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Establishing Sun-glint Estimation Model for Unnamed Aerial
System Image through Photogrammetry

Chi-JuiLi!  Sendo Wang >*

Abstract

Nowadays, Unmanned Aerial System (UAS) imagery products also suffer from blurring and degradation caused
by sun glint effects. Various techniques, including detection methods and specialized algorithms, are used to
minimize sun glint's impact in aerial or remote sensing imagery. However, it remains uncertain whether the
processing techniques used for low spatial resolution images can effectively be applied to images with high spatial
resolution.

By establishing the spatial relationships between the ground, sun, and sensor, a threshold for determining the
presence of sun glint was established based on previously captured images, specifically for this research model.
The findings of the results are presented from statistical, image-based, and physical spatial perspectives to identify
the time period with the least sun glint during the target flight. This finding helps in reducing the effort required
for sun glint removal. The key outcome of this approach is that employing photogrammetric techniques to establish
a sun glint prediction model allows users to understand the distribution of sun glint throughout the entire image
acquisition process during the planning phase. By adjusting the timing, it becomes feasible to plan flight schedules
during periods of the day that offer higher efficiency in capturing useful images.
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AT LB ER L E M T E(LEE - (FRREHMERESSIEN - BERNEERESTM
WS~ BEAZIT > AW EEERE RAEEE (Deep Learning) 53577 (Semantic Segmentation)

DURAIPEEEH] (Object Detection) 2 - FALATEE

G rh B S AR ETE = AR ARG - PR T ZE

FE o AnIEE - pREEE R » Deeplab v3-HERIF SR EAZHFEL (Mean Intersection over Union, MIoU) {g 1]

83% ; YOLOv7 HAIMEHEZR (Precision) BAA B3 (Recall) 43Fa]%E 91.7%81 87.1% »

BUNH —EWFL

B IRATEE R A EI AR & « AWTFTA] R & S SR — P BRI SRS - DU ARSI S A

2 -

BEsEER - RERE - sERE - MR EN - BrREA - ZEHOM

1. BIS

g piEEbE BEE - A EETTEEL
5 CRAET TSR ek TH - 5 5
kP2 etk R T RIS H IR
LEHAE Google Street View (GSV) F1 Microsoft
Bing Maps Streetside (Kopfetal.,2010) » LA RERE
S S ST R > Baidu f1 Tencent (Long &
Liu, 2017 ~ Williams ez al., 2019) - [t4} » JRA LLEFE
# (Volunteer) f2itH BT F724HY Mapillary
F1 OpenStreetCam (B KartaView) (Alvarez Leon &
Quinn, 2019) « Hrf1 > L GSV jilZ B R a5 o 7
2007 FEELEE SR K - s G iR B C 2
FlliEE 2,200 [R5 - EERIZ - HEEH+ETA 100
i - 4EERFEABHE 1,600 & km (Google, 2022a) -

FERFAGHORRIR - eFIa] DUE I N R 52 A
J& > DAL 58 (Kang et al., 2020) - I EEA
g ER S S - (CAEED A ==
BEEL  HIPTAEFTFZHST - 140 Rundle et al. (2011)
VBRI AEE BRI A A L

2T EALREE AE AR 2 BT
* iEEAfEE, E-mail: belin@gm.ntpu.edu.tw

EERERGH GSV SRE WA [F 5 =Rl EER s

P BB Z —E% - Cohen et al. (2020) F&H
GSV B Z AR R mnZ BIEFEARNL 2008 F£E4 2017 4
ZEHZREEE(L - WIS GG 2 i A
AN FISERRZE M BVE S A& SR - PRET N [FISERERE I
SR B E A G SRR - W] R RIERT T
FEFH - BRIt 21 > Bz Guth ol DU & R
ST ZE R MR P 3R A A 58 e sth SO LR 5
VIRt & ThRe B o W LA AL (Li er al., 2017)
» LR R EH BEACHWZ T E N1 H (Griew et
al.,2013) FRTHE - Al HIERE TR -

b AR5 E  (Deep Learning) i 28 A 17 52
(Computer Vision) #fF » ELA[ZE I A5 - HIA]
R i 20 (End-to-End) FRAL > AlE
FET I G pa B B R E DR AT AR
FY D T BT SR o o B R oy E
Segmentation) fffj Z T (Pixel) iR - C
HEF BB G TR RLES] - 2
MBS E 2= R TR AT - WWEESR(E (Cai et al,

WeEIH : REI 2412 § 12 5

B H - REJ 13401 H 17 H
PEZHI  REG 13401 A 31 H

(Semantic
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2018) ~ A RZEFAAIEEE (Gong et al., 2018) ~ ff
EEATIERE (Ma et al., 2021) > DR A=A HE
(Luo et al., 2022) % o L4 > P)F{EM] (Object
Detection) FIFEFRHEVIHESE N AR - IR
R EEACGEEE (Campbell et al., 2019) ~ ETH
ZUE (Maniat et al., 2021) ~ HE7KZ&4t (Boller et al.,
2019) DIK#48 (Tokuda ef al, 2019) % 5 uljir &
St ESYREE ST -

Al B S EE S ERE B S
TC 0 BB S ERR ] TR A R R S
WA PR R HE(E B R SE S AR kS - FIFHA
A e AT AR T SRAAG L ] EE T i 22 i K ~ XE (i B
ALY iR 2 R EEE =0 AT DA ~ KA
MR — I B SN - TR 2 T AR AT
W Ry RIERIBEEE - MRy DIHTERRET Z - BESh
A [F R sl A 755 IR i o FE 2 R i [ PR B e 385 2
o INRARTRE DRI R - It - ABHTTH
FEHIVAT (DS T RS E S
» Il @R EE # 7 &2 Deeplab v3+ R4 {4 {5 M 2
YOLOV7 a5 ARl - A LIS R B PR 2
SRS Q) RIS R » i T R
TR E 22 TR R T
SDI) 4515 @ W MRAGEHFTIEIE - T AR s ARl
s (3) i W BT 47 T (Regression Analysis) [L#R
Deeplab v3+41 YOLOvV7 [& & 4aE kR 2 MRS
BABIAZRE -

(Signboard Density Index,

2. WrFEaET
AW E R R - Bl o IPUFTIETiR
falE BTt - AR T 2 A E N E
RETERGK - & 1 BRI -

2.1 THFEE S

AEFE LU AL TS b ge i, - 400El 2 B
7~ o Frdb TG E AL Y R EZ I At rE R ] ~ 38K
DAPE » FrdbiErs ~ &mEiss b > fTEE R
EWE - RS 23.14 km? (FRABE AT > 2020) > 2L
KIER T > BRI - il ~ =EEAEHS ¢ DA
HER R T BEdETT SR ARAS - SR B IR

F—H REI113F38

B IRE AP AR 2 - B T = > 2P P
SRR IR » MM 2 07 > DR (il
49 10 m > e PE AL MR 6 m (FRAE T AR > 1988)
ittt £ AL T 2 EE - I L
BUE OB ENL - RET S0 2 70 4R - (RARAT
b - SOBEARER] - BB SER T
Rl DURRIERZ BN 7EHNER - ok T EILH
AR IR  RARRE] 70 2 90 SR - [N EHEE
EENZHYEALT > ISR AR R - B
ERIEAL > SERSRIRIS AL - iR EILTHY
BIELL - KRB 90 SEZE S AR R G S st A 1
B - I AR e - At
Jik Ry T 3G PE R Z B UL (A& THZAFT > 2009) ©
RIREECEAY A ISR &R (8 3) > TREERTRY
EREQ 50 ~ 60 MG TEER BT » 55T
ZWHS R A EEAONZEE & - B H{E
Rtz — > HARAVEREET B TESE N
S (T 0 2000) - KEY 70 £21%& » ARG
e - ERE 110 & > ALK&y 55 & > BE
EATE T RN R 1T -
AEERA O S it - TR &
FIEIEIIRE & R - 0 L2 2% L AV
BEEFE - ORIy B E S FEf TR AEE# oy
FEF—ERENEHOE SR (G5 (#E > 2008) ©
It > fEr SRR e E A OBRS 2 A&
FEIE RS AR EL - A5l Bl
TR AN RS A RE A EE - RIELL
FrabitRASE (E Rt sl -

22FEE B RIE

BRI SRR FTRIE - R EEIZ 8
il A R AR - e — o RIEA
WrFE R S R U LA BB RUE B - BRI
HiEEAn . R S R B S R, 5 2 R
FIRFESR > HR B S8 B - (DIARERE & - T f5(E]
ER RS 2 B - BB - BEEE
R~ DUSRIEE 2 AR S - 0 QIR S T 15
R EEEE N R B EhE (58) ~ &/357 ~ fE
MERS - ) WH -
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PR MRS T HARRRE S RS R R A
53 RS » DURSRTILH . T HE R s R
s EMUEHE R ) o T DUE— 2D M man a2 ik
o o BT IEmEUER RS BT AR S
it S R T RIAASII RS ) B T T
EE 0 AIE 4 PR o BRRE SRR AL - K
AHEARE] a1 ZIbmEEEE EERRG
"HkE T EEYEE BRG] B T ST RS
EHEARM, F o AEAIER - % - EIEAR

HEizUESE - THTILT "Ik R T e
Firkaapl , AEFUERE - SO ES BB -
iﬁﬁh%Fi B IBEES
[z ]
]
Fﬁfﬁ4ﬁi wE I ES

@ 4 BEEEEREE

BREgEXH A EERES M 2L
RS - USRS AT > PUR T
TR 1 & St U - TR E
REEREEEP G P EEEEGEE - FRESHEM

G ERHERERE - (It > ATEREr T RS

JENBEES

wﬂE:;

E—H EEBI113F3AH

K | #EMEEFE (Operational Definition) )E'ﬂlﬁ_ﬁ
FEEEE ~ ARSI - BT TR &8
L ES - s G 2B E S § EI@
FTHE SR -

& EFTEERIBN - R TSR &R EE R
B (Ground Truth) 750 - AT ERMEEGIE
Google Maps 48 H T &-#0 it St G N Tkl » &
AL THE TS 0] ~ BRSSO B - DU
HEERENA I E BT - KHZ—EE - BS
1342 SRS DURIRBUERCARRE - 3558 A
FEAI B R 2 G R A T Labelme |
(https://github.com/wkentaro/labelme) {{%¥EFijlt i€ Z
Z BEEEREEAET B ERRC - WE 6 Fr - fEEE
TR 0 GIFF|— JSON #E% » HEls G s
[ AR AAERE (points) FTHERLZ B (shapes)

BENS » FEEEGHIEENKENHIHEE
Ao DUEEFIFHAIR FERAS (Sun et al., 2017) > B
F| "7Z1L (Generalization) ; 355 » A1 » AR
TR EA I SRELR A E RS éT:Z.% (Tan
et al., 2018) » [RIFLAFISRES - MHRAAST B
SH Bk E T Uﬁﬁ?ﬁ%iﬁf‘uﬁé (Han et al.,
2018 ~ Loey etal., 2020) = Bt » KHZEEEE RS
14 (Data Augmentation) U ITERERGE R
52 1 BLAE BE AR Bk 0 BB TG x ol = 5 B
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DR B x y il =2 B /K S (Vertical and
Horizontal Flip) » 7 5,368 sEfj 5% -
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6 Labelme /A {7 /i1 BB S HHRRAE R 2 JSON HE4EHS

2.3 SRR R

2.3.1 Deeplab v3+ (GEZ=RTE))
BREEFTEBRBNSERREERE (A
ImageNet S2{GERIEE) |46 TH4E (Pretrained)
RARIREE - {E R all SR AU W) (S HE SR (Shorten &
Khoshgoftaar, 2019) » F[FYH (175 TR E A £33
BRL - IRABHST - BRATEERE ANy Deeplab
v3+ (Chen et al., 2018) » §gF& & #: (Backbone) 5
Xception-65 H&% ImageNet (Deng et al., 2009) ~ MS-
COCO (Lin et al., 2014) E1VOC 2012 (Everingham

et al, 2014 B B £ T Il & Z

I xception65 coco_voc_trainval FERI#E{ T %40
ARSI SRR > BT GitHub B 52 S FEFE
i i @

(https://github.com/tensorflow/models/tree/master/res

earch/deeplab) °

HIEEETGAERE - 5 A —ERBE GPU A
DANGRIFfE - BB ZE IR A Google $2 {2 FLjit
Python &% " Google Colaboratory (Google Colab) |
Eim e REEFHECHES AN - BT
EEEHUN A 738 Google Drive » WARIEFRRIZHEA
[6%54] GPU (Google, 2022b)- AHF52(# I Colab Pro
FHERRTS » ZElg GPU £ Tesla T4 (& 7) -

FRallaEiE e - AR 4,295 5RZR
E Roalll6REE ~ 1,073 SREURAF Relatte - LRI/ 8

2> AT EhEES 8 (Hyperparameter) 4155 1 A7
HepllgER RARE - HRNERAF# (Data
Imbalance) [Nz (BRHEAVE S EME R 2L -

o

ORI Z IR B B R 0.1 1.0
DI RIS N BOE RS SRR - it - 18K
g (Loss Curve) REHESHISRECZ HRALT =0
eI RA b ST LA R g
AR LRI SRR E -

NVIDIA-SMI 460. 32. 03 Driver Version: 460.32.03 CUDA Version: 11.2

GPU Name Persistence-M| Bus-Id
Fan Temp Perf Pwr:Usage/Cap

Disp.A | Volatile Uncorr. ECC
Memory-Usage | GPU-Util Compute M.
MIG M.

