER SEReee
2 REEHFHRENSH
2.1 1REGEST

HI AR, A AT B K P BRI, DA,

I M LR AR Y], %

AN RO ST I S AR S M 4T 1 S DL, A 1
T 0 i £ 0 e Ty B SR RN, B R IG D WA T
Feo BN ARAE R RAAR R T IR

X =vcosd
y =vsin0
0 =vtan® / L

Wi

0 Sy TE A, BSOS I S o
TR R s LT s xS ZEA R
DAEH R R R RO bR
2.2 FWSEME

(EAIRF 9 B LR AR, DAL s BT
S, ERUONTIR R, R VRS S,
AR, WA MBI, 1R

e

X B WHESH B
BE R kg 2325 EREEEE d/m 1.5

e /m 4.2 AR FIFE g /m 0.5

¥R L/m 3.025 58 /m 1.8
FULEHTHIER a/m | 1.430 Hi&:/m 0.97
TROSEHIEHERE b/m 1.595 JG&/m 0.87




mEBRSLFREN $32%E 2

PR R AR R T O
3 EREMK

fEHEREEAST, AWMES, — Gt
IrEZNAS, R VUNERALET A 2%, 25
w2, 3R,

AR E A4 ZORTEN 2 B TAE AT AR 48
oA WA TR S DU R, R s A R A
CEL, CREAESS RE A 10 B e i B S A0 ARSI 552 s 2
) o bR BE R AR 2321 F A Bt .

TRLE R BRI B AR AL
(B2, 000 LEIRET B B o), A AL
HIAT—NRAT, ARATHTA AZIE AR “457 7o

LN

127 Bt E s 4

HRRRANEER

P]

K3 SALE mA S

0

L1 s1

oy
o f ]

4 5 2 i
3.1 BRIZMKY

I TIEN LIAT LI BR, A SR PAINE 4T 4
FH T RGN AR AR, UL LS A
o 91K 3 2 MR 0

AR BT, A, ZEpO s, 4 BIA
VA 7 R MR R G 5, RRARRAT 0
SR O B A R 6 RO B L, 1.2,
R, AR 4 S BRI, AR

{5 L0 7 [ 50 A0 #0400 4 Ji I 2 R AT
W, TS W, IKREXT AR AR A SR, S
Hy 27
3.2 JHEIE

Wia: T THSEREiBig )  Fem BpLE s
Wt HIEHLBLEE A R RS S STk
Withe RUBNHBLEE S B B s KR HHLRE f
IR

1) HEAFTR: fepl i, SR IATR S
BB A B L, TE R S, SR
AT IR

0) AT YO B T pl Bp2 B s 1, D,
T 0, T S AL, KA TFHIE;

3) U B TN s2m, HIF, Sk
RO, 7 LTI, o ) i s A R R £
R, HATEE R, FATFHIED:

&) AT B T3, HIF, A

4 GAERCRAFZEIE

4.1 JAFELRORAEBLIRRE
WL S R T AR E S04, ¥ St

51634 201146H



O I R A A AR AE A (B TR RIBL, B2) BT T
BERATEOGTE IA IR BLL. L2, ARSI A
VR B BT AR AT RO IR BB N L= (L1+12) /25
XFFALE R R B GR TR UM AT S 44
T Z R R T4 EARNLRI RS o ¥ ST bR R AL AT T A
(A7 bRAE R 2 BT A Aem A (Y MR AL B, A7 A E bR
ERBZT, AERATRR, B HBL fET bRiE
FE bR bR S G, BRI —AME S, BRAMES
RIACER 2 iy 2 AT HLER B 4 A A rp 26K AL, b
RIS 2 R AL B RS L

KI5 R A

K6 RFEAE A
WL RS w e, R AL
WETHR .

H 7R TE 2k,

K7 ATE 2 BRI

AL, A4S RIS A
Wi L (L2 R E) AR, TS
A AR, TR

Wa, fERE—

S A ARRON |

.,
R=-2
sin© [@P)

R Z], HS TS — AN M A%,
LA 7 1 SR, 20 e S HL e IR E, X R
J5 2 AT A 56 T 2R EAT PR ER .

4.2 THIEE

A [ B4 RS 1R 2 B IR RS,
e LML B A P BR ARG, A T N A L P IR
NIRRT AD B, RS LB 4 T 2%
1 g SR AR L AT LG AR R 22, Ll g B
TR 2 I ) 3 T T AR AE N
g RURIS P B, 36 10 F S22 0 e d N2 0 L b,
PRI 3. 2 p SN AR . T2 IO E B
T ) e 1 R S P R UL . AR IS SR T B g
DI I3 B4R S bl s ms, Jeep s BBLIG H AR A
K gy SEBRGRAD B R A e, WS

{e=¢—¢o
é=(ﬁ _q')o (2)
LTI R KA
s=c-e+e (3
A LBk, R CRRALRHR RIS
U =AM = (atle] + Bé]) sgn(s) W

Hrr, ¢, o PAKTERFE. £RERK, WTHE
) LA, 2e=0. 36, a=0.1. B=0.06, Xf Tz
UKD, 2 c=0. 24, a=0.12, B=0.1, ¥ RLGHLBIL
B R, B HIRE .

