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Applying Nighttime Light on the Measurements of
Economic Activity and Regional Income

Yen-Lien Kuo!, Hone-Jay Chu?’, Ya-Liang Yang?3,
Ching-Wen Yang*, Chun-Ta Fan®, Hao-Yun Chiang®

Abstract

The most important macroeconomics indicator - gross domestic product
(GDP)- is revealed every quarter of the year. In Taiwan, there is even no regional
gross product and an economic survey — household income and expenditure — is
carried out every year. We don’t have a high frequency and high resolution
income or economic development indicator. A remote sensing — nighttime light
—had been applied to be a macroeconomic indicator in some countries. However,
only yearly time series and cross sectional data was adopted in the literature.

The VIIRS nighttime lights data from April, 2012 to November, 2020, in
Taiwan and regression was run in this study. It was found that VIIRS nighttime
light was significantly correlated to Taiwan’s GDP and household income and
expenditure of cities and counties. Nighttime light has monthly data and can be
zoomed into a region. There is no significant correlation between the growth rate
of nighttime light and economic growth. The monthly crime cases of
cities/counties has negative correlation with nighttime light. Therefore,
nighttime light can be an indicator of cities/counties’ economic and criminal

activities.

Keywords: average household income and expenditure , gross domestic product ,

macroeconomic indicators , VIIRS nighttime lights
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BB RE N I R N EUS REE &R o fy T E@ AR H K (daytime) 72 1]
Bl o i BUE AR T B S Y R ECE Y B K@ EL - R EESY (nighttime
light)b2flt 7 ABUEEAVARFA - FrhlfEarT SRS EAHR 2 &) - WSS BUERE
1992 FEFHIAIN E B 5 /5 £ A 5AS5 (National Oceanic and Atmospheric Administration,
FETENOAA) FTHE Ay & A E R 2 (o FH 35 B 22 B 5 22 R i B it &= 2 WO 240
(Defense Meteorological Satellite Program-Operational Line-scan System, f&5fEDMSP-
OLS) » DMSP-OLSHYEHE T ] £ 15 £y 1992 F1]201 3472 H Ail e FHVE AR EIEOLE
Tl o BERZ B RHE2013 42 1EF T > [HDMSP-OLSE S CEHE 2R BT 22 IR 57
ST 0 > IR Ry R e r] AR H T B &R 2 U AR R Y A SEIEHA DUR
PIZENREH - RIbA KREWM R @ AR R E e s R &8 B8 R s I AHRE
M o BRAE LA B0 2 (50 7R TR S BB A sk i By i G A 5 3k i A1 (853, 2019)
A BIR FHAGEHE T LR RS ~ 5 - 722012474 HEFNOAAZEAT | HHE KB Z At
L E B AR (NPP) 7 E HE T 1Y vl ALYl B R GT 5T B4 (Visible Infrared Imaging
Radiometer Suite, fiiffVIIRS) HVIIRS Z 47 Friz 4= A& HITR R ELE i ZX DMSP-
OLSHYIEHIREIEE » VIIRS 2 ik 5 = VAR T H A B SfV SR » HVIIRS
HIRE S 8 A 7 {EDMSP-OLS e A1 S HY R E - (e @RIt se R A Z2E 12
VIIRSKE B N IHHIAE S8 BoRAYARRERE

Firie e i BV AR E BRI - ERR RS E RAVFT St 2 BN EES
#H (gross domestic product » f&fHGDP) » JREJE AL AR 5 EE - EEAE
HEAHAE— IR Ol&E) F—FS—EFEN - FrEE 2 E LRGN 15
BEELEN - R TS4SHE N B0IAHE T - AETHE A B AN —
FEELR - GDPRY#TEFRZEIFE RENRHLIR AT » ZYEREEEE - HA)
GDPHYSE AR Ry 50T © F Ml S AR i Rl VR s MR s i &
AR BT T2 o WILHYE AR - R AR HBERAE R Y
SORAAT - FFAE @I MR SE AR » RO ATRRAVEZE S HAENEE - &
& H R H EREUREHIAERS S8R - B0 © REEWCIEHE ~ REREE > [HRFER
HEE bl N > REEWCZ IR BV R B R EE - H AR GDPERC AR E ol E
TERVFEAE » BIATH #5 NI Ry 7 7A L ZEGDP{dET H GDP - {H LTV ARYE R
JEAEEAGDPE R} - AL 23 H BV LR SRS B A © HEAh - X GDPE
Hy 2= i EL 2 2 EIRYGDP » & R a7 T B i VOB By - &g AR
MR OBHEIE » e RRIERHERHERET » UM REE - BHE
BHIREWCRTFZATTAEEFFER » 5o AOE/ PAviG Tt EAE 2 H
IR o IMFAREFERM AR ER - BERGBROEEEAR D » (EAERF
FFER - ¢ BAEREA - B H R D T — i E R HELE SRR H 22 R E T A
HIER R - A E B I TBUE AR - B PR A e 2 VAR EEE - B 518
5~ BB ~ RAKFHHFCEENCIE TG - M2LDME ~ e ~ il R
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- HRIFMSE R RITEIE R FIArEiEs - 2aE - ERSMEIE(2014) 4 FEEE T
HIZR FRTSE Rt S ERETIETERE Y — > BbCCat ~ HERCE (2017)FH i LB THY
R E R K ERETIETER L — o MITRETE (R EM & RIS E R K
HAGHEBRR SR AL R R — 2 > 7B - AISAEN EHFTS ERECEED
EATE T &R - (HZE R E RS A EMERT - A5t as Eas R EE -t
B NAE R - BB PG aVR G > AEERES A KHE - sERE
ZE ] BT AR A P fS{dis T &k} -
Z N2 )i’e ¥ AF

[ T R P P T Y A T BB ARG 5 U STRR » Bdiis Lo s AV e e
fliE AV EFEAE < 28 MR T A SE Y 28 W] HH » {51 FHDMSP-OL S B i 4% -
R 2 TE AR R & 38 f B N 8071l © Lo (2002)(55H T DMSP-OLSE A 2%
SR T HERVIERE AD - BINAERR - BEEREEUMHER  FEFRRE R
WIHHER T - TG EZEMER T2 AR B EAVIEREAL - WA T
DMSP-OL ST & G5k o] AR E BRI BB » HEaf9eaR e T & DMSP-OLS
HISAG AT TS (R (22 TR AT I 492700 my HSFREIFEATE: 4F) » (HDMSP-OLSEEE)
AR ] DL R T PR AL N 4R ST FI1E & €75 835 - Mellander et al. (2015){FEH T
DMSP-OLS{E Y& » WA T 5 e F 4R R T3 5 i (i B A A TR A -
S TR ST DRF IR FE N ORI E % - 3 H 54 7 DMSP-OLSFE Y #iE
Y RER P ] vy B B (SR SR 45 SR B R m 22 0 & o > RIS AE A8 SR R e R E A 1
T BEOR SRS A E A (R EE (G HYRTE - Henderson et al. (2012)FFH T
DMSP-OLSFE IR — (B F e A s B TSR RIEE » REEE L E
AR I DA Sy R 2 S B 2 B i A SR Sk AR EE B A (B ER R AR 24K
TR 0 WK E IO 534 > SO g 8 SR ER B A Ay 5 # ] DA
RABE R L - thHEEIEw E BT B A G HEEE) - /5201240
VIIRSKEEEHE R % » AR 12 E R 1A PRE VIIRSHIDMSP-OLS K - 85 1
TEOHIECA EEN EAY5RSS - Dai et al. QOI7)FIH T WakE CEHR I E _EHYEE: - {5t
HH 3 {8 & DA RS 34 B3 T 0 2B 2 B AR RS - (B3 (& 1YEREE F' DMSP-OLS i
BB VIR SRR A RIFIVEETRE  ELE34 1 {EH T avEs=E+ - DMSP-OLS
W SR TR s BEUR T T R ARG s AR AT T R ZE Y TR IR S A S T 45 SR AN B - [EIIRG3%
FZTth g HAE 4607 £ RS (R SRR — 4R EE 22 YN IE - GDPMEE &y (S - Nif - REE
Sz DREF A AR A EE HE{EHY &I, o Chen and Nordhaus (2015)(# F VIIRS
KB BTN N 3 B R AR EE B RR A 5T > VIIRSE BB a2 S N s (5
MRS BT B 1% 2 IR B AR R ME - A HIEGEULA30%E]40% - 578
Ne—EHEENEE T A - (HETEMZEERIE T VIIRSE RS ] LAy N &R RS
feE—{EHmEiE 2% -

