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Abstract: Aiming at the problem of low registration accuracy of traditional laser scan matching method
under multi —obstacle environment, a matching method based on graph theory was proposed. In this
method, concave and convex points were extracted from the data points, then the corresponding line
segments were extracted and the attribute graph model was constructed. The point set registration problem
was transformed into an attribute graph matching problem. The registration parameters were determined
by comparing the observed graph model with the reference model. Compared with the traditional
matching algorithm based on line segments, the proposed algorithm introduces more geometric attributes
between line segments, which have better robustness in multi —obstacle environment or dynamic multi —
obstacle environment. Compared with the traditional matching method based on points or feature points,
the proposed algorithm constructs the attribute graph model based on the more specific feature points, say

convex points and concave points. In this way, the proposed algorithm not only improves the operation
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efficiency, but also avoids the local minima problem in multi—obstacle environment and dynamic multi—

obstacle environment.

Key words: scan matching;

0 5| 5

PO TE USRS S HL a8 SRR ) 5
SREZE T, BOCHMITER k2R IS A E
S 1 PR A ) B 5 0 2 — o (RS N R h kAT
B aliiplas A, BT GPS Joik $2 (5 T S i i 8
FOE, R O A [ B A AR B A
JERNTT 1) 35 S RUE N SR, KA S bl de NS Rk 4
4 1 TR A s 55 A PR R Kl R AT DR, AT A
SE LA A B E L 24, S R AR A M 1A
WFFE A BRI SR T AR AT, B2
[ER7EIR Iz EoSZ8 BN B2 8 IS SURIUEZ S
(4 T JE TR EEATS R R AT S A A% TR

1 HHXI1E

AL RO TR I8 H R R R AREOEE )
A7 RIS BE AT LA g i A 2 ) R B g IR 5
Pi . — MR HEF R 0.36°~0.9° 2 1], 25 PN IT I
i) SN ST

A ) T B O L B IR I BR DL e ) 4k 2
SR LAGr R BT A Ry i 7 B DL S TRAIE R T

BT )RSk Bl R TR S RN
AR5 YOI A Sl S AR B XT R X, DTN 2 P S
B, # R B0 &S (Tterative Closest Point, ICP)™
Bk A0V (Iterative Dual Correspondence, IDC)
FEP BT R - R X RRE R Tl
FH T 4 ey i S B0 Hs | Wie S8Rk B 2 | [ B 25 &) 32 3119
TR 2SS e, G A0 G (7 228 25 3R, T Wig S5kt
PR MEREAR , $L 2 23 A SR B e AL .

FETREAE A DG PC 50 30k 3 o P BRI i 2 B
FAOSSFREAE AR RRAE A% M BT RURRAIE 22 (] 0 AR G O
FREATUCHC, PRI DG R At . AR AR AR R B9 AN [R]
FROEVCEC SR AT Loy R Wi s 55 — R R B S5 %
BV C iy 7 gk 100 55 B SR FH AR a2 B v e 04k
B A8 BRI RRAE 5, I A e At b 2 AT DT e e
XD 7 AR TC B A ) Y 2 3008 IR B rh R ELAT

attributed graph matching;

pose estimation; single line lidar; mapping

HAEZ B3R, o Tl AR, 55 —Fh 7 ik
PR L Bl RS REY, A LRBO ]
VAR AR S 9 R 25 F 12 T BR ) 17 DG JE 1Y v 1
I3 — AR5 T BES I A BN B ASFIE S, AT W) T
VEFCHE B2, Sl A5 B A5 408 G BC O3 025 A 52 ) 5 22 B it
WYIZRAL, AH TR S HTA B TR s T E kS
BR300 v AR B N A R , I SO AR 2
g5 Bk dnel 7 22 R R BRI DL e s AR FR AR