=
:m?a&#ﬁ.:;—,‘(b? mi&i!’lﬁi'ﬂﬁ 'ﬁ
i% i e ?j;ﬁ\ l'____l

i
AT L AT

i}

|
AL [H | i
v v

|

_____

— o A4
9 il g i)




HEBEHLFSER

5 LEIRIE

PR bl s A2 W R AR, E 2 B FE 3 LR AT TsK
EREK, ST “PhEFREEARKEIE , LIRS
PR R

Hike
ot e
* 0

K10t R

TEAG Bl 8 AU, A5 2R O e i B8 2 i 2R o
RA10K, MERNG, WOLTH ARG, RS
FUR A B AR RATT I 5 AT B, IR H S, LA
JIERER A 2, B R ORI AR AT . ST R
S PREEAIN

I LG, AAEPL. P2 AL BRE TR 227
Sembh P, 15 T IS AR A B B A A B A ) I B B R R AR
10emPAP, #ERA. ARNENT B EREIZE,

6 &it

ATOR PR A SRR AR S R = B A e
THEIAT AR, Bk 5 A R U SR i) 1 sl 4
WL, JFREAT TS, ST PR R
Phikge” o AR

D) A O R RE O R . AR PRI
AR, A = Bais R gt TR SR
TR -

2) A T R Sl 1 S R AR AT R 4
SR T R Bl A AR AR IR S A A KR A B Semz
W

3) I L RABRY], ATTARES R AT T 213
hrz . AR EARMEMIE, N4k, f
BEAS € R N 2480, SALE R4 I 21s, fEZ
T EEZE IR A= 490 P I SR

$32% HE2oHf

M ORE e, vEAEReRME
B R IR S kR 3 BRI P B FAF R
R, 4 F200425F22009F 3545 A e T ok
KFEMIALE L F T flL 36, HR
FEAEMN N FHIER . EFRLE®
X%, RAEALR., —AENERRE
89T & Bk E ARG A Ao B4 B A R SE SR IR O @ 6 T
%, RRTTRAALIASE B 3% Z 56950 145,

PALSh  dr, PEAERARMAHE AT LS
HERARLAALR, WELGIT, LEHRT QAT
fLEARHA, B HHA.

FRAE(E b aassARFmLL, Mirah R
F AR R R R ikt

FE s, ArrasFsmE R ek
. AP R 5B,

225 3Lk

(17 R, B AR R AL 3 B 1 3904 2R 48 I 05 B 9T
[J]. K4, 2009. (5)36-39

[2] EF5p.. HIPFATHERG MBI,
AR, 2009

Al PR

[3] Lamiraux F, Laumond J P. Smooth motion planning for
car-like vehicles[J]. IEEE Transactions on Robotics
and Automation, 2001, 17(4): 498-502.

[4] Li T H S, Chang S J. Autonomous fuzzy parking of a

car-like mobile robot[J]. IEEE Transactions on
Systems, Man, and Cybernetics, 2003, 33(4): 451-465.

[5] Paromtchik I. Steering and velocity commands for
parking assistance[C]//Proceedings of the 10th
IASTED International Conference on Robotics and
Applications. Honolulu, HI, USA, 2004: 178-183.

[6] Florencio M, Agostinho P, Sequeira J S. Automatic
parallel parking of a car-like robots[C]//37th

International Symposium on Robotics ISR 2006.

Germany, 2006.

51634 201146H



BIT: An Autonomously Driving
Vehicle for Urban Environment

GONG Jian-wei, JIN Xiao-long, JIANG Yan, XIONG Guang-ming, ZHOU Sheng-Yan, ZHAO Xi-jun,

JIANG Yan-hua, HU Yu-wen, LI Xin, HONG Tao, ZHAI Yong, XI Jun-giang, CHEN Hui-Yan

Abstract Although great progress has been made in autonomous vehicle technology, developing a vehicle being

capable of autonomously driving in an urban environment is still challenging. In this paper, we introduce the

technology and algorithms to develop an autonomous vehicle named BIT for urban environment. BIT is composed by

some unique subsystems including a longitudinal and lateral controller, a model-based lane detection system, a vision-

based road detection system with self-supervised online learning strcture for automatically selecting the training set, a

system for curb detection using 2D Laser Range Finder (LRF) with a method of multi-feature extraction, a system for

detecting traffic signs, and a motion planner. This paper will describe these subsystems in details. Then, the discussion

of the system’s performance in urban environment and the conclusion will be made in the last sections.

