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LOCALIZATION AND MAPPING METHOD OF FUSION OF LASER
AND VISUAL POINT CLOUD INFORMATION

Zhang Weiwei Chen Chao Xu Jun
(College of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, Jiangsu, China)

Abstract A mobile robot equipped with a single sensor has poor positioning accuracy in an unknown environment and
incomplete information acquisition, which leads to inaccurate map construction. To deal with these problems, we propose
a method of simultaneous localization and mapping based on the fusion of laser and visual sensor point cloud data. The
boundary point clouds of objects in the environment were extracted to reduce data redundancy; the sensor was calibrated
jointly and the point cloud data was fused by means of plane fitting, point cloud removal and point cloud projection; we
used step-by-step matching method based on point pair removal strategy to get position estimation; combined with the key
frame mechanism, a dual closed-loop detection method was proposed to add constraints to the constructed pose map; the
global trajectory of the robot was obtained by graph optimization library optimization and a 2D map was generated. The
experimental results show that the method can effectively improve the positioning accuracy of the robot. Multi-sensor
complementarity can obtain more complete environmental information, so as to build more accurate and reliable maps for

robot navigation.

Keywords Simultaneous localization and mapping Boundary extraction Data fusion Point cloud registration

Closed-loop Navigation

Wﬂﬁfgmg‘ﬁﬁﬁ%ﬁh LDLSE R B B 2 A T

M EREE A ML N E AR R
WOGTE IS AL AL B AT SLAM i I B PR 1%
[F 4 € 7 5 & K ( Simultaneous Localization And BOHIp DL RO T A o R R SLAM Y g b

Mapping , SLAM ) F= S48 HL g% A AL AR FHER 5 oy, 3 i 445 @*@@zﬁﬁﬁﬁﬁ’]ﬂﬁ@ B REXT S — - AT 44

0 3

i1

tm

Wk H B :2019 —06 - 11, E 5 HARFARL G H (51705217) o SR, A0t A, RO TH R , Il A€ 075 S
BRE8, 2%, BhE AL,



%7

ARG AR ASMREEIZ AN IS R G % 115

LM — TR BT A5 B T = Al L AL IR 1Y
SLAM" REHH = 5 IO FRBE(S ., (EAR I il A PR HL 3
GESMP PRS2 o g B B — (B SRR AT SLAM. iy
AR R R R TIHLAS AE RKG FE 5 Ha [1 B A, Chen
AU ST FE ML A TR B2 — RO TR A I Bl S I
FEAIAUR A 245 B SC BT M 1] RS it 4t (HL 3 Aor
K REHAK, Ding 2P R I TIR A OGRE 2 ME 4
WO A S 1 3 PR Ao 2HE SR R AT R X 5L A
SCHRE R A RS B, SR R I R AR T B AT
B SCHRL6 I RLAE 75 6 1647 0 18] DC g 5F At 24
SO 5 25 22 10 BB I i 5 1 R R T A e S
TRFHLES A GE BB 1 B 0 TC s RS W 1Y
HilA

Btk bR 1) R, AR SC7E Rl A 0 5 O AL RS A5
ZRAET BOSERE b B e MR — Al R S
W70 A ATV C LSS IR AS A 5 (R 45 1
I 3 5 45 5 iC b 1 00T P B ARG I 7y 3 v sk — 25 4
SENE SRR . ISR S AT 5 18 SR ERE
FHYSZER S BRI T A SO R A RO

1 HREIREL

11 BB SR
PO IR T A AR - T LA ] A3 BB A T

Tﬂ%ﬁgﬁu:gﬁ)ﬁgﬁﬁyﬁﬁ A = %Pl ‘ I’ = 1 ’2’ .“5n% 7T'€
FR—WRZ o, WR P DR, n R 5

MR S i B — BN A ARIE 20, T (858,
WO B AR o s B AES B =10 |
i=1,2, 0 n} RR, (b, b)) AR b AR, B
EWoR
{b_f —pC.OSa; (1)
b, =psing,

