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COVID-19 Socio-economic Impact Assessment Using Night-time Light Earth Observation

H. Miyazaki
Center for Spatial Information Science, University of Tokyo
Contact: <heromiya@csis.u-tokyo.ac.jp> Web: < http://heromiya.net/>

(1) Introduction: The COVID-19 forced people to stay
home, keeping away from businesses and operations,
and left a notable socio-economic impact in the
countries. The consequences need to be measured for
the governments and public agencies for allocating
budgets and investments for recovery from the
recession. Night-time light earth observation is a
useful data resource with a high-frequency, real-time,
and broad coverage, beneficial in the emergency.
This study aims to develop a method to measure
socio-economic impact from satellite night-time light
observation.

(2) Method: This study used VNP46A1 - VIIRS/NPP
Daily Gridded Day Night Band 500 m Linear Lat Lon
Grid Night published by NASA on the website
(NASA, 2020). The image data represents night-time
light intensity from ground objects, such as buildings,
industrial firms, aurora, and wildfire. Although the
data is distributed on a daily, it is hard to acquire daily
observations because of cloud contaminations and
lunar reflections, causing inconsistent baselines
among days. Therefore, we aggregated the daily data
on a monthly basis by pixel. The aggregation was
with calculating median value by pixel among the
monthly periods so that outlier pixel values like cloud
covers were eliminated. We applied the aggregation
to the data set for the period between December 2019
and July 2020 to compare pre- and post-crisis of
COVID-19, covering target areas around the Tokyo
Metropolitan Region.

(3) Result: We observed a reduction of the night-time
light from April 2020 to May 2020, during the state
of emergency, and still in a decreasing trend for June
2020 even after deactivating the state. The degree of
reduction differed by areas. For example, the
commuting areas for the business center districts
reduced the night-time light emission intensively
while the business center districts likely kept
brightness over the months. As the results indicate,
the outputs are useful to identify places and areas
with the most impact of the COVID-19. Not only
with the public health crisis, but it would also be

helpful for humanitarian responses to large-scale

2019-12-15 (1) +0[N8

e

2020-04-15 (5) +0

-

2020-06-15 (7) +0[N8

e

Figurel: Night-time light observation around Tokyo
Metropolitan Region. Top: December 2019, middle: April
2020, bottom: June 2020

natural disasters, such as earthquakes, typhoons, and
floods.

(4) Data:
* VNP46A1 - VIIRS/NPP Daily Gridded Day Night

Band 500 m Linear Lat Lon Grid Night

(5) Acknowledgments: This study used the data freely
distributed by NASA.

(6) Reference:
NASA (2020), VNP46A1 - VIIRS/NPP Daily
Gridded Day Night Band 500 m Linear Lat Lon
Grid Night, visited 30 September,
https://ladsweb.modaps.eosdis.nasa.gov/missions-
and-measurements/products/VNP46A 1
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Anthropogenic Heat Intensity in Jakarta Metropolitan Area

L. Yola and G. A. Nanditho
Center for Spatial Data and Analysis, School of Strategic and Global Studies, Universitas Indonesia
Contact: <lin.yola@ui.ac.id> Web: <http://www.csda.sksg.ui.ac.id>

(1) Introduction: The significant temperature increase and the energy consumption in the city center. This

in the city center develops thermal distress and the
cooling loads in the tropical region. The
fast-economic activities and urban development
creates the increase of the Urban Heat Island
intensity that worsen the climate change (Oke,
1982; Leal Filho et al., 2002). The big cities like
Jakarta struggles with this situation especially when
it also contributes to the poor pollution index. There
is a lacking of empiric studies on this issue,
especially on the anthropogenic heat and emissivity
intensity topic. As a variable contributing to the
anthropogenic  heat, this study presents the
investigation on the emissivity intensity
development in Jakarta metropolitan area. The
issues of temperature increase and air pollution in
the city center are the main challenge faced in
Jakarta. The impacts on thermal comfort and
cooling load are the consequences that moves
Jakarta away from the sustainability targets (Yola
and Siong, 2017; Yola, 2020). Therefore, this study
presents a clear reference to the emissivity
significant data of Jakarta.

(2) Method: This study was situated in Jakarta

metropolitan area. As the focus of this study, a range
of a decade emissivity data in two years; 2009 and
2019. A series of Landsat 5 and 8 (path 122 row 64
and 65) of 2009/07/29 and 2019/8/1 was analyzed.
Particularly, the emissivity satellite imagery is
presented. The percentage of the emissivity intensity
is quantitatively presented to indicate the decade

data gap. Part of this study is still on progress.

(3) Result: This study presents the emissivity data

comparison through the satellite imagery and the
intensity. Figure 1 shows the results of
Anthropogenic Heat mapping in 2009 and 2019.
The results show that the emissivity intensity
developed from 53% to 62% in 10 years. This
development pointed out that the significant
increase of emissivity intensity (a decade gap of
9%) clearly contributes to the temperature increase
in Jakarta city center. This fact contributes to the

development of emissivity intensity, thermal stress

finding recommends the policy makers to take
commitment in national climate change mitigation
agenda. For the case of Jakarta Metropolitan area, a
comprehensive spatial planning policy is urged to
prevent the bigger impact on the social and urban
ecological environment. However, this study will
need to further analyze its relation with other

variables such as land use changes, green area, etc.

(a) (b)

Figurel: Emissivity Intensity in 2009 (a) and in 2019 (b)

(4) References:

[1] Oke, T.R. (1982). The Energy Basic of Urban
Heat Island. Journal of Royal Meteorological
Society, 108 (455), 1-24.

[2] Leal Filho, W., Nagy, G. J., Borga, M., Chavez
Muiioz, P. D., & Magnuszewski, A. (Eds.). (2020).
Climate Change, Hazards and Adaptation Options.
Springer International Publishing.

[3] Yola, L. and Siong, C.S. (2017). Computer
Simulation as an Alternative Approach in
Climatically Responsive Urban Configuration Study.
Chemical Engineering Transactions, 56 (2017),
505-510.

[4] Yola, L. (2020). Canyon effects in urban
configurations: tropical context study. /OP Conf.
Series: Earth and Environmental Science, 436
(2020) 012028.
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Spatio-temporal Characteristics of Vegetation Dynamics and Its Interaction with Sediment
Yields in the Yellow River Basin, China

R. Zhang' and T. Oguchi®
'Department of Natural Environmental Science, The University of Tokyo
2Center for Spatial Information Science, The University of Tokyo
Contact: '<zhangruiqi@csis.u-tokyo.ac.jp> ><oguchi@csis.u-tokyo.ac.jp >

(1) Motivation: Vegetation influences sediment yields water discharge (Q), although the correlation

through the surface hydrological cycle. Since coefficient (R) varies spatially; 2) the responses of

vegetation is characterized by inter-annual and
seasonal dynamics, its effect on hydrological cycle
may also vary with time. Thus, research on vegetation
dynamics can deepen our understanding of runoff and
sediment regulation, especially for areas where water
erosion is severe, such as the Yellow River Basin
(YRB) in China (Fig. 1). However, previous studies

monthly mean NDVI to Q have time lag, and its length
also differs spatially; 3) Higher values of the
maximum suspended sediment concentration (SSC)
are negatively correlated to the mean annual NDVI
(Fig. 2), reflecting the role of vegetation in retaining
soil. However, the correlation is insignificant if the

maximum SSC is small.

