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The application possibility of freely available spatial data
and spatial analysis systems utilizing public statistics
- Case of accessibility analysis on nurseries for sick children -

TONDA Tetsuji
SATO Yuya
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WHNTWD, ERKIEREEBEIRFMIX, GIS Y7 by =7 ICLVERMET — Xk LTy hU—7
ST AZE TR SN, REEEHOBERMET — 21X — 2 LTEHEINLTEBY, x> b
U— U 0B ARER GIS V7 F Y =7 OEZ L IEEHY 7 FTh 5, il & o/l T X R B2
WA, KRBT =2 OSICBWTEBHAT —Z ORI Ha 2 MMz T, RBERTIHIHAENE K
ERD I LI L DMER A RE S A D, AR TIE, MIgEkREEZ BN E LE2E RS E LR
T — 2 O EHIC, 7Y —OEBEHET — 2 CREHEBZ =V OSRM #FIH L7258 ik % ##
L, TOHHMEERBEICONTRIET 5,

U R EARERE, HESEERE. BB, OSRM. AMFF

The purpose of this study is to examine the usefulness and problems of open GIS data and tools, such as
OpenStreetMap, in the use of public statistics based on the case study on comparison of accessibility of nurseries
for sick children. The road distance and travel time between the two points are used to evaluate accessibility.
Road distance and travel time are calculated by network analysis of road network data using GIS software.
Road network data for route search can be constructed by commercial data, and most of the GIS software to
operate network analysis is commercial software. In the analysis of big data that covers a wide area, the cost of

commercial data on road network becomes major problem. In addition, since a huge number of route searches
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are required, the processing time becomes a serious problem in practical use. Therefore, we introduce an
analysis method using free road network data and the route search system OSRM, and discuss its usefulness
and problems, through a case study of analysis for the whole of Japan for the purpose of comparing regional

differences on accessibility.

Keyword: Straight line distance, Road distance, Travel time, OSRM, Public statistics
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AWFFEO HAE, ANKFOFIFERAICE LT, A—F 0T =27 U — D ZE Wiy — v
MEDLBWEHATE 2B L, ALOEESSCHELZRAHTTHD, TLT, £
DM OB & L TR B ~D T 72 U T 4 ZHWY L5,

203D G8 ¥ Iy hTO [A—=FF—2FE] g, SEEZzPLIIA—-T T =4
DEEFHRES, FFELTETWD (ERIENHR, 2017), 60T —Z2 OFIEM 22T 5
TeolciE, BERMRIERGIEOEBBVLETHD, A—70F7 =% A Z AV LI
DO ICHEMZHE T2 HEEZ R L, T2 RH SN EoREESBN#ER E
DL~JL D, WA RT — X ORBERONERIET 5 2 & T, B & 7o i3 5% o FEEE
NEORMPY | FERLEFBICBOTANKRORIERMEES D EE XD,

Z OB L TEIL (2017) 1X. OpenStreetMap (OSM) '& QGIS. Google Maps Distance
Matrix API Z W C, SARTTH A DEFHXICEB W T T U ¥ AR E ST HEMA, B
J1000 B> D M OB B IEREE & et 2 G 2T TV —0TF =2 YT |
U= 7 OFEMHFHEMEIZ DWW THEE L 72, Google Maps Distance Matrix API O fE{ERR 1% 1 H &%
K 2500 [ & WD RN 0 . RSN T 2500 % 1% 5 IS 2 72 s R 27 O fif i %
T2 VWO EHTEAmMTORELRHDHZ &, QGIS &£ OSM TIHFHHITEX 72 nWr—AnH 5 =
LR, BEORMBN DL Z LA L, 22T, K, EHoF—22W oL SN
FBfishTwnwastnz s,

T E VT 4 OFFHNCE W T, ik OFEIEIC L o Tl & OIS 37 Hi o Hi g 1)
WO WLl AEZHZZAHALEEIND Z L0, WA EICBVTHIRSCREEZ 7B
AT ONTWDHTIeD, K KRB CTIRIB R oA BETH A 5,