A AH ¢ SRR A A B BRI AT A 3 6,0 A
SCRTIBOGE A A BEJr 1R 0. 36° I HiES 0. 06 ~
5.60 m FIHELHE] 240° I ERTE £30 mm,
12 WEEBENE

Kineet fFHLA PHEME Y 57° 3 A A6
43° PRI 0.8 ~3.5 m, 1] [ if AR IUCER B 19 51 €
FIRBER B o SRFASCHR9 ) PR b J7 4 Kinect
HEATRRAE , ACHRAFAIBILA N 2 O I, 58 U HE )
PG A T8 A = 4 AR R R AR 5 X B ) 8 B A A
], BE A N =G s e e X TR R A AR
Rl (wg,y,) AR SANT -

%: (%, —c,) xdepth(x,,y,)
S

[

Dz(xd_c)d) x depth(x,,y,) (2)

] S

LzE depth(x,,y,)
AP depth (x,, v, ) ARFZAG K 500 X5 N 114 R BE L,
(Coascy) FoR B0 A TR, AR P A AHPLEEBE £,
5 frao

2 HEMS

2.1 BHREE

% SR AAE AT SR 2 R85 Hh (1 e
Wy, BN FERS A HEA T AN A A, DR AR SC A%
PRI JUAT 56 B UEA TR B4R B I A S a5 R Pls
NFEEN) Kinect FHAL AT B HE AR O BE UG, 38 4 38
TRIE UG P R R A 05, EL 2 -5 L AR el 17 B s A
A5 B R P HIWNZ S RS i Bl . BRI .

(1) X TGRS p, S ik
S=5 (AR B ELH N=((S+1)/2)> =9 M
5 p,

(2) RN g0y, s R ENTS
pi R BE S { dy, d, -, d | FREAT BRI HES, 10N
[dy,dy e di

(3) WA p, 5T A A7 LA KRR 4B
SNSRI RREE B LA R, p, 2 AR A AR Ry
(oo, y) 1A — 1, AT GR35 P S5 X 07 10

1 ¢
prighl = miszﬂ',y (3>

pi=1
A em, FoR BN AR, EAL % m, =3, IR
PR dy = p.y =gl

(4) R R p. ,BIWI S, Ho 6 =dy M H R
PR AT RE A S R

o
=max|( 0,1 - ) 4
( drighl ( )

(5) A AIRE R YA WAl RERFE I A,
Hr EER I AN A ST EAR IR . & S /N T
BIE 0.8 Him T poy , M p,,,  IPEST, W p, ARG
SUR T

Sl =max(0.9,1 = (1-8,.,0%) S (5)
P S oy NI TE R AP
2.2 BEWRE
FEXT P A% St A T B G 2, S e e — 3

S,

right



116 HEIE R L A

2020 4

Z IRV AR R T AL, B ST — 4k O Bt 5 Ak AR S = 4
PUBE B0 A5 A bR 2Z ] 0 A8 40 56 R o AR SCR F SCR
(10 ] 71 %6 WA [ 2 0 1) 4% SR 3 R AT 4 2 DA G AR A
VAN A A 2% ) ) BERE AR R RIS R I ¢, 45— %%
[ STEBOCAAR RN P AANLAAR R T N P, WA BR
[ B 40 5 RN -

P.=RP, +t (6)
2.3 A=fE

FIFHER G i 15 21 0 P A% [ 2 (8] 19 Jié 5 1 7 4
B, AT S 9 AR 5 2 e 4 ) ) — A b R R R
HATEE LA AP BRI T

(1) A P15 B2 R OE AR PR R T 2 s 2 F
FHZ(6) et BIARAL AL bR Z2 I8 o0 - T 0054 A0 2
FEBLAR b3 2 S5 A 1 - TG ) s ax + by + ez = d,

