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Abstract

As we enter the "14th Five-Year Plan" period, optimizing the layout of public
service facilities to help address the issue of unbalanced and inadequate urban
development in China has become a hot topic in urban planning research. In recent
years, the widespread use of intelligent mobile devices has enabled the storage of
massive amounts of human activity data, resulting in structurally diverse multi-source
big data. By using machine learning and spatial statistical analysis to extract
information from multi-source big data, optimizing the design of public service facility
layout becomes an effective means. This thesis combines multiple data sources,
including urban remote sensing image data, Point of Interest (POI) data, and
demographic data, to analyze and study urban functional areas, facility service
accessibility, and facility location recommendations from the perspective of urban
spatial feature recognition, achieving more precise recognition and comprehensive
optimization of the spatial layout of urban public service facilities. The main work
includes the following three aspects:

Firstly, based on the Mask R-CNN algorithm and sample density method, taking
Lanzhou's main urban area as an example, this article mines the natural features of
remote sensing image data and the humanistic features of POI data to identify building
outlines and relevant functional information, dividing the urban functional areas and
identifying their functional types. Compared with the identification of functional areas
using a single perspective and data, this method achieves more accurate and objective
results, better fitting the urban reality.

Secondly, using an improved two-step Floating Catchment method, this article
measures the spatial accessibility of medical service facilities in Lanzhou's main urban
area. By using data from the seventh national census, POI data, and statistical yearbooks,
three levels of medical service facilities are defined, and service radii are constructed
to calculate service distances from the supply and demand perspectives. This method
aims to more accurately reflect the current spatial accessibility of medical facilities in
the research area, and it better fits the service mode of medical facilities. The results
show that the overall spatial accessibility of medical facilities in the research area is
good, but there are still some areas where the distribution of facilities is uneven.

Finally, by using the classification function of the random forest algorithm, this
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thesis analyzes the distribution of medical service facilities in Lanzhou's main urban
area and makes location recommendations. By introducing machine learning
algorithms and extracting the spatial distribution characteristics of medical facilities
from POI data, this method predicts the recommendation degree of medical facility
distribution in different regions, reducing the subjectivity of the location
recommendation model. The results show that the regions with high location
recommendation degrees are mostly located in the suburbs of the city, which is
consistent with the current situation. After considering the comprehensive spatial
distribution characteristics of medical facilities in Lanzhou's main urban area, an

optimized layout plan for medical facilities in Lanzhou's main urban area is proposed.

Keywords: Multi-source data; Spatial feature recognition; Accessibility ;

Optimization of medical facility layout
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1. &i
1.1 iEE kSR B/

1.1. 1 B HE

BRI LK, RES G AR, 5 IR R I PR R R
40 ZFE DL, 2021 FrpEHEAN OWELR CIE 64.72%. WHTH&EEY K54
DER PRI i ok 7 LA, W51 S 2 AR N NI T, 4K T AN R A 0 1
AT N B RN IR S B R SR B AN L B0 (8] 23 O AN 5518 22 Tl R

By B tAE 3 T A Lt 1 A R o, AU U R R BT IR AR
FCHCR AT & SR VPA — AN R BRI AR bR, =07 Dok, FRER
AR TT LA B 0 PR 7 ST DR 2 A v RO G T, % R R T B 1 IR 55 e 0
AT RFENIEE (2022, FERIAE@REZ). FlZ 2020 FHa R R K k&
KRR EA R EIT B LG, Mo e B R 2 N JE E 7 s X\ A B2 97 %
VEAS A, ME LA 2 o B RST 7R SR IR .

2021 FEAE DU F7 RIS, EHESER T R, FE R BT,
FIRTT, IR NS SEA RS wetiAn =, ARG R T, 2 NRBEAE
A7 S e i BT SR T AR o XSS A AT AR R 2 IR TR T
Ji 1A

FEEOR R AR B BRI IR )2 38 R, 45 S e B A 7 A T A
RS BT IR 5 OR/A7, XLl 5B BAdE . BUF STt 5535 A
TR T PER HICAR I 2 U8 KRB e . 2400 2 U580 ) 2 A T2 0F . 4fl
SEAH R AU AT I 5T, A0 AT $2 908 22 VR B8 v 255 3 i T R IX 2 RV RFAE AT N ST
AAE L, FER I T30 i AR 04 it (804 R, B 3R AR A TR
LR 24 I 50 80U A 25 AT 58 R DRV R 2 A

1.1. 2 5B/
FT L YRR B A A ARE IR, B B SE Tl 42 P R 1R R
POI (Point of Interest) i N DS ZIEEEE, /R nT R R R I TR F
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B AR, E B Al B SEESE DA (I R o 3k T 2 A 55 vt o A1 1Y)
FRRFIEA S 2 AR, TR FE T D Re X R0 5 %5y Bt S [a) ml
A EE A it 3R Tk HE A = AT W I

5 ZUREE, =T 2R 2~ 3R 55 BUitE 7 A 1R 22 (B RFAIE . 25575 8 R
i 3 A (2% 2K R, R IR Gt e A AL o7 1 073, — D7 T a] DA A 2R 2%
Wit o3 A G DLREAT RS TR, it vt J5 U7 S SR ke . 53— i@ bl 4
P2 JTEYAR 2 IRERAE B, A AT RS T B ) o ARy R EAT A, AT B
BEARE B0 M T 0 WA o PRI b2 T 25 Y S5 1 3011 22 (B0 R A 1R 5 Bt A R
WEA—ERHERE L.

H AN RIS T EAT 2% E RS R R 2% P DN SCRFALE » HERRIE AR I A ) 22
BRI, FFFE 70 R NSCRAIE, 74 RE S 4 RSB T 2 3R R 55 B0t i) A SR DAL
ST H R A 2, A7 3 A i 3R B g J LA recs s A2 P b3 X
TEGT 2, W RO A [ B T AR 22— 2 1 S 2 1 Xk
i S L ANELA D B . L2 N T 9 I FE By e 1 25 18] 0 AR 16 0L REfE 1D
J1 B ISR T IR B K AIRE A, B @ RIS .

