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Research on visual SLAMbased on fusion of lidar and depth camera
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(School of Air Transportation, Shanghai University of Engineering and Technology, Shanghai 201620, China)

[ Abstract] Traditional obstacle detection mainly uses some non-—visual devices, including laser sensor, ultrasonic sensor and
infrared sensor. These sensors are outstanding in anti—interference ability, and can work for a long time, but there are also some
shortcomings, such as single data acquisition, and it is difficult for the robot to accurately detect the three—dimensional information
of the surrounding environment. The combination of vehicle mounted camera and two—dimensional lidar has good performance in
detecting the position and shape of obstacles; the fusion of two—dimensional lidar and vision can improve the performance in solving
the problem of position loss in wheel skidding and ground negative obstacle detection. It not only reduces the sensitivity to the
environment, but also improves the detection accuracy. Compared with monocular and binocular cameras, Kinect camera is
convenient and low—cost, and can provide environmental depth data.

In this paper, a mapping and positioning method based on Bayes reasoning is proposed. Kinect camera and two-dimensional
lidar are installed on the mobile robot at the same time, and the method of laser scanning and depth image combination is used to
detect obstacles, so as to achieve the characteristics of wide detection range, high precision and good real-time performance. At the
same time, there are also advantages in three—dimensional detection potential.

[ Key words] Bayes reasoning; lidar; Kinect; mapping; positioning

0 3 = T RFEREE 0 R | T A B T TR RS 9

W - ) A 2 AN 22 IO 3 5% 4 i ] el o
Mol bl ae Aoz sh Pl i SE B a0 B 2URAE . A2 40
BEAT PRI 32 20 SR ] — L AR L S e A8 1, o d
TEROCIR AT PR I A KL AME AR 75 . X
SO AR YL RE 1 7 10 28 Y, I HL AT DU ]
TAR AR — L, IBRR A — A
LA ALY LA B R0 Y ] R PR G = 4k
FRSEAE, BAR AR E A =4 E BT I
PERBZE Y, (H AR By, ME L2 . R, F5E
FHETZWTE R T B PR BRI | 1% 4%
ARWAME A5 R F 6 HFE T Lo A2 AR X R 855
FRURRRE g RS IOR BE AR PR e 36 T 5 L A9 3R 5%
ST AN BRAR T T X0 H AL BT 14 2R 58 2R 7
ENES G IEZ SO, FT UL B R, A 050 1R
HREASE RO I 75 12 45 5 ok | IX AR AR R

B0 A 4= BA LR — 4E ROk A A ARk
PRI B AT 07 & AR b A B 0 P RE R0 5 o —
RO T XML E Rl Sk | 75 A D 42 R AT I AL
AN, LA K 1l T 57 A A A G
B4R TF. XFLE B H A H AHAL, Kineet AHHLM 7 =
FEEE AR, T DASR A2 20 85 1 % B 450, AR S
R X —18 5, BF Kinect AEALFN 4306 s )
N2 e R ShbLas A b, 2R FHBOG AR R
S5 I R I B A1, DT 3K B0 A0 LT A
JEE TR SR A A R A TR B = ARy T A AR —
SEH
1 ETHAEARREER SLAM

TEIF RO T 5 5 BEATY) 2 4] 1Y BRI 23
aeb R S PR T 38 R A 40 I i [ SR 18 Bk (1) 22 T
JNE R, BOG T IR R HAEDT T PR ) R A

BB RIS FRGH (1993-) , 55 B0 SELE , T 2ERTFE 05 )« AT 4 TR WS (L AL A B L S0

Y BHA: 2020-01-10

of IR ML K50 I @ P AR LS S A




88 B o /5 M5 MM

510 %

JE FPEREZE Y, I FLGT IR 5% SO A%, T H 5
P, BCAERS SIMLAS A 7 b A A |00 55 1
N2, OGRS N —4E gk = SRR TR
YRR, AR T BRI EE A A 2 A R EH
O T IS ANGR & R . O TR A 7E Bl
B shbLas N5 0 5 R T3z B 3R s B e
A E T NS K 8 O N el o S E TR N 1 11
B,

AR 2 RPLIDAR A2 0GR 5, Hi &
JAEATIA 18 K, P2 7 il 4 £ 360°, A L SE
1 R HER LS A B TR sh AL AR EE(E B
WAL, BRICZ AN, Hk /NG 5 Faede, e B2 i
AN BRGSO . RPLIDAR A2 #0%
FIRELYWE 1 iR,