Lopez-Ruiz et al. (2019) & EIE B IR MERIEECR T L > FERl0 &z it E
{5 T DMSP-OLSEAVIIR SFE Y ETE - B T 19924FE201 7E &% - (st T/0 5
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S BRTHLAE 1 3E - B AR AETAH - B0 S AMAA ARSI T T EIsE ) - 42
(13 E RAFHTEARER  BIA0 LU Ry A IS AR e (E EE DR &y LAY BRIk
TI0% A - @EVSHIFTH A R RGGE TR - EREREEETT AR A L
SRR TS BRI EORGE > E A ERZITFE T 17 2008-20094-412014-2015
RIS LR > P AS A R 2R EOR R B LR 2 B IR EOR BURAY R
B PRINHIBFIT D S HURAA R T AT 48201 S M ST S R &R BUR B AT A
s F A B E MR B - AT BRI TR IR T LU — BRSO 2 i B
SFAVERIE] oy > R E IR REIEDEE T SO B A ERUR - BERDL
SBIRAETHNGDP ~ N\ EELFEENRA T RAFRIERERET) - (B2 E =T
AL Rl £ > Henderson et al. (2012)%7RDMSP-OLSFESEEUER ¥ AL b £ A H5H
ME#£470.3 » 1fiiChen and Nordhaus (2019)#5 H{REC BURAE FUAIKOR R F R E A 10%5¢
& RAVERRRE Y] 52 N RyGDPRERRAVE b/ NI EENIGDPRYEM L - 51
EAGDPHYSY 3R 22 NIy > G BT R RATRE TR -

DL BSO8R S i R RO LR B R T AR AT - B H @ &Rt e s =
RERIZE ~ H) > HigEpgeth ETEETEREERFE - 2 EEEiin - BT
LI TIEHEEf(panel data) > /075 H SEE RV EFAIMT - BEZREAWTIEH
WREDLEL AL ~ (SEHE ~ A7 - B KA E TR FVIRIAERIME - (H508
AP A eI A SR AN ] > SRR A TE - IR MR s R
W CE RS A e B A S BB TS A B -

BN Y

AT I VIIRS B A ZE T 24 700 mERHF AT /5 H (Liu et al., 2020) »
WERRSR IO LAESE ~ H ERHERTSAHRE - ARl (8l1)7F ~YIEIHE: (DFHR
[EEEH BRI R > HEGDPEERBET O - ST SRR EEHE &
EGDPAEEEHIERE - AT LR RS H BERHE 2 BIfV EERRMET  Q)FF
WREIEDEH BRI SER « FIEWSHEIEE H BRI - B e H A A 5
A EMHBETEREZ B (% © QYR CBIR > B RATHVE R » R BL R
PG > DUILR R RS CBIR B SRS T SR MR- PG (%E
WA PSR PHER TS RS SRR R E R H B a2 E 8 H
BRI - WS RTIS EUA 2 R REIRE (> DAL R e e BdE v LA 578
I — TR e H R S R B o] DU SR ERE « DU 0 fPUET - 55 —EiakH]
VIIRSK IO EE R B AR | 5 8 it &ER 48 =0 AERR DT &
FEIFRI Y TSR B AR e B B e SBVUEN Ry B sEiEA - Bes i e e By
NAEEEH ~ BP9 FUGCHIR % -
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BRI B R

R EE 3

(H/%) by
GDP b5 ] S B

& R Hedeaz PRI
SRR BR ECrE Ll
THEAEEER

W1 s o SR 2 S BRI R A

(—) VIRSK M@ &k

FE201 1A S5 B 2R AT 22 BE K 22 488 (NASA)MINOAA#E I T 2 | FHLATA
GRS T 24 (Visible Infrared Imaging Radiometer Suite, fHfEVIIRS) HYZ
SRR Mt B - 2 sz s Gt 17 H M BRI AYR B (Day/Night Band,
fTEDNB) - H 248 B AT EIR M ER R E A T FERIRUCEE R SRS
SR E A EAYI D o tEIRFECEE T EA BLE L IRRAAVEEE - BN ~ PO
B~ AEEES - BT EA RTFNKRERECER - NOAATZEDNBEE -
Elvidge etal. (2017)%fVIIRS DNBHER 1 &8 A AV & » WO ~ PJ&E - &
HYT48 ~ B RS - I ST T IFHEP UG T VIIRSIR RS BRI &
#} - Earth Observation Group ®] PATR 2 e VIIRSEECEIE H BRI LURFEERE - K
W FEERR T RO E S - (FE RV ISR E N gl N BT e R
K72 VIR S EHRATE RHR S 2782012474 H F20204 11 H » F£ 1044 H -
TEAVIE A R Geo TIFFAE =, » 2 — i A AR 2GR =0 ZE[EfEih S
7505 R B B E %% (Geographic Information System » FEFEGIS)ZEHY & F5
NZ - TAEHFE(E F ArcGIS Pro2fd iz FRIEE N7 -

KRB ETEEIE Sy 2K - (R ArcGIS ProfkEGHYZEILhRE A H BT EUT
SRR R A6 A LT A A B R & - B R[G5 508 VIIRS IR G CEE N B
sFRHEEANFTE R 2 BHIE - PIFSETER - SRR THVREECBHE RIS
F&ETBERE - (EHEIThEE » AU EE S R ERE Bk S

6



FOERE ~ RN R~ 153E - TUIRE - R RIE - FERREECENSEEE) & TS

FHGNE - FEGEtER > &b RG22 HY VIIRS &R M E e 8is
HERL - prltiinig - WEECERSE—ZE R E N TR SRS E - T LUET
st S MaETHE - EREENE - PEE - &KRE -~ f/ME ~ T BLUR R RE -
NEREZALR TR OE - (SR EGESHRTVBEEIREET - &/MEH
A A SRR > (58 Sy MBS (E SR T AVEER B R0 ~F9E ~ T8
ZE|THOR/NREE > RIERAVEN T (EEE) T8 PO E R RER N
TRAVEL T (BT BT - AWTIE H AV 2SI E RIS EERA T P P U
52 qiiE SRR B R NEUEAHRR > AL I il o PR R SRR E 2R o3 A -
B RN SRRA 2 [ FHSERT{E - B4 Lopez-Ruiz et al. (2019){5 AKEAT{E HET 715 i
GDPfliat - TG L3 > RAEECIEE AN 2 AR » Lopez-Ruiz et al.
(2019) & &GR VIIRSTR fEIREDE H BRHIIAR - REEERL - DU ACSE1S 201242512017
FHEERUELOR T > TTEEGDPEFER - AT &8 VIIRSIE8HE
HERE=(EA I BEER - JEG20125 55 " FF202055 = FR ML
8 -

WEESCERIIR TR - 88 HEEEE (MNTL) ~ BR1i201 64 fEE O
(NTL) ST BRI - S R EESE (MCNTL) ARG B %
2o

1R SRR TR

BRI R BRHRE e 2N
SNTL EHREFREECCIAE 2012 F5FF] 2020 34
FFE) FEHE=F
MNTL =58 AR 2012 4£ 4 [ 2020 104
11 H
MCNTL e IR 2012 4 4 H#( 2020 2,288
11 H
NTL M EREES A &R 2013 45 2020 4 176
F)

() H&FRIT4E

AERESVIRSIE B B 5B S ATRIIEFIRE ST > FrLIER T 88HEE
WNAEETH - HEBCIER - KER - BEENEETHESERETRERR
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B SETEAIROFT : ERG T T T P SR R S e T 5 B T ST S ~
RPN BB TR R AIFBFT > AR T

1.

HHENAEETH © BRI TR LatE - BEENA EREEEE—
[ [ A A 7 e S P T A B S8 IR 55 75 - LU — TP T R Z 548 (E
{8 - B'EGDPLIAIIHYER/KEIILETE - JHRE SR E - AUT5tiUH
012 " FFN0FHE = » HUFWER -

TERAFESER  BRARERTEIR £t - TRAEETRRUE NI TS il e
AFEIRE - TSRAETR RS F IR R dm Sy TR E HIEE - THERLE
%~ BEENAHERNEERELD - REsEaERE - 85 - KERRK
FREGREE 4 RT3 - HERILRAESRET » BRREAREAEL: -
FHHREEAER - HEBRGFEE - HUUEEERA TREHEENE
1 HANHREL 2016 F B2 - Grpl S BUERTEE - AUTFTEUH 2012 4 4 H#]
2020 7F 11 HEVERL » L 104 (@ H -

RIER T BRAR BITEE L5 - KERBIRRFEA DL ZEARIEER -
ARWFEHUA 2012 4F 4 HE] 2020 45 11 HAVERL » ££ 104 {EH -

HIEWCZIEHE « BRI R TERE Eatis - {TERE Lt B T— XA
RO Bl iR 77k > DI B RS — BB R AL AT BN R sh BB
fir - FENBTERFEWE ~ FERAAEERA ~ PIFANEFEHoRE ~ P
BAEERE (FF) « BREE KPS S B SRR

F o AWFEE SRR T Y PR P A SRS BB R FOHE S
{797t -

UM BRI RNEENEERCE - Bt 7SS maE H V2T
UIREL ~ WL BEH - SEREFEEZHEBEAEE - AR S
HHEZEN o AUTFEHUH 2012 55 4 HE] 2020 4 11 HHVERL > £k 104 {4

H -

HEBINAEETH - KERE LEEER > SUMRHHEPYE R (time series data) ; <P
YR P SRS A PR PR SO RS R RN 02 2 RENNEERL - B
EHEERL AT R TEB SR ER - IRRIEHEER - DL EER Z3aET