0 Tesla T4 Ooff 00000000:00:04. 0 Off 0
N/A  54C P8 11w /. 70W OMiB / 15109MiB 0% Default
N/A

Processes:
GPU GI CI PID Type Process name GPU Memory
ID 1ID Usage

No running processes found

7 Colab RIS EEL GPU U5k

2.3.2YOLOVT7 ({4550
Rt LA RISy A B 1A
FWIPFEGRIEILL YOLOVT (Wang ef al., 2023) [
TR By o o FE R Pl i A 5 SR AR - AR B
"yolov7_training.pt ; S THHSRAEEE - THEISRIEAT AT
fr GitHub B 75 12 = % % F E 1 i 5
(https://github.com/WongKinYiu/yolov7) - F. 1 » Zl|4k
BRI~ Il GRS BB AR Deeplab v3-+HE A IGRAHE -
FlsE S8R 2

2.3 3R EREG

REREEISEL Rl iR AN A G SRV EREEEE - 5
iR FE R A AR | SRR - AR AR AT
SR EE MR (Confusion Matrix) > EUSEE
EAFEHIRARHRER - DAARWFZEE R R B> 4015% 3 Fike

2L

A AE °©
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F—H REI113F38

& 1 AWt5E Deeplab v3+HEMREE 7 2

2% (Hyperparameter) AW EEE
RAKEL (steps) 30000
L& A/ (batch size) 6

TESNSRfEE (model variant)
EHRHE (dataset)

initialize last layer -~ last layers contain logits only

loss weight

xception_65
dataset_signboard
False ~ True
[0.1,1.0]

R 2 AWI5E YOLOVT HAIEE Z FS 8

HZ ¥ (Hyperparameter) N
RREL (epochs) 100
fLE A/ (train_batch_size) 16

THZ)II%kfEEE (model variant)
Bkl (dataset)

yolov7_training.pt
dataset signboard

R 3 AWHFETIEZEEIERE (Confusion Matrix) — DUE & 1HRE Ryl

HERESHE (Positive)

HEEREE (Negative)

True Positive, TP

T RSB (Positive)

False Positive, FP

B e
N . False Negative, FN True Negative, TN
N = il ’
TERFsE &= (Negative) (BRe: e
=y B 7 b 25 A3 = TPerm
AWt 5T Deplabv3+5¥ {f 15 £ & ¥ 359 5 ff L 10Ussip = fp iy g e 3)

(Mean Intersection over Union, MIoU) - X f# £
Jaccard Coefficient » {4IR5T H & ERIBLIFHIE K 2
S, (Similarity) 2R (Zabawa et al., 2020) « 33T
e AT R —(E S EE (Ground Truth) #i
JEAME (Predicted Value) ¢4 (Intersection) F1H
£ (Union) Eycthfl » WP 2 - JREIE G
(True Positive) Fr{LEFZ: (True Positive) ~ {Afa:
(False Negative) F1{&[514 (False Positive) 2 ELf
(Garcia-Garcia et al., 2017) » 4= (1) »

MIoU = %zf_ . (1)

=1 k
Y v
Z}_=1 ij =1 ji~Dii

Hoft ok RSV (FMIoU RS B A
R SR » #50k=2) > pu ol { SETEDIB 28
pufFS VIRTERIA 28 - ol § SETEHID i 28 <

MloU ILUZBISREH SR » ToU BIRTLL
BRSO SRR - 5D B -
H#n=tQ)ZE (@) -

TP @)
TPyt st FPrsimm

ToUpgeeppe =

YOLOV7 sHALTEE G ER (Precision) H1H
[E% (Recall) » 417X(5)E25H(6) - B2 Deeplab v3+A&j?
GITETEAIE » EAARBYRRE Rt B 72
T8 BB Wi AE BLTERIH S AE BB AR FE T E B
Mo #r5e L TOU $515 e EE BTN E B EAR S
FHERER GG T EG M E R - AT IS
THER 2 10U=0.45 Fy e Bme - RIVE EAE BLERK
S I0U SHRERF 0.45 - HIZE T HIGME -

TP p=s-479
Precision y = — RO 5
mEFR TP ipe TP %)
TP p= s
Recall%%mg = i (6)

TP g+ FN g cimp

Btk > QR Roc A 1B BiRGHT 5T
W I R A P A

QAEE B EEHEEE
(SDI)
RS R EEE S Gl E(LEEEME - A



RES ~ B REFRES

W92 B SR VS I R G s 4 - o - BE s
(OpenStreetMap, OSM) A — & A & 4 ik (User-
generated) HZE - (RIGHEFA L (Wikipedia) HE[H]
ARERELRIIERES: > EAERE T B fEH] « MI4REEA
A =2 BRI RECRE P R 1) 2 [ (Haklay & Weber,
2008) - £S5 H E T 9,000,000 AR 2%
(Planet OSM, 2022) » FEJAEF 2 F# 2 2 Bl4R1E -
LU EERE Tt E S - FrEERNEEC KERE
(OpenStreetMap Wiki, 2022) - KL » 452 OSM
FEYEREH R T @I E - DU BB RE R
i SERPRAEE B2 (cycleway)s AT (footway)>
/IME (path) ~ [EEf (steps) PARJAH&EIHT (bridge="T")
B - (R ER A A 20 m BR—HUERERS » W3
HUSHUBERE 2 BT 5[ ~ BT 1E+90 [ ~ HfTTT
[E+180 J& LI R BT AI+270 fE2 Ffirfg » LUEE]
EEEUHRR -

BE > KWL EM Google Street View Static
API HUfS- & HUEBEAAE 2 DR Stsg s - Has oKk
HE Ry
https://maps.googleapis.com/maps/api/streetview?para
Hth 28 (parameters) & © 815 K/
(size) ~ HBE (location) ~ J5{izfg (heading) - 1R %
(FOV) MIAIFA (pitch) » FOAHFE i 28]
Wi 4 -

E AR S S Gt o BT BALE
HAFEEZE R » 1 Deeplab v3+HERACR -
B AR Cityscapes Ef}& (Cordts et al.,
2016) 11y Deeplab v3-+ T SR AY B S E]
P& A ZE B SRR s A R ] > 20
A ()

I M 2 PR (D) =

Z;l Areasignboard_i

4
Zi_lATt’aBuizding,i

meter -

% 4 AKHFE Google Street View Static API 2

BRERYSEHEEES R ERIBEISR 23

Hrft o B, Areasignpoaras FSHEEUES: 4 76
MR LR T
Sy Arepynaimg. FEHEIUERE 4 (E77 6 FEUS
TR EREGTT - S0E 8 BT - BRI
EEEEEFILT R 10% -

7 YOLOVT Bkt » HI5y B+ a7 i e
H BB (e B R 02t (8) -

[ SR E 2= R SR RE (SDD) =

4
D i g COUNL G grpoara i womesssssssssssesseeeee (8)

Hos ij L COUNts;gnpoara i Ry THEHUEERS 4 {7
AT R EETEREE -

3. FRARET
3158k R

Ji* Deeplab v3+5AY > DI Gaas G2 Bgaa R AL SRk
R BERS MloU B2 75 83% » LIy EARE » Bt
Z ToU & EEE] 96% ; B ToU S
70% ; 7> YOLOvV7 #E7Y » a8 Bz a5 Precision £y
91.7% ~ Recall £y 87.1% - B2E8 = » MIETHEAIA —
TE TR S A AR

32N B R LR R

fR#% Deeplab v3+EgEGRCR - PREZRE] IoU H
R - SRR REIARAE SR R
B R B SRR A E (BAERRIR) - (8] 9 ()8
N B TR B S PR DR R
BEFRME R B (EAH DRSS - B EIRAEL
B4 5 (81 9 (b) ~ B 9 (c)BRE] 9 (d)th Al 3R FEUMIEC R
ELEEAR VR - 2B sy e S gk - Rl
TERETFE AHEEICR -

W
=
o
el

Ea AHFEERE
AR A/ (size)  Size =512 x 512
H%G (location) S HUE B

Jifirf4 (heading)
HEF (FOV) FOV =90
{MiF 75 (pitch) 0

R T LA ~ ST ALA 490 fE ~ BTG A+180 & ~ BT A+270 &
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Deeplab v3+ YOLOvT
BEREHHAER (B1TIlR) REMPHED (FRAIGR) FESEREEER (B1TIlHR)
| |

[E&1BhE pixels

Y pixels

colour colour_count colour colour_count count
[205 0 0] 11454 [150 150 150] 93006 17
[205 0 0] 4413 [150 150 150] 149384 8
[205 0 0] 13401 [150 150 150] 107687 7
[205 0 0] 20950 [150 150 150] 147426 7
| |
}
SRS R R R 2 L AT H RS AR RN

49918/497503%0.10 (SDI=0.10) 17+8+7+7 (SDI=39)

8 [ fEhR i R SR R T RN R E]

Ground Truth Predicted Result

Original Image

Ground Truth Predicted Result

Ground Truth

Ground Truth

l 9 Deeplab v3+ 2 ERig e 2 & loU {E AR5 (b R a1

1€ ToU {HEMBRZFHY > TRl N2 g bR T T RER sl RE R RN ZR > BUEAR )
PORHIBE AR > PESCRAE - PRIEZSN - th3g (RRRAIEIDAN - Ry NSRS IR
BWARAEY (BIEFTR) - HAE 10 () RARAGERA]  fEH B A SRR AT R - Horpr > AR oh Ay 22 R 3R
i AR B 10 (b) EfE 10 (c) o > R G (Atrous Rate) {REH{HREHFIBR - BRHIZENR
AR ST Z VIR - DA R R TR G RSy MIEREER (Chen et al., 2019) = ff
10 (d) AILRHESRE FAGH 2 BRI ple B S5 - ZISEE%EE%ﬁHE’\J TR R FIGSOEZ 6012418
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BET IR BOR I N E S TERE  WEsA FriEiR - it
i1 Baheti er al. (2020) AEUAMHE - SZHFTCDAEIE R
Ep&kl£2 (India Driving Dataset, IDD) A5l » 385
EEREERE RS - BRI
A BUBSUR ARG E 2 22 A5 Ry 4~ 8 ~ 12
DAL S A &ER - S5 REURN
PESY IDD ot » MloU #2711 3% » {E@ R iE
VMR ERHET > MIoU ZERR/D > Sy E Sk
(& ZE IR & 2 A2 FAR > Wi —E At -

Bt > 4 > Bl40 Yang et al. (2018) #2 &
Denseaspp f#AY » 77 38 il A B /N2 O] 16 o B £ B
(Cascade) % Jg2= & E)E 7= » DLZFIFHACE /)N
VB R 2 72 ] RS AR © Sangeral. (2022)42
4 Across Feature Map Attention (AFMA) ZEf# » #5
HEALEREA ST N RR (4 - TR )
2 &R 8 (JERS FET A E H) B I

WAFRAH RER > RV NERERETT -

it YOLOv7 fRY o » B iy =158 m] DAFEaE
FPORE Y E SN - B EHEEE T A e i

Original Image
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Ground Truth

Ground Truth

Ground Truth

Ground Truth

J# > BESEESE Deeplab v3+ (GUTTHIEAE - 5~z
FIEAYMETE - AR EED AT EIEE 2 [
> AE 11(a) © 2011 > YOLO Z 51 {7 38 77 ]
HAEF e A4S - Wt B SR E LS LUR
TE(HMIEER (Redmon et al., 2016) » R SRR
i~ BREEBETEER - 8GR BES R AIEE
AR > RIS g bb R e S R E R - &
AR A TR B S AR R E - 20 (e 11(b) 2 B
ELER | BEEHEB (GESRFTR) - A
Deeplab v3-+5ESAHE 75 I & 75 A hmET » AT4E2K
JRAE 40 R-YOLO (Hou et al., 2022) ~ YOLO-3D (Ye et
al., 2023) FERJAIHA YOLO A IEHE - [iHAE
SBR[ A - B Ry ORI R - i
HASHEEIR IR BT S ASE s A R -
N W AR - A FEal R ie EIER
B SRS HERCCFYES - a8 0hE > SRR
%It ~ AL TR Deeplab v3+2 58
o EEEES M IR RHRIEETR - JEERH
& RIRTDAER YOLOVT Z WS I RHEN 5 2 E R -

Predicted Result

10 Deeplab v3+2 isgif 2 {1 ToU {E 7 8L R R E B



26 MARENSET E-+NE -8 KBE113F3IA

Ground Truth

Predicted Result

11 YOLOVT7 Z g St R A b A Ha Bl

R bil ge i) e Sy A LA

FELLE

Ry T b 22 6 0 5 TR AR RS AT > BR
THLIIEEA LT 2SN (B 12)  TRE—F
Eia BRI (Dependence) 2 Z2 ] H FHEH
(Spatial autocorrelation) 7777 » DL T fi# )5 5 i Rt
BZERREE S RERELE - L ArcGIS Pro 2
Anselin Local Moran’s I index (Anselin, 1995) (3 f#
Local Indicators of Spatial Association, LISA) IhEE
% - & 23R High-High | ~ " High-Low | »
Low PLK:" Low-High ; - HA1" High-High B Low-
Low , Ry dtra MR EEEAE S ENEE
ZHEHEE FREEY o R EESBMAER S
s S AR R SR e DB SO R S - BUEEIE T
ALl T A SR eI E SR AR - MR By
TREFRREAAE - PAEADIERES 85 m ZHUEREFI
ZEfE EAHRARCR (18] 13) > AT LIS4F High-High J4E
BRI LA EH R (W TRk SiEnE (WsKER)
Fs% ; Low-Low HILMESEIE - SNRIERS K% - 520G
e @ EAEZEE B TA R 2E RN E S
BRI 2 ZE MR - HRIRA R R B = R
AR

