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Autonomous Exploration Algorithm for RatSLAM
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Abstract: With brain-inspired simultaneous localization and mapping ( SLAM ) , environmental
modeling can be achieved and location information can be obtained by imitating the brain neural
navigation mechanism. SLAM has good navigation ability and high robustness. However, most of
the current brain-inspired SLAM systems perform localization and mapping on pre-acquired envi-
ronmental data sets, and have poor compatibility with new environment. For this case, an active
brain-inspired SLAM method is proposed. An autonomous exploration method based on Bug algo-
rithm is designed to drive the robot to move autonomously in the environment and actively obtain
environmental information. During the movements of the robot, one classical brain-inspired SLAM
referred to as RatSLAM is utilized to process the environment data and subsequently obtain the ex-
perience map of the environment. The experimental results in both simulation and the real environ-
ment show that the proposed method has achieved good mapping results, and has a high similarity
with the environmental map established by manually collecting data, it is feasible.
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Fig.1 Basic schematic diagram of RatSLAM algorithm
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Fig.2 Basic steps of autonomous exploration algorithms
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Fig.4 Autonomous exploration algorithm flowchart

SRR B AL T A 7 B E A,
BLEE AN B AT H AR J7 s 76 8 3h o & b o
Bugl 53, ARG E 9 RR M R R Ry )
BERFYI0 15 B 20— I ) B IR R TR LA
AR L B 15 LA AR B 4G 05 IR
J N —HHRER AR AR U AR 4 2 J5 AR B
(i 5 IR RAT 5 D2, 45 /IR R, &
UL A4k 253 3 70 3 3R BB A 7 1, 9 1) B
B 7 T ik

Bugl Bk HLES ANTE A EHRA LA 11 H
B 5 ELAT RN GEAT e 1 9 P A AT oA, R 2 R
RatSLAM A& i (PR 53 DA 61l PRI 45 Ry 52 3% 5 7 7
M5 A, LA A B2 Bl 1) ] i) A X
I, AT RIE R i B T TR

3 KBWRERSH

3 AT B2 58 B S PR B 50 E A SO
HlLas ANF 55 0 Turtlebot3 ; O E Al I LDS,
TG Ry 360° , K- 2 AERL A N TV 5 TR EE AL 5
A5k D4351 DUt 43 #1581 920 x 1 080 RGB 3k
SEMLARNE gl B g e A5 S, R B R
RN 0.2 ~10 m, & FHLE AMIE By, HLEsA
FiE e wifi 5 B HLEEATE A, AL
TR FE il AE oEAT B S FR BT SC R R, i
Gazebo {Jj L5 #E Turtlebot3 5 EAIL#S A FIAH
KA EIRET , LIRS HIHL A A TE A H BT 04T N
R,

3.1 FEREHRBFREXR

T Seiid Gazebo flj HAK {4 £ — > H IR
B, WK 5 froR . SRAARSCREE (R E Turtle-
bot3 HLas AXTHEST B EA S HEAT B FHRER S
FIRL

E 5 Gazebo (FEINE

Fig.5 Gazebo simulation environment



%6 ,

5. @) RatSLAM 89 B 238 % H i 5

K 6 B gL Ao — IR SE A B EHR
JeaR Bl AR AR M A P AR O (8 DX
N BRI 1 DX, TR A8 X 3R A DXk, 1Y
A DK Sy 30 S DI R A 0 T DXy e
W, TRAE H, — A EREIF AR e 28 i
REAIRGE HLas AN FEEAT PO IR R S8 i T 84~ 36
B, Jm =R IRRBCR A 7 s

M A B 7 LR REAT A R RS
PLER N 10 AN 7 [ R R IR IR (R B, B
23t 1 (7 LIRS K A 1 52 1) BRSEE AR b 1
TER] T R Bug Bvk X EREE AT A EERR MY AT
ik

Bl6 HE—RNEHRERFIMESHEDE
Fig.6 Grid occupation map after the first

environmental exploration

3.2 (FEMREHRETNAEHEXE

WA M A B R 155 Fast-iBow-
RatSLAM' 7SS, # [ 32 00 & 3 2ot 5
FLSCRR IR RE o 7RO B ER R b A5 A [
ITEOL T, A SCH EHR R EEET RRT &
PR BB PR IR R A R
AR HEA T A, 0T 5 N TR PR B8R B A
JH Fast-iBoW-RatSLAM 42 (IAHI L IR L g

