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ABSTRACT:

Railway transportation is one of the most important public transportation services in Taiwan. It includes Taiwan Railways(TRA),
Taiwan High Speed Rail (THSR), MRT and Light Rail, and has been provided all over Taiwan. Especially TRA has become the
most important one. By the end of 2020, the total distance under operation of TRA has exceeded 1,000 km and total track length
was more than 2,000 km (Taiwan Railway Administration, Ministry of Transportation and Communications, 2020). Therefore, rail
safety issue has become one of the most important issues of transportation nowadays. Track inspection takes up the important task|
of maintaining the safety. Traditionally, most of the inspection is carried out by manual visual inspection, which is limited by speed,
visual angle and human eye recognition ability. So the automated safety protection system has become the trend. In order to support
current manual inspection work, this project aims to assist the TRA in developing automatic rail inspection tools within Artificial

Intelligence (Al).

This project followed the results of the previous projects in 2019-2021 to develop a model for detecting defect components on the
railway with YOLOv4-Tiny, and collected the field data of the Taichung and Yilan section of TRA to expand the database. The track
inspection system were also been refined in this year, to extend the usable area from the plain area to the hilly area. In order to solve
the problem of insufficient defect object data, CV augmentation method was applied to increase the amount and randomness of data.
The field tests in the Yilan and Taichung sections had confirmed the feasibility and stability of the system, and also proved that using|
HDPS product can enhance the effect positioning. In the future, we may continue to promote the results of this project in order to

enhance the technical development of track inspection tools.

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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P o R ENE T E ipi’\’}gk‘sﬁz\l%? BEA SRRV U B etk
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(Positive) (Negative)
rAE HE R T iti TP False Negati FN
(Actual class) (Positive) rue positives (TP) alse Negatives (FN)
FE ) Fal . Ep True Newati N
Negative alse positives (FP) rue Negatives (TN)
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2.2.1 784 RailCheck 3+ %

Th L B ZR4B R o ¢ (Swiss Federal Railway, SBB) & 7§ 24 B8 2R e[
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FRRE Y HA FER D ol 4 s W EE R AR T o d NBE
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ENSCO % #/ PRi% % BB RS 1 - AP MR RIR & 0 7 BT X 7r
B R 2 4Tig AR 2 (Ao B] 27 A7) o fpet 2 7h > ENSCO » 3t i
H W LR PRI > 5 R B RO F R L & D ARl o

—?i % : ENSCO % &k
W 2.7 #uig & vl 2

2-7



2.2.3 4 £ + LRAIL
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# 3.16 ﬁiﬁfﬁf‘i BEdLIR R 5 AR
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.ﬁﬁi”éﬁhfaﬁﬁﬁi

TP LTELRPRPFREIN R SR PEE A2 E
aFENE G ¢ L oo

E

AY

2. ;T‘d"lc'”ﬁ%?%%%m#ﬂﬂ’kaﬁ i e AR 2EWAE
TS TE P
3. AXTARIE ﬁ'*?.ﬁé‘.@ﬁﬁ:ﬁa » Bldet AP E R LR BELD
WEOFHITARXLS 230 24 ¢
SOPFEEAETLY 3 IS5 %S » T RERBBEBIBLT LT
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FAELFABRE TR AR FREERR D
ﬁ%mﬁﬁk;ﬁmﬁﬁ%ﬁh{@ﬁ13ﬁh%ﬂ,Bw%ﬂ%ﬁ?
2Tk ffuﬁﬁ@ T BRI BT
1. >zk ¥ sfE L % %(Global Navigation Satellite System, GNSS) :
GNSS 5 R E 23hehp 3 &%ﬁ‘@%u:@ﬁ,%?iﬁﬂé
F #5253 T ¥ (GNSS Receiver) » TP E Bk F 30403
FOTRECRE(ER CFRIR R)E KT o ARG T %7#?*
F P ik $p(Real Time Kinematic, RTK) » i€ i 7L 3 sbfein é
shenle Sy BUR| > T A1 JUA AR RURIE > P PR RO R i
T
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2. 1t ¥#2k se(Inertial Navigation System, INS) : INS % 1 2] £
7 i (Inertial Measurement Unit, IMU)£2 3+ &8 8 o & g & %
ﬁ’ﬁw%iﬁ%ﬁﬁﬁvgé3%ﬁ&§ﬂ£3%mm%ﬁ
e A2 AR EEFERBBRIE L 2R
BRE DRI o

