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A Study on the Measurement of Floating Population and Locational
Characteristics Using IoT-based Urban Data Sensors in Seoul
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Abstract

This study aims to analyze the relationship between S-DoT (Smart Seoul Data of Things) floating population and
locational characteristics of urban sensors in Seoul. First, we defined 'floating population’ as "the number of people
walking in a certain space and time" by comparing it with various population-related terminologies. We showed that only
the 2™-generation S-DoT data correspond to meaningful floating population data. The data from these urban sensors
were analyzed through time-series clustering and ANOVA to determine the features of the floating population and sensor
location. The time-series clustering analysis results suggested that S-DoT sensors could be categorized into three groups.
The ANOVA results indicated that the level of population concentration is higher at places in which large commercial
areas exist. These locations showed a rapid outflow of people after business hours. In contrast, places where the ratio
of residential areas are higher showed a lower concentration of floating population with consistent night time volume of
people. We suggested that new S-DoT sensor infrastructure should be installed at more suitable locations to estimate
the dynamics of the floating population. Additionally, 1*-generation S-DoT sensors should be re-examined in terms of a
measurement method. Future studies should investigate the long-term relationship between the floating population and
urban spatial characteristics.

ZFHof ADIETA|, ADIEAE TAlH|0E] MA(S-DoT), RS2, AlAIE &2
Keywords  Smart City, Smart Seoul Data of Things(S-DoT), Floating Population, Time Series Clustering
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YR B YulolETHERE, 2020). =AI7F ohst v o
H - A4n|tjo]- - FAl-GPS oA 59 29, $17]
AE, 8l Hlolg 5 - 7t 3] A 2= “HlolE ¥
A0 Zohd oldt EA| BlEjo[HE £3 W Helshe AlAH
< 25 E A A F88 =AY Agole} # 4= lcHRabari
and Storper, 2015).

ol2fgt M2 ZA|ITE] Ao dshog XAl ANER
A BEAE AxEslr] Q% QzetRA ‘AnEME ZRE 687
£ Al ol A=Al Al dA)E BEFA TeE
7|9E0 2 3D 7Md57t B AL 7|WHe] A58 FAHAHAE AT
817] A3 AntE R A] ALY E Qu)ditt,

o] T AA 2| Alfr=et &8 7hs Aol & A F e A
EUHU(oT) 715He] ZAMA A2 & dloly FHAREQ
S-DoTolt}, o= APEEAE ZA|HIofE AlA(Smart Seoul
Data of Things, S-DoT)?| EUTE, 24| Y08 E HAIt
o8 3517 A% AlA IZ2HE AEAl AFdl F531aL, o
£ 58l =A #AE ddshs A& T8 A SR 4L i
@A S-DoT AlA= oF 1,1000H7F AR Eof jlom 7], Fie,
ulAIAZ] 2 {520 5 175 okt SAIR Hlo|HE A4
ko & 331 Qlek, S-DoT AlAE Hlojel g AARteR, 1
2l g o s ST o] T AlA 7|6te] dlojg £ & 4=
A Al Ao 4ea1ot o] ANUEA] ok AAA, A7
H1-8-& Hokdt 4= QUi A ALGEHEoshs s Feol
ke Aol ok

o] 7hed| fEdTe EAIL Thest A, A, 314 @4t
& B4 gl T3 AER 7)FR, 71, 5T BAY
=& FAA7)L, o]Zo] TA| A B3R dddths =T
of whet A B4 9 Al 7EA] B7te] HAA a4r 9 A
4-5jo] Yeh S 41410, 2001; °|EE 9, 2019). EAIAY
4 QA ZopolAe AUE UES HlRT BAAA Y] =245
3 YRS ey B T4 mASE U 7t2s
g AAR| S8 588 A AR ESEUTHE S o)A
£, 1999; o|&5= 9], 2013). EF 33710 22 oA 33
AHIA oS HE|H OB S350 ol A&FH R vl
3k oAE Aol f-5 AT BEEHEA AR 9] Fa Aol T H
AcHAv]E]- A4, 20115 dskd-¥AE, 2020). olAE
AT HlolH EA] R A GAE HofE 33 it FHol|A]
A A A7kA7L Qs Fash dlojeEet & 4 Qi

HAZIA] S-DoT 5T tlole g B-83 A A7 A<
o]F0j|A] oFoLaL S-DoT 1=} -5 9 Tt ot =
o] AA] 27| Ao Qit}. T ER & A= HlojE o] A==
£ =ol7] et AAe At 1 2pgofA] Eeld ofar W A
7IHE AElgks AS AY A2 OFY B3 55U+
AAEH did 42 7|9Eo 2 MA7L $1x8 A 99] x| £4

= ATEgen, o 53 ¥F Y 38 WA
A= BEAEE nrdstaLA} sk,

2 AL e Ak, WA 2473 E40) A, 8
2] 2ot ofulef djsf st ol 7|Ee] Rt A
T fol R A2A| dF2ARE 719 BlaE F3l BESH A
getleh. olF FEd AA] HFS AR 75} 724 dlof
BE o] 7ol 2 AlZSh A9, AAE 2R, SR
2 &3 AEST. nAYeRE £4HE 2AE EG=
S-DoT &7 A2l UASA & Hlojefof] digh A<
J17ekal A kel g Al st

Il. #3272] Yol U 54
1. @52l7e| ojuje} Fol

Aol A & AT f5UTY oulE Hes] g2t
7] S8l ookt 7 8olE Hlashs Ade SR,
Q- HE fojolli= tfEAH 02 AIFH ORI, T
T+, AU 2P G5 A7F ATHE 1).