(4) Reference:
Cao, R., Chen, Y., Shen, M., Chen, J., Zhou, J., Wang,
C., Yang, W. A simple method to improve the quality

suffered from some limitations. For example,
traditional methods for computing the Normalized
Difference Vegetation Index (NDVI) are ineffective
against contaminated atmospheric haze, cloud and of NDVI time-series data by integrating
spatiotemporal information with the Savitzky-Golay
filter. Remote Sens. Environ. 2018, 217, 244-257.
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reconstruct the NDVI time series. It can address the "’E 750 *® e o E:IM
problem of missing data in NDVI datasets, and can 2 .

also better preserve the low NDVI values during the “é °00

harvest period. In addition, this study investigates both (_)E 250 . .

main watersheds and sub-watersheds to increase the % 0

0.2 0.3 0.4 0.5

number of data for statistical analyses.
Mean annual NDVI

(3) Results: We have analyzed data collected from 70
gauged watersheds and sub-watersheds for the years
from 2008 to 2012. Our main findings are: 1) the value

Figure 2: Maximum SSC versus mean annual NDVI.

] Their relation differs according to maximum SSC values.
of monthly mean NDVI calculated from the obtained

NDVI maps is positively correlated to monthly mean
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BIRYT -LFHINRFEICE T2 —FEHIL AN BEDZE/E 5 % SFRE — 58

TR AT, AR RBAR 2
VBARUFBE R fREEE0, 2 —EH R A&t R
HH& S < hsaito@kanto-gakuin.ac.jp>

1) B B U T O R 7K TR T, 20 Q) R BE. TEN DI ORER, SN (X 1)

HE 0% - DU O I BRI PRV, S —F B L AR
(thermokarst) & FEIE 12 8+ BlR 12 fEH H 3% 1/
EREDHEA TS, TEREZIX, 7T A (alas) EFEIE

MDY —FHVANINE L E RN B2 DR BLE72%.

P —F VAN LDWE DR EL, W EEDHD
DOEAIZEEEDL T, AR, KGHRE, 612X
MO KELAL E TR LN BN EHE TS, &
DORFZERI A B OBARIL, ZIHE TORE A
P B CEBEMESE.

AWFZED B L, &30 —F D NVAREIHE O
JERPFERSN QD H R T - L)1 Hhii ik
KGELT, B, KORe—2 2T —h
v T AWT, A VANTE D 2S5y
i EHIFER R R A SN T 528 THS.

Q) FiE H_UT DL FJNELFTROT VZ )N

SENTMUE (X 1) ZxfGe L. FEDIX, ZihvE
TIZN = ZE R g 2 FIV T, Y —F /L AN
D53 24T - C& 7= (Saito et al., 2018) . AHF3E
1%, FcloxtGetiisia L )1 R skl s, e
DA BN THLDTHD. £9°, Landsat,
RapidEye, Planet 72 %4 HT, HEDOHA0
ZHEER S CHH L 72, £72, ArcticDEM
(https://www.pgc.umn.edu) &, B [:[X45 (Soloviev,
1959) % FNC, VR D22 5504 B O, A & 4R
FEZ AT LT

(12U, #9 33,000 & FrO#E (900 m?>~) 235347 L C
Wiz UL, D2 AT — R Tl o7
(X 1). ¥8lZ, 1G> Bestyakh ifi, Tyungulyu i
TIXMEOEENKREL, BITHmL W, —F
TENLO Emilsk [T, X HICIHB O HFEE
SARB T/ NS -T2 (K 1, 2).

AL T, 1990 FFROXIRD EHIZXD, B
- S U CRIBRE NG AT CO AR Y —
EHIVANMTIE ORI TS (Fedorov et
al., 2014) . Bt X DWHE O3 A OENE, B
TR E D 43 A RO L iR AR 7 & D B SRS
&, NETEEORELOMEERN—RELTE
261, ZNHDSHIN S HORETHS.

(4) BITE AT, BITE - SARATIE (A) TR HBR BT

FIH LR AT AT 72 BR 5 B 52 B 2 A oD 2L A1
(19H00556) & Arctic Challenge for Sustainability 1T
(ArCS 1) Dk ZEZITT-H D ThHS.

(5) 5IHACHR:

Fedorov, A., et al. (2014). Ecohydrology 7, 188-196.
https://doi.org/10.1002/eco.1378

Saito, H., et al. (2018). Remote Sensing 10, 1579.
https://doi.org/10.3390/rs10101579

Soloviev, P.A. (1959). Cryolithiczone of the northern
part of Lena-Amga Interfluve. Issue AS USSR,
Moscow, 144p (in Russian).

o
o « Bestyakh (total = 6.2 x107 m?) g
® * Tyungulyu (total = 9.0 10" m?)
= = Abalakh (total = 4.8 x107 m?)
f * Magen (total = 2.5 x10" m?)
SR te] Emilsk (total = 1.1 x107 m?) o
putt [
o
©
©
(C

<

o

7 RS o) W TR W7 B BN 7
10 10 10 10 10 10
Area (m2)

2:B¥ L DWIE O BAE E A A A

R [ >0 Bestyakh [fi, Tyungulyu ifi, Abalakh ifij,

v . N chva L)~ s i /AVAN PR
1: L) ER O A FE 2 3T DR S A 8 Magen [fi, Emilsk i Cb%.
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FORBBLR Y B
HE S < seiya@rs.tus.ac.jp 20>

Q) B B AR ERETHY, HEDIDITHAKSL

TR ELRNCL S TELOENEL TS,
R S, HE W o7 S I LA E SR
ESNDOHIKIZH ZLOEYCBA-AHY, 5%
DR EIZL > THENH LRI 20, FiZ, Hil
IZE-TUIAT B— b7 E DB I E R
TE STV AR I Z BV Th B 72 IS E S e 2 i
MBS TWDELELHD. FRZAEHIZ RS
TWAHIBIZ I T, Bk AKARE ik & -#p

HiIBl 2 A AL L 3 2 BB 2l b .
ZDZEND, W)L DRI DR V7 Ik T
BHOHHITIZ BV TIFEER DK EV A7 BRESNS
I W T B H LA ETe IR LT, WEIZIT
WIS WOIRSE N BV CIE, Sk EE&
PMLEDSH AR, MBUL T 2B AN EL 2D
MWRIBEND. 4%, AOBIRERE LOBRICH
# B L THOMEITV, EHESEY 2248 5E Husk o
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IZOWTEBLRTHILEHNETS.