1 8 Frms AR 7 kA i A b, F 5
8 AT UL A FH N TR 45 S B8 S0 0 4 2 109 I\ 60 b 5
IR T SEPR B BREE FFN A5 ) (H N TR AR
B LA e Bt 2% 07 s A SCHEE T Bug BE I3
A FEPRE IR PR EC F i 0 D  Hh
N TR AR R 5T KU A8 2 4 DA 0 b PR 0L, Sz 4 T
FLF RRT Bk ML Tl A S s U R E A B
BAEF b R, 55 RRT k0 B 288
KA ok P B ALY, e 7l e
ToikHER T R ALER N IR R 7, " e R B R
1S DX 3 L R 6 A VR L )55 O 5 R T 30 T A B ELEY)
AERRAEBEN EHRRTRPERE FHREN
RORFEIE A EHERBEAR, A R AR R 58
REPREERFNGS I, ASCHR I R A EREBE
A A TA R M T T R AL LSRR IR UE T LA
Rt

() FEKHFRR

b) EEZKIBHRR

(o) 58 MR SR SRR (G2 1 )

B7 BRZXRBERRHE S EEE

Fig.7 Grid occupation maps for the last three environmental exploration

() BB (b) RRTE B

(@) AT REHEE

(0) AR BBUE IR

E 8 AEFEMERINME
Fig.8 The cognitive maps built by different methods



6 % M

¥ L X

o

-

5 %43 K

ARTSCHET Bug AR A FRE KIS HAL =
b7 25 AR 2R I (8] MR 28 BE B X L3 1 i
M7 1 58 8 il 5T RRT Bk A £ EHA
LRI PRI B K, IRR R B 2 T
BF R A ERRAE R R AR, WK
ROAA R AER T DA R P P T 12 5 4 AR A BRI
ARSI 5 B A S0 A FIRR 7k AR R I [#]
FIPR R PE B AL RRT FL 0, HAE A% v B I 4x i
ARPRSE AT M ], JFG A e 3 P 55 N TR SR 20
R 3t AR (DL Fie e . J i B FEBCHRAIE T AR
HET Bug Bk A ERREENMT
RatSLAM YA 17,

F1 ARBERRFAEHBIEXILL
Table 1 Comparison of data from different autonomous

exploration methods

A7 WK/ HERIEE/m
AR 273.57 34.63
RRT H: 430. 64 45.08

UL IR N EERES 126.70 17.82
N RERH 168. 54 22.82

y/m
(=4

-8

-8 -6 -4 -2 0 2 4 6

x/m
() ZCHE

8

3.3 EXINEXINIIE

FLSLSCI S Ry 25 WA, R a2
5 VU R R W E h Gt AR5 H L
DU JE] 5% B 2 A, A A 9 T

EHY9 SWELWINE

Fig.9 The conference room experimental environment

R FAR SO B S bR e AT H B AR R
FIFa g, A Y e 10 B,

KA SRR LA N &t 477.52 s, 1758
T30.41 m, @ T SWEREANAME, HT

-8 -6 -4 -2 0 2 4 6 8
x/m

(b) AT REHIE

-8

E10 RS ERE

Fig. 10 The generated maps of conference room

IV BEIE R T BB ZS BT R B T Bug Fik
(4 1 SRR AR SRS 2 50 BRIl P A v ) A ]
B, EHC S N TR AR K MU 3t PR 2 75 5 22 i
FMPRGNE 0L, HSIREE N A SREE R W], A S
T Bug LM A IR AR T HAY B
SR, 2P RE T ARSIk A R

4 it

X 4 HT RatSLAM SE 56 K ARAE B A 1) 85

W LEAT, 5 TR R 0k s KA I
SERPERERY IR, 3R Hh T —Fh E3h A9k SLAM
J7 i T WS HILAR AR AR BRI Hh RS Bl ok 3
EE(5 2., Al A A RatSLAM 4 #9155 14 DA 0 Hb
K, ASCRAZET Bug S0 H EIRRTIE,
3L 5 3 e R WS 3R IS 377 ), F) ) Bug 553
AIFTRERRPEDRAIE T H IR RIS R 1

D7 LIRS FLSCEREE T 1Y S 45 R A S T
ARIOTTEBIA R, BT HAL A FRREE,
ARIOTIERERCRE, A ERR N TR



%6 ,

5. @) RatSLAM 89 B 238 % H i 7

E, HAT S A0 Hh ] 55N TR 42 504 15 21 79 1
PELELA B (g (AR RUBE , B35 5 4 4 THT 1] RatSLAM
1) A R

ASCHE Y H ERER RIS AETCN T Ty %
LT BIA] S8 RO AN A (1 A, RatSLAM &
A AR T S UE AR AE B, S
5 18 X AR 8 (1) HoAth RatSLAM S2 86 241 17—
ol REL B

22 3Lk ( References) :

[1] SCHRECK B, VICTORRI-VIGNEAU C, GUERLAIS M, et
al. Slam practice:a review of the literature[ J |. European Ad-
diction Research,2021,27(3) ;161 —178.