Fo. ek WEF - BIAK - SR (2019) (X, OSM & —F e —va Rl TRIAEND
TUHIEKHE (DRM) ZLEg L., (L@ OMKRSCHEBERE ST 52 LT OSM 7 —4% D
BRAMEZEEE VI RBTHRFTLTWS, L2rLARS, (EOkETRY EIFTns ik
A (motorway) DA THDHZ &, MERITILERZIRE L TWDLIN, BEMIZED
KO EOREND DN OV TIEREN TR,

b, oA b2E#RL, RRE2xRE LI RBMRT — % 24083 25 HikEe, LB
WE . BEMRER EoRER, ERSICETAII LR FIEORTPMLETHDL LWV
Do
AR TIE, HWERBHE~OT 72 VT 0 200 EF7=8, ToHEE L TL, L
T RTILIR O —EHOWFIEIC B W CTHEMREEREC L 2R R T T 0, SRRk
BN FIRETZ DD Th D,

RIRR B ~D T 7 & 2250\ T U72fF%E & LT, Ehara (2017). {LJ5(2018)72 &3
HDH, LNLERDL, ZTROHDOMRIZCBWTIR, T—#0#l2Ebd 0., 77 v A3k
DOEFEZRESEBREHECHAE I TWS, BARIZLLCHINZ VI TH 5720, B
TIEHB#ELTHNTH, BEOVEHIIEVWGEAGRNH L, 2070, EEOHMITEIZE 25
. RiEEEEE L, BREMCONMTA2MEND D, ABFFE TIL, Ehara (2017)8 L VL
Q018 THIH ENT-AHFEHICE SIS RSV b TF—Z Iz T, BEWEDOT A T — 4 %
MABDLETHAET —FN—RAEMHEL, xy VT —I 5 EITH> Z & T, EBEOBEEHE
EEHT 5,

2 &rt

! OpenStreetMap Japan, [ H 721X % 5 A 72 @ F T, openstreetmap.jp
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AT THIEIRT — H = 2%, (D)EER OB R, ()95 B AR B sk OO & ERE ., (3)
EME, O3-5THD, (DITIE., BEEHER2018)4 e-Stat> TABH I 5 Fhk 27 4 L [F 2
HEOA =TT —2OMKXT —% (KM1ICIKETOT—XZH0R) b, BEXKY I
ODELEEZREHL, SFEEROMNBEEEE LTHHAT S, 72720, 2015 FE0EBFHAEIC
BUTAHANAN0DOHKITON SR SR Lz, Q2% 2EBRIEEHHES IcE#ksh
TV E2EBREBTHES MBS S OFEREZRE L, V4a—TFT 4 7L
BIFEEDORA » b T —Z Z1ERT 5, G)ITiE. OSM 2> 5H HAREEOEKEICET 57 A o~
T—4% (K2 ICRETHPLEHOT —& 2FR) #B&ET 5,

4 1. NI

P b iy 2 = M @7y

2. OSM IZ He 5 < BT £ > 7 — 4 (JK B L)

3 ik

HARZEOEERXES XORIEREEZOMEEIERA T —4%, BEMET AT —XIC
HESE, Xy NI EEHATD, *y FU—Z75001E, ArcGIS 72 ED GIS V7 b U =
T CHHATXAN, HLETHBLPE WS/ B COFEHEZEE LD TH S,

2 MBARE R, BUNHRE O A 4 1 (e-Stat), www.e-stat.go.jp
PAER R ERES, WIRRE MR — %, byoujihoiku.net
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ZIZ T, AR TIE, =70 Y —Z2OREEA T ¥ ThH % OSRM (Open Source Routing
Machine) *ZFIH L T, OSM OEKMET A v T —XIZH L TRy N =T G5 E1T 9,

