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02 FAX| EMET I S5 2
2 I3

2 YRS AEIstoD]

Ol FolIk= BHK| SHET Y SHS Lofekn, SAX| 242 52
| BMET N T2 WS SFEIICt

0|2 Eti= AMEE =S010 SaX

& A7 718 = AR5 flsl =9le] AR

1) ZAl HERT E4EF

TA HELZR BA%(Urban Network Analysis Toolbox for ArcGIS)D+= MIT2]
City Form LabollA] 2012ef 7igts EvtAg T2 YEL T} AR dlojHE EdiZ

T2 UEHI A 7o /i 789 AAY, AL EE/mIN/ZR), dEkg
(Straightness) X|3%E AFESh= AXEojolct

1) Urban Network Analysis Toolbox for ArcGIS. https://cityform.mit.edu/projects/urban—network-analysis

(20243 38 27 M),
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Jd8 21 | EA HEXT ZME=S ALK} QIEHI0]A

® Input Buikings (Polygans or Points)

Pont Locations Inside (optional)
® Input Analysis Network

[] Compute Reach {optional)

[] Compute Gravity index (optional)

[T Compute Closeness (optional

[] Compute Straightness foptional)
Buiding I Field {optional)
FID
Buidng Weights Field (opbonal)
# Impedance Attribute
Search Radus [leave empty for infinte radius] (optonal)
Radius Tyoe
On the netwark

Beta (optional)

® Output Location
% Output Fie Name

¥ Accumulators

¥ Normalization

5 Urban Network Analysis 0 L 3 [E=EEE

=)

@

ok || caxel | [Environments... |

Show Help >>

Atz: Sevtsuk-Mekonnen 2012, 292.

EA HESA FAETOME =2 UE=E
T2 YESA FHY Hes

J72-2 | EA HEHT BM=T| =2 23 H[0[E]

Tk A, &
S F B4 xu2 7k EAo] QIth<a™ 2-2).

% (node) ¥t ohel,

. Building

Uss
Size

LT
Building ID

X}&: Sevtsuk-Mekonnen 2012, 291.
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EA] HEST ENEFA AHEEE £8 KBS <E 2-DO] oA 7KZ, B4

el A2 gt e M V1SR AR 88 4

H2-1 | TA HERT 2M=T0IM MEEE X

INE: KIE At

>
IH]
MUl

=l

)

N

K& A0 OflA|

- £2 YELITAOIN 212 1M 2 r U SIRfEt
242 jol (01 A7)l &
SFIELS

i

=20

(Reach)

o ARAl
[ |

Reach[i]” = b W[3]
jeG-likdlijl<r

o EX35} AR

(e |

(r=600m)
Reachlil = 7”2””% -
jeG—i}

- C2 YETAOI 7IZ 01 B r L SIRISH
712 ol of2lT 240 APDYUS i 7t )
7\to] 72| X2 422 HIB)OR Lio0]

ekt ot
53 |° A
AL "SR Wi
>T'o Gravity[i] = Ml[,i]
(Gravity) jeG—iLdli.jl<r®
. EEsh A
i ) Gravity[i] =
Gravity[i] =ef. '_[,] e R
norm R(!tu.‘h{-‘-]

(r=600m, beta=0.00217)

Atz: Sevtsuk-Mekonnen 2012, 293-300; City Form Lab 2016, 19.
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E2-1(2) | ZAIHIESZ BHEF0IM HEEE= XIE

PNE: KE At

Zz9o| S 1= o £ 27

AX|O| St
DH7H Txl—l =}
Ay |t A
o=e , i
(Betwee Betweenness[i| = = -W[4]
—hness) jk € G—lihdir <r ™

o BEX3} A

L ==
p
Betweenmess|i]

norm ™ (' G—{a):dli Y- 1) Reachfi]

Bﬁhvr‘ennf‘.»‘s[;i]r

« =2 LESHOIN 212 01 817 r Lf SIRf3t
22 o) DBl S0 QIR i 2t RS
Zolo] 83t 3l o

OX  |e AtA

[ S |
EYNPN|
SEoe (_«"li'r:i.semfs.s[i]r = L — -
(Close~- x (di.j} Wi
ness) jeG-iLdijl<r

o BZ3} A

ol Yy

Closeness| i]"””rm = Closeness|i] - Reach[i]"

+ £2 HEYTHOIM 21E 0A BHE r LY RIRIFH
2 IRe] £2 HEYT 72| thy| K220
72lol Hlgg 7E | 40 Lol Fotof
SHMSH 2

=
- A
Uz

(Straight| Straightness|i]” = MH’UJ
~ness) j € GiLd[i,j)<r Ad]
. BEs A
’ . Straightnes: il
Straightness[i] = —)—:{] A
norm Reachli] e

(Bd Hiet 8ts)

X=: Sevtsuk-Mekonnen 2012, 293-300; City Form Lab 2016, 19.