Keywords Autonomous driving, motion planning, environment perception

Autonomous driving using pattern recognition, information
processing, artifitial intelligence and automatic control, has
profound theoretical and practical significance. Over the past few
decades, there have been rapid developments in autonomously
driving vehicle. The Nav Lab autonomous vehicles based on vision
navigation were developed by CMU'". In the DEMO program, a
number of autonomous experimental vehicles were developed to
carry out research work on autonomous navigation under a complex
environment”. At the same time, GOLD (Generic Obstacle and Lane
Detection) system of ARGO from the University of Parma was tested
in a 2000 km long-distance experiment™. In China, the first intelligent
vehicle ATB-1 (Autonomous Test Bed-1) was demonstrated in 1996.
In 2000, the testing and demonstration of ATB-2 was carried out with
the most high autonomous speed of 74.5 km/h. Since then, many
intelligent vehicles such as the Spring Robot'™, the THMR-V", the
JLUIV'! and the CITAVT-IV” were developed in China.

Although there are many outstanding improvements in autonomous
vehicle, it is still hard for them to drive in an uban environment due to
complex surrounding and traffic rules. Therefore, accurate and robust
detection of environment at a sufficient range, efficient path planning,
appropriate operation in traffic, as well as obstacles avoidance is
expected of the vehicles all through the urban environment. In recent
years, a series of driverless challenges all over the world, such
as DARPA Urban Challenge™, European Land-Robot (ELROB)

1I91

. [10]
Tria s

and The Intelligent Vehicle Future Challenge in China

was organized to promote research and technology in autonomous

vehicles for urban environment.

Taking these factors into consideration, we developed an autonomous
vehicle named BIT for urban environment. BIT with two unique
features for its robust environment perception and efficient motion
planning, participated in the Intelligent Vehicle Future Challenge
2010(FC’2010), and succeeded to complete three of all five tests.

In the following part of this paper, the system structure of BIT
is briefly introduced in Section II. Section III demonstrates BIT’s
hardware integration in detail. Section IV and Section V present a
detailed algorithmic description of each major subsystem in BIT.
Section VI presents its performance in some experiments and Section

VII concludes with lessons and future work.

1 System architecture

On the basis of a layered architecture design pattern, we designed
the function modules as services that provide specific functions
to the overall system.Fig.1 illustrates these function modules
and the relations among them. As illustrated, it is consisted of an
environment perception module, planning and decision-making
module, low layer control module, vehicle data acquisition module,
E-Stop (Emergency Stop), a communication module and so on!'"),

The environment perception module uses sensors like cameras
and LIDARSs, to detect lane marking, road, obstacle, traffic signal

in real time used for local path planning and decision-making of

the vehicle. The navigation sensors include a differential GPS and
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an inertial navigation system which can obtain the position and

orientation of the vehicle in the global map to complete global path

planning and decision-making.

E-stop
L —
I
I CT il | q
| Longitudinal Cantral Lateral Coatrel | | | Vehicle State |
| Systen System [ |
| [ || | Spead (| Front wheel
| Throttle Brake ohifting Steer Wheel 10 g ention :
L - L
Fig. 1 System architecture of BIT

The planning and decision-making module handles the information
including the perception of the environment around the vehicle,
vehicle current position, the context of the rule-based road network
and the vehicle state data obtained from the front wheel orientation
and speed sensors. Based on these information, it creates a path
toward the desired goal and then tracks this path by sending speed
and heading commands to the lower layer control module through

the CAN bus to control the vehicle.

2 Vehicle hardware

Fig. 2 Hardware components of BIT

The platform of BIT is TOYOTA SUV Land Cruiser modified for

autonomous driving. Selection of the TOYOTA and its subsequent
modifications was driven by two primary design requirements:
responsiveness and reliability. A specially designed drive-by-wire
system was integrated into BIT with electric motors to turn the
steering column, depress the throttle and the brake pedal, and shift
the transmission. BIT uses a combination of sensors to provide the

redundancy and coverage necessary to navigate safely in an urban

$32%

environment. The configuration of sensors on BIT is illustrated in Fig. 2.

2.1 Vision and LIDAR sensor

Back LITMR

€] Too Comera
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Loft LIDAR
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Fig. 3 Vision and LIDAR coverage of BIT

The vision system of BIT is formed by a computer connected
to two CCD cameras. The CCD camera at the top of the
vehicle has two functions: preceding lane markings detection
and traffic signs recognition. The front CCD camera is used
to detect the road in front of the vehicle. Its LIDAR system
composed of two LMS200 LIDARs mounted on the left and
right hand sides, a LMS200 LIDAR installed in the vehicle’s
back section and a LMS211 LIDAR installed in the vehicle’s
front section, provides a 360-deg field of view with safety

overlaps. Fig. 3 depicts the coverage of the two systems.
2.2 Vehicle state sensors

Wheel
speed
SENSOr

ALY )

(a)wheel speed sensor (b)front wheel angle sensor
Fig. 4 Vehicle state sensors

Vehicle state estimation (position, speed, and heading as well
as full vehicle attitude) was provided by the GPS/INS navigation
system and wheel speed sensor mounted on the propeller shaft
(see Fig. 4(a)). The GPS/INS navigation system consists of a dead
reckoning system with INS (OCTANSIII) and an integrated real-
time kinematic (RTK) GPS receiver. In order to implement feedback
control for automatic steering system, front wheel angle sensor is

mounted on the linkage of swivel kingpin (see Fig. 4(b)).

