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ABSTRACT:

This study attempted at automatic classification of railway track components with Al technology, so as to reduce the
manpower and time of manual inspection, also to put this technology to on-site test and promote its application. We began by
gathering worldwide and domestic cases of railway track component inspection and analyzing the deployed equipment/method
for local applicability. We then built the image capturing equipment for samples of track components, including image recording
and lighting. The gathered samples of track components in top and side views were divided into 10 types and 4 types of defect
classes defined for the top and side view of track, respectively, besides 2 types of normal class of image mark. Yolov4-Tiny
model was employed in deep learning training, before verifying recall rate of defective components from the data under test. A
positioning system was further employed to increase the efficacy of go-around inspection, which will help track maintenance
and management in Taiwan, in turn, increasing rail traffic safety. In the experiment, the track is captured by using GoPro motion
camera for both top and side view. More than 70 km of track images were recorded. Previously, the defective component
inspection using Yolov4 resulted in a 87% recall rate, with mAP at 94.8%, and a speed of 50 frames per second (fps). In this
year’s study, Yolov4-Tiny was used instead, in the training with data set of top and side views of defective components. The
results were 91% and 94% recall rates, and 91.7% and 99.2% mAP for top and side views, respectively, suggesting an apparently
improved indicator of classification, with executive efficacy improved to 150 fps. at the beginning of experiment, a comparison
of'the Al model and human visual inspection showed the former was outperformed, which was found to be because some positive
samples were labelled mistakenly or the defective samples on site were very different from the training set. when the wrong
labels were corrected and new defective samples for retraining were added, the overall performance became better than human

inspections.

BENEFITS AND APPLICATIONS:
The findings of this study can be provided as reference for the Ministry of Transportation and Communications or the
Taiwan Rail Administration in routine track inspections to effectively manage railway safety and for subsequent track

maintenance and reinforcement.
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2 Megapixel 1080P Tiny Computer Camera

Sensor:1/2.7" CMOS 0OV2710

Picture Format:MJPEG or YUY2 optional

1920(H)X1080(V)pixels/Max Resolution 1920*1080

Auto exposure AEC support/Auto white balance AEB support

Night vision Optional,support IR cut and IR board for night vision.

Adjustable Parameters:Brightness/Contrast/Color Saturation/Definition/Gamma/WB,etc.

‘4— 42mm 4»‘

42mm

W36 L&A Z IRBEHRLP
[https://www.amazon. com/100fps-Infrared-Webcamera-Android-Windows/dp/BO7PPN7TXQ]
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% 3-1 GoPro#&¥ 4% ~ 1 £ EBB B 2 v &

A5 GoPro Hero8 Black 1 ¥ R

Sk ] - 2.8/3.6mm

HRH | 4K@60fps ~ 2.7K@100fps ~ | 1920X1080@30 fps
1440p@120fps - 1280X720 @60 fps
1080p@240fps % { % 1480P@1201ps

Pfair R | 1,200 3 3 500 ¥ 4%

7 R T N

WIFL 54 | Y N

REHE Y Y

VAN AREBRT 10 2% T AR

GPS Y N

Svid B3 Y N

£y Y N

Python API | Y Y

WRE R Y Y

pBE Y N

T 1220mAh 150mAh

o 4K ¥ 45 1 /] p* 1080P ¥ 45426 5 /| B¥

%% % | NT$15,000 US$80
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<name>../in/87ced4d6fc5d67aa2a3cb/GH010592< /name:
<trkseg>
<trkpt lat="24.3420355" lon="120.6257558">
<ele>71.257</ele>
<time>2019-03-28T06:38:36.674Z</time>
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt#
</trkpt>
<trkpt lat="24.3420354" 1lon="120.6257556">
<ele>71.254</ele>
<time>2019-03-28T06:38:36.7322Z</time>
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt> L
</trkpt>
<trkpt lat="24.3420353" lon="120.6257553">
<ele>71.27</ele>
<time>2019-03-28T06:38:36.7902Z</time>
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt>
</trkpt> 2
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(B 5 j8_20~30 & T ~50 A ) $&* 7 - A SREAFERY
* ¢ ResNet & H & f2 -4 & B 42 -

(2)i& * FPN & §& (Feature Pyramid Networks)
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Inputs
(balch_size, 416, 416, 3)

L ]

Conv2D
jbatch_size, 416, 416, 32)

L ]

Res
{batch_size, 208, 208, 64)

L 3

Res
(oatch_size, 104, 104, 128)

Res
(batch_size, 52, 52, 256)

Res
(Datch_size, 26, 26, 512)

L 3

Res
{batch_size, 13, 13, 1024)

Darknet-53

Conv2D 5L

—* (batch_size, 52, 52,128)

i

Conv2D 3x3 + Conv2D 1x1
(batch_size, 52, 52, 75)

Concat
{katch_size, 52, 52, 384)

L]

Conv2D + Up2D
(batch_size, 52, 52,128)

L)
Conv2D 5L Conv2D 3x3 + Conv2D 1x1
(batch_size, 13, 13.256) (batch_size, 26, 26, 75)
¥
Concat

1—* (oaich_size, 28, 26, 768)

¥
Conv2D + Up2D

(patch_size, 26, 26, 256)

¥

. Conv2D 5L
(palch_size, 13, 13,1024)

Conv2D 3x3 + Conv2D 1x1
(batch_size, 13, 13, 75)