VRl SO A U ARAT, DEQIT, FEAT, AW, AujAL 5 52
olgsld, Ao U 7hmd, A wjx] ARe AetelEA QT B4R, A% 2K
(@wA 7)), AEoR g5l e x|, deni x| AR So] wop

7Fsstod, =Al BRI B R Adl €8 7S

22



2) A e 2MEH

TA] e 2453 (Metropolitan Form Analysis Toolbox for ArcGIS)2)+= MIT
City Form LabollA] 2012d0f] 7idst S9tAR theAle] Jefjd] E/dol w3t 6T
K| EQ! AKX (Coverage), TF#SH Polycentricity), ¢&% (Compactness), &3
(Expandability), B34 %= (Discontiguity), EX]E8% (Landuse mix)et 1 Qo=
TAlY] Z7Ie HEE Altehs AZEofo|t),

33 2-3 | Al HEf 2M=T2f AREXt QIE{H 0] A

-
% Compactness [‘:' {E g
® Input feature 3
» Weight Field
% Qutput drectory @
% Unit
"
Beta
1]
Normalization
None -

Reference density (optional)

Reference case resolution (uniform distance between resources in the reference c...

Unbuildable (optiomal)

- = x| (4 [

Percision (optional)

o< || cancel | [Environments... | [ snowrelp >>

XAtz: City Form Lab 2015, 4.

2) Metropolitan Form Analysis Toolbox for ArcGIS. https://cityform.mit.edu/projects/metropolitan—form
—analysis—toolbox—for-arcgis (202411 3¢ 279 ZAl).
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A el BAETe] £ K|#E= 3t Zth(Amindarbari- Sevtsuk, 2013).
O AHR (B - TA]): TAY] AA WE F EY EXEZ idsi=
HEO] HlE = TA] Y Vs EX] 5 AA iEE EX|e] HE ulF

_ (Zl)ln(Zl)
@ TRIBHEAEH] - EA]): HIXNXR.( Z L FEE ARG
z: =AU AR DR & F SR 2 LR S HIF, N BRG]
Re: =AUl A LR = & SR U 2R 9] HIF)

¢ - Ziec Wil G;
® PEE(ENTS] - TA, TS A JE BE FEE T LWl

wlj)
" =;eszu U (il - R 21 4, dl i R iR AR, B ARlERRY)
@ TY(EHDS] - =AD: 7IE N =X] i i) B 7ks EX] Ao HIF,
1= =A BAIE 71E JHEX] HE 9 267} wi7hr] HePEet &
71E WA B ANE B Rge ALt e

® BASE(RAUS] - SA): BA] FeiE 25 5 Feiay

Lo
ozl
N
of

mlm

o]

ﬁ

DC Z( i= n+1A EL n l
it (v: B %

Ay ZAE 00 WE, Awer SEAE TN HA)
©® EXEEE(EMDS - =AD: A X|He] BEXGE o] A dH] 574 x|

W[LUn:i]
Sﬂ:i = -
Ul BRI p) B el T I Wil 4% Rl Pl BaEes

Ygrkeo R 38 & KIE A

7=l BRI 0] WA S5 ARt Mui =1 15w = ESuil 2% —



J22-4 | HHEA] EEi 20| EA| LY SAX| £5 U

2) D] 23tz =EH= A9 § 3 er At AY9e sz 3
3) 2)8 23 XY F XA U LAE7E 10NV (=A] AR LAF) o3l R

Employment density at urban centers has to be higher than two standard deviations from the mean density in the entire
city. (Bottom left): If several adjacent polygons pass the 2 Std. Dev. cut-off threshold, then these neighboring polygons or
raster cells are grouped together to form joint centers. (Bottom right): A center must contain n % or more of all jobs in a
city, where n = 10/Vpopulation. In a city of 100,000 jobs, it yields a cut-off at 3.16% (3,162 jobs), in a city of 1,000,000
jobs, n becomes 1% (10,000 jobs), and in a city of 10,000,000 jobs, n is 0.32% (31,622 jobs).

Xl&: Amindarbari-Sevtsuk 2013, 10.

3) DAl ADE HEZ 2MTH

EA] AXZE W EZ (Urban Sprawl Metric, USM)3 & TA| EhS Aoz
A8 #fsted A QGIS E3119l 71Hke] EA=oltt. ofg =FeldE 7k
EAIEEK] 4 (Weighted Urban Proliferation, WUP) 2 TA] &4k Tloksk 1A Q 491
ol EXJo]-8 1A (Land Uptake per Person, LUP), TA| A (Degree of Urban
Dispersion, DIS) 5& AlXloh= 715 A3kt WUPE ZAIEEAX]S(Urban
Permeation, UP), DIS 7F=x] 2 LUP 7E5x]9] o2 AIHY, TA] il

AYobR] G Al T4 5 2, UF &7 5 AT AN 4 ek

—

3) USM toolset(Urban Sprawl Metric toolset). https:/plugins.qgis.org/plugins/usm_calculator-main/
(20244 3¢ 27 AM).
4) WUP = UP x w1(DIS) x w2(LUP).