2.3 Longitudinal and lateral control

Longitudinal and lateral control are the basics of autonomous

28 LEE163H) 201146H



vehicle guidance. It consists of five parts, the acceleration control,
braking control, E-stop, gear shifter and steering control. As shown
in Fig. 5, there are three motors to drive acceleration pedal, braking

pedal and steering column respectively.

Acceleration
actuator

Fig. 5 Longitudinal and lateral control actuators

The longitudinal controller calculates the braking and accelerator
set points in order to maintain the desired speed from the planning
and decision-making module. In order to switch among forward,
backward, and parking states, an automatic lever arm controlled by
two stepper motors is attached at the gearshift. For safety reasons, we
develope a E-stop system which is allowed to remote command of
run, pause, or E-stop.

Because of complexity and nonlinearity between pedal displacement
and vehicle speed, it’s difficult to model the system. Hence, closed-
loop speed control is provided by a proportional-integral-derivative
(PID) controller.

It is the main goal of the lateral controller to follow a given
trajectory with a minimum of track error. A good lateral control
system is essential for autonomous driving. We develope a steer
controller using the pure pursuit control law to steer BIT along the

desired path. Though it is simple, but the results show it works well.

3 Environment perception

Environment perception is one of key systems on BIT. It is
responsible for providing the environment information surrouding
vehicle, including lane marking, the drivability of the road, obstacle
as well as traffic sign to the planning and decision-making system.
One of the key challenges for the autonomous vehicle in an urban
environment is keeping itself in lane or in road. In that case, this
section describes the algorithms used to process the sensor data,
specifically the lane marking detector, vision-based road detector,

LIDAR-based curb detector, and traffic signs recognizer.
3.1 Lane detection

Detecting lane markings on roads in an urban environment is
a difficult but very important task. We develope a robust model-
based lane detection algorithm which is composed of three parts,
lane geometrical model construction, lane model parameters

estimation, and lane model matching. For more details on all

aspects of the lane detection, see Shenyan Zhou!'?,

3.1.1 Lane geometrical model construction
The construction of lane geometrical model contains two stages.
First, as shown in Fig.6, a 2D lane geometrical model in the road
planar coordinates system is constructed by three parameters:6.
W.p.Therefore the 2D lane geometrical model can be represented
by the middle line using the following formulas:
(x—x,—R cosd)’ +(y—y, —R sind)’ =R’
(x—x — R cos0) +(v—y, — R sin0)* =R’
1w 1w Q)

where (x ,y)is the points on road lanes, W is the lane width,dis the
original orientation,(x,,y,) and (x, ,y,) are the starting position on

both sides of lane model, and R R, are the curvatures of lane model.

Fig. 6 2D lane geometrical model (Red lines are the
paralleled marked lanes on the road. Blue dashed line
which is used for the representation of road model is

the middle line between those two red lines)
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Fig. 7 The projection of lane model (The X-Y-Z is world
coordinates. The x” -y’ -z’ is camera coordinates. The X-Y is
road plane coordinates. The u-v is image coordinates.)

Second, the model needs to be transformed to image coordinate
system (see Fig.7) through projection matrix given by camera
calibration for parameters estimation and lane model matching.
After the middle line models determined, the final lane models only
need lane width W to be constructed.

Second, the model needs to be transformed to image coordinate
system (see Fig.7) through projection matrix given by camera
calibration for parameters estimation and lane model matching.
After the middle line models determined, the final lane models only

need lane width W to be constructed.
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3.1.2 Lane geometrical model construction

Vanishing Point

Road Lanes

Sharting Position

Road Widih \

.\',,17 F 2 -q Xy

Fig. 8 Lane geometric analysis

As shown in Fig. 8, after the vanishing point and road lanes are
detected, we could easily estimate the starting position, lane original
orientation and lane width. Fig. 8 Lane geometric analysis.

The vanishing point is the key issue for the model parameter
estimation, especially in the initial orientation and road width
estimation. Therefore, our approach to lane detecting involves two
stages: initial stage and online stage.In the first stage, we use the
Group Dominant Orientations algorithm to estimate the location
of vanishing point. In this algorithm, the Gabor Filter texture
analysis is adopted to estimate orientation in each pixel. Then,
the orientations in those pixels vote the finial vanishing point. The

Gabor wavelet kernels used in this paper are as follows:

1 a e
lG- x.v.8.4.0)=e% 4&“Nl]-cos 27a
[ LV.EoAL "
A
i | PP
—4a*+0*) | 2qa
s

-{IGN!?,‘ (x,.‘}-‘__S__ ;1'_5) = gtc’ z (2)

la=xcos @+ vsin @.b=xsmn &+ ycos &

where x,y represent the row and column of the Gabor Wavelet, of
which the kernel center of satisfies x=y=0,fis the wavelet direction,
and Ais the wave length. The actual convolution kernel G is then
obtained by subtracting its DC component (i.e. mean value) from
itself and normalizing the result so that its Z* norm is 1.

