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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
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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
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& 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
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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
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Ground Truth

Predicted Result

11 YOLOVT7 Z g St R A b A Ha Bl

R bil ge i) e Sy A LA
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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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