HeE SR BMET HY S H 2 0F - 25
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& el T, e B, K] A%

33 2-5 | £A| ARE HIEE] EME=T19| ARSX} QIEH0|A

»! Calculate Weighted Urban Proliferation

Parameters | Log
Buit-up area (Raster)

Reporting unit (Vector)

Identifier [optonal]

Inhabitants

Employees [optional]

Share of settable area [optional]

Output folder

[Save to temporary folder]

0%

Advanced - | |Run as Batch Process.

Calculate Weighted Urban
Proliferation

Cance!

Run Close Help

Xl=: Pourtaherian

Pourtaherian-Jaeger (2022) = A AXE HE
Aoz JEME o8] o A 3 L2 ujm

et al. 2023, 12.

TA] EAF 95} gYE BAISE 8 QKO 2-6).

J22-6 | EAADE HES BMEAS S8

FWUP A&k SFH(AQH Lund X]|%)

@ WUP_Result Layer — Features Total: 1, Fitered: 1, Selected: 0

& BE LY ¥ e =
£ Exprassion -
O vund URAUNAME  Lund

Country. se

Inhiob 159882

Area_m2 443053017.01999998093

D

o 46.23108661172155

settioment_area 20604800

wors 1.1565663448179762
we 1285750533839 202
pBA 0.046506398125016765
w 2.150041412729651

w 7759.454107780713
wuo 0.3546834431046251
13 952562334.6268003
wup_a 0.8835042632233676
wue_b

wspc 2448.3008054110423

1/1
T Show Al Features _

Xl=: Pourtaherian

26

et al. 2023, 23.

2 28310l 604 R EAIS

Fon, =Rt nxl=




4) TA| &% oEatA

Eoietal, UN-Habitat, ZHEAFHATAS] TA| &7 ofEatA(Atlas of
Urban Expansion)® & 22H A 7% JA3e] B8 - BA% 544 BUEL]
QUeE A ARde] dgto = 2016\l i < 7R A REY R FE =tolct
AIAl R TAIY] Q1 TA] 27|, We, T2 Sof B3 AAE HlolHE st
71 9H3lo] gt BA| TlolE (csv, excel), AFE, A= = AlFITE EA] UIF XY
9 ESFREA AP we] APKL TA] 3R] B), A FE(ET, B, g9EE,

I8 e A BAINS Beskg

+ O

Q27 | TA| S OFSIA L M AR

NSION  Cities Data Historical Data  About

Xt=: Atlas of Urban Expansion. http://atlasofurbanexpansion.org/data (2023 6% 19 ZiAH),

5) Atlas of Urban Expansion. http://atlasofurbanexpansion.org/data (20234 6& 192 ZAH).
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J™2-7(41%) | =A| 2P OfS2tA L M2 AL

Composition of Added Are:

Atotal of 76,396 hectares of b

Arterial Roads

The density of arteral roads in Seoul's 1990-2014 expansion was 0.79
k/km?, compared to 251 kvkm in it pre-1990 area

in Scoul's 1990-2014 expansion arca was 71%, compared fo 95% in
the pre 1990 area

Xt=: Atlas of Urban Expansion. http://atlasofurbanexpansion.org/data (2023 62 19 Z4AH),
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So= 8 MS

K=z =2 W A Gelg LBS HIge=2 XA 2.
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ZRje] PHES BEle] TR el BAETE Jpsigion), 2 Bolrfe =Al Al
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Melso 2 F83 5 TS o1 §A4L AT A, BAETE Hole 24
A 52 QYA 5 gl QlEslo|Ag 25 glon], 2MANE AR, Ak
AZISE 52 B9l W) 47 Ao 5 ARt WMol Rigit

BHETE FpUeks ARFEQ olg7k 71Ee] 4G AsLEQlolelM Aok g

27152 AFS] et Zoltt By, B4 BAETo ol2d Erig 2%
BAPHS Aok Zlo] Faste, olul Al olan Bidef B wloleiel 24
REES Gl HEE 4 Gt BAPEES Sk 2] Fas) BTk olo] we

& Aol FAR Bl gt DEE B SR BRI ARY BA
el Wapge WAl Bkt S

S| FAYEE =sloll 9 WA SARIe] tigh Jide okt e ARk
X389 (Deng et al., 2019; Krehl-Siedentop, 2019; Long et al., 2022; Veneri,
2013; Yu et al., 2021; Zhang et al., 2021; ZAIR{-0]47], 2021, 3} <,
2022a) 1 S EUIE, FAK] A0l tigh el 5 el 4 itk FAA]
wAlo] digh HEHE 3 UiF AV (ER) o] SRR AEEE A U eR 5
U oo FRolMe Al B4 BE 59 EEE(RY-7E 58+ A
02 Sh= oAk FToR Ldck(Yu et al., 20215 Zhang et al., 2021; s} 9,
2022b) K& 2-3).