Xy P = ICB T 5 5B RBBERET VIV XZLD 1 DIZFA 7 A TIE

(Dijkstra, 1959) & %, ¥ A 7 A M TEIF/INHRE Ry P T =27 ZBELTWDH D, B
MWD I D T R T — Z 1k L TIRALEE 2 E < SEHI T7Ze vy, OSRM Tl KRBT — Z [f)
FIZT7 NI AL EHKB LA T LV E A7 A NTE (Bl 21X, Hamme, 2013) 238 H &
NTWb, vAFLRXALEA 7 ZANTEF, AIREE L TCETERET — 22 0% L, oH
IR & D7 SERTESR O B0 6 725 Overlay Graph EFRIEN D Ry MU — 7 ZHEHE T 5,
R EER A LT WA R E RN B 5 fEI & Overlay Graph 225725 * >y FU—271Zxf LT, ¥
AV ANTEEZEHATHZ LT, EFHORABERR CREEREZITHOTALIY XALATH D,

\ 7Y
- IR EERE

docker a5+

=Yy

BIRRT D OSRM| | (e
(OSRM backend)
API E—)
OSMF— & _R—2 s
(RTALERE &) ST
\ - BB/ RS
@ - BENIFRE
J

=

3. OSRM [ 5 <

TR DB AT L OWEFE A A —

Bl
2

AL THEZE L7 OSRM ICE S AR OBRKR L AT L0 ZK 3 173, £,
Docker = > 7 7 (Luxen and Vetter, 2011)% F]H L T OSRM backend (2} < BB HER - v v
ZRESE L. Docker 2T FHNT, ~/LFLJLE A7 AFNTIECEBTDETLHEZFETT 5,
Z® E T, R (R Core Team, 2021) @ osrm /X %7 — < (Giraud et al., 2021) %4 L CT. OSRM
AP Z i U Tha MR AR & W REIE 2 B R R D 7 =) & (T 5, OSRM 226/ 61
2 e BRI D IF W (B EVRR K O X R JEEE B BV R EE . B EVIRFR) 1X . R @ sf /X > 77— (Pebesma,
2018) TH A HZEMT — X O — N THRSET 5, OSM Tl K OFEEZ BT 5729
DORERE Szt LT, BEFIEICET 27w 7 7 A v GERENEOBENEE R E) DREI
TW5, ZHICEY, BELEBHFEICESSBEIRMLBEHATRETH 5,

HEL IR HEKMT — %1%, GEOFABRIK')H AFA[EETdH 5, GEOFABRIK TAB &
TWAH HADOBEKMET — 213X 7 e v 75O L2 DO Th 5, FrE O ko E KT
— ZIT DWW TIE, Export Tool*dDH A MG EOREFKMOERMET —F 2 ANFAIETH 5,
Z Z TlE. Export Tool 22 &R DERM T — % 2 Hf5 L. OSRM IZHES S REIRA T AT
LOMERFIRZ R T 5,

4 Project OSRM, OSRM: Open Source Routing Machine, project-osrm.org

> Project OSRM, OSRM API Documentation, project-osrm.org/docs/v5.24.0/api
¢ OpenStreetMap, Key:highway, wiki.openstreetmap.org/wiki/Key:highway

7 GEOFABRIK, OpenStreetMap Data Extracts, download.geofabrik.de

8 HOT, EXPORT TOOL, export.hotosm.org/ja/v3/
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(1) JE¥MET — % O

Export Tool T —# —Rgga L Tr s A F25L, M41Z7”77T 1 Describe] O [f A KR
I, EEMET - 2RGT AL ET S, AMOMMOEHAEZIEET S5 LN TE
%, Z Z T, Hiroshima ¥ —V — N CHRELIEHERICESETHPEBEELZ L TWDH, MLEIZ
JGUTC, BEAMOEEEANTHI LT, B TREMERZSRIT DL LNTE D,

@ EXPORT TOOL Create  Exports Configs  About  Learn  Support - Log Out
B X
- 5] Toos
ry 1}
Description
Project
[ x| D
Hiroshi
) @
— A= i =/u ==
4. Export Tool @7 — & U5 &G [FH O 3% & 1Hl

