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Fig. 1 Classic Map Generalization Model Based on

Manual Simulation
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Fig. 2 Intelligent Map Generalization Model Based on

Data Driving
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Tab.1 Frequently-Used Traditional Machine

Learning Methods

A R YL AR 455

B Wiy principal component analysis PCA

TR A5 decision tree DT
KA L support vector machine SVM
FNZE DL A 7Y naive Bayesian model NBM

K #18 K-means clustering algorithm K-Means

K 4BiE K-nearest neighbor K-NN

S [ RN genetic algorithm GA
IR AT A ant clony optimization ACO

AR A 22 WM 4% back propagation neural network ~ BPNN

EECENYS ) self-organizing map SOM

2.1.1 HABZEmIRFEIR

b P £ G AR R IS AR RO R b BT 25
AR R AE GE ML 2 2] T i, R A% DA b 151 5 40
TR Y R LS ) b T 25 1 A R A TR R 25
At A

ELHE R AR AR A 52 e b 1 25 A R R A R
TIE 43 A0 R AR A SCRRAE o ] 4n, 1 H K-Means
PEAT R W B 2 ), vl SR AN AR SRR IE 2 B 3R
(TR 5 X 43220 Sl 2R B R L R R B R
TRt T BB SRR R0 IR o F T BE L AR AR
ok X3 52 ) 4 SR HE 25 A 10 A (] 28 ] 43 A A X
HE T 1A B% R IR RRAE 3 0 A8 # SOM DT \PCA 43
FeAR T B I T B WL I BLRRAE 22 ST A SVM
AR AR R AR B 0 1 TR 43 A AR 2 5l
i H4 HE NBM 43 28 v, FH R X 43 W] I Y 35 523 40
A AR Ik S T A O EEARRE B T I 25 4R
HES A FEAE AR . A SVM DT U5 [F] 2
SUHE ) D RE 2 AR SOM 48 B 4738 %
BT SVM UGN AR B4R, 00 8 B M 3 % )
CRA PR T R E R

ZE A A TR AR 8 5 e b [ 25 A R v
PNES T AN D At RN AR AN A g 3
SCHRL35 IR A AT DT 2% 2 Hb B 25 5 i B iR A

A AATE, SCER 36 ] R DT . SVM 45 4% e Hl d%
2 20 75 1 N ESCHE B R o A2 Al e R b 3 B Y B
BRI ST M PR 2 e R R B HE R
212 WBAGBLEETFREE

AN TR 27 25 ) 43 1 M P 255 B O R A ) AR
SC 28 1 PR 25 A il FH I e B AR BT B B
it B T 5 G ML a2 > 19 M I 2 5 A T RN AL
IR

1) pEHL

Ve U T 38 o Ak b I R — b X 4 ik F
giA HEHE 0 Bk 0T DLE 1R R A R B I
A0 1 M P 25 G A DG SRR AR BRAT I B — 40 8 4E
%5 o MLERF 2] 5 008 T Ab B 4 2845 55, e i)
R | S IR N S <Y R e el D I3 DR P
ROR R, B, T ZEIUM b 18 SRR
e, R GEALAS 2 S ik kgt % 2) BAER
A P SR I MU R A R R &, A SURE T
HE 2 I3 B AR A T 243

BE X SE R R I, AL G I T GA 1Y s B 3
B H7 J F BPNN Al 7K I8 o B B % )
2L B R SOM S 3R A i R i R s 32 B
WEB 2 2] Dy yE Y L B el T R 2 e I, AT IR
M5 4, B 4E R H DT K-NN PCA %)
A 17 T B B ok B AR DL RFI I DT
K-NN . NBM ,SVM 4§ £ #iL 1, 5 2% 2] J5 32 76 1 R
Ja IR i 38 L v i I FH RO B AR5 2 Rl L % e
BILAR 2 >0 J5 T 76 3T i ORI 70 A e U
A BTN FH o A 4 I R B, LA 1% I Sk BF 5 X6
S AL JE T BORRAEAY 8 BPNN DT 19 U
RO 3 F Stroke $RAEF4 #H A BPNN . SVM B
A AL 3 By g 43 ) ST KT T B Y
W 2 2 5 T I Uy 1)l W 2 20 A 2 3 R
I SOM ke sz g5 & F AN ) 2 2 Oy X il 2 1%
BEAILA% 2 > 7 0 0 I I IR I A 2] BB ROR
A 2E N AT TR Y Ak AR gL
2 2] 5 A ] o e B et A i 2

