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INEEE i sRE - R THES o SRR ROCHZAREL AL D)0 HIRY BT - TR AR
Z4¢ Jetson TX2 » GRAIEEEAIMER TS - $RTH 42 > BREUCK [FIZREEIE I - R {RERRia
DLE ICHEE R R B Bniiiak - MBS AR AR - 40 2 B5 K ~ BEK ~ (5T - EARE
SECEDAIDN ¢ SR NELR ~ SR - ARHCPIIAERER 95% mAP BUETTHUIHAE 40FPS
RE4ERIRRIRE - SRR LRI SEMR A THE - ZFIfRE A NHEL 2 EY -

The accident in April 2021, when the Taiwan Taroko Express train collided with a construction
truck that slid into the track, was the worst accident in 60 years. There was also a large signboard
drop incident on the Taipei Metro Wenhu Line, showing the importance of rail safety. This research
visited the Taiwan High Speed Rail, Taiwan Railway, Taipei Metro, and New Taipei Metro-Danhai
Light Rail, and compared the track intrusion detection systems of the four major rail companies.
Using the Yolo series object detection algorithm, model training is carried out, and a set of "high-
performance deep learning based track intrusion detection systems" is designed. Install the camera
on the front of the train and a telephoto lens to achieve long-distance early warning. Using optical
camera, Al object detection technology, and using the embedded system Jetson TX2, the train can
confirm in advance what foreign objects are, improve safety, and design different braking stragedy
to reduce the delay rate. Take the Wenhu Line as the experimental site to test various weather
conditions, such as: sunny, rainy, evening, etc. Taiwan Railway, Neiwan Line, and Danhai Light Rail
are also involved in various experimental fields. This system has high performance and frame rate:
95% mAP and 40FPS, which can shorten the recognition time, allow drivers to respond immediately

and give early warning, and achieve the purpose of ensuring the safety of passengers and trains.
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T~ SRR
CPU: 17-8565U @1.8GHz
sLIERS:8GB
GPU: NVIDA GeForce MX150 2G
= fafkss
CPU AMD Ryzen Threadripper 2950X
GPU 2080ti RAM 11G
VY~ {5 A
Z4%: * Windows 10
2 EE= | python 3.8
M ESHE ¢ Pytorch 1.21.1

~,
~

ETEELIANEZE ¢ tensorflow 2.4.1

3

S,
~

5

A B © CUDALL3

b

GPU fiIZEtHES 4L FL T © cuDNNS.2
[&ZF24ERk © tensorboard ~ matplotlib
HepE 7 f2=UE © numpy 1.1915

=L ZHRAE ¢ labelimg 1.8.6
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o SUREREY
(—) ~ PIF{EHI(Object Detection) /M4
YR AIEEDEA RCNN ~ Fast-RCNN ~ YOLO #1 SSD % » Bl YOLO f5HAijs
G E5R07% - AER S N LS E s -
YIRSy s P /8 © Two stage Fl1 One stage
Two stage: Jo/Z B FFR T =NEEH YA © Selective Search » 8 HZEF2HH £y Region
Proposal » {EAE{ TG, - (HFFZIEA GPU VTR - HEfERS -
One stage: ¥{HHVE IR B B S — 2 B0 | iSRRI MUE SRR -
TRIEFEREEE Two stage HE(E T —2L -
(E e Bl gt e T 47 B 2 0B ) 0 PRI One stage Y7322 H ATELER S A WF8E FI{ETE)
4EE FHYJ77A(Tommy Huang, 2018) © A5+ Z26H5T One stage ZEHEHY YOLO JEEVE -
TSR HERAY H Y -

YOLO(You only look once, f&iff YOLO)ZRHF MR s EnE - A]
MG AV EYIE - TN - BHER T - FRE 20 - HESAIED AR EA8
B R E B SE—EERSZEAL - 5 EEHRIE S - BERHRLE 2
tHE 7 oS 3l HL6E ] Bounding box RFJEGHELZK © [ Bounding box ] LAfE A 7=
A AR oy BRAE T A SR 15 (h, W) R (R 7 - 2020) -