"Low-

P A A AR R i 2 T R SR PR LR (1]
1475) > W AdjR? By 0.27 » FonRefdEE 5 Hahe
EZEEREERRARER - P REREEE
i 3 e (8 15 45)  ATRASERRY 3 &
FRAEEE - SRS SEL > K2/
3 (EfEAEEER - QAR AR NRERS - fRIZ
WHFEERIS B R BT > Deeplab v3+/3E AR
M B e s o HERH] > DLEL SDL{EA KA (E
15 AEATR) @ BogaAER (B 16 BfERTR)
YOLOV7 B2 & i o] PASE B AR
WY NN ESERE > DU E S TR DS B R
HIEIE - bR TIARIGRES S > SEaR 7y HILAAT R e E
BRE  YIFENLITREERT - RtE2E
SEGHEIEHEG A - BRREEEVE - DEW
A AR T E e AR R A AT R

e N et el % QYW SO P R 0
STAR A ZE R R AR RIS - AWTITE Ry mE
Fo - WA FIEHEERENESE - TCLLEE RSB T5k
PSR e AnRERE - BB EREEE R S
YPP LIEHEs S A > v DI A R SR E Ry
HPSEE A ETHEOME - MRATEERE
FLERIERS SRR B R AR SRR (ET » DUV
ELATIIEE -



EES  MBx: BEREEBRERYEZRHERESBRIEEREER 27

=lE ) —BE

2R

EEE

BUE < e

1M E BHE 7
 HE  HHE
Legend Legend /
SDI_Deeplab v3+ SDI_YOLOV?
@ >0.30 @ 30-45
@ 0.25-0.30 @ 25-30
© 0.15-0.25 © 15-25
O 0.05-0.15 O 5-15
) 4 0 0.00-0.05 Y 0o0-5
’ CREE (=P
0 1,000 2,000 | fIETE ) 0 1,000 2,000 EDE
T s ] T Nl
12 Deeplab v3+ (/&) B YOLOvV7 (£5) HUfEE: SDI 4341
N N
FLE < J cEE FE =EE

AR

Legend”

® High-High cluster
High-Low outlier
Low-High outlier

® Low-Low éluster

© Not significant

) O ftsa ‘

‘ | fBEET & (‘
0 1,000 2,000 )
T s ]

s g g

Legend;

@ High-High cluster
High-Low outlier
Low-High outlier

® Low-Low cluster

® Not significant

O REE

MAHE

0 1,000 2,000
I —— )

Esr HERE,Garmin EoTsquaregbTYRARESUSGS

13 Deeplab v3+ (/) 81 YOLOV7 (45) HUfER: SDI gz H AHE#



28

70 4

60

50 4

N
S

SDI_YOLOV7

20 4

10 1

MAIRENSET E-+NE

SDIRA Kk

w
S

R?0.27, Adj R% 0.27
e  Outside 3 Std Dev Range
e Inside 3 Std Dev Range

» 3 Std Dev Range

SDI_Deeplab v3+

F—H REI113F38

= =
I

0 1,000 2,000
R ——— ")

Legend

StdResid
@ >3 Std Dev.
-3 Std Dev - 3 Std Dev.

) @ <-3Std Dev.

EDE

st HERE, Gormin, FotisquaregMETVRASESUSGS

14 Deeplab v3+81 YOLOv7 .2 SDI 5= 3 (EEAEZRARHE () #lofh (6)

Deeplab v3+

[ceoc i o A > e '\
16 Deeplab v3+EL YOLOv7 SDI 57 /N2 3 {[d]

S TS

Z

e |



BES  Bx: RBERES

4. EmAEE

A7E B E R S HERE R - EalERR
[EEE 7 Ry B AHEBS R g - W
M E(LEEH T ESEM - JREUR  A#
Deeplab v3+728 [ B HH AT AW FT B 2 B
Rl 482 > MIoU {H 1% 83% 5 YOLOv7 fE7#l
Precision £ Recall {E43 50 % 91.7%E1 87.1% » 25
EWEEAA —E PR E ST DUz
BRI - R SR 22 [ B R E T,
HIZER > PRHUBEREECREUR - STl T
WA AR SRS SRR L L B B4R M
PR EIRERR - R RSN EEEER - HE
ARG - FFEEESMEL - BRI > &
A 150 B AT s e A R T 7 g o 1 o 7 2 ]
BHEE - IR TR A AR 2 B -

PHEREA G - TERTH 2 E A EE®
BE (Point of Interest, POI) JAED T E&is 2 M BATT ¢
WAEHFIH I Xu et al., 2022) ~ FREE (Wu

2&

BROSYERBHERESBRTBRESR

et al., 2021) DLRFESEZE 53R (Xue et al., 2020) %

ZA > BUERREEUS AR R LR LA - FIEEE
Ttz NJTES ] (st > 2022) 6B OSM 2 ¥
AR - AT LA R AR B S E - [HATRE S
ZEIRERER R R EH A B R
Hifl 0 B BIRERERE - M B AR SR I B R
f& (Mullen et al., 2015 ~ Zhang et al., 2022) - FHEL|M
B R U R AT R KRS R B Y
FHEEEEEE AR - BT DU EERE A
& Bre iR BEA e FRA -
AT A IR E SRR T &
KEHFCRIH AR - 5 RES T i — B SRR A
R - R R E - SR A T IEEE (Urban
Geography) ~ # i 5% 51 B4 #] (Urban Design and
Planning) ~ BUERHIE (Policy-Making) S7§5<His 2
[ FH#24% - ITHEAR GeoAl R s 2 » HHFE

fE AR T BT R SRR 5 - A R
& F B -

i AWTFERCR SR S TR AR AT
MAERHEY U R SR E R > kR
S EECE | SR EEEEA > BRI
Bz > AIVERRFIELRH] - 1AL - & GPU
RURE > (B DL 512512 pixels R SRR854 -
HEORHARGEERY NESTEMET - R R
SHAMERI AR - BE I8 > TREGENEGR
BRI DL BRI RE R B B R D
DU AU AR B PR [RIFRAAY - DARET T e Rk
RE B M

SE R
PG AAT > 1988 - fiEHE - B EFEZERL
https://tm.ncl.edu.tw/article?u=006_001_000036
4660 > 5[ 2022/09/12 - [Bangiao City Office,

1988. Bangiao City Chronicle, Taiwan Memory,
National Central Library(Taiwan), Available at:
https://tm.ncl.edu.tw/article?u=006_001_000036
4660, Accessed Sep 12, 2022. (in Chinese)]

PG AAT > 2009 - HRAEHTE - B EFEZERL
https://tm.ncl.edu.tw/article?u=006_104 000182
5| F 2022/09/12 - [Bangiao City Office, 20009.

Bangiao City Chronicle, Taiwan Memory,
National Central Library(Taiwan), Available at:
https://tm.ncl.edu.tw/article?u=006_104_000182,
Accessed Sep 12, 2022. (in Chinese)]

WRABEE AT » 2020 < FrALHBUR & 10 5 - b

WitEE A\ Fr4mEl - [Banqiao District Office, 2020.

New Taipei City Government Upgraded for 10
Years, Bangiao District Office, New Taipei City

press. (in Chinese)]

fEBEE N1 T > MISE EAIEZzE MRS R - s - 2022 - S EEMEIE AR 2 22T B R ED 7

5 RGBS ST v PR ERIREETT - AbT5E
{I7G GeoAl ¥ EEY - SR EELH B RR -

r : LIttt n i Rel - @i st &
49(1) 3570 - DOl



30 MAIRENSET E-+NE
10.6128/CP.202203_49(1).0002 - [You, T.S., 2022.

Spatial data mining of product variety

characteristics: Examples from the multiple
shopping areas in Taipei City, City and Planning,
49(1): 35-70, DOI:
10.6128/CP.202203 49(1).0002. (in Chinese)]

BEE{E > 2008 o - HUR A 2= AU RE B B
BRI - BILRIIREE T EER 400
+:-Ew 3¢ » [Huang, S.W., 2008. The analysis of
measurements and factors of the spatial pattern of
mixed land use, Doctoral Dissertation, National
Cheng Kung University, Taiwan, ROC. (in
Chinese)]

PSS » 2000 o it S \$ﬁﬁi¥i@é§’%§ﬁ§%ﬁ§ﬁ}i
MR R L RVe2 il TYN= saf it
fE+-5C © [Yang, J.P., 2000. Tsung jing guan fen
shi yu she huei jie gou bian chian tan tau ban chiau
de kung jian shing, Master Thesis, National
Taiwan Normal University, Taiwan, ROC. (in
Chinese)]

Alvarez Leon, L.F., and Quinn, S., 2019. The value of
crowdsourced street-level imagery: Examining
the shifting property regimes of OpenStreetCam
and Mapillary, GeoJournal, 84(2): 395-414, DOI:
10.1007/s10708-018-9865-4.

Anselin, L., 1995. indicators

Local of spatial

association—LISA, Geographical Analysis, 27(2):

93-115, DOI:
4632.1995.tb00338.x.
Babheti, B., Innani, S., Gajre, S., and Talbar, S., 2020.

10.1111/5.1538-

Semantic scene segmentation in unstructured
environment with modified DeepLabV3+, Pattern
Recognition Letters, 138: 223-229, DOI:
10.1016/j.patrec.2020.07.029.

Boller, D., de Vitry, M.M., Wegner, J.D., and Leitdo,
J.P, 2019. Automated localization of urban
drainage infrastructure from public-access street-
level images, Urban Water Journal, 16(7): 480-
493, DOI: 10.1080/1573062X.2019.1687743.

F—H REI113F38

Cai, B.Y,, Li, X., Seiferling, 1., and Ratti, C., 2018.
Treepedia 2.0: Applying deep learning for large-
scale quantification of urban tree cover, in
proceedings of the IEEE International Congress
on Big Data (BigData Congress), San Francisco,
CA, USA, pp-49-56, DOI:
10.1109/BigDataCongress.2018.00014.

Campbell, A., Both, A., and Sun, Q., 2019. Detecting
and mapping traffic signs from Google Street
View images using deep learning and GIS,
Computers, Environment and Urban Systems, 77:
101350, DOI:
10.1016/j.compenvurbsys.2019.101350.

Chen, J., Wang, C., and Tong, Y., 2019. AtICNet:
Semantic segmentation with atrous spatial

pyramid pooling in image cascade network,

EURASIP Journal on Wireless Communications

Networking, 2019: 146, DOI:
10.1186/s13638-019-1445-x.

Chen, L.-C., Zhu, Y., Papandreou, G., Schroff, F., and
Adam, H.,

and

2018. Encoder-decoder with atrous

separable convolution for semantic image

segmentation, in proceedings of the Computer

Vision — ECCV 2018, Springer, Cham, vol. 11211,

pp-833-851, DOI: 10.1007/978-3-030-01234-
2 49.
Cohen, N., Chrobok, M., and Caruso, O., 2020.

Google-truthing to assess hot spots of food retail
change: A repeat cross-sectional Street View of

food environments in the Bronx, New York,

Health &  Place, 62: 102291, DOI:
10.1016/j.healthplace.2020.102291.
Cordts, M., Omran, M., Ramos, S., Rehfeld, T.,

Enzweiler, M., Benenson, R., Franke, U., Roth, S.,
and Schiele, B., 2016. The cityscapes dataset for
semantic urban scene understanding, in
proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, Las Vegas, NV,

USA, pp.3213-3223, DOL:



BES - Miox: BERESBE

22
JEiEREaE—=

10.1109/CVPR.2016.350.

Deng, J., Dong, W., Socher, R., Li, L.-J., Li, K., and
Fei-Fei, L., 2009. ImageNet: A large-scale
hierarchical image database, in proceedings of the
IEEE Conference on Computer Vision and Pattern
Recognition, Miami, FL, USA, pp. 248-255, DOI:
10.1109/CVPR.2009.5206848.

Everingham, M., Eslami, S.M.A., Van Gool, L.,
Williams, C.K.I., Winn, J., and Zisserman, A.,
2014. The PASCAL visual object classes

challenge: A retrospective, International Journal

Vision, 111: 98-136, DOI:

10.1007/s11263-014-0733-5.

of Computer

Garcia-Garcia, A., Orts-Escolano, S., Oprea, S.-O.,
Villena-Martinez, V., and Garcia-Rodriguez, J.,
2017. A review on deep learning techniques
applied to semantic segmentation, arXiv preprint
arXiv:1704.06857, DOI:
10.48550/arXiv.1704.06857.

Gong, F.-Y., Zeng, Z.-C., Zhang, F., Li, X., Ng, E., and
Norford, L.K., 2018. Mapping sky, tree, and
building view factors of street canyons in a high-

and

DOI:

density urban environment,
134: 155-167,

10.1016/j.buildenv.2018.02.042.