(2) EBRHLTE 8 2 AHLR L B0 5 = 80 PR
A5 HTH S, HTH S A8 T AL AL i 65
i BRI 48 5 R R o

(3) =4l p5 = B < 38 5 22 W5 AR BIL A BRI 4 ik 2
[ BEATF YN =4 R ) Z B 5, RAREE XA Y

G SRS S B BB IR () P T R, DA
SIS B A

3 RA=BE

B AR MEARL AL 25 5 B AT R A BOG
i E1 0 M S BUAE TR o (5 e S B
WA WEIIRE | A SCEs 0 2B MR 1 — i 4
N e T T
(1) HZRIBE. %2 A 451 R A A
B EER 5 x, (n A GASE) 018 0 65 7
EAHE A ¢ .C %
q=i;m (7)

nj

P DICE I DG

B V(q,©) R 45 v, BEATIEAS S04 1L AL 51, I3
SR BN

C =

Xp[ _ (x—q)"‘C"(x—q)] (9)

p(x) = 5

1
Vomray
FA—HIES A N (w, 3) | Fm S o B4 15
BCE s S H R AR [ T 177845 . FI ] Hessian 5 5
X PR A S BB B R IE S 3 A0 NV (e, 3) | AR 2%
(AT AL DA AR X AR SR [, ie N T o

(2) mixtEBR. ZPIHRBCHES IS 2 P AR
DEMC RN, ZEHEAT 1CP RS IC 1 2 i B4 1278 70 mik) 25

Bro X TS = Y« HAE HAR S IR B A
7"7)@:
min f(y;) =||yi_TxiH2 (10)

AP B B B BUAE o), B9 REXT (o, y,) T B 5 B LI 5
B RE LA R I K 6d BT TR

ly, = T'x, |, >d, (11)
d,=d,_, -6d (12)
X)) A T NS b YGRS AR Bt B
XFTFUR S 2 A, o, R o, R () R Ao 2
FRES A &, UG0S (o, y ) WIS BR
min f(x) = |y, - T"%'[l, (13)
o, =], > e (14)

(3) mBHETRCHE. S ICP 3% 08 AR Al
{6, LA A6 DT BC A5 21 A9 A2 40 [ 1 0 LCP RS iy 1 o4 119
WIfE. HbRRZE BN -

E = Z{%‘Tkxig (15)

e (g, ) R T AR I SRHR A0 5 0 O s A
BT 25 b AR A A . 4 T° = T,
i PUCEE TR AR E /MRS HL T

(4) # THERI T MRFBCHE A &, SRR i 22 0F:
HBIE A /N TR 22 BUE /N T I 28 kA 77 L [l
APR(2) ghEk AN,

4 HRSRH

4.1 AN

PLEF ANAWTIZ B2 B B 07 20 TR 22 AN B
B8O, PR AT P R A LA T L e N2 Ak T2
R AL, R R AR A R, AR5
SRERMITAIL ] $2 ) — b XU A PR A DU 07 3, A D B
wnr.

(1) R A s SR 4R B0 26 — WA O S B, 0 —
SE BT 1] [ B o o5 25 FiT TR RO 8] 2 ., BilT— S B ot
ORI )y ¢, B I 1, —1,<e,,% £,=0.5 s,

(2) R TER A R Ve B v A5 4 — B
AL %S o THEA R Az 28 55 Dy s iy 28 Y BE 5 , 4 B
B/INT dy BME ekt o

\/(xp_xh)2+<yn_yh)z+<Zn_zh)2<d() (16)

(3) B 25 iy it -5 75 i e i b BEAL PR IE Y 4 ~ 6 1
PEAT ICP UL




%78

ARG AR ASMREEIZ AN IS R G % 117

I = {1 | ICP(I') >0,ICP(I}',1.,,) <0} (17)
LRSS WL S kS ke + 1 R
GISICP (1, 1 ) 2 X i [a] 45 % Ak 1 20 47 P 4 1) oR 2
HICP(I, 1) >0, MR [, Fl L, VUl i y; 1CP (1,
1) <O fCFRVCHELI ML, VG e B D) B A i) 57— 2%
HERAH
4.2 Bk