[2] B, 2T KAER 55 BT 3D WOLHIAM SLAM &
OIS R R (1], fF B 5 HH,2023,52 (1)
18 -36.

XUE G H,LI R X,ZHANG Z H, et al. State-of-the-art and
tendency of SLAM algorithms based on 3D LiDAR[ J]. Infor-
mation and Control,2023,52(1) ;18 —36. (in Chinese)

[3] MILFORD M,WYETH G. Persistent navigation and mapping
using a biologically inspired SLAM system[ J]. The Interna-
tional Journal of Robotics Research,2010,29 (9).1131 -
1153.

(4] TU930, BUHERL, EAR. SETE UM 28 100 45 i 7 BURG i Th 25

AL A A J7 v [ 0] BRI 5 N 4 6, 2020, 33
(1):50 -58.
YU N G,WEI Y Q,WANG L. Cognitive map building meth-
od based on rat hippocampus using CNN[ J]. Pattern Recog-
nition and Artificial Intelligence,2020,33(1):50 —58. (in
Chinese)

[5] BALL D,HEATH S,WILES J,et al. OpenRatSLAM ; an open
source brain-based SLAM system [ J ]. Autonomous Robots,
2013,34(3) .149 - 176.

[6] Ik, 558, MR, & Hlas A8 FWRREELGRT]. 3
BHLN 2023 ,43(S1) ;314 -322.

WANG L,QI Y,HE B B, et al. Survey of autonomous explo-
ration algorithms for robots[ J]. Journal of Computer Applica-
tions,2023,43(S1) ;314 -322. (in Chinese)

[7] BATINOVIC A,PETROVIC T,IVANOVIC A, et al. A multi-
resolution frontier-based planner for autonomous 3D explora-
tion[ J]. IEEE Robotics and Automation Letters,2021,6(3) :
4528 —4535.

(87 WHmERH, WA, B4 8. 3 T 2k RRT-Connect 3357 1Y % 1%
FRRIAFFE[J]. vk BHEL T K 2% 244, 2023,42 (4) ;26 - 30,

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

39.

HU X Y,ZHAO J,WU Y M. Research on path planning based
on improved RRT-Connect algorithm [ J]. Journal of Sheny-
ang Ligong University,, 2023,42 (4) .26 - 30,39. (in Chi-
nese)

BATINOVIC A,IVANOVIC A,PETROVIC T,et al. A shad-
owcasting-based next-best-view planner for autonomous 3D
exploration [ J ]. IEEE Robotics and Automation Letters,
2022,7(2) :2969 -2976.

BIRCHER A,KAMEL M, ALEXIS K, et al. Receding horizon
‘ next-best-view ’  planner for 3D exploration [ C ]//2016
IEEE International Conference on Robotics and Automation
(ICRA). Stockholm, Sweden ; IEEE ,2016 ;1462 — 1468.
MR, 2RI S . AR LRI B R S R R [T ]
P T, 2017 ,24(7) 11473 - 1480.

YANG J C,LI S X,CAI Z Y. Research and development of
path planning algorithm [ J]. Control Engineering of China,
2017,24(7) :1473 — 1480. (in Chinese)

DUDCHENKO P A,WOOD E R,SMITH A. A new perspec-
tive on the head direction cell system and spatial behavior
[J]. Neuroscience and Biobehavioral Reviews, 2019, 105
24 -33.

XU JJ,YAN N Y, TANG F Z. An improvement of loop clo-
sure detection based on BoW for RatSLAM [ C ]//2022 37th
Youth Academic Annual Conference of Chinese Association
of Automation ( YAC ). Beijing, China: IEEE, 2022 ; 634 -
639.

TAN C H, TANG H, TAN K C,et al. A hippocampus CA3
spiking neural network model for storage and retrieval of se-
quential memory[ C]//2013 IEEE Conference on Cybernetics
and Intelligent Systems ( CIS ). Manila, Philippines; IEEE,
2013 ;134 —139.

MCGUIRE K N,DE WAGTER C,TUYLS K, et al. Minimal
navigation solution for a swarm of tiny flying robots to ex-
plore an unknown environment[ J]. Science Robotics,2019 ,4
(35) :eaaw9710.

GUPTA S, ASHA C S,D’'SOUZA J M. Implementation and
comparison of Bug algorithms on ROS[ C]//2023 2nd Inter-
national Conference for Innovation in Technology ( INO-
CON) . Bangalore, India: IEEE,2023 .1 - 6.

WEE, B 5E, BT T D 49 ek =0 5 O B 25 i
SLAMI J]. {5 B 5 ,2022,51(5) ;542 - 553.

XU J J,SHANG L, TANG F Z. Brain-inspired SLAM based
on fast incremental visual perception [ J]. Information and
Control ,2022,51(5) :542 —553. (in Chinese)

TG AR )