WA Y72 resident population) = g A|Hef] AFsl=
-5 E3tEE ‘oRH1FHnighttime population) &l &
k. 20159 o]F o= FHUEFUTE WA= ATt 1990 =7
B 85Ul F AT FEUTE F8ste] F1d
“Hdaytime population) E= ‘FFUTF e &019] 4
Az} AR AERIE, ohs Bed] AFA SEEFS U
FErAR ATl T H S E2 AT e e
7¥ste] Atz ] FEjA AAE Alash] A A2 &4
oH2714~, 2001).

o] dAEE A B 7S YEsHAl ¥ FUsE Y
AHEWE 59 FBARE ol8st] Pilsle TAAESL 5
FAA A (register-based census)2hal gk, A= 100%
FEARTS L83t Ae2AP) st S (fully) S5A14

Table 1. Terminologies for population

Terminology Definition

; ¢ The number of people who reside in a
Rgs:ﬁ:gé(rr:lghthme) given area and are typically present
pop during the evening and nighttime hours
Daytime The number of people who are present in

(commuter-adjusted) an area during normal business hours,

population including workers

Dé facto The number of people who are recorded
Saulation to the geographical area where they were

PP present at a specified time

Floating The number of people* who are traveling

population? in a particular location and time

*In a narrow sense, it would mean 'pedestrian volume(count)’
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£0]3 FZRITE BRI 20% EE7HE R
BARALE Wasto] 24shs F-(partly) SFAA 2o},

ol AN A Hlo|Bl= 7t B2 B3 W Alge] A ARz
U 12 o] glojE o] ¥t D= AR o ER AY
g 240] ARtE e 9lal, 53] AT ARe 227 o
g AExARE T8 S HEE, Al 8 (subjec-
tive)o] I 3R] F3jrhs ul@oA Hlojd 4= Qioh, E3k
9] I ol 52 B3| LT 22 8 THFF )9
o= o7t £, 24 5 ALFH|L LA FHY H|Fo| A
oHdmE] - A4, 2011). FABEL A4 AR B H)
7} BR3Pl TRt ols el e Rt Q- AR
AJAto] QE|Qlct,

AR = ol2fdt AFFEAHcensus) A2 FE A £4
3 7123 IS Bttt AAT &of a2 B4 AH
o AR ofl= 3o AAFA=AIE 715317 $18 Adoltt.
Swanson and Tayman(2011)& AFEE°] oft]ol] AFs=A| =
o} ojtj o]l $l=Al(people where they are found rather than
where they usually reside)ol 2738 gH=0jo} ks A& 7
Z31%r}. UNQ008) E3H 57 2| %jof] AF317] ehot A,
T 2 A5 O Ot EAIRE S dEtks e At
2 8814 nstarzt AHlA Q19 k(service population) 7i'd
2 A%t ] = shgict,

ol 739 AT AR BV o2 AR JEFAVeR
st} FA H Aite] ARG GolsiRt. 7Hg, Al&AlelA
/MR AT = HEAQ] FARIT dlolEt, o] ARe
zukd 2185 53 A Qo] 17| RS AR THell o
AAZECE 7|53 oA B, 71 ol sl wek 94|
£ AF 823 AHER 28 7|5 ARe|ER ARt R
e ¢t @8] 37H “EL(distribution) & ¥ oFETHaL
3 4= Aok

g0 e FA7N? AP A Aol mEd f-5
T AT 71T Y AGE ks AR S0l o)
ER% AS7HA A HollAe “FdFH volume counts) & %
gt} el A5, ST AIRE 9 33 e WellA Al
£°] duh FAAEAI ol Wi 3§ ST Ao] F83)
o, A7H 2Q015)= F5UTE Tl IR ofFshe A=
Hol AR o] ANTh= FHATt 7T HekoL, o=
FAT7E FRFE Uehdls AEehs S 7133ics AL
At

Zejsiabd, 7ot wE Boj= A AU, FUA,
AT e fEAdT7 At FAdE A R F=ATF 59
MM Amzt F2 BE oY S04 9] wellA At
2] W flo] digt Aeke] glth SAAR 7Nt AU A=
£ TR i %S U9 o gle e ofye AAZE

4) "IEAE, M5THE HMES (2022)

AaE AFdrhs FHo] Atk HH, F5UT= AFE AF
ZH W9 We] FaEe Alshe Zloj2 2 Q149 A|EF f14]
o} HEE motsl7] 913 e ltgojet Hluwd o) T JE B
4ol d=tt,

fredae ‘BE% 33H EelolAl @A AR St HAd
THFTE uistaz W njojis By, A, diFaE,
A5 F O o] b ol5-S =3 4 Aok, W
FE uof M 5 ‘HYA F8FH pedestrian volume)’
o= Algste] FoEnt, 71y, FE&E A fFEdTRA R
IA|, Helolg M A KT f-57 dlolE | S-DoT 5
T Hlofele S-S HPA ] R, A7 3G A=
S0l te} -5 U vlolE 9 ofsrd /elE B3| sk A
o] "asj},