Class probability map

20 Yolo ZEf#
(& 2R - BRI REEEECAYE)



KHFE ¥ YOLO ZAIHVEEVAERGT - — WA £ 2 EEfE 0 Ry Input ~
Backbone ~ Neck 1 Head %5 (Alexey Bochkovskiy and Chien-Yao Wang and Hong-Yuan
Mark Liao, 2020) > H[& 21 > 53 HITEELI T -

1. Input: $50&l 5 KA

2. BackBone: {f ImageNet TEz/I|4f 1528

3. Neck: 45 FIZCHE HUA [E] g 45 7 e

4. Head: TENIEIZ248 5] Bounding Box AYAaHIZS » % 43 WA%H Dense Prediction
(one stage), Sparse Prediction (two stage)

YOLO JERIAZYIA YOLOv4-Tiny » YOLOv4 ~ YOLOV6 % » AWFeer S AEFLE

H BB ] PRAE R -

Sparse Prediction

Input Backbone

Input: { Image, Patches, Image Pyramid, ... }
Backbone: { VGG16 |68, ResNet-50 |26, ResNeXt-101 [#6], Darknet53 [63], ... }
Neck: { FPN [44], PANet [49], Bi-FPN |77, ... }

Head:
Dense Prediction: { RPN [64], YOLO [61. 62, 63], SSD |50], RetinaNet |45], FCOS | 78], ... }

Sparse Prediction: { Faster R-CNN |64], R-FCN [9], ... }

21 YOLO Z:fElE|
(Bl 25 © Alexey Bochkovskiy, Chien-Yao Wang and Hong-Yuan Mark Liao > 2020)

(7)) ~ YOLOv4
YOLOvV4 i TR BUERMAIE /7% - EEREREE AR > B ARIERE SR A%
HIKERE - AR RS AV K (B &G > 2021) -



1. YOLOV4 FYZEHE By
(1). Backbone: CSPDarknet53
(2). Neck: SPP+PAN

(3). Head: YOLO HEAD

"/

2. BackBone {1 /] CPSDarknet53 » FEHSE&ER/D - HRER/) > EiTTEEERER
(FRZ$4 > 2021)

3. Neck {#/] SPP+PAN - FEHARTHF R EA &/ EAVRL G - S = Hd
BEREZREI(RF > 2021) -

YOLOV4 $2HFFZAIFTHI A0 - Mosaic FRFHBEMAEI ~ ST Hz0REPIEE 4

HE A > TUSEERSE > SIETS/NCTHYEAR > (EEA AR o ERE T SOTA

(State of the Art) /Y] Bag-of-Freebies 1 Bag-of-Specials B &l /77% » (EHAERA —E R

& XAEERREE - YOLOV4 £ MS COCO #iB 5 /Y AP {H 5 43.5% (65.7% AP50)

B YOLOvV3 fHEL > YOLOvV4 1y AP 1 FPS 43738 s 1 10% 1 12% - FH[& 22 -

YOLOv4-Tiny [Lig#ES = - HARE yolo layer » 2:8(& £ 600 & » YOLOvV4 H ==

yolo layer » YOLOvV4 24574 6000 & - YOLOv4-Tiny fH¥ 8 E &) » HEFH g

MS COCO Object Detection

EfficientDet (D0-D4) real-time

YOLOv4 (ours)

AP
&

—6—YOLOV4 (ours)
—e—YOLOY3 [63]
36 | —m—EfficientDet [77]

34 |—®—ATSS [94] )
‘ YOLOV3
—&— ASFF™* 48]
32
CenterMask™* [40]
30
10 30 s0 70 %0 110 130

FPS (V100)
22 YOLOVA4 fiF=#388 AP HYELEC[E]
(&5 25 © Alexey Bochkovskiy et al., 2020)
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(=) >~ YOLOv6
YOLOv6 {EHENIAERER A SHYEE - £ COCO EfHET - YOLOV6-N ¥
P RERER(mAP)E 35.9% > [ T4 1675745 1234FPS ; YOLOV6-S [ mAP & 43.5% » (5%
By 495FPS » F[&El 23 (Chuyi Li, Lulu Li, Hongliang Jiang, Kaiheng Weng, Yifei Geng, Liang
Li, Zaidan Ke, Qingyuan Li, Meng Cheng, Weiqiang Nie, Yiduo Li, Bo Zhang, Yufei Liang,