B354 -
22 R LRERTH
BRAGT BREGH RIERR R e ZN S
GDP BHENEEEE FEMN 201255 FF 34

GDP(T-77) 2020 FEFE=F




SR~ RER B BRFE IR - ERE ¢ IR RN S R S R
GDP% HE GDP i EXR FER 2012 F5 FF 33
(BB ) 2020 FHE=F
UR RFER HE&R 2012 4F 4 HE| 104

2020 4 11 H
UR% KRR H&R 201245 HE 103
2020 4 11 H
IPI TR ERR H&ER 201254 HF 104
2020 4 11 H
LA3FT R DB ERI AT
|EAT BRI RER BRRE N
DP Bz Ee s H&ER 2013 5] 176
s 2020 4
C GiHIRFEE HER 2013 FF] 176
Baan 2020 4
PS MieZEFAEE ABR 201244 HE 2,288
2020 4 11 H

(=) BRI

RF20124F55 — R F020FF =

EER SR CIda(EY

B E A ERI R RS A EHE S
B > DAFE D AR A EEEGESEHTEEL - 1528

P ety

T &N B B B g R A

BB GDPYE[E (812) -

WEE e E R L e Y I A e B AR

CEVEH AT HE
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@B Ze & 1% £
550 100
90
500
80
S
=
450 70 9
7
i
e
400 60 %
3
50 4z
350
40
300 30

201282 201354 201582 201654 201882 201954
—FEENEEBEE === VIIRSE L

15/, W0 s1epy Oted (38 -

2 R RPN 2 ARFE RFELET AR

CEGRAIF IR TR IR » oI5 R 7 TRE(Stationary) » 7

W22 LASTATAYE Byo3 At T.5. » 4fdi F Augmented Dickey-Fuller Test, ADF B8R A& &

Eﬁ w

PERHES RERER - WHRHGEREERHEEE - K& EHA R NFITA

(Ordinary least squares, OLS) falgif& s tEl &/ EGDPLL N EA &R # -
1B E

ERFHEFPYINE R » 3 BERRER KIEERER » ERAVE I TERMTR
HRE—EEEEEE - HBRENFEERRENE - MIFERRAIRR
FPH R L P Sy 3 SR G Sy B S R R T 2 » — RV SRR T o - Q2R - &1
TN AT A R EREAY fEase By« ARWFSE(#E I Said and Dickey (1984)f2
H{ 7 Augmented Dickey-Fuller Test (ADFi&7E) > fEEILIT » 2 Y AIERFYIE
B B RHEERHRE 0 o REEETE > W EiRAETH 0 T BIFREEAE -

(1 SR I H AR S I 2 A

AY, = BY,_1 + XK CiAY_y + 1, (1)
A2 - B SRR A
AY, = a+ Y + 3K CAY,_; + u, )
3 - A SR R R AT 2 A
AY, = a+BY 1 + 35 CAY, + T, + py (3)
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ADFi@E H1 SeatEME RV ZEN BRE HIME - e IR SRR B R Y&
B RIEERRER - B EECER R IER RERER - N ARMIFEIERE
e AT DUBETTRER T EIAEE R e - TR ER RIEERS
B KIS R PR B R LB SRR SRR ISR
% > RIRBEEAVGRIEE G RE(E IR 1A EE RRAYR B R UE REIRAE - &R
WIRAFTR

% 4 % %% ADF ¥ 1946 2.8 % (R4 fe)

SRR BEERA WETTER ERWE  PE RIRE
SNTL EEREEREE 3) 2 04933  JEEHRE
GDP HERAN A EREE (3) 3 0.8678  JEERE
MNTL &8 H R EEE (3) 2 0.0009  JEfE
MNTL_dt  EpEFf#ES 2 &8 ) 2 0.0001  ERE

AR
UR P RS 3) 2 0.136  FEERE
UR_dt FEREFER S 2 K 2) 2 0.0337  ERE
IPI THEEERR 3) 2 0.0144  EfE

FHRY AT FE R F BV ] e 5 et B B Rl E TR B GRS > NS M A e
F & EkEETH H R @S AR TR R e e - SRR R IIHVEEE LI Schwarz
Info Criterion (SIC) RyZERI  FI[FHSTATA T #AS = 2R ADFELARIR E &E SR 4174
AR » EEBHUEFIGER - fES%MBIEKAET - R - GEFREEL -
B [ P AR AR p-value (B 5 K720.05 - (REBE=H BIEEREER - & PR
[ ~ TSRAEERRHBAIRER - SEABRTHE > (ERERBIEERS - HHA
W e ER A R A B AT RE - Ry 7 RERASTE AT AE - PR REREEEIZAHY
J3k o fhEtE eSS R (R AR 1% - (SRR RIAPRE &S 2
S - NS EIRFRIFREIESAY 278 H IR R ER - FBIEm & TH
R E ] DA IR By ERE - BT LE R TR oA - R ERITH - 58
FEEEE - BEENAEETR RHIEERREE - A A ESRH G > i
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EHRIIEE (% > AR BRI RE RIS > HER MR S & BN IRE RRAYE
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HI - A TR E A ARG - E40E E—EiFmETH B E - EMIRE 7
FEBHVEGIER > RGBT EEEDE - BERNAEREE BI(DEE > Be
PEIAHE] > BT DU T B SRE - AWTFEE R R S A RyJohansenfig Ak
LU - MIFISTATAGEEHERAG 23 E S RAFROFTR » feR i IS AIfEr = Off >
FHEUR(GEHE RIS %I BE /KA - (RIEAR R e - IR M nTRE A — (i3t
BGRA%  TEr < 18F » FHERRMGEHE/ NS %@ /KA - SOAIEARE R IRes - W%
B EA—ERESH G SRGE_ TG E B A4 AR LR AR
& > BT LE PR T ER M A G A i PO BRI IR -

% 6 R X (SNTL)Z GDP & # £ th 2% %

AR E BAR =32
BAHARS : 2012q4 — 202093 EIRHE =2
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(bU) BRI

L) By BT - &80 [HModel): % VIRSTR]
T ZE R BHE S B GDP ST EARRAM: « HA » IR A 2
0 I R SR R T3 RSO - BRa VIIRSTRRSIE K F s 22
(SRR TT R - (= (AModel): ()4AFVIRSTRIIE A TR » FIQBIR
RS A R G P BT KBRS R T R M IR 347 - B VIIRS
BE S B FIIAEINETY - % » (3R VIRSEOLBIS I & M6 2 K
SHHT - PRETAEI TR AT -
I G

BT BSEVIRSIEEBIERIGDPATRS: - HModel HHEIZIEAIT

GDP; = a + ;SNTL, + & 4)

GDP FyE'EEEGDP 5 SNTL, Ry VIIRST IS NTFENR » e Ryar72TH « Fy T HI%E
VIIRSFESEEHR 2 4 7] DU E T 5/ ESHYGDPE R - (RIEAESE — (@55 Model 2H -
HeAMIRFVIIRSFES R BIGDP R AR H & HAYR RS » HAEAREEA |

GDP%t =a+ ﬁ:lSNTL%t + gt (5)
GDPY%, HETTEMGDPHL K © SNTLY, AVIRSEDERUS T ARHIN B » &,
FyER72IA -

5 DAVIIRS KGO B Bl 5 I SRS o i » DIEGDPELR SR Z A AR - 5
HMMRE R ENE LR B R o AR - AISE o] DARERIVIIRSES LR AR 40K
EAVET A > HtEModel 3fEAYEEELT T

URt =a+ ﬂlMNTLt + gt (6)

UR, 583 MNTL, JVIRSIECHEUE HER e foiir=H » N EBEA=E
R FFTRVIRSESCHIE H &R & R —8Ar -
H e H ER R ERRE R - RERLIFERRERL » BT oA MR
ATREME » NtEModel 45 R & R RIS RSN E - IR ERRER - AT R = T
A AT HAEAIEEEATT

UR_dt; = a + B{MNTL_dt; + & (7)

UR_dt, Ry RPRIGEEEMEIN R IER - MNTL_dt, R ARG REIBE R AT VIIRSSKE L EL
BHER e R -
Model 52k 55 A2 BLIR [T e UL Rl e 33t v LURF DR By E REERL » [AIHFHT
A DM R EE R R R 2 & n] DU EOB AT » HAIEAEEE T

UR%, = a + pyMNTL%, + ¢, (8)

UR%, Ry R SEFRHIER AR © MNTL%, Ry VIRSIECBUE H ERHIRERR - & Rz
H = Model 6531 VIIRSTREIECRUREL 578 TR A% > HARARGEATT ¢

IPI, = a + ByMNTL, + &, (9)
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DP; B S5 PR P ] IEOATES: 5 NTLy Ko BB 1024F £ R B 1094 % 4 VIIRS
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iR FOSBE L HE ARG » KiModel 8fRAVSEELUIT -

Cir =a+ ByNTL; + & (11)
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A EE R BRI ENEE m] DUE S HRA T A SR AR AE s - MH AR EETH L —E
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FriS et EssB8aZ 0 - HModel IFAAIEEELT T
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AR - HERERAIRT - FEModel 1 R ERA R G C BRI N 4 SRR

