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Information Processing Model of Machine Maps

YOU Xiong' LI Ke' TIAN Jiangpeng' YANG Jian' YU Anzhu' JIA Fenli'

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

Abstract: Objectives: The autonomous cognitive ability of unmanned platforms to complex environments
is a key issue restricting their extensive real-world application, and has become a research hotspot in cogni-
tive science, artificial intelligence, cartography and other fields. From the perspective of complementary ad-
vantages of human—machine, the machine maps information processing model is proposed to achieve the
logical expressions of machine maps information storage, processing, interaction and learning based on the
conceptual model and cognitive characteristics of machine maps. Methods: An environmental representa-
tion model including perception map, working map and long—term map is constructed, and the map struc-
ture 1s analyzed from the perspective of observation angel, reference frame, information abstraction degree,
data structure and description precision. An integrated information exchange pattern for measurement, pro-
duction and application is established, including environment perception, mapping, work and decision-
making, and meanwhile the continuous iterative environmental information processing process of this model
is analyzed. A continuous autonomous learning model is also established, and the characteristics of the model
in terms of learning process, learning content and persistence mechanism are analyzed. Results: Two experi-
ments are carried out to verify the feasibility of the information processing model. The first experiment im-
proves the long—distance autonomous navigation capability of the benchmark model by simulating the inte-
grated sensing, mapping and decision—making capacities. The second experiment enhances the correlation

between environmental factors and tasks by simulating the task driven process of creating working map,
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thereby improving the efficiency of task decision—-making. Conclusions: The proposed model is able to pro-

vide a theoretical basis for the establishment of machine maps technology structure and system architecture,,

which in turn guides the development of machine maps system application.

Key words: information processing model; machine maps; integrated sensing, mapping and decision-making

capacities; continuous autonomous learning
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gk A Eoe I B E R R R ) R E
o) ;R o] sl sE o) LA e o) s ] 4 )
N k- 3 35 I k= Pl € i = W7 32
UL 0 5 4 v B IR IE L S A K HG S5 AR Y I
ZALTERERY I FR , 5 e 4R @ TP 5 N FR B 0L
B v B IO S R M TR SRR . R
2] R A AL R A MO R R
VRGN 25 2R | B L A S A S Y R
ERHLE /WS = PORTE E PSS-S P T Sun/ N
B2 e 0 B B 0L I K 4 o A AR O TR A R
e RPN N S e S A B B R
9 1y s R4 v AR AR B0 S5 A AR R H 5 1T AR 3R
oSy i DB S [ Py NS = EC B 37}
A HL AR AT B AR A A o A FR B AT A L R S
[F) 45 b 45 25 ) AR R i e , T 6 34k A 1]
TR S o BRI TR N T F 5 5 R B A
Hovheg o] — AT 55 M oG ] A A A e AT O 1 o
it , 300 o e 8 AT 55 17 5 L S AR A SRR U 45 R L AR
N SR A AT O PSR W06 07 58 o Rl o o g2
MTE N5 5 PR 5E 28 B AR IS 47 08 7 58 4
BN EANIE 2GRN IR i B LS o
JE Bl 4 I A SR SR

3 EATESM

3 NEA—KZESENELSEE

S WAL A A — A S B R A
Rk, AR SCLLTE NP A S 05 596 0 i), x5
T2 Bk AT A AT VR . SRS 3
R TT S A A T AR (T5 % 1) i S A
(general navigation model, GNM) H £ (H % 2),
DL K 4 Jr 45 24 5 9 e S R B (GNM+ 42
JfE B TR OTF3) . K, Jr & 1 s g 2y
HOULIN AR L H b B85 R BER 3l 1 2 ) Y O &
RS FMIER . Ty 5 2H W ER B bR
PEL 45 2 £t by S 1 181 I =X s, A b BT B 9%
B 3 H i X R A A TR1 AT D, AT S5 B0 5 A R
o HRIZHIE2MGH — AL B #E,
B = o A 28 A 4L B SRR R T A o 5] 5 A L T
F 3 BER 1 3 R i o 8 0 1 2 37 54 40 8T (18
T 2 EASR L E B ER DL BRI
P 300 B AL S I e B ) o DL I 3 [T I A2
IR A 2R T H bR R B HME 55 R A2 .