AR, EE oM SARE AR AP AdE AR gkt et 19
e 750 ‘TEER HEF-HAEE A (agglomeration)’ B2l FoJgkck agn

© FHOM A, EAL Al 59 B8 BolEolAY
FHOZ YHU:= ‘§Y-FE 559 =E(node) 2 Aot 7|4 Ue HIx
oA AL AT viErEolR] o, A% Het BAIE F/deh(Veneri, 2013;

Yu et al., 2021). WA & de F HEe BT OFEE ARM SAXIE

FIF

a

F27E FZolM SR

30



NHEo) Tk Bt T W T1iso] HE- AR §

Tefet Alele] 991w Azke 370l LRk Al

SO UHEUE =E=(node)’ 2 FsISiTh

= A (agglomeration) 2,
2x, Bu 50l &

E'.O:J:L

H2-3 | SMX 242 26t U HZ U HSXE FA HlW
=AM e M2 HSEE HE
- - | e ML SAE "B SO 3 RYU-RE SEY
g |- CrFSH QIZFFEO| ‘TUE X KX|(agglomeration) ‘E:E(no de)? © e
c (I8 BAX| F&) U3 HE oiH| YXt2] 2,
L 20| st H|0|E1
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(B Sel £8) 48 SHOHSE P exgaor £2) op o
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B e x
- (lom ) eipiEaie sy JEyE Mgepl || 27D F S 2= IS T
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ESSVNERES= £ AxlE| & 7|1 N2 R
SUNE R2O1 2 U+ 71E M) | BuRizel s80: 520 SyR=sEe)
M (EEOET—l DM = HIRpN 2 o—|) FACHAL EoH(O:H )0“ st SMX|EE 22510
2A | K ) (08) BEdHE 20 S BYNE | o S ot S ey
E FEoL, HIZeX T B3R =X 7S 2| 22 cer= e
s =7 32 B
= « AFUE| €X|, ASH g9¥(Intramax),
. M) CIo|maHE ALES ™ M &
‘I ) JTlo?_l'EE JE?_" OO|'=U¢I|:H |:o 2F9-0|>01| Agl xMIl_
Pl iy ST
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sl trotey| Dot e S R EE] urcromw OD & Ho|EIS
SE5| HFSHA| S 7Hs40| O'OEH 2N =
o - o = X TSolHetE, ©Rl 31| 7P RoEeE
=A9| FHO| 2, Al 20 ¥x5H & & f | =7t 3Ha10| MOII7P I B BE0| 25
SHA M2 He| Sg FuA2 FE -?—|3|:. 0, ZX| A e
= = o « E4 TA| X901 eFot] OD dds 24
/IS BHIE AEE I =AK 01 2 HO“ M QIOLY, 0] AR ZA| XY LY T2
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TR FES 9ol F2 2FAF(ALE) Yot o, AFUT BES} &, = ARIA
U 55 78 BHRIEE S8t et €](20222) ol de AT B AT
HEEE FHRIE AHEsIo] 8313101, AAAol71(2021) = AR POL AEE =
FRRE S80It oM et viep o] JoEkg A2 AR, EX) FE 5ol
gt 1 B & 255 7ReR A V)5S adcke = E(node) & FAHAIZ

ggolo] AloPdS 7+ B33 OD P 7IWho R Hd X9 o] F7Hrxe] WHels #4

HOIFI(1995) o A9 SHU-(QTHUI A ATE SHURYR HRI/HE)
Uxtg| = & DFE, Qe 3 QIFRE
Sk A MEEI(1995) s NEAUE
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SUMMARY .
4

Development of the Tool(QGIS Plugin) for Analyzing
Central Places Using Micro-Geospatial Data

Lee Youngmin, Byun Pilsung, Hwang Myunghwa, Choi Hyerim

Key words: Central Places, Analysis Tool, QGIS Plugin,
Micro-Geospatial Data, Spatial Planning

In response to recent spatial crises in national territory, such as population
decline, rural depopulation, and aging demographics, the necessity for compact
& network spatial strategies has significantly increased. While the identification
of central places and their linkages with surrounding areas are crucial
components in conceptualizing these spatial strategies, there is a notable lack
of scientific methods and tools to investigate and diagnose the current spatial
structure effectively. Local governments, in particular, aim to formulate
context-specific compact & network spatial plans to derive highly contextual
policies. However, they face considerable challenges in establishing
evidence-based policies due to insufficient data and analytical foundations.