HREARYIEARRE - BRSO BIHAHE] > RREES e DA T A SR IR DL R
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& FEESE > Dai et al. (2017)52 Ry St ERISEYGDPE #{R AL > BUS KRB LIEY
BrHDEIR P e A= B EE (H - FEModel 2 (R EREERRZR BIGD PRI RZRI 2 5 BE A -
N R R SRS TGDPRF—E A EaTaRE » B GBI AINAEH
R EE T bRy MNYOR R &R - B8 EEEEECEERE T > 5t
FREEA R AVATR AR - B2 MIH A VIIRS I RIS LR 40y H BRI AR E fFH
SBE T HE GBI IR N TR A EEEE A EORE IR (4 EERGERAIRS -

LT RBERECHERPIASFITHEFES

Model 1 Model 2
GDP GDP%

SNTL 3.253% %%
(0.408)

SNTL% 0.236

(0.122)
WA 1,702,024.9%**  0.006

(342732.09) (0.008)
EFIN 34 33

HIEAREL 0.665 0.107

SE 1 RS R

aE 20 oI~ R RER 5% ~ 1% K 0. 1% 7KAE

F SRR A1 7E GDP BG SR E HAHRH - € Model 3 HYSERIGHA - R FE RGO
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(B B AW 52 Y 5% SE R ERHT I oy IR B RE Bk IR A B &5 2R AT e o (R
MR - £ Model 4 tPHE P W & R FRir 25 - &5 REURR EEE ) 248 5
REREHEZAMMAG AR TERERCT UERREEEE T E - 1
Model 5 1 F A RE W9 & BB R R A #ETT — Ko A > SRR ENEOE R R ELL
ERMRRIGHBEME  FAERERERELREGINE - 1A B
MR R EL GDP plR AR A EEMR - RnEE(RTTH - WHEEE
fEFETIR & » Model 6 - IR HEIRE B T 38 24F e 1R B R B8 IR AHRE > 3R 4&
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Model 3 Model 4 Model 5 Model 6

UR UR_dt UR% IPI
MNTL% 0.01

(0.022)

MNTL -0.133 %% 0.575%%*

(0.002) (0.086)
MNTL_dt -0.005%**
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% 9 Model 7 &2 8 & jF i %

Model 7 Model 8
IR P AT IR FOHE S
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HIEHRE 0.107 HIEARE 0.126
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TIME -1.940%** 9 Q] ***
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TE& MR B LI KRR B2 2 M BIRE AT e g AV B - (P
s B ARG 2108 - WEEGUR RS MHFEAE -

Vit ésk
&L o PR E R R it 5t & (unit: nanoWatts/cm?/st)
FEAE EIE FEAEE w/IME 5PN
MNTL 104 836,671.8 91,390.64 514,450.8 1,006,016
NTL 176 38,600.96 34,203.86 328.22 124,891.5
A 2.0 BET R AR SE Y TR A 583 4 (unit: nanoWatts/cm?/sr)
EFN EHE FAE i/ IME N

=] 104 | 89,563.43 | 12,364.08 | 53,416.40 | 112,519.41
= |as] 104 | 39,198.02 5,885.09 | 15,061.88 | 48,806.48
B R 104 | 11,390.21 5,953.47 436291 | 58,586.00
BT 104 | 8997190 | 13,306.32 | 54,658.97 | 111,513.51
'HL IR 104 | 21,181.79 4,107.21 9,875.13 |  28,433.56
{EE R 104 | 18,662.49 4,656.49 |  10,027.11 | 27,983.81
&% 104 4,398.58 760.69 1,274.09 6,172.09
FATE A 104 | 28,099.43 7,932.84 | 1225211 | 48,673.24
B R % 104 | 37,212.07 7,44890 | 16,653.02 | 54,518.21
H R 104 | 26,386.39 3,382.43 | 1570497 | 32,468.86
BEET 104 | 86,180.07 | 10,955.72 | 51,694.31| 106,068.09
Al 104 | 114,965.61 | 12,464.72 | 61,361.79 | 137,359.71
ST 104 8,064.92 1,556.36 2,266.22 | 10,458.43
HOTHA 104 408.38 126.25 77.11 639.51
TR 104 |  40,711.81 5363.63 | 23,968.67 | 50,297.88
b 104 | 69,920.94 9,521.63 | 34,100.60 | 91,805.36
NN 104 9,966.45 1,453.08 2,694.46 | 12,509.90
WA 104 | 23,274.03 3,924.85 | 10,496.35| 30,086.62
TR 104 6,868.30 1,371.78 3,751.43 9,453.92
FEFA 104 | 29,410.02 437733 | 16,894.97 | 37,852.02
e 104 |  76,382.92 | 11,133.82 | 44,945.67| 97.646.97
R 104 3,744.33 854.90 1,526.72 5,729.21

20




HER - RER  BIEE - BFE - SEIRE - FRIE 1 ERRE RS R S S
M 3. AL TR A Bt 4

[EFN EHE AR i/ IME AE

GDP 34 4,420,977 329,592.7 3,798,607 5,088,208

DP 176 9,556.79 1,757.98 6,507.39 14,554.58

C 176 7,265.03 1,574.799 4,430.575 11,789.09
UR 104 3.896 201 3.62 4.40
IPI 104 102.398 9.498 76.99 123.81

P4 BT aE R R TR A Bt 4
EFN 1 EHE REAEE i/ IME AAE

[=laaie] 104 743.5 225.3 382 1,642
=Nl 104 1,163.1 145.1 778 1,517
=Lt 104 56.5 19.0 23 135
BRI 104 801.6 165.7 502 1,217
'EL i 104 180.9 37.2 98 326
(B 104 142.2 33.7 82 265
A o 104 26.9 10.3 11 78
PR 104 188.1 37.4 101 327
B % 104 228.8 58.5 111 412
H RS 104 178.1 61.5 78 448
BEET 104 582.0 186.8 266 1,418
FFET 104 140.6 29.5 90 240
ST 104 1,057.8 381.1 583 2,338
HT 104 3.1 2.7 0 15
TR 104 193.4 34.9 114 334
b 104 1,337.1 401.4 559 2,456
¥ 104 172.4 50.1 61 300
WA 104 201.3 52.5 102 417
FETe 104 111.5 27.2 64 173
e Pk 104 163.3 31.8 102 269
E2 W 104 372.7 54.9 263 586
A 104 31.5 8.6 10 58
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Enhanced Two-Step Floating Catchment Area Method
and Its Application: A Case Study of Healthcare
Accessibility Analysis in Taichung City

Po-Yun Chao?, Tee-Ann Teo?", Tian-Yuan Shih?

Abstract

Spatial accessibility analysis refers to evaluating the ease of reaching service facilities
(such as workplaces, public amenities, healthcare resources) from a specific location.
Through spatial accessibility analysis, the extent of services provided by the supply side
can be examined and the accessibility of different spatial locations can be quantified. This
study aims to analyze the accessibility of healthcare resources in Taichung City. Public
datasets including village boundaries, major hospitals, clinics, and road networks were
utilized, and an enhanced two-step floating catchment area method (E2SFCA) method was
applied for the analysis. The steps involved establishing the coordinates of village
centroids, and healthcare facility locations, computing the distance matrix from origins to
destinations, and conducting supply-side and demand-side analyses using the E2SFCA
method. Based on the results of the accessibility analysis of healthcare resources in
Taichung City using the experimental materials in this study, it was found that the longer
the distance from the city center, the lower the accessibility of healthcare resources, with

a majority of underserved villages located in remote suburban and mountainous areas.

Keywords: accessibility of healthcare, E2SFCA, spatial accessibility
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FH LB & G A& o > 1] BRET B 8 & R #Y 22 ] F] k2 M (spatial accessibility)
(Guagliardo, 2004) » WAk {50 B & E B R AR A e i 22 fE R AR TS « Z2fE m] K@
fe B RS T (E AR E P R VB R B RIAESE - EEIEEM - 27 - gaf1HE
MBS BERHHY S 150 ~ EEERAIAC i MR SRR 2 - s GIS £41l » IR
ERAH R B AR B & A T 22 R e Mo AT R S AV T B R E R AR
S ZE TR « iAo A e B (VR (e RS » DU B IR et it~ I
PERERI T THYAC RS 4R o DR E ERVFEIT - WISEHTRERE ~ A0 im i B A
FERATERE - DISHE BRI o] ot o 22 R vl R MR 734 - Al LGS HH B A
TR IHIMIE - DLR AT REAFAE R BRI S AN R HIRERE © 43 B S rl iR U A
BRI A EECR AT E] - IR R0 o Acfiie s o] e -