3. #uiE B 7 (Vector Map) : # 3 % =% #ui BT 7 ¢ 7 BB
M BE TR e ¢ e Re EFI) 0 T RIRT AR 1
iﬂ wEoNd & Ep 55'#"*]%]”“”@ HT g = B®L ]
WEN S50 S FHHER - miﬁ &aﬂﬁ%ﬁi&ﬁﬁ
FEE S BERTERLFHEA L o

RTK

On Train In IPC 1—‘— S

RS (-2 .| essnsess
(Odometer) 8% <4 (GNSS)

EEEN S 4

BEELEE ()_ E 3 | messnzs

(RFID Reader) @ i1 “ 4 (INS)
" e
a BIEEE

®
NEThRE Q Q
(RFID Tag) — ?J’Jr

_— EE A
SEEH R4

B 3.17 3 ik S
ﬁﬁiﬁﬁﬁ{ﬁ%@ﬁ$ﬁbiﬁ€%ﬁﬁ%%$’ﬁA%1
& 7 2 E LR %(Global Navigation Satellite System,
GNSS) ~ 1§ 1247,k si(Inertial Navigation System, INS) ~ & & S44F 7528
(Radio Frequency Identification, RFID) ~ #u:g B] 3 (Vector Map) ~ 2 42 %
(Odometer) ~ #2: 1% (Camera) & (4c B8] 3.18 #7177 ) o A3+ F & * 2 4 & 7_
PARRIZE A EeT
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Introduction

g

B g5
®
HDPS is an integration positioning solution
based on sensor fusion to integrate multi-

sensors information such as GNSS, INS(IMU), &
RFID, Odometer, Vector map, Camera.

%

W 3.18 M ¥ 2 i* h sie

1. 2 E#FE
>R E s Lk Yu(Global Navigation Satellite System, GNSS)&_

Fraenp AR R LERIBREIV TARE > §
FER AR FRAG v BEPPEFFREHED] L D L LR

'z

i ’#%Plz‘z?%’ﬁ“? ENHRERE 2R 0 FRE s (AcR
3.19 %77 ) o

III4

i1
y

Positioning Technology GNSS

W 3.19 >3kFE T+ 3t
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Pant b &g e x ko 2R 2Lk S (Global
Positioning System, GPS) ~ # B 1 $% ;& % #1 % %t (Globalnaya
Navigatsionnaya Sputnikovaya Sistema, GLONASS) ~ #» R <L &5 %
47,4 $i(BeiDou Navigation Satellite System, BDS) £ gt B ervibefiei @
ik #(Galileo) » 87 11 & & — 45 GNSS(4-H] 3.20 #777) °

Positioning Technology GNSS

GPS &

* Glonass
* Galileo

BeiDou %

¥ 3.20 = X f#FE T+ 0¥
2. FpEd § Z_= 3 (Real Time Kinematic, RTK)

WRER T ) Gk PR R e A

SRARRFASY BB ERIFEL TR SELARE 0 B %

YR TR QAR BR R SELATE T AR
o 2 P Bl B en e AR (4o 8] 3.21 A7) o
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Positioning Technology
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Positioning Technology
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3. g %0,k S(Inertial Navigation System, INS)

A - B* @ frRIBFRRPIESF RO ERCEAER T
PR BEEEFRSBE T Ao BB ek S
L R AL S C F]R 0 AR ARk A on e A s
MEPRFF > $RFFEE S il di-y
1 (4 F] 3.23 #7 ) o

oA

Positioning Technology IMU/INS

£ % ®

[
INS (Inertial Navigation System) J

) 3.23 ff L4k 52
2 #2 % (Odometer)* & §_iE & 3+

ARA A B IRRARE L B B ¥ - B R BT - R R R
kT ABA RS W AP BT G AT 0 LR kMY - g
d it PRI TR ER G R ﬁiﬁ°ﬁ¢%iﬂ@%i%ﬂﬁ
ZPUE BT 2 BRAMRE - M P R BT T R AR (4o
3.24 #5570
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Positioning Technology ODOMETER

%Physical odometer, Ex. Velocity ...