=

2. M2A| 21Xtz e| S o B3

MEAE ToFet &7 WS B3l AARE g AFRALR
H2E Hk Qi) ol A8l Wil A AL W
Hat 24421 o] ot Axp= Al87t= jEdoly wgst
E o] gL ©]831 AFolzHdE HHF R SHF =
Aol ZE 2, 2010; A7 A5Hl, 2017; o4, 2020).
T8} o] Wz o] Alg7H A|ofo] wot f5-<lT-) S|
A P& A2 meld 4= gicks A7 Sl

gHde] Q7 A AltAY B4l A3 U BA AIXE &
$3to] et 32 QT HlojgE ATt e R EAT AR
et a2 23 A= ASAE gAteR g AFRRS &
A3t olof W2 EAJS EAEAL) ol oA Aot 75
21+9] oJule] 717k Hlo|ElE AWsla o] F vhFo R 453
¢l 7|4 BA1& Fuleh7| Sigtolt,

G D& 2300 R34} hs A2 ThE 4712 I blolE
£ AEjgh ojct, o] AREL &4 Wl et HEAS: A=,
A AR QAN AR R R ok, o] F At giAiel
5ol &3k AL HEAl 5 At2AFR 'S-DoT 5
At vlofel’ql ¥, ‘A-&A| ¥lo|E] A {52+ A%
Mg AT = GEE Au|oA AT S v R
o2 Ao elAtaetal & 4= qlck

1) 23 A Xz

T Ase @A Aol FA AYSE AA S8
(manually counted) A ¥Rolch, A&-g diake = §t 20094
7} 20122015 B2t ABE MEA] F5AFRAFE SRAH
T A AR 5 dpoltt,

AEAE 2009990 10,0007] AHES AR W] Fit
A QAF-RARE AIZBIAAL o1 F F33 AR E FAHL2E 1,00071
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Table 2. Comparing various population datasets published by Seoul

: Seoul pedestrian flow  Floating populationdatain  De facto population of _ : :
il survey Seoul Bigdata Campus Seoul FeaT ot Hopuistan
mz?r?:&ement Manual counting Automatic & Mobile signal counting Automatic & Video counting

: Floating population : Floating population
Terminology (Pedestrian volume) De facto population (Pedestrian volume)
Measurement 50=x50 m grid 50x50 m grid —_
range Max. 10,000 spots T iritarval sEroad Output area within 150 m buffer

- Manually counting in fields - Utilizing 3G signal - Utilizing LTE mobile signal - Measuring visitors within
- three times per week data(call, SMS) of KT-SKT  data(KT) and public a 150 m buffer every
R - Summarizing for 10 min. - Measuring with the bigdata of Seoul 10 min.
after researching for 5 location and speed of - Adjusting through multiple - Classifying people and
min. mobile signals regression vehicles with motion
sensors
- Reinvestigating 1000 - Only did KT classify - Short measurement - Analyzing CCTV
spots sampled at first pedestrians and non- intervals making lots of videos(Edge Computing)
survey locations pedestrians with speed of  signals and no difference - Adding 50 new sensors
il - Studying attributes of signals between individuals after 2021.01.

pedestrians through
individual interviews with
guestionnaires

age, gender and
coordinates

- Including info. such as

compared to 3G data
-Including info. such as

age, gender, admin.

boundary and output area

- Collecting PM,
temperature, humidity on
environ. sensors

A¥E & FE3}0] Az F2pRl Fait | A
22 AB7AA A oy w4 Wt 5o A% HAst
7] 98] 7132 AEE ARARICEN ARY] ALKES
Z| BTl 9, 2014).

o] Ax 7 HA vizE AMEA] R-5Q0T ZARES 7
ol& B-&% tokst A7t ARE U, A4E 22015 A1)
AAIA ) ujEiat o] 2424l 7ke] WAE EAE o) BT
ARE AFEA Y BT 2| EE TEAt 22 WA B
Sy 7120 A a4 E= EX0l 883 7§ 7he] @A o
3 ZAAE 9 A4 o] BAE AREHATHEY S - FA,
2013; skt 9, 2016). 53] ¥ulE]- 494 (2011)& & A<}
FARHA o] A= e digt AFAQ 7]& 4 Y8t

o|AY W ArE T3 ZAPAL o= vIs] T8
AL AF53LE B8 AR AG € F50] E7HsE A HollA 78
SHA| ARS-EE 2APEA] 5 SholTHE RS A14T], 2001; H-&
959, 2017 5 <, 2018). 1Y ARe] AH §-5<
T E sk W A L AR AR FE BdF
A7k H]go] A QETh ARAQ 5T RARIYS T80
gtjgt qike FUsHA7el 7Rt oy avkE x|&Heln
A71A AR AAI37] offit: §HA7L Qi = 13 o
o|E|Q] AlF7H A&Ao] BFate] YT AR EAo] ofHct
= D] fEHIZA - AR, 2016; YT 2, 2019).

2) EA X1=2
[ Alg A2l A)2)A Aofo] gl EMet 24 Aujrk Ua
otk AFo] Qlet, 2} Alge] 21 Aldat 2022l (sub-

jective) HloJElo] B2 2} 0] AR =9} 2ALY] RdAJo] W=
FAZE Qict, ol Ee] BAIARE B9 ATGE FAHH
ol 82} ditk=9] ZAA=E thFEt T WA dARteE =
AR = Tk 3 S Al ol b3 oihE Ml Al
HQl A&4E R 5 e Aol AHHAH 4,
2015).