Then 345 pixels in ROI extracted in the near field are converted
with Gabor filter. At last, we use Gaussian model and maximum
likelihood method to estimate the single vanishing point. The results
are shown in Fig. 9.

In online stage, the detection region is adjusted according to the
result of lane boundary detection (Fig. 10). Then we randomly
choose 100 pixels in each region to apply the Gabor Filter to
estimate the orientations in those pixels. The voting method which
mentioned above is adopted to vote the finial vanishing point.

After obtaining the vanishing point, the lane width can not be
directly estimated because of the perspective effect. In that case, the
road boundary should be first detected. The classical method of Canny
edge detection and Hough transform are applied to detect the road
boundary. According to the geometrical relation as shown in Fig. 8,

the lane width and the lane original orientation can be defined.

$32%

Fig. 10 Tracking Region in next frame The regions included
in the red lines are defined as tracking region.

3.1.3 Lane model matching

The primary purpose of lane model matching is to determine the
parameter : lane curvature. Because every lane model candidate
has its unique curvature which means different lane models have
different orientations along the line. In that case, we use the Gabor
filter to filter the image along the line of lane model. The best fitted
road model will have the maximum voting value.

The model matching algorithm can be described as following.
From (3), the lane model with the maximum voting confidence is

selected as the best fitted model.

( ¥ ; -,
R; =2 (I*GlranNui.v{)

2

1 UG mo)Xud V) 3)

‘R, =max( R, R, K _R,.)

m
|

where R; is the voting confidence of the j-th lane model, N is the
number of equidistance points extracted from the lane model, G
",é.‘,,o, and G",,,,, ,is the Gabor filter at the direction of the i-th point
on the j-th lane model,( z/ ,# ) is the i-th point along the j-th lane
model line.

We tested our algorithm in consecutive frames in video file and
projected the result to 2D road planar coordinates . Some frames are

shown in Fig. 11.
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Fig. 11 Experimental Result

3.2 Vision-based road detection

While drving in urban areas,it is not always having lane mark on
road. In that situation,keeping the vehicle on road is typically. So,
it is essential to detect the drivability of the road.In this paper, we
proposed a novel road detection algorithm which is capable of not
only doing online evaluation the quality of last frame classification
result which is used for determining the online training process
in next frame, but also being self-supervised online learning by
automatically selecting the training set which has more contribution
in determining the hyper plane.For more details on all aspects of the
lane detection, see Shenyan Zhou!"”' .

As shown in Fig.12,the proposed algorithm is composed of five

components.
Feature Extraction
Input Image
bi—b [ Color ‘ | Texturc I
E | | Feamuwes || Featares | 'nitialization
h J
Classifier v Dynamic
Parameters -—@kﬁsiﬁe{ Training
Computing Database
—» Input Image
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— Initial Training data
=3 Training data
= Classifler Parameters
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P

Fig. 12 Algorithm flowchart

Classification Result
e New Training dara
= Road Region

The first component of feature extraction is to extract a feature
vector from each pixel of input image.In our algorithm three color
features and five texture features are combined to form an eight-
element feature vector.

Second,the component of dynamic training database (DTD) is
filled with training set labeled by a human supervisor in initialization
and updated by the new training set online.

Third,the component of Classifier Parameters Computing is

used to estimate the parameters in SVM classifier.Obviously,it is
impossible to find a linear hyper plane to well separate the two class
between road and non-road classes in original feature space.In this
paper,a RBF kernel with two classifier parameters C and y is used
as the SVM kernel function.Then we use cross-validation over the
training data from DTD and‘grid-search’on those two classifier
parameters.In addition,given the assumption that the environment
does not change drastically in a few consecutive frames, we take the
classifier parameters computing as a parallel process with all other
components to save time and computation.

The forth component is SVM classifier in charge of training and
classification which takes the training data and classifier parameters
to train the SVM classifier and use the trained SVM classifier to
classify image into road/non-road classes. Figure 13 gives an outline
of the road detection classifier training stage and Fig.14 shows an

outline of classification stage.

Classifier — Training data
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Fig. 13 Road Detection Classifier Training Outline
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Fig. 14 Road detection classifier classification Outline

The last component contains two stages: Morphological Operation
and Online Learning Operation. As shown in Fig.15, the process of
the former is that the largest connected road region is determined
and the holes in that connected road region is eroded, then the
largest connected road region is labeled as road region and others
are labeled as non-road regions. The latter compares morphological
results and classification results to evaluate the quality of current
classifier, then select new training set from that comparison and

update the DTD.

(a) (d)

Classification
result (white: represents road; black: represents non—

Fig. 15 Morphological Operation (a):

road). (b):Largest connected road region (Red). (c):
Erosion operation. (¢): Morphological operation result
(red is road region and yellow is non-road region)
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Fig. 16 Comparison results between Offline learning and
online learning The first row shows original images. The

second row shows the classification results of offline learning.