Linyuan Zhou, Xiaoming Xu, Xiangxiang Chu, Xiaoming Wei, Xiaolin Wei, 2022) -

YOLOY6-L YOLOV6-L

4 Quantized-
50 YOLOv6-S

Quantized-
YOLOV6-S Y°'-“’K_5'5

=== YOLOv6
—e— YOLOvS

| == YOLOv6
—e— YOLOvS

COCO AP (%)
=
COCO AP (%)
£

YOLOv7 YOLOv7
30 —+— YOLOX 307 —+— YOLOX
—4+— PP-YOLOE —4— PP-YOLOE
25 T T T T T T 25 1 T T T T T T
0 2 4 6 8 10 200 400 600 800 1000 1200
Tesla T4 TensorRT FP16 Latency (ms), BS=1 Tesla T4 TensorRT FP16 Throughput (FPS), BS=32

23 ~ YOLOv6 # % ELi[El
([E [ 25 © Chuyi Li, Lulu Li, Hongliang Jiang, Kaiheng Weng, Yifei Geng, Liang Li, Zaidan
Ke, Qingyuan Li, Meng Cheng, Weigiang Nie, Yiduo Li, Bo Zhang, Yufei Liang, Linyuan Zhou,
Xiaoming Xu, Xiangxiang Chu, Xiaoming Wei, Xiaolin Wei, 2022)

YOLOV6 AL HG E R HES s Y BURE ST » 5 [ RepVGG AYELS: - HelREAIT
1. YOLOV6 HY4ERs 28R - FlE 24:
(1). Backbone: EfficientRep AE# = MIFHEERS (41 GPU) EE ) > [FEiF EAEL
SREVRIBEEST ©
(2). Neck: Rep-PAN B ARGV RHEFRL S AT 451 -
(3). Head: Efficient Decoupled Head $f Hybrid Channels S5H& 1 i AR FE SRS » 7]
DIAERFIEIE - [EIRFFR (R T 2L -
2. fE)ll%k L > $%H Anchor-free &5 /7754 » L. SimOTA #2477 fic R A1 SloU %
SFHEEEFRE - AR LAHKEHERE

11



YOLOv6 DIRERE IR 2eiEskst » 5 & GPU RVEERE ) - fEHAF R F A &
I 0 (B YOLO mis& USRI -

) Efficient
EestieE \ deconllled head {
! = reg.
Conv 1
I

Efficient
Bl.ofk
Rﬂ} deconpled head { re

EfficientRep
Input—|" g2 ckbone

1 ' Efficient
' G i | decoupled head -E
L

_________________________________________

24 YOLOv6 A& 22t E (N/S ki, M/L flRiy RepBlock » LA CSPStackRep {X7%)
(Bl )/ ZJE © Chuyi Li et al, 2022)

(P4) ~ IoU (Intersection over Union)

TEHIPIHSHY Bounding Box B Ground Truth A2 &2 EITRFRLABREE TS - 20 N =0
(PRAESE ~ ST ~ B80S ~ S Bk - HE37s - 2R81E - 2020) -

ANB .
IOU(A, B) = m =)
JREETHAT Bounding Box EAYJ#G B PR BEHVAE BB LR - & FHAVIEE A
0.5IoU » Frr—M:7E A Bounding Box {F75H% » & TE A Bounding Box Y IoU >

0.5 FAFRFMBET -

(71) * mAP (Mean Average Precision)
e AR REN E RIS - STRESHEER(Class) I FHER AN LA
Ry BRI I AR - 3 (E T [oU0.5 1F R B AR (MHEESE > 2020) -
TP(c): True Positive in Class ¢ FEURIAYSH A2 ERERY T HERE S » JRR Proposal

F1 Ground Truth A& -

12



FP(c): False Positive in Class ¢ TEHIAVEHZ SR ELEAZE(K - JREl Proposal
A1 Ground Truth R4 o

FN(c): False Negative in Class ¢ ;25 #ZTEHIH ARAVEERIEE -

f£ Class ¢ HHEREZR (Precision) R M2

TP(c)