TERRETE R EIRAV TN - B4 E A E N ASHIRS R - STREREA
B AR SIS 2 I R A I T B B FEEE (S u et al., 2022)  [E AR BRI R E
Z A AR S S TERN B RSB EEE D ERA
BVEHERE > SATRENE MR (B RRS R EENE TS - (EE =
B EEEE AT RE A e A o DRGSR B iy Ml A AR A Y R SR R R -
AR A S R BRSO RE > BUARERE TRV AT -

bR T ERarEik - A EEEE R IR E R B T A R —ETE
A (CURL) - it B e ERA g EE - 2800 > #F EREGEAHEI A SR
BN Z=ORE RS - IERIRTE B CRT A SR TEIE N » Brelkia SR > R
# % (floating catchment area method, FCA )2 # i I L B &R B A 18RV ER
BmeTAE = IAES AR )7 = HEE - N DITEIE T AR - BRSNS =A0Y
EFUEEAREN: - AR EEESTNEREERNMBEEL -

TEESHR N ] f MRy AEREARHFE S > Gulliford(2002)F R 2 Pk 5 5 W {1 1 =] * 2%
A A FET M (having access)ELHN {5 A #4714 (gaining access) = Fij 7 T 242 H B Ak
B AT BUS- M ATz 2R 1Y > BIEIRE R A6 AR AR - MR ERIEEEE A
N TIVENR » DRI B ARSI » IR -8 &b L rTsE A=
BEEAPRE] « PRI > (E{o[5 BB R 15 o] e MR B 9T A TR Bl F st P 22 ] Ay T
Bt > B S Y n] B MR B T R M S S O AR K < 1] Wang(2006) R AT
M5y B R SIS+ VAT (potential BH B 4 (revealed) i 4T 14 DL Ko 22 [E (spatial ) B33 22
[t (aspatial) FJAT 14 o DAESHRE R0l - EFRATHT M4 (revealed accessibility) B 73T 75 K&
RETEIFHVEPRES R AR  JBAE AT 4T 1 (potential accessibility) 747 75 K E RE SISV BT
BEER - N REERE LA T 2V BRER 2 iE &R 8 LIRS - FTDATE
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(I 9) ~ 5~10 22 HL([F 10) ~ 10~15 2B ([ 115 3 FEdiE - 5550 > v AT o
FHY55—TH * Shortest Path([&] 12) » #E—Egaeie & Ry kb e -

34



A~ AL~ 2RI ¢ R

() OD Matrix from Layers as Lines (m:n)

Parameters | Log

Wetwork Layer

| /" e _ROAD [EPSG:3826]

Zelectad features only
From-Point Layer

o= M ER 3826 _point [EPSG:3825)

Selectad features only
Unique Point ID Field

| s VILLCODE

To-Point Layer

| o= medical_institution [EPSG:3826]

Selected features only
Unique Point ID Field

| HEETE

Optimization Criterion

|Shortest Path {distance optimization)

b Advanced Parameters
Cutput OD Matrix

|[Create temporary layer]

v Cpen ontput file after running algorithm

AR

OD Matrix from Layers as
Lines (m:n)

General:

This algonithm 1mplements &D-Matrix analysis to
return the matrix of origin-destination pairs
as lines wielding network based costs on a
siven network dataset between two layer of
points (m:n).

It accounts for points outside of the network
(e, sot-nerwork-eloments), Distances are
measured accounting for ellipsedds, entry-, exit-,
network- and total costs are listed 1n the resnlt
attribute-table,

Parameters (required):
Fellowing Parameters must be set to run the
algorithm:

® Network Layer

® From-Foint Layer

® Unigue From-Point ID Field finmerical)
® To-Point Laver

® Unique To-Point ID Field énumerical)

® Cost Strategy

Parameters (opiional):

There are alse a number of onfonal parameiersto
implement direction dependent shortest paths
and provide information on speeds on the
networks ed ges,

# Direction Field
® Yalue for forsard direction

B 7 %AcELE

@® medical_institution

@ =fih HER 3826 point

BLi % L%

@® medical_institution
® =Pm_HER_3826_point

Bl 8 O-Dmatrix %% » £ 53,125
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® medical_institution

® EShm_WER_3826_point

1 ob

V| — OD_maxtrix_filter_0-5 [6555]
V| — OD_maxtrix_filter_5-10 [10108]
V| — OD_maxtrix_filter_10-15 [9618]

B9 O-Dmatrix %% :0~5 =2

® medical_institution

@ Shm_ER_3826_point

1 ob

V| — OD_maxtrix_filter_0-5 [6555]
V| — OD_maxtrix_filter_5-10 [10108]
V| — OD_manxtrix_filter_10-15 [9618]

@ medical_institution

© ETH_NER_3826_point

[l ob

V| — OD_manxtrix_filter_0-5 [6555]
V| — OD_maxtrix_filter_5-10 [10108]
V| — OD_maxtrix_filter_10-15 [9618]

Bl 11 O-Dmatrix &% : 10~15 =2
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() Shortest path (point to point)

Parameters | Log
Netwrk Layer
/" ZEFHT_ROAD [EPSG:3826]

Selacted features only

v |8 X [

" Shortest path (point to point) =

General:

This algorithm implements the Dijkstra-Search to
return the shortest path between two points
on a given network dataset.

Start point It azcounts for points outside of the network

(e, mom-network-elements) and calonlates
232070.537300,2683727 634021, [EPSG:3520) separale enny— and exil-costs. Distances are
End point measured accounting for ellipsoids.

232655.554157,2683121.900859 [EPSG:3826]
Optimization Criterion

Shortest Path (distance optimization)

b Advanced Parameters

Shortest Path Layer

[Create temporary layer]

/| Cpen output file after running algorithm

Parameters (required):
Following P itets st e st e
algorithm:

® Network Layer

® Startpoint Coordinates
® Endpoint Coordinates
# Cost Strategy

Parameters (optional):

There ate also a number of aptional parameiasto
implement direction dependent hortest paths
and provide information on speeds on the
networks edges,

® Direction Field

® Valne for forward direction
® Valng for backward direction
® Valng for both directions

® Default direction

® Zpeed Field

® Default Speed (affects entrvexit costs)
® Topclogy tolerance
=
| 0% Cancel
Run as Batch Process' | Rm || REES

B 13 BB A 1T % iR T

(=) i&ER

SERE HHUJ@EE{% PEE RS ”SW?B B AR R R - Rt RS
T K - HERE UM S B R B s ARt B A s ln=(2) K (3) ZIK“’* BB G {RIE
A tiDDS/\E R — 72— 0~5 NE Ry 17 5~10 4B Ry 0.5 5 10~15
N 0.25 -
3. S

R. = J = J
T PW, % BW,+3

ke{dg<D,} k"1 ke{dy <D} keldg<D,} " k

4= 2 RW.= 3 RWM+ > RW,+ > RW, 3)

je{dy<n,} jeldy<ni} jeld <Dy} jeld; <Dy}

BW,+X 2074 )

ke{dy <D}
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HEFE 1 117,175%1+88,210%0.5+54,778%0.25 =174,974.5 - fifir T 824 81 A CILL | B fichE

o

TR B TR E NI ¢ 65 kDL AL - EAtiR A AL E DU HE -
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The Practice Discussion of e-GNSS Rover Receiver
Calibration

Yueh-Lung Chung?, He-Chin Chen?*

Abstract

The National Land Surveying and Mapping Center (NLSC) deployed the e-GNSS
real-time kinematic positioning system in 2009, which is an application of network RTK
technology and has provided a high-quality positioning service for the surveying industry
and improved working efficiency in Taiwan.

The NLSC also built the Surveying Instrument Calibration Laboratory (SICL) in 2008,
which complies with ISO/IEC 17025 and was certified by the Taiwan Accreditation
Foundation (TAF) on March 10, 2010. By now, the SICL had provided many surveying
instrument calibration services. Considering the e-GNSS real-time kinematic positioning
system service is used for all kinds of surveying work in Taiwan, the SICL added the e-
GNSS rover receiver calibration in 2020 to ensure the quality of surveying results and is
open for operation in 2021. More than 200 e-GNSS rover receivers have been calibrated
since then.

This article introduces the development of the e-GNSS rover receiver calibration
system, and hopes to provide more practical experiences and suggestions by analysing

calibration data.

Keywords: Instrument Calibration, Real-time Kinematic Positioning (RTK), Virtual
Reference Station (VRS)
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Ministry of the Interior.
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Enhancing Nighttime Vehicle Recognition with Deep
Learning

Chih-Wei Kuan'*, Tien-Yin Chou?, Wei-Zhe Chen®

Abstract

Traditional nighttime surveillance systems are limited by low light conditions,
resulting in lower vehicle recognition rates. However, the method proposed in this study
combines visible light and thermal imaging, significantly increasing the recognition
rate of driving vehicles at night. We applied the Yolo algorithm to accurately identify
vehicles in these hybrid images, not only improving recognition accuracy but also
providing richer traffic flow information.

This approach is not only a technical innovation but also has practical application
value in nighttime traffic monitoring. Through our method, traffic managers can gain a
more precise understanding of nighttime road segments, including vehicle density,
speed, and other information, providing more reliable data support for traffic
management and safety decisions.

The experimental results of this study demonstrate high accuracy in vehicle
recognition. This not only enhances the safety of nighttime driving but also provides a
promising solution for urban traffic management. This integrated application not only
brings higher security to nighttime driving but also provides more reliable technical
support for the construction of smart cities.

