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Fig. 1 The classification of long—term memory by multiple memory theory (translated from Ferbinteanu, 2019)
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Fig. 2 Classification of the context context information of a machine map
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Table 3 Representations of different contents in a

machine map
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Fig. 3 The logical structure of a machine map from the cognitive perspective

R 2R T RGE IEAZ , (EIFAAUEAF
fiti (e e AR 5 B, =T RI2P i T, 4k
SRS RAAFAE . ALE L U AR LA ] B s
RPNV IR X E S A B TR EY S e
TAEMIE, e AR Rt — 20 T AR
HEE ERMIT TR, BEieEE . 2 hfE
B ISR LR O 58 BURE E AT 55 TR A ) L 1)
Mol o AR AR, PLRE £ B 32 B SE R i
AR R, — DSl BA ZRREIE . BRI
P R W A i O AR AR R, AR PR R AT LR
BE AR, ERRE RS, RS SR ek T

VEHB IR i 23 (45 B R AR AR A B NS ]
AR AR PO, R R B
Mo PR PO R R AR . DL HER AR SR
R BTG LIRS RS . R SRrp Ay
2B JLRRIUTIAR 5 23 [ B DL R A
Z A MR A R I P R SR . b R R o
o P R ) E BEAR A, DLORIIE SRR 3l PR R AR (5 B
RO B 22 [A) IR B — 7 (o T SE MR i e
HRAR . E SRR PMAEIL, IFS MR Herp i 5k
PROCHR . B BB AL SE 15 B = WS B S e
I AR SRHK . AR oAl ik HA T 1) 4T 55 S it &



1184 National Remote Sensing Bulletin i & 54k 2024, 28(5)

ITHb R RE T, RIS & K i i i S 58 L 0]
DI Bt B SR A, 3l 3 v ) 2 ) AR AR T 1)
55 1915 BBk, XL BRI E 45 n T, n
S% R % WIS, B
T AR 5 AN AR R . Sl . BRI AR L T T b A

K s b ] L2 e b PR 0 T A b Pl S 15 SR TR
Y65 5 il P R T A i P e R G R R A B AT
PR CEE, B, OmT, BRAASRSEN
PRBEARAY K LR TR M R B B 3 P
IR OCH . G, SR 2 RE s
(i) X k% T RO B O HK (A B 1 3R o0 i T B
RELRRR R A b R WORE BE . A 2R E . T
B AT o0 1 T B v 1 P9 2 2 0 5 T A b LA
JEfel, EA ) b A B A5 B 4 m, TR 2D T
EsE (5 B AT RS, B X RRME . =
] 56 22 A A 4 o IS 3t P R SR A7 A T ) S TR
5 W SRS I BN RS, IR S5 I AR S5
TAEHE R, KA LB R TR 5 R,

IS E I R . IR, 7R I 1l 15 v al fE
HA AR 28 (] 5 25 ) RO (EAS A W) 19 2
AN M XA A A SO S TR P AT TR
T, WE AR EEUR R AL A5 R,
HAMNFZER SRR, QA R 26 B SR A AL
L AR SR A A 2 AR A5G FR R =
FE R Ay R AT o PRI T2 () 4 B R 05
AR R A T EAR
34 HssERZEEESHSTERT

DC51] 000 ) 73 75 ) T P A, AL i
A R TC N 5 5 MG Bl e b A 3 5
1, BA AW E LR 2 I B RETT . i A
VA s LR, PREEIAAIRE I A B i v
o I AW G5 . HLAS o IRy i 18 5 2R . U8
BOMEHEL Eo] | ATSh SRR S OG . XL
A SR PP AR T ML g i . R4
W I SEIEATG Bl A0 75 S

x4 NEEEENERED

Table 4 Basic activities in building a machine map
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Cognitive logic and map construction model of machine maps

JIA Fenli, YANG Jian,YOU Xiong,LI Ke,TIAN Jiangpeng,ZHENG Shulei

School of Geospatial Information, SSF Information Engineering University, Zhengzhou 450001, China

Abstract: Unmanned platforms are rapidly being used in many different fields. However, improving their cognition and understanding of
complex environments remains a challenging research problem. Machine maps are a new class of maps proposed to address this problem.
Based on the conceptual model of the machine map, this paper adopts the research perspective of cognitive science and further proposes a
theoretical model of the machine map’ s construction, which is cognitive, plausible, and consistent with the cognitive structure. This paper
first discusses the theoretical roots of machine maps in cognitive science in terms of the origin, formation, and development of machine
maps. Second, this paper briefly reviews the research on the structure and generation of memory models, mental image maps, cognitive
architectures, and environmental cognition issues of robotic systems. Furthermore, it discusses the cognitive structure of the machine map
and its supporting role in the map construction model of machine maps. Third, this paper proposes the design principles of the machine map’
s construction model, which includes the organization of environment information using distributed representations, structural design of the
machine map using a multistore memory system, and modeling of the generation of the machine map with a reference of brain cognitive
activities. Furthermore, this paper presents the task objectives, content classification, detailed logical structure, and generation of the
machine map’s construction. The perceptual map conducts preliminary processing of information acquired by sensors to obtain information
about the features, location, geometry, and semantics of entities in the surrounding environment. The working map is functionally similar to
the working memory in human brains, which contains visual information, spatial information, situational information, and specialized maps
constructed to accomplish specific tasks. The long-time map uses perceptual map and working map as information sources, and the
fragmented information in the perceptual map and working map is associated, managed, and processed more extensively to form an
environment model with global reference. Finally, the machine map generation’s primary activities (e.g., understanding, attention, inference,
learning, and action) and processes (e.g., implicit map generation and explicit map generation) are discussed based on the logical structure.
Implicit map generation refers to the process in which the content and knowledge in the long-term map are continuously enriched and
accumulated through the continuous evolution and support of the perceptual map and the working map during the operation of the unmanned
platform. This process contains three activities: shallow understanding, deep understanding, and implicit learning. Explicit map generation
refers to the process in which the working map forms a specialized map for a given task to meet the specific task requirements and supports
the generation of spatial behavior under the support of itself, perceptual map, and long-term map. The process consists of six activities:
superficial understanding, inference, attention, deep understanding, episodic learning, and action. The cognitive structure and map
construction model, which is an interpretation of the machine map cognitive computing system, can serve as a basic framework for
researchers interested in the machine map, enabling them to carry out collaborative research at a more abstract level, and provide references
for the integration, evaluation, and application of related technologies and data. This paper also describes new requirements and goals for
constructing digital twin or virtual geographic environments.

Key words: remote sensing, machine map, cognitive logic, map construction model, unmanned platform
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