2 Formats] Tix, 7 —#EXEZHEET 5. OpenStreetMap ® 7 — ¥ F& X OSM(.pbf) DAt

\Z. GIS 7 — % THEHERY /2 shape 7 7 A /L (shp) R EORX LI EARETH S, [3 Data] T
X, T—XICEODLIHEBAERET S5, BEEMEOYA L. Tag Tree N @ Transportation @ Road
CF =y 72 A5, BEEIIMCL, SHEERT - ZHA D D, KK, T4
Summary] CANWNEZMZ L, Create Export # 7 Vv 7 3252 L TUHEHDOY 7 =X k3%
BFan., M5oX>mmnRrEND, X5 0 Status 22 S LR AR T 22 &N TE
%, Status 78 COMPLETED & 2 ITEE T THY . €D FICH LT —ZEARIDY > 7 »
HbHXrua— RKTX5,

L8R Tuesday, October 26th 2021, 11:37 am
Descriptiol L
APLETE
d 52e48ba 4 7€
5ae2f11ff
roject
Finished Tuesday, October 26th 2021, 11:39 am
A Vi
Created at 26th 2021, 11:37 am Duration: 2 minutes
Created t OSM [ . pbf IR
(25.6 MB)
iblished e A
Shapefile INZ]
OSM | .pbf .shp (39.2 MB)
formats: Shapefile [.shp
OSM Analytics:

reares [T
5. U7 = A b L7 AERAR T oD 1] 1f
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(2) Docker @ 7 F 12X % OSRM DEA

Docker DA% A & °2> 5 Docker Desktop # A > A b —/L 3%, OSRM @ Docker 2> 7
F A4 A—1%, Docker Hub!0:l L TAB &L T %, Docker ZEE) L 72 LT, =2~v» N7
v RNE D a< > K [docker pull osrm/osrm-backend | % %179 5 Z & T OSRM 2 E A S i
%o

(3) OSRM (23} % AijAL#

FlE(1)THF O ra—RLEJRERO OSMERXROEKRET — 4% 7 7 A /LK B .osm.pbf]
IZ. C RIA THEFIZER L7 + /4% Tmap) ICERMET —Z BN REFESNTHHEL, <
YRTu L NETT AL P EEET D,
| cd c:¥map ‘
HAETIZ Docker # EHE) L7 LT, AT a~> KT AR R osm.pbf] (ZxF7 5 aiiLel % 5217
T5, ZZTlE, HCToOBHIKHEZRDLZD, 7v7 7 A& LT leardual ZfFEL TW
5 (MMoOBEFEL LT, HEHEO bike.lua, 143D foot.lua NFIHIAIRETH ) , HHHET
— X OB K E V& FTLERIIIRFR A 002508, FHBENRBE COHNITE S THET T D,

docker run -t -v "${PWD}:/data" osrm/osrm-backend

osrm-extract -p /opt/car.lua /data//is /&5 Ik .osm.pbf
docker run -t -v "$ {PWD}:/data" osrm/osrm-backend osrm-partition /data/Jis & I .osrm
docker run -t -v "${PWD}:/data" osrm/osrm-backend osrm-customize /data/Ji & I .osrm

(4) OSRM H— N— &
RDOA< 2 FIZED, OSRM = "—ZEEH 5, 22 Tk, BERRET7 V=2 ) XA mld
(FNVF LNV FA 7 X T3E) fBEL TS,
docker run -t -i -p 5000:5000 -v "${PWD}:/data" osrm/osrm-backend
osrm-routed --algorithm mld /data/Jx |5 U .osrm
OSRM #—R—DEEINET T 5L, a~vr F7n 7 MEICHET LRRINLD (K6) .