Keyword : Deep learning ~ Optical image -~ Thermal image ~ Yolo

! PhD Candidate, Infrastructure Planning and Engineering, Feng Chia University.
2 Professor » College of Construction and Development, Feng Chia University.

3 Master, Master Program for Smart Cities, Feng Chia University.
*Corresponding Author » TEL:04-24516669#702 > Email:will@gis.tw
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(S)FISRE R TR LR B R E

] 3115 - 9 5t P | Ry B A T T A - AR A RIF B B A
168 5 S B F IR R U E DURCOR B A B I B e 3 Ry ey 5 - RGO EE AR By
FJRECEG (Labellmg) » f&—EERAVIEE TR » S XWeiac TEL ~ JRE » RESE
— AR - AE S AR > EERCHE G T E e IR FHE 5 (bounding box) » 4@ IAREE
TR ARG B SR R

FERE RSB A R EIRE - 405 Bk e AT R - SRR EAR D H
ANEHER - B0 S E R I B B AR B - By 1R e BRI IS SR TR R,
F o WAV TR - (B R R SATEISREIR S - B R PRy
U - EEAE R PR B AT B R o

= Box Labels
V/} [AEdit Label
e

B 5 &% labellmg #c#8iE 73" R T AL H3e

BT SE R iR SR AR - Labellmg & ¥ HL5RAIN SR A I M7 Ry 1E#
HEMEAL Ry xml #UEARAE > RS G S AV E A JISREEA R S R - LU
{ bounding box Hy X &JEk Y &L - SEMIELIE 6 Ak -
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This XML file does not appear to have any style informati

v<annotation>
<folder>V0C2807</folder>
<filename>1.jpg</filename>
v<source>
<database>The V0QC2887 Database</database>
<annotation>»PASCAL VOC2007</annotation>
<image>flickr</image>
<flickrid>336426776</flickrid>
</source’
¥ {ouner>
<flickrid>Elder Timothy Chaves</flickrid>
<name>Tim Chaves</name>
</owner>
v<size>
<width>500</width>
<height»375¢/height>
<depth>»3</depth>
</size>
<segmented>@</segmented>
v<object>
<name>person</name>
<pose>Left</pose>
<truncated»@</truncated>
<difficult>e</difficult>
wv<bndbox>
<xmin>135</xmin>
<ymin>25</ymin>
<xmax>236</xmax>
<ymax>188</ymax>
</bndbox>
</object>
v<object>
<name>bicycle</name>
<pose>Left</pose>
<truncated>@</truncated>
<difficultr»@</difficult>
v<bndbox>
<xmin>95¢</xmin>
<ymin>85</ymin>
<xmax>232</xmax>
<ymax>253</ymax>
</bndbox>
</object>
</annotation>

A FH R E R BT el T B B ey sk AE

v<annotation>
<folder>V0OC2087</folder>
<filename>»2.jpg</filename>
Y <source>
<database>The V0C2087 Database</database>
<annotation»PASCAL VOC2007</annotation>
<image>flickr</image>
<flickrid»329950741</flickrid>
</sourcey
¥ <owner>
<flickrid>Lothar Lenz</flickrid>
<name>Lothar Lenz</name>
</ownery
v<size>
<width>5@0</width>
<height>»332</height>
<depth»3</depth>
<fsize>
<segmented>»@</segmented>
v<object>
<name>person< /name>
<poserLeft</pose>
<truncated>»@</truncated>
<difficult>@</difficult>
¥ <bndbox>
<xmin>235</>min
<ymin>51</ymin>
<xmax>309</ xmax>
<ymax>222</ymax>
</bndbox>
</object>
v <object>
<name>horse</name>
<poserLeft</pose>
<truncated>»@</truncated>
<difficult>@</difficult>
v <bndbox>
<xmin>157</xmin>
<ymin>106</ymin>
<xmax>426</xmax>
<ymax>294</ymax>
</bndbox>
</object>
</annotation>

B 6 PascalVOC # %P %

MAERATFRZEEZREA T YOLO i » eF—1rRE—EWF > 725
T4t (object-class) - (L x (L{E%ETRIEN A T (image_width) HYEER] > ¥
fEely y A{EEERIE S = (image_height) (IELKY - P15 (target_width) (5 EE5R E]
i F(image_width)FJELBI » V) K% (target_height) (i E5RE] £ & (image_height)ify
EEBI4ntE 7 fon - STREFESTRIATT

Center X

( xmin + ( xmax - xmin ) / 2 ) / width

Center Y
W
H:

( ymin + ( ymax - ymin ) / 2 ) / height

( xmax - xmin ) / width

( ymax - ymin ) / height
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— Label
boundary
/
\

/
/
e

1ydiay

B 7 Yolo ki Fhst

YOLO # Label B2 text #5454 txt 1 » (TEEEI B RES]—(F txt £ > S IHARS—
{EERIIE 2Ry YOLOVA » [FTRREAIE G DL R, txt REZERUEE AR - 3 RIAE
FLERCERZE > names ~ test.text ~ val.txt ~ yaml ~ yolova.cfg fig - 538 AME 8 At
IS o

B8 42 4w H ¥ &7 Label ¢ txt 4h%

FiE4(EEZE T > obj.names FEFE N £ label 71|35 > LUAWZE B /20 441H
car’ YOLO 1F 38 HY B 7 IR B 55 B HU B L AE 22 > test.txt (F| S0AE) B val. txt(BgEE1E )
test.txt £ EEPIE BAIERITEE STEIIR » valixt 19T P2 BRI S L AETY
% RIRERNSHAESE train.txt FEZEHL test.txt FEZE5T BT R 80%H1 20% » DIFE
U5 BER SR 3000 SRAVIEF - 1500 5RAVE KRG - 1500 5RAVA SRR -
ST B 2400 FRAEA - BRSEHE By 600 SEBEA - HISREDRIASREEIAIE 9 Fi 7T -
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CAR Images 3000 jpg images
Labels 3000 xml label images
Yolov4 3000 txt label files
3000 jpg images
caryaml
car.names
cfg Train.txt
Text.txt
Yolov4.cfg

B9 7 RT S

yolové.cfg H& 2 Fys e alll SRIG P R Y 28 BHEFIRERAE & B2 B
Hi Pytorch ﬂiﬁﬂki‘ﬁﬂﬂ<¢%ﬂ%’ﬁ§% > batch 5% 5y 64 » (X324 batch E2E R %/ DI
ARERL - Ry TR GPU FISRIFHY & e & » 8%E subdivisions £y 8 » 7ppkgEIt 8 fi
mini-batch > & 8 {[# mini-batch I - & 8 {[ mini-batch EIFHEARG | LR E
% FEAFIREEE NIRRT BRI Mgk MEE= REE S E R (batch) -
[FFEHY epoch i H » KAY batchsize T batch B H /D 1 » By LLA] L D1 4R s
] » KHY batch size B[RV R T IIFRE » R R EAEI SR th 4R & I « fERERaY
(% > K batch size 7] BE & EUAS FE AT HUEES » exposure HEE Ky 1.5 LSRG ET S
PR E G FHEIE 1~1.5 PRI ERCE » 3R EE § - ZXHE] 400000
F¥ 450000 %*ﬁ%ﬂéﬁﬁ%f?z B ESEERE AR 5 0.0001 DUR, 0.00001 > fEEEY
ZRAVEE TN - AU AT RE e R RS B S FAB I HEAIRER - fERBVEHR S EHYFRIR
JCHEAE - WiE 10 }ﬁﬁm °
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4 Training Progress (02-May-2023 22:31:47) — m]

Training Progress (02-May-2023 22:31:47) Results
Validation RMSE 39.903

Training finished Reached final iteration

Training Time
Start time: 02-May-2023 22:31:47

Elapsed time: 6 min 1 sec

Training Cycle
Epoch: 160 of 160

w
7] - o
40 -0 - -0 -—0— O -0 —®— 8 —0 — 9— —¢@Final Iteration 1120 of 1120
Iterations per epoch: 7
U Maximum iterations: 1120
20~ Validation
Frequency: 50 iterations
10—
i 100 i Other Information
I | 1
0
0 200 200 500 200 1000 Hardware resource Single GPU
Iteration Learning rate schedule: Constant
Learning rate: 0.0001
3000
2500 Learn more
2000
3 RMSE
S 1500~ |\

Training (smoothed)

RS - — g _
=9 o--0-0--9 —-—9— 90— -0 —9®— 90— —0 — & — 90— —0 — &@®Final Training

100 = -@— - Validation

Y .
0 200 400 600 800 1000 Lok
Iteration

Training (smoothed)

Bl 10 Training Progress and validation RMSE

z ~ Experiment results
(—) RIS
LR 504

AHFSE B Pytorch HE YOLOV4 WY HECABRS IR » $2UE T GPU HUMEES » sk
TR GRIE TR SRR R RS SR AT G AT R
B o BIFERE S TLERG NS » B (DR (Precision) ~ (2) 3 [E1% (Recall) A
F2(3) - H9 45 1 (Average precision, ap) » £ STE{ 150 (9 = (B 4G HE » 4536 2 38
Precision(EHE4) = TP/(TP+FP) » 3 (BHSET /£ B 1Y BAE T M By IE AR IS Bk » B
IR %/ BIEREER R Recal(F[EIR) = TPATP+EN) » BERE/FTAE
Ao BESTENI SV IEREARIELG » TR R it B 5 RN AP HBI(H -