A AR W AS AR vlste] A2 (objec-
tively) QI8 48T o] o AEE uloA {5
ATE EAS A=kl By| ofgct 4l A5 7)5kste
QI 912 ®8E vfofsia shghE 7 9] Wi I8 A A
sk 22 AAQIT-] g 712 7] wiioldt,

o3t FAl A1Z 7|¥ke] A&A] JAFRARALR = A&A] Y]
glofe] A {5 HlojE e} ‘Ae A7} At o] &
552 B9 €4, LTE 42 52 883lus A4 44t
e Ada g9d 5 22 ATSHAYRE FEE £ U
o]9lof) A7t A= A7 A, ¥ 52 AFEHI, I W=
10m =2, 50m 3=, AFA| Ex P45 B9 522 53
et

HA, A&A] vlglo|g] A A0A A FEh= 30679] A= &
£ F fed1e #RE HolHe F 12 1 YL & )
2}, (1)-03)2 SKT2H KT SAAA 50m 7+ 2] H2LE 7%
o2 FAT AFARY. o)F ASZHA W7E 7P AlEd A
2 (3) SKT ¥ #5381+ A=, AZAIZF 531+ HiolgE
E2370 2 AT 20|52 Fto] FHe| AR} ozt A
POl =22 IDof FFE), o et g, A%, A7
e AFA - YT DR B5E = 9l
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Table 3. Datasets of Seoul Bigdata Campus
Dataset

(1) Seoul 50x50 m
monthly SKT floating SKT
population

(2) Seoul 50x50 m
monthly KT floating KT
population

(3) Seoul 50x50 m
daily SKT floating SKT
population

Provider Period

2016.01 ~2016.12

2016.01 ~ 2018.01

2015.08 ~ 2016.07

(4) Seoul 10 m interval
of roads floating
population

Seoul 2015.01 ~2016.12

ojufe] F-EUTt FARPE A7 o] wt oha Aol 9l
21} 7| 2H 28 TS AT Aotk Bk KT+
Skm/h®| £ & £7 7|25 YA Emin)FH oV AF
g ASE BYATE Isltke Holtth. Z, Y A=A
£ 7T HMAE A AFelA Aedaret Bl ERRIFE
Alofet ZYATFE Akt AoITHAE U= EPUA) =4
AF-BFAF-HEFYRIF. oj¢h &2 SKT= 75 UTE 33
A AFAL 9 ZRAE AR WA= A 2stgltt. 22 37
Y7 AT YA7F F5 FHO~18A) T oFke] AA A7 5 60%
ojdo] FUT Aol oW Zz} TRAe} AFALR Bs)o]
Al efsrsict,

KT Hlo]Ele] 3¢ Haajo] T4E T30, Yeo]E i
29 F5UT tlolEl= Aadt upe} o] FAATY Ao
7. ol2fdl BAIE Easlr] A3 AeAlE SKT fed+
ARE HIR wFTIE, =H W Y] FHF, 2014 AEA] 7F
AF-ZA B4 Bl oheet HAAEe] FRE v oz 7153
ST F @) 2 B9 FEUTE FHsk AFsiien, <
A SR AlFTE Yo HFL2 AYske 2] e
o2k 2= o

Hidlolg] H20) 57 HlolEle 2018E E2R 1 ©]
3 AEEA] AT o1 F BRI HlolE7t 252 02 FA
B AT de HA) G AFRARER g E8H
I ek, AgAle AR A8k U 35 YdlolEe B §
AAERE A2 Uz FAEOIEE 71 °HAE A
?15H(de facto population in Seoul) ZAH=E 2017H%=FE A
33k .

g AEATH "FAAE A Ago] HFEL e A
217Hde facto population)® A& F2AE & AFRE 28
A, B, AR, B 5 YAHoE S Hot FHTRE F
Toke ATE FHUTHAESA KT, 2018). old, @A) A7
ZARAIA DA AN Aol ASAA AR AE K3t
B2 ofmdt 2joof| AF3HA| gt o $Y SR 5

44 "IEAE, M57HE HMES (2022)

A Aol B3 AFRRE AFA7E obd EARITFE HAE
k.

ChA] 5, ARl Aeeltet oadt 9 58S Ad
FUHERAT BFE ZG3= QT 7/EQl Ao, ol= 45
FRAT0] FAE Hsh= 7ol Swanson and Tayman
(2011)7F A|AZH @A 2I-Hde facto population)tt UN9] A1H]
2814 (service population)®l #38k= 7ot & 4= Qi

o] dlojE= Al&A|l E-ldlold oA 5T 4= 9aL A
T AR AY, 9%, AR 712eR ERA. 53 24
7189 3G A=}t 28 LTEAIS 79k F4l Ai=E E-83l
3 F7171 AL 415 dAFo] got /el 1t Apol7t tdsith=
EAo] QItHAIZA]-KT, 2018).

o3t AELIF Hlole HA| BPFE S8k FadT=t
= & & gt ogt Hdlolg fHH A {50 glo|E o H]s}e
24 Azrt F713 s AlFE 3 A= A=t
£ Aol ok, A7t A7 EjiEe] gleBRE AL A
9] Q1+ el wofsly|of At Atwal & 4= §iH, o]
g ARE E83ichd BT T oA sl A+
o] ARBIZAA A EA8IAY BA Alsol 23 A &
3E& BT 8-89TE s 38" 5= U