2) 1k 1

A 187 55 AH X B 2% A JUAT IR 25 Ak ) B
2 NN CTER R R T AT

TUART T 25 Ak 8 B0 98 AR 648 2210, 24 i 3 1%
Be ML 2 > 1 LA JE 25 Ak 17 350 15 0 58 KA 43
et JEL R A LB PR R S e S B 2o X A
B AR BT X 52 Ok it B o0 Ak B Ao R 1) 2 ) AL 1k
TS B R S . AR K B R T Ah B AT FRE R
], b AT JF — 25 40 4% - (1) 5 4k 17 i 72 4l 4 o T



1678 ) G == T

fi B F 2 R 2022 410 H

S A B o R R AR G AL AR AR ) O T
B WEAE S B, A H GA™ ACO™ [SVM'™
= ] S0 T A Bl B AT 55 SE BAR T (2) 8
b 7 3k A 5 o T LS il A SR AR R AR
Gi LA 2F ) S e RS R A, A H SOM 8¢
B F T R AE 1Y A IE R 2Rk B Ak o H
(00 A S B R T ML 20 2% > 7 B A B0 Ab
I O 3, 3 O A A e L DI A )2 R 2 2T AL
PR fRf i F2 L T  SE B R Bk R RS Bh B 1
B B S IR M AR A AR BB A 4%, £l BPNIN 2%
TR DA Jes B G 2 5 101 8 0 Y e B ol g
B B S B O ST R A B A

25 [) 45 ¥ Ak TR LA O B A Ak SR 3=, 22 i
T G ML A 24 2T 1 23 (8] 45 0 10 ) B ik i oe 4 op
T B S5 AL AL T o G R b AT 25 S R 2
HUT Y 22 A AR AR A 5 2 B — AN A, S 30 3 )
SERIR TR AL . BN, 2 A IR R rh AR IE B 2
WHETHREARNERBASIFE LS, ZT
SOM H 2 Ji R b ) 6 W B 2 ) B R B3E 05
Fezs [0 B e it 10 52 A OF 1 8 R HURRAE |, A
FI SVM it 52 80 1 3 F J B M R AE 19 a4 )
IRBE AR L R A i B A A ] 2 8] 25 4 Y
/B Xt G S B D G o G LR 8 4 £ T Ak R
KL BT HLAS 2 S R Rk B B M, R
5K FRAE G- FE v T BB A Bk i ik
wn,f SOM AR 14 4% S5 R H L N T &5
(1 LD Ak fF 50

3

B AV B 3 ok A X 4 A L K ) R A
%R RB AT E SR . BRI BG L
w1, BAT Al R A B T AL RS 2 2] ik R T
X G B or 0 AL AL . — Se L G AL AE 2 ) R
WAL S VE T8 01 J R 98, an ) B R
R A FBLIR K ke BB T AN AR A 07 B 910 R gkt
18 Bk B L ik kA
2.1.3 WBAZmATAE

Hb 1] 25 A o R A 5 R A R Y 25 A AT
AR A LUK . W T2 KA, ML G
24 30 05 vk A% Y B R R R — 2 A BT
AR S AR AR ER MG AR, s,
FIFH BPNN S 3 x5 350 497 4k 17 550 12 1 A7 e It 328
P 1 Wi 2 5717 ) B K-Means 52 38 % il 28 98 B
5580 224k f7 B 7 DG (0 =l B A ) T B T R 4
FHE BT S0 0 AN ) B Bk 1 S B S 4
X U 5 3 1o U A A A kA o Ak R O Ak

