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Lightweight intelligence-based multi-machine collaborative SLAM system
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Abstract: Vision multi-robot cooperative SLAM mainly uses cameras as sensors and achieves localization and map building through
multi-robot cooperation. However, the front-end computation is too large in the face of complex environments, which tends to lead to
unsatisfactory overall system accuracy. Inspired by the lightweight features of REVO and SVO algorithms, this article proposes a multi-
robot cooperative SLAM system based on lightweight intelligence, aiming to reduce front-end computational resources while improving
system scalability. This article proposes an improved REVO algorithm-L-REVO to realize the front-end real-time operation through
lightweight improvement; fusing L-REVO with the back-end of CCMSLAM system to propose a complete multi-machine collaborative
SLAM architecture; adjusting the front-end sensors and algorithms to verify the impact on system performance when the front-end is
homogeneous or heterogeneous, respectively. On the public dataset TUM, the system improves the localization accuracy by 59.4% and
31. 6% in both modes, respectively, and the energy efficiency ratio by 8 times compared with the CCMSLAM system. Finally, the
system is used for indoor scenario experiments with a front-end power consumption of only 1.43 W, which verifies the feasibility and
effectiveness of the proposed system.
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Fig.2 Feature extraction at the front-ends of the system
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Overall framework of the lightweight multi-machine collaborative SLAM system
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Fig.3 Comparison of the effect of edge detection
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Fig.4 Lightweight multi-machine collaborative SLAM system process
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Table 3 Positioning RMSE of CCMSLAM and the isomorphic system of the proposed method
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Table 4 Positioning RMSE of CCMSLAM and the heterogeneous system of the proposed method
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Table 5 Performance comparison in dataset testing
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Table 6 Performance comparison in real indoor

environment testing

. CCMSLAM ES' @ IES
i . _— — —
R4 MVl R 2 JE i
BATHFE]/ms x 101. 83 12.53 89. 54
YIkE/ W X 3.53 1.43 19.6
Wi/ (KB/S) X 331.19 670. 93 -
5 45 i

AR SCEF R i S A R AR 8 SR AN BAR 1Y
[a) @, 3T SVO . L-REVO f CCMSLAM #E42  # HH —Fhiz
LR BEZ HLEME SLAM J7ik IR GEK i A0 iy o il
AZHIMERGE, A R T FTsmE FE A T3 B, RAIE
TS, HAETE T E ARG . eAh T i S AT
P45 A , S A [] iy o ) DI 2R 48 56 i 4 Jm) i [
M, 7E8JF TUM $dl 58 b S 25 SRR W, M I T
CCMSLAM F 5t , % 3 [a) #) Fl S R SR #) 28 8 7 37
FEST BT T 59. 4% 1 31. 6% , REALLLART T 8 1%, A&
BEVEAROS SR, A X S 2 N 3 5 A S T S 2
FERRARAL 1. 43 W, RBIASCR Gl LIRS PRy 52 2% 26
S5 S R 4 SRy L

Fook TAER % &AL SVO B3k, R R R 1
R AR PIRE R , ELTE Al B 398 0 o8 22 0% 2048 [R) A AL A
S SRR oG ] R AT X T i 0 T 2 W 4 ) Rk P e
FENLDIRE DL K 5 2 A AN T, 3G 5 4 JRy Hi 1] AL R 17 45
Pt
5%

[1] s, THL B . HOGTE/MENS MU/

BB LA AP [0 ] (U3 A i, 2022,
43(7) :139-148.
ZHANG F B, WANG K, LIAO W F, et al. Lidar/
MEMS IMU/odometer tight combination navigation
algorithm[ J .
2022,43(7) :139-148.

(2] Akl 694, SWAkIE 45, fll& Bk SuperPoint [ 2%
fR4 i B0 R E P SLAMI[ J ], X BRI & 2F
2021,42(1) :116-126.

YU H SH, GUO F, GUO L F, et al. Robust monocular

Chinese Journal of Scientific Instrument,



5512 1

FREN % TR b B R Z MR SLAM R4 197

(3]

[4]

(5]

(6]

(7]

[8]

(9]

[10]

visual inertial SLAM incorporating improved SuperPoint
network [ J ]. Chinese Journal of Scientific Instrument,
2021,42(1) :116-126.

FABRA: BRI 1077, 4. Z 0L NS R B Ao 5 4
B ARBIRLRAR [J]. HLAE TR 254 ,2022,58 (11) .
11-36.