A& E°l, AvA 2016)= A& 7|¥ke] FAKL f-5AF A
B2 70 3 W 94 8 58L& Bkl ol F9
At Aol AT 7%, E- a7t AL3] ¥ 4= e
Aot FHE AAT] HEA R 4 F5UTE FHY 8
o] AAFA Bsh= 718 52 AN 4= et - 2R
£{2019) ERAFI A AFE fE IA0 4 AZE JE
i A% 52 E8slo] WFsReE|e} o] 82 54 119 HAE 4
stk

33 A& A Ee Y5 Ao it AT} =AY
9 AGEA 7] BAE A4 & Aot 2020199 4A
W EXE=7} QT o] ofE FFS ujX=A] B4
AAE - FH2019)7 254202002 BT A2 FHEA
= AAEL AZ AYE 4-5719] AHe R E7sla 7 X929
AT FEHA A4S urEt 3hd, AERIT AE= FAl HlolH
o Z|REtE R =l e=1e] AUS FHE 4 Qi o]
Ggslo] =TS o= o529 ofFdf tidt A|H3 k=
AF7HA S ujotstr] i3t A= MGG A A
9, 2020; AFE 9, 2021). W73 018)2 10m =27HE F
A FEAT HolEE B3 719 U8 AP vl EsHd
EXGEY EA 9 ol 5Hd A5 BsiGit,

3) MM X2
AZAE 20199 % WHE S-DoT AN E AAJste] Thah3%
& FA817] $J3 2AAREA L] A YolEE $AsH= AlA
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et T2AIYS AR, ol B3 v A, 2k, HE,
&, &%, TF, A4, TF 545 Y BP9} 54
dlojel & S4Bl TG 4). }AAEE 28, 75UF= 108
F712 ZH= AL dddjolE FolA 22t 60+, 10 7F
Ao HA =1 Qlrt,

S-DoT 5917 HlolEl:= 2020 5ERE A& didolg
FANA =] ARSI el A%, 20209 59 4
A o] FE ulfE 108 5719 AETt LA o8 JREE T 9
t}, 3 dlolE9 Al (& 5)9F Zt,

a9 Do & 5 %ol °F 1,10099712] BE S-DoT AlA]
% FEAT A= F 10070Th, o] F 270 THAHA] 2419 AL
dig-de] AT Aoz FRIEE= T FHo] A2l

Table 4. The types and features of S-DoT sensors

Data Type Measurement object Interval
PM; 510, Temperature,
Relative humidity,
Nl bage llluminance, UV, Noise,
environ. Vibration 2 min.
. Globe temperature
Special ——
Wind direction/speed
Floating . The number of visitors .
pop. Special (within a 1560 m buffer) Vi

Table 5. The example of S-DoT population data
Institution Model  Serial Visitors Registration date

2021-07-08
Seoul SDOTO01 4027 8 09:01:00 AM
2021-07-08
Seoul SDOTO01 4027 14 09:11:00 AM
2021-07-08
Seoul SDOTO01 4027 27 09:21:00 AM
2021-07-08
Seoul SDOTO001 4041 5 11:04:00 PM

S=DoTlfloating pop.)
® {100)

@ S-Daltal] (1,058)

Es#i, HERE. Garmin, USGS

Figure 1. The location of S-DoT sensors

e 9 2-99517] 22l Ao Belc

52U 2992~40509] A=Y WEE 712 F 100708 &
4 Al A AT 2T, 0] F 4001~40501t AlA 2] dlolEl=
2021 19 o]Fof F71E]7] AlRslgl, o] AlHE AFE 100
el faRlT MAE 12F AA(2992~3041) 50702t 23} AlA|
(4001~4050) SO70 = 23 4= Qlet. o] AAEL AA] 274
Y 150m o|Uf 9] 15 SA4%t},

A&AT-02020)¢] Hialt AlA K2R RS Fashd, 12}
Al AAS7E 53] ATARE S0 AXE Ao ajot
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B3It 22} AlA 9] 79, ZH Aol A 2HA] AA(GMS-100)
7} A2 =lo] gt Abe] Baiga) o5& FHEste] A
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Table 6. The scope of study and sensor information

Weekday 2021.07.08 Thur.
Scope
of Weekend 2021.07.10 Sat.
Saiady Seoul
97 S-DoT floating population sensors
Type  Serial Period Note
Subiect 2992 _ Located mainly in
) 18t -3041 202008 traditional market
4001 _ Excepting 4020, 4024,
2hd -4050 #ekl 4025 sensors

Aol I W7E AEEEA0|ER 23} AlA F TAA|
A7) A-diF-Y Al 271(4024, 4025)5 A eletgch, E3H A
gt B4 921 ] B4 A4 (4020)2) HlolEl7t gEo2 BAjs}
o] A3t AaHEoA] Ao 2 A=, Tt AT i
AE7HA el wt 3709 AlAlZE AlE U] 97709 AllA|
olm At W= (& 6y 2t