Building

Environment,

Google, 2022a. Celebrate 15 Years of Exploring Your

World on  Street View, Available at:

https://www.google.com/streetview/anniversary/,

Accessed July 5, 2022.

Google, 2022b. Welcome To Colaboratory, Available at:

https://colab.research.google.com/notebooks/intr

0.ipynb, Accessed September 11, 2022.

Griew, P., Hillsdon, M., Foster, C., Coombes, E., Jones,
A., and Wilkinson, P., 2013. Developing and
testing a street audit tool using Google Street View
to measure environmental supportiveness for
physical activity, International Journal of

Behavioral Nutrition and Physical Activity, 10(1):

103, DOI: 10.1186/1479-5868-10-103.

FERIBEERSBCEERESR 31

Haklay, M., and Weber, P., 2008. Openstreetmap: User-
generated street maps, IEEE Pervasive Computing,
7:12-18, DOI: 10.1109/MPRV.2008.80.

Han, D., Liu, Q., and Fan, W., 2018. A new image
classification method using CNN transfer learning
and web data augmentation, Expert Systems with
Applications, 95: 43-56, DOI:
10.1016/j.eswa.2017.11.028.

Hou, Y., Shi, G., Zhao, Y., Wang, F., Jiang, X., Zhuang,
R., Mei, Y., and Ma, X., 2022. R-YOLO: A
YOLO-based method for arbitrary-oriented target

detection in high-resolution remote sensing
images, Sensors, 22(15): 5716, DOI:
10.3390/s22155716.

Kang, Y., Zhang, F., Gao, S., Lin, H., and Liu, Y., 2020.
A review of urban physical environment sensing
using street view imagery in public health studies,

of GIS, 26(3): 261-275, DOL
10.1080/19475683.2020.1791954.

Kopf, J., Chen, B., Szeliski, R., and Cohen, M., 2010.

Annals

Street slide: Browsing street level imagery, ACM

Transactions on Graphics, 29(4): 96, DOI:
10.1145/1778765.1778833.

Li, X., Zhang, C., and Li, W.,, 2017. Building block
level urban land-use information retrieval based
on Google Street View images, GIScience &

Sensing, 54(6): 819-835, DOLI:
10.1080/15481603.2017.1338389.

Lin, T.-Y., Maire, M., Belongie, S., Hays, J., Perona, P.,

Remote

Ramanan, D., Dollar, P., and Zitnick, C.L., 2014.
Microsoft coco: Common objects in context, in
proceedings of the Computer Vision—ECCV 2014,
Springer, Cham, Vol. 8693, pp.740-755, DOI:
10.1007/978-3-319-10602-1_48.

Loey, M., Manogaran, G., and Khalifa, N.E.M., 2020.
A deep transfer learning model with classical data
augmentation and CGAN to detect COVID-19
from chest CT radiography digital images, Neural

DOI:

Computing & Applications,



32 MAIRENSET E-+NE

10.1007/s00521-020-05437-x.

Long, Y., and Liu, L., 2017. How green are the streets?
An analysis for central areas of Chinese cities
using Tencent Street View, PLoS One, 12(2):
e0171110, DOI: 10.1371/journal.pone.0171110.

Luo, J., Zhao, T., Cao, L., and Biljecki, F., 2022. Water
View Imagery: Perception and evaluation of urban
waterscapes worldwide, Ecological Indicators,
145: 109615, DOI:
10.1016/j.ecolind.2022.109615.

Ma, X., Ma, C., Wu, C,, Xi, Y., Yang, R., Peng, N.,
Zhang, C., and Ren, F., 2021. Measuring human
perceptions of streetscapes to better inform urban
renewal: A perspective of scene semantic parsing,
Cities, 110: 103086, DOI:
10.1016/j.cities.2020.103086.

Maniat, M., Camp, C.V., and Kashani, A.R., 2021.
Deep learning-based visual crack detection using
Google Street View images, Neural Computing
and Applications, 33(21): 14565-14582, DOI:
10.1007/s00521-021-06098-0.

Mullen, W.F., Jackson, S.P., Croitoru, A., Crooks, A.,
Stefanidis, A., and Agouris, P., 2015. Assessing
the impact of demographic characteristics on
spatial error in volunteered geographic
information features, GeoJournal, 80(4): 587-605,
DOI: 10.1007/s10708-014-9564-8.

OpenStreetMap Wiki, 2022. Press Kit, Available at:

https://wiki.openstreetmap.org/wiki/Press Kit#W

hat_is_OpenStreetMap_?, Accessed September 5,
2022.
Planet OSM, 2022. OpenStreetMap Stats, Available at:

https://planet.openstreetmap.org/statistics/data_st

ats.html, Accessed September 2, 2022.

Redmon, J., Divvala, S., Girshick, R., and Farhadi, A.,
2016. You only look once: Unified, real-time
object detection, in proceedings of the IEEE
Conference on Computer Vision and Pattern

Recognition, Las Vegas, NV, USA, pp.779-788,

F—H REI113F38

DOI: 10.1109/CVPR.2016.91.

Rundle, A.G., Bader, M.D., Richards, C.A., Neckerman,

K.M., and Teitler, J.O., 2011. Using Google Street
View to audit neighborhood environments,
American Journal of Preventive medicine, 40(1):

94-100, DOI: 10.1016/j.amepre.2010.09.034.

Sang, S., Zhou, Y., Islam, M.T., and Xing, L., 2022.

Small-object sensitive segmentation using across
feature map attention, IEEE Transactions on
Pattern Analysis and Machine Intelligence,
pp.6289-6306, DOI:
10.1109/TPAMI.2022.3211171.

Shorten, C., and Khoshgoftaar, T.M., 2019. A survey on

image data augmentation for deep learning,
Journal of Big Data, 6(1): 60, DOI:
10.1186/s40537-019-0197-0.

Sun, C., Shrivastava, A., Singh, S., and Gupta, A., 2017.

Revisiting unreasonable effectiveness of data in
deep learning era, in proceedings of the IEEE
International Conference on Computer Vision
(ICCV), Venice, Italy, pp.843-852, DOI:
10.1109/1CCV.2017.97.

Tan, C., Sun, F., Kong, T., Zhang, W., Yang, C., and Liu,

C., 2018. A survey on deep transfer learning, in
proceedings of the Artificial Neural Networks and
Machine Learning — ICANN 2018, Springer,
Cham, Vol. 11141, pp.270-279 , DOL:
10.1007/978-3-030-01424-7 27.

Tokuda, E.K., Cesar, R.M., and Silva, C.T., 2019.

Quantifying the presence of graffiti in urban
environments, in proceedings of the IEEE
International Conference on Big Data and Smart
Computing (BigComp), Kyoto, Japan, DOI:
10.1109/BIGCOMP.2019.8679113.

Wang, C.-Y., Bochkovskiy, A., and Liao, H.-Y.M., 2023.

YOLOv7: Trainable bag-of-freebies sets new
state-of-the-art for real-time object detectors, in
proceedings of the IEEE/CVF Conference on

Computer Vision and Pattern Recognition, pp.



BES  MBx: HBEFRESBRERFEZBHEESBRZEEREER 33

7464-7475, DOI: 10.48550/arXiv.2207.02696. Yang, M., Yu, K., Zhang, C., Li, Z., and Yang, K., 2018.
Williams, S., Xu, W., Tan, S.B., Foster, M.J., and Chen, DenseASPP for semantic segmentation in street
C., 2019. Ghost cities of China: Identifying urban scenes, in proceedings of the IEEE/CVF
vacancy through social media data, Cities, 94: Conference on Computer Vision and Pattern
275-285, DOI: 10.1016/j.cities.2019.05.006. Recognition, Salt Lake City, UT, USA, pp.3684-
Wu, M., Pei, T., Wang, W., Guo, S., Song, C., Chen, J., 3692, DOI: 10.1109/CVPR.2018.00388.
and Zhou, C., 2021. Roles of locational factors in  Ye, Z., Zhang, H., Gu, J., and Li, X., 2023. YOLOvV7-
the rise and fall of restaurants: A case study of 3D: A monocular 3D traffic object detection
Beijing with POI data, Cities, 113: 103185, DOI: method from a roadside perspective, Applied
10.1016/j.cities.2021.103185. Sciences, 13(20): 11402, DOI:
Xu, Y., Zhou, B., Jin, S., Xie, X., Chen, Z., Hu, S., and 10.3390/app132011402.
He, N, 2022. A framework for urban land use Zabawa, L., Kicherer, A., Klingbeil, L., Topfer, R.,
classification by integrating the spatial context of Kuhlmann, H., and Roscher, R., 2020. Counting of
points of interest and graph convolutional neural grapevine berries in images via semantic
network method, Computers, Environment and segmentation using convolutional neural networks,
Urban Systems, 95: 101807, DOLI: ISPRS Journal of Photogrammetry and Remote
10.1016/j.compenvurbsys.2022.101807. Sensing, 164: 73-83, DOI:
Xue, B., Xiao, X., and Li, J., 2020. Identification 10.1016/j.isprsjprs.2020.04.002.
method and empirical study of urban industrial ~ Zhang, J., Liu, X., Liao, W., and Li, X., 2022. Deep-
spatial relationship based on POI big data: A case learning generation of POI data with scene images,
of Shenyang City, China, Geography and ISPRS Journal of Photogrammetry and Remote
Sustainability, 1(2): 152-162, DOI: Sensing, 188: 201-219, DOI:

10.1016/j.geosus.2020.06.003. 10.1016/j.isprsjprs.2022.04.004.



34 MARENSET E-+NE -8 KBE113F3IA

Applying Deep Learning and Street View Imagery to Create a
Spatial Agglomeration Index for Urban Street Signboards

Zhang-Xiu Luo ! Bo-Cheng Lin %"

Abstract

In recent years, deep learning has been used to construct quantitative indicators relevant to urban areas. Given
the diverse array of dense billboards in Taiwan, this study aims to utilize deep learning techniques, including
semantic segmentation and object detection, in conjunction with street view imagery to quantify the spatial
distribution of signboards. Moreover, this study examines the spatial distribution patterns within the research area.
The results demonstrate that the MIoU value of Deeplab v3+ model achieves 83%, while the Precision and Recall
of YOLOvV7 model achieves 91.7% and 87.1%. The analysis of spatial distribution patterns results align well with
the actual distribution of billboards. This study can serve as a foundation for further exploration and application
of billboards, as well as for integration with other related fields.

Keywords: Deep Learning, Semantic Segmentation, Object Detection, Street View Imagery,

Spatial Analysis
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H{REE (Maciel et al., 2021 ~ Yousefi et al., 2022)
WEASEYEHE (Baer & Gray, 2022 ~ El-Barougy
etal., 2021 ~ Wang et al., 2022) -

HAERENCT - SDM R/HZE B SIS v iERs (O

VB ECRER AR £ B A
P MR B E BRI B E LIRS Rt

P B P A EEEE H NG R M EE R A R

4 BT LR B AR 2 B
* iEEA(E#, E-mail: kyhuang@dragon.nchu.edu.tw

) M (transferability) - AR IS MG AV E
RUTEREHE H YRR 8 5 22 R 2R AT RE Y 22 i o0 AT
L > HILERE TR — Y AT RE YRR AR BC
TEIREEA AR AT REAY IR A1 B - SDM HYHF RS 1 3
TS NRPIREIR R AT RS - 5 A IERETEUHIEL
m E A - iR A BEREIRATENE - (EEAR
(Y FARE P S TR B - M OR HE AR AR -

RIEEEBHYE AN BT EBNE
TTEMIBZE » FTER - RERREEBH AR LG
FORHVEEE - FF 2 EAEREH SDM 2R E FOR
B PR & O o W R Y AR B R 0 el L -
Brzozowski et al. (2022) {1\ SDM TR Tt
% (Lychnothamnus barbatus) TAEL% ~ #3872 iRk
(TEAE AT » A EEECA [F RS TG
PRI AR AT RERY AR B 3 -

SDM [l RS P46 T AR REIHIT — (B & 2R
BETH M AR RE B ARAE A [FIF AT RUEE BV - (B
AT AR Z IR > RIFHES A1)

UeEIHHEE @ FREY 112410 H 02 H
BogHE B 112410 5 29 H
BZH  ER1124 11 H27H
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+

oA

EAL==H

=]

TEAEARRAVE R B R - R ARIZ)
RIS RE ST -

A ZERE B AL E - EE T TEEE
REEE YIS R ERER - (HiE s
e FAUERE - SCE B A BT KAl
BREERY - PRI R AR TR HSCAHR ZICHE BT LH M Py 3t 35
fir'E (Feeley & Silman, 2010) - DLiE 86 fE HEEAYE]

uug=|
PRI BRI o RHE R R - BB EN

B
2

k-
R LRI + 5 — (B R

JiERTERE - OB RFENEE - HRIEARTZH
P ELA MR A R A T SDM e ff R[5 A5 77 A
G BRI PR - EREAITE 2 B

HERZ — © IEAh - 1% SDM H5E5-FET 2 A
W e R AACEI A > e DR IERIR LA -

BETIERILIRIKEE ~ I EEEEY B R EE T R

B0 BRIV ATTGIINEZFK -
HoAr A FTEE i B2 B VA AR ALY 22 fE b
eI EATRE A EHIEAR (BREE - 2013 ~ Su et al,
2012) - BRIEE (2013) BRESAGTAE RIS 77
A1 FHEAERE 5-8 km HYRE K H/KIE A FE MAXENT
DOMAIN -~ Jhifitate )\l ER 525020 0 22 [ 7 M -
HAEMERERTAEHE 1 kappa BRELEHfig4at (true skill
statistic, TSS) %1F 0.38-0.67 > B =& Ex] EAEEfh