X 6. OSRM W — X—j @t DIk AE

(5) OSRM API IT & % # RIS

ity 7 b =T R ® osrm /Xy 77— T, R 75 OSRM API ZFf U 7= fR S R 5% & £AT
5, P [1]0a— FTostm Ny 7r— V& 3HHIAL, 2]0— FCTEIE (4) TERB L
= N—=DT RLRAEIRET D, KRIZ, [31L[4]D a2 — R THEEKREDEHREZ AL, [5]1D
22— K@ osrmRoute P A 3L [4]DEHREZHIFE LTHEITT D, ZDEE, 7V a
lreturnclass="sf"| Z 5 ET D Z & T, OSRMAPI CH L7-RIKIGEHRE st N r— T D

® Docker, Get Started with Docker, www.docker.com/get-started
10 Docker, Docker Hub, hub.docker.com

67



GIS

2T =2 DT — AN THRGT 5, EKERE S BEIRM LM S . BENREEE ORI 72 B AR
FHRbEENLTND,

library(osrm) # [1]

options(osrm.server = "http://localhost:5000/") # [2]

getOption("osrm.server")

src <- c([FB /5D ID], [HE S DR, [Fh S DOREFE]) # [3]

dst <- c([f& D ID], [#& S DORREE], [FE L DY) # [4]

res <- osrmRoute(src, dst, overview="full", returnclass="sf") # [5]

4 fEH
4.1 /BT — 2 IZH SRR

T LEBROBEMNRLE L/ T — 22k LT, K3 THELEHRERV AT A
Kox, FEREXOELEEZKRE L, BRNOREREHRZERE Lo REREKDIE
KBS L OBEIRMLRE BT 2, BREREE . BITHETHOW LN EREREOK R %
g4 5 2 & ¢, EAREREE EREBEORMORMERIEL, A —7 T —X% ThDH OSM
OFIRIZB T 2EIZONTHRE LT,

X 7 1%, JREENOSEERK &R IRRE R OM O ERERE (X i) &EKERE (Y i)
DWAKTH D, IHPOEMIL, UUF0 THE 1OERTHS, BHHREO LMAIZH 5 A1X
EMEERRE > BRI CRho M Th D, bHAA, HMBERERVEREBRNARE D
DITHHTS 5, EAREHE 20km AIZICB VT, 2 DO K E 2 RBi2 R T 52 &
NTED, EREEEOZDRKITH 90km ThHo7-, ZNHOTEEED L < 1E. FBEX O JFEE
WCARY FUBEMEEERERE LI LT, READPER DN LEE -T2 LT
L5, £, BHROTHNCH 5 80%,  “EIREHE<ERERE t2oMTHY | 45 ik
mEni, Kk, @ioiﬁﬁﬁ%ﬁ@ PRI H D 20, £ T, Z6 ORIZ- DV THE B
\ZZF DOJRK Zfi~ T,

EFREERE [km]

0 20 40 60 80 100 120
E#REERE (km]
7. KB BAZ BT 2 E AR & 8 R O M R
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X 3 THLMBALIEL YT, KIFFETREELIZERY AT AT, ERERE S BEER O
A ufnéafoe%ih/\xr%%%ﬁ%bm\éo X 7 _iob\mﬁmémt “UE KRR < E
FREEEE” Lo Tm R ERR R OB S AIZOWTHBICKRFEL /R, A—F v 7 —& T
&5 OSM @%%%75‘3@%75) 2oz, X 81X, ZOMBIN e 8 < EAREEE o
HEEITHDH, K8 ICBWT, aalds B RELTICH DBERO&E BT, &R E4E L
=M & 2 9 Eu%aﬁm X Th D, \_Z"L%Zi’ﬂﬁﬁaﬁ@ﬁﬁﬂﬁ%ﬁ229km IZxt LT, BEI YR
S JEKERET 20.6km Th o7z, K80 H o025 L o2, BEI AT, MUENAKREL
TW5, ZHiL, OSM DOEKHET — % ;ﬂn?tﬁwfﬁ%&ﬁ#m%ot;k WCERT 5, Zhick
D, ERIEEENEMEEH IV ELS 2o T LEL7Z, MIBIZOSMIZKMENTWEEALH
LN, FHETRWEAELH D, ZOEFOMICHER I BB <ERERE oFEp)