The third row shows the classification results of online
learning. The fourth row shows the classification error rates

The results in four different conditions shown in the Fig. 16 give
a strong proof of the performance of self-supervised online learning
process in our algorithm. In each experiment, two small sampling
windows are selected on the image to initialize the DTD. This can
be seen as offline learning. Then, our algorithm restudies from the

poor classification result, then retrains the classifier and reclassifies

the road image.

3.3 LIDAR-based curb detection

Although vision-based road detection and lane detection have been
successfully used to the navigation of autonomous vehicle in urban
areas, new problems will occur because there are roads with lane
markings in different colors or tall houses casting long shadows.
Taking the reliability of detection into consideration, the detection
of curb using active sensors is of great help to BIT. In this paper, a

method of multi-feature extraction using a single 2D Laser Range

Finder(LRF) is proposed to detect curb.

Fig.17 shows the road scan model. In order to obtain obvious and
steady features, each frame of the range data is first projected on
the horizontal ground plane. The new scanned data are transformed
into 1xM grid map. Then we employ the Haar wavelet transform
algorithm to obtain the the scaled average slope of height.
According to the results of discrete wavelet transform @, and the

number of points 7 ; in the j,, grid, each grid can be labeled as curb,

road, and non-road.
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Fig. 17 Road Scan Model (Section A is defined
as non—roadsurface, section B is defined as curbs,
and section C is roadsurface).

In complex environment, much more curbs are detected and the
scan data are divided into different parts. But only one part is the
drivable road region we want to get. So the evaluation of the road
surface is needed to be implemented to verify the detection results.
As the surface of road region is assumed smooth and that the LRF
has no rolling angle, the scanned road surface can be presented as
a straight line parallel to the x-axis. For each part, the mean value
E, the mean square error D of range data and the length L of the
part are used to evaluate whether the part is flat enough and wide

enough.

. l 5
‘E‘k = _‘z';.f (5)
S 4o
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D, ==(z,-E,)* 6)
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where S is the amount of points in the &, part, z,is the height of the 7,
point in this part, x,,,,, and x,,,, is the boundary of the &, part.
Results of the method are showed in Fig. 18. Also the results are

tracked by Kalman filtering method to be stable.
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Fig. 18 Results of drivable road region detection




3.4 Traffic signs Recognition

Traffic signs are installed to supply information to guide vehicle
and regulate traffic. Therefore, it is of great importance for an
autonomous vehicle in the urban areas to have the ability of
recognizing the traffic signs. For this purpose, we developed an
approach to detect and recognize
traffic signs presented in the urban scenes in China. The algorithm
is composed of three steps that are color segmentation, shape
detection and pictogram recognition.

In the first step, Ridge Regression!"”!

is used to obtain a precise
segmentation in RGB color space and achieves the same good
performance as many machine learning based methods while using
less computation time. Recognition process include a novel feature
extraction involves OTSU method, and the feature extracted is
robust against illumination variations and distortions.

As a prelude filtering, the hue and saturation components of the
HSV space are considered to be sufficient to reject most “false”
color against traffic signs in a scene working with fixed threshold
under a wide range of illumination conditions. And the thresholds
are obtained through sampling from massive outdoor images under
various illuminations and environments. The data sets accepted
by pre-filtering are used to train the precise color classifier. For
each target color, the RGB values of those sampled from the signs
contained in the images are trained as positive samples, which are
labeled as 1, negative samples are randomly selected in the pre-
filtered data sampled from images without traffic signs, and they are
labeled as -1. Then the vector of weights and the intercept, which
are coefficients of the segmentation hyper plane can be estimated
using Ridge Regression.

Following the creation of binary images, morphological
operations (open and close) are performed to get rid of isolated
noisy pixels and join parts of signs that might have been separated.
Then a single pixel edge image can be got through canny operator.

Classical Hough transform is sufficient to detect lines in the edge
image considering either robustness or efficiency, especially under
the condition of the precise segmentation we’ve obtained in the
color operation. Both angle and length of a detected line is limited
to taken as a member of a triangle or a rectangle. The qualified
line segments whose centers are closed enough are considered to
be possible line groups to locate the candidate area. In this work,
RANSAC ellipse detection method" is used to decide whether the
candidate blob is a circle and find the center accurately if it is.

To preliminary remove the blobs that are not signs, properties of
each detected area are computed, including the area, the height to
width ratio of bounding box, the ratio between the blob’s area and
the bounding box’s area et.al"”’. Furthermore, a validation of the
detected shape and a rough classification are executed by adopting
template matching.