FPN

317 YOLOV3 % # 8"

2. YOLOv4

YOLOv4!'1d  Alexey Bochkovskiy > Chien-Yao Wang f= Hong-
Yuan Mark Liao % i » 2 ¢ Alexey &_F % YOLO Windows *K & e1i®
—‘F'T » YOLOV4 ei& 7:¢ & v EfficientDet -5 5 > £ 5 ¥ b 4 2R
4 YOLOVA e 3 dh = 1+ o,

Yolov4 7+t One-Stage 1 Object Detection ;i & /% » 2 §_FPS >t
Two-Stage > # 3 AP 3%424% 7 Two-Stage FuF B o B ot TeslaV100
e GPU F > & * MS COCO PXT}J‘% v o i P77 65FPS ek | o
A28 F 43.5%AP > ¢ 0% 242i R-CNN 5257 » YOLOV4 #27

AP 4% § 4% % > FPS(Frame per Second)4% k4% » YOLOV4 erif & & ¥
BA 4@ 3.18 #7177 o
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Input: { Image, Patches, Image Pyramid, ... }

Backbone: { VGG16 |64, ResNet-50 |26/, ResNeXt-101 |46, Darknet53 -
Neck: { FPN [44], PANet [49], Bi-FPN b ooe }

Head:
Dense Prediction: { RPN [64], YOLO |« 2, 631, SSD |50}, RetinaNet [45], FCOS [78], ... }

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

W 3.18 YOLOV4 #a £ ¥ 3l

YOLOV4 e— i R4 43

(1) iz 4} 1080 Ti & 2080 Ti GPU ¢4 417 4 £Li 7 YOLO
va #-4]

(2)YOLO v4 = 3= CBN (Cross-iteration Batch Normalization)§e
PAN (PAN Aggregation Network) = ;£ ;

(3) 4t - #1481 4 (WRC) ;

Q) BrE B3t 2 i 4% (CSP) » — B A7enk §% » 2 4eig CNN (¥ A
TR

(B) B A F W T — JEATT LA 58 P S
(6) DropBlock it 4.1t -
3. Scaled-YOLOv4

Scaled-YOLOv4P! =+ 2020 # 11 * 16 p & 4 » p eh ¥ izig
YOLOV4 - %% e % 35> Scaled-YOLOv4 1% I__ﬁﬁ\ A g T - i 5
PEL 0 Ao et )~ A Bl i B x,q,fgj 3.19 I B iR 1Y oA i
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feder@id B o P ALy T g7 - & CSP it e CNN 2 #%>ResNet»
ResNeXt o i# $ieh Darknet i §% - CSP-ize & vA ¥ & * ¢ Wangetal.*?
B AR % P Do s o CSP £- 4 f]&é:' TRAE
PRI E T UL LHE CNN 2284 32 50% 325 & (1
Darknet 3 i385 & FLOP @ % ) o

Backbone FPN Feature Pyramid

Head YOLO loss Concatenate

Conv 3x3
c,2¢

Head YOLO loss

filter size
in dim, out dim

Head A %
YOLO loss Inject Points

H N e

! A

-------------------- ,"----»-----------<----N----------A-----A-----------»-- L e
I H o v c
HH ) Conv 1x1 H ross
EE E : 512, 512 —)Il:onv Blockl-t-bll:onv Block 1 E i Entropy
Conv3x3 | ¢+ | Convixi | i [ T P Loss
czc || ocrali 1 Upsample Black | c°é“'zi"3 H
K HoN P 5 :
0 : Conv 1x1 o L1Loss
¢ s: l : . C 512, 256 vaBlnckI—)lmanlockIT—)‘ *
I . '
Convixl | i1 | lefl: ! Blo:k Convixi | | i
" " H . [}
2¢,c ai x2 E Ca: 2C, 3(K+5) N Objectness E
H" Conv 1x1 Loss
¢ * i - 256,128 Conv Block Conv Block l
........ AR AP SN S S hremerroern PSR S SO SN SO~ OO
ConvBlock  Upsample Block FPN Head YOLO loss

W 3.19 Scaled-YOLOV4 2_ % g 3% #°]

27 KRl A B s Rl H 4 CNN 4 i3 r?ﬁ%ﬂﬁﬂiﬂ?lifrl”bﬁi
it (ﬁfﬁ%’iﬁ ARSI RE) SR e PRl A ﬁ%]
Ao el Rl ERBFFRZERL KRB EAFTRAFEE -
£
F

TR R T A ;&mﬁo_ev-# B

Scaled YOLOv4 %% 4 45 CNN #3130 3 I H03) 570 2 54 el
5§ (FLOPs)» # ¢ CNN -4 3 ResNet ~ ResNext = Darknet » #i-
1‘]%4?;%{’% = 7};@_: Ao /D @l%@ PR B P R e
F A a~sPryed £ 327 12 Bl s ]~ B3 A B> W B
SRR g FRFEEH 4w h ; Feature Map + /] ~k 5 #7314

*m\L
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#r~b S uigde FHF LR CSPNet B * * 2 48 CNN 3] » T
MR BB B MR dERER o F ] 4~ CSPNet - 3+
R G RASEI S BT 23.5% ~ 46.7% v 50.0% 0 Flt 1T H
EH R F CSP-ized $i27] > #ry (XEE AT F LY o