F—H REI113F38

ZIE o MEFRIAEETE - Su e al. (2012) HEEFEH]
B ZYEZERI AT - FOZEREHET - Pz
ZINGIN

IR B E B B2 E R 158 R B FH 02 b AE
77 (generalization ability) » %2 1F/& SDM P M4
M - EE AT R M IR MR - =
B R R ZALRE IRV EEEA SRR
EZHEMRIR - AT 55— RER 2 ek
BEARBIIRA] - DU ERE AT SDM » I Bl &,
[ es 22 B A L R P RS RE T -

2. BRI TTA
2. 1B FE I

A FEZ BRI AL H R R A R
A EERERMWG ZIEP &L > EREG R
18,000 AH (Ha)  FEFRMIGHVEHIFEERE Y 449 -
2,420 m Z[H] > REAGHMENALRET & - 1B 1 BUR T
SR ERRSK % - Bl RO SR
SFRCRUL (2,420 m) - [TAREG 2 AR R e T 17
BRI > WA B R LA - G ALY
&R - EHRMGE S TR T ey AR
HCHAAYIRER % - 49 1,100 FELLE > HEE T
HEmA RN Z A GRS > 2011) -

2 A
A

- 7 1 PLEIY AL 5
J}.‘Uﬁd;(h ) N AL CI800m)
N % u
- ¥
A ) ¥
J& /Bl B (11500 e onhs e Lt
A
4 *bf,]: Nl .
) A WL (A0 Y -:ih£ﬂkd:(20utn
W 77 % &
JJJL-"t(IOSOm),, \:ﬁ‘h( 08m)
f21239n) A
Y A ' ) 2L (1876m) A L
SEAR K L (24200 S m e e
A O @4k ik
5 M L (2323m) T ok
2 o R A 4 (15400) e i
¥ I Y m) o & n A -
472 Y 0k (19230 . . Ao ampan B KIS
A ¥ ..,
pr—— NT T Y wmEg AOIRE
1 WgelE s FE K Bl
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22 S TE — R K

A B 98 2 E B I R A A ) 6 6
(Brainea insignis) » e B4 i 5 63 RIPEHLA) 1S
SHRLIE » DUBTRRSBHORARLL— A B A -

Hoftsth g Ry e R (B 2001 ~ 3R $25 2 2019) «

RIBREH AR EERMGH T B2 T B EH
PRl R AT o EAEEIREE - IEY RS
FE30ELLE -

BRI Ryl Y - LR BAFAIRIE M AR
RS - YR RAR ARk R 240 - IS —REK
B - HIEFAEEEE A > ReA R
BEVE > BUEEMOKIRRETVREIR (2R
1997) o MKEHELRAERIHEE AT (i
1990) > N K BEE SRR R HVEZ A T -

BEAh - FEHERS  BIEES (2021) S43R - ERIHRAY
RS R+ 386 T R B VIRAR - A ekt
REY LM TR & EHE S AR AR -
iitegey 16 fEfG LT T LA (Ce) ~ # (Nd) ~ 5

(La) BEDEEEERS §8 (Tm)~ 8 (Lu) Ri(f-

HEREWFE i SRR 2 IR T A - R HE
A HAM ER R AL B SO — P BRI - e B
FIBRES SR s8R B T oC R YRR -

WA R A = R S HE TS
HYEHE - B FIEAE 2006 FEFA TR ARYFARELL
FERBEE KRR VT LLIMIE RS 246 SEEEA » T 2021 4
AR 2022 4] X oy HAEAL AR SR BRI SEEEF) 83
PRERSEIR 2 &k} - BEtRAVEEE )y U2 DB B AR
£ EREEILZEAER - L EEEHER
FEHDAAE -

FAEFE RN EN 5 202 B RR 1% B T Rl
(post processed kinematic, PPK) - {# FH % 28 &
Trimble Pro XR GPS (f&f# Pro XR) D 5 m {H4fE
R RE R E SRR  TEHE 2 FSAZE
F Trimble R12 FEEME (G R12) RN
AR B A OH4E LR HEY e-GNSS BIHFEIREE fir 21
4% (real time kinematic, RTK) » & i@ 45 4L 45
AR (virtual reference station, VRS) » D
RTK VRS ETTEML - IEEERHE LR B 4EHT

£ 1 m DIA > BATHERSEVIEEE (location
intelligence) » PRIIELAE AL B (72 BRI AR
B o AT LA 2006 A S ERHTRE AT LAY » f:
& 2021 7 2022 RN A AR A
e AR -

Lo

23RS

BRI N B R Wt 2 A MR S TR (% - DL
tEVII = - Hoall& oy Rysade: » 138 - AV RIE (i
H) BEVURERAT ERIEEE - 1987) gl =& —fikH]
REERERRT - GRE(FRTEINEE . FAHS
PRSI B - NS ER SRR RRIEZ
BB s E RS > BEEATIATR © SR
ZEFEI PRI A B B - MEEAR AT (2R
HE S HELFR . AR -

IS HR e R IR T > (HEE T
M — W] & A R I S S UK S [E H S s Y &
et BRI 2 YRR (R e T ST AT = %
(e ARFE S R ARBE 8 53 R R



38 MARENSZT NS
BEE ~ B~ g REGAEERSN 2 (global solar
radiation, GSR) ~ I N1 BEFS5HE (topographic position
index, TPI) ~ H T fH#E FE F5 42 (terrain ruggedness
index, TRI) I IREFEHE (topographic wetness
index, TWI) © 7= S6PR & /& 75 HH N EC HB =] 2
AIEFULEY 1 m AT R 22 O B E = AR A
(digital elevation model, DEM) >KZEZHEMH -

2.3.178K

AE g (R DEM Fracit 2 e Eat  —
fieiiis > BEEEERITRT  RORR R -
a2 8 EREEAMEL - & Pl
P H R AP RE AN ] -

23230 ~ B BRI
BEFE (slope) B LHKIRIES &8 - B
RERHIHLE L3S R TES SR M

HIREURII BT B - R SR FmlR -

B\ (aspect) Byt —fir B ABE T 2P I EHY 48 5%
JirE - RERYS A REECRE - HIR - REBLIL
KR AR (BRIGEE - 1987) o DUILFEKTS -
e [F) B 7 e [ 38 s e AT ) AL R A [y S AR DL I
R - AWTSE 2B HE I (2020) HYMUE - Rz i
17/ Ui - ST A EE R 1 Fr

3% (curvature) =] H[ETHN A —E 732N
M - AR R BRI TR - h
REUEHOR - ARAEE - BEB NMUERIEM S,
b BEREE « S~ 3 m) B o2 = ] g B
EfHF ArcGIS 10.3 FYZ=[E] 5 MTiE4H (spatial analyst)
73 Bl DEM KL HY -

% 1 BRI RS (ARERHE > 2020)

FERCES e £ E]

0 SEH S SRR 0° SEIE Y ]
1 85 0°-22.5°337.5° - 360°
2 HitH 22.5°—67.5°

3 91 67.5° - 112.5°

4 W 112.5° - 157.5°

5 AT 157.5° — 202.5°

6 [isIEzpal 202.5° — 247.5°

7 [iEpal 247.5° - 292.5°

8 [l na] 292.5° —337.5°

F—H REI113F38

233K [FREN B

KIGHRGT A EEYZ EIER - BEY4 i
FEPAVEERZEZ — o M fEH 2= 7] 57 5
E RS (direct radiation) F178 5§E 5 (diffuse
radiation) > 32 A TEHEET & 2 I4EEEE KIS 4EHRST &
(GSR) « AKIF5es(diF ArcGIS 10.3 ffJ Area Solar
Radiation f54H H DEM #E& HE{E AT GSR [ - #
BRI ERAL Ry FUR N 7oK (Wh/m?) -

234 A BEIR

AL EFEEE (TPI) RESHEHiE—HRE 2 fir
BELE MR Z AR > A0ITH ~ 2K~ 1
FEEER © TP BUEYIRY A RAEVIRE - WE
PETMESY BRI 138 - By FoKor ae Ryt
Z » M{EEEYERSGE RN LEE  StiRERE
BRI -

TPI WYET R IR —E$5 & K/ NRZ LR &
(kernel size) » fEE{EHEN - Hig—(EGTHEE
BEFTA G EENEEE - SR EERE
BT TPIHE » HAFAT (DeReuetal., 2013):

zo ROLBITRYETE  Z B PR R R% AR
ZHE ng EHENHIGITHREG 2 A i {H
GITHIEE » MR (EHEAY TPLE R &% - 5
a2 EEAR S P B RS LE R R IR A
FHESE R EERRSE - 3R 0 - AIFoRaZ i B
EFRSAT S A E - ARSI TR Ry it -
B RAES SRR LIS - PEEFORZ AL LR
EAY WA

BEAT » 1 AR B R IR i 2 BEAH R Hi R
TPI 80{H - /NI SR 3Rt - K
A -FEAIZ2R AR RERE - ATtz
SAGA GIS HyfE4H#E TEE TP AYEHE - ILFAHE
A {5 FHER T AR Y BB (E R EE - AESSCERRF AT



BER - OfEE  BRE - &Y% BoERIMFOMESEBRRRERYEOMREZFEIERESD 39

ST BEFEPE R E R IUNAE L (inverse distance to a
power) » fEEE S FETHELAH 1 - HEG LAV > K
W55 RIEEE By 100~ 200 K 400 pixels » L =& TPI
&g (TPI 100 - TPI 200 ~ TPI 400) bR [E220
RIER R R R s 8 -

2353 H R E AR

i & s BRI RIS S - DU BRFI R
S MBS EAEEE (TR BIAT A FOHIE P
HYEVE M o TRI BT E DU e BE By b A IE
T F4aks e e R IR 2= AR & LR AV
AT (Zhou et al., 2019) :

Hepon R EHEN 28R EC Hy BSEZS
FEME : H QIS e s N & s (B P4 - AR
FEEBE DEM ey e 28 > AT st
{57 Qgis Yy GDAL #MEMEAHES T TRI B gy 4 e -

2.3.63 R EHER

TR PRI ERR A B YIRER T 0AT » 2RI
AR ST REEE N B HON S B2 RN - R
DEM #E& BRI ERE (TWI) M gHE R
TR BE ) W] /Ky Y AAFEHE (Kopecky et
al.,2021) - TWI E{H &m0y g b E (K
A& AR H R - AT 2 GRASS GIS HY
rtopidx FHEAHHET TWI AYER » MR ETHE A
WK (EEE - 2016) ¢

TWI = In (L) ........................................... (4)

tanf8

Hrbo o Rz A F &S LFERER S f Rzt
eI o WP i B o EINETTARA
NI 5 By - NSRRI

2.4 HUER

ASHT ST PSS Y W S R S B A S R S
ZHT 15 > [N AR IR a4 (sampling
design, SD) PR HAYHHE i m RS 1 -

SD1 : FIISRELHIEA R A B By 2006 £F 2 SREIIE
B AU USRS AR - LL70% AYERL R
FIBREE > FIERTT 30% Fylalee -

SD2 : Fl[$k4EEE FHY/EEL SD1 M FEHY#EE - 2
IEAEEAR R 2021 1 2022 FEFTERATERY) »
B FEME SDM TR AR Sk ik 22 [E] 3 AT E RE

2.5 TTA

ENIERYS AN R =
MAXENT) ~ [Bi#%&GHK (random forest, RF) 1374
&% (support vector machine, SVM) is =FlE K,
AR ES SRR LU R AR EERE A U-net 7217 SDM -

P B I 6k %% SDM Yk B A F A I o
MAXENT (4% e E#is MAXENT 3.4.4 kA
HEATIRE > EEEE T o 8 HE T HuE T
(https://biodiversityinformatics.amnh.org/open_source
/maxent/)-SVM B RF {i FJ# A% EnMAP-Box 3 /&
Fl s GIS #ie Qgis AYSMEMHAE - HEAE Plugins\Not
installed & i AsZ e 2 B2 R AT N aEEEA -
U-net &5 73 RIJZ (I ArcGIS pro 2.8 FAHET TR
EET

251 AMHEE

BAME{EE (MAXENT) HYJREREAE—4HETR
TREFRVIRETT (P58 2R H EEYIRER B 75
TARRER) - 1AL B R R AT (BN 0 B El
B PEATH SN BRI AT) Zeflst B AR AT ey o3
AifEH (Phillips et al., 2006) - FLEFIAB/IVEA
SR EE S 1 A BB R O DU {722 7 B L P 35
HENEFBEMY: (robustness) (Bushi efal., 2022)
A Ho2 H Al R EIZHY SDM EEEZ —
T HAZ FIMREF S ZHYEE (Pecchi et al., 2019) o

FEHETT MAXENT Y2 8EERT - AHTZE(ER
IR RSB A R R ey AV H /)N > HiEg
S G ERTERE - Wl 2R U R R
(logistic) 2RFEEYITE 2 Sy ATRIE - AR R —
T4 A E RIS EY maximum training sensitivity plus
specificity [l {E » RERIE & 2 2R I BRI {E S RE R
FREBIRAN VBB IIAT -