(2) ik [E LB RO T 4 SE T8 PCtsl ) Tk

1RARARE Kk ) TR IR KA E 1 2 W, GIS |k
TIND 3 2095 2 DL EEE TSR
T5(X1). D%, 1976 F=B LU 2009 4281
7% [ L EAE S LR AR Sy Ay 27— S
TEET IS LA HZE iz oW T
IINTEAT ST, 72388, ATIC B W T i,
Fepfomitt, BAM (HAEETe) LT, THFAIHO
FEHALHBAEIZOWTHE B L. ETHOr&1T
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BKVRIZEABESHTE
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9V NE Y NE ST e R e
HAE G < yumi@sfe.keio.ac.jp> Web: < https://www.chikyu.ac.jp/rihn/project/2018-01.htmI>
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IR ASRRE O ZHREMEICE B 958, fA72h
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Akiyama, Y., Nishimoto, Y. and Shibasaki, R. (2017)
Projecting Future Distributions of Facility Deserts
for Smart Regional Planning: A Micro Geodata
Approach in Japan. CUPUM2017 Conference
Proceedings, #35081

Shoyama, K., Matsui, T., Hashimoto, S., Kabaya, K.
Oono, A., Saito O. (2018) Development of land-use
scenarios using vegetation inventories in Japan.
Sustainability Science, 14(1), 39-52.
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(1) Introduction:

0]

Quantification of Flood Impact on Human Settlement Using Sentinel-1 And Google Earth
Engine: A Case Study of 2019 Flood in North East Thailand

Gautam Dadhich and Hiroyuki Miyazaki
Asian Institute of Technology, Thailand
Contact: <st120591@ait.asia> Web: <https://www.ait.ac.th/>

Floods  affects
environment by causing loss of human life and

society  and

damage to property and infrastructure. To respond
opportunely to hydrometeorological hazards, it is
necessary to assess, rapidly and accurately, damage
to the affected area. This work shows advances in the
field of flood damage assessment to estimate affected
population with radar images. This study proposes a
framework which can be applied for urban flood
damage assessment and estimation of the number of
people affected by flood.

Method: Synthetic Aperture Radar (SAR) earth
observation product from Sentinel-1 is used to prepare
a flood inundation map. The 2018 JRC Global Surface
Water dataset of 30 m resolution (Pakel et al., 2016) is
used to mask out all areas covered by water for more
than 12 months per year i.e. permanent water. Flooded
pixels are separated from non-flooded ones using
Kittler and Illingworth (KI) threshold method. The
parametric Kittler and Illingworth minimum error
thresholding approach (Kittler and Illingworth, 1986)
is then employed to derive local threshold values using
a cost function which is based on the statistical
parameterization of the sub-histograms of all selected
tiles as bi-modal Gaussian mixture distributions. GHS
BUILT-UP Sentinel-1 GRID (Corbane et al., 2019) of
20 m resolution was used to estimate affected people
and validated by Facebooks research’s High-
Resolution Settlement Layer (HRSL) data (30 m
resolution).

Orbit
«correction

Human settlement

“mosk”

B II

Final Flood.

s Affected people
extent

Figure 1: Methodology for flood affected settlement
mapping

(3) Result: The results of flood extant map were

assessed by calculating confusion matrix. The overall
accuracy of the classified flood extant map was found

to be 93.57% with a kappa coefficient of 0.86. The
user accuracy was 94.55 for non-flooded class and
98.46 for flooded class. The producer’s accuracy was
98.74 for non-flooded class and 94.78 for flooded
class. High classification accuracy demonstrates the
potential of the Kittler and Illingworth (KI) threshold
method for classifying the flooded and non-flooded
pixels. Figure 2 shows the spatial distribution of
flood extant overlaid on human settlement. Our
results show that sentinel-1 data and sentinel-1 based
population data product can be effectively used for
estimation of number of people affected by flood
disaster.

: '. ‘| af/“ E _.__1

Figure 2: Flood extant map of Sept. 2019 flood in
NE Thailand

(4) Data:
+ 2018 JRC Global Surface Water dataset of 30 m

resolution (30 m)

+ Sentinel-1 GRD Data (IW)

* GHS BUILT-UP Sentinel-1 GRID (20 m)

+ High-Resolution Settlement Layer (HRSL) (30 m)
(5) Reference:

Corbane, C., Pesaresi, M., Kemper, T., Politis, P.,
Florczyk, A. J., Syrris, V., ... & Soille, P. (2019).
Automated global delineation of human settlements
from 40 years of Landsat satellite data archives. Big
Earth Data, 3(2), 140-1609.

Kittler, J., & Illingworth, J. (1986). Minimum error
thresholding. Pattern recognition, 19(1), 41-47.
Pekel, J. F., Cottam, A., Gorelick, N., & Belward, A.
S. (2016). High-resolution mapping of global surface
water and its long-term changes. Nature, 540(7633),
418-422.

High-Resolution Settlement Layer (HRSL) data:
https://ciesin.columbia.edu/data/hrsl/
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JHLA& SE: < hisaai@csis.u-tokyo.ac.jp> Web: < http://www.csis.u-tokyo.ac.jp/>
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A QGIS Plugin for Visualizing Open Traffic Accident Data Using PyQGIS

H.B.Yin!, J. Yang?, P. Cao ! and R. Ando?
"National Engineering Laboratory of Integrated Transportation Big Data Application Technology, Southwest Jiaotong
University, >Toyota Transportation Research Institute
Contact: <caopeng@swjtu.edu.cn>

(1) Introduction: In order to propose some effective administration region 401 in Fukuoka Prefecture.

countermeasures to prevent traffic accidents, it is
crucial to investigate the characteristics of its
attributes. This study aims to develop a QGIS plugin

Next step, this plugin will be revised following
suggestions of officers working for safety analysis
and management to make it more applicable.

to visualize the aggregation results easily, which (4) Data:

+ Traffic accident data (2016~2018) of Fukuoka
Prefecture, Japan Open data Site of Fukuoka
Prefecture, Japan.

(5) Reference:
Joel Lawhead. (2015) QGIS Python Programming
Cookbook, UK: Packt Publishing Ltd.