1 RPLIDAR A2 #3£ &%
Fig. 1 RPLIDAR A2 lidar
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Tab. 1 RPLIDAR lidar parameters
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Fig. 2 Lidar scanning
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Fig. 3 Data acquisition process of lidar
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Tab. 2 Kinect detailed parameters
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Fig. 5 Schematic diagram of 3D coordinate measurement
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Fig. 6 Map level fusion based on Bayesian reasoning
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Tab. 3 Fusion rules of lidar and Kinect vision sensor
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Fig. 8 The fusion process of laser and visual map level
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Fig. 9 Physical map of obstacles in the experimental environment
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Fig. 10 Lidar experiment diagram
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Fig. 13 Fusion of depth camera and lidar
ALE 11 5E 9 & 10 fXT AT LA o
il IO 7R IR AR A R TR E AL AR IG5, B
JCHk G o = RS RIS A IR ZOR . il & Jm i
& RERS o R - d 1 10 = e R A1 58000
G — AR AN AL, S = 4R b [T 2, T LA
THLAR NAE =HERIPRET T 1Y 10 AL A AT
5 HXRiE
ARSCHEH—Fh LT Bayes HEFH A0 8O AR b
Vel 2 A P R P S S T S R
HARNE AL T o — R 2 A B 7 20, A R
IV R RS RE vy S PR B0 A ] P = 4 PR
JiEAAFTENE # . RGB=D SLAM" " {55 B3R X
FE RS Z T R JGE BB R

FR a2 50 ML, — 4R 3oe T LB B A i

PrHeae Jisg , (HAUL R B — NP1, T EeR

A7 BRI ET R PR, SO R RE MG, ST Ik, 2

T DU S 4 2 5 B o A% R b ] )23 T 1) i

P, DL RSN | ELAG 0 ARG B AT mT S e

5% ik

(1] 3k Sio0, sk 2 38838 45, = ZE ol H ik F B R 76 Tl i
AR R [ T]. K HLRETREL#,2020,38(8) 121-124.

[2] FIGEAEE, W3, AR, PRSI SR I]. B
He B 5 8 ,2019(27) :37-40.

[3] 258, T HEBBOLTE RN S sIChENM [ D], JL @M K
2% ,2020.

[4] 5kfE 4RTT40, 5k &, BOLHE B SRS A 19 SLAM AW
FE[T]. MU ARG ,2020(7) :22-24+29.

WS D], WA/RE Tl Kk ,2019.

(6] B, ¥Ar 5, =, % BV AFE G 5T
[1]. AzhkiL%,2019,40(5) ;75-78.

[7] 3R, BTG RGB-D SLAM WA shHLgs A 8 & 5 S iF
F3[D]. MR TAL K2 ,2019.

[8] XK, RN, FeT gl UL $0r 9 4% 14 S o A HLAL Bt S B
SE[T]. B FHIME,2020(12) :30-32.

(9] WRE, B2, kMl 2L RENRG RSBl s AR e i 5 4
FEI[I]. AR TFHAR ,2020,43(14) : 164-169.

[ 10T 4R35, XTI e . b 28 100 248 5 B il B ML A A b 1] 4F 5
[J]. BHEERIR,2019,17(21) :11-12.

[ LL]AKMS. R4 IMU 55 RGB-D HHALAY 2 N AL SHLER A M P A 5
WA [ D). IR KA#,2019.

[12] A= NI AN ENBAR MBI D]. LB T K2,
2020.

[ 13]IBF, 8300k, e FL, 45 B H AL SE A5 M Y [ ) o7 5 b P A%
ALER[T]. BMFHI,2020,19(7) :275-280.

[ 14] 5K F 5 BRI L. Al 06 5 0 8 =5 B O 5 2 B
BT, A LN 5% ,2020,37(7) 1 114-119.

[15)12 R, Tk RGB-D SLAM HI#shHL s A2t &5 SR
5[ D]. M/RIE T R,2019.

( 4255 86 1)
2 HRiE

11l 3 FIEL 10 AT LA, A fE s s o vy e
(A AR AN G, 32 R T R e 7 R 1 2
15 Y BEAL /M, PR T8 ] SRR , 2RA5 1
LR Y, IR 4 FNE 1 T RE LB
(BB AR AL P G2 5 XoF LA A 19 IR PR 4P BE T AN 4F
AR KRR T M | R BAR T AR Z R AN, 3K
1530 EGAEAR O BRI T R BRI . I 7 &
14 7] DUA Y, ek e 1Y 07 27 48 0 25 MR R 1Y [
BF LRSS 17 MG 5 M S A ok B [n) i, 53¢
BRL6 ] T iEAH B & T AT T FRAE FERUAG B 51 E
Pk o /N 5 0 ER 285 29 o /N Z ey TR I

55 T BUS RO B Il 38T T BUR AR L

S 3k

[1] 9k, Zdelg, k. FET/MNEBE LR T]. 3
BHLT RSN, 2008,44(9) ; 172-173.

(2] T, MM, 25, 46, 150 B0 pR 4500 /DN il g {2 Mg 5 vk
[J]. I, 2014, 34(5) : 1499-1502.

[3] AL, BREZE, E%8). 228 mRECT /Mg R 1T
HAPLT AR, 2017, 43(6) : 202-206.

(4] FHi, AL B fE kBT f/NEBE R[], THENL TR
SR, 2013, 49(15) ; 215-218.

[5] ER&AS 5. BURR/NE A2 S8 LB 5k [T]. 6T,
2019,30(8) ;854-866.

[6] XK, /N, 55 53 1 7 o B5OR /N 43 BT i B0 R R 2
M [T]. B 55 B4R ,2020,28(2) :5-8.



