A2 1SSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2020,31(9):2678-2690 [doi: 10.13328/j.cnki.jos.005937] http://www.jos.org.cn
©rp [E B2 Bt AT BT R Tel: +86-10-62562563

FAb# 28 A8 R & B Cartographer EERARGI
¥ 2 gyl gRHY RWEL KGLEL B KL ArWL ERSY

YN PR R TR 2 SRR 2 e B e 710071)
(b A Skt 2B R A JE T 100039)

S i A AR BN TR A0, R 200436)

BIAE#: YhiliRt, E-mail: pyshen@xidian.edu.cn

O30

#§ E:. Cartographer 243 2016 SR —ANT AL 2R R E T LI F KRG #09 SLAM Fik4E
22 A3t /RA Cartographer A5 K Bha T m ., ARG PR, G AR T —HAFREE T SR B L
odr ik MUE ATSH 3L A Player B & i3t 3 2L T A T34 4% Cartographer F-ik49 % A3k SLAM # 4,55 il
iT Cartographer ££48 & #9 52 3o A7 Ao A 52 3% 7 69 52 FRIMGK, B04E T 38 5% Cartographer Sk 694 80 A & SLAM % 4
F Player HUBAF & L4+ A M

KEBIR: FHABA, Cartographer %A B BT AR SLAM A %

REEDES: TP242

s AR SR, A R B DR R A A MR, RG] R T A AL A iR AL 2Rl (¥ Cartographer STV KR
G S A 243/, 2020,31(9):2678-2690. http://www.jos.org.cn/1000-9825/5937.htm

5| #%30: Zhang L, Liu ZY, Cao JY, Shen PY, Jiang DZ, Mei L, Zhu GM, Miao QG. Cartographer algorithm and system
implementation based on enhanced pose fusion of sweeping robot. Ruan Jian Xue Bao/Journal of Software, 2020,31(9):
2678-2690 (in Chinese). http://www.jos.org.cn/1000-9825/5937.htm

Cartographer Algorithm and System Implementation Based on Enhanced Pose Fusion of
Sweeping Robot

ZHANG Liang*®, LIU zhi-Yu!, CAO Jing-Ying?, SHEN Pei-Yi!, JIANG De-zhi®, MEI Lin?,

ZHU Guang-Ming®, MIAO Qi-Guang*

1(school of Computer Science and Technology, Xidian University, Xi’an 710071, China)
%(Beijing Roborock Technology Co., Ltd, Beijing 100039, China)
3(shanghai Broadband Network Technology and Application Engineering Research Center, Shanghai 200436, China)

Abstract: Cartographer is Google’s 2016 open source SLAM algorithm framework for low computational resource consumption in
multi-sensor configurations. In this study, due to the inaccurate middle posture fusion and delay of the original Cartographer, a multi-
sensor posture fusion method based on posture increment was designed. Subsequently, the multi-module SLAM system based on enhanced
Cartographer algorithm was designed and implemented for the cleaning robot Player platform. Finally, the effectiveness of the enhanced
Cartographer algorithm and the usability of the SLAM system on the Player robot platform were verified by the experimental analysis of
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Fig.4 Dataset grid map
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Table 1 Dataset test quantitative analysis

R 1 BN BUE B b

Jit Cartographer | ik )5 i) Cartographer |  GMapping

20 A B 2 (m) 1.272+1.305 0.59110.728 2.442+4.671
W5 A% 25 (mP) 1.330+2.065 0.819+1.602 2.419+2.457
26561 e 1R 25 (deg) 2.879+4.395 1.433+2.724 3.623+5.026
77 el i 22 (deg?) 2.362+4.605 1.71242.038 8.991+12.065

Revo LDS

Jit Cartographer | ik )5 [¥) Cartographer GMapping

250185 1% 25 (m) 0.040+0.046 0.03740.054 0.147+0.206
W77 (mP) 0.039+0.029 0.00440.018 0.164+0.438
2556} JjE 1% 75 (deg) 0.747+0.997 0.54240.466 0.871+0.836
Y7 e 1% 7 (deg?) 0.42040.512 0.511+0.911 1.455+1.753
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Fig.5 Laboratory and long corridor scene
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Fig.6 Laboratory scene 2D raster map
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Table 2 Matching scores of sensor combinations in the laboratory scene