(6) Acknowledgments: This research was supported by

might be used by officers in the government for
safety analysis. Here, QGIS is a free GIS tool, which
has been used by more and more researchers and
engineers due to its low cost, good extended
development ability, and diversified community. This
developed QGIS plugin can draw various charts
quickly and avoid time-consuming work processes
using Microsoft Excel or other tools. the Open Research Fund for National Engineering
(2) Method: Firstly, the open traffic accident data were Laboratory of Integrated Transportation Big Data
converted and stored in the QGIS as shapefile format Application Technology (NO. CTBDAT201916).

as a geospatial vector data format, by which we can

LEOR OmEHES-Po-T

visualize the location of traffic accidents easily. R
Secondly, a QGIS plugin was designed by QT
Designer and PyQGIS language. To visualize the
traffic accidents, we mainly utilized three libraries of
Python languages, Matplotlib library, Seaborn library,
and Pandas library, which were integrated into the

QGIS system. This visualization plugin is highly

interactive and autonomous, which might be Figure 1: Interface for drawing charts

il

Figure 2: Bar chart for occurring time and accident

extended easily using PyQGIS language. Thirdly,
this visualization tool was testified using the traffic
accident data provided by Fukuoka Prefecture, Japan.
(3) Result: Figure 1 shows the interface of this QGIS
plugin. Users can select the type of charts, including
bar, box, broken line, and scatter. The vector layer of
traffic accident data can be chosen considering the
choice of drawing all points or selected points. The
attribute of x field and that of y field are set freely in counts
this interface, which can use different charts to .

‘.u“||‘|||n‘l|l“|-u,,u.ﬂx

number of accidents. While, Figure 3 shows the bar e

visualize aggregation results. Here, two example
charts are shown in Figure 2 and Figure 3,
respectively. Figure 2 shows the bar chart for the
aggregation result for occurring time and accident

counts, which indicates that 5 p.m has the largest

chart for administrative regions and accident counts, Figure 3: Bar chart for administrative regions and

which suggests that there are more accidents in the accident counts
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The Spatial Accessibility of Emergency Shelter Assignment in Disaster situation

H. Sritart', H. Miyazaki®, S. Kanbara® and T. Hara*
! Department of Information and Communication Technologies, Asian Institute of Technology,
2 Center for Spatial Information Science, Tokyo University, * Faculty of Nursing, University of Kochi, * Data cradle
Contact: < st119886@ait.asia>

(1) Introduction: Emergency shelter are the significant case area analysis. In this research, the study case

location to safeguard people from hazardous areas
and disaster situation; however, the inequity of the
shelter distribution and spatial heterogeneity of
population are the critical issues that are limited the
accessibility to the evacuation shelter in the real
situation. This study, therefore, aims to develop the
method to evaluate the emergency shelter assignment
and identify the imbalance between the shelter
distribution and the demand of the population during
the flood disaster in terms of accessibility regarding
to enhance disaster preparedness.

(2) Method: This study applied census data with the
boundary data for the study case area in the scale of
the smallest polygon mesh of 250 x 250 m resolution
grid. For these smallest areas, the centroid features
were calculated to represent as the population points
and investigated the accessibility of emergency
shelters. To estimate the accessibility based on the
distribution of population and the designated
emergency shelter, the travel route from each
population points to the nearest shelters were
calculated in terms of travel distance and duration.
According to the guideline of the emergency
evacuation that suggests the desirable distance of
evacuation on foot shall be less than 2 km in all cases,
a two-kilometers on the road network distance and
travel mode of walking were considered appropriate
for accessibility measurement and applied for the

Table 1: Spatial estimation of affected population

Estimated
Data amount Total Percentile
Information affected amount
from flood
(S;‘r% case arca 13.49 44.12 31%
Population 13,247 22,594 59%
Male 6,400 10,962 58%
Female 6,847 11,632 59%
Population over o
65 years old 3,976 7,157 56%
Male 1,828 3,264 56%
Female 2,148 3,893 55%
Capacity of 1340 3110 43%
shelters

area is Mabi town, which is located in Kurashiki City,
Okayama prefecture, the western region of Japan. For
the comparison of the accessibility in the real disaster
situation, the 2018 flood disaster which was the worst
flooding in decades of the western part of the country,
was also applied in the study. As the output, the total
estimated population demand was calculated by
merging all amount of accessed population points
that can reach the shelters.

(3) Result: Figure 1 shows the results of the estimated
route to the emergency shelter from each population
points during the 2018 flood in Mabi town. Based on
the methodology the total demands estimated from
the flooded population were summarized and
compared from the normal situation to access the
nearest emergency shelter, as shown in Table 1.

(4) Data:

Boundary data and the 2015 census data in Sth
mesh level, Official Statistics of Japan

Designated evacuation sites, Kurashiki City Open
Data Portal

(5) Acknowledgments : This study was supported by
JSPS KAKENHI Grant Number 18K19695.

(6) Reference:

Infrastructure Development Institute, J., Flood
Hazard Map Manual for Technology Transfer. In
Infrastructure and Transport, J., Ed. 2003; p 49.
Sritart, H.; Miyazaki, H.; Kanbara, S.; Hara, T.
(2020) Methodology and Application of Spatial
Vulnerability Assessment for Evacuation Shelters in
Disaster Planning. Sustainability, 12, 7355.

4 - ﬁ g .;:::E::

4
Kilometers|

Figurel: Results of decreased spatial accessibility
to designated shelters due to the flood
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Study on Campus Bus Transportation Routes: Case of Universitas Indonesia

G. A. Nanditho and L. Yola
Center for Spatial Data and Analysis, School of Strategic and Global Studies, Universitas Indonesia
Contact: <garrinalif@gmail.com> Web: <http://www.csda.sksg.ui.ac.id>

(1) Introduction: The well-managed transportation locations and 26 spotted in Route b. It was

system is one of the keys to a sustainable campus.
Effective transportation management determines the
effective mobility among the campus origin to
destination. Effective transportation management
offers energy efficiency, cheaper cost, and
passengers’ satisfaction. There is a lack of
significant issues on the campus bus management.
However, there is also a lack of studies on effective
campus bus transportation routes. This study
explores the campus bus transportation routes to
investigate the factors that cause the delay in the
campus bus. Even though Putera et al. (2017) have
pointed out this argument, they did not investigate
the relation of the routes to the physical features
along the routes. The management of transportation
management is significant to maximize the service
to the users as well as to target the sustainable
campus transportation system (Haryanto & Franklin,
2011). The use of satellite technology is an effective
tool to get the precise spatial data and analysis
(Kluga et al., 2013).

(2) Method: This study investigated two campus bus

routes (in this context called Route a and Route b)
from the same origin point and destination. The
study areca was situated at Universitas Indonesia
campus, Depok city, Jakarta, Indonesia. The study
used the Global Navigation Satellite System
(GNSS) application to analyze the spatial data in
2016. The data were collected during the lunch
break when the traffic volume was moderate. The
study also used Google Map Image to integrate with
the presentation of GNSS spatial data. The Google
street view was also used to explore the physical
features along the routes due to the challenges of
field study during the pandemic in 2020.