4 3-2 YOLOV4 4 » CSP 2_3+ & § 1 & 1%

Model original to CSP

Res layer 17whkb?/16  whb?*(3/4 + 13k/16)
ResX layer 137whkb?/128 whb?(3/4 + 73k/128)
Dark layer S5whkb? whb?(3/4 + 5k/2)
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YOLOV4 ® criicdh il 55 £ YOLOvV4 4 4 B §im%] enfd iy cnbl 4
k2. — o f Scaled-YOLOvV4 ¥ > ¢ & {3 5 > cnficdy &+ i 7250
Ris P RG A AR H B L EFTHA BT "RREAFEH R

BIFEE P ARTOF S MG o RIS HID L PIEN % év’ﬂfﬁ:‘ﬁdi@ﬁii’:ﬂ’
ik - 3B H2EF P2 % o Scaled-YOLO v4 22 H 3 p 4245 0| 107 e
sy v B (4eB 3.20 Ao ) 13 9 YOLO i 7 03] ¢ 2 B 47 B
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B -ﬁm

—\\

LS
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(rq,

MS COCO Object Detection

60

50 |
x B
Zas » /
L —e—Scaled-YOLOv4
iy
/ +— EfficientDet
40 4
( SpineNet
[ YOLOv4
35 ° .
YOLOv3
-¢-PP-YOLO
30
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V100 batch 1 latency (ms)

W 3.20 Scaled-YOLOV4 2_ 3zt v &%

4. YOLOA4-Tiny!™*

eI Y GPU ¥ g ndi s & v 0 g%;qﬁ:ya Joaak
"’P’iﬂgﬂ :lﬁp/@m"‘lf}:mﬁwg:i&,rﬂweﬁ S Bk L
(memory bandwidth) ~ ;e gt i@ * & (memory access cost, MACs) B
e £ (DRAM) » & ALBCAIR 1+ & i T 9]

(1) # 3+ 5 4328 5 > O(whkb? -
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B iR T "J”TE Feenlrr R o EE A g
<A S e F R R B o AR TSR A YA
FER AL HE T oww e g A ﬁﬁxm 4 1% DenseNet {= OSANet
Alenid - 8 £ (FLOPs) » # ¢ k<<g<b- F]#t DenseNet #13+

¥igse R 5 O(whgbk)~ OSANet i O(max(whbg, whg%k))» iz
fe it g fe R 0] 3t Resnet: O(whkb?) o & % g4 7 OSANet i®
% YOLOVA-tiny s 55 2% 3 #-3) » F1 ¢ YOLOvV4-tiny
Backbone = CSPNet + OSANet -

= H
b

(2) B ] i+ /X #= Feature Map = -]

& YRR, Bt EEKR Trade-off » 3~ T4 #& 417
- BRTEEA . & CSPOSANet et B #h.2 i (7 H B 2 %o d
* OSANet module &+ PlainNet 4 » ]2t it 53 &3t & Hosl e
- K ¢ kg CSPNet 87 m i Bl & £ 4k 5 @ &
DenseNet = ResNetModule 73 ¢ » 7 & #-— B3+ 5 Hiobl 17

i @RS CSPNet g & -

3

At

(3) & A fo JdF4p o il 3 #c

0

MiEE X ety L A F &Y g P 42 (Power consumption)
MR

Bt R AR E Y R (MAC) -

YOLO v4-tiny Backbone i& * CSPOSANet + PCB » i 78 Hd [
321 %57 o K T g=bl2 i3 £ F (Growthrate) » . fs @ B3 £ 3
b/2 + kg =2b > d ¥ 45 % k=3 - $*t = B Stage =id i #ic& &
Neck §= YOLOv3-tiny 4pF > Neck & * FPN + Leaky activation o
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[ conv k=3, b=2g ]

[ conv k=3, g H
[ conv k=3, g ]
v ‘
[ concat, 2g ]
v
conv k=1, 2¢g ]
L 4 A 4 L]
[ concat, b+2g=4g ]

® 3.21 YOLOV4 Tiny 2 3+ & % #.[4

5. SSD

- AT - RN SRR ORY DD BRPIFE G B
i % % ff- 5 SSD(Single Shot Detector) 7> v iy 41— k5] drdgis
Bounding Boxes > iz Bounding Boxes #_{ 7 I 11k =t (Layers) } 7

Feature Maps + # = 7> ¥ ¥ § ¥ 7 [ ¢ Aspect Ratio (& F+¢ )

7 ?Eiﬁ'ﬂ"bf‘ i RoAR S 3 E O E - B Default Box ¥ i 48 &
R ] e A J]* 25 4 - @A (Score); ¥ iz
Bounding Boxes 7 Shape & {7fgsh » Mt K ig H B & H ooz

Fiize oty 20 ASEARR RGO B R A iR o SSD B E T 7
Ir #3247 B 5 Feature Maps ¢ Prediction :i& {7 5 & T8 B o

gr7Rd 2 & p &0 Region Proposal 9= ;% 4pt » SSD & - fa vt
g x o 5] SSD = >4 # 7 Region Proposal # = - Pixel
Resampling £ #_ Feature Resampling &% 4 it o iz ¥ SSD { % %
EEFREDIRE 2 F R R RS DI BRI A o
PASCAL VOC > COCO, 1 2 ILSVRC FT# & F ehf sk S EF
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SSD & inZE e PIMH B ahle BF o U hid R ILG o @ % Region
Proposal 17 jx £2-{8 % - SSD g+t @3t H fs el %fﬁ.ﬁ—‘i‘] (YOLO) &%
HEE L BauER > TR ‘«iﬁtﬂiﬁ B TdRC ] EEIR T & e 49 1F T R