2. HI0|g| Hx{2|(pre—processing)

S-DoT ZAJAlA glojefel 22 AAZE Hlg|oje] = 0] 8417}
A T2 Fogle] A== B ¢ Y4=E A
&3] 58 = lohs Aol Qi 18y ol 7141 2, 7]
387 T 22 AA 9] teokRt Yol R3] o] f-= Qlsf 25A] 2
oA E FRIgTH= TAE IR, o]2|Et HlhlojHE &8
517] 9J8f A7k FEhE HlolHE AlA % ti A (imputation)
sl AAE] IS # Aok SoHPrakash et al., 2018; Dalad
and Dahiya, 2020). S-DoT #5317 dol Eg+ F24 7|3t
ARE T A4S el AAY © AARA S sHsgleH 1
S e 9 SRR HolE o3 =g F2Ishk= Hlof 7]
oJ3}alz} aF3ict,

A HA dA= 240 233t glojelE HEsl 712 BAEF

< Al Aol 1219} 22 AlA 9 HjolE7F EEH A
Aol 288 =7 HAH 22t AlA o] 7188 0] 20219 ©]
9] 7 YAARE st glolHAlC R Hele IS A
oI}, tho s Fag Wsd AlYE UE, PR}
TEYAE #5311 24742 A Hnumeric) Ei= 9AR(date-
time) 52 dolHE R WA, o FHLHofA R
lubridate 5 F31 ¥, 4, A% & T ARE HEE F5F
of Yol g2 QASIGIcE E3 oF 130,000712) FEEH=F H

SFXE F71= AA S

5 ®iA A= dlolE 7hgelth, f-5¢at HlolEE 108 F
7] AZo|BR AIZFF 63]7F FH = ojof LAt & 4= Qi
oA EER 53 9 Y AR 59 2HES B3 5F ¥
M)-LD)-AlH)Z AEsto] Ahd #5219 7iE YA

46 "=EAE, M5TH HEE (2022)

ot ol& §3l 474 AEE B s E AFE F QU 2
23}, #F S 1HA 61R71A] e o] F A|7HE 6
371 243 S4E vlolE= JA F o 74%2 7 B2 HF
& 2R3 BAlE AI7EE 61e] EAE A= ddled,
o= 0&°llA 598717 18 HH o8 ST 3R] F 1 &
AE o] yehd Az g5 £ dtolAs S-DoT 54
= dlolEjo] tigt 714 £A40) FF3te ARPS 63171 243 &
ZE AR Y] =Rk E-8-515ict

Al A Gl dlojEAle] 125 Wdksk= Ajloltt. dlo]g
= 374 AE#(ong—form) E= 7123 (wide-form) 722
AgE, AN2g T2 olF IHE HolH Fej7t AlzE 24
Al ol Y= FEE FHohe Aoz, &4A dolEE 7 % A
e 4= oh= Aol Qi) F2 AAE E= Al dlo]E
£ AAH o2 sty o] g2 AR A1E Al4ske o
ApggtTt AlAER HlolEE ke AjlolAle ol AlAE
Al @i BE AAE £4 dider A%stch 2=
AZHE Hlol87t Badt ymA] X213t Ao A= 2t BSAE
AR 2ol Baste] o4t AlAZ Tekgt AlA1 (3009, 4019)
& Al <fatsich

IR FE2E AAE 243 Zo] o8 MeES B4 718
ue} vl wed o ARgER= dlofE FEjoh & AtellAe 71E9]
A2 diofE 5 35 ARE 712 F22 HEs F o5 A
AQ 23S AT ] 8315t 3T HlolE= HlolH Y
X2} 35 9 U vl JHZE AJZ3Sh= 2ol B-8-H Al
2 729 ARHH Hlo|HE H¥(pivot) 7| 5oE HEdF=
S T3l SHIEU o] oA =Rt E4of 23HE 2
71 Y= A= ALJslgint, o|eh Zo] AAZE dlo|eAlY
TFEE= A7 2R a3l gler FHQl diolg A7
TS (17 22 2ol A3,

3. 2474

1) AAIY ZEIEA(Time—Series Clustering)

AAE FHEGE AAE ARE Aoz FA3E st
£ E47I¥elct, 99 2ozl B2, FIEAL HA =
#15(unsupervised learning)2] #4 AH R, A= sksit &
2] A2 4L T3k HlolE(label) §lo] AFE A4 5
& YaRES YYste] ERT dloje F2& Hdshke 24
o] &3tk

AAE FREA FA] o2t BlA|=3tgo T, Azt
H3tof| wheh A5 AJAE AR £7HH Q] MekE APk 2
o]l S3hel ol ol ol Al YRt AAE A=
of tiat] sjEdS E4stAY, N +3e) EEF (prototype)
of digh Y HRE aoFd o F= AREHD Urso et al.,
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selecting key columns y \
Buffer Projection
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Data formats of all columns were buffer polygens coordinates of base-map
changed properly
Remove NA
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Processed in R
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Figure 2. The study design containing procedures of data processing and analysis techniques

2018). °li= 53] o8 AIAIE A 719] 718181 Hd(geomet-  FEF Fo7} W23 Maharaj et al., 2019).
ric profiles)®] fFAMIS A% uff 8514 &8 4= Uk o} oje, F2AI7=H(Dynamic Time Warping, DTW) &1L
o, BAIolA] dlofE] 2] oft AIZHE M AUAA AXA 2Fol AAE WA 7H fAMS Hshs 7|Eo R s
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wHEIE Z0ig

2H, o] daE|Fo e HYPH HFYE ARSH 3 AZE
Z|2313H= H|EH(warping) AEE Zobd = v}, ofuf
warping BE WE wywy, - we - wiphes Tt 22 £20&
REE3jof 3k, &, (1) A2 & AIAE 7HA X, Y& ik
A= W7t A7ke] 350 whel T gle] o]ojA qlojof 3t (2)
3N step sizeRHETE o530k 31, (3) AlAGo] 32 WEF2
£ o]F31A] ghofok i ZlolTH (53t 2020).