(3) Result: Figure 1 shows the results of GNSS spatial

coordinates in two campus bus transportation routes.
The results indicate that there is a gap of trip
durations between the two routes. Route a recorded
28 minutes and 20 seconds while Route b recorded
30 minutes and 2 seconds. The analysis of physical
features shows that Route a met 23 slowing down

concluded that the management of campus bus
transportation management needs to consider the
spatial and physical features consideration to
achieve a more sustainable transportation system.
The study also highlights that the aid of GNSS
technology offers the more precise spatial data in
the effective transportation management study.
Further studies on larger scales of routes and more
variables on transportation management are needed
to get comprehensive findings.

(a) (b)
Figurel: Campus bus routes (a & b) navigated by using
GNSS, GNSS data integrated with Google Map for two
campus routes, 2016

(4) Reference:

Putera, R., Pratama, O., Nanditho, G., et al. (2017).
Efficiency of Public Transportation Using Global
Navigation Satellite System (GNSS). International
Journal of GEOMATE, 13(36), 26-30.

Haryanto, B., & Franklin, P. (2011). Air Pollution: A
Tale of Two Countries. Reviews on Environmental
Health, 26(1), 53-59.

Kluga, A., Kluga, J., Bricis, A., & Mitrofanovs, 1.
(2013). Multiple Frequencies Precise GNSS RTK
System Research in Dynamic Mode. IFAC
Proceedings Volumes, 46(28), 95-98.
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The Cell Transmission Model: A Better First-in, First-out Traffic Flow Approximation

G. Peque
Center for Spatial Information Science, The University of Tokyo
Contact: <gpequejr@csis.u-tokyo.ac.jp> Web: <http://www.csis.u-tokyo.ac.jp/>

(1) Introduction: The Cell Transmission Model (CTM) increase in the demand is added on origin nodes 9 and

is one of the most widely used continuous-traffic
dynamic network loading (DNL) models. It provides
a reasonable representation of physical queues and
their spillback through merge and diverge nodes, in
conjunction with computational tractability. The
CTM assumes a first-in, first-out (FIFO) traffic flow
rule which rely on FIFO approximation. Recently, the
first method for computing the CTM solution that
satisfies the FIFO condition was proposed. However,
the method has an exponential computational and
spatial complexity and thus, can only be used to
benchmark the CTM solution. Interestingly, this
ability to benchmark the solution allowed us to
develop a better FIFO approximation method for the
CTM.

(2) Method: The dynamic nature of traffic makes

difficult to analyze and numerous models have been
proposed for this purpose. Among the fundamental
components of these modeling efforts is dynamic
network loading (DNL). In DNL, all choices of
travelers are assumed to be known, including origins,
destinations, departure times, modes and routes.
There are many DNL models and one way to
categorize them is by the representation of traffic,
discrete or continuous. While FIFO is trivial for the
former, it is not the case for latter. Recently, a method
was proposed to compute exact FIFO solutions for
the CTM which is one of the most common
continuous-traffic DNL model by splitting traffic
according to priority. Splitting traffic usually occurs
at merge nodes where the traffics’ order of entry
needs to be maintained (not done in the CTM).
However, this has an exponential computational and
spatial complexity with respect to time. In this paper,
a method to reduce the exponential complexities are
proposed.

(3) Result: Figure 1 shows the traffic network used for

the simulation. It has 4 routes that merge on nodes 1
and 6. Traffic passing through merge nodes needs to
be split to maintain its FIFO order. The simulation
starts with a demand equal to the minimum link
capacity in the network. On the 8% iteration, a slight

number of cohorts

10 which is reverted at iteration 9. This slight
increase in demand in a single iteration causes traffic
splitting to grow exponentially with respect to time
(Figure 2). Therefore, a method to merge split traffic
to avoid this problem is developed. The method
focuses on the selection of split traffic to merge using

a merging criterion.

(4) Reference:

Daganzo, C.F., (1994). The cell transmission model:
a dynamic representation of highway traffic
consistent with the hydrodynamic theory. Transp.
Res. Part B 28 (4), 269-287.

Daganzo, C.F., (1997). Fundamentals of
Transportation and Traffic Operations. Pergamon-
Elsevier, Oxford, U.K.

Bar-Gera, H. and Carey, M., (2017). Representation

requirements for perfect first-in-first-out verification

in continuous flow dynamic models. Transp. Res.
Part B 100, 284-301.

Figure 1: A simple loop network with 4 merging routes.
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Figure 2: Exponential growth of split traffic.




Research Abstracts on
Spatial Information Science
CSIS DAYS 2020

B14

EREEMERRT —2C k5T RETH B DR

CTAINE— T

WA !, SR A2, Pl B
VRPN BELATTE BRI OR, 2R R BRI AR R T P2
HIKE e <hyamaguchi@se.kanazawa-u.ac.jp> Web: <https://urban-trans.w3.kanazawa-u.ac.jp/yama/>

) B 12 LA E OB ETEIE T VI, #BE TR
EESIH R B TR, RNEBEIT5
£570 B E 7 R EE RS B T BN 2 (2R S
T&Je. — 5T, SEHEFRMEEREDOT —HIT
EoT, M OBEBITEEREK R T+ —~
YNCAFTELIONCRY, Rl E A TS
BN Z DT — 2T+ H S >od 5. &
T, RIEBEDITE)E M EREEDITE) D RF 22 [
DANNXE DI HBEBIR R DD DIEAID 2 Z
DERNE2HZLT, RHEBECEEREZ KA T 5
ETNVERETTDMENEEZO F RPENB SN
RHEMFSND.
ZIT, RWFIETIE, EEEFRMERRT — 2%
AWCR BRI 5 % & e BB TE O
Re 22l Ai 7 — 2 & 3528 T, RiE#EL A
HEEOB B TEN CRONDEEBLOITE Z— D
R AD.