H S BTG | VAR A DT C R — A T ST A A

BEXXAS TR, SO R Y — T 1A S A DT AL
77 1% B SR BORAT M P Joe A R AE A5, A M Bl
EERECT BA RN BE, SRS LI AL
B RIS AY | K o B VE C B0 5 78 Sy TR DE IS 7 ¥
it EIDCEC, RERSHS 4 AR P iy Lk Bt S 2 %
KR EATUEIC , DT AR 1 Bt 04 4 3 B A 5200
TE IV LA R A REfli L, T X0 26 BE b A s AT
DEC, AT A5 2 SRS B AU DCRC S5 2R . i) il il , SO
T3 1516 ol i R ik 2 B i) [T DT FEAS 31 L4 AL DL ]
S5 SR 1 o 2 B b Y RS T RE R DT C , AT
BRSSP

2 B &
BERARWAE 1 R,

J Environment initial ‘

——| Extract feature line segment H Observe laser data |

| Construct image model

a N
Map matching
Map updating

B kiR
Fig.1 Algorithm flowchart

Build graph model

1226001-2



ok TR

%12 3

www.irla.cn

%47 %

2.1 $FEZ&EEHIIREX

5t 5 9 B HE T Bk A 40 I Y 4k B AR T
P BIRE] | SC R S P RRAE A HEAT T3 A
Q143 , 76 LR 3R SR 3 LR B, S
T SUAY LR BEFS VA WY B 2k B (A R A5 4 14 i
L2 Bl A R EL I IR TT LA ) (2 B (AN BRI
WIRLEL)  (E LRI T, 5258 LR B T
LGB B, LA 2 {5, 1 S Bt Al 3
PYBIRENA T AP (9 T IUAC TT 22 AR K,

SR P KRR 23 AR ¢ T3
B TUT3 5 AT A B Ay s S (i e o
PETUIRA Y 25, UL TR0 PR A . T3 A 7
I 00, . 55—l 2 A 405 A S o 2E KR 1 A, % B S
HEPE I, 25 S bR R AR 30 B0 5 4 R R
& HHAT 5 B BA Ay YE 5 AA BSOH o 7 2 T R
W LT 20TV R ) Ff Ak

S F SR PR AT 15 6D SEE R 405 45 7] 8 B e £ 42 B
SRR Y I 3 SRR OR TR I8 36001415
BRI B BAE N D={d\, do,+-.d,}, XL SN L={1,,
Ly 0} B AR AR A5 R 2R B I 1l O=(6,, 6+,
6,), 60, IR LR LT B RS F R, R
TE 2275 A B RR I S ET R 07, 2675 A 1yt
BE BTSRRI AR L BEIE A 2 FIA S B 1 1
TRtlet FRE SRR T i AR 4 5[]
LRBEICAn O MBI | IR B S B SR P v i
B T3 O 25 X B A A T e, T e A

S FF SR FH AT 15 6D SEE R 405 45 7] 28 B £ 45 B
FAARE b Y 3 L B RRROB TR IR 36045
BN I B HE R D={d,, do,-+-.d,} , ¥ RSN L=(1,,
Lo 0} B AR AR A5 R 2R B I Al O=(6,, 6+,
6, , 6 Ikl LR LT IR R, R A
IF, FE75 S M RRE | SR e, 3% 5 i R
FE | TS RABLR BEIC AR 2 F A3 BB 15 11 24
TRt £ 2 SR P85 v R P o AR 48 s T2 B e £y © 11
SN, PRI 2 B R T o (e 4 {5
D7 X B B AT R, P I

TR AAR 5 15 fr B B B 3 o R B 2 B (R
S RSO 15 2 75 S M PR 4300 5 e 4, B A R
d; W35 BIEDE A Q)+

Thres, =kx xd, (1)

ok A R, — R 155 ¢ A RO TR IR
PR, T R A AHAS S A N A S, kAR
S Bt R, A B R AT 1) A B — T
[50

AR B e 1 © Zead PEEAR(1 1 1 1 11350 {E
SR B RIS PN 1l A A R T A I Y R
S RIS e R B P T, — R U 1 g
BB E -3, M1 S BE I w/3, SEPRIAEs
T, H TIPS AR5 | A T X6 3k 4 A X AR
HEFT AR A/ IME I, LSRR B A