1.2 EASMARIIR

1.2.1 ESMAREINR

BTHETCH S RN, FEMNCLUT LA T 2B A SSHE 78 R,
NSO AR 6T S A S ik

(1) 3T Thae X )

T Dy e X R — E X IR N SIS S RS SRS, 2 DX A A RIS A A
RS B SR AR I A5 SR, AR AN Dl T KRR ) R A BT o e A B SR R IR 3
e DXAR 5l 5 X 0] /8 — MR FH =725

o R RREE S R INEAT IR X 1R 4> . Yang %5 (2016)
Je TG PR AR AT X 2 B, FEHEIER S (LAT) AT SR DL
M X3 TBE . Zhang 55 (2018) JU52%E T Kmean SHEX T 2 3 B AT 4= 1AL 65
LA POI Bl #E47 52%; Yuan 25 (2018) i GIS (Geographic Information

2
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System HFE{E R RS0 PR XIRHEAT RISy, I3 T E BRRU X 38A 1
POI H#s AT Ab 3 DAHERT AL 25 X I D RE: Du 45 (2019) BT AL EATERS)
Hdfa . MR EAE, @RI, WG R AT S SURHE, JRE
F 3 2807 AR B A AR NS E £ DhREX . AT UG, #5 2 F mad X N 2K
BB BEAT ST, BEME O HE RN AR 5 X B JE PE AN Th B, H AT A
SCHUAE K 2 2 IR e R 33 AL B R AR B, ST R AR T A G B
e M B RO, DRl vl P9 NS B B K 2 R AR 3 O (R A R X8,
T A X R 5 DX Al A R B i O, R T T e 23 RS T30 T 8 kX 4T e
A

VT SRBE A TR 5 2] 5 N TR BB BIA I D, S LA 2% ) S22 i Hh FAS
BEBAE AT I REX IR OO L. Zhang &5 (20160 $ H—Ff ] FH 38 &8s An
BRUAHZ M4 (Convolutional Neural Networks, CNN) T RE X R A 7%,
FEHHL B AL 5TEAT IR « Zhou 25 (2020) @i #2 H B 6T G B A A N 4% (Super
Object -CNN) FLIEBEAT I 1T THEE DX IR . Hautkml 0, ) FHL8& 2% 2] ST A
PEYE RS SR PR, EX @R S, A B AR B R AR
A B FE ORI 5 AR TR S e FEAE G, U 4 2
P TCVEIX Ay il A 55 N SCRFE .

A7 23 PR VB A 5 S RN S BB A5 A, B2 IR Th e X I AH
RAFME. Zhang 55 (2017) 383 w20 B A (VHR) X AT IXFEAT R4, 18
B4y E 1 SGAED (HSC) %t PO 4 #AT RRAESREL, FFLAAE Il T ThRE X 1 45
Fbrd. Liu %5 (2017) B8 B AL SR ER S A Tu s (2018) Kk
RS FHUEMBUES & Hong 45 (2019) FET Infomap X AS I B9 %6} i 4%
B R POI MR AT 456 - A2 BRI S D, K2R SEIE I IR AR 5 5 R B 1t
AT ThBE X RN o3 P 25T N SCEEE HEAT Thak e 1, TEIRTTAZ O XU 45 SR B H
AE N ST FE 358 71 0 5% DX S s £/ 1 1) RS SR AZAE

ST AR SCSCHR P L, £ 2 B DX IR b B — 0 oA VE R S T AR, A8
i AR M R AR ERAA TT LA I R A AR AR O A R R X3, i, #R . Tk
P~ ARGE A, HIX B FLAR ) B -5 30 T DhRE X2 I8 26 Rifi JE R K R,
e KA TN el X A i Tk s 5 53 A Ak (R A7, L T 88 it I 5 41

ymy
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T I REAR S5 1, ARSI AFTE M T RE DX o A8 b A SCHas mT DL A 3
SR T D RE X AR HE U, AR T 20 B> IR I Gt X, K2 e A
Wro B3 TS B 5 N SE S B 45 & S B 2 IR EE AR, Refg TE AT AN
AU I T RE X (RRFIE « B THLES 2% 2] AN SR 2807 kA7 D e X I il 43— J7 TH
i AN TR i (0 2, [ B I RE R 1548 A B

(2) 7% [a) Al Ak P g

A[IEYE Caccessibility) 1X—ME& & 5t Hansen(1959)#2H, BEIA A3 A
2% 8] b FRpd A P . B GIS BEAR ML DL IR =R R R, ATkt ik & L
T W RE 7 ik AE R AEFE AR

LIS AR BT TS T BRI 22 2 A GIS BORIIBR S, 22 yfai i B
M99, Stegman (1969) Al Thlanfeldt 25 (1990) # 2T AR X F TIEY
FITIF- Y T ST [R] P2 PR B A0 mT IR PEHEAT I EE o Ingram(1971)44-F- 35392 (1)
P EREE B4t G 7S (IBELRG i Hh 25 24 ) BEL Rl £ /) R P S8 PR B2 757 - Linneker
5 (1992) fd H T 5 7 BRI R B i A U0 M25 A0 SO0 e T A s 1) T A
BEATINEE . BEAE GIS AT AR, WA RS X708 (WA O'Neill 4%,
1992). HMAIIATE (Gutiérrez T %5, 1996) & AH 7.