() FiE: HIXETATZ LD 1 4ER O A A EHERHEA T

Iz, BROWAEATEN AZ — N0 57201,

FEAMATHIK 143 % (NMF, Non-negative Matrix
Factorization) Z V5. NMF TiX, A A IXJ D
FEEAOBIATH Y %, A X IXK OIEAMET
Bl W bW A X KXTOIFAMEITH HIZ 3T 5
Y = WH (1)
MFZECIE, BRATH YITiE, &17H3 1897 HilXHT
FCTdH b, %52 2018 D 365 H X2 I i (AM3
I, PM13 IFE) X3 BRI (T IKETR &
[ HXETR AR 1 RSN & OREFHEE
ANATF =225, ok x, KHEATFO
TENBIT KO NY —IhfREns Z &
2785,

Q) FER:K=6 LLIZLEDRGERAE TR, OO
SRERE S, R-1 RTINS, SEH BRI HBT
DI TENCE DO KFTTE), GW- 34 -4
KRG E VBT T DIRETE R LHENIS LD
By — oy firsnsg. 22T, HEITAANT
SERETDITEN &, RSSO IREITEY IXFRICH
TR CEBLIS N AEIICH D, DEDZER 45 D
MR LRI U R — LU T fRINT=Z L3y
5. FLTIHTAIW D Z D TEN 2 — 2 D22 [ 4y
iz 1 OIDNTHIETHIENTE, ZOLIH721T
By H— N DSBS N R E NI R 2R

HIEWTED., ZOXH7 o iRAE a2 L0 T I
FELTCWZET, HAREEOHITAZ EOWTEST
B ¥ — L DR IR TE 5 THAY.
@) FERLT —4:
s Ras- AoV Ah~—rrT 407 [ A)VZER
wEl)
BIEE AW ST IR AR R A B4 20H02270, ST
HR A I B FEL L CRRE ST T E
IEENC LA O —HTF. Z2ICRL TR E R
L7z,

5

~—

F 1 RUTATEN R Z — 0 L2 DOfiFIR

Oy iR — HERIL 72T NG
NE— ] LRI A KES
INH =22 R H OmENLD NG
o= 3 KB DRNTOBENTE)
2B — 4 T XA N T OME

+ B NSDIFETTE
IRE—5 BEN XA
INFE—2 6 BN O E O S
val 4 -
B os -1 %
Bl 08 -09
o P
B 05 -086 @ o
04-05 g' ',
03-04 “
02-03 §
01-02 4 a1
0-01 A'
cr ol
_4:89—;:-" [
’ ’a‘?(}" "\A P‘ 8 :
! B e £y " v
.,,‘h‘— E
of ”;.5 ¥

17— 4 D2 554




Research Abstracts on
Spatial Information Science
CSIS DAYS 2020

B15

ENAIEYT T—2ZFRALEHEIOFT VAL ABICEDANDBE~ADZED I

TG EEZE L, BRI thAs 12
UHURER TR G T T YA 80, 2 R ZE RS AR At gE e o —
HLIE S <g1718085@tcu.ac.jp>

(1) Bh8%:2020 4= 9 HBUE, Filamt AL AL
Jit (LT TCOVID-19)) 23 it it F Tl A2 R 5> C
Wb, FHLTEHT, au @iz s AoEjEn
YD IE K B KOl S B 27 PR IcH D Z e
I0EED TG, —JF, ITFETIIEREFEOB
FEREICE T YT —Z (UL I f ey
7T =4 ERWT, RN A OSAATE A
HEBERIIZHR TE AT T, =R LE VS
T AR AT HIET, BEYE O REGRE TH
ROFEYLY AT D i\ N HISB OO i 1 S TN LD T E M
HFFSAVTOD (- BAAR, 2013) . 22T, A0fF
ETITENANE YT T —HEERL, ae i
BUIDNOEEE R R - T LIz, ADE)
EDOZEALE COVID-19 O TEDRIZE D XH72EE
FRHER R OLND0EEEIRTZET, 5%,
Bl 2 N DB E LR E O N A OS5 6
W2, YL R DR — TR, G A3
NAREMEZ R T ZEA HNET 5.

Q) FiE: AT, TS EOE MLy T

— B O EAAT ST ACHBERLIE T, BRIl

KRBT KRBT, A8 i) U A o) 77 -0 7 0D 44 4
21T, 2020 4F 2 H~5 AD 1 BT Lo B G YL
FHk, 2019 AN IR 5 2020 FFDON % b
L, EDORERIN LB E T LT, £, & 1
\RT BRE 4 BT OBIEE IR, FOLHE
X R K OBIEE A E T e Ay 2 (1 km Avi=)
EXRRIT, TD Ay 2 N OBREE AT O R G
YT B DI R I e b & T LTz, 7288, 4%
FR T - MU O B HEAT L, PR AW TA
H A& X N O P R g A i L, 20T
Har I W TRbEELZ T tE 2D
FFRACAE OJE S5 e KOG EE B I A 5
Lo AL 2% TR G DB L LTz

FEE LI, (LB THAlko 2020 A0 A TR
YeBOHIFIC BT, 2019 L kX284
DroTo. FLIEH oAl A i E L S s R O
HNIC AT D720 LEZ LN, —J7, Hisknd
DBENEE KK, 18 6 1 T o
BEMEEHIZ 2020 4 A DTS TUE, 2019 41
R, KREKACleoRR 2 El, 180 CReoARK 1 E]
DNHEBBAD Uiz ey hoT. Fiz, BiEiis
R G L UT2 oy M il e I I O f B L Lol 975

3

-

&, S N OB RSN (F 1), &5
(2, WIHOBEREEIZIBOTH 2019 FEED A H L
23 1R (T B R L R EE DO A ) DI
D USRI THEZR 4~5 T [ S4B T O RgE 4K
MWE = LIp o TNDIEN -1 (K1) . 5141,
TR, RO ve s T —2 %15
LT, ELICEERRLE TR 2, RYE 5
HEMOMHNZ S NDH R AT NEEZ TN D.
@ FERL=T —4%:
- [P ERFATQ016 ) HATKFZEMIEH
By s—
< TRy RN OENT —# (201942 H 28 H~
514 H,2020 42 A 28 H~5 J 14 H)I#EK
24 Agoop
TN OEHIX T — ) [E 4284
(5) BEE: AWFRIIR S B RBUR &I TE D
LRI EDLOTHD. Fiz, HK CSIS H[FH
72 No.985 DR FD—FREL CTERLT-. 22T
FRELCHEER L.
(6) ZE MR :
Bt - BIARFE S (2013) RHRAE A O i Eh T —
ZOFIERICOWT, [EEAIEL)E—Nr v
7], 52(6), 327-331.