DU — BT 28 Sy 77 pst ot ) A2 4y 0 4 o
Pl SLAM ++ {4k JEAT O Ak ) 45 42 S —
P NIZ S EIE ; 45 B — Wi s = AT P4 0 i i
2| 2D M AT Ay AR AT M

5 %X I

il 1 R, 525 DL TurtleBo2 #8048 A FEH,
H FFE PO TR B A Kineot L/ . 8 F 28 104 FL G
PEFT 42 1 A B A B, 5 AT /E 3 T Ubuntul4. 04
() ROS!™ 48 24 T 5@ 1 RVIZ R 2 5 S
o LRSS 1 m, 58 2.4 m, P EAKNAR
— JEAR A S A A (2GS, T AR 84 2%
78198

(a) #5315 (b) SERRFAE
BlL S2F & B
5.1 NEEE
XTAMEB A E A2 m k- D, R d o Hal 5t
M AE B RAT, i 2 Fros , TR = B 2] 1R
TR R Ry fai k.

K2 AR

B3 Jrii i 5 i) e B R AR ik
AT D — AWK Kinect SREE 2K m i i1 5
MRS KD B A R BONER R T I A T
ey I A — Ak M AT s O 7R Tk R RE A SIS
AIPREE LI (HICIE X 5 D AT HER A . K P
AR A TR , 7 I 0 3t P 1) [ P, -t BE T 1 00
REE7B = NiNE-R/37/ 1L

(a) M= (b) =T

© WOE 4 (d) A 4
F3 SEEURmS

[l 4 B AEREA L b o i il B — AL B

A ARG 7 N SCER [ 6 ] 77 A iy 4 A

T4 B R, SO B R ORI R4 1 € B

HAES Bk R ERAE 2 (WL S R ) 5 1 Kinect J]

AT ARSI 20 A5 A () T A P A, (E A 1) b PRDRS 8 48

o AR SGHE RGP AL IS, AT X B AR 4T 58

FEA T P BRI LA A 1) b R AR A SCik [ 6] B
K

Ag Bo . Ay e Dl.‘
C L
n
(a) MEE I (b) Kinect
B Be -
Aq oc DE AO D“
() A% 377 20 (d) SCHk[O)F A 772,

P4 by s P A

_/.-'"1
B WOLE S S
5.2 TG

SR 4 25 M R S B LAS A B0 it T
SCHRES | R FASEAOT 2 e bl T2 . i A S0y



118 A R G A

TR RNE, 0 ENL 8 AFE 5l 2 .4 F1 6 m I g Fh
I AT LEBOF AR RN 1 P it o
®1 (R ERR

e CHRLS ] A ARILFH B

/m mhE/s R%E/m BHE/s iR%/m
2 0.75 0.12 0.62 0.09
4 1.48 0.15 1.12 0.12
6 2.04 0.14 1.75 0.10

AABE T SCHR LS ] O, AR SOy VR AE AL PR B 4
2 18% HAL AL TR ZEPEARL) 24% o fi%F K BRIR
W REEAIR T i 2 DG e e R, (A5 oy, R B
WL BCIE A 5 S AE i DT Fe P2 418 T 3R, IR 25 K
R

Bl 6y =R R A it 22 i 2o AU L
IR, T AR RECR I S o AR T
BCIERY A 2 i A /A0 TS 3R 28 A T o B K A 22
Kinect BEARICE & YA =158 HIT A 7 K H AR A
FEREZE  FRAR T O A T B0R . AR SORL AR il &
J& , FERAREHR TUAR YRI5 T S S BCHERCR, 145
B WOHE R P BRI 55 P A 5, (A5 60K FE ROk
Wk AL 2 85% | Lt Kineet J5 AR E 2 64%

04 r

........ e E
03} —=— Kinect i
— MAEFE
02 F & a a :'-'
= HH Fi s 2t
= 0.1
Y iKY
oK 0.0 €N\
4
M -0 F
02t
03
04 L L L L )
0 10 20 30 40 50 60
Ez i E/s