SF T B AR W R S, AT LA (1)
5 1ty BT M AR B AT R RNk o ) il
A2 2R R, 3 b R T BB A% AR A I 2R A 7 &



549 B AW We HESE . HLAS b R B TR 523

X TR VR 35 v Y 3l 25 R PR N RE AT BR .
M, 77 5 LAE 2B R & i, BT S T R 1) A
R B X R MUAT o (2) T7 5 2 A I PR R
F1% 4 FEL 245 g AR B A T — A A DA i T X SR 3R 5 )
W, B AR T AR M P 4R A A9 AT 55 X 506 SO
TR L, X 5 BT ARG G- R 55 % G i 47 4 oLk
JE i, ITTZERF T 2R R T5 [ e 1 o (HE
T Z RS M PR R A 0 G 8] b O AR R S
i B, S B Y FRE R B S H AR R
Z B8 O AR, DT 3 S50 (] 488 3 e 0 it < (3) 5

28 3 AL T B E AR AR A B ik ] F500 A5 K 5 TR P
1 iy 3R 23 (8] 5, 702 A0 PR 1 3 7 P ol i
Wbt B, LB I 4 R Ak | B R T 0l Y 4 JR B 05
RAL . XA AR AE BRI AR AL RE S8 5 i
BT BAr s s B R ORI AR B R, K
I 3 P18 3 235 ) T % i B R B S A X4
B5 H AR AR Z 800G AR BE AR S 05 E A
35 (HEA T) AN AT 85 B 00 A T3l AT DX ) I 4
PR T HLE . G, J7 56 3HE T H AR A A 2 5 1
iSRRI R SIS S SR 3 R E R e

x3 ARAXBWHFRNESMER
Tab.3 Navigation Results of Different Protocols

GNM+ 4/ f5 B &

32 ESWEhK TiEt BRI

A Bl Pl — T T S B G IR T S B 5 08 0 i
PR, — 7 1 3R A5 AT 55 DA sl 1] v s 2
PTG 2525 A 1Y Hb BECIE , DL AT 55 TR 1 4
5 B TR ALK L Hydra ™25 8] B0 51 8k
BT AL TT R DL TR b B S A0 1 3 2 A b
PET A A0 52 3 A ] AT PR T

Hydra 197 [A] J8 0 5 1 4 0] DLt i LA b 151 %)
A RS/ A R g — LA SRR B R RS
AN T A SR R - AR A I b ] SR A A
& A BT 55 A G PR Ao PRI, X Hydra i
77 T WA 7 1 r ekt - (1) X = B A AL,
FH Hydra (9 &5 2= F1 1 SO 1R B AR 4002 1 i el
10 SR AT — RO 3R A5 1 2~5 245 8RB i
B 5 (2) DUBS A OGPk 25 [ AH G M (i SCAH ¢
PEIHE A B A, 37 3R AR BE R 55 109 52 1]
KA TAEH I . 480 b, 76 1% 5% AT 55 41 5 vk
HEITH, LN B TEE NG & TR EE
XKW B IE R, EEENEEEG ST
1B AT 0 A R A A R LT O BR AL, S A
53 % 2% (Objects Al Places) F1 J6 A\ & F 4K 2 1]
A ORI T A R SR B 5] 4 r s o

[ 5 J 7R T 2 T AF 55 AH O PE Y T A b e A

R B 5 R R W 45 A T NCE & T 55 8
AR R -TC N KRB, v USRI B A
- AT 55 HH 5 M v A PR BT B E 9 AN BR B R
Objects #f , T AE 55 4144 T J& 1204~ (Kl 5(a)) ,
AAT 55 4 T WE 584 (B 5(b)) s AR 55 %5140 T
) Places £ 2 J& 1 944 A~ (B 5(c) ) , B AL 5 &1
T Y Places 5 2 7374 (1 5(d) ) o SLER 454 —
FE R BE bR A M 3 AT 45 O Bk X 3R
BB A BE OO, o™ T A b T 55 B R
£, R I 55 b R 68 A A8 IR B8 0k BT 5 ) e 1]
BHE i, ELA 1R R UK B BCR R AR 9 ) .