THFEEF, NBEKLE, MEZAIRTEEL
BFWEZS SRS . A AR s
PR B L RE B R & i A TR RE BF 5 AR
BB (Agent) , Ry PpIA) 58 5l 2545 ok e
PALTRFST RS . 20 2 90 4RAR, 32 [ M BEAF B
SRS Z R B E T A Agent BB 5 i
ZERE ZH TR S MR I A,
AT — s B AR R T A BIE 5 R kG o 5% Y
Agent PP E LI 3L F £ Agent P 7] 25 & £
RS B Agent H AR AN H FFH BT — R
TFUWBSIMEERG S SBRERRRE, X T
DT UrMALT 5k SR ER G A,
2.1.4 WAZLSFZHFN

MO, 3 T HLER F 2T 0 P R AR D
LRI A% e bl 25 2% > 7 ik 2 5 £ Fp i AL 48
B B E PEPEM IR 9E . SCERL74 ] RIH DT % &
T U HE S B2 HE S A G I = AR AR bR, AR
U hF o 2 AR 275 AN R WCE IR T R
L HEB 0 S 5 Sk [ 75 ] B BPNN g 2 M 1 i
IER | AR e v 1= e N R 2 a1 %5
SCEL T N IE B 2 A 2 ST i LG 5 SOk
(76 M H SVM 2 2 L& T M5 B i 25 [ 43
REAE X5 5 2% 5 EIR o 3R 45 i AL AR B 21 b
LI M 52 13 5 A i e, i T e E R LR G
S5 E MR
22 ETREFINERBESZEEMNR

TP 2 SR I HLAR I IR R ok e R
AR R CHE A A 1 45 R R A 1Y) 2 2 g
F1o WREE2E S JEHLER 22 S 0 — A4, e
TZ2ZRMAL G BB g, 1T A5 W
o G Wi B AR 2 ) RO A SRR R
BEF B 2 2 (R e H B 25 A S NI RTR A5 , &=
FLAE v F b R 25 A 0 AR ORI M T 25 A R E
o 32 IR B TR BB 2 2] B 28 I 45 B AR R P A A
HRT B T b 2R S R RE AL AR 5T

i PR 254 SR AR B_E  DUBIF 5 R I JEE 2 )
P B B i b [ 25 A R BOH R AE R 3, R A
A RN R 2 SRR N« (1) ot %
CNN 7E B 5 A 23 B BRI A ) B4 g T, 356
TR M 4, A FH CNIN DA A 250 b i) L X
PG JUAT (T8 U 22 5 1 ARG ) b 1 25 6 1 L
Ay B SCHRAE . 4 ) AlexNet M4 B 50 42
B0 B S S FF B A EZ b X3 R TR 26 R 1
ST AZ RS F) R B9 CNIN AT Unet {8 4k 19
A 5 D v U R B T i




B AT EE 104 i

05 45 M K SR A R AR AT S B R R 5 IR

1679

B R CAE $12 BB % 2 51 A 457 1 2 55 3R 51
HA BRI TE SRR B 2 5T 45 L (2) 3 & GNN
1E o 2 B SR R O R A 3 T R 4
o AT 2 B L R GON AR 31 L IX 43 % 42
A a2, RIS TRERE K
P 27 A G g AR R A R 4 R
B, GCN L GCAE X 73 ARl B 25 1 s 30 4

6 R L B AT RS R A R
GON JE& ¥ 18 [ b ] 25 65 110 S S0 L 3 I8 D) 25 [) 43
A7 A5 2R S0 F 5555 L (3) i K RNN A8 I 5 %5 3
Ak ¥ VA R G S O U 4R ) 9 B
P RNN 222 80 1 25 4 . g
S0 T AT R A AL AT, B Seq2Seq $ HURY
TE G, T X AN RS 2S i 5.

®2 EANREFIEER
Tab.2 Frequently-Used Deep Learning Models

25 1) 4 YA 45 R AR Y
B B 22 451 convolutional neural network CNN AlexNet ,CAE Unet ResUnet,Unet++
] 35 AP 2 [ 2% 7% graph neural network GNN GCN.GCAE
A8 30 o 28 o 45070 recurrent neural network RNN LSTM .Seq2Seq
HE R B 1 2515 generative adversarial network GAN Pix2Pix ,CycleGAN