A1, Fujita Z5(1982)F1 Heikkila 25(1992)% n] ik 11 & A—Fh“ XA 117,
S R LV AT J 1 X ) SRS AT, e A T TS BRI
AN i, B EhiERE (FCA) RAE L. Peng (1997)fF F R shil & ik
XTI B AT IA AT IE ;. Luo 55(2003) & X2 B R a4 &% (2SFCA) FF
BTN 1 2 0B M X ) ) AR AR Ak (1 75 (R AT ks Wan 55 (2012) 7K #2
H =B ah i &% (3SFCA). T FCA RANVEGIN T FRIX—E &K, JfH#E
VERT AT (8, DRI 24 A4 2 IR T % 2 Ut 14 2 () A PR DA L

FE T RS K IR VPN T V2 AT 51 0 AR R A T R, R A T AL
2 BRI N — Rl A M 2. Geertman %5 (1995) T GIS RGN
REARALBEATSEI; Salze 55 (2011) FET Sl MRy, Xkt 9 B PR 5
Tt P IA T HEAT I BE o B TS BRSO T AT E T &, R0 i 40 Bt o
HAMEAE —@ W51 7, HaTHBATEESS . Wi . AN TSR DS = AT
S MHARBRIELAENE, WA 2w o) 2 AR R BE 2 —
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(3) AL R

A FEREAT R A AE ST 5T e 5L AT LB 22 1909 4F (Brandeau Chiu, 1989),
Alfred Weber it id i bk il th SN FE 55 22 A I 25 ) el B B e /N 1) H IR 4
Weber 1 8, 38 3 4 422 72 [ B B ALY T 4R e e B o LR it A7 Jey A A 17 5
Weber 7] AHSABL, A2 AL TR hk 0 ff B2, Jo I A4 @ SR A A BB A e 1) .
iff 72 Y 975 3 2 . B IR 5 A LBt () B A Bk Roth (1969) Al Toregas (1971) $2
AR T A5 ) R, B AR R DR R A R SR I IR I SE AR N A o ZE LSRR |
Church (1974) & H 5 K78 55 10 8 DA 1k 044308 1k S0 15 i I 55 T AR P e KA
Hakimi (1964) 24 1 Wi =% (8] 2R &5 b AP, A oh A 1a) REUBE Y DL SE TR 5K A
) 43 e Bt PP 35 B 25 /N

BEE TR HLBLA R Wt AT GIS (Geographic Information System HiH{E
BRG HARIIKE, XAt R R 465 w2 (8] n] A TERL A T
I GIS B ARMEAT I MBI 7T Luo 25 (2003) T GIS AR 2 naF =
I it 3 A A5 LFEAT AT Ik PR B £ AR K 21 Coulter (2008) 38 3 X 31T A4 3
BT INRE, MR T AFLRETIAE A AT ER, IR AR TE,
Tompkins (2010) f] {Facilities planning) — 43 W5 22 57 8 e KL K1 A1 J= 304 T VELH )
48,

D9 SEIEE A SO ARG IR DS, K 2 81X 40 70 NREAN AR B 21T .
Pourrezaie-Khaligh (2022) & —ME E MR TR GERE, DAR R ERST %
it 23 18] 0 A7 23 PR (R ) B, Amaya 25 (2022) #1562 4E NBEATH5IX B AT AT AL
TFEANPEAN 04T, IR I SOEE . El-Ramady (2022) X% 5 B 97 W 110k
uh FBEAT AR Liv 55 (2022) 7EFTEE G LA T 3T SEIR AR SR B yT i
JREAT A SRR .

1.2.2 EAHRIRK

(1) IR D RE X R )

B P9 G T30 7 D RE X (AR DG B 7 5 L B - e AR — 3, AN/ 5 38 2 B TAL
A IR AR T (R E 55, 2018; EfE54, 20210, Xf POI #i#
FIRRVEAN R R G, MR K 2 X3P 1) POT H504 2 5 1) K /N AT ThiBE X 0 501,
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A Py = EF T

MBS (20160 7EXT POL B HEAT I 7326 )5, RIS IR ThRE X o
P POT K i PR bR AA A FE AR AL L], IRAR BRI /N ThRE X Rl 43 A o
—DiReIX . IREINREX . TBEIEX, DLLRSEHLhRe X iR, FERIZESE (2018)
LE LT 26 WA X EAT T BE X R4 (0 56 b, K H 5 POIT % B 1 i F2ih 2 POIL
M B BT AR (2021) SINTHARF R ARFE MM EE T POL 24 1
SRARRRR R, JERT g SOl R ZEFE R BEATAE FE A AT IBTAE (2022) JEIERFIE ]
BOHEBUR T POI eI H L, I T H A K-means 3Rt — DSk
I T T R DX AR A

H 25 D (R AE G 78 ol DAL, SBT3 POT %5 B ml LA HER ¥ St — 4
XAk D ReJE e, RN T I EPRERNXS POI B dE AT IS, Wl o> ]
> PO ¥l A 77 205 | RS (1 B 5 53 A1 K AR 4F

(2) 7% [ A s e 0 g

] PN 523 0T AR PRI B T VR BT SRR AR R R AR T Tk et . MEE
(2004) H4-18 2 85 FEAE 20l vl 1A ME VAN IR 7 g 28 il BT tH i 44 IR kT
S48 AT I AR I _E IR RSE i (At 1990) &5, 2ok 30 - 243925 (14 ot A v
o ZJa /N (2007) T IXAECEAR (LA B8, DL R fe/ )N B Al i K7
d A AT I A R AT SR AL .