AAE AL FARE dlojg 78] B3s] Wi $3%
AZA +H(agglomerative hierarchical clustering) 3]
Z2 AMgsteg £33 3Hpartitional clustering) €112
3t 2ol Aol 23 & AAEHA] gokle "o, J2Bg ¢
FAR= =2 3%(dendrogram)& 33 A3 239 4=(k)2k
3 A2 AEsHA Fok(Eeg] - 23H4, 2020).

2) Bt 2N

AP £4(Analysis of Variance, ANOVA)Z 1§ %t
(between-group) 41} 15 W(within-group) #4h& H]aL
ao] Zek 2hofl foynjdt Bt Apol7t Al HAAT 5= = 7]
A AEA 7)ot siut B E ol S¥wise} 19
&3k T 719 BAE #4581, 2(factor)l A B
8 SR AR e o YN S5 52
AE B PEHE 5o 2 2|3 54, 2020).

AR S A% 2 979 SENee 34 & SR
@ 7). A A= A2 HEof kg AR, 22helH, ol
ol AHY A=l wE AlA 9] AAISAS 2ABELA B9l o,
BEE AAE bes 4 248 #3519 F v AA
g AEAE B9 A= 23 HE ol AN 2 =R
7 Wre] Bt Zpolof mt {511 ol Ale)7t Ye=AlE
FA4517] Siftelct, ol 4 diARS A™E oule] {5l
glojejet £ 4= Qs 22 AlAfREe 2 A ghsigict,

AR o] ANE FEHE /) Tl FFehs 18719 =
Ag ol A& A ole g FEYRERTAA A
oM i A= AE A4, SEAE 9 §=A99] 37
H glojelE F53te, ZF A2 E A9 &40 et A4, 2
o] = U A B Yo & AL ol 7 A4
wejg oz Mg AlA] 400m ¥ o|ul<] glojgnte g 4=
ATHEE 8).

By

L]
k1
H

Table 7. Criteria of classification for ANOVA

Independent variables Cluster's members Values
Types of sensors All sensors 1,2
Time series clusters 2nd sensors 1-3

48 "=EAE, M5THE HEZ (2022)

Table 8. Urban environmental variables for ANOVA
Category Dependent variable Content(unit)t Source

: Sum of
Sidewalk NGII
Traffic length(km)
infra. . Sum of
Bus station S Saiil
Open
Seoul Traditional market Dgta
trade Golmok trade area Sum of Plaza
aread area(acre) (SODP)
Baldal trade area
: Mean of
Floor area ratio(FAR) ratio(%)
Mean of National
; Gross floor area(GFA - Geographic
ng::al (A area(n) Information
Bildi i Mean of Institute
uilding compactness ratio(%) (NGII)
Building complexity ~ Mean of count
Class | exclusive
Class | general
Class Il general
Res (over 7thfloor) S
area  Classll general Open
and (7th floor or less) s Data
use area(acre) Plaza
Class|l general (SODP)
Quasi
cml. Central
Rien General

1Al contents were measured in 400 m buffers for each sensor

V. 24 Zu}
1. Hl0JE] x| AT W S3

(2™ 39 A-D d2 AAE 108 7] YAARE B2
S-DoT & dlo|8 & T8} S4& 247 g =r, 47)
9| 3= 271e) M ek 27l A A= st 242
AlZststgtt. Ax 13 A9 5 2, B 13 AlA 9]
WOz, C= 224 AIM S 5 2, D= 23 AlA 9] 5
g B

12 A IR A, BY| 7€ onshe= y& HSH7E 23
AlA el C, DRY Adkdos £ AL ¢ 4 Ao EF
A, B7} C, D] v|8to] AJA|E A7} WRRE 31e] A 35
The AS HUg 4 3l

2. Ho|g] == mfe}

(¥ 3)9 E-H @2 AN 72 Qlo] & ¥5A|9 BEE
Uehd Jefitc, S3%E K3he f o] Aol Fasi
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Figure 3. Basic visualization of S-DoT floating population sensors: (1) [A-D] Plotting 10 min-interval raw data for each
sensor(grouped by dates and sensor types) (2) [E-H] Distributions of hourly data based on dates and sensor types
(3) [I-J] Graphs comparing between weekday and weekend datasets
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Slsted 108 719 YAARE AIZHEE ARt dlolelE AL
3tk AlI7H% 63] SE o] #EAof hgt Aol == A-D
g o] TRty WO HHAgto] 23S 4 4= . ol

£ BE & 3 AR FRAIA Y ¥HE 150m olWE F¢E <
T 9fujeit,

E-H 222 E5 53 A4 7ot B4 dAlE 7Ees
dlojEE £/t ol AA 2¥(Box plot) IeZojug
A-Dell Bgte] 7id FER)7F AT 771 ARSI M99} o]
AE £4A ER1E 4= 9l ol& Fal 1&F A4 129l EF
7R A Q] G-HES U5 7 H58] HE AR &
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3. 3 ¥ F o|o|E vl