TIE, BEXOEEE L THWEEERARY T OFEODHEEN, RY I mESRKE Vil
WMCIXEROOEN - IR TWnD 2 Lk h, “ERIERE<EREEE &7Z2-oTw
Y

ek, EARAEBELY RIBICEREMAESBAHINZEFHANK 9 THDH, BOMMEDR
RCTEBNPRKELSERLTWDLEZOTHD, £/, T HOEODEETIZ—HKETIER
K EBEBID D256, hRREEER EERY A 02 —F = DVOGFTOHIKIN S K
L ERT H— MMEB N —Ab AT,

-
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-
sa”
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vk
\ . v
\ .. T A
- A % i b,
. . \
i i % A A X
fkm_lr : i v i
3 mi ek e = Loy 7 Leaflet | ©@ OpenStreetMap contributors, CC-BY-S7;

9. ELHREREE LV R IS E B IREE S K < R S oS

42 BETF— XTI HER

LR (2018) Tlix, REDJEFERXN G IR B & OBEMEBERLZHEHL, £1 17T L9
IZ 3km, Skm, 10km BINIZEET D 0~4 L OWLERE R L, 72720, 4L FADIXFE
Bk 27 AEFEEES A (RBEEHER, 2017) 1TSS MFRAFHETH L, st L, &K
WFFETld, OSM OEKMET A v F —ZICESL 2y N =I5 &21TH 2 & T KB4
BH L7, 2OfEE, 1 OK5 L&A 3km, Skm, 10km BHICEET S 0~4 %20
WERTELDELONRE2 THDH, £2 L0, BAREME (BEH <TiX. EEKEREC 3km &
WIZEET D HEEIT 17.2%. Skm B NI 30.1%. 10km B NIZ 49.6% CTH -7 (F 1 OEMR
PEEE I, 3km BN 42.9% . 5km B2 60.8% . 10km BN 78.1%) , Hiic, dbigE=e
WALICB T 2 HENEL, 10km BN TH 24% 53 ThoTz, 1 ER2DEEZRLEDLD
NFE 3 Thd, 10km BNIZZRD &, FERCG, TUEHG O ZH b #ik X 0 Az & <
725, FEICHER T N-37.6 KA hERKRE W, FELM, UELHE O ERRAEEL
TWhEHgEINS,

F 1. FHGIZBT 2R ERRR O O EAEEEE 3, 5, 10km BNIZEET 2K (0~4
%) O (L T (2018)D p.448 ([ZHEEE D FE 1)

5 4 5% LA 3km & W Skm [& N 10km [& PN
b E 185,874 13.7% 24.4% 39.6%
Ak 313,588 14.3% 25.4% 42.4%
BE R 1,668,003 56.0% 75.4% 87.9%
H R 934,533 24.7% 42.0% 68.5%
T 3 807,000 53.9% 73.0% 88.7%
] 299,311 38.6% 58.7% 81.2%
Py =] 140,750 43.4% 63.5% 80.6%
TUH A 634,773 45.9% 63.6% 80.1%
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=1
513
T
—+

4,983,832 42.9%

60.8%

78.1%

K2, BMITITBIT D RRBERE A5 OB K 3, 5, 10km BWNIZEEST2HLDE (0~4

%) O
5 AN 3km & W Skm [& N 10km & N
kv 185,874 3.9% 10.2% 23.8%
#wAk 313,588 5.8% 11.2% 23.6%
BA R 1,668,003 25.2% 42.6% 64.2%
R 934,533 16.1% 28.2% 50.2%
Pl 807,000 25.4% 46.0% 69.6%
H [E] 299,311 16.7% 26.6% 43.6%
UAES| 140,750 20.9% 34.6% 52.0%
T A 634,773 20.6% 33.8% 55.7%
M at 4,983,832 17.2% 30.1% 49.6%

F3. EARIERE L EIRIEEEE N E N D 3,5, 10km BENICEETSHANE (0~4 %) DOHEO
= (R208EILR1IOEMEEIWZH D)