TP (True Positive) » BIEFE Fy True » FEHIE Positive » FEURIFVAE SR EAF R B A
[d] o TN (True Negative) » BIEE Sy True » FEUHEy Negative » FEHIHVAE SEBLIE X E L
FH[E] « FP (False Positive) » BIE [ fy False » THH| Fy Positive » FHHIHYEESRELE IR 1F )L
A o FN (False Negative) - B[IEE Ky False » THM Sy Negative » FEHIAVEE SR ELF X
HRAE - 4172 1  Confusion matrix fiff7s ©
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% 1 Confusion matrix

Predicted condition
Total population Positive (P) Negative (N)
=P+N
Actual Ture (T) True positive (TP) False negative (FN)
condition False (F) False positive (FP) True negative (TN)

FEZ B0 H AR > BR(EETET AT LIRIER recall (H[0[2) Al percision (%
ffER ) B —RAhER - AP giEsz Hi4R TRV > mAP QZEHE—HH05] AP #Y-P35 -

Fo 1T aHEEAIATAAR - AR SR A mAP(Mean Average Precision) » B/ —{EE
SHVEHETERE - HEVE AR AEZ B IRy R E & BAT - (e B
WUMRRBITE AT > SEH G A EIRE 2R (Precision) f1 7 [R5 (Recall) - ATfS-H2RAY 53
bk - EE ARSIy > (HERE TG AER  — SRR P A
{EFEaRES R - FEHER G BURE 100% @ B RS BRI > A AV AR B K
GHERAAEIE] SRS A [ R RS (H MR A AR (R o & RS TR B
[ERAY TSR EREFAE A > T AP B2 SRE FHYETE - mAP ALZRTARHHY AP
PIME - EBUEBEET 1 ARSBEAA S EREEARERIERE - LU EStE
AP FPUERN ¢ 1. EFERIS BTN 8 - 2. TR o B R AR S - 3. STRUR
JFFEME TP ~ FP ~ TN ~ FN © 4. STREUFERAEE - 5. STRIFHER A EA LR T A
1% » 6. MEPITREE - mAP HYETRITAZIREIE(EHAFHHEE(AP) - MR E 2 (H
FEETTPEY o PP A T AL

N

1

i=1

2 JEHE R4

ARFFRELHE 900 RHTEAHE > FrisEIHY & [Ol% ~ K52 - val GIOU LKz mAP
WINE 11 Frs > Recall 1T 500 A2 ELE BT 0.8 » Precision #h{T 500 ZKIZHLE
FERT 0.4 val GloU 41T 500 Z& FL e 0 val GIOU Ay THHIHY H 152F0 Ground
truth 1T ToU STEFMS4EE - AR ToU KA—{ERE » AR AEEZE TP 4158/
RiE(ERERLZE FP > mAP RI[B-FETHEE » GloU 8B ME 23| SRS N AH ¥ 3
R - mAP HIFEZE S SRR By hnmiEsy - tRRIBA AR -
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Recall Precision
0.8
0.4
0.6 - 0.3
0.4 - 0.24
0.2 0.1
0.0 - 0.0 -
0 500 0 500
val GloU mAP@0.5
0.14 -
0.6 -
0.12 -
0.4 -
0.10 -
0.08 - 0.2 -
0.06 - k
0.0 1
0 500 0 500

B 11 #-71>* Recall, Precision, val GloU, mAP & %4 # B

(Z)EBRRREI T

FIFHT—EZE AT/l SR AR - ACHETTHE N AR BRRE NS - EMIR & iR+
B ZERHVR—ES L  or liEE OB GRS =BG IR, 543
sz R > DR AU —(Es A8 U R lal 8 Siat A8 PRV B4 R 157§
MEAG T LY R > il oS ~ ERDUCRE > MR HIEY)
PR 7 AR 10 AR EGRTT | (GLEOE SRR SRR 30 AR AL ERST
2(E TR ARFOT)HE T o0 AT - ANIE 12 oS o
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Bl 12RFECB(cd RRALZLZPIBOEESRYE ] £ 5 BRAE L LPBROE
¥ %A 2)

BRI AT4E R 3T HARH O G T E i h JA Lk 2K 146 & - Zls2 g
W 153 8 > SEERAR EENEEZ G5 I 10 A RER 30 A RV » Hak
BAIFR 2 AT O] LSS IR BN AR O AT A [E] EE Bl DA R A [E] B 2 B R
TSR Bk b AT o RN RT 2 BV T EEEEEAE o RIS AR
FHETAARTT | B AN > SEERS (G BRSO PR SR 2 AR FE i i R BAE
5 > DRI 2 R AR (G el 72 e E R ] o MR T 283 7E Bus HUBERE LD
W1 EEE A PR BE G ARG - HEAS R R R BVE 2 15 R Bus HYE ISR (5 &R
/D > BRI SR o

o 2 RERPGEAR PG T PR DRSS
Distances \ Image Dataset Thermal
images

Virtual line

No. 1 (10m)

Virtual line

No. 2 (30m)
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PRICZAN - E WY ie BRI RO AT (5 > 5 50 TR PRI DL K
By SRME—EEHY TR - B RAVIBID 84 - A8 13 For - HEREVEER
15 2 FNAE BRI - B Y BB AR AT o - A B (R RS AR IR DL
WfE 14 For

mb(:léﬁfse o car 0.9/

!
.....:.......>

Bl 14 # R B o 837 2 22 5 truck
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TR B SR IR A B Rt 75 2 B RS R 2 B2 - WfE 15 For - JEER
550 162 T P T % 1 o R Y B R 8 1 2 (7)0.87 B2(75)0.96 » 1% 5 ERER A HRasi Al 2
7% 0.46 - TM[E—{EHFfER: - B 16 BPUEGERHY IR A AR - fEEuEE
%EE’J&??E%E’JW%F AR BRI EESHETS -

W 16 # 8 B4 3 b IEdEen fare L B
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bge b th S SRR sV B AS G R EERE - B 17 BURNESHDLER R E S
ZFRRE R IR R B MR RIFSER - MR BRI Ry ] DA E
{EEFEREEOERTEE L > (E5T S AP R | - (B EHERr EdE - Ak
B RE T2 A Ry B - BN 7 B E G R B 25 A SO - RS AT 18 24
EEARHUPERAE R (EREBE R BN R (ARAE TR R A LK > PRI 0.85
Bl 0.84 » BUREGT MY B EmA B P B A & 2 B LR IR T
AP FE B % B e S4 5T A

B 17 £ 5002 G FT DRl &
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SRECTHAYEEI T BRI EH TR B RA RS 1) R DUE— P R E =
& 1R B A B 5O 2 R el Sy HE ] > A0S ERey ~ BRG] - #V R LA
MIRASC T AR EIEIER] -

ENQN R R SR A R TN e )i A =N TR SRR LIWNG D) 7~ TR G
SRR B E PR ERRE R R AR G - IN LB Y R B R (AR SR GRS
/I SRS B 5E Y R PRELIE A2 B ARZHINT I o] DAEHE ok B E IR P R E 2
FIFHSAR PRI SCEAR Y, > DU R I E S AN P H 2 2 -

S S 290

Ghoreyshi A. M., AkhavanPour A., Bossaghzadeh A.,2020, Simultaneous Vehicle
Detection and Classification Model based on Deep YOLO Networks,
International Conference on Machine Vision and Image Processing, pp. 1-6.

A Bochkovskiy, Wang C, Liao, H M., 2020, YOLOv4: Optimal Speed and Accuracy of
Object Detection. arXiv: Computer Vision and Pattern Recognition.,10934.

C. Kumar B., Punitha R., Mohana, 2020, YOLOv3 and YOLOv4: Multiple Object
Detection for Surveillance Applications., Third International Conference on
Smart Systems and Inventive Technology (ICSSIT), pp. 1316-1321.

H. Wang, J. Hou, N. A Chen, 2019, Survey of Vehicle Re-Identification Based on Deep
Learning, IEEE Access, vol. 7, pp. 172443-172469.

H. K. Leung, X. Z. Chen, Chao-Wei Yu, Hongyi Liang, JianYong Wu, Yen-Lin Chen,
2019, A deep-learning-based vehicle detection approach for insufficient and
nighttime illumination conditions, Department of Computer Science and
Information Engineering, 9(22), 4769.

H. Song, H. Liang, H. Li, 2019, Vision-based vehicle detection and counting system
using deep learning in highway scenes, European Transport Research Review ,

volume 11, Article number: 51.

85



BB s

J. Redmon, A. Farhadi, 2017, YOLO 9000: Better, Faster, Stronger, IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), pp. 6517-6525.

Janiesch Christian, Patrick Zschech, Kai Heinrich, 2021, Machine learning and deep
learning, Electron Markets 31, 685—-695.