With the increasing availability of diverse micro-geospatial data, there has

been a growing body of research analyzing spatial structures, including central

120



places, utilizing these resources. However, the application of these analytical
results in policy and planning practices faces limitations, as they are
predominantly confined to metropolitan areas and often present only pilot
analyses of case study regions. Furthermore, while novel analytical approaches
using micro-geospatial data are being introduced both domestically and
internationally, these methods typically focus on only one aspect of spatial
structure, limiting comprehensive understanding of central places from multiple
perspectives. In light of these challenges, this study aims to contribute to the
development of evidence-based policies from a spatial perspective by proposing
a method for analyzing central places microscopically and comprehensively
using micro-geospatial data, based on national spatial big data and cutting-edge
research findings. Additionally, the study develops this method into an analytical
tool applicable to practical settings.

Approaches to central place analysis can be categorized into two main
methodologies: the density approach, which analyzes the spatial distribution and
concentration of phenomena within a space, and the interaction approach,
which focuses on the interactions of people, goods, and information across
spatial units. A review of existing literature reveals that previous studies have
predominantly employed either the density approach or the interaction
approach in isolation when attempting to identify central places. In contrast,
this study utilizes both approaches concurrently. This integrated methodology is
necessitated by the need for a multi-dimensional approach to enhance the
explanatory power of central place analysis, combining the density approach,
which reflects the morphological aspects of spatial structure through metrics

such as population and employment density, with the interaction approach,
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which focuses on functional linkages exemplified by travel patterns.
Furthermore, in addition to central place identification, this study also conducts
analysis and visualization of travel patterns between central places and their
peripheral areas, examining the relational attributes of central places.

Based on a comprehensive review of trends in the development of central
place analysis tools and methodologies, we have established the following
fundamental directions for the development of our central place analysis tool:
Firstly, we aim to enhance the utility of the analysis tool by presenting central
place analysis methods that can be practically applied in various spatial
planning processes, such as urban-rural basic plans and rural spatial strategy
plans. Secondly, we seek to improve the granularity and precision of the analysis
by developing a tool that incorporates analysis methods utilizing
micro-geospatial data. Thirdly, the analysis tool is designed to not only improve
the practical applicability of analysis methods but also to strengthen their
theoretical foundation by advancing existing central place analysis
methodologies. Fourthly, we aim to implement analysis methods through the
tool that can be flexibly applied according to regional circumstances and
conditions.

The analysis methods implemented in the central place analysis tool are
structured into two main components: the extraction of central places and the
analysis of their relational attributes (travel patterns between central places and
their surrounding areas). This study focused on developing functionalities
essential for central place analysis but not typically provided by GIS software,
primarily the calculation of inflow and outflow centrality indices and the

analysis and visualization of travel patterns between central places and
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peripheral areas. To achieve this, we analyzed user requirements to inform the
design of the central place analysis tool and proceeded with the implementation
of a QGIS plugin-based prototype. The prototype is primarily composed of two
main functions: 'central place extraction' and 'analysis and visualization of travel
patterns between central places and surrounding areas'. The central place
extraction function is further subdivided into two components: analyzing inflow
and outflow centrality indices and extracting central places. Consequently, we
implemented three functionalities as QGIS plugins: 'Inflow-Outflow Centrality
Index Analysis', 'Central Place Extraction', and 'Central Place-Periphery Travel
Pattern Analysis and Visualization'.

Following the development of the central place analysis tool prototype, we
conducted functional tests and advisory meetings in this study with potential
users, including experts from national research institutes, engineering firms, and
municipal research institutions. These efforts facilitated discussions on the tool's
utility and potential improvements. The central place analysis tool developed in
this study is expected to be applicable in urban and rural planning,
transportation planning, and national land monitoring. Future developments
may necessitate the establishment of data infrastructure, empirical validation,
and web-based expansion. Finally, to promote the active utilization of this
central place analysis tool in urban and regional planning fields, there is a need

to enhance education and promotional efforts.
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1) fU-|E S X+ =Y

2511 | QU-SS S X4 A 913t Python =

# KCB OD(KIEHFEAKX|-RIHZFAKX]) 20214 G0 £2127]
df = pd.read_csv("KCB_OD_2021.csv")

# Z8HJOB_CLASS == 0)2! rowst F&5t11 391 O|ZHPOP_CNT == -1) /2 12 U
df = df[(df[JOB_CLASS] == 0)].assign(POP_CNT=lambda x: x['POP_CNT].replace(-1, 1))

# 52 & WA
df = df.drop_duplicates('GRID_CD_O', 'GRID_CD_D')

# Tos 2Rt 25

df = df[[GRID_CD_O', 'GRID_CD_D', 'POP_CNT1]