4 &

AR S AL i i 1R A AR A AR, DA = A1 R
BEFRIRGA I — R R A KR g A E
o7 > s 34~ I T A S AR AL PR A £ B N A
Y 3 38 ok S 491 5% 6 X A Y ) W] AT Ak HE AT 0 A o
B A5 1105 200 T AR Y 1% 45 44 3z AR BIL ) A B
B, AT LA A S AU P £ 308 001 2 S il
FIEEA SR PR (LI AHELE

s UGB Y 2, B IR B AR AR
— P2 SRR R Rl TN SR B DA B A
A LA R BN AR B AL B3



o R UK R (BRI 2024 4 4 fi
i
a%g lhw
ﬂ
L~&MW%%
(RO 1o )
A 4 ,.{ 'r~—4<y
E%*H?@T | mEEz | _‘)?:--' ii,_e/x
4 0 1)*
- L IE%E &S TR
B0 Y
Al
g
%ﬁM@ﬁﬁ SEARX RARIL

(RO e P )

P4 BT Hydra (9 T 7F B R 5 Al 45 PR 9605 Jr 58
Fig.4 Working Map Modeling and Feasibility Verification Scheme Based on Hydra

N

(d) Places FIF. 5 1943 A7 P&

(c) Places KIPHT A /317 ]
P 5 BE T 55 AH OGP Y AT Hb 1l i 1 R e
Fig.5 Comparison of Task-Based Working Map

{5 20 TR A I Rk 37 F SLAM \BEV | = K Hb
P Bl 2 g 45 4 I 1Y) DG B R - — T L AR B
TRERYES T A BRI RS AR
HANF DL R 2 ) Be AN A R, 5] A 2 [ A
RO = R R S G T O R TN 7 X =P )1 <0
KHEL Ty — T, MR T A S E AR R
Gi, Bl i FEE S0 TR A AR R b R0k 8 oot
FEFN A 322 2 Jr 0 H A — 2 3 g v A e
5 4 M, B B AL BRAS M FRLEE TR
J7 B
AL B A B R — A 2R L
Ze o) 1, % % A 38 IO AT 55 5 3 S R AT DR AL S 50 56
UE, LA K i A W A0 52 56 AN A Ak - 3R AL 38 3R B8 A
JHI 8 e PR AL ) R AR R R A I T S Y K
e T X%ﬁi%ﬁ%%%mﬁﬁﬁﬁM$
i P i 5 AR R ) O  E— D HE S DL A b
L 1) A0F 5 R Ak 0 L

[1]

[2]

£ £ x #

Wong C, Yang E F, Yan X T, et al. Autonomous

Robots for Harsh Environments: A Holistic Over-
view of Current Solutions and Ongoing Challenges
[T]. Systems Science and Control Engineering,
2018, 6(1): 213-219.

Madl T, Chen K, Montaldi D, et al. Computational
Cognitive Models of Spatial Memory in Navigation
Space: A Review[J]. Neural Networks, 2015, 65:
18-43.

Liu Jingnan, Wu Hangbin, Guo Chi, et al. Progress
and Consideration of High Precision Road Naviga-
tion Map [J]. Strategic Study of CAE, 2018, 20
(2):99-105. (XUZ/, RALM, FIB, . WK
KA A e 5 EE[T]. P E TRR
2018, 20(2): 99-105.)

Ziegler J, Bender P, Schreiber M, Making
Bertha Drive: An Autonomous Journey on a Historic
Route[J].
Magazine, 2014, 6(2): 8-20.

Yin Zhangcai, Qi Ruyu, Ying Shen.

et al.

IEEE Intelligent Transportation Systems

Information
Transmission Model of High Definition Map for Au-
tonomous Driving [J]. Geomatics and Information
Science of Wuhan University, 2023, DOI: 10.
13203/ j. whugis20230135. (J*# A4, F¢ fnfs, i
AL H g Bl R AR B AR R (7], 5
K228 (5 BRI L 2023, DOI:10. 13203/
whugis20230135. )

Xu Lianrui, You Xiong. A Task-Driven Perspec-
tive on the Status and Development of Machine Map
[T]. Geomatics and Information Science of Wuhan
University, 2023, DOT: 10. 13203/j. whugis20220578.
(PR, Bk AL I8 R HABE SR [J]. R
Kegadl (5 BRFE M), 2023, DOT: 10. 13203/j.



549 5 4 4 i

TS < AL o PR £ S A A

[7]

[8]

[9]

[10]

[12]

[13]

[18]

whugis20220578. )

McClelland J L. The Place of Modeling in Cognitive
Science[J]. Topics in Cognitive Science,2009,1(1) :
11-38.