(O™ 3)2 19} ] g2 242} 1219} 231 AlA] glolE 2 A4 B
Fole, 5 9 U 2= E SHAA F 494 T vl
& vlagh A}, o]F Sl Al E-H idollA] ARS-E AlZhE
gh4t dloJEl & AlAl L glo] Btdl Hlo|elE AMgstat,
o 73l AAE FESIA] ofar 1249} 22} AlA 22 5
U 2 gefxo] FFAQl 2lol & mefataiz} a1 gt

19} = E-He) 2E /N #3539 A7hd HRA59 72 A
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224 LA dlofEjQl J uZEA R 54] ool 5 | Y
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4. M SR0l| IE YXISY =N
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71Z02 lo] A BAS SaEigltt 1 AR K, AEA|
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F AEFARY, AT NFANY(GF oI, FAAEAY
I AR A W47 Zd] 10%2] 25 olUlofiA] AlA]
5 7t Bate] Aot BAIA fo4S Fug Ao BAE
(2 4).

(¥ 92 B2 18 (Box plot)& F3] 1, 23} A4 ARk

50 =EAE, MsTE ME (2022)

ol W4 BRE Felg 4 ok, 1} AN ABA, 224
Ak AR YHFARG(S olshel WA viFo] et 2w
27 A Bz Zo, A Aw A 1% AEFAXY-
FARUAYG - AIRAAGY WA, Tel3 §AF EA0lE &
250| Hgo] & Ao Vehieh

5. A8 2EEM { 238 YxI5d

&

AAE 2R o= 280 =93t v} o R-E Ut A&
off Zgtslctal wekd 221 AlA dlolErhs 83191t 1 21,
T AT AR AlA e ASdE AlA 27let 24 717 Y B
ALK (402085 Al efgt L 2] 3 47702 2785t

AF 4 23T 5 FFAZY A 3 = 23
EQict, WA, QE=T9 AAd a2 S8 4 2HE F
A (A9 a2 W o2 A ke SRS Sete.
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Table 9. Clustering evaluation with validity indices

K Linkage  Silhouette Dunn COP

3 0.5015249  0.2539501  0.1908627
T 0.4601104 0.1331500 0.1182132
T Complete  0.4515431 0.1566426 0.1115950
6 0.4468735 01813974  0.0988266
- 0.4399819  0.1977890  0.0928807
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Figure 5. Results of time series clustering with 2nd S-DoT population sensors (k=3, linkage method="complete”)
Bus station(ea.) Sidewalk({km) Traditional FAR{%)
£ " mll‘klt{lt ) trade arn[ﬂ:]
ek B o W .
5= 75+ 300
B R
w- 50~ 200 -
N T e B * i o
. . ol _._ = o 4 .
CFA[ ) Bullding Bullding Exdl.ulwu res. ljac)) General res. Ifac.) General res. Il *
s compactness(T:) wmple:dqr{u.} 120~ = (r Tth fleor, ec.)
20000 - 0 LE . L
— | 8 80~
" = s L :
10000~ | |- * . &0 -
] 100 &= a0~
2- . 3- b —_—— — o~ — et
Generatres. Il Genenaires. liac) * Guuslus.{-c.) Gentral cmquc.: General cmil(ac) ©

(== 7th Tioor, ac.)

- "3 &=
60~ —_— )
m=_ N =

3

- ¥ % 2
8

-

¥ & 8 B

*
80 |
40- |
— o~ .

3 1 z 3

| B ER=E

Figure 6. Boxplots of urban environ. betweenn time series clusters (S|gn|f. codes: *+'0.001 **'0.01*0.05/0.1"'1)

ofet A4l Aj7idiQl 13-14A19} Bl Al7H Q] 18-19A10] 53
Zo] JF =t

19 WA = 38712, 7 B2 RS ERd 2R
A=A, chaFst A7 ZjEe] glonz BE Fho] foj=
3o <F 10007l o124} F4AE] HA]= <F 300 AR
HA4Eo] BE 7Y F A7 W7 7HE e AR e
Wl 8AIRE Aol swke] ST oA Aol A BA|
sttt ATl 343 7Pk AZ & & o ol 2
Folli= 11 gho] F3 WA AR 0% I AIZFHS 18=19A]]]
Z7k8toch, ol% o 2417k ARA o= Fhadh= Ao R et
wrt,

T3 20| /WA e MR, 7P AL AAAE T FAlOl 71
A2 HNY FHFE Hole 2R ERIHU. BE AT
AlZidje] ol sl B5shs FAll 19-20/E BAHLE o]
HRHo 2 A Re & 4 A, o F AlZho] A A7t
AAsht 224] o|R7HA| HFE 2 oF 10008 2] ORI
7t 2E3d A= SAE T

23 39 A = 1R, BE HF ATHA BHHoR
AT =7 w2 AR yehygth, 25 2 9 A4 AR
o 7F¥ w2 ST 2R T =71 Aol S ET AR ]
B2 JFolsFol SHsE AL AU 5 Uk

AAE 2R EH R ERT 23 met ZHE =ASEE

Journal of Korea Planning Association Vol.57, No.5(2022) 51



AT i
Time serles cluster { w:]’/ ? N
@ Cluster 1 (38) J iy (?
® Custer2(2) - f L\ ) Ly A
Cluster 3 (6) )S (L,l \
e

Figure 7. The location of S-DoT floating population sensors
classfied by time-series clustering
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