K6 mEARZEML
7 S I SCRR [ 4 ] 75 12 AR SCO7 i i AL e A9
BEHE . FEVEAT I []328 Bl I, AR SO IE K AR BE
R W E AR BE AT SCHR [ 4 1Tk L8 I

3.0

25
— LEHIE
o 20 - — = JCHR[4)30EE
E 15
1.0
0.5
0.0

3
X E/m
(a)

Y7 [[/m

X)‘;Iﬁ].-'m
(b)
B 7 PR s sl
53 BESMm
AR C AR ) 2 I EA T AL, 1 AR R
M2 N EbRS L, R NE 8 iR, BT RHLAEA B
TR FEA

(c) b e A
K8 AR AL

TEFOCTE XA R 89 00, i J0 i 20 24 1
CIHHERIRBIRT T D, Mlds AERR St 2 5T Ak 4
iAo 1A Kinect &I EFT AT, Bl v AN REA 2K
BETT S5 AT WA L by T 3 RS JBE A e A4 3] ik
FAR iR B AR AR iR . A SO T ik R 1 5
FOL , AL st AAN (S FE THE A RILIRE ek 1, ] o i A Ll o, B

R

i

6 #& iE

BT — L AR AE ML AR N SLAM A AE AN I
RS IR PR A R A% Tl BEAT Rl 2 4R Y 23
AR B SRS 5 BT P PR A 7 3%, LS B L%
N A B E AL, Rl R ) —AER S . SC g 4l
BN, AT 5 REA AR i L 2 LR 2 1 3t ]
SORSA e 1R T A R AR SRR, S)E
REIFJEAE = SNR 50 R (19 SLAM BF5, BARBGHEATT -
(1) SIABIEY B EA LIRS s 145 (2) F)
MEZLRBEORIE R RGERIAEBHEE; (3) 45a Bk tL
JEAR Rt — P E NI



% 7 AR, S RAMEEMT A EN B ZR G % 119
5 £ X W
(E=E81 ;)
[ 1] Shamsudin A U, Ohno K, Hamada R, et al. Consistent map YR AERE 5 W 2% 2 i JE S 7 T ELAT SR LR RE . RSN

(2]

[3]

[4]

[5]

L6]

[7]

L8]

[10]

[11]

(12]

building in petrochemical complexes for firefighter robots
using SLAM based on GPS and LIDAR[J]. ROBOMECH
Journal, 2018, 5(1): 7.

Shen D, Huang Y K, Wang Y X, et al. Research and im-
plementation of SLAM based on LIDAR for four-wheeled mo-
bile robot[ C]//2018 IEEE International Conference of Intel-
ligent Robotic and Control Engineering(IRCE) . IEEE,2018.
Mur-artal R, Tardés J D. ORB-SLAM2. An open-source
SLAM system for monocular, stereo, and RGB-D cameras
[J].IEEE Transactions on Robotics,2017,33(5):1255 -
1262.

Chen M X, Yang S W, Yi X D, et al. Real-time 3D map-
ping using a 2D laser scanner and IMU-aided visual SLAM
[ C]//2017 IEEE International Conference on Real-time
Computing and Robotics(RCAR). IEEE, 2017.

Ding X Q, Wang Y, Li D X, et al. Laser map aided visual
inertial localization in changing environment [ C]//2018
IEEE/RS] International Conference on Intelligent Robots and
Systems (IROS). IEEE, 2018.

Huang K, Stachniss C. Joint ego-motion estimation using a
laser scanner and a monocular camera through relative orien-
tation estimation and 1-DoF ICP [ C ]//2018 IEEE/RSJ
International Conference on Intelligent Robots and Systems
(IROS). IEEE, 2018.

Yeon A S A, Kamarudin K, Visanathan R, et al. Feasibility
analysis of 2D-SLAM using combination of kinect and laser
scanner| J]. Jurnal Teknologi, 2015, 76(12) .9 - 15.