P(0) = TP(c)+FP(C) (=)
£ Class ¢ a3 (Recal ) Foral R ¢
__ TPO -
R(c) = TP(c)+FN(c) (=)

AP 2 PR Curve THITIRECEE » 2020) » P B Y i » R B X ST A
AT

AP= [ Pdr (1)
MAP &SRR T T o ¢

1

classes

mAP =

Y. cEclasses AP (70)
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(7N) ~ A FERE (Confusion Matrix)

=1 R

True Condition
Positive Negative
. True Positive False Positive
: Positive
Predicted (TP) (FP)
Outcome ‘ False Negative True Negative
Negative
(FN) (TN)

S A FEFERPUEFSEE TP ~ FP ~ FN I TN » 73 BIFE AT

TP (True Positve) : TEM| " HAZW): | IERE > B2 " BIEWE - 6l - FEHLE
A BEZEA  THHIERE -

FP(False Positive) : FHH| " HEMM: | $83% - EIRE T IEEHEYIE - Blan © M
BN BIERNEA - FHIGES -

FN(False Negative) : JEH| " JEEEEVI(: | 530 - B " HE0E > B4« TR0
RN BEZA - OSSR -

TN(True Negative) : FH " IEHEEYI(: ) 1ERE - EIRE " IREEDIE ) Bl © 7
HRZAN  BEREA - THHIERE -

TEVMA R ET R Rl Fy

TP : ToU > 0.5 H[&]—{[E Ground Truth HEEEE—K -

FP : ToU < 0.5 2RI %[5 —({[& Ground Truth 25 gAY E -

FN : @A MF] Ground Truth. fYE & -

AR R AVBSTAMTEIVIERL Y — » BEE mAP RN~ > e
{E A A S R A AR - (R R iR E IEE R EER 25 -

14



(t) - &% (Frame Rate per Second)

Frames per second - f&iff# FPS (/538 fE 2 By Frame rate, %) » 2 &FH
BHERE (ERE > 2019) - —fRfs2EARIHVERE - sy FPS » S ARERA
HORE o NHRAE 16-24FPS » ififss Fy Mg = - —fHG 5 75 24FPS /24 » 8815
2 [ E Ry 30FPS » HEEE By KIS E AE 60FPS » AEVI IR Ry —(Es A% pa B
I > JREVE (S R - BRI S (Inference) A RE - AHT STt
FEHY HARIEA (Target FPS) S5 B THE B ARE - LAY EHRFR - 5 AR
Y HERYEERE - DLA R (m) BERAL(PRFEESE > 2020) - HRFGIAIT

%I RS 3 1000
3600

Target FPS > (Eway)
BAMLLLE T =0EPET YOLO JHEVERYIRE » IR & RS EYEHIRYFRK -
(/U ~ MSCOCO (Common Objects in Context)

MSCOCO #H Microsoft + Facebook ~ CVDF Jk; Mighty Ai Z54H 4% AR fitay—
(ERZIBHIR E 5 Bt - FE 25 (COCO EH) - maai I 33 Hk#g (K
i 20 EREARC) - B 150 BP0 ~ M7 Ek 80 {EHH] (for object
detection ) DL}z 91 A stuff ( for semantic scene labeling ) - fH#: PASCAL VOC #
ImageNet » 525 NSEAERE - E LT HE AEM55 - KIE 26 - COCO ¥t
Person class AR AE & 80 » A ANHYEMD B &R Fy Person o FAM HFRFE—
BERFE] > S9AMINA— St W R EARIAS R ERR - Bt — (8 E
RER H5EZHYERHE T (Jason Chen , 2020) -

AEFERR T BT R IE A o W1 COCO BRI - EiiE CHY
EREARIGITE RN S & R 2R DRI ATIEAIH) mAP -
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What is COCO? Collaborators Sponsors
Faxta CVDF

COCO is a large:
RS Microsoft

segmentatio
facebook

g dataset

COCO has

Serge Belong
« Recogniti con Lubomir Boury

o Ross Girshick
’ 330K images (>200K labeled)