WIZ, BETBE LG22 ME LEBEIRFMAZFH L, 1045, 20 77,

5 3km &N Skm [& N 10km & N
by E 9.8 -14.2 -15.8
# Ak -8.5 -14.2 -18.8
EE -30.8 -32.8 -23.7
Hr -8.6 -13.8 -18.3
i3 -28.5 -27.0 -19.1
i -21.9 -32.1 -37.6
Py =] 225 -28.9 -28.6
JUH -25.3 -29.5 -24.4
W F -25.7 -30.7 -28.5

30 BRI ST

LDHREZMGHINCE L OIZONRKR 4 ThHDH, 7278V T 40 23+ 21213, BEIFH

DITRONYRLTWIESS, £4 LD,

AR (FEH) TiE, 30 2B WNIZEAET 5 R

NI 80% THDHZ ENbnbd, MMFRNCHD &, BHR & ITE LV o 7825 O B 8 i 23
30 S El N D

VMmN & 5, — . oI~ THREE & R dkiE, 10 43, 20 47,

b HRPIR LS o T,

F 4 FHMTITBT 2R ERE D OBENRER] 10, 20, 30 pREINICEET 230 (0~4

k) O
5 4% LT AR 10 77BN 20 43 BEIN 30 4y
b E 185,874 21.1% 35.8% 43.9%
#wAk 313,588 20.8% 42.0% 54.8%
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B IR 1,668,003 56.0% 78.4% 89.6%
R 934,533 47.3% 76.9% 87.8%
T 3 807,000 64.6% 86.8% 93.8%
o [ 299,311 40.0% 66.5% 82.3%
SRS 140,750 47.5% 65.1% 75.8%
JUM 1 R 634,773 52/4% 75.9% 87.5%
TREt 4,983,832 45/5% 68.8% 79.4%
5 B

AFFETIE, OSRM EWH 7V =Y — L EZ W7 278 v T 4 O hiEz s L, 5
BB EZFER & L B R RfEir 2@ L C, A7 7 —X O EoFEES., ER
BT OMiEE To C& e, 22T, AN az £, B8EEITIH,

FT. KRHBET —ZIZB W TR E 2 5 RBIRB NIRRT HRITTE 5 2
EWERERFNETHSL, T, INETHHT BN ERESTZERET —XI12, A—7
RGIST—4%FMHATH LT, BEHaAMBKIBIZHIBINS, SEEHL-ERET —
ZiX, BAROR I BT, T —2 SHRAETH Y | EHERN RIS T D FITEH 2 W5
N5, Mz T, AEMATICHERH L7 OSRM X, #i1l (2017) 2375 L 7= Google Maps
Distance Matrix API ® X 5 72, EAERDO 1 HH720 OFHFIR S 72, 7272 L., KA E
BT — 22 WO LGEITIEPCOAETY L HET S, 21X, BAREEOEKWMEO T —
% ($1.5GB) Zx%f L T, Docker T OSRM #— N—% 6 EiF5H L 10GBREED AEY %
EWE L7, 201, HIETH 16GBDAE Y ZHH L7- PCHRNLETH S,

—J, UTORPEERE LTHRBINTL, AFETIE, FEEXORKRAICET T HOE
DEREEZFRA Lic, 207D, I THOBREOEEEICERN WSS, &FVOERND
OHEEHE L 22720, BRNEOXL IR 1 DO THRARKRERGAICKERBEENEL,
L2l b, 2k, ARIOGHT ClIeRaEERICHI TEOBRLEE S L6 TH
0., BRI GFTZBEEE L THRETHIETHIMECTE S, 72, WTHOELEEIITLIZ
—MRETERLS HHEERP L5 6, AN EHEER LR A 2 —F = VORTHO
fRI L RELSERT D0 — FAfIE SN, ZORICOWTIE, OSM TITEKRT —# (1
Befg "NRENTWDH D, FIFRETHEETE 5,

IHIZ, MUEEICE LTI, OSMIZBWTT — B AT IR TWDHEIT E ST WG
Db, T, TR EDO XS BREBIZE STV DHLONEIAATHD, ZNE, T—7
T OBEICERTAMETH D, AR, MEET —% & L THWZ AR RIZ, 7 N
2 DB B L TN A720, HEKEBES R EMRGENZERINTTE, 2O RNEH
TR LDENTHY, BEREEZZL ELHBRTODNTOBICIIEETILERS D, =
NOOEERIL, NOEFHXEZRSEE LEELQRIIDTIEAWE SR o2 8 TH D,