# LR S A
df = df[df[GRID_CD_O] != df[GRID_CD_DT]

# Y S Xig At

df_in = df.groupby(GRID_CD_D)[POP_CNT1.sum().reset_index()

df_in[temp] = df_in[ POP_CNT]**2

alpha_in = (len(nodes_all) / df_in['temp].sum())**0.5

df_in[pc_inT = df_in[POP_CNT] * alpha_in

df_in = df_in[[GRID_CD_D), 'pc_in].rename(columns={GRID_CD_D": 'GRID_CD?})

# R 3d8 R Akt

df_out = df.groupby(GRID_CD_O)['POP_CNT].sum().reset_index()

df_out[temp’] = df_out[POP_CNT]**2

alpha_out = (len(nodes_all) / df_out[temp].sum()**0.5

df_out[pc_out] = df_out[POP_CNT] * alpha_out

df_out = df_out[[GRID_CD_O', 'pc_out]].rename(columns={'GRID_CD_O'": 'GRID_CD'})

# 991 9 QF ZANM X4 EiFt
merge = pd.merge(dtln, df_out, on='GRID_CD', how="outer)).fillna(0)

2) SuX|ot = 78 S HA| 24-Alzfst

H12 | SuXFH 2t S HA 24-ALEIE £I8t Python =
## 1. 24 Y SHAPL 718 AXY o
HH# 1 BNZAGEE, A0E S8 e o

# OO|E TX2| g
def preprocess_data(file_path):
df = pd.read_csv(file_path)
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# 321 O2F (POP_CNT == -1) 2t 12 CiA|
df[POP_CNT] = df[POP_CNT].replace(-1, 1)

# JOB_CLASS == 02! HjO[E{Rt ==
df = df{df[JOB_CLASS] == (]

# GRID_CD_O, GRID_CD_D¥Z POP_CNT 2t &t
df = df.groupby(GRID_CD_O', 'GRID_CD_D').agg{'POP_CNT": np.sum}).reset_index()

# 233 vy

df.rename(columns={POP_CNT": 'POP_01}, inplace=True)

# Uie S He|
df = dfldff{GRID_CD_O] != df[GRID_CD_D1]

return df

# RU/RE S 24 & 1
def analyze_flow(df, grid_code, direction):
if direction == "inflow":
filtered_df = df[df[GRID_CD_D' == grid_code]
grouped_df = filtered_df.groupby(GRID_CD_0O).agg{GRID_CD_D": first, 'POP_0": np.sum})
elif direction == "outflow":
filtered_df = df[df[GRID_CD_O] == grid_code]
grouped_df = filtered_df.groupby(GRID_CD_D").agg({ GRID_CD_Q'": 'first, 'POP_0": np.sum})

return grouped_df.sort_values(by="POP_0', ascending=False)

# OD HOlH Z=
data_dir = "KCB_OD_2021.csv"

# IO|E T2
df = preprocess_data(data_dir)

# MEXL MESH JHE HAKZE)
selected_grid = 00841

# 92 5% 24

inflow_result = analyze_flow(df, selected_grid, direction="inflow")

# 5& ¢ 24
outflow_result = analyze_flow(df, selected_grid, direction="outflow")

#HHE 1.2 BNZAER, 0T Sl 89 Al

# 2K HOIHE Zefok= g
def merge_grid_data(df, grid_file):
grid = gpd.read_file(grid_file)

# OD CIO|E2F 24X} GlOJE| Zgf

df_merge_1 = pd.merge(df, grid, left_on='GRID_CD_O, right_on='GRID_1K_CD', how='eft))
df_merge_1.rename(columns={'geometry": ‘geometry_O1}, inplace=True)

df_merge_2 = pd.merge(df_merge_1, grid, left_on='GRID_CD_D', right_on='GRID_1K_CD', how='left)
df_merge_2.rename(columns={'geometry": ‘geometry_D', inplace=True)

return df_merge_2, grid

# RU/PE S 2N &+ 2
def analyze_flow_radius(df, grid, selected_grid, direction, buffer_radius=50000, min_pop=5):
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if direction == "inflow':
# 92 =3 (Destination 7I1&)
df_filtered = df[df[GRID_CD_D'] == selected_grid]
name_col = "Name_D"
grid_col = 'GRID_CD_D'
elif direction == outflow':
# 9& S8 (Origin 71%)
df_filtered = df[df[GRID_CD_O'] == selected_grid]
name_col = "Name_0"
grid_col = 'GRID_CD_O'
df_filtered[name_col] = direction.capitalize()

# MESH 2Kt FH Q7|
grid_user_select = grid[grid[GRID_1K_CD'] == selected_grid]
gdf = gpd.GeoDataFrame(grid_user_select)

# i2feds ool 3o =2
merged_polygon = gdf.unary_union
center_point = merged_polygon.centroid

# B8 21 X (K 39 &)
buffered_area = center_point.buffer(buffer_radius)

# H GO Hle= 222 =5
df_filtered = gpd.GeoDataFrame(df_filtered)
if direction == 'inflow':
result = df_filtered[df_filtered['geometry_O'.intersects(buffered_area)]
elif direction == ‘outflow':
result = df_filtered[df_filtered['geometry_D'.intersects(buffered_area)]