Once a Region of Interest (ROI) of the image is classified into

a specific class defined by color and shape, it is extracted and
normalized to 48x48 pixels and then recognized. First, we employ
OTSU method, which is a nonparametric and unsupervised approach
that can automatically select a threshold for image segmentation, to
pre-process our candidate signs; then, radial histogram features are
extracted from the binarized image; finally, Multilayer Perceptrons
are selected to implement the Recognition Core after the feature
extraction. The supervised backpropagation which is widely used
is selected owing to its easy implementation, fast and efficiency.
The input layer is composed by 38(or 18) neurons, corresponding
to the moment features extracted in last two steps. The number of
nodes in the output layer equals to the number of signs included
in its own category. The number of hidden layers and amount of
neurons in each layer can be optimized by cross validation, each
output neuron’s prediction value represents the probability that the
candidate sign being the corresponding sign, then winner-take-all
strategy is used to determine the type of the candidate ROI-image.
Sum to 360 representative images of urban scenes that contains
traffic signs under variable illumination, occlusion and distortion,
confused background conditions are tested. The experiment statistics
are shown in TABLE 1. Some results of detection and recognition in
complex environments are presented in Fig. 19. In order to achieve

more various test conditions, some of test signs are placed artificially.

TABLEI
EXPERIMENTAL RESULTS OF TEST UNDER
COMPLEX CONDITIONS
Number of Images 360
Nuwnber of Signs Contained 368
Number of Correct Identified 361
Number of False Alarm 2
Number of Undetected 5

Fig. 19 Some experimental results of traffic sign
detection and recognition in complex urban scenes

4 Motion planning

Before describling the motion planning algorithm in detail, we
first give a simple explaination on data fusion and route planner. The
perception data including lane markings, curb, road boundaries and
obstacles, are rendered into a drivability map. The drivability map is
represented by a two-dimensional occupancy grid with 200x300 cells,

each covering a small ground patch of 20x20 cm. Each cell stores a
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value expressing the property of obstacle’s type. And the route planner
combines the global information provided by mission file with the
traffic signs and generates a sequence of desired goal. Then these
goals send to the motion planner to accomplish some local tasks, such
as driving along a road lane to a specific point or parking spot.
Motion planning for autonomous vehicle is generally decoupled
by path planning and path following. The former is resposible for
creating a path toward the desired goal and then the later is used
to track this path by generating a set of candidate trajectories that
follow the path to various degrees and selecting from this set the best
trajectory. In this paper, we designed a motion planner for BIT in real
scenarios with no prior environmental information. The planner is
composed of three components: an “efficient” coarse planner, a “near

complete” refined planner and a “powerful” executive (Fig. 20).
4.1 The coarse planner

The coarse planner is responsible to connect the start position with
the goal position. Given that the drivability map is limited in a small
region around the vehicle and the desired goal may be far away, it is
not necessary to plan a complicated path in the area beyond the scope
of the vehicle. As a result, the coarse planner ignores the differential

constraints and obstacles in the environments, and connects the start

position with the goal position using a straight line.

Coarse planner

Refined
planner

Steering direction
and velocity

Fig.20. The motion planning scheme

4.2 The refined planner

The refined planner is activated in the following circumstances:

(a) When the vehicle is trapped in a local minimum.

(b) When a complicated path is required, such as parallel parking
and back up.

Currently the refined planner implements the Dual-RRT method,
which is an extension of the original RRT method"". By growing
two trees from the initial and goal configuration simultaneously, the
Dual-RRT features a much better efficiency in planning than the
original RRT method.

A 2-dimensional car model from the MSL_RRT library"” is
employed in the planner to simulate the test vehicle. The state

vector in the model is [x y @ ®]", where (x, y) the position of the

$32%

vehicle, # the heading direction and w the steering speed.

As shown in Fig. 21, to escape from a local minimum, the target
configuration of the refined planner is set at a point on the coarse
planned path outside the scope of the vehicle (the blue node).
The space between the scope of the vehicle and the blue node is
sufficient for the randomized tree to escape (the black dashed line
in Fig. 21). The refined planning works in a dynamical style that

it does not change the coarse path from the blue node to the goal

configuration.
*
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Fig.21. An example of resulting path

4.3 The executive

The main role of the executive is to calculate the steering angle
and velocity to control the vehicle’s movement. Compared with
many techniques, a modified-version of tentacles method is
proposed"”.

The executive is so “powerful” that it takes account for other
fundamental primitives in driving including the steering smoothness,
lateral stability, and the velocity adjustment in addition to the basic
crash-avoidance and path following functions.

When the steering angle is fixed, the trajectory of a moving vehicle
is an arc. This implies that steering angle is correspondent with an
arc with a fixed radius. Assume that all the possible trajectory of
a vehicle at a discrete time step is a group of arcs (tentacles), to
determine the steering angle for lateral control is actually to select
the best tentacles. Limited by the accuracy of the steering control
actuator, we generate a group of 51 tentacles in the range of +25
degree with respect of the heading direction of the vehicle, with a
resolution of one degree (as shown in Fig. 22).