UEDOX I REBRREHDIND, RIEOT —% 2ffHIC, Ko 2~ (LEEREFSE 2R L)
TRETEZ 5L W) I CTARMENEN L FIEITAHAERGEWENZ D, 5%, SR A
— T4 AR OBEENER, FTLWY — A NBREIND Z LT, AMFFFOE
LHRNER N ET EHER I N D720, RN FIEORF 21TV, EEZ RH LT Z ER
HETHDLEEZD,

' OpenStreetMap, Key:highway, wiki.openstreetmap.org/wiki/Key:highway

72



79 2022

i

AMLOERICHT ) RBOR CER EAUERTAY FEHVE 2 AOEHE D LU
EZE DT 2 ST BB LE T, AR —EE, AR 3 R K K T AR
EHEET = b GEBARRR TR (<& AP & E I T b,

PPN

[1] TR (2018), J R B e & FLoh e o0 Ju & oD e (2 B3 % i 5 [T A% 7, /) I AR
i %E, 77(5), 446-451.

[2] BV H— - BIARES - i (2019), A—7 AR — b~y THERT — X &
TV HIVIE BRI O L& & e etEIicE B L C-, GIS-Flie & i, 27(1), 43-48.

[3] MBARE R (2017), HLX TR 5 HEHHLE GIS) : #iitT — & X U v — R//NHulsk/ [ 2
FHA/2015 /N HBISC(BET T« 28 00)/ ARl (5 s PSR . 4 Xo0)al. 5 2ol N B /A S e R
& FEREEE « Shapefile, https://www.e-stat.go.jp/gis/statmap-search?page=1&type=1&toukeiCode
=00200521&toukeiYear=2015&aggregateUnit=A&serveyld=A002005212015&statsId=T000849

[4] MBAFER (2018), HIE TR 5 #H(HEE GIS) : B2/ T — & ¥ v v — RN/ [E 5
FHAT/2015 A=/ /N HUSBC (T T« 55 1)/ AH S ) Hh SR fE BE R - Shapefile, https://www.e-stat.go.
jp/gis/statmap-search?page=1&type=2&aggregateUnitForBoundary=A&toukeiCode=00200521&
toukeiYear=2015&serveyld=A002005212015&coordsys=1&format=shape&datum=2000

[5] ¥ 2017), 7V —DF—%, V—)b, $—E AT XD HEFIERE - BB 05
FEBR, GIS-HiGm & Ik H, 25(2), 15-22.

(6] FARTTHS - A IHE - WP FF— - PIASRE— BB (2017), 2007 GIS O #m LISH, &4 EHEx.

[7] Dijkstra. EW. (1959), A Note on Two Problems in Connexion with Graphs, Numerische
Mathematik, 1, 269-271.

[8] Ehara, A. (2017), Unequal Accessibility of Nurseries for Sick Children in Over- and Under-
Populated Areas of Japan, Tohoku J Exp Med, 241(2), 97-102.

[9] Giraud, T., Cura, R., Viry, M. and Lovelace, R. (2021), Interface Between R and the
OpenStreetMap-Based Routing Service OSRM, Reference manual of osrm package.

[10]Hamme, J (2013), Customizable Route Planning in External Memory, Bachelor Thesis, Institute
of Theoretical Computer Science.

[11]Luxen, D. and Vetter, C. (2011), Real-time routing with OpenStreetMap data, Proceedings of the
19th ACM SIGSPATIAL International Conference on Advances in Geographic Information
Systems, 513-516.

[12]Pebesma, E. (2018), Simple Features for R: Standardized Support for Spatial Vector Data, The R
Journal, 10(1), 439-446.

[13]R Core Team (2021), R: A language and environment for statistical computing, R Foundation for
Statistical Computing, Vienna, Austria, URL https://www.R-project.org/

73



74

GIS