¥F % o
SSD 4= 3.22 #i% » F 1T & B AR

(1) # et B~ e cnh HF A % VGG-16 0 2 'ﬁ 7 VGG-16
> gk FC8> # FC6~FC7 #3: 5 S/ K - Pool5 % &7
A PRS0 e FC6 1 # * 35k % ff (Dilated Convolution)sf 48
4 4 erRe % 27 (Receptive Field) ; & ¥ 3 40 7 — & & FEF R
(2)SSD ## Proposal 2 = fF g > @ * Anchor 4] » ,Tk;{fi_%’_
fex o] BeenBox o 7 OUIRfE S F AR B 4F eh T T
Proposal -

(3)SSD & * 2 iFRNEF AR F b~ -] hp &> $30] p R
B A FRF RS e MR o T MR AR KR R en
Anchor > % & craF Bl + X ¥ #~ Anchor (4@ 3.23 #7
) e

(4)Fpplfes. - # * 33 B HF B Anchor sg % friz ¥ ¥ 4&:E (7
¥ e

(5)SSD & * e L3 53 (Data Augmentation) $f < % §2 8B {x < o

3-31



Extra Feature Layers
I\

VGG-16

§ \
Classifier : Conv: 3x3x(4x(Classes+4))

Classifier : Conv: 3x3x(6x(Classes+4))

Oonv 3x3x(4x(Classes+4)) | &

ConvB_2 g
Conv11_2
256 255 255

— J
“Conv: 3x3x1024 Conv: 1x1x1024 Conv: 1;(1)(256 Cunv 1x1x128 Conv: 1x1x128 Cnnv 1x1x128
Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-s1

(a) SSD /E & 5 ¥ i 57307
VGG-16

74.3mAP
59FPS

SSD

| Detections:8732 per Class \
| Non-Maximum Suppression |

Input
S =

Conv 1-1
Conv 1-2
Pooing
Conv 2-1
Conv 2-2
Pooing
Conv 3-1
Conv 3-2
Conv 3-3
Pooing
Conv 4-1
Conv 4-2
Conv 4-3
Pooing
Conv 5-1
Conv 5-2
Conv 5-3
Pooing
Dense
Dense
Dense
Output

(b) SSD # ficih B * VGG-16 #7

W 3.22 SSDRAZ Y PerR#3

:...-...
- L

e o o

f= =[a N RN j

o e | |: : : I: :

N Ol LK Lol s N L

I|||_J||| 13 - - - i &

) = I e == i =) R (N 1
a4 =HH, -] /|_:-_____14
o= [}
L:”_Jl_:_': T T e =

=

qFzR Yioc: Aex, cy,w, h)
conf | (c1,¢2,- -} ¢p)

(a) Image with GT boxes (b) 8 x 8 feature map (c) 4 x 4 feature map

W 3.23 SSD E # # I 345 B end 4R 1f jp) 1371

6. SSD ¥ YOLO " i

B 3.24 ¥ Yolo ¥ SSD 7 F 2 J&» SSD-MobileNet V2 t 4= V1
#it 5 30 0 195 Lin 4 (2016)P75%7 3 > g 42 %k SSD ¥ YOLOv4-
Tiny & ia® 2. F > % i§ > ;}gﬁu?ﬁ—g T2 XA FER o
YOLOV4-Tiny ¥ "% 7 10 -] ¥ > Average Loss % 0.04 = + > &7
7 o e de% &R Y NETE i £ % > SSD-MobileNet & F_fix if cE

4
'Tlld_
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# o

SSD Inception V2 £2 YOLOvV4-Tiny 7% f¢ 4 & ¢ Frame & 3 85
KA 5 ko —‘}5 77 Recall rate ' & > YOLO B &_Precision Rate {%/%&

=
B

Extra Fealure Layers
VGG-18 r E—

through COHVS 3 Iaya\r Classifier : Conv: 3x3x(4x(Classas+4))

Classifier : Conv: 3x3x(6x(Classes+4))

L S -

N\ 74.3mAP
. AN > 59FPS
A 5NN Conv: Ix3x(dx(Classes +4))
T K

ELDE

Canva_2 |
Comv. 2 | AN

Py
| | con ¥ |
| [N
| \a| |
| Nl Na) | &
" Conv: 3x3x1024 Con 1x1x1024 Conv: 1x1x256  Conv: 1x1x128  Conv: 1x1x128  Conv: 1x1x128
Conv: 3x3x512-s2 Conv: 3x3x256-s2 Conv: 3x3x256-s1 Conv: 3x3x256-51

A
|
p
3
7
" { A
‘ Detections:8732 per Class
Non-Maximum Suppression

N YOLO Customized Architecture

63.4mAP
45FPS

. 4 ;\ \
‘[ \ AN
1 \ /o \
|
|
\
|

NN =1/ N[/ A\ N>

Fully Connected  Fully Connected

Detections: 98 per class
i
Non-Maximum Suppression

W 3.24 SSD 2 YOLO 2zt &[]

3.1.8 Web API

Web APl B35 B sbB* A E S EEHRERY 8 H# 0 7 F
1 FHRBE? Rk A F 1 R > ARy §7 Python =2 Flask %
PIRERE YOLOﬁ’JWebAPI’%%'t“ﬁf%’*ﬂf RS R K
LM P T g 1 TR B ) Sl

'+

API ( Application Programming Interface ) ’JfF' g - BN s i%j!_,i;
GRS E BB RN ERY 2 FRE g fREFART R
ZHEt ek et 4250 0 AP 4;?11 > T YOLO Web API » 7 12§ s 3
LIRS Rt e gt e N T B % o Web AP £.4 % F
Flehm fE 5 dok S Bk TR T A G TR A #