& 1.5million object instances ::::::M Mlghty Ai

B e

« 5 captions per image Larry Zitnick FAIR

& 250,000 people with keypoints Piotr Dollar FAIR

25 COCO E4
(B F 25 © COCO 48isk)

Dataset Categroy Image quantity BBox quantity
PASCAL VOC (07++12) 20 21,503 62,199
MSCOCO (2014trainval) 80 123,287 886,266
ImageNet Det (2017train) 200 349,319 478,806
Dataset Total Small Middle Large

PASCAL VOC (07++12) 62,199 6,983(11.2%) 19,677(31.6%) 35,539(67.2%)
MSCOCO (2014trainval) 886,266 278,651(31.4%) 311,999(35.2%) 295,616(33.4%)
ImageNet Det (2017train) 478,806 22,677(4.7%) 86,439(18.1%) 369,690(77.2%)

26 = KEHJEE % Dataset fJLE#E: 1 PASCAL VOC ~ MSCOCO - ImageNet Det
(& 5 #iJJ8 © Jason Chen , 2020)

(L) ~ BATARBHENESRY) AR RS GRS
{E% Wang, Y. A1 Yu, P.{E 2021 £E$2 HAYEm L A Fast Intrusion Detection Method
for High-Speed Railway Clearance Based on Low-Cost Embedded GPUs H1$25( 3 4
138 Y N B R A S A TR A 2R R - HAR AR P ey
JIEERTE S L o BT R HE R (OANE DL SSD R %2471 Nvidia Jeson
TX2 » Hffi ] TensorRT {B(LEEIZES] 89% mAP F1 25.9FPS o AHFZE I E iR &

YOLO JHFESEREIHLLRE - B B RRRCR -
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=~ DRSO BB i
FRIBEIEAIE AR AT > FFTEREILE SO R E BRIk > L agn T -

(—) ~ S8t
SUHSREZISAE LT R
1. JUESCHGR R EEM B AR - AR GEGTE -
2. EHEG/INFFR 70 AN IEER SRR o
3. F—EEHAVEEEBIREN - ERET BN E Y -
4. TBARCGE - TR S EREILME - BYIZIN AR -
5. 2015 FEA1EE T BBl Z R R ARG R BT -

() ~ 537
SOMGFR RS R B RN 70 A SCEEBER 65 AR (RIREHZE
SHEFEE  2021)  FRHIETFERTHE 194 AR EHUEH 1 ARmBE
HIFL{L > 497 E B (Target FPS)F5 20FPS » 3HEIAISNE - 3 E NI 510
B - AR B MRS AN 130 A FFIARISRLTE 40FPS -

{EAREEFERERE 2 600-650 A KL -

70000

Target FPS >
3600

= 19.4 (=\t)
(=)~ EHEERLE
FERAEBIE PR © IR R RR NI E - FA R THEREA
Ay o SRR T A AR Rl ATUEIHFERAEE - M{E 2015 6 H
JLFEF e ST B BE AL - Z b T4y 100 AR - 8 F RS AR IR ST
(Fik > 2015) - [RELEEEEHF kAR (class) &y - 11 (Paguma) ~ Fi(Cat) ~ A
(Person) ~ ¥Hji%(Shopsign) » FIZAGHISRERL - WIHASE DIHEARZ 100 sRlE 5 4
fh - ELEE R R RIS b BB TR BR &S EPAERAR - RE27 -
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(& 7 25 - BgesE 2 17905) (&7 A - Eﬂn%@ﬁ?%a)

31 s E [ 32 GoPro Ff 5]

(&~ 5!@: : Eﬂ%%@ 1TH0%) (& 7 2R = B e B 17 HHR)

— BT ?El?aaﬁuﬁﬁh =k e Tﬁ?ﬁﬁaw’f& CEAEYHEBER REL T
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(7 AR - Wiseg BT ~ PUBGR-4EEL TR

19



SAGENT I Ry 1080p » 60FPS » {HA RiE1s GoPro {RHSZE » Nitt
DRy 30FPS gkt o FARIRZIE R 28 - MH A2 TR - ST LUR
LR E M RIE 30 -

SRR R B 1S S BB AT T

1. JLREE AT EHE Fy = 100cm ~ 5 180cm -

2. RN E © 1S 26.5cm ~ T 70cm ~ BIHEFHHPERE S 25cm -
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