YIN H SH, PEI SH, XU L,
simultaneous localization and mapping techniques for
LIl
Engineering, 2022, 58(11) :11-36.

SRIME BRI, MR 5, 5. ZHLE AR REIL PR IRl AR
WL )], AR ,2021,27(6) :767-778.
ZHANG Y X, CHEN M, CHEN J B, et al. Research
progress of multi-robot intelligent cooperative techno-
logy[ J]. Manned Spaceflight, 2021,27(6) :767-778.
YARA R, MARIETTE A, EDWARD W T. Cooperative
heterogeneous multi-robot systems: A survey [J]. ACM
Computing Surveys, 2019, 52(2) . 1-31.

AT, XN R R, A RS AR R R A R
DBSCAN JEHL[ )], HPRMEH R4k ( H AR
W) ,2022,34(2) :250-257.

DAI SH SH,LIU X B,LAI ZH Y, et al. Grid-based local
adaptive DBSCAN clustering algorithm [ J ]. Journal of

et al. A review of

multi-robot  vision Journal of Mechanical

Chongqing University of Posts and Telecommunications
( Natural Science Edition) ,2022,34(2) :250-257.
EE, B AR, E IS & =4S TC AL 25
s PERE S R HT [J]. ERHRH R4l (A
IRFINR) ,2022,34(4) :662-668.

GUO Y X,JIA X D,CAO SH N, et al. Three-dimensional
dynamic UAV network coverage performance and channel
capacity analysis[ J]. Journal of Chongqing University of
( Natural Science

Posts and Telecommunications

Edition) ,2022,34(4) :662-668.

S AR, S B TSR =N 2 A
HLENR SLAM J7 36 [J]. HRBL R, 2021,44(5)
983-998.

SHI D X, YANG ZH Y, JIN S CH, et al. A
collaborative SLAM approach for data sharing with
multiple UAVs [J].

2021,44(5) :983-998.
X%, F0LEA. 28 A UMR] SLAM £ R
JE[T]. AL, 2022,48(5) :1-10.

LIU X, WANG ZH, QIN M X. Research progress of
multi-robot collaborative SLAM technology[ J]. Computer
Engineering, 2022,48(5) . 1-10.

700 D, TAN P. CoSLAM; Collaborative visual slam in
[J].
Pattern Analysis Machine Intelligence, 2012, 35(2):

Journal of Computer Science,

dynamic environments IEEE Transactions on

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

354-366.
RIAZUELO L, CIVERA J,MONTIEL ] M M, C2tam: A

cloud tracking  and

2014,

framework  for  cooperative

mapping [ J]. Robotics Autonomous Systems,
62(4) . 401-413.

LAJOIE P Y, RAMTOULA B, CHANG Y,
DOOR-SLAM: Distributed, online, and outlier resilient
SLAM for robotic teams [ J]. IEEE Robotics and
Automation Letters, 2020, 5(2) : 1656-1663.
CUNNINGHAM A, INDELMAN V, DELAERT F. DDF-
SAM  2.0.

et al.

Consistent  distributed ~ smoothing  and

mapping [C]. IEEE
Robotics and Automation, 2013 5220-5227.

RERY BRIEC, T —M9 %5 LT 004 WM e A A7
N ZHEBE SLAM Tk T]. BRI R R, 2022,
30(2): 195-201.

XIONG ZH, CHEN ZH X, DING Y M, et al. A 3D
inertial SLAM method for pedestrians based on distributed

International ~ Conference on

cooperative navigation [ J]. Chinese Journal of Inertial
Technology, 2022,30(2) :195-201.

SCHMUCK P, CHLI M. CCMSLAM: Robust and
efficient centralized collaborative monocular simultaneous
localization and mapping for robotic teams [ J]. Journal
of Field Robotics,2019, 36(4) . 763-781.

R X A R T RN I BRI A 22
ZEPpE] SLAM HEZR[ )], B 7254, 2021,49(11) .
2241-2250.

LI B Y,LIU S J,CUL M Y, et al
cooperative SLAM framework based on minimum loop
detection[ J]. Journal of Electronics, 2021,49 (11):
2241-2250.

WS, 2K, BB LA ALGE SLAM [0 R AG ) J5
AR )], T I 5 AR E I, 2022,
36(8): 1-12.

YANG X M, LI SH Y. Principles, status and trends of
visual SLAM loopback detection for mobile robots [ J].

A multi-vehicle

Journal of Electronic Measurement and Instrumentation,
2022,36(8) :1-12.