AR, [E N 2730 T A E PRI B2 T VR A LR 2 R £ FCA RAIH L
A REE R . HIRFS (2019) 7EXF 2SFCA #EATHGH /5, SHALBk T I By7
AT PTAA VS HT s 25 T SEI AR R AP AR (R R et 17 152 it P = i
HEFIFUBERR B K4 (2022) T SGHM 3SFCA BN I T 2 AHIX
AFEBRST Bt PTIA L 5 23 [ AP TR &R BARF = (2021) R S0 7)
BRI T B By YO R AT AT IA PR AR, 5 T 2 U R X AT T 28—
R U KSR, 8 ST 3 A X R e BRI I 5 A

B GIS HARFMG BT AW R, Wk & SCRII FE 7V AE A
Y. 2 E Py AME R 2 R RTIE R B T 10 2SFCA VLRI REREAY, X 3
T S E BRI, — TR LS A RS BT S AT B, S — T
T S REARYE B AE B N D BIRSEEAT AR R FA TN o HLERS 3] I 5N
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— 7 THI 3T R AT ST SR BEEER TR YR TR RAS, PR TR IS PR AR
B WA

(3) w»ILuchtifi it

S ] P 30 o 3Rt R (T U A SR AL, e B e b A
AR UZ TS [ 2 T GIS BORMYAIIA PRI E o RS (2006 Al & Al i ik
Bk ey, X AR E S AR ORHI FCREAT 1 43R M 2. T3 (2012), EHRF ALK
55 VOt g Ik 1) AT SCRRAIE 7E i, I A BT GIS HoARNS AR A
BEATHE AL

X I T R T e R I TR AR — 3, /N (2007) BLScBl =tk
JE BB B T IE M R RO HE N, R XA EC B S GIS ORI &, il n &R &
TR A R 1R, R IR X BT e AT 1 A . REE
(2008) MIARYE LG R 51 A736kR, SIANF A E | R TETERR, BT
HR 55 A R AN 7 SR AN 5 Al 1 2225 BT RS RO . T3 (20120 2T
GIS B IF 45 & 25 R 8 A KD T B Be (WA R AL AL #EAT 11 7E . LRF B
Xt IRt AT R SRS 5 ARAE “ ORE” BT BL B AR I A B A2 H 2 K
I3 T s BRI BT 7K

BefE, XUIE (2017) He a5 APk i 45 G R IE I M R AR 2 L TR
ALy b 1 BB B 20 Ji B R B e Al aA s 2R (2021) AR A REWITENL
FN AL X BT BOREEEAT T AR AT, S AR SR SR 3 it 1 A R
MG E] T ORI BB

FEZE JId 3l sl sk B SR, AR SRR ARG e, HEAT RHE R TR 77
IR AL o DRI, [ A A T B2 B0t Rl AR RIE 76 A5x4 o AT AT Ry
FENFERETT,  JF BT B Mt ) 2 P PR AR 55 e Bt 1t — 2B K.

FERBAESERAAR ST EI 26 N 5 38T 2 IR R 2 AT I T T RE X (125 [y
MR TR P AR A Tk, P24 5 2 ARG HERY S IR Ak [, A RILAS 2
HFERGETHRISTiE, AT LI 2 P850 BEAT Al & AR ISR, Al AR K Hh sk D
I T T e IX 22 TR AR DR A P A R R R

1.3 XEMRAR

1.3.1 TEHFRHE
WIS A EALE = 4
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BT BARRRIE S A SCRERIANE RS, DL BN BT POT %8 5
B GEARA LA, o EIS POI FF5 % FE 14 AT Mask R-CNN 52428830,
T N SCRFAE R AREFAE, I LA R SR 28 & J W3R Tl AN [ X 35k 1) B 8 T

(2) EFHEFPB R ER ET 552 R AlE Ty

FET N UM EE A7 Wi POL 28l , 18I Ok e P R8s k0 22
NPT 2 4 X7 Bt P 2 (B Pk P iR AT I B2 gt — 20 A R A = 4T 4 R il

(3) EFREHARM TR BT W=

FIH BENLARAR A B 05, @298 T POT Hidhs 3w 1l 2= 97 W i 73
A5 (25 TRV R AE AT e DL A7, FF 4 A IR T 45 B 22 T 9k X B2 Bt A
J 77 % .

g UL BRI, BE R SRR K 1.1 FoR.

T SRR A ,
B 41 M IR 25
® i R ST <:> SR
#® S
" POLH ) REIEGEAR N O
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B “IIIIIIL
5
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1.3.2 ESRRAI0)E

SRR DRI T = YTk N, BT Wt AN ) TR AN TR 1 TR
AL ISR ROUE T . I RS B AE . N OB GBS AEE . POI
B DE G IEEAESE, M@ 2 IREESE, R A ST R
DR R 45 A AT T R AL RO P23, AR 17 S A U B — B B R S IR AN 58
G AVER 1)

ReThBE DX AR SE R wIIETEIN LSS IR . BEHLAR PR hE HERE 45 F 25 Gk Rk
T B2 et AR e A BEAT AL, — D7 T a> 1A Al A P R AT AR IR ) A
I3 IR RAE T AR TT SR AP

BT 22 YR A3l T 2 RV RF R R ) 5 BT BeitiAT R AE, B XS T 2
BEA AN SR, SR RS HEAT RO vt R A 5 56, LSS g 2 T RS
HIBT K o

1.4 FEWR5ZE

(1) SCHRA &S

CA AR ST SCHRAE AT FUBE A, e 240 S50 SCIRATE 7E ) PA 1 i =4 Wi AH SR F 7T
HIRTISBR A ECR, SR I E AR AN, R STt Fe e iy & 51 Ay
PSR

(2) FTHBEEE RGN T MG TiE

WA G B RS, SR RERE . SORER AR AL (] AR AR
EMGE—, HETEEDNE, WEER. B HRE. "EESEHS
B, VAT AH 2 73 B » 483 3001 it A1 11 2 TR RFALE » A2 18 SCHIE T EE N 2

(3) FEFHLas TR IR B T %

HlL#e%>] (Machine Learning) 757%, B #g @ SRR, Ji i 2 40 2040 |
WIZRBERL 75 30, DLSERUMEE o B 3 S s i, A A RS R o o 3t
TP J7 1% o ASHE U EZAEH] 1 LR SEE S R g 0k, T4
K38 AR AN PO 4l A T R A1, DLICEEAT B0t ) A1 SR DAL -
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1.5 W IAAEH

B NI ThRE XA A, #1120 2 W2k T DO RE At Ol R IE I s
PRI RE T AR 7 B0t PR 2 TR) AT 1 00 » % I 3 3 BEATL AR PR Tk 7 T BRAT 20 3
TEACAAT SR T5 58 B G i = BE I 23 BRI 45 RO A R A U5 58« EE %
ey .