Peng Y F, Peng J J, Li J P, et al. Design and development
of the fall detection system based on point cloud[J]. Proce-
dia Computer Science, 2019, 147, 271 -275.

Lachat E, Macher H, Mittet M A, et al. First experiences
with kinect v2 sensor for close range 3D modelling[ J]. The
International Archives of Photogrammetry, Remote Sensing
and Spatial Information Sciences, 2015, 40(5) : 93 - 100.
Hillemann M, Jutzi B. UCalMiCel-Unified intrinsic and ex-
trinsic calibration of a multi-camera and a laserscanner[ J ].
ISPRS Annals of Photogrammetry, Remote Sensing and Spa-
tial Information Sciences, 2017 17 —24.

Ila V, Polok L, Solony M, et al. SLAM ++-A highly effi-
cient and temporally scalable incremental SLAM framework
[J]. The International Journal of Robotics Research, 2017,
36(2) . 210 —230.

Koubaa A. Robot operating system (ROS) [ J].
Computational Intelligence, 2016, 1(6) ; 342 —348.

Studies in

PE—2 2 IENT AR Bl IRIRSE B SE PR 375 R
AR SRR T

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

=

=

% X

YRS, /NG A, S I PRI B e R R
WL ]. B4R ,2018,29(1) 196 - 224,

XUNEIR  PIVHER , XM , 5. REFEXIHT 1 TC 2k 1% It 0 26 0
PREEZEEFRFMEERI[ T . THAALA 4 ,2017,40(8) 11843 —
1855.

Li ZT, Chang BM, Wang S G, et al. Dynamic compressive
wide-band spectrum sensing based on channel energy recon-
struction in cognitive Internet of things[ J]. TEEE Transac-
tions on Industrial Informatics, 2018, 14(6) ; 2598 —2607.
RO, SRR AR VRAR. Sink B [ 5 A4 88 0 45 1 3 20
Bl R AL [T ]. Fefba24iz,2010,21(1) 1147 - 162.
B, R, ST T AR R A i 4 B 0 4 I
PRI [T ] . Gl {54k ,2018,39(7) 168 —80.

Bouk S H, Ahmed S H, Kim D, et al. Named-data-networ-
king-based ITS for smart cities [ ] ].
Magazine, 2017, 55(1) . 105 - 111.
Zeng X, Gao Z H. Rank-based routing strategy for named

IEEE Communications

data network[ J]. Applied Mechanics and Materials, 2014,
543 - 547 . 3320 —3323.

Kerrouche A, Senouci M R, Mellouk A, et al. AC-QoS-FS.
ant colony based QoS-aware forwarding strategy for routing in
named data networking[ C]//2017 IEEE International Con-
ference on Communications (ICC).IEEE, 2017.

SR THT 1] 7 28 iy 44 K530 0 2% 1) 550408 e e B R A B
SBD]. KA MR, 2018.

Chatterjee T, Ruj S, Bit S D. Security issues in named data
networks[ J]. Computer, 2018, 51(1); 66 —75.

Dutta S, Obaidat M S, Dahal K, et al. Comparative study of
different cost functions between neighbors for optimizing en-
ergy dissipation in WSN[ J]. IEEE Systems Journal, 2019,
13(1): 289 —300.

Zheng Y A, Yu T Z, Fei S. A smart collaborative routing
protocol for reliable data diffusion in loT scenarios[ J]. Sen-
sors, 2018, 18(6) : 1926 —1937.

TR, T, F 5, 4. BT ] B S0 e ) ) 6
LRGN AR R IRUEL T] . 581574 ,2018,39(3) :63 -
75.

Parameswari M, Moses M B. Efficient analysis of water
quality measurement reporting system using IOT based sys-
tem in WSN[J]. Cluster Computing, 2018, 34(2): 1 -9.
Lee J. Patch Transporter: ncentivized, decentralized soft-
ware patch system for WSN and IoT environments[ J]. Sen-

sors, 2018, 18(2) . 574 —583.



	7期 114
	7期 115
	7期 116
	7期 117
	7期 118
	7期 119