MUR-ARTAL R, MONTIEL J] M M, TARDOS J D.
ORB-SLAM: A versatile and accurate monocular SLAM
system [ J]. IEEE Transactions on Robotics, 2015,
31(5) . 1147-1163.

SCHENK F, FRAUNDORFER F. Robust edge-based
visual odometry using machine-learned edges [ C]. TEEE
International Conference on Intelligent Robots and
Systems, 2017 1297-1304.

FORSTER C, PIZZOLI M, SCARAMUZZA D. SVO.
IEEE

Fast semi-direct monocular visual odometry [ C].



198 DO O $43 %
International Conference on Robotics Automation, 2014 estimation for vision-inertial guidance SLAM [ J ].
15-22. Chinese Journal of Scientific Instrument, 2019,40(6) .
[21]  Hhz, skEH, MR, 55, —Fh4h& SLAM (4l AL 56-67.
PrES AL (], PG Tl K554, 2022,40(2) ¢ [29] STURM J, ENGELHARF N, ENDRES F, et al. A
330-336. benchmark for the evaluation of rgb-d slam systems [ C].
XIE SY, ZHANG X W, ZHOU L ZH, et al. A brain- IEEE International Conference on Intelligent Robots and
machine collaborative navigation party combined with Systems, 2012:573-580.
SLAM [ J]. Journal of Northwestern Polytechnic [30] MUR-ARTAL R, TARDOS J D. ORB-SLAM2: An open-
University, 2022,40(2) :330-336. source slam system for monocular, stereo and rgh-d
[22] CANNY J. A computational approach to edge cameras [ J]. IEEE Transactions on Robotics, 2016,
detection [ J]. TEEE Transactions on Pattern Analysis 33(5) :1255-1262.
and Machine Intelligence, 1986, PAMI-8(6) : 679-698. 1EE®/N
[23] YUQH, WANG Y, LIU C, etal. Picovo: A lightweight FRE 11,2002 4EF PU I 3 2% e 3eA5 2
rgh-d visual odometry targeting resource-constrained iot 27,2009 4FE T3 PR F ARG 2210,
devices [ C]. IEEE International Conference on Robotics P TR P R E RS B A2, E RS T 1A R
and Automation, 2021. 5567-5573. BRefZ B AL B R N T2 6B AP Ky = 4
[24] ARM v7-M architecture reference manual [ Z]. Arm SRR I 21 A A% 5 IR AT
Limited, 2018. E-mail; creditdegree@ gmail. com
[25] CIVERA J, DAVISON A J, MONTIEL J M M. Inverse Chen Changchuan received his B. Sc. degree from Sichuan
depth parametrization for monocular SLAM [J]. IEEE Normal University in 2002, and M. Sc. degree from Chongqing
Transactions on Robotics, 2008, 24(5) : 932-945. University in 2009. He is currently an associate professor at
[26] KUMMERLE R, GRISETTI G, STRASDAT H, et al. Chongqing University of Posts and Telecommunications. His main
G20: A general framework for graph optimization [ C]. research interests include intelligent information processing,
IEEE  International ~Conference on Robotics and image artificial intelligence processing, UHF local discharge
Automation, 2011: 3607-3613. detection, infrared imaging and temperature measurement.
[27] AU, E AR TR, . WL 5 R A FCCHEIEIEH) L2000 4T 2 M o2k
ff) SLAM $EARZER[T]. BEM R4 (A AR~ PARE 2207, 2006 4 T R -EARAT 1
Ji) ,2020,37(6) :1-12. S BTG R BT 5T 5, E AT 7
YANG G C, WANG X Y, JIANG Y W, et al. A review ] AR D FE 4 A B R SRR 2 RE
of SLAM technology for vision and inertial sensor TR AE B BRI R 5T
fusion[ J]. Journal of Guizhou University ( Natural E-mail ; giaofei@ tsinghua. edu. cn
Science Edition) , 2020,37(6) :1-12. Qiao Fei ( Corresponding author) received his B. Sc. degree
[28] Aks, MAmBE, R scfad, 45, B HAAL-IMU 42 B 3l from Lanzhou University in 2000, and Ph.D. degree from

FrE SELAGTHR -1 5 SLAM[J]. UGk
#2,2019,40(6) :56-67.
PAN L. H, TIAN F Q, YING W J, et al. Monocular

camera-IMU external reference auto-calibration and online

Tsinghua University in 2006. He is currently an associate
researcher at Tsinghua University. His main research interests
include low-power IC design, “sense and compute” intelligent

sensing 1Cs and systems.