MR 1 s S A 2L A, T LK R BE A o =25 -
IR B, -2 R M- ™ 2 B

=R BE AR AR o R LR B X R B
Z AR YA i H UL, ORI A SR U 2 B,
ab o™ ity S TS R 08 G TR 0 W 5 Rk B A1
A AR AR i ] B T S E R L R B, 25
R aSECR D I B, e 2R BUE - R B TR
B, Al A BN AL BB AE , DL | AR 22,
BEAb, 25 L v ELAg R 9 [ 30 A A e A 4, D) 2
i 35 22 SCHR[16]H 14 T 2 A U [R5 7 v
XL FTGIRE

(1] — [T 2 B3 RH A 1 i 2L R AR R B, R R Y
SAFTT, PRBE R0 U8 R TR e R AR,
TR RR A 1 3ty s A B £ B Al I S R S IR AR X
LB AT B R WA O M- B, SRR S50
HREE I BIE 0.3, BIANSRA R 30% 1 s B Ak
FEAE VT3 5 A 2R B i, DUASE %4 B Ol T[]
LB,

MM B B — PP RO IR B PR
[ [UIZ B —3 53 55 Rl Mo s S 0 T, X ISR B
P 52 B R B BRI S] | P AR DL 2 | i

MRS R, PRI, X 2Rk BerE 2 i i 5 i

PEIOME B 5 K, 78 52 BR S 56 v AN 23 BBl B B O

P 2 R B e R RN A DC fic s 7, X BRic i B
LBOCTRIRM O E . B 22) IS R AR 1) W
B oS4 AR AE s AR 2(0) T, Z0 G A
Sk i 1 W R AR B A R TV 8 T 2(c) S e B AR T —
P2 BORTMT -T2 B, 8] 2(d) J 7 1 AR 4 o — — X
INj 4R B, Xof oy 2 B SR FHAR ) () B b v | 1 2(e)
RIS 114 DC it 25

1226001-3



%12 3

ik I

www.irla.cn

%47 %

. (al)

ra
T
]

(a2)

OF >‘x <
-1E L L .‘ --'r-J s L L

-4 -3 =2 -1 0 1 2 3

Xim

(a) AAIRIPRIEE T B IGO0 11 4t B3

(¢) Extraction

(a) Neighboring laser scanning data in the same environment

¥Yim

(b) Extraction of concave points and convex points

4
(bl)
3 -
. -~
ZF L} ~u.
L .- .
L e o 2 il
\ -
k' bt !
o v LS
=3 g =1 0 1 2
Xim
(b2)
3F " e
2t : =
Sy g
| ,T- arh
ot :;1 x i' '
ik | 3" »
-4 -3 =2 -1 0 1| 2 3

Xi'm

(b)) 1173ty st 0ot 3 o ) 44 B

$ (cl)

3k -

2t : -~
E K - .
| P .

\ " "
0F ‘:y \
-1k i V" i i

3 -2 -1 0 | 2
Xim

(c2)
4-
3t -
=) )
B - %
F .|r° _..
ot x %"
|>.. |
-1E L L L -’—-I.. = I
-4 =3 =2 -1 0 1 2 3

Xim

(c) [M1— [Tk B Al — ™ 4% B 1 2 iR

of concave—concave lines and convex—convex lines

4
(d1)
ir -
= 1 . d .
| \ " "\
0 »0-1 X \
-l . Y
-3 -2 -1 0 I 2
Xim
(d2)
4_
ik == -—
£ 2} b .
I_ g .. ',-' Al
| /..
0 x
NS
-1t e
-4 -3 -2 -1 0 1 2 3
X'm
(d) J&PEE T
(d) Attributed graph matching
4-
B od 8 i- %
s ° . 35
Ir B 4 )
| /
] x
'|>.«l 3 i
-1, L .'J. = L

Xi'm

() FHHMB I T PL 25

(e) Matching result of the scanning data
P 2 =40 Bt B0 e A P I P 2 AR

Fig.2 Attributed graph matching process of scanning data

2.2 BHELA
2.1 BRI S EEAAN S TR SR E L

1226001-4



wohligk T

%12 3

www.irla.cn

%47 %

YL BE P ax B2 B Sy [l (graph) H Y s, 257 A
FJE M E LR Y AT AR R B S S XTI
B H G={V.E.{A}, (B, },, }, n=IVl, ZERIRLRAES
S'XBIIE N G'={V'.E' (A"}, (B', },.,}, n'=IV'L,
Her, vv)R E(E"YNE GG RIS M ES,
AeR™ A eR” HyJRtE, B, cR™ B, R
R R, BamiE UL, A FL AT R B RS
S FI S s BRI K B i, (B, ), RI(B, '),
SNBSS S M S TR B Zm e K2
(SR B B B0 LU A A A58 18 B LA 5 30T o i B 4
B R AR