(1) 5l L EMEDL 1 24 /T =Fh 2 [ RFAE TR ) U T 78 7 5% LK T 7
B N T IR VEE NN E T RDAR, SN AT RHESE.

(2) WHFTEEE R A4 T T A 2 R 3RO 205 Aok
IR, CLREIE A RS H

(3) Z£F Mask R-CNN FLiEANRE Ty 5 EEVA R4k 7 2 RE DX AR B 78 o 32 22 A
H ARAI N ST AN GEFEBEAT 1 1T THREIX AR, 4521 1 2 M T 3 XA T e X
R A TG DL o

(4) FT o5t 20 8% A8 20k 0 B2 B0k 7 [A) AT ik PEpEA B 20, i A H
RS A= 77 5 Bt PO Hicdie , ATy e S ol e K, X =2 M i [ 77 6 it ) 2 1) W] A 1k
BEAT TN, ASE) TRy vt e 8] Al AR A AT

(5) FETBEHARMIT RN BT Wit ik iy, L BEVLARMR 2] POI Hidls
Rz () o ARFAE, IR, 15 2B Beiti ik hEHERE 7 2%

(6) JET YR HE (1 BT BT R AL 7 R 45 LIR TR B =282
I EE R, AL DU SRIG DL LR & 20 Ja 15 20 220 T 230 X BT we A 7 %

G505 I e SR AT 1 RGS, SN I BTSN R hE ) 1Rt —
IR RIT 1A o
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2. RBIERIE
2.1 AR

2N FALS 36°037, A48 103°407, BFEWOC. LHI . PG[E. 25, 4
oS XA S M 522 3 B TR HU SR T P I BT R o A IS L, ik
HOM G X A BLRTIX | 8 [ X0 22 5 X DO AS 330 XA i 7 X3, An i 2.1 i
W72 X (AT EU SR B Aok B 4 E (S B IR H SRS R4 8L 2 #115
B, B R B INMT X I A R T

2EJH Y X %

- 1485

375188 0 3.75 7.5 11.25 15
=t ——— R

Bl 2.1 2N ERX BFEE
AP 2.1 AT DL M, 22T 0 X BT 2 B A S AR L 5K A8 3, 3]
B 2R A PG ki, 2P R AP LA, T X R PEEON IR, 4
30 ToK, MIALEE, mAEADON S TREAES, HA ARG R .
ST 2 XA T S, S B TR XA G [ DX 73 Sl o7 A Tl [X R FS NG
I A S PE AN A, 3o DX AR AT T IX A AR TR A, b XTI P v, R BRI 42
KL, FEZMTREGG . 25 Xt

2.2 BREGHIE

B GGEPE & T BIGEMAP 34 (http://www.bigemap.com/) Zid 17

1



SVl N 2 TR e S VAT FET 2 PR BOHE O3 T 2 )R IE TR A 5 BT Bt AT SR AL

Xk mB BT 5, ST ICH NS 2K . BRI B ALFR R & WGS 1984,
BT B 0 A 5825 F11 2883 4.

2.3 POI ¥4

L S APL, ] Python DLAZ JE R MEEL 2%, 35T I€ th R 15 3]
72022 HE 1 A NI X . BRI X, PEREX . 22T X POAN X P 4 2R 0 )
POI %4, 3Lt 4 125753 4%, 24 DR, BB 2.1 Fis.

2.1 ZMHERX %K POI HiikE

— 5 /&S| POI % &=
BRIRS FHANE S OIS S 18987
TE % & Bt AR S . B A 11
Hh 4 k(B Ak s AL TS S A B AR B 14506
s RN Al T DR AR G it 508
ALt WA IS AFLETAE A SRS Bt 932
NG Efoa\ 4 T aa M Ir A, AR 6801
MR 55 RN $RRUEFY . s 29337
A I8 Bt IR 5% ks WOk, ATEM . KEE 4608
<Rl OR 6 ik 55 R AT WS ATFL RIT. ATM HLEE 1650
RHECC RS . BN, BRI . SRS 4510
FEFE MR 5% EEFEHEIR S 4Efs. RS 193
RIS FRHAE s, RIS 2581
REYEE BRI RER LS 1131
KR FRMBIR R &L 520
HSEE PR X, BT (EBXEE 3542
AT RS BEREWT. MR, PRt BE TS 15455
=N RS HBR. ERBRSEE AR 787
NEEINGYE ST, Rk 1B TE SR IN IR SR 2392
AT it ST A IEIEAT 1t P b A 5414
PR T ORAE R 55 EIT T Zibs 2P, A ERSE 4113
BURFHLAG St 2= Bl A TSN ARIENI . BURFHLOGSE 4274
GRS TR ORBNHIE . HBAFTE 3500
it 125752

B3R 2.1 FHIERSE POL B8, AL POI S35 T WGS1948 A4 br 22 N HY
2. HFEANR Y AL FRUL S BAR R AR OGS B, HAES% POI HdiE 3% T = 4K
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FEARIGAHFRIE, FEIKR. s NSRBI IHEAT T 112, L POL KR 13
LR A, KEERNFIER, HARAFN R “BYMS ", % “hE
CREIEC B

2.4 AOMsssE

KI5 T WorldPop 3t Chttps://hub.worldpop.org/) #1521 ) [E2020 A 1A
WEE, & PR 10000K, HIZRALFR 2 WGS1984.