(maximum entropy,



40 AREIET FZ+NE
2.5.2 BB RAR

FEtE AL (RF) 2 —fEERAEE (ensemble
learning) HYMEEREEEE o MUEBVAN EEEEZE
B (554 (decision tree, DT) &ER{F—H#E »
{iél DT 1 —{ER[E R BEEEE AR a4k - i
% - KATH DT RYTHIGE FRAETTREE - BRI UL
Hy =5 E P -

ESHHRIE b KRS ZHE#E (2020)
IMEL B SRIBIEE (n_estimators) EXIE By 500
W AR AAEHZETE (max tree depth) ~ BFEfiBE (parent
node) Eil7-Efi%E (childnode) - HERS 8 B i FTEEY
fH -

2.5 357 FF AR

SFFEER (SVM) B TR ESEt 8A

s

B BAE T EA TR B0 25 1 31| SRk A BV o] 2 172
5o e s S EVEES o HEEVEN EEFE
T AE R B ZE 8] T 30K B KB SR o3 E 8 S
(hyperplane) DA NEIFY TR (P& S~ 52K
TT » 2007) © JELRMESEF A BHE L NEL (kernel
function) 4 F 4A ZHIHBH 2153 — 8 B 4RO
ZEfE] o IRMEAERHEE R BT - AT
2 ok B A &% MR ek B (linear) ~ % TH 3 bl B
(polynomial) ~ JAEFRIRZ K E (radial basis function,

;

il

F—H REI113F38

RBF) kS BIIZp# (sigmoid) (FHLFY > 2008) = A
THIT R R I THER (- DA B R o 72

I

2.5.4U-net

U-net /& — 1 & & 18 &€ 48 48 (fully
convolutional networks, FCN) » F 7> T BE %y i A
BT BTN R > Rt & R
5095748 (Flood et al., 2019) - [fijE17 SDM A
R T B ENEIE - R A ITEE
PR R E AN BRI Y 22 R A7

AEFYATE =% E3 22 % > U-net ZLISER
RIRESHIRAG VI R 1F Rl SREE A - IRIEEAS BE ELRE(E
R (A RHVRIIURR) HEITIEZ(AYIIGR -
FIRFERIEEZ S L MAXENT ~ SVM B RF J&{5
BRSSO R (B 3 () PR —
B8 B0 2 )l R L B R T (5 P Y s s b AR 2 78
TP BRAE Ry U-net HYFISRIE (& 3 (b)) » & 5eRGEI%R
& PR RS M R B 72 1

TESHEGE b AIHFEEA B TR (E - (2
B/ (batch size) %5 4 » max epochs
RITE ARG AT A T35 - E RSB T ISR
o AR SREHER 90% HIEAE IR FIT
(Y 10% FIFEES -

A

N

A -
I8
SRR 20

= "\f"o ?
‘/f*‘,‘;

|-i'f§_iﬂl
. PELEFH

o g

xR

O a4 ik
=ElE 3

0 015 03
-_—) Kilometers

328

(a) .

$
(b)

Kiometers

3 A7 Unetfl| A ZRERE () DIREEEETE (MAXENT RF-SVM) JEGERIR 2 TBEL o AhilE -

(b) B —SUEIRE
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2.6 BeE

U EREE TR m] DURERE M i R AU A B FY
AISEAZNE o DARCEERTER AR TEONIRE ST - AHTEER A
TYEIEARLERE - DL 70% HUREAFIREIGE - FIgRAY

30% Ry HIEERA - SISk BUHEAREA R 58 A 80T

PRI ARG R G 8 H TS © U-net AIBRH{th =F&
RS E AR E - — e R R K DB R
SR ~ Bane SR BB = (A 7y (AP - 2020) -
FES4E U-net 2EECERFA RS » bl REEEAERET
HIEEBI Ry 90 + 10 > JUEEERTHED /3 HIE B A HA =
(AR F R HIEARA A0 — 2R T R A
54 RE A MH RV PR AR - TE A HIEUBERE S % U-
net HYFI SR IE o - A 5T & 55 /MR AR 7Y
IGNORE_CLASSES fiifirt » # o8 #h47 Ryts B
BB -

AR PRI RE Al FE A5 00 Bl 2 B PR A TE S
BIAERFH— B8 kappa (8 > DA EER 4
&1 (TSS) ° kappa [HRVFEEZAE -1 £ 1 Z[H > {Hif
e 0/ 1 ILiERRERE R AR > DL
K [EIlE 5 R R (commission error) EHJR{%ER
7 (omission error) (Manel et al., 2001) °

TSS 4 2006 £ Allouche S5 A FHfEH © %75

FRAY— KFF RS kappa BT (prevalence;

BIEAGBLE SREAVELH]) BN BURAIRERE - E0RA
HFAIEES - AR > TSS #a%{d f B SDM B
FEHTEHEETE (BRIEE - 2013) - TSS HY{HIEKFEfE
i -LE D ERER | BROoRTE RBLEE S

58 —20M{E £ 0 BNk 0 A RMEREA ERRE
#F (Allouche et al., 2006) -

3. &ERET I
31BN T RIRET

2 bRk R B RN T HE - 2
PHVER Y > SRR E AT MG RIS -
S RATEHR 763 m 1@ - FHAHE A MEE
P> SO GSR P {EHAB S G - e R 5
SeramiREtE o AR > TPI BR - HEFAERE
(R B2 s - 3l HAAE 3R AE Ly s TRAYAL
B - BREBS LR R R g o BEH D
BERAEILABAER - HIEEERZ S RATERE
ArE - BUPRREREZ SR H IR o 13 Kz TRI
S MR RIEFER S - B RS KE &
SHm(SHIEIL T > SRR TRER B4R I TWL
N BERNK AR YRR A o

32BN TFEREA B EREME

TEETT SDM HYEER » B {EERE S AE
ISR A R EIERE - ABF9TE A MAXENT
BT T )5BS (jackknife test) 7Sy BT
PYEEETTEHE - T8 AR B ERF IR E S
(o FAFRIER BT LAY > P B M DL {8 S R T
R iR B4 A BT ST DU R E 5 U
fTEbES -

K 2GR BRIRIA TR

DEM ERES 2lE (F5

(1 m) EE AE B/ IME R E(E BAE &/ IME L
N (m) 763.6 823.4 696.8 764.7 1294.3 2420.2 440.0 1735.6
W () 324 58.6 2.7 39.4 38.3 76.2 0.8 48.6
B () 4.8 8 1 4 4.8 8 1 7
% (m™) 4.7 171.0 -70.0 2.0 0.5 370.0 -263.0 0.0

TWI 3.66 6.61 -0.36 3.07 3.84 10.07 -1.26 3.35

GSR (Wh/m?) 1,546,422 1,732,420 643,142 1,584,920 1,362,241 1,998,860 324,450 1,401,920

TRI 0.51 1.29 0.05 0.47 0.68 3.15 0.01 0.58
TPI_100 1.32 3.43 -1.03 1.28 0.03 3.22 -4.36 0.36
TPI_200 1.57 3.52 -0.89 1.65 0.00 3.10 -3.37 0.03
TPI 400 1.54 3.12 -0.11 1.81 0.00 3.06 -2.86 0.26
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Jacknife of regularized training gain for Brainea insignis

aspect[

curvature [

e
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-
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gsrf
slope [
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g o
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T T T T T
1 1 1 1}

1 Withoutvariable ®
| With only variable ®
With all variables ®

Im

04 06

oL
o
=
(]

08 1.0 1.2 14

regularized training gain

4 MAXENT 2148 )7k Ends =

4 By MAXENT Zifr& ) iEaERER - 418
BUR > SRS B T EEE RS > A DI
Sy AR ERAE N - s 1% - =M
TPLRRESEG R EATFISRE 2 (training gain) R
Hrep L TPI400 AYRBE R o HEREHE T L
GSR HYEEZEMEEES - MERHHRANT TWI BRI
TR - R A T E R G i R
# e

3.3U-net |88 &

5 BHUEESEET SD1 Y U-net 3| %k & B & -
HiEZE Pro XR TEEFZMIGIIFTEREA - Hdl4k
21l 2435 x 2070 m [Y5ETE » URAE 1 m fiF#ffT
FERF4EILE 5,040,450 {EGTTRENE Rl SfiEA - &
SADEEI SR fe T A SR i RI2HIE 2 BB S 1E
A Ryt is e B A A GG A - DB E
e — REBEBNER - TAELEBEMD
IGNORE_CLASSES tf o

(a) e
. i “‘ a¥
ot Y “h - S
. SN 2435m
P e (b) -
T |7 : & -
N 2070m| vy
B "*ii’,%%‘l P |
o AR :_4% Kl
ELE 3 Ao B AL
W bl 77
N 3E§§1& 4*‘ e .

5 U-net §ll%kl& 2 i (a) RF TEHI3AR[E  (b) U-
net 5l 4K &

34PERIRIR

3.4.1 DAAE [F] 05 B HY okt 5/l 7 B AT

KA

F 3 FyHUBER T SD1 =SS - E [ 2006
TEERE BN FTAREAE Ryl ISRBUHIEREARRS - JE1S
AR ST Rl S A R E (B R -
kappa F TSS 351 0.90 DL I~  {E{5—F2AY/Z > U-net
KRS BAFATFI SRR - BEETS BLRAGHH R
SEFEEREEA (b 2 MAXENT 5074548 U-net (Y
FEEH%ENRN SDM EAE SN EEEREEY -
ORI R RS A et - M R AR thk
WS - oD RS EE - 220
SRR ARLA RS 1T SDM RS EEREE 11T -

6 Fy MAXENT U-net 55X TERI 5370 [E -
HHERsRoE & 4 RIEEmrEits » FiilEdt
AR LIRS « i MR A P AR IERETEDAIE]
ERSBIRAT (B4 BRI AL E - A e ARSI
A VEFRIEEA -

F2 4 B T ST H SR SERB T AR B
THITE o HEUREREIRN £ A AR A
T 2% - BLAE AT & B A MAEYIIVR E0 FIHME
GHARNEEA7AMR o L U-net B %
A SR OTEEE > Br MAXENT _U-net /]\ig
SATNAITE 2 4 » HERAY U-net EAIENEESH KUK )
FREBBRIITEN A B EIE « A S S AT RE e
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MHEER - A E DT a B E i
AR - RIS E RE S E SRR = BB AT
it
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Exploring the Temporal Transferability in the Species
Distribution Model of Brainea insignis Using Two Sets of Data
Separated by 15 Years

Ching-Jin Kuo ! Bao-Hua Shao 2 Nan-Chang Lo 3 Kai-Yi Huang 4

Abstract

This study aims to investigate the impact of different algorithms on the temporal transferability of species
distribution model (SDM) and the feasibility of using deep learning techniques to build SDM. The study focuses
on Brainea insignis as the target species and utilizes two sets of samples collected with a 15-year interval.
Experiments were conducted using the maximum entropy (MAXENT), random forest (RF), support vector
machine (SVM), and U-net—a deep learning approach. The results indicate that MAXENT and SVM exhibit the
best temporal transferability, while U-net also shows promising results. This highlights the research potential of
deep learning, and future studies should consider incorporating a wider range of deep learning methods and
continue experimentation. However, concerning environmental variables, relying solely on topographic factors
may constrain the model's transferability, necessitating the identification of ecological factors with more direct
causal relationships with the species to enhance transferability.