# ANG za S Q7 2 ME
result = result[result[POP_0 )= min_pop]
return result.sort_values(by="POP_0', ascending=False)

# OD OIolH 3! 2k} Gloje Z=
data_dir = “KCB_OD_2021.csV"
grid_dir = "KRIHS_grid_Tkm_£4H[0|E_2021_8HS.shp®

# OO|E ®X2| % Xt HiolY Zg
df = preprocess_data(data_dir)
df_merge_2, grid = merge_grid_data(df, grid_dir)

# MEXL MEist 24Xt A=
selected_grid = '0{0841°

# 92 53 24

inflow_result = analyze_flow_radius(df_merge_2, grid, selected_grid, direction="inflow")

# 5& ¢ 24

outflow_result = analyze_flow_radius(df_merge_2, grid, selected_grid, direction="outflow")
#H 2. 24 O SUAPL AR o

# QUSR5 S3 24 % 3 (AR A2 23

def analyze_flow_grids(df, grid, selected_grids, direction, buffer_radius=50000, min_pop=5):

if direction == "inflow':
# 22 53 (Destination 7|F)
df_filtered = df[df[ GRID_CD_D.isin(selected_grids)]
name_col = "Name_D"

4
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grid_col = 'GRID_CD_D'
elif direction == ‘outflow':
# 92 S8 (Origin 71%)
df_filtered = df[df[ GRID_CD_O1.isin(selected_grids)]
name_col = "Name_O"
grid_col = 'GRID_CD_O'
df_filteredlname_col] = direction.capitalize()

# MEfSH AR HE JHRT|
grid_user_select = grid[grid[ GRID_1K_CD'l.isin(selected_grids)]
gdf = gpd.GeoDataFrame(grid_user_select)

# LIS el B4% 55
merged_polygon = gdf.unary_union
center_point = merged_polygon.centroid

# B8 21 X (K 39 &)
buffered_area = center_point.buffer(buffer_radius)

# H GO Hle= 222 =5
df_filtered = gpd.GeoDataFrame(df_filtered)
if direction == 'inflow':
result = df_filtered[df_filtered['geometry_OT.intersects(buffered_area)]
elif direction == ‘outflow':
result = df_filtered[df_filtered['geometry_D'].intersects(buffered_area)]

# XY A S8 O 71 Mg

"

result = result[result[POP_Q' )= min_pop]

# 20w o e

return result.sort_values(by="POP_0', ascending=False)

# 1S3 3 3UHI0JE Het e
def group_and_merge(result, grid, direction):
if direction == "inflow'":
name_col = 'Name_D'
grid_col = 'GRID_CD_O'
else:
name_col = 'Name_O'
grid_col = 'GRID_CD_D'
grouped_result = result.groupby([name_col, grid_col]).agg{'POP_0": np.sum}).reset_index()

# SIG(O[ERL Het
final_result = pd.merge(grouped_result, grid, left_on=grid_col, right_on='GRID_1K_CD’)

return final_result

# OD Glo|e ¥ ZX Gjo]y &2
data_dir = “KCB_OD_2021.csV"
grid_dir = "KRIHS_grid_Tkm_£AG0|6_2021_8HS.shp®

# CIO|E ©X2| ¥ 2Kt HolyH &g
df = preprocess_data(data_dir)
df_merge_2, grid = merge_grid_data(df, grid_dir)

# MRS M X (O tSAl SAX| Z4K1D)
selected_grids = grid[(grid['sido_nm_k] == "AM2L") & (grid['sgg_nm_k] == "2SAl) & (grid['type] ==
'ZAXI1)]['GRID_1K_CD.unique()
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inflow_result = analyze_flow_grids(df_merge_2, grid, selected_grids, direction="inflow")
grouped_inflow = group_and_merge(inflow_result, grid, direction="inflow")

#R= S 24

outflow_result = analyze_flow_grids(df_merge_2, grid, selected_grids, direction="outflow")
grouped_outflow = group_and_merge(outflow_result, grid, direction="outflow")

# 3. 2N O SHAPE AR = A0, 2 i SHX| JIF SUR/SHA SHSXA/AZTY o
##30. B O MK ZXL 2 O BHX) V1R SEXI/SEKE SEEXY

# SUs He2 O3t ¥ SUHHolH Het
def aggregate_by_emd(result, lemd_data, direction):
if direction == 'inflow':
name_col = 'Name_D'
emd_col = 'emd_cd_x'
sgg_col = 'sgg_cd_x
else:
name_col = 'Name_O'
emd_col = 'emd_cd_y'
sgg_col = 'sgg_cd_y’