\-\4

w}& S e
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BEF LD JSONSXML & CSV & F L~ 3 #:FTHE L Faug
# % * WebAPI /’a\z}i‘&? ity 2 FRAFTEERET L LT

4F o

319 & 3 B yEbe ¥ s

(IR IR > F 2 ARG AR B B e
HH(F FHE ). l—ﬁz#&é iR FREY PIRERF > 3 &35 8330
31,,] gi,gj A frﬁ*/ﬂ\ b4 I AR R RN 2 o d AN AR
BE < LSRR E o F&z&"’ﬁréixiwﬁLﬂpﬁngVW zf,”Lo<ﬁE fa
FAEERY F 2w T R ST B D] fal 7 AR
Ry p H/EFIEFigrfsseFaa-dErR* GPS Ak
¥ 11 f Google Maps A T g B G A U 0 B oWk ik
L er4 i & oo 4B 3.25 1 B 3.29 o e
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K167+013.83 HBLAEH FRELIEE
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F
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3.1.10 TREFES A %

é}ﬁ; 60x1,000=60,000 = = > & f'jii’aﬁ%é% 17 2% > FPBHhEER
Hirlarwspabgs v
@%x’/%}—@ B e FREHETORMTES BN TER
f}%%”*% 5E PR 5 (2 00297@;:\,@@&55@ YeESE o % i T
péf%%;% s B BEFERESET > L RE R R Y R A 416x416 %
320x320 (YOLOVA) > 3 K8 e f2 47 B 4304k R eil s0f e & 323 47

= o
% 3-3 TEEFEEaLs R A 47
7R 416x416 320x320
W plpE B 6.32 F) 6.32 F)
Frbe R4 2% 2%
B 4R B HUboT 0.02 #) 0.02 )
B e (H 58 0.023 #) 0.015 )
B % 0.001 %) 0.001 %)
2ECE (7 SyEmiade [0.05 ) 0.033 #)

;i\;i:i i r 317 5 (Thread) kB i L 4258 > v A0 ¥ kit fyie

FRfeak o) B I TR SR FEAEG T R4
Jimﬁ | % T Fathar o (e T 2EAR S AR Jo PR FT N B AT % 0 H
BATE A e TRAME R N 5P kAN R (Context
ERETAE S ETROERE AL PR AP T A

%5\3 'E;-*{ il -Jz}ii@,_ﬂ’\ (Bbﬁ&limlF,z— °

Switching E
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« PP-YOLO, arXiv:2007.12098v3 [cs.CV] 3
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(70838) Precision 93% 91% 97% 96%
mAP 89% 88% 94.3% 93.4%
Recall rate | 99.5% 99.7% 98% 98%
Rlat&E2 —
mAP 98% 95% 95.9% 95.1%
speed | fps/sec | 22~24 | 45~47 20~22 150

PC:i7 %8 - f!{fi1060
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BAEREERE(V2)

PG AR TIARRIE B DU AURPELZTER
HFERZHATZER

IR EETE
(rail_welding_xx)

1 B 37 25 12
(splice_bar_xx)

2 B (rail_xx) 70 50 20

3 REMIERIRE 85 60 25
(splice_bar_x)

total 244

- ®
[BI#SSD300 VS YOLOVA-tiny (v2)

Yolov4-tiny SSD300
(thresh=0.4)
mAP 100% 100%
Precision 100% 97.3%
Recall 99% 100%

45 7-14



I
(4) BEEREBHEMIBEE
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B, B - BNOJHIE TS SEmMENNE -

- HIEASEENAREAINGAGPSUE (X - y)HBIZARI100KME (x, - yy) - G2
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GPS {18 - SAE#E T AT RESEN (XX, + yryn) EEBE R4 -

W15 H K S I AT 2 R B

- —
SHRIERAGPSE R

o [EIE I
- BBIESNGPSEMI - BEARLSIMU - BEEEMMERAER  ETEEEM
- OB IFEEUFEREUS -

Pose Prediction
_ Propagation
M ==
() |

Map T} : Map Map
j  Generation
o f’ "2
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173 T (GPS+IMU)
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T & 1517 m) fE{E%E(393m)
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- ERRAFENHEWN T
- FRIRER

KRB (56 et(5)
1]&}[I'UHE"‘—JE?

276 275
7 7
8 st
7 7
226 226

JRETUER %= 35 35
28 28
1 1
611 i
2383 2383
e sa00

Z1 1 RIETAK Z 77 35 24ER

NEFSEREREIISHAHEFETHREAC TR
MEREHSF TR — M TR+ BB OE

mEt | D E & A B

1 efIfFRRAX B R - REM

2 eI fFEREXX

3 EETERSEX m MERE - ke
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& [MN4HRE 5 A P
6 | oA RIEmX T ineRgsE - mE - AYSRREER
l
|
7 |MEREX zm;ifg:mwprémgﬂgsaal'
8 | SLEER XX T
9 | KRetel#riR%X MM B R - ke
AR5
10 | BEteei% TR - bR
XX WP IE

I

(EIETEsEE =il e

1) 8 #2448 (Rail_xx) 50+3 20+3 70+6
2RI E RS £ 17 52
(Rail_welding_xx)

3)i¥#= E(Rail welding)  130+243 55 185+243
) ERELE 25 12 37
(Splice_bar_xx)

5)E E iR R A 60+1 25+1 85+2
(Splice_bar_x)

