H 2 %
ACTA AUTOMATICA SINICA

FarH F3MW
2021 4 3 H

Vol. 47, No. 3
March, 2021

ET 8D MEMRAAMERES M
ok M ET ORBT KRF E B

i E XIS NESA RN 528 B A B AN R o BRI S R, P B A B YR B AT A e
i (Dynamic growing and pruning place cells-based cognitive map model, DGP-PCCMM), {f#l#% N1E5H B H 1
AR B AL RN H B AT IR A . BIARET 2, DA N B El ) 46 AR s A B AR R B R SRS EL, B
iAS BN A R A B AN BOE A B AN M, JF e T RO R, IR B SIS i R AR B0 A Xk I
FHIBEERGY), R ZhZAS G H R B AT SR A, B — R B A A A R S, 2 B DU R A e ]
FERSN, BEAT O B AU T FI R, SEEIMLAR L. S50 UEAR B ) IE A 14 FA R, X Tolman M4 1 32 (R S6iE S50 47
FEL. SEIRAE AR, RSO B RN ANAE S5 A48 B 1) id 78 R 3l 3 0 g H S e ], REWI2D 52 X Tolman 2 R %
SIS BRI, AN, HEAT T 5 DY SRS M I B35 V20T bl 5256 A0 5 AR A S B B i i Al SRR T AR
ST VFAE IR S I ) 1T v M T R R X ) A R A I T T AR

KR BEHIEEN, FREGAA D ARA B, 24T, Tolman # M S61H L6

SR Bohe, S8vh, sUNE, TKERF, . BTS00 B A i M E S S0 B3R, 2021, 47(3):
666—677

DOI 10.16383/j.aas.¢190288

Cognitive Map Construction and Navigation Based on Hippocampal Place Cells

RUAN Xiao-Gang"”> CHAI Jie"*> WU Yue"®> ZHANG Xiao-Ping® HUANG Jing"?

Abstract Aiming at environmental cognition problem of mobile robot, inspired by the activation of hippocampal
place cells in particular regions, a dynamic growing and pruning place cells-based cognitive map model (DGP-
PCCMM) is established, which enables robot to construct the cognitive map self-organizingly by interacting with
the environment and to implement environmental cognition. In the beginning, cognitive map consists of the activ-
ated place cell responding to current region; With the interaction with the environment, the responding activated
place cells at different regions are gradually obtained, and the relationship among them is established, thus realiz-
ing the dynamic growing of the cognitive map; If new obstacles are discovered in the visited area, the cognitive map
is updated using dynamic pruning mechanism. Besides, a sequence planning algorithm of place cells is proposed to
realize robot navigation, which uses the constructed cognitive map as input. To verify the correctness and validity
of the model, the classical Tolman detour task was reproduced. Results show that the model can enable robot to
construct and update the cognitive map dynamically in the process of interacting with the environment, and to
complete the reproduction of the Tolman detour task substantially. In addition, comparative experiments with occu-
pancy grids, dynamic window approach and discussion about other cognitive map models are carried out, and res-
ults show the advantages of the proposed methods in the aspects of simplicity, completeness of the constructed cog-
nitive maps and adaptability to dynamic obstacles.
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