KT G5 GRAERIE A @) A
A (3) T8 @ M AR RUPE R B X DL K s a1 B A
(PRECIR N

n'xn’

o
Xu= - A . (2)
zg=1 Bz-,’;‘y,«, S =y _B1+-,’;‘J,1+L";‘J ta
o
YVi= ; (3)
A -A +a
S el RS el

X e R W R R B A L sy e R
Ay AU PR IR B AL 1] 6 5 o S S B WA 1R
ﬁ ]-O

K % 22 ¥ 52 I DL Bt 75 5 (SPGM) "5 G Al
G' WIS B M P 2SR AR P, BV 3o A 5
WP 51 b i /ML

1 T 1 T T
J(p)=—?p Xp—?p Ip—y p (4)

2 p=vec(P)(vec(+) N ] fk AL BEAE ) ;T Ky B J
W I P I ) o e 0 A il
B 25

YU P <1V (5)

=1 ij

S P =1Yi

i=1 ij

i it SPGMBEIE LY AAG T P=[p ), 4 W
MICR p, INREES S S i MHEL B S ES S
55 j AN FIE LB Z M B DE A 3 . e AR BE
(RS INIEA (BRI 423

i S PADNLRBITP R SES S P BB
(18 PP SRR RS X, AR R A A e 4 J B ] A5
HAXTE L S RO FE S i A0 RIS RE3E i Ax, Ay,

M 2 AT LA Y T2 BRI B AT T B
HEPG IR, TOVE R S AT B 2 B e 5 S g B —
FLBARE R BIE S B HG S P RIXT LB, A
WA BT, sh A W AR 9 1 i 2% 46 Bt [l i T vk
B 5 18 B X PR BE g A X 46 2R B o i
e, SeHiE i 5] A RANSAC B3k X S i Bt AL 4 B
M T2 B b AT IRIDL L, 6 1% 22 e /N AR # 2
B, T8 A0 R T 2 R ) 2 Y B s 2 R A O
AN

E I, 503 B 2 i PRI DE J5E 58 32 8 o oz 2 B v o
MEAT TUCEC, 152 T RPN BRCEs R . i
el VE T ARG A 1 | 5 7R L R At b 4 A ) 1
B by S8 f T 1CP B8 b AT 1 — 25 BRI
[

gi bk, SO E ok T AT B PRGE A E T
e R RI IR AR e, AR TCP 333 Xt X iz 2k B
R TR DL L, — T ekt TR T A
Jry s B VT E 58 3% 75 B 6 A Jma i e G fige EL DS T I []
BRI, 55— J5 T L B T 0 I £k B Y R DL
B FRAT 1 e RO C MRS B, S B T DR G B 5 T
P L ) SF- A

3 3L %

J TS SCH RS R R PR RE, R E A
) 22 a0 P R 58 M sh 28 BB 0 ik b A e 1k 5
T, M 5L G BRI R, B SO iR i sE
FHME, SCEGRTHE B RPLIDAR A2 #UBALR WO ik ik
B, HA 37 £f F AR BE 43 BEER 5300 R 360° 11 0.90°
3.1 BEEE RSN

Bl HLAT B ) sh 35 Z R Y 3 B an el 3 i,
R YRR ZAS R . TEREE TR R L E =
A5, I8 8 A B.C, B EhHLER AFTTEAL S A S5, 5300l
A BB Y AT BB 4 T A B.C
SR ERERE, RIE S E AN TS A RER Y 1
e PRI HEATUC L, e Je AR 90 DG P 152 25 8 5 XL el A
U rp A (1) 28 BB G DR B4l SR R

1226001-5



ik I

%12 3

www.irla.cn

%47 %

[ 3 LRSI ER

Fig.3 Schematic diagram of dynamic multi—obstacle environment
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