b P 25 G SR I 5 KT SR T O A e 4 A
& 2 20 (R B o8 SR o T S Ml TR 2 ok AR S G i
Tt o R ) T 2 L ELAT G i B 45 A 11 U
2 M 2% T R 2R A T . B, A
Unet 2% 2] B Al 500 25565 i J5 19 A (145
A4 R ResUnet 540 25 6 117 Ji Mt A% 2 590 4
b PP F 1 PRI A 50 5 o R 2 A R 5 1 Bl A
FEA TN A3 B2 BTy 5, DT 55 B 6 JLFl B 4 i
5 235 48] 1 TR B 2 > A T A L S0 A 2 5 i U T
1575 P R 1 E AT 5 T A AR 2 T 4% T L R
SRR R AR BT AR AR AS E A AR RO L R
ResUnet ., Pix2Pix 15l 2k 2 & 25 & A J5 1) B AR

0 4]

0 Y BT BT B 2 I 4% 1 4R R g
AT RMAMB R BGAEER,FE. W H
P2 R BRI B R AE v o M TR 25 R R I
TREE 5 S o AR B W) 20 JF e o i, fih 42 2%
I 1 45, R B A S R 45 78 19 GON ) 2 i %
o B i IO R
23 HEEHELZE R TR R K

B e Hh 1R 25 K BOCA PR L R, WAl 3
JiN o — PR RRAE 2 2 Ui, RIS 2 > Nk
G 54 55 A1 OG0 B AL FRAE S A b 1 25 A AT 5
(E 3(a)) 5 o5 — Bh 2 B8 2 > 1 SR s, BVl 2o 27
> SR AR LA HL I 25 AT 55 (81 3(D) ) .

WA ié”fg JUTRFE (feGibLen ) y
¥ iR T SURFE kES
i H LT 7% J
...... GEEETIIIONN <
(a) ¥
. H7 N EHEZJ‘—({E .
s el Rk > R —»1” d (R HuP 25t
iﬂliﬁ e 2] J7i%)
(b) FdfE 7 >) ik
K3 B REMIE LS R PIR SR
Fig. 3 Two Research Approaches of Intelligent Map Generalization
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Overview of Research Progress and Reflections in Intelligent Map

Generalization
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Abstract: Map generalization is one of the core technologies of cartography and multi-scale spatial data
transformation. Since the 1960s, the research on the automated generalization of map data has gradually de-
veloped and made great progress. Furthermore, there are many intelligent solutions on map generalization.
However, due to the limitation of the artificial intelligence technology, these intelligent solutions on map
generalization are not really intelligent and practical. In the past 10 years, deep learning, as a presentative
artificial intelligence technology, was applied in many fields, and the deep -learning -~ based researches
achieved remarkable results. And thus, many new attempts have been made in the intelligent research of
map generalization. Firstly, based on analyzing and abstracting models of the automated map generaliza-
tion, the necessity of the intelligent research on map generalization is pointed out. Secondly, combining
with the development of artificial intelligence, the intelligent map generalization is overviewed. Researches
of intelligent map generalization based on traditional machine learning and deep learning are sorted and ana-
lyzed, and two common strategies of intelligent map generalization are summarized. Finally, focusing on
some hot issues of intelligent map generalization, the development tendency of intelligent map generaliza-
tion is discussed.

Key words: map generalization; machine learning; deep learning; intellectualization

First author: WU Fang, PhD, professor, specializes in automated map generalization and intelligent spatial data processing. E-mail: wu-
fang_630@126.com

Corresponding author: DU Jiawei, PhD, lecturer. E-mail: whdxdjw(@126.com

Foundation support: The National Natural Science Foundation of China (41801396); the Natural Science Foundation for Distinguished
Young Scholars of Henan Province (212300410014).

5| X #& X : WU Fang, DU Jiawei, QIAN Haizhong, et al.Overview of Research Progress and Reflections in Intelligent Map Generalization[J].
Geomatics and Information Science of Wuhan University, 2022,47(10):1675-1687.DO1:10.13203/j.whugis20210687 (i 35 , ¥t 43 gl , 4k 165 A&,
G R 2GR Be AR IE i R R 5 IR [T] RBUR S S 4R - A5 BRI, 2022,47(10):1675-1687.DO1:10.13203/].whugis20210687)