Keywords: Temporal Transferability, Deep Learning, Species Distribution Model, Brainea

insignis
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HEE B A JIRE R AE NS/ Ny - B R e
I UAV DLZEHI NEEZREAHERT - 5 B DAFHEE
B RS  BAEYILIRICRE R AT > FRFA 4
B R R R E

235 RHNEE

@A A RE R Z FEAR - M
EREME(S/ N - A S BRI HE E A
ENTSAVETIN G YRRy =Y ) I N AT
EUEHEEESRENIEIEE (location intelligence,
LI) » SR matsnf "R, B T ERS ) Bk -

2.3.1 7R A\

Wt 5¢ By UAV #% &1 & K 58 P4
Multispectral (P4M) > FyPUfje &R > HidH —i8
NEBCELRUG 24 - BFE—(# RGB MM ~ 7ifE %
JEEEREGHIES > T HIECHIEE (blue, B) ~ & (green, G) »
4L (red, R) ~ 4[[#2 (red-edge, RE) ~ ¥T4[ 4} (near-



HOSR ~ SIER - BiEE « B  RH%: BRORBEAMREZBIMENRINEE
—/\EEER 2 EERE

infrared, NIR) J7E% » sZ il AL EE=MES
b BRAREMITEE o PAM THENEL S 25650t 7h e
HES - AHHTE KSR SCs e e i
TTERHRIENT » RF58E 0 S Bs nT S+ g Tk
Hwi(E - BRERER A LI BRI R B 48 - IEAh
HINACHEEIRFEhREE(iL (real time kinematic, RTK)
R - PO B A BB 14 B R Y e-
GNSS HIHFENREENL Z 47 » AR SRR AGRS AR 2 A4
FEHEESEUE (virtual reference station, VRS)» L RTK
VRS #E{TEAL -

KBRS 2021 a1 H 26 H GA& B) ~ 1 H

53

27H GREA)-4H6H -8 H23HBL11 H13H
ZIETIE I ITRITER - 8 KRR EHHDVE
R, (P B SN 2.1 m/s) o FHAEE
PR > TORMIER RIRIT = A IR E %L -
EHRMATHTSR R 20 m o REHIRB RIS
% 30 m 5 ffifa B E B AR RIS HIEREF 80%F1 70
% > BB BV HIUHH G e R B & RS 2 &
180 W R AR G U R EI4EME (150T) R/ 2.
28 cm DUEFTREISIT - PAM fifit 2B H—E =
AR B 2 SRS R 1 B2 2 -

I,

(b) STEH
| N A il M

(0) HEH]

2159207

216010

THILGE @

2636000
2636000

-
i
-
-

2624000

2624000°

2612000
S/ 26120007
2

=]

=1 %

o3 PR [ MEETER
W B ONE&ER

-
-

2622200
s

2622140
L

215920

2622200

2622140

2617040
1

2616980
1

217090

HE B

2617040

2616980

217090

2 FbTFE I R R A (i L
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%1 PAM K2R

R 28 KA

LR EE = 1,487 g

HHFE4REIFE 350 mm

(r &%)

CES &) 27 5r5E

BITHEE EyfH RTK H RTK [F&E T
{ERF -
FTH +0.1m; /K +£0.1m
AEUF RTK :
#EH 0.1 m (HEELIET
TAEHF); £0.5m (GNSS EAfir
1B T/ERF)
7K 103 m (AR EMLIER
TAEHF) 5 £1.5m (GNSS Efir
1B TAERR)

EAHEE 15.2V ~ 5,870 mAh

b UATETREIN = o EE

(H/18.9) cm/pixel » H ER{T
e aHE R EE R RT S
& (B © m)

% 2 PAM iSRRG S SR 2 8k

Fer28 FAE
JESHIIRL B EZ (B 450+ 16 nm)
&% (G ; 560+ 16 nm)
4T (R ; 650 +16 nm)
4I#% (RE ; 730 £ 16 nm)
SEATAM (NIR ;5 84026 nm)
FOV 62.7°
R 5.74 mm
SR /2.2
¥ 1 5 H 200-800
7 1SO #ii[#]
B et 1/100 - 1720000 s (1] BL3¢) ;

9 1/100 - 1/10000 s (2555
e 1600x1300 (4 : 3.25)

2320 E- RS E
Ry T EE—PRIZ G ERE - RATAR
M E = B A 75 4] %5 (ground control points,
GCP) Hilf@#% B (check points) » 3 DL & #F &
Trimble R12 f# 2 7€ fir GME & —H] () B
AR o FEMHIBELL 50 x 61 em HY SE €2 FUAR4REL AR
BFERFRHGETEZ 6x 6cm HEIEJTE K 6 X 15em
HERTE > HP EEEBEMILT - Ml
SEE 4 (EFEHIRE R 1 (E izt - HrpelE B A

F—H EKBI13FE3AH

B kB A DA R B ARG - LRI T 2 i
DIE Iz HIBEIR S - B AR EAE R 2
SE R AR AL B A e MY - e AP R S
EITHUNE - GH UAV BEE(FERURZZ IR
TAGERL RS T/ D ER Sy R RS A DL RS
FRARIEASAY AT SEME - AT RIS RE & - AT
iR R A T/ NE E I A - 7 W el P S —
B BV BERGHTRE —EEE LB 1E) ArcMap
10.3 #(E% >~ Sampling Design Tool A5 3& TN FEt&
FiBE - YeAlE A B B S RIMELRS: 416 (BB K 355 @
BEAL - IR bR > B T B Tt
[l B} WPE AL GIS A HEITIRE T -

3 IR E

24 BRI HER

UAV ik JF G526 75 40E [E S A IEH FRse
GAERE ~ il ~ s U S 1% JTRE IERE = Bt
WY - B RBR SIS ERZ RS - i
FHETTRMEGRE (K > 2018) - FIZEEE i
8 SEIFRHE TR ERBHEEHY Pix4Dmapper HURG 1 Y
REBYFIRRGE B PHE ~ LIE - 2 RIE R E
AL IFSEE: (orthoimages) » WA TWD97 TM2
FERR SR R AR » OBRE il A GCP FEIERRE >
Dltstz et is G 2 B (3% 3) - 5l& A VU{E GCP
ZEEE (X T3(A) BIEEE (Y J5(E) B ARER
7= (root mean square error, RMSE) 4375 1.1 cm Eil
1.0 cm > g fZ B B EERIIEEE 5 0.4 cm £ 0.7 cm -
sl B SEEAIIEEEZ RMSE 73Ry 1.6 cm B 1.3
cm > fgtZ B BREERIILEER Ry 0.8 cm fz 0.4 cm » &
AN 7 AT S E



* 3 HBBEEENE
Al A & B
2.28

BITA/IN (em)

(VDL REE JEEE EE JGEE
. T 22 FHIT R 35
g emy 110 16 13
Tt B3 T AR

N 0.4 0.7 0.8 0.4
7= (cm)

Jensen (2016) #5125 B 7@ 52 6 & A RUH 2
FARGTTIFEERIPIED (internal) SEURE » SRIFZ2 72
SRS RHISMED (external) A5 41K S & & A
(elevation) ~ P55 (azimuth) ~ A ~ KRS
J& ~ ZEAERT ~ TR - (HRUAIERRTRE
WY SR B S0 A TERfE 2 B AR VB L - SRR 4l
ZEHH EEYIRERTREE T - SR 4IE (radiometric
correction) &L FUHIRIVITE - ISR EREN
4 1F (absolute radiometric correction) EilfH ¥} iig &t
4AIF (relative radiometric correction) * Fij & T_FAH
N BAERELEE - HURBZEARERA - B RIEDL
Hrp -G AR FRMEHES IR G 2 BE
RN RO PHEIRVAERE CRREE © 2004) -
F o UAV DUERZEIRITIaRAS - (6 ERORIEIRY S 5
(B LI T BB Y 72 FE T DURES ARt (B &2 5
s A SN EEED IR 2 2% (Burkart et

al., 2014) « #ELE > AIFFELIU A 2EG0F B2 715:

W E S LIE HEVCHE A (histogram matching, HM)
FEIREAEVUH R - G EE LB RE
iR 2 B(LARE - DG OFEE -
2004) -

2.5 )¢EEE A IE] < BEE

Jeffries-Matusita Distance (JMD) =\, JM fEEER
7 MRS (o8 st Bl 2 FET AT 7 B MR RS AR -
ZAREEET 2 0 SRR < R AT B MEOR
THREE TG SE - B EUERNEESE Y — - H
AFHAT

IMD (S1, S2)= \/Zle[\/ﬁ S )

U SEER  BPEE  BRIE  =El5: BRDYHE BEAMREZBINENRINGE
—/\EEER 2 EERE

55

Horf Si 81 S, RyREEH OIS - L 2B
B pr 8 g RURAE DIZEETOLEE & S B S, 2 1%
RIZFE (Padma & Sanjeevi, 2014) -

KIFFE£:% Tian et al. (2020) ZHF5E » {HH
ENVI 5.3 SR 78858 H YR~ IM EEEE -
LU B iR 2% -

2.6 Ui Rl

RUMEE R B — R — R 23R A A5 R
TR BATS R FEL P AR o] R S ARSI
BT EEEE LIRS EIE B IR AE » ARTSTALRY
FAT P TII R R A RS [RHEEME R -
BEAE B et g A i E sl it EX R &
R > (EMZERYMESPRANERL > DISHRR#FEIR L
HERYIRE - A5t AT msHHUEE ARG PUAIEE
ZEFEISMERT A o 5B —H Ryl B A sl IR A
% B oy BT H AT A YRR - i
IR FISRERSE < BEA BRI 2 - 55 —4H R allE
BN - B AL - SMEZR S
SREEAAYEE - et BRI BB AAFR 1 3%
BRAVHTIREE - (F R ZeE M B -

2.7 B HR

B FE s i A el = A -
HRFE Ry IMEEIER ~ JR/INMEE0EN (T3S
Y~ R~ ARAKEY) - EAREY) o WEFERT R Z AR
BEAE I B IES g EREER S S8 - Bf
FEZEPNEH LR BV 2k - 95080
ﬁ o

R ias B2 E I KDL /> 04 (maximum
likelihood classifier, MLC) -~ [ 1% & #& (random
forest, RF) » iy ABpAEHA] 2 28] LA ArcGIS Map
10.3 -2 Sampling Design Tool B flEL(FE R34k
F o BREATEY) R 3,000 8 > HEREHIE F 4,000
B o

PRPRIEEERE U-net » FRRERHVHISREEA ZEHEE
PR EREREE - HEE A BEEE (label) 3114k
BEARE R Fs 31,895 {lH GIS 47T (grid cell) » R
& B (Y 8,163 {§ GIS 497T (P BV H&2(EE:
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TO) © WIS R E AT R A E A A TR
B HERER > NIEAWTFE B RS LR R RF HE
sl B 2 @/EE 5310 BV » WA Al =8
ot Ip MEE RIS R A A U-net
AR AN ARSI A & 0FR A &1 Une > LISY
il U-net BYBEA > FEEEECENTE 31,895 {F GIS 44
7t BEslE B A/ DRI > B (tile) /1Y
ZHEE A HEZ 222 18 DIk TEEERBEAA
e -

2.8 BRI

AR RHEZ Ry TS G M2 4R
Yedicyi 2t e N R 2 RV a R L N
» 2/3 NBAFH IR - FIEREY 1/3 BMEEA - dl
SRECHEVEA R T 2 GBI BT HIEEE AR
RIAR KBS Ese YR G S AR - DAEY
ELFUAIEL E PR R ) & —2L -

ERADETEREENT o W G R R RRE
o S o 2 % GIS 49T (Bt 25 HIR (E 5
BB (confusion matrix) » ABFFELLETT
B EEAr - ERERIEEL 2,000 BB TR E RS
ARG RERERE - 0L 2,000 BEEIE 2.3.2 EfifTik
S5 S A i 2 BN - SRS SR TR ¢ BAF
(true positive, TP) ~ Efift (true negative, TN) ~ fR{F
(false positive, FP) K fifit (false negative, FN) » E
BSR4 Fos © AWZELL K —EMEAREL kappa
st BHAEREKEE (overall accuracy, OA) 1E A &F
HIEEE » WE B IRIB R A B R ATEt & - AT
e

_ NX(TP+TN)—[(AXC)+(BxD)]
Kappa = N2—[(AXC)+(BXD)]

Het N A Bot# > 4 REEE Ry MEEERB
TLHEAT B REBE R RIR MEE 2Bt N C /I

F—H EKBI13FE3AH

B R/ MEEERIGTM - D BRI RIE
/INEEZRGITHER © kappa RFAERL BB
SEEEEREGTEIEE - HEEEE R 0—
1 B R R 7 4 SUBR TR R - PSR AT DU IE
HER AR R A4 EAVIERES - WEEIRERE
$ESRISAVERTY (commission) EHiJFE#HZ (omission) o
OA AR P IIEMERIELE] - (EIE R 0—1 0 R
R AR5 8 SRR LR A% T 8 A & Al 2 R B
(Jensen 2016 ~ AREFHEE 2020) °

3. &GRETEw
3.1 SR R HITER

HY BV BEATEYIE ZifiA IS bR
R A BLAY ERE R MERYER 8 4 By BV RIEASH
P U H BT PE (ECHT 4R 18 - m] DUEZEE] BV Al
BEAEYHE—H ~ WA/ \H DA EREAR L -
TEAE R A R S A Y BN LR R AT 4TSI - Hipe S
& IRz B o B A B\ T A > FEsAlE Y A
Ty KRS > TR 11 A 13 BA=A TN
FEIEAF 112 20 S A SO A 5508 > BUKsTHY
RS EEHE RS A S T - HB B LB HA H {7
AME - BIEE AR ERE R REAY R B A GE IR
JERIERAIRAR AR » (B AR R AR DM AT RE S
ERARE TS - 28000 0 18 4 TPHE AR
JERIRR TSI EAOLLRARR - 9N B A 5 E
AR R P 17 B0 T R ) B R B Y 35 ) D3 R I
TIBEATE > XHTFlEssiEy 2t ) 2 sl SR
FEH AL AR BB PRI RIS
HEFR - BEEHENE > &1 11 A7) BVATX
P ELRA RS R HAt A - [N R BV S 11 HRERYH
fEa B — R E HER ERHAMEY) 2 L - IE
PR (E0m] A 5t (e o [ S 7 o e s 2K L
BV - 5 R AR Fe i A A A28 2
ECH BV BYJRIA - S5 A EA =Y B TR
B - TS E T E N E IR A et —
AR -
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R A RREER (AreEH)

et S— e > 5 A
/NG JE/ ISR FIfngeE
/J\TTLEE/%% TP FP A=TP+FP
IR/ INMEEER FN TN B=FN+TN
[EREE C=TP+FN D=FP+TN N=A+B=C+D
1H 4H
60000 60000
50000 50000
J:’;\, 40000 ﬁ‘( 40000 }
! e l
30000 30000 i % L
20000 20000 |‘ i I \\\\ 1£ 1
10000 10000 r - ETTmT =
0 0
B G R RE NIR B G R RE NIR
HER
8 H 1A
60000 60000
50000 50000
B 40000 B 40000 A
P 4 2
B o000 B 30000 l % I ............ e l
e o I [
20000 20000 . e S— T
R S
10000 10000
0 0
B G R RE NIR B G R RE NIR
HEE RS
—— R BEARED AREAED oo oxe o iHEYL L - -0- -8R