7% 1 BIEE T L O B TR U Tl D
2 AR 2020 4= A 01D 2019 Ak

s BT TEESRL  BREHNESE  mRsmsEOCEUE
sLE

BN T L AR EO2BRETOAOLL
@ g TTED 0.352 5AE2E 0.506
@La® =] 0.474 ARELE 0.748
® KB LEE 0.353 AR 5548 0.841
®@ @™ M 0.539 AR%E38 0.888
® ERMLHPRX  RE - #iH 0.157 ARE4E 0.374
® ERMHEX WEKET 0.419 AR%4E 0.716

1200 1.0000

0.93:
‘ _~0.886 N
#osEliR

800 -0-774

400 [
0.2000

. e,
S APF. O 2K 2K IF 2. ISF 2K 2K ¥ 2F 4
" “5 %) O S % %) O N V) %) O
FFFF PN S
4 &
= RS

1:EREEIZIIT 5 2020 FEDSKEFE D 2019 4ELL L
T RIROEGF I DOHER

0.8000

0.6000

0.4000




Research Abstracts on
Spatial Information Science
CSIS DAYS 2020

B16

Analysis of Travel Behavior Changes Caused by the State of Emergency as the Measures for
COVID-19 in Japan

Y. Liu', K.Honma?, Y. Arai’, Y. Niwa*, and T. Kusakabe®
!Graduate School of Frontier Science, The University of Tokyo, “Institute of Industrial Science, The University of
Tokyo, 3School of Engineering, The University of Tokyo, * Faculty of Environmental Studies, Tokyo City University
SCenter for Spatial Information Science, The University of Tokyo
Contact: < t.kusakabe@csis.u-tokyo.ac.jp> Web: < https://home.csis.u-tokyo.ac.jp/~t.kusakabe/>

(1) Introduction: The COVID-19 pandemic has During the State of Emergency, a significant drop in

changed the world we take for granted in only a few
months. Changes that occurred at the individual-
behavior level lead to shifts in passenger transport
demand radically. While Big Data such as GPS and
cellular data can capture the overall trends in demand
fluctuations, little is known about the latent
information that which and to what extent various
factors (individual socio-economic, etc.) affect
people’s travel behavior. Such information is crucial
to a comprehensive and correct understanding of
transportation demand for urban policymakers and
planners. The aim of this study is to construct a
dataset capturing the links between changes in travel
behavior and social factors.

(2) Survey Design: A three wave online panel survey is
designed and implemented it in the main cities of
Tokyo Metropolitan Area including Tokyo 23
Districts, Yokohama City, Kawasaki City, Saitama
City, and Chiba City (Table 1). The questionnaires
consist of mainly four parts, namely (i) Basic socio-
demographic characteristics, (ii) Activities involving
travel from home, (iii) Activities at home, and (iv)
Personal ranking regarding the safety of
transportation modes. The attributes described in
questions in (i)-(iii) are designed considering those
of the Person Trip Survey conducted in 2018.

(3) Results: Figure 1, 2 depict the number of days PPPW
(per person per week) of the activities by three target
periods obtained from 1 and 2™ wave surveys.

Table 1: Summary of survey

Waves 1+ 2m 3rd

Implementation Period May, 1-6 Jul,3-13 Oct, 1-

Target Activities Before Feb. Jun.24-30 Sep.24-30
+Apr 22-28

Sample Size 300 243 -

Area Tokyo 23 Districts, Yokohama City, Kawasaki
City, Saitama City, and Chiba City

commuting to work or school. As for groceries and
household item shopping, it remains almost the same.
According to Figure 2, the commuting is replaced by
working at Home. The number of days of commuting
is recovered 80.67% after the declaration. However,
the number of the days of working at home is not
returned to the one before the declaration.

Commuting to
Work or School ul

Pick up and
Drop off Jum

Go to hospital

Groceries and
Household Items
shopping

Takeout from
Restaurant

Shopping (excluding
groceries and
household items)

m Before Feb.
Apr. 22-28
s Jun. 24-30

Eating out
for Socializing

Eating out
for Others

Indoor Entertainment
(Movie, etc)

Outdoor Activities
by Individual

Outdoor Activities
with Multiple People

Use of Life
Service (Bank, etc.)

L ELNLT,

s 10 15 20 25 30
days PPPW

0.

Figurel: Results of activities involving travels

Working at Home

Online Medical
Consulating

Use of Delivery
Service (Online incl)

W Before Feb.
Apr. 22-28
m Jun. 24-30

Use of Online
Groceries and Household 1
Items Shopping |

j—
| ——
| |
=
=
—
p Use gv Ongne Shoppmg |
excluding Groceries an
Household Items) [Fil

Games at Home

Video Meeting/Chat |l
for non-work purpose
(Skype, Zoom, etc.) =

0.00 0}5 0;0 0'75 l(')O 155 1'50 1;5
days PPPW

Figure2: Results of activities at home
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Reinforcement Learning (RL)-based Real-time Variable Speed Limit (VSL) Optimization to
Improve Safety on Urban Expressway

A. Roy, T. Ando, and Y. Muromachi
Civil and Environmental Engineering, Tokyo Institute of Technology
Contact: < ananya _roy88@yahoo.com > < ando.t.gunma@gmail.com > < muromachi.y.aa@m.titech.ac.jp>
Web: < http://www.transport-titech.jp/ >

(1) Introduction: This study proposes a proactive road (with risk >10) are reduced in the targeted section.

safety management system integrating a real-time
crash prediction model (RTCPM) with an intelligent
agent capable of mitigating crash risks
instantaneously. First, a micro-simulation model was
calibrated to reproduce the traffic conditions in Route
4 (Shinjuku) of Tokyo Metropolitan Expressway.
Then a Bayesian Network (BN)-based RTCPM and
an RL-based VSL control agent were integrated to

mitigate the real-time crash risks.

Hence, this can assist drivers to control their speed
before they encounter the crash prone traffic
condition. The other four scenarios are also analyzed
with the same threshold of crash risk >10 to compare
the results and investigate the appropriate length of

road segment to apply VSL.

(4) Data:

+ Traffic flow data, crash data (March ~ August
2014), Tokyo Metropolitan Expressway Company

(2) Method: In this study, traffic data and crash data of Ltd.
route 4 Shinjuku of Tokyo metropolitan (5) Acknowledgments: This study was supported by
JSPS KAKENHI Grant Number 25420535.

(6) Reference:

Abdel-Aty, M., and Wang, L. (2017). Implementation

of variable speed limits to improve safety of

expressway is employed to create a real-time crash
prediciton model (RTCPM). Figure 1 the
schematic diagram of the Bayesian Nework-based
RTCPM showing the information parameters and
the data collection method for crash analysis. congested expressway weaving segments in

Microscopic  simulaiton with VISSIM was microsimulation. Transportation Research Procedia

conducted to visualize the change in traffic 27, 577-584.
condition. In the RTCPM, traffic flow
; ; Dheos Cash O
measurements were used as the informaiton e e e
variables for estimating the crash likelihood usng -~ Crasie
Traffic Flow Direction s -

the Bayesian Network. This crash likelihood Ca T
values were then utilized to create reinforcement !

Q =Traffic flow per minute { \
: : LN V = Average speed per minute L NS 4
learning-based variable speed limit control ey i
. . . . . . A= Difference between up and downstream {rash )y
strategies as intervention to avoid the impending eral fic
Model- 3 Model- 4

crashes. Five scenarios were generated using two
different RL methods namely Q-learning (QL) and
deep Q-netwrok (DQN) and for differnet lengths
of the study segments to apply VSL.