[@ Visual odometer, Ex. LIDAR, RADAR,

W 3.24 2424

"fi & BB LR R E o 4 3 i ] K (Road Side Unit,
RSU) » ¥ w5 5 ~ g BB DT H KK > 4o & & 547 #4238 (Radio
Frequency Identification, RFID) ~ 3 #&(Beacon) ~ #& 4% g2 L = 5 (Wi-Fi
AP) % (4r @] 3.25 #7177 ) o

Positioning Technology RSU

[((5)) RSU, Ex. RFID, Beacon, WiFi AP, .... 1

W 3.25 5 ARRIXE
BE M R R - 3R P IRBR T BRI BERERR G
el EFEZREFAFLBRPIBEORE » 75
2%‘?Kg?¥'“%ﬂrﬁﬂ SRR o B B (A [B] 3.26 T ) e
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Positioning Technology

=

APPLICATION

[

(@ GNss/RTK | [ IMU/INS ] (g% Physical odometer | (g8 Visual odometer | [@RsU |

\_\_Nl

‘F_*

W32 BE&5ARBPIIL TR
1‘%.% g wﬁ;z ttf;;fgf_xﬁ BTy Rk E r’s‘*ﬂ@ﬁﬁ;f p";%f’* ’
i i?é? 2\9&ﬁf‘ififf%}i—"w 3 »z;ﬁ%ﬁap\ S0 F R
S B TR A 0E R IR 327 fw) -
Positioning Technology SUMMARY

High accuracy for tunnels,
basements and urban areas

High frequency positioning
data report for application

<

SX 8%
(©L:L

™ High frequency (>20Hz)

@ Positioning accuracy under ideal environment and equipment is 0.01m
and less than 3m in tunnels, basements and urban areas.

W) 3.27 #F 2 > k hdFd
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A ﬁi FTRERAAFRE T TG o RREAL B ok
’H‘ﬁmﬁ SRRV AR A B R E T R Fesr T RE P Rl
%32 B¢ G A0 0t § (A0l 3.28 417 ) o

APPLICATION

- e
Ty,

¥ % Costco MTTE

ﬁ]328 ﬁ:iﬁ'il_ﬂ‘ LKV Bt
324 xREEFRE

RS AR ARBIZ R TP EFERF R S BT
() s B (FIRIE A T 23k BB (IR 0 3 R N A IF B PR
FREACT

1. ¥ 3G
(1)F #3X #% : ADLink AVAS5500 (X # 3w > 557 'itéh)
(2) ¥ ¥ % % : Ubuntu 18.04
(3)423:'3% % * Python
(4)Deep learning framework : Darknet
2. 2 ox A
(DA MK A x64 FF 4 PIRE
(2) i % % %L : Ubuntu 18.04 or later
(3) #2343 = : JavaScript ~ TypeScript
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(4)Server Runtime : Node.js 16.15.x LTS

(5)Frontend framework : React v18

AFEHFY R GRE F ¥ % FRF FEIL ADLink AVA5500 2

PR R AARITE AN R LERE 4RI ST EE

Foht pRGMPFIELELEN R I FIP o EHA R4

E%%’LEF SRR D NEEND S PR RRED S EE

B PFERG o ;lv‘léx;ﬂ’“]g—kﬂ'} RS & A A
TR LD RFE TN R Mk mg,t’:ﬁgi\ﬁ&l&?'r*
mmeanm,*w»i&%piﬁw% WK R AT

3. B HGRILE):
(1) A 483k % - Intel i7-12700, DDR4-3200 16G*2, 1TB M.2 SSD,
1000W %k i & %, Nvidia RTX 3090
(2) i % % %t ! ubuntu 22.04
(3)#23 3% % - python
(4)Deep learning framework: darknet

3.2.5 Web API

R AR R A L PR kB BT RIR R - £ 4
B o B-g AT E S & & OpenAPI %ﬁ,gr[”]mgjﬂk;ﬁe » %1 7B R
@3 RESTful[éiz]ég%faﬂzs?eaﬁﬁ P oo Rl EE AT BN R 8
72 e D FBEROGPS R BRFA CFERTEZTHE