# Stz HRI2 J&3st
result_df = result.groupby(lemd_col]).agg({
'POP_0": 'sum’,
'GRID_CD_D" 'first,
'GRID_CD_O": 'first',
fGRID_1K_CD_x": 'first',
f'sido_cd_x": first',
f'sgg_cd X' 'first',
f'sido_nm_k_x": ‘first',
f'sgg_nm_k_x" ‘first’,
femd_nm_k_x" 'first’,
fgeometry_O" 'first’
}).reset_index()
# S8z 3UH0/Eet Het
merged_result = result_df.merge(lemd_data, left_on=[sgg_col, emd_col], right_on=['sgg_cd’, 'emd_cd],
how='inner’)
merged_result = merged_result{[GRID_CD_D', 'GRID_CD_O', 'POP_0', 'GRID_1K_CD_x, 'sido_cd_x,
'sgg_cd_x, 'emd_cd_x', 'sido_nm_k_x, 'sgg_nm_k_x', 'emd_nm_k_x,
‘geometry]]

return merged_result

# OD CIOIH, ZAt H0JE, SXIGSH HOjE 42
data_dir = “KCB_OD_2021.csv"

grid_dir = "KRIHS_grid_1km_£AJG[0|E_2021_8 5. shp®
lemd_dir = "SHSXISG_HES_2021.shp"

# OO|E ®X2| % 2Kt HiolY Zg

df = preprocess_data(data_dir)

df_merge_2, grid = merge_grid_data(df, grid_dir)
lemd_data = gpd.read_file(lemd_dir)

# MEXH M AXEE (Off: MIBAl S| 2K

selected_grids = grid[(grid[ GRID_1K_CDL.isin([Cit7635', 'CiHI7735', 'CiHI7835, 'CiHf7634', 'CiHI7734',
'CiHI7834', 'CHHI7934, 'TiHI7633, 'CiH17733, 'Ci7732',
'THF7832', 'CHHI7731", 'CHF7831)['GRID_1K_CD.unique()
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# /Y S 24
inflow_result = analyze_flow_grids(df_merge_2, grid, selected_grids, direction="inflow")
aggregated_inflow = aggregate_by_emd(inflow_result, lemd_data, direction="inflow")

# 9& ¢ 24
outflow_result = analyze_flow_grids(df_merge_2, grid, selected_grids, direction="outflow")
aggregated_outflow = aggregate_by_emd(outflow_result, lemd_data, direction="outflow")

#HHE 3.2, BY O S A0, 2N oY S| 7iE ELX/SERL AT

# Al HeI2 O3t ¥ S0l Het
def aggregate_by_sgg(result, sgg_data, direction):
if direction == "inflow':
name_col = 'Name_D'
sgg_col = 'sgg_cd_x
else:
name_col = 'Name_O'
sgg_col = 'sgg_cd_y

# A ©e2 JE3t

result_df = result.groupby([sgg_col]).agg({
'POP_0": 'sum’,
'‘GRID_CD_D": 'first',
'GRID_CD_O": ffirst',
'GRID_1K_CD_x" 'first',
'sido_cd_x" 'first,
‘emd_cd_x": 'first',
'sido_nm_k_x": 'first,
'sgg_nm_k_x" ‘first',
‘'emd_nm_k_x": 'first,
‘geometry_O': first’

}.reset_index()

# At ZZHH(0]ERE HE

merged_result = result_df.merge(sgg_data, left_on=[sgg_coll, right_on=['sgg_cd], how="inner’)

merged_result = merged_result{[GRID_CD_D', 'GRID_CD_O', 'POP_0', 'GRID_1K_CD_x, 'sido_cd_x,
'sgg_cd_x, 'sido_nm_k_x, 'sgg_nm_k_x', ‘geometry’]]

return merged_result

# OD CIOIH, ZAt HOJE, Al GIOJEf Z2

data_dir = “KCB_OD_2021.csV"

grid_dir = "KRIHS_grid_Tkm_£40[0|E_2021_8HS.shp®
sgg_dir = "sgg_2021.shp"

# CIOJE TX2] ¥ At Cjo]e Zgf

df = preprocess_data(data_dir)

df_merge_2, grid = merge_grid_data(df, grid_dir)
sgg_data = gpd.read_file(sgg_dir)

# A B ZXE (O S5 AlRT 2R
selected_grids = [DIHI08417 # OYA| ZX} ID

# Y S 24
inflow_result = analyze_flow_grids(df_merge_2, grid, selected_grids, direction="inflow")
aggregated_inflow = aggregate_by_sgg(inflow_result, sgg_data, direction="inflow")

# 92 =9 =4

outflow_result = analyze_flow_grids(df_merge_2, grid, selected_grids, direction="outflow")
aggregated_outflow = aggregate_by_sgg(outflow_result, sgg_data, direction="outflow")
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