(3) Result: The five scenarios of QL and DQN-based
VSL application and the resulting improvement and

Figurel: Structure of RTCPMs with BN

Traffic Flow Direction  ee—

90 ]
® No control

u control

70 Target Location
60 ; :
| |
50 ; :
i i
- L 1
: :
) H
3 ¢ i
i 3
0 ; :
1 |
| !
0 L U

48-47 4746 46-45 45-44 44-43 43-42 4241 4140 40-39

(44-39)
N
S

deterioration of the number of crashes were

3
(=3

compared. Figure 2 shows one of the scenarios where

[
=

the results of applying DQN-based VSL strategies at

nine segments in the study area are diagnosed. A

Number of crashes with risks > 10 at location

crash risk threshold of 10 was selected as a criterion

. . . Detector Locations
to see if the number of crashes is reduced or increased
after applying the VSL control. From the figure, it
can be observed that after applying DQN-based VSL

control at the study segment, the number of crashes

Figure2: Comparison of number of events with risk >10
with and without VSL Control (DQN)
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Andrew Dustan , Diana K.L. Ngo (2018).
Commuting to educational opportunity? School
choice effects of mass transit expansion in Mexico
City. Economics of Education Review, 63 ,116—133
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Using Machine Learning to Discover Tourism Areas of Interest from Tweet Clusters

B. Devkota ' and H. Miyazaki 2
! Department of ICT, Asian Institute of Technology, * Center for Spatial Information Science, University of Tokyo
Contact: < bidur.devkota@gmail.com, heromiya@csis.u-tokyo.ac.jp>

(1) Introduction: This study utilizes free data sources
(like OSM, NTL and Twitter) and apply machine
learning to detect tourist spots in tourism districts of

All Data

Nepal. Four different machine learning classifiers Araibing Set I JeskSel |

were trained and their performance was examined. K }
(2) Method: Figure 1 shows the machine learning Machine Learning \ /
pipeline. Firstly, spatial tweet clusters were obtained
using DBSACN algorithm (Devkota et. al., 2019) Scaling
and sixteen different input features were collected i transform
form those clusters. Nine relevant features i.e. trafr:tsfé)rm Dimension
principal components are extracted by applying Reduction
dimensionality reduction algorithms. Next, training
data is fit using four classifiers (Support Vector fit & -
Machine, Logistic Regression, Random Forest and transform Classifier @ trensfom
Multllaye'r P?rceptron Neural Network). The. k.-f(‘)ld fit Prediction
cross-validation was followed in order to minimize Model
bias in the final model. Finally, the model -
performance was examined using the test dataset. i

(3) Result: Figure 2 shows the performance of the Class?
TAOI / No TAOI

selected classifiers based on different number of
principal components. The best results were obtained . . .
) ) o ) Figure 1: Approach to automate tourist spot discovery
while using 8 principal components, i.e. F1 score of
0.82 was obtained with SVM and Random Forest
. F1 Score
algorlthms. 084 uLR ®SVM =RF sMLP

The results of this study illustrated that the proposed 0s2

082
approach seems promising in identifying major 08
tourist attractions the Kathmandu valley. SVM is 078
preferable for obtaining quick results in data/resource 076
constrained scenarios. However, RF proved more 074
preferable as it does not require preprocessing steps 072 I I I
07 . . . n -

and can adapt to new data with least or no
performance degradation.

(4) Data: Figure 2: F1 Score for different machine learning
Twitter Data (2017-2019) classifiers
OpenStreetMap Data for Nepal (2019)
WorldPop (2018) (6) Reference:
VIIRS NTL Annual Composite Data (2016) Devkota, B., Miyazaki, H., Witayangkurn, A., & Kim,
(5) Acknowledgments: This study was supported by S. M. (2019). Using Volunteered Geographic
the Japanese Government Scholarship at Asian Information and Nighttime Light Remote Sensing
Institute of Technology, Thailand. Data to Identify Tourism Areas of Interest.

Sustainability, 11(17), 4718
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(1) B : = U b T O IC K D @B R Dk
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Bk SRR ZE T, 2015) . Z MR ILIE, FES O
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DINDHEE Z DD,
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H CRF LS TR E A~ — RT3 T2 AR T
ANTZBED 2 SOBFAITBNT, S AFFO A - A
f2CH& &3 ZrEaHIAE EREL7=.

(3) i R B B 2 2 (Tl (D 2 IR, TR

BB OF — 2% —o>DF —HIZELDT- A,
R?=0.61 OFBEN RSN, HiA- HEETH7-
B, [ B/ R?=0.92/ B f&: R>=0.88 ] D FHEI 23 F. 5
Az (XK2). Ziux, Bme HEOIREB S AT
UL, C/No OEDJETTD UV EEHEE FIEE
THAHZELERBRTD. [k, A~v—hT74+ 7207
ARy MZANIZSES, [ B 1A R>=0.64/H [&:
R?=0.85) DFHBEH FL547- (Higuma et al., 2020) .
Ltk OWFFTARBEIT, REH R, FEHOY
FT72EWCIMAT, FEOPINIEf B, R
B IR BE RIETHERAONCTHZETHS.

(4) BI®E: ABFSEIX, ISPS BHFE: JP20H00622 DB,

7272, e DF A—THEETLHE, £=HV T AN
NEI|I/05. UV o2 EHER L T UV 8% (5) & CHR:

AT AZEE ARERSAS, BRI IR D
—HOEENR KX, ZITAFETIE, Z<DA
WATA LEEH L QWA R~ — 7 o s ngz
GPS EV=2— /L EZHWT, GPS & 52159 )%

(C/No) 6 UV &E&2HEET D5 TFEORGEIT-o72.
Q) FiE: ERoHftELE T, ST LD [UV-

Index — C/No] DFABZFHAL7=. UV-Index IZ A
E~D UV OB ELIZb O T, [HBRE
WEE NEA~D L KEV. M 1 O VEML6075
C UV-Index Z3HHIL, D7 —4% MS5Stack Gray
\ZUXEE L 7=, M5Stack Gray |% Arduino 575 CHH¥E
AHETT, ARETTH Arduino SRECTRIFEL, =—NK
% GitHub T2 B L T\ 5 (https:/github.com/
sezakilab/M5Stack_UVLogger) . — 5, Android10

[Place]

M5Stack Gray

UV-index
@
g

e

NHK ek SUERFZERT [ HEGwaR A : 2015 4R [E R
Ay iR [ R A 7 (2015) L.

Soichiro Higuma, Yuuki Nishiyama, and Kaoru
(2020) Towards Estimating UV Light
Intensity Using GPS Signal Strength. In Adjunct
Proceedings of the 2020 ACM International Joint
Conference on Pervasive and Ubiquitous Computing
and Proceedings of the 2020 ACM International
Symposium on Wearable Computers (Virtual Event,
Mexico) (UbiComp-ISWC °20). [ Association for
Computing Machinery], New York, NY, USA, 684—
687.

Sezaki
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