Beeson P, Modayil J, Kuipers B. Factoring the
Mapping Problem: Mobile Robot Map-Building in
the Hybrid Spatial Semantic Hierarchy [J]. The In-
ternational Journal of Robotics Research, 2010, 29
(4): 428-459.

Barrera A, Caceres A, Weitzenfeld A, et al. Com-
parative Experimental Studies on Spatial Memory
and Learning in Rats and Robots[J]. Jowrnal of In-
telligent and Robotic Systems, 2011, 63 (3) :
361-397.

Yu Naigong, Yuan Yunhe, Li Ti, et al. A Cogni-
tive Map Building Algorithm by Means of Cognitive
Mechanism of Hippocampus [J]. Acta Automatica
Sinica, 2018, 44(1): 52-73. (‘FJ3Y), s =8, &
P8, A5 —Fh LT A RBLEE Y f7 2R HL 8 AA R
HoPE R D7 ik (7] A S i, 2018, 44(1)
52-73.)

Martin L, Jaime K, Ramos F, et al. Bio-inspired
Cognitive Architecture of Episodic Memory [J].
Cognitive Systems Research, 2022, 76: 26-45.

Laird J. The Soar Cognitive Architecture [M].
Cambridge, Mass: MIT Press, 2012.

Anderson J R, Bothell D, Byrne M D, et al. An In-
tegrated Theory of the Mind [J]. Psychological Re-
view, 2004, 111(4): 1036-1060.

Vernon D, von Hofsten C, Fadiga L. The iCub
Cognitive Architecture [M]//Vernon D, von Hof-
sten C,Fadiga I.. A Roadmap for Cognitive Develop-
ment in Humanoid Robots. Berlin, Heidelberg:
Springer, 2010: 121-153.

Franklin S, Madl T, D’ Mello S, et al. LIDA: A
Systems—Level Architecture for Cognition, Emo-
tion, and Learning [J]. IEEE Transactions on Au-
tonomous Mental Development, 2014, 6(1): 19-41.
O’ Reilly R C, Hazy T E, Herd S A. The Leabra
Cognitive Architecture: How to Play 20 Principles
with Nature [M]// Chipman S E F. The Oxford
Handbook of Cognitive Science. New York: Oxford
University Press, 2016.

Jiménez J P,Martin L, Dounce I A, et al. Methodolo-
gical Aspects for Cognitive Architectures Construc-
tion: A Study and Proposal [J]. Artificial Intelli-
gence Review, 2021, 54(3): 2133-2192.

Mur-Artal R, Montiel ] M M, Tardos ] D. ORB-
SLAM: A \Versatile
SLAM System[J]. IEEE Transactions on Robotics,

and Accurate Monocular

[19]

[21]

[23]

[24]

[25]

[27]

[29]

[30]

2015, 31(5): 1147-1163.

Campos C, Elvira R, Rodriguez J J G, et al. ORB-
SLLAM3: An Accurate Open—Source Library for Vi-
sual, Visual-Inertial, and Multimap SLAM [J].
IEEE Transactions on Robotics, 2021, 37 (6) :
1874-1890.

Hornung A, Wurm K M, Bennewitz M, et al. Oc-
toMap: An Efficient Probabilistic 3D Mapping
Framework Based on Octrees[J]. Autonomous Ro-
bots, 2013, 34(3): 189-206.

Mildenhall B, Srinivasan P P, Tancik M, et al.
NeRF: Representing Scenes as Neural Radiance
Fields for View Synthesis[C]//The 16th European
Conference on Computer Vision, Glasgow, UK,
2020.

Schops T, Sattler T, Pollefeys M. SurfelMeshing:
Online Surfel-Based Mesh Reconstruction [J].
IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2019, 42(10) : 2494-2507.

Garg S, Sinderhauf N, Dayoub F, et al. Semantics
for Robotic Mapping, Perception and Interaction: A
Survey [T7].
2020, 8(1/2): 1-224.

Rosinol A, Violette A, Abate M, et al. Kimera:

From SLAM to Spatial Perception with 3D Dynamic

Foundations and Trends in Robotics,

Scene Graphs[J]. International Journal of Robotics
Research, 2021, 40(12/13/14): 1510-1546.
Tourani A, Bavle H, Sanchez-LopezJ L, etal. Vi~
sual SLAM: What are the Current Trends and What
to Expect?[J]. Sensors, 2022, 22(23): 9297.