R 2 SRR SA KA A A UL 2 E

Min Max Mean

WO T IEHAE 0.651 0.836 0.714
WeTEIL S IMU $ s 0.650 0.788 0.704
WO IA S R A 0.650 0.790 0.685
WOLTEA . IMU 5 RS0 0.651 0.824 0.729
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Fig.7 2D raster maps of long corridors with different combinations of sensors
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Fig.8 Comparison diagram of collision generated in the lab scene
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Table 3 Match scores with or without odometer data processing collision
F 3 A TC BB Ak B A Rl ) DG 3

Min Max Mean
A R EE Ak B 0.651 0.867 0.723
TG HLFE T B A 21 0.650 0.698 0.676

4 R #

AR I ER 2 RHOE SLAM SREEAT T 2 M ANE 5T, 45 Cartographer (K&l 1 e vt 1738 T~ 47 209 4 (1 %
R IR A 2 B % A Player ~F & BTFSEEL T 2% T 445 Cartographer 531 SLAM 2 4¢, I 5¢ b 37 5t 42 1
2D HikA% b .

5 B E

P AL A B BE AL, 2 R KRR 55 LA AN AR AN T 205 1), 22 Ja IR 934l LU BL R LA Uy i gk
A1) AL P 1 8 D VAR U SO RPN SRS BIL RS A 80 i Al 8 5K 1T AR 5 I A WL 1 88 74
PSR A A7 22 1) [ I RS 55 R P 2 20 45 4 AEAN [R5 A0 T AN [R] A3 42005 5 3 sl L N (0 B e RE 1 (2) H
B AEFT AL A _ESEBU R PR R (1 SLAM 3%, £64 Ja IS bR A e b, = 4E A B 1) SLAM SE B AT B
2 10 N 30 555 (3) TUAE B 20 55 0] S0 2 ) A TRV RS D DA R S A T 030 (1 00, s DR G, L L s NS 22 4y R A

References:
[1] Leonard JJ, Durrant-Whyte HF. Mobile robot localization by tracking geometric beacons. IEEE Robotics and Automation, 1991,
7(3):376-382.
[2] Liang Z, Peiyi S, Guangming Z, et al. A fast robot identification and mapping algorithm based on kinect sensor. Sensors, 2015,
15(8):19937-19967.
[3] Zhang L, Shen P, Ding J, et al. An improved RGB-D SLAM algorithm based on Kinect sensor. In: Proc. of the IEEE Int’l Conf. on
Advanced Intelligent Mechatronics. IEEE, 2015.
[4] Nister D, Narodisky O, Bergen J. Visual odometry for ground vehicle applications. Journal of Field Robotics, 2006,23(1):3-20.
[5] Alin A, Butz MV. Improved tracking and behavior anticipation by combining street map information with bayesian-filtering. In:
Proc. of the Int’l IEEE Conf. on Intelligent Transportation Systems. IEEE, 2014.
[6] Grisetti G, KuMmerle R, Stachniss C, et al. A tutorial on graph-based SLAM. Intelligent Transportation Systems Magazine IEEE,
2010,2(4):31-43.
[71 Ho KL, Newman P. Loop closure detection in SLAM by combining visual and spatial appearance. Robotics and Autonomous
Systems, 2006,54(9):740-749.
[8] Hess W, Kohler D, Rapp H, et al. Real-time loop closure in 2D LIDAR SLAM. In: Proc. of the 2016 IEEE Int’l Conf. on Robotics
and Automation (ICRA). IEEE, 2016.
[9] Isbell JR. Six theorems about injective metric spaces. Commentarii Mathematici Helvetici, 1964,39:65-76. [doi: 10.1007/
BF02566944]
[10] Lee YC, Yu W, Lim JH, et al. Sonar grid map based localization for autonomous mobile robots. In: Proc. of the 2008 IEEE/ASME
Int’l Conf. on Mechtronic and Embedded Systems and Applicationbs. 2008. 558—563.
[11] LuF, Milios E. Globally consistent range scan alignment for environment mapping. Autonomous Robots, 1997,4(4):333-349.
[12] Martin F, Triebel R, Moreno L, Siegwart R. Two different tools for three-dimensional mapping: DE-based scan matching and
feature-based loop detection. Robotica, 2014,32(1):19-41.
[13] Agarwal S, Mierle K, et al. Ceres solver. http://ceres-solver.org
[14] Julier S, Uhlmann JK. A new extension of the Kalman filter to nonlinear systems. In: Proc. of the Int’l Symp. on
Aerospace/Defense Sensing, Simul. and Controls. Signal Processing, Sensor Fusion, and Target Recognition VI. 3. 1997. 182.
[15] Konolige K, Grisetti G, Kimmerle R, et al. Sparse pose adjustment for 2D mapping. In: Proc. of the IROS. 2010.
[16] Land AH, Doig AG. An automatic method of solving discrete programming problems. Econometrica, 1960,28(3):497-520.