Karen Simonyan, Andrew Zisserman, 2014, Very Deep Convolutional Networks for
Large-Scale Image Recognition, Computer Vision and Pattern Recognition.

L. Lianqgiao, C. Xiai, Z. Huili, W. Ling, 2019, Recognition and Application of Infrared
Thermal Image Among Power Facilities Based on YOLO, Chinese Control And
Decision Conference (CCDC), pp. 5939-5943.

M. Teutsch, T. Mueller, M. Huber, J. Beyerer, 2014, Low resolution person detection
with a moving thermal infrared camera by hot spot classification, Proceedings of
the IEEE Conference on Computer Vision and Pattern Recognition Workshops.

V. Sindhu, S.Vehicle, 2021, Identification from Traffic Video Surveillance Using
YOLOV4, 5th International Conference on Intelligent Computing and Control
Systems (ICICCS), pp. 1768-1775.

Vuong Xuan Can, Phan Xuan Vu, Mou Rui-fang, 2021, Vehicle Detection and Counting
Under Mixed Traffic Conditions in Vietnam Using Yolov4, International Journal
of Advanced Research in Engineering and Technology.

A. M. Ghoreyshi, A. AkhavanPour, A. Bossaghzadeh, 2021, Traffic vehicle cognition in
severe weather based on radar and infrared thermal camera fusion, Measurement

Science and Technology, pp. 32.

86



BWAA

FrAE RGN ~ SNMEMPATEAR - ERFRNEAMEERIEA
SEREERE TR - SHIREE BTRAREZRIT - SR SEFCHER Ry
JFRI > PR SR SRR © RE PR NIEEARR ~ B m SIS - WA GRPELL TS
M Rl A = () 1T BRGSO R B G ST ~ (E &4~ (EE AT AL
regihbt ~ 8RS - H ~ BTV ERELL 0 (2D P OGRS 0 (Z)
AL (W) 5ERE . (To) #f38 (ON) 25308k ke (£) MfsElER - Faim
% o SEERMERKYIEIZE - F o BRI E - R CRRBARE) - L
HgmsE - B2 R LU A RIFAT TR CEIRESEEBITRIEE M - WS
I ZSTRZAF I 275 308K > 275 SORGE AEREEZ 5 (RFF AT SO - 218
ISR Z T8 RFFSII - ZIRRAER T 5525 MR

BIEBAEHAT

S~ NEREER A BEABEEESRS IREES S AL (2.54cm)~ T (2.54cm )
/£ (3em) ~ A (2.8cm) > FHELIHTAHBAAE S 9552 Times New Roman 25 i 788
HERKR -

&, BHHE (Title page) * JEAE THINE :
— ~ B8 (Article Title) * fLFET ~ JFERA -

— ~{E% (Author’ sName):

. BFEY ~ EAEEES -

2. ol DAHR ~ SRR HIERBHTE eV ~ B0 - SEEABOA - RIDARA{HE
F10 20 3 {HBIE -

3. AR E R (DIEE % ) » SEEHEREEEE ~ E-mail > A EEEES DABIPREEE TS

% (Abstract) @ EREH ~ TECREE -

* BASET (Keywords ) © BIFETSC ~ JOCRHEY > 3 plFIRY T ~ FOUREZR -

+ 13 (Manuscript )

- e E IR E R E T
g T (—) 0 Lo (1) v ay HFPHERT - E5CAFE "1 110 111+
IEFFHES -

= - 3[Rl
(—) sl :

OSSR RS ¢ T SRRSO -
(=) Sl A3 - SRS [

FCEGISR T AESh  MESISR T, 16PN - BEXEEISE C C fESh - HSINK

A

= [

W



=~ UK [ B
(—) SRS TSR

Ll (fEE > F03) R -

2. EABRSCELIYE () &b ISR A E PG OO H
R SRR PR -

3. EF—EE - A CERKS [ - BILL (B > F00 1 F00 2) BFE—
BB A F—FE&FRCE RS [ AILL (47 a,b) FoR -

4, BHRCEA 2 fFE > B - o0k (fFE A SEE B> F07):
PSRy (fF#E Aand E#& B, 4473)

5. B mXEARIMLLEFEE (&3 $F3GEH (B—FESF - F):
TR (B—fEE etal, F03) M -

6. FOUHHISE—IEELAERT > AR » SHAEE 2R - (LR PEAER -

(=) hEaFEEEaE
L SLMEE () R
2. HERBIRSCERF L > JILUEE A ()~ F& B (F3) R
3. EALENEESIHER - 55 HEER > NSRS A AR

VY~ BRI ~ FeilE] R 1
. ERFEEREZIE T WEE 1~ & 2--- J53 R -
2. REFENEBZIE LT » WK 1~ R 2 HHFIR
3. &5 At BIRFREEIAERACM -

I~ AREERB
BAD ~ Q) ~ Q) fFF4RSE - Bl : X=(ATPA)*ATPL (1)

B~ 2Bk (References)

— HE EE - FEy o (FHA) 0 R Rk - R -

~ BIFERSC MR By WA (HITR) - BHHE B -

* WFEr e ¢ fEE > AR - SsCals o (W& i) -

s TR RS (FE > Fy o GRsCatE) » SRR R AR Lm0 -
- HERFETEER  (FE (B F0 0 B HEuhaig > @ik -

» Reffrid st ge s © {FE > F00 > (&) - BIFEEAL -

Sk E ]



TERENMEIERE BT RERTZHEAL BT
MM EERE

FH—

FHEERRER 101 4209 H 25 HEE 16 &6 6

e 5

FHRA G i Z B GHESERIE eI EL -

FHAR

=

PR wE JRE R T e S T

- $ilHZE B G AR

& BE(FEEFANE -

EElusS

ISVSiSEEEE

®=

g FAR

ﬁ
=
|

BENEETEE,

Foffidt " B T OA4g Bz G B TSR A A (DU N AN S -

R B SRR T B

KRR EE RIFE A ER T2

AR s S A AR (AR ) -

- BHETE (EYIIHEEE R EREHE) -
- BRREE (EYIHEEER ERSEHE) -

- AETE (EYHEERER) -
FEAGREH T2

AR TR Ay B T

TIg

BERRTE

BRIREE

FEFE

il

Fr[HE

TSR HEE

FoAUEE

ERETHE

SF[EE

B

FEESIEEE

FAUEE

B EE

FEIESIEEE

FFEESIE FHE

FEIESUEEE

TEFE

AEHE

FofIEE

FfIEE

TETIE

A

Myt © FEL—R R -

FR

RN SpRA ST A= il

‘RE

» B IRE] -




AR B

R

A HR E R AmEER A

RIS
AR R

= —‘—‘)—‘—» & ,ﬂ%
%‘%Eﬁﬁ - E&
" R
2
| e T
\/
HETE | &
wasitEsy | X
4R L

o 28 B



R REE TR TR

TAIWAN JOURNAL OF GEOINFORMATICS

iHE R

FEZEE PREEEE B EILRERA Bl BT T 2R

WIEZ R (RERFEFNEFEE)
SERIT BIZREISOE AR AR TRERE A
M BIZBUEREIHNEER 2
wEZ  BEUBHARKERSZE AR TRESE R
PR pIeT BTt EEE AR
Gty BEIIREIRENE M ZERERE R
BRI BT IR RERRZE KRG L
HER BRI E R ZERERE 2
AT B EREK IR A
FEE  EILBUEREHIEE %
gCE  HIIEEREIARTES A

R G AR ERRKRELHEHEE R

TR it R ERREHHEE SRS
ez NEBGEE LA UL
sy PRSI ER SRR

® 17 A 2 HER BTSN ERZERENE &
MEAE E L NEGEREIE T

t Rl AT hEEREH RN ESE S

PSR £ 4 s




r_]-l- /Ejéﬁg"?mﬁ&? F
TAIWAN JOURNAL OF GEOINFORMATICS

Lo K- g RS-z

Vol. 12, No. 1 January 2024

B &
CONTENTS

ERREESIEEREREEPS

HER -KRBR -BHRE - 5FE  BIEE BRI 01
Applying Nighttime Light on the Measurements of Economic Activity and
Regional Income

Yen-Lien Kuo, Hone-Jay Chu, Ya-Liang Yang,Ching-Wen Yang , Chun-Ta Fan, Hao-Yun Chiang

EFRE MR ESAREER:UEPhER o RE2 TR 6
FRIEID » TREDZ R TT ettt i ssi s bbb 25
Enhanced Two-Step Floating Catchment Area Method and Its Application: A
Case Study of Healthcare Accessibility Analysis in Taichung City

Po-Yun Chao , Tee-Ann Teo , Tian-Yuan Shih

e-GNSS BliSEEEEU B EEMERIE R A EIZIEERS
BB EE e~ B R B oottt ettt ettt ettt e et e e 43
The Practice Discussion of e-GNSS Rover Receiver Calibration

Yueh-Lung Chung , He-Chin Chen

NRREEBRFARBITHERMAINIERE

BIME ~ FIRFE  BRAETD oot 67
Enhancing Nighttime Vehicle Recognition with Deep Learning

Chih-Wei Kuan , Tien-Yin Chou , Wei-Zhe Chen