2.5 =ZMHELRXAOEEHIE

Bk EHT 2021 £ MR EAAR CEMNTE LR DS E AR (22
PTG R, 2021), EBIERX . 27X BEMX . PHHEIX 62 MTiER A -
Bl . SXATEHIX RIHEARAMA DOEE, Wk 2.2 Fin.

£22 ZMTERXEXADBE

X & A CFITT4) INERON! INEE O NE i )
B IX 220 1278745 5812.477273
L HIX 397 561020 1413.148615

7 [ [X 385 364050 945.5844156
ZTX 86 288510 3354.767442

HE 22 0 ULEH, 2N NAEER A, N 5812.477273 N/ FJ)iT
K, UL IX N D EAES A, TEIE X AN SN, N 945.5844156 N/ VP
ToK, X5 P X R B3 T A O Bz I B B A O
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3. ZT Mask R-CNN BZFNiE75 %= E AR TheE X iR 5l
3.158|8

AT R EIEREA, i TH5 B 00 SR RN AN P ML B BN, il Tl iz AP
T8 RCR BRI 8 IR 55 1 %5 S T e SR DXtk o 335 B 4R 3 71 1) 2 TRV RRARE, U
& & DIRe DX IR 25 8] 43 AT A 0 LA S D Re S Y, Sk vt A B R AT 25 IR 1) s 7K
IR FEANF AL D 1 i AR R B R R L

UL RBEEHLAR S ) TR, LT — k@ B AR | i B 55
H AR ERAHE (TRIFR B SRS LA 5% ) vk G M ThRE X U 7T, X 2500
T2 A1 FH A 2 D00 248 SR 0T B IR i 20 AR S AT AR B EAT 42, SRR T3 1)
FHHURFAE . B AR RRAE KPR SRR AE S5 H ARRFAE, B 7R I8 I Hh 28 AL 1 432
XTI T T BE X AT IR BIAR] 7> (Wen Zhou, 2020). fEXISHFFTH, HEARATLL
MR AR . W AR G B AR SE A AR BN B 21 X 35 (Z. Zhang,
2016), {Hixse HARR it S e X R B R RMAEFER K R, an—Le kKA
b e X A g kS 5 5 R A S Rk (RIS A7 AR, X e i TG 58 #1102 3k i 1 ok
THEETT ARSI, ARMSIAZAERITIREX o JTAER, 28Tl 55 Bod g 2 WA
i, FOR & e FAE\T] o DRl T @ TR AL AR A M AR A ) 5 JFC s A7
FE—SEIIBREE, UM B ARRFAE I Fi1 BE BEATIR T DO RE X R0, 25 35 2 5 s
DUAFIE 2.

RIS, FIR POI $¥s . sl Bl & A SCH B EdE  CRRR A SCHR), 3t
ATYR T DR X AR 43 BN 24w T D AE X AR 5 VAR T M R B IE
NEHAERE IR RXT POL BURHATIRG J5, EXT NSRBI 840 55 A\ 3
R BEAT IR TR AESZ A8, AT Oy 8 BV T S A R IR T Ty e X AT R
Qblfr, 2016). FHT POI BEIEAT 70 FMR 53 EIRTT LUHCE X 4ok 717 T A8 X R RS
WA, (EXEF POT HE A/ I i G h X, K2 ikER I . b ASCH
¥ 5 NFE 3 BRI, X REE R 2 B3R N DB X3 T3 i
TR T X RIIA 2% X 3, N SCEE />, U B — 4 5 0 R I B SE IR

PRI, B N SCEUE S B AR A A A, 5 K 1 A 4 B 45 S B T 1 T
23 AL RS HERZ AR, R Mask R-CNN B33 RIRE 5 85 15 50 3 7 Sh B DX gk
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17T AR 34 2K
3.2 AR GFE

3.2.1 Mask R-CNN &%

Mask R-CNN (FE BRIP4 M4 ) %2 2018 4F 1 Facebook AL At 78 Fi i)
Kaiming He (2017) KA, 7EXF R-CNN CGEFRFZ ML) Btk 5 i —Figt 5 s
Bl BT R ISR Z ML . a0 O 2 FHTE B PSRl B bRsesl 4 #l
H b SR ks I 45 A G g

Mask R-CNN % T Faster R-CNN K¢ EEG 0 R R 00, 1R AH FRHFAEss
B340, SR 2RSSt RN E T 2% ResNet50 73 2IAH B 1 RFE
X e A M 4% (Region Proposal Network, RPN) ZE4FE K FAs V&0 & O, 4
TE WS R — SEARFAE ) 52, TERRAE 17 B2 (0 Al Pl A A 4 2 it S T = A
1 FHEALFT . ROTAlign o5 FH UZR A 4 (Vo5 dei ok 1 B i AR AL A >R /b RPN i
R 2, AR IE G FRHIE AL E s (S ARSCRE ] (NMS) HEGIRRE &
FrHE, 7321 5 B SR AR S0 (1 IS0 A o s FH 4 S 102 2 B AR AT 1) 2 ISR e —
YEFFfb i &, 1320T0NEE R . P2 i BAARRS @ B an % 3.1 s

H¥:3.1  Mask R-CNN
W\ BB, JEOLBIX IR ROTs, THIZR SRR Z M4 M M
. B ROIs MRS I FIHERY
stepl: BRI I 2% M AREUER 1 BRI B

step2: 1 i Region Proposal Network (RPN) $HUSR X 15 ROIs
step3: XFEAS ROL, VS AR IS R NE 2 A FAE AL bR
step4: XA ROL, A#H Mask 73 3¢ v H A1

step5: A AR OAE HDH] (NMS) J7 ki Y 8.8 1Y) SAE
step6: T RAMEIEIR, KA 5 BGEATE S, 52V