6)F E#(Splice_bar) 76+171 34 110+171
=6 539+422
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B TR IEER
——
87 B2 4EXX
2 IR ETIREXX
3 5 E & (Rail
welding)
4 & 5 2 4EXX
5 BEMRRIREX

6 FER(Splice_bar)

(6) Bithibks

- BHREZEDTOAR  BEEHEREHE GO EEERE
- KEFE|KL: 43.4km * 2 > 70km

- =%=2FE: 13.5km * 2 =27km

- BERIRISEER E

-RE FRAGEERNE
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Bl 7 S8 BRI AR

- ERIIERERE - EH iR
- 9/23-9/24 - PK - & /E~BK - EiIEAR S
- 9/23-9/24 « PK5ER
. FIRIEE . o1EXX - B EE61.5% - A EIIGEERE . IR
HERITEES -
BRI RS IERTS S 39, - AMMA SRS - B
LEWSHREIERE - B -

]
Scaled YOLOv4 L 5t aek( EE T 2232 2 Al #R45 R)

e _Clip_x, ap =71.88% (TP=9,FP=2,FN=5)
e_Clip_xx, ap = 97.24% (TP =68, FP =4,FN = 3)
Railspike_x, ap =97.37% (TP=36,FP=0,FN =2)
Railspike_xx, ap = 100.00% (TP=16,FP=2,FN =0)
Rail_x, ap = 98.58% (TP=25FP=1,FN=1)
Rail_xx, ap = 92.04% (TP =25 FP=4,FN =3)

Slab_track_eclip_x, ap =94.28% (TP=8,FP=1,FN=1)
Slab_track_eclip_xx, ap = 100.00% (TP =11, FP =2, FN = 0)

Others_break, ap = 100.00% (TP=5,FP=0,FN=0)

e Clip_is_covered, ap=93.30% (TP=133,FP=6,FN=18)
Recall rate(TP/TP+FN):0.91 MRS | MEERIERS
Precision(TP/TP+FP):0.94

mAP:94.47%

HiEAE  336(TP)  33(FN)

HIRER  22(FP) X(TN)
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]
YOLOvA4-tiny_I 15 ¥k (S 2 5l SR 45 2R

eclip_ x, ap =58.38% (TP=8,FP =2 FN =8)

eclip_xx, ap =96.32% (TP=63,FFP=3,FN =8)
railspike_x, ap = 96.90% (TP =35,FP=1,FN = 3)
railspike_xx, ap = 97.25% (TP =16, FP =3, FN =0}

rail_x, ap = 86.93% (TP=24 FP =6, FN = 2)

rail_xx, ap = 99.63% (TP=27,FP=1,FN=1)
slab_track_eclip_x, ap = 87.65% (TP=8 FP=1,FN =1}
slab_track_eclip_xx, ap = 100.00% (TP =11, FP =2, FN =0)
others_break, ap = 100.00% (TP =5,FP=0,FN=0)
eclip_is_covered, ap =93.51% (TP =138, FFP = 11, FN = 13)

Recall rate{TP/TP+FN):0.91

Precision(TP/TP+FP):0.92
mAP:91.66% HITHR  335(TP) 34(FN)

HIRIE 30(FP) X(TN}

YOLOV4 (E) vs. YOLOVA(%7)

Yolov4(E) | Yolov4 ()

mAP | 83.16% C> 94.47% |

Precision 82% E:"} 94%

Yolovd * Recall rate | [ & 2L H
Recall 95% 91% #weClip_xifJRecall rate FiE » [F[H
TEF M E i s & &2 - eClip_x
;‘iﬁlﬂmﬁté‘%ﬁﬁﬁ » BEEAE
Yolov4- Yolov4- i}iﬁﬁﬁ"%iﬁ 5 eClip_x 7 {4l H >
tiny(%8) tiny(%7) i B (e A R R )

mAP 90.77% 91.66%

Precision|  82% [ 92%
Recall 96% 91%
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SSD512

e_Clip_x=76.42%

e Clip_xx=96.62%
Railspike_x=89.87%
Railspike_xx=92.78%
Rail_x=96.46%
Rail_xx=98.49%
Slab_track_eclip_x=68.18% 1§ ...
Slab_track_eclip_xx=100.00% _
Others_break=100.00% o
e_Clip_is_covered=92.14%

L

Recall rate(TP/TP+FN):90.3%
Precision(TP/TP+FP):92.50% AR 335(TP)
mAP:91.10% HREIEH 27(FP)

SSD300

eclip x=76.71%
eclip_xx=94 84%
railspike_x=90.90%
railspike xx=86.79%
rail_x=93.75%
rail_xx=98.18%

slab track eclip x=71.59%
slab_track_eclip_xx=99.24%
others_break=100.00%
eclip_is_covered=90.06%

Recall rate(TP/TP+FN):97.50%
Precision(TP/TP+FP):92.90%
mAP:91.20% PrEIEED 356(TP)

M PR TR I

B 27(FP)
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-]
YOLOV4 vs. SSD (IE )

150fps
; | N Z
Model| Yolov4 | Yolov4- | Scaled | SSD512 | SSD300
Index (109) | tiny(#7) | Yolova ()

mAP 86.8% |91.66% | 94.47% | 91.10% | 91.20%

Precision 81% 92% 94% 92.50% 92.90%

Recall 96% 91% 91% 90.00% | 97.50%

Speed |20~22fps | 150 fps |20~22 fps | 22~24 fps | 45~47 fps
|7 58 TE+2080

]
Y OLOvA-tiny (I 5/l S i 4

Rail_welding_xx, AP = 100.00% (TP=7,FP =9, FN = 0) Precision = 0.44
Splice bar xx, AP = 100.00% (TP =12, FP = 0, FN = 0) Precision = 1.00