Bavle H, Sanchez-Lopez J L., Cimarelli C, et al.
From SLAM to Situational Awareness: Challenges
and Survey[J]. Sensors, 2023, 23(10) : 4849.
Sridevi M, Sugirtha T, Kiran B R, et al. Localiza-
tion and Mapping for Autonomous Driving[ M ]//Jo-
seph L., Mondal A K. Autonomous Driving and Ad-
vanced Driver-Assistance Systems (ADAS). Boca
Raton: CRC Press, 2021: 411-436.

Shimada H, Yamaguchi A, Takada H, et al. Imple-
mentation and Evaluation of Local Dynamic Map in
Safety Driving Systems[J]. Journal of Transporta-
tion Technologies, 2015, 5(2): 102-112.

Scholtes M, Westhofen I, Turner . R, et al. 6-
Layer Model for a Structured Description and Cate-
gorization of Urban Traffic and Environment [J].
IEEE Access, 2021, 9: 59131-59147.

Jiang K, Yang D G, Liu C R, et al. A Flexible
Multi-layer Map Model Designed for Lane-Level
Route Planning in Autonomous Vehicles[J].
neering, 2019, 5(2): 305-318.

Engi-



526

BOBR 2 (R

ISR Y

2024 4 H

[31]

[32]

[34]

[35]

Liu R, Wang J L, Zhang B Q. High Definition Map
for Automated Driving: Overview and Analysis[J].
Journal of Navigation, 2020, 73(2): 324-341.
Ebrahimi S B, Razzaghpour M, Valiente R, et al.
High Definition Map Representation Techniques for
Automated Vehicles [J]. 2022, 11
(20): 3374.

Elluswamy A. Occupancy Networks [C]//CVPR

Electronics,

2022 Workshop on Autonomous Driving, New Or-
leans, Louisiana, USA, 2022.

Hu Y H, Yang J Z, Chen L, et al. Planning-Oriented
Autonomous Driving [C]//IEEE/CVF Conference
on Computer Vision and Pattern Recognition, Van-
couver, Canada, 2023.

LiD Y, Gao H B. A Hardware Platform Frame-
work for an Intelligent Vehicle Based on a Driving
Brain[J]. Engineering, 2018, 4(4): 464-470.

Jia Fenli, Yang Jian, You Xiong, et al. The Cogni-
tive Logic and Map Construction Model of Machine
Maps[J]. National Remote Sensing Bulletin, 2023,
DOI: 10. 11834/jrs. 20233066. (%% 4y Jih , # 81 , {if
M, 45 Plas b P A R R S AR [T ], G R
274, 2023, DOI:10. 11834/jrs. 20233066. )
Vernon D. Artificial Cognitive Systems: A Primer
[M]. Cambridge, Massachusetts: The MIT Press,
2014.

[38]

[41]

[42]

Atkinson R C, Shiffrin R M. Human Memory: A
Proposed System and Its Control Processes[J]. Psy-
chology of Learning and Motivation, 1968, 2:
89-195.

Raubal M. Human Wayfinding in Unfamiliar Buildings:
A Simulation with a Cognizing Agent [J]. Cognitive
Processing, 2011, 2:363-388.

Fuster J] M. Physiology of Executive Functions:
The Perception—Action Cycle [M]//Stuss D T.
Principles of Frontal Lobe Function. Oxford: Ox-
ford University Press, 2002: 96-108.

Li Deyi, Yin Jialun, Zhang Tianlei, et al. Four
Most Basic Elements in Machine Cognition[J]. Chi-
na Basic Science, 2023, 25(3): 1-10. (Z18%, B
e, R, . MLE NI R G T]. b 4k
bk, 2023, 25(3): 1-10.)

Liu B, Mazumder S, Robertson E, et al. AI Autono-
my: Self-initiated Open-World Continual Learning
and Adaptation [J]. AI Magazine, 2023, 44 (2) .
185-199.

Kugele S, Franklin S. Learning in LIDA[J].
nitive Systems Research, 2021, 66: 176-200.

Hughes N, Chang Y, Carlone L. Hydra: A Real-
Time Spatial Perception System for 3D Scene Graph

Cog-

Construction and Optimization[ C ]//Robotics: Scien-
ce and Systems XVIII, New York, USA, 2022.