Mask R-CNN 7E Faster R-CNN fr3&At |, @i i N4 X i (ROL)
AR S S, BT SEE AT AR IR 3 I UL K S IR, S R DN B T £ [ B 4
PR RS 2 SR P A o L T SRR i 1) R AR O e A AR R R S B =
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R, {8 ] Mask R-CNN 7£ H brfe AN 7 BIE 5 E BABGE IR, W LA
R I GRSk BE R SRR, A BT SRS A bt A AT
EH . Al Mask R-CNN AR T N THRERIHRFAE, 7T LLE &M =) H AR
FRfERor, PG 1A AR AR s Al . 41, Mask R-CNN
R DA s R R A I, A TRl AL S A SRS, AT
Y TR Rt 2D A T

BRI (2023) 5E X Mask R-CNN N—/N2AE%45, B

L = I-cls + Lbox+ Lmask (3-1)

Hr, Lo A RBUR AL, FRIX 73RS 5 L, AR 2R R £, HoRE
TE B S R A bR, TP B SR A IE ;L o AN S 55 SRR, P8 —
3 SRR R sigmoid BRRON R MG EHATRAERLST, 9 AR FIZK5] ROT #4t
T FERS T

3.2.2 POl mEHEBE%

ANFIZERY ) POI Hidis RE S WL i D e 7 X I RERAN{E B o 281, POI ¥l =&
RAEHE, ARERIILAE R ME B E I POL Edls AU A B2 IR 70 308 11 Tl e
X, 1S X IR I Eohaew L AN B E 2 RS SR, |8
FOtRA&R S HLENUAR . B, Z2HETETE (2021 WA K EE, 5
FEJT B ERARLS &, % POL B4 A .

* 3.1 POI MR ST iRME

T A VF ) POl 257!
| JE /NS . AR . e . O [ Ry
0-100 “FJ5 % (14 @§E¢%$ BIOE . LR PO A SR
55 Bt
SENE. & v EES FBAEET. ANEARAIE X
100-1000 SE753K (10 43) j’j?i BENT . EIE. BT AN X RS
I ‘ﬂ‘
HEE R R IE . AT . AR TR
=F

LR BR R A

=5000 /2K (100 43) EH)E. L) WX, FEmAE . st T3
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&R POL RSN DI RE X SRR AN, S5 E 1) (FE &)
) (e NRIEANE I S5E8, 2021) X GHEETA 1000 ~F- 52K BAR FIAH < 50t 12t
179328, JHAHCHR Crb B TT @ R e THAE 25 ) X 1000 ~F 77 K BL B B #4738
HARPFA bR UE N 3.1 FivR

PRI M TR ARG BE A IX % R AT SR 55 5%, K28 PO g AT THIAR TR
g1, AR A AFRIRES 1 25 POL M THIAE « I3 i il 3k 8 7 8 B8 Yok 4 i DX ) Ty e X
KA,

BEJT 3 B BRI T X A B — R 5 X3, BIRE DT, THRVE NS AT
(¥ POl s ST LLE . BT POL st AR 7 % o 5 L1
DU N, A AR AR A, B, ARYE POL THIARIR 73 45 S 5% ST AN IF]
KA POI AL WA SR CTHAR A LU AE, #3 H A% P 7 2 B2 POT 2858, L
HHEAX:

=

k

A
=i, (3.2)
S

|
Xi-_f (33)

SR
i=1

Horh, 1 FORE IR PRI LA MRS I 2 POL I k FR

Fer POL M S BB I ANMKSTH R, X! FR 581 MRS 9 551 2% POT 5 |
BT P TS 25T POT 25 5 1 LL A3
3. 2. 3 &T Mask R-CNN Fn¥E5 B E R IERX IR G

Mask R-CNN 592038 FH X6 s 0l (14 18 s AR S AT i e 0 i
FARNFFT B, AN B ST XK 2 BO Lt . 3R 5 A d B
JEAT B B AR IX 350 BRI, g S 2 1 A6 I 21 s U D I Wl Tl SRR K 3
R 2R TN RS, RIS B IRRAIE, SR & B ARRAIE. B 8 BE%E
TGS S 1) POT it 2EAT IREIX R3]« PO Hidle 23k T AN SCRFAIE ) B A
Bl PRIER A% R AL POL Bl A 9 FIW i ASCRFIEIK R, /7 7E POI %X
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PEEIPUAE . BIBOEA ASCRHE, BIAS R A STRFL

B TR LRI B AR, ORISR T A8 B IRHFAE, Toi S T
ZHFE; POLJE T NIAT NEE, A2 (m s ik, Mk DU B 2Ry
fit. [AI, 3T Mask R-CNN RG] HARRFIES RS POI Hds 70 2845 REAT A HL
AR B IR AL R . ZHMEE (2016) HIBEFT, BESR—. IRGIIAEIXE
RN 3.2 Pros .

®32 REXDR

ThReIX KA ThReIX 1

B — T fE X [ RN = AN/ 2 3 P N I 4 RN e E
RETIREX FFREX. NERGX., AREX. TIREX. EEREXSE
TIRER TeHUR X

(1) 24 Xyax = X{ 20.5, BI4RRHE Py H—3 POI ol > 50% I, i 1% M
TR —ThEEIX, ThAEX PR % Mg POT ZRAUHE . 4, 7 b it AR 55254
BONRISIX, KRG MEIATN R, ALEHS B Ao AL X,
TAPEAE R T, B ERA A FREX,

(2) 24 Xyax =X{ <05, HI R4 Py 5— POT ELBI < 500 B, T a2 i (X 45k
RETHREX, WA TyRe DX TR T WS A o iR K ¥ POT 287 . il i AR .
BEM IR S5 208 T IR A X HIBON B 5T & X, DAASLE HLS b i i 20 E TR
A XABAAIHRE X, LA FRR A XAy TARA X, PURERN
EMRE XA A FERE X