Rail xx, AP = 100.00% (TP =37, FP =0, FN = 1) Precision = 1.00
Splice_bar x, AP =96.15% (TP =26, FP = 0, FN = 0) Precision = 1.00
Rail_welding, AP = 98.82% (TP=73,FFP =0, FN = 12) Precision = 1.00
Splice_bar, AP = 100.00% (TP =49, FP =0, FN =0) Precision = 1.00
Recall rate(TP/TP+FN):0.94 S an
Precision(TP/TP+FP):0.94
mAP:99.16%
EIEE 204(TP) 13(FN)
HISESR 9(FP) X(TN)
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O H 1| (IR Hrak
| model| v ova-ting | SSD300 | SSD512
Index
MAP 99.16% | 99.49% | 99.98%
Precision 96% 92% 80%
Recall 94% 94% | 98%

]
(7) AR ER N T & SRR IEITELER

- PK (A1 vs. Al): 9/23~9/24
-G B~ EKBERELR
- BUEQICI28B TR R B
. BRI SEMTAIXX - B R ARRR R EX
AR DB RE - R - BRI -

- EAR PR A LRF 2 R IFRERRE - RERIR
SREBRTERFARKAERLK
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BT SEHE T oY T

L EE R g

F#R1EMEPK — GROUND TRUTH

AR AP i (M R B )
i -
KIBS+460  SLBISE®  K188+700 =% Klg5+742  EB®  KI88+680  EHFH

KIB5+742  SHEESE®  K180+250 UEEE® K1g6+779 Al K189+670  SHALOM
K186+797 SEEERER  K189:300  SEEHNE Kl86+820  EB®  KI89+700 WARSEHFH
K188+610  AEIIH  K189+708  SHEIOE Klgg+392 HEERH

e o =9
KIB5+540  SMEGIEE  KIBB+392 MFESHER® e e e e
K185+776  AEHE  K188+680 MIESET K185+460 MEEHEH K188+700  EFH
R — i e B K186+779  SMEGH  K1B9+250 MEEESEW

K186+800 ESHAREER® K189+300 ABEEDE
K186+820 FEE K189+776  ShE0%
K188+610  ShRIHI#

HREREATLRSE - I3BEBHNGRE - 195 RINREEH
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=2 PK Round 1

| AIRE | ATESEE | AFARBANRE

MR - 8 (BF2HE%)
ETEn GRS =R 19 5 1(EREH)
kA = 115% 61.5%
B A o 26.3% 5.3%
PKiERAL{ES EHEEE
48 PK Round 2

« AIETA ErREREE ARGl EPKER kgl -
FHEMRRAE AW PrecisionfImAPHEHEE |7 » (A5
t T EET# » {HRecall Ratef 5 fHEFF(E 1tk » FHEFHEHEFHE
TEFE EINEEE - FERES R e - FILRE R SE S &8
Higl ik - ook 2 WA R INE Zihk 2 EREEROE BT
EYAR) - BIETiss -

« [EREPRKZEERIHHEHELFA » 0F -

fJ\M

AL | AL#E | KFa
RSt | & | MR
ffERE 13

HEER%
1o = 115% 61.5% 107%
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K189+324.09 K188+881.93 K185+545.35 K185+779.01
PKEKF| & _H# E7_GH010004.MP4

PK& th A 7K /=8 E#H_GH020004
" -

\ { ! 4 f
\"\‘ 4 . 1)

4 .", .i ArOa

W | - ! \ 278 ! \
K185+233.92 K185+293.62 K185+122.45 K187+314.79

PK&HEE K _4780 EH_GH020003  PK& s K_fih L #_GH010003
AN Al Ul i

)
Ld

K188+743.04 K188+908.73 K185+404.24 K186+316.69
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e
{f]#28 PK Round 1 — Ground Truth

i i (P RN )

BB (WK E )

o
K185+460 SRS E K188+700 e
K185+742 BEERE K189+250 ¥/EEERER
K186+797 =REEEEER K189+300  SAEDEF
K188+610 FRIH K189+708  SHAEDME

=1
K185+540 oh-RIHT K138+392 HEREEMEW
K185+776 ARl K138+680 HAEEMRW
K186+820 TR K189+670 B

¥
K185+742 SRR K188+680 2]
KlBe+779  AB#H  K189+670 SRS
K186+820 ERE K189+700 ERAESSEE®
K188+392 EHEER®

E=1 |
K185+420 ABH  K188+6B0  SHARIMSF
K185+460 ELMEEER®  K188+700 saiFE
K1Be+779  SMEIIH  K1B9+250 ABRSSERW
K1B6+300 GEEEEEE® K159+300 AfEfF
K186+820 aEw K189+776  SHREOE
K188+610  JhRITH

HI2EREATRS - 13EAHNGRE - 19EH B REREE

{f1#8 PK Round 2

o BRI AIREE ST B 2 sniEE I BB - SR AN SR op s
A FHEE e ArE e PKE S » HEE - ghiE - #h AT fREE
TR - B pTIRfe s aEte® - HiL I A S E R » &7
B EEHr E EN - H SR E R0 AF B SR E R -
- (GlIRE5MEREImPKE R AR chiE B S H S &g 7 inET -
« {HlEPK 55 G088 EFF o 0% -
SLE Y

g ALfE | KB

. 5($8REES)
wg 1A LEH) BRE 1(2E)