Tentacles that satisfy three requirements are collected as the
candidates used for the best tentacle selection. First of all is the lateral
stability requirement. The upper and lower limits of allowed steering
angles are determined based on the vehicle’s lateral acceleration (the
blue tentacles in Fig. 22). The Second requirement is the steering
smoothness. The possible steering angles (the orange tentacles in Fig.
22) are limited based on three factors, the steering speed, the vehicle’s
velocity and the vehicle’s current steering angle (the yellow tentacle
in Fig. 22). The range of tentacles that satisfy the first and second
requirements is relatively large at a low speed and decrease as the
vehicle speeds up. The last is the crash-avoidance requirement. All

tentacles with an obstacle (black pixels in Fig. 22) lying in the safety
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distance (the red circle in Fig. 22) will be removed from the candidate
set for the best tentacle selection (those tentacles being labeled using
grey color in Fig. 22). All the tentacles that satisfy the lateral stability,
steering smoothness and crash-free requirements (the green tentacles
in Fig. 22) will be applied with a linear combined function (8) to
determine the best tentacle for vehicle control. In (8), in addition to
the clearance value 2. and trajectory value 2 """, a new smoothness
factor z, is introduced to avoid the abrupt change in steering angles. 7,
is the indicator of the difference between a the corresponding steering
angle of a tentacle from the vehicle’s current steering angle
SE=Grt QA Gy, ®)

Besides the lateral control, the executive is able to adjust the
vehicle’s velocity as well. Given that the vehicle is currently moving
at a relatively high speed and an abrupt obstacle is detected to
block all possible tentacles that satisfy the three considerations, the
executive will expand the range of tentacles of the first and second
requirements. Once a possible tentacle is found to satisfy the crash-
avoidance requirement, the velocity corresponding to this tentacle
will be output as the expected velocity and control the vehicle to

decelerate.

e .'

F
L
.
Fig. 22. The tentacle-based executive.

The yellow circles represent the reference path.
The red tentacle is the best tentacle.

5 Experiment

5.1 Performance in the virtual urban environment
As shown in Fig. 23, a virtual urban environment was established
to test BIT’s ability of driving along a road with collision-avoidance
or through a specific point. A part of the vehicle trajectory and
environment map are shown in Fig. 24. The result shows that BIT
was able to perceive the environment surrounding it, and appropriate

motion was planned to accomplish the mission.

Fig. 23 A virtual urban environment
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Fig. 24 A part of the vehicle trajectory and environment
map (blue line is the vehicle trajectory and the
red pixels are the obstacles)

5.2 Performance in particular circumstance

BIT can conquer some difficult driving situations, two examples
are given in Fig. 25 and Fig. 26. Fig. 25 is a trajectory of BIT in an
S- shape curve set up by cones. Fig. 26 shows the result of BIT in
parking test. The vehicle trajectory fits well with an experienced

human driver activity in such circumstance. This introduces

intelligence to BIT.
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Fig. 25 Trajectory in an S—shape curve. The blue pixels
are cones detected by the laser range finder. The
black pixels are the GPS position of the vehicle.

Inaccuracy may exist in the cone positions
as they are reconstructed based on the dead
reckoning measurements
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Fig.26. Motion planning results in particular
parking circumstances. In the right figures, green
dashed lines represent the extended random trees,

black dashed lines represent the planned results and
yellow pixels represent obstacles.
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Fig. 27 Traffic signs recognition
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Fig.29 BIT in Parking B test

5.3 Performance in the FC’2010

The FC’2010 was held in Xi’an, China in October 2010. Of the

five courses designed to test the intelligent vehicle, BIT successed to
complete three courses. In the traffic sign recognition test, there are
28 common road traffic signs selected for the assessment of the traffic
signs recognition capability, and the recognition correctness of BIT
is more than 70%. Fig. 27 shows the competition situation of traffic
sign recognition. With accurate detection of environment and efficient
motion planning, BIT drivied smoothly in a curve formed by cone
signs and didn’t collide any cone, as shown in Fig. 28. In fixed-point
parking B test (see Fig. 29), BIT recognied the stop signs P; and then
created a path; Finally, parked into the designed parking space.

6 Conclusion

This paper has presented the technology and algorithms to develop
an autonomous vehicle named BIT for urban environment, specifically
the emvironment perception and motion planning. BIT is proved to
be intelligent in the urban environment from its performance in some
experiments. However, urban environments are considerably more
complicated than what BIT faced in above experiments; dense traffic,
varied weather, and pedestrians all contribute to this complexity.

Although the environment perception system of BIT is capable of
providing the drivability map and traffic signs information, additional
work is also required to meet all challenges. Precision localization
and relative velocity of vehicle surrounding BIT need to be estimated;
pedestrians around it need to be detected; and road detection need
to be persistent in most situations. Therefore, it is essential for our
technology and algorithms to be improved to address these issues.

Still, a number of advances in motion planning are required for
truly autonomous urban driving. It is difficult for BIT to handle dense
traffic. No experiments have been performed with a more diverse set
of traffic participants, such as bicycles and pedestrians.

In all, there is much left to do for BIT. Furthermore, environment

perception and motion planning is still our main focus for next step.
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