3.3 SEiES R
3.3.1 &T POl K7 B ERITREX IR A

WA T X R 5324 3883 ~500mx500m A% f5, it GIS AHAZUIRE, e
WHAIX A B 5325 S 25 POL HU4iE A J@ A%, X #77E POI 4l 1) 1290 /NWAE, Hid
P 0(3.2)(3.3) S D RE DX A AU AT DR DX AR, PR 45 5 K 43 AT B an 3.3
K 3.1 Fioss
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&K 33 POl R & BRI KIRAER
Thee  REIX TokX AKX @S EEX O REX WX &

M 85 63 320 304 69 449 2593 3883
n N
=
ba T < )
= e L wk :ﬁj—h t“";‘,\é*.\-‘.
G AT ﬁ‘ ’/’ = ';“I ;_-ﬁ 4’ 4
e o LA w i 2 e
& o o B o }
4 ¥ EL]
anes i o= SEERES o
. , SBE!
Il =
kesiiii o
g S e ORY
L2 GTHHIE [ g TR P IO I P
[ zex piaaasT 2 S ETnaty N
R[] BeEK @:,, -
[ AR SR fEn. rhacs -
wemiex [ BAK Qo g
THHE || TR s iin s
i
0 25 5 10 15 2 b == S

B 3.1 POl RAETT B BIET R R A S5 R 047 B

BT RT3 LR ThRE X RN 45 SR o, B —ThREIX A7 841 MMM, 15 21.65%,
R QX ERE, KESMEFOIRX ML, 3 EEE 2B 5858,
L LY X SR 7 [ X, T A 3R DR BAA Y BURF RS I A BT 8 XAH 2248
%o XFER R TS X POT B 500 51 R 1 22 . TR & ThREIX 3k 449
ARG, 5 11.56%, FEAAGIEMICX A BT XOR 22 7 [X S A Xk, HLJE A
Wit 76 3 B AR R FE A, S5IRG ThRE X A& - LI Re X St 2593 SRk,
5 66.78%, K23 A LR T X 132 S5 b X R R B LU X DL RT3t 35

TR IUEET PO BB 7 %5 T (1 T RE X 1R 0l 45 SRAE SR T A% 0 X 3R
BBCRAET, MITEEE . VRS G X Sk 45 TS ILSLA7 e — 2

3.3.2 BAFHES ASCHFIERR

BT AAZ M PO 4 81 Mask R-CNN B3R 23 [ Ge v 77 ¥ 7 i B L
HRFFIE S AN SCRFAE, Rt FE XIS 2D 4 2K, AT RS Jm P08 R AR O o ik it
17 IRE X R .
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PRI FAG A F TR RS U ), 2 M T I R TR
¥ TR 46 1) 08 S S 8T > 5000m < 5000m [f] 1 K /NI 117 /N8 Bepbis 2 . R
B A 23 BB B A R IORE BEA0 K, R B M = B R AR 34T 70
£ ArcGIS Pro # A H1 4T Mask R-CNN [l 25, BEMLIEHL 70%5040 15 Al 2546
BB AT X 82 /N2 M S A A IR, REIRINZRM I ZREE F BEALIEHL 10%
VENRAIESE, FoIAR 30% B AE 9 iAE, A= Bkl B i) @ s I R, il 3.2
PR

(a) (b)
3.2 Mask R-CNN £BUBRR G MR E G

K132 (a) RHREEZ S INGRE N ThryE R, 3.2 (b) /& MaskR-
CNN TilH/E. i 3.2 WAn, £ IZh/E 1) Mask R-CNN B A] DLAERE
14 P IR A R AR . X LRI, 220 2 AU S A RS N AR
AR5, HLVR A R RORS FE R e, [ B A B ARt DX N bR 1

BRI ZRANNATE NVIDIA 8.5.962 XZN AL . 1E CUDAS.S #H1£2 M 45 42k
', f#FH NVIDIA 2060super &R AT U125 SR R ZR A0 {35 /£ GPU
IR 56 B

£ ArcGIS Pro H11£47 Mask R-CNN HjJIlZ5. T 20 MHIVELF B ZREE X+
MR AT U SR, EARIR AR RE, RIS B K22 70 (Epoch) 5E
930, RPERIAIEH ISR 30 %6 ISR AIY) K/ (Chip-size) HRAEIIZRHEFT it
X IR, S5 HIEIIGREEI ¥E B 7 SRR MRS — 3, DLSEIR A5 S 2%, ik
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HY ResNet50 1E N T MR FEATRFAE SR I  [F) B) 158 8 1 Y )1 25 50k R R T
0.01 BF & 1B %k,

7
— &
6 | — R
5
4
1K
®
3 -
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3k
0 500 1000 1500 2000 2500 3000 3500

HAREE/ R

3.3 ISR R LR

Wik fedr, B PRB R E 3.3 fiox. MK 3.3 ATLUEH, M
YIZEE] 500 HERI 45 508 BIBAR KT o SPII TN 74 0.9019, LA ZRgs R
0, KSR T RCKIEE BT, AT LUK T X P RS AT R AR )

YIZRE ) Mask R-CNN AL 7 X 38 AR AT @S N
SO UF AR IURE EIX A (R T R DX 43 AT 1 100, 7 M8 )5 A 9, At 9 IX 422 HE 500m < 500m
ITHAR 7 IR T 3883 AWM, I GIS FRAFAHAS T BeK i SRR Wl &5 2R 5 XA 3k
AT Rk, FEIE LT E 5 D Re I S A R S 7 AR o SRR 45 SR
3.4 FiR.
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A

&l 3.4 Mask R-CNN BRIMIB AN LR

£ 3883 MR, A 1108 MBI INY), 2743 5 PR BT e AL B AE =M
MRS AR N, T PE R, @RMEARER, B3] T4 272239 FI7K;
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