4 BIAHE 2 T AR E]

3.2 5 CEERE A e Z R R

5 K BV RRUfe: H BLEAAE R 2 fEEY IM
PEEE - HEREA BV Z YA B MEARSS R 1S
Pk JHREMEZSESE - 1 AN 4 H BV &
AHEY) ~ ARAREYIR 586y IM BEEES /NG 1.0 - 8
H > BV EdHIEATa] Sy EEMEIARDEIN » TS AEY)
FIARAAEIET AT 3 B ERY 1.0 - EfEYIREZ
ARRERIRF > HOERRS ERIGE L AR (DL - 1B BN EESR
RHV PR B S RN - ATETANE
BRI - 2021 524 > EVEERTC T > HEMHRAERL
TEYIIE SRR 2 JRIA - (IEE > BV BLECARTEY) » AA
TRV TI2AY IM EEEEER NYR R R 2 BHE YR
4 RN TEZEIRES - —HE 8 H » ZEs R4
figt > FEYIDESRAREE > (i BV B SRZFHAY M BE

BERE IO - 11 H > BV RESEATE - IM FHfEE
FIECK - 28000 > AAZATAEY BV #BIAT » #EIE
FLE Fyfa] BV BLECATE YIS ARAAEY) 2 [HHY IM BB
B 40 HHRRER S IR - BRI S - AN
Ko BV Y 11 HEYEAEIR A a5
SRAVPIMBRT R > 1A i A RE SRS AR A U
VIHTPMERIZAE -

3.3 FH AR e T 2 B B
4B E Bl E SRR E A A A S
ZERAIFR S~ B 6 KB 7 fiow o HAE 6 K& 7
Ry LA T 72 AR RERR R (I LLE - =AU A g
HIZ2ER » kappa [EEAE 0.75 DLE - 7AEll&E A 25388
4E B BE R U-net (kappa {E 0.84 ~ OA 0.92) K. RF
(kappa {H 0.87~0A0.89) HEHRIEE » BE> MLC
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(kappa & 0.82 ~ OA0.91) - ZAlMifEsE B 2 73 J5i4S
HAYEIERIEE A » U-net (kappa {H 0.76 ~ OA 0.88)
BE (&> MLC (kappa {H 0.73~0A0.87) K RF (kappa
{E 0.74 ~ OA0.79) - HERIFTREZEE B HE A5 HEHL
Rt - EEUFEAN SRS - EMEEEEEE A
Foft - il S o] 5, U-net FrADHIRY BV - JRf% KR
IR MLC B RF /b 1% 5 15 F 2 A AR )
ZAEEEW AR BV 5 [E 6 JRVAAHELRN - MLC K
RF Rt SRR U-net 2 (H =F 7 45
Bz -

B AHMEAEAMESERINER 6 ~ [E 8 K& 9 At
o o HrplE 8 B 9 R DAl o= SRR N

TTEE#E - 4l 5 eI — & R I MR AR AT

ZZIIMERTRCR » FOREARE AR B A (R 55
s R M S IRYINE TR E R - SEAEE
BB —HE SHENRE TF - A IR
Fir#Eldi 2 BV @B mEa A ER Unet 23
1% RS HIMEREE - HRitEiT & it MLC
J¢ RF - (AFAE S IEMER R Y BV 2 22 [H1UAE - B245
s AR EE B AMEZE A (RA) fHER
S A SMEE B (IE[F) BESCRISE - BitsilE A
/INMEEERIRAE BT - BFISEEAF R it
BAEEREAE - MBI AL & B RIS
IR - BT TERR I AR EAAE A » FISREE AL
FESREE - HAEMIY AR Rt - A EE A
TEESMES B SMERF » B RCEHIE - AT EEAE
B [ASMER A B R ATREHEE A 180 REFIT
B4 B (B) IMEERAUE (A) &
REZAE HHRHBTT R Y MESUR BN R[S MEE -
B B SMEMERELLE T 0 R A4
DL U-net (kappa B 0.73 ; OA 0.86) i » RF
(kappa {5 0.68 ; OA0.84) [EZ » MLC 27 (kappa
{6 0.51 5 OA0.76) - [& 8 Ryf Mz FREEENE > RF

FTEIEY IME SRR ALLAENEL U-net %

ZAEL¥IE 8 (d) i ARG - NH AR g B
Rt BHEARL U-net % » S R FEAR(E I S U-nete
IE[ESMEE IR ZAEERDE > U-net (kappa {E 0.69 ;

OA 0.85) Byfg{E » (B RF (kappa {H 0.54 ; OA
0.77) J& MLC (kappa { 0.50 ; OA0.75) - FHlE 9 =~

F—H EKBI13FE3AH

TREE M E 7] 3537 > U-net Frtfli. 2 SLYfE 10
TR A G AE A B A R IR A 5e B > MERRTY
W R E > HEERRKIE SRR 2R > [NW
TR E R H L RITEAY -

PR RS L R4S SRR A HE T T
SR g NHZE R SRR M > OGN FEIE AV S
[EWTFEENISEE © AN > AW Z PP S RBURN E
(B 4R 2 8 8 A6l SR E Y ik 22 S ME E]
RN SRABEAE S — (I 2 PR - FY TAS YA
Y EEIR AN O EHAVEER - NIEL AR AT
5t 1AS FYBRENAZ - 3 T AR HAE R BB BT P Y o3 AT
FO{EEE - 7 R B AR SR H 2= st - TE el
JKALEEF RV EE(E  F— R E A
S Y [F] — B B R] RE R B R (A AY 9 08 R A
(Weisberg et al., 2021) - Sy EEBASE AR F 48 KA
= E EEAISED T - SN EHE 2
SR BV AUBBYIER R FofrEEE R
SRS E 1R T REIR I DA R -

ARGt 5 g ol e e S 22 T S/ M 2 ]
1T BEEMBARACEZRIERRER Z (3% © 5E
FRIZ I — AR BT R ACT TZE RIS MRS - Ak
SERMUARImS S RUC B EHE - R R R
REESSAEIRENIFERTT © MR K7 R E R
B2 BIERINS @ AR EEHAH AR FIER
W7 BIAEREIRE4E M SN BN IAS 2
ERR A B RN R BT AL AR A
R ERBEREIERTS @ BAEYSIRIEFIERE
aFfh - AHE ST EEC RIS B 4 RE
W B Y AT B L B I 2 f e A TEE
W o MEEHEHEIREN 285 EHENMEEE
ZEREORE JTIRIAY SRR, - 2 B4 3S (RS~ GIS
GNSS) R ATHEZ (AD) W28 RREEEE
ZBEHELRE - R T E SR AIERGE G - JTRERR
EARRRE TR E R LR F IS EEA R
A 7 Fpa Rl - BT EREE A R AL AT
FEZEAN BV B0JE BV HUBUREA - 1 FER e
RZHIE - B TAEFAE FR 22 E IO BSRE R L RE
JTRESEHE R H TS -
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x5S B HAGZ B Z 0 SHEL
A A S HHEH A B % EHHEH
kappa OA kappa OA
MLC 0.82 0.91 0.73 0.87
RF 0.87 0.89 0.74 0.79
U-net 0.84 0.92 0.76 0.88

6 FaHEERHENE 2 Sy

A& B SMEEEIE A AlE A SMERHE B
kappa OA kappa OA
MLC 0.51 0.76 0.50 0.75
RF 0.68 0.84 0.54 0.77
U-net 0.73 0.86 0.69 0.85
2.00
1.50
B’
& 1.00
E:
0.50
0.00

BV&EAIEY) BV&AAHEY) BV& 5 BV&EHE
o014 @m4H m8H milH
5BV BLE M7 2 IM FHEEE

(b) RF

, #" B

B ) . ; . - Pl
= BV : o L || = oy e .
O BV T _( Toe | 3 #BY il 5
O mugs  Happa=082 ) | | O s FPPOSIST e
(c) U-net (d) UAVE 4
-]

B %l
B BV B 4l
1 % BV 5 L .
I mitk ,gppa—0.84 S N s - E

i 05 1

6 F—HHE A AR5 HHEHVMEE R 2 2= IR
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(a) MLC (b) RF
&f\’k
B
I BV I BV
= By I 3BV
O msik = Ahat
(c) U-net (d) UAV# 1%
B %l
= BY
] 3BV o %
L AR kappa=0.76 " — vi.

B 7 F—4E B A5 & E AN C R Ze RS

B B e
S = BV o
J 3BV ;o By Y e LT
=g 03 mR#A kappa=0.68- i ST A LTS
(¢) U-net

(d) VAV 1%

B #l
= BV
1 3k BV
OO ms#kx . kappa=0.73

=]

Rl A

#
&1
4

“Meters

B 8 & AlLHAE B KEIMESRE A NCE R 2 A
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(a) MLC (b) RF
. 5 ~ ':;A‘ = Q’?"’ 3 A ‘*x ; g A . ’. v*ﬂ
4 . “v % e % '\( :: A .
B RS B R A |
B BV - " / .l = BV {,.' : ';
J 3BV i e O #BV
OO ms#A kappa=0.50., — O sk kappa=0.54. —n
(c) U-net ] ' (d) UAVE 1%
Limges T ERTAY * o -

B 1
M BV
1 3BV
CO sk A

" Ztappa — 0@“ i

05

OO sk

9 F_tHhEE A ERSMEESIE B /MEEER 2 22 RHAURR

4. &5
AUTFERI R A MESERI 2 2 ~ %

ERERAR > FIFHATELSM'ER S RERAE A B 53 -

F A BRTE R M — A8 2 et ST R RE S i/ N E
SURRIEEAMMY) - BHYNMEERRZ T EINE R
By EEZW - 2GR GHESATE - HE
HAETRMbRIE BRI 72y EARIEY) 2 Ve - LHRAE
[EEE MR E R R E A it
e RENEL E T B IR R B RN A ATREL
e - IEAN > FIRIZERSMER oS & N T E AT AL
AT TEEL R SR G SR A IRE R IR - AHRL
FEGE R - A THIERE s i R 5 2
F/INEREE » ABTFERAP 45 RBUT - U-net FRoMtElRF 2
PEREEE MLC f RF £ EAFREF IR S 5830 2
TRRERE B Wit RS 285 - FEATET] - M F
HLURR 2 Y HRsE R -

eI RENTFORERER (1) SEERTalE
BREEAS > WG S S SRS B B G R AE A

(convolution neural network, CNN) 325 MEEE
(2) {8 P A AP iR 22 FE] R M 1S e S B
AR E AP AN FIRFEE 245+ (3) LA Trimble
R12 $EACE STHIEERE - SIS B st A 2 R8T
[E]RS FHBREE (revalidation) DARERE AR S5 (i St Bk EL
RS ERF AR — 20 EAE R L2 EIME IAS BRI,
T 2 E A A TR, - BRE A RUK
PRl i@ S ERER - AR EEELRE SR -

S

TSRS 0 2022 - FEFIE A ZE i B A MR
A IMEE R - Bl SRR RS Bk 21
fiFd+-5m ¢ ° [Chiang, P.H., 2022. Study on survey
technology of invasive species Mikania micrantha
based on unmanned aerial vehicle (UAV) Images,
Master Thesis, National Pingtung University of
Science and Technology, Taiwan, ROC. (in
Chinese)]

APETHEE - 2020 - ST IR SUES A [FIEH 2 BiEY)
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PP

ARERIET EZ+NE

TS ETEN 2 s - BRI BURER R AR
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Extrapolating the Spatial Patterns of Invasive Alien Species—
Mikania micrantha Based on Four Phenological-Date Drone
Images

Hao-Yuan Hung ! Chin-Jin Kuo ! Bao-Hua Shao 2 Nan-Chang Lo 3
Kai-Yi Huang 4

Abstract

This study utilized unmanned aerial vehicle to obtain multispectral imagery of Mikania micrantha (bitter vine,
BV) in two study areas, Plot A and Plot B. Employing maximum likelihood classification, random forest, and U-
net, the study aimed to assess the model's performance in spatial extrapolation of spatial patterns of BV, with the
goal of discovering new populations of previously unidentified species. Two sampling designs were employed for
model training and testing, Set 1, conducting individual plot classification using training data from it’s owned; Set
2, performing spatial extrapolation from one plot with training data to another without training data, whose
validation data there represent previously unidentified new populations. The results indicate that the three models
performed well in Set 1. The kappa values for all models exceeded 0.75. However, the performance in plot B was
slightly lower compared to plot A, possibly due to the more complex vegetation patterns in plot B. In Set 2,
extrapolation from plot A to B showed fewer effective results compared to extrapolation from plot B to A. This
discrepancy can be attributed to the differences in vegetation patterns and the flowering conditions of BV between
the two areas. In terms of model performance, U-net demonstrated a better ability to capture the spatial patterns of
BV, achieving the highest kappa value of up to 0.73 among the three models in Set 2. To comprehensively examine
the model's performance in spatial extrapolation, future work will involve combining training data from both plots
for extrapolation, and testing with other deep learning models such as convolution neural network (CNN) and
environmental variables.
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