9(FE =108 5
I =) ﬁé%

hE 263% 5% 42.1%
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fAI#3 PK Round 2 fR<FRHI

« ESHEEE vs M EE(GH012792.MP4)

[ E(EmEK/BRY)| HREEK/EY)

FREHE 0/13 0/0
REmAE 0/31 0/1
SEMIER R 0/0 1/0
HiEnH e 0/1 1/13

-]
RIRRERF R T B

o FAIBIGIAIBERPKIC R » BREPRTIEIEE S - RIIA T IER SRH
FUIE #5 F2 0 i {45 1) -
o B SH RN R AV ERECSR(ELAYR RE) - HiE

g 7-31



(8) EISERE

-8M3E Al
- E1R
- ¥EHEEE (Precision)
- I
- RIS E (Precision) @ FEF -  BAEHEIESREEG

+ Precision=0

EARAR I ERE R

= SN kT S GHOL0036.MP4 48275 2BE(+3) 2270 0%

= SN CES el GHO200356.MP4 2332 191 1931 0%

=t 8o NS CES] Ukl GHO13972.MP4 17930 L6 16(-1+1) 1935 94.1%
=S NE kS I GHO23972.MP4 193 121 02 100%
=) Bt 3 kS )l GHOL0037.MP4  B=b61 ABE(+1) 156 50%
IS A1 b el GHO10038.MP4 319185 25BIE(+1E) 6P 147 80.6%
=) Bt 3 k] Ukl GHOZ0038.MP4 02 00 02 0%

IS NE b E ) GHOL3973.MP4 2320 11 1919 1002
=) B 313 ok ) GHO23972.MP4 18953 1BB2E(+10) 024 1002

ISt kel GHO33973.MP4 1182 1 8(+4) 0177 100%%

183

B4=> 863 69 100(+31) 152764 82.14%
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BXE W RS ESAES - R EERREENE - tEEE SR
7 30fEeclipiiHERSk + DA —REHEERBR BAICIHIETFEY - HiFEEF]yolo -
GRS L EEEE%)PT LU HIEE » & B RIEC I A& -
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IR ARG R (=R 25 E A MA_5S i)

AR S | 63ER
1. Rail_welding_xx 1. Splice_bar_xx 1. Rai_welding_xx
2. Splice_bar_xx 2. Rail_xx($74 ik 24 Bifiin & (f) 2. Splice_bar_xx
3. Rail xx 3. Splice_bar x 3. Rail_xx
4. Splice_bar x 4. Rail_welding(iF#) 4. Splice_bar_x
o 5. Splice_bar(F#) 5. Rail_welding
%[-’%P;Ei (False Positive Rate - FPR) =FP/(FP+TN)  ©- Splice_bar
#5)
4485l S¥R Rl 64EAI(9F) 62EI(108)
ek ] 349 205 179 0
{Rﬂ”_WE'dlng_)O(:l D —————————
2 mEMmER 196 237 104 4
(Splice_bar_xx) =
3 EfEL(Rail_xx) 21(24) B15f  3(10) 32
=
4 MBERBERENR 0 0 0 0
(Splice_bar_x)
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(10) 1E5<#*2F B &){EMachine Learning 2.0

PIFEETHhEEGESE
FEERLEUSBESR - HEFEIRREMNES - EiITHREEAHEN
- FIFEE  EREEE  FREBLEESH%(True Positive)
- Btk False Positive - T#8 2 §Iff ;
- ATEBIRIERAE - H i False Negative - HEITE RIEM - IS GFEIERIFTIE
EEGERE
- RUENEARtE - ELEVEEA(HM - BVERENEE) R BB %E(Recall
rate) & # 1% 2 (Precision) iR SEHEETIEIE -
- EHEAMERNAIREIESIE -
4. HHHEEHRE
5 FHEAPPEM
6. BEMIRFREAEREE

Rt — 5 @ iREa5(RTX2060) - 1EAFHIE!
HEFHEIE

]
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(12) idm@Eat ST - BEASMNAT] - Skt

AU

- iRt T ERYOLOVAR BB GRAHNH BRI 2 4, RN P
B+ AKFI TIEEF - Vol. 33, No. 4, pp. 263-272, June

2021
B RS E R E2021/12

Ir ¥ R EER T 110 2
EEFEEE R =
FHALR 10 & 1T B-

— {8 k7% SSD &) $h il 4o £ Bp W9 O A A

A S5D based Real Time Defective Track Fastener Dietection
Svstem.

WA - FAL - E - W
T T L
e 4] 4.
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(13) A& MZENIREFHEER
RIS

AR EER

— L
Sl e

35,000 1 35,000
100,000 3 300,000
15,000 6 90,000
6,000 & 36,000
200,000 1 200,000
3,069 12 38,828
697,828

45 7-39



]
5w IR AL HIB ERT ST

- UpgradeB[) [FF #i5 % 5+ 2 b 5 2 AR 28+ F 1 g APP
- Upgrade M55 F BB EE - SE41~2/1\F
- B EE
. HEEEA0EE ST + BB R
. 38003 CREEMIE + 530 RABEME + BRI TRRAE
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(1) Cross Site Scripting ( XSS)

(2) Injection Flaws
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Categories O Vulnerabilities

A1 - Injection 0 o

A2 - Broken Authentication 0 o

A3 - Sensitive Data Exposure 0 o
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