2690 Journal of Software #:#F373& Vol.31, No.9, September 2020

[17] Clausen J. Branch and bound algorithms-principles and examples. Department of Computer Science, University of Copenhagen,
1999. 1-30.

[18] Gerkey B, Vaughan R, Howard A. The player/stage project: Tools for multi-robot and distributed sensor systems. In: Proc. of the
Int’l Conf. on Advanced Robotics. 2003. 317-323.

[19] Collet THJ, MacDonald BA, Gerkey B. Player 2.0: Toward a practical robot programming framework. In: Proc. of the Australasian
Conf. on Robotics and Automation (ACRA). 2005.

[20] ROS. http://wiki.ros.org/

[21] Schuytema P, Manyen M, Wrote; Tian J, Trans. Game Development with Lua. Beijing: China Machine Press, 2013 (in Chinese).

[22] Frequently Asked Questions|Protocol Buffers. Google Developers, 2016.

[23] Bai W, Li G, Han L. Correction algorithm of LIDAR data for mobile robots. 2017.

[24] Hoag D. Apollo guidance and navigation-considerations of apollo IMU gimbal lock—MIT instrumentation laboratory document
E-1344. 1963.

[25] Konolige K, Augenbraun J, Donaldson N, Fiebig C, Shah P. A low-cost laser distance sensor. In: Proc. of the IEEE Int’l Conf. on
Robotics and Automation (ICRA 2008). IEEE, 2008. 3002—-3008.

[26] Kummerle R, Steder B, Dornhege C, Ruhnke M, Grisetti G, Stachniss C, Kleiner A. On measuring the accuracy of SLAM
algorithms. Autonomous Robots, 2009,27(4):387-407.

[27] Zhang L, Wei L, Shen P, et al. Semantic SLAM based on object detection and improved octomap. IEEE Access, 2018:1-1.

b F 325 25 SRk

[21] Schuytema P, Manyen M, ; H &I, 5. Lua Jif AR T & S B 4 B AL 5C AR ok th i kL, 2013.

3k = (1975—), 53, 1 1 Bl €% ,CCF Ll HEBRE(1994—), 57 A -, 3= W5 AR R Ny
2301, BRI X2 % R G L i X SLAM.

i NS SLAM, IR B2 2 A LU, & b s

=47 S SO LT AR, B R A —

ERIE(1984—), B, EEOT AU RICEA(1975—), 5, 1 £ JFIl,CCF Lk
VAR (TRZ ST 7 T S 7o =5, BTSSR LA ) T

' W

X F(1993—), 5 A - A4, 32 BT ST AR 1K (1975 —), 5, 1 & WF 90 R, 32 AT
VDR YN OASE ISR AU T LA BE, N TR RE P I R
FH R ES b A B
,-‘.’.“‘, ‘:"

ARy
PR (975 ), 5 WL 3% CCF &k . AT (1972—), B W B L
2 0, B ST T ST LS, i S - Jﬂi CCF A5 il 4% b3, B 20 U008 T S 4L
H T R { PG WL 2 20 KR 23 1T