TR B ZHGREE & - SPEBRTESE ST ASQL TR E
oA KR FRFEEAREE K AT HAOR 3.29 47T

ArE R 2 PIRES Y Nest)S BiRtzs B4 - 2 A
Node.js> 4o #%> C++-PHP £ Java % @ SLie s BIR B & * chfe s\ 2 %#’
PR LAREER R ETAH VO L~ 2 2 TR BT L g
Foo e v AT aFEF) 100 = P il e T @i E
b B EEFPE R T ARELPRESPERT DA

B 4 o
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@I it 1 SQL ?1‘& . 1% 1§ Prisma ORM & = 7L pt b
= 5% %, 1% i SQL Injectiont sz # £ g (7 7
%@Wﬁﬁﬂi“’ﬁﬁﬁﬁﬁ* DR R R o R TR
7 7] 4 2L SQthe ; q_\;é i PN i 775@
753:57 FHFTHE - 4o MySQL PostgreSQL % -
: OpenAPI /‘ﬂ.%(u a0 fi- 5 Swagger *ﬁa%)a— B ETHEr v 2 méf.g%a R T
& fr"' A 1v RESTful Web PRF* o v 1470 {Swagger 1]:? Hi— L"K,l,,\ , A 4 2016 et é - BB
Zensf B0 % 3| Linux 7 £ § 59— B B A5 58 B OpenAPI Initiative (g - o 2]
322 : RESTful # ¢ 7 REST aRepresentatlonal State Transfer 4% » 733 [ 5§k i fgﬁgl Lo
¢ RoyFielding #£ 2 & 2000 & o L3+ ¥ “Tf 3 o @ o p5s S HTTP 4Lt i & (7% 2
° #* & REST I %émhh #7 4L 5 RESTful e REST #- fE#ch % Hh 15(£ 245 8)
PenffTes bt 28 A AR GRRRRY AR APBERL K- BRT AT
» = 1B 7 J(resource)dt it * & * o @ (n¥ 1% URL(Uniform Resource Locator) > » fj}u
gl F iR oo kB 7 i TR A AR e %ﬁ% Fig# oo 129
31 3:SQL Injection #3 4 *M % A28 2 TR E K il o ff 7 3 2 o &Ld_;ﬁgl rehg g 2@ % ¥ SQL
%4’Eﬂ?*%mﬁféﬂ&%14wﬁa’ﬂﬁwga e PERA L PERTEE
PIREEL S A ¥ SQL A £ A 7 o Fltl DB A A i o )

3.2.6 P 18k A PR A B

B3 H o HH TR AR A M o d T H I E A e 4
Lyem iR P RAEFRY 503 % %

3,1' [ﬁlr% LR GREV RS EEM T RLIFA R ERE G e
T 5 2. Web GUI(Graphical User Interface » ]2 & * -‘ﬁ i % )3
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Pug sk s FROET Dy GUL - 503 B i dp BB o 13 Hde
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5 Mapbox ® OpenStreetMap Improve this map

W 3.29 FHARFE * Web GUI
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W) 3.30 Web API i 328 f#.
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bl

EAERERTEER
eclip_break

eclip_is_covered
wood_crossties_break
rail_surface_break
rail_crack
rail_screw_break
splice_bar_x

splice_bar

FUE A A Rl Bt i PR R L A TTES
LI T R B R i g T %%ﬁmvér%iﬁﬁ%%“ﬁﬂ’
B RARFERE S BT LR d kAR ek £k g )
ek 4 o 3F 5 B F 4% 4 (True Positive)#? 444% 4 (False POSlthC)tx\Fl B o
PHEEATESE GTAIRIFEAAD P BT RBF R 0 B
FARP > SFAIZ ST VRFTHEE FF FRATELAD R AR H
5

| &
- A EE 2 T Y RATH L b ] o S FRRTER Y
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MR RAFNATHIEETRES Y o AT - RO TV
TP RS LATHE B FRR D ATRCIHR L A -
b2 AT R TR BT R TR S - TR GMRA T
T R - B I S E S TR AT R P 8
% # 41 % (Recall rate) % 2 7% 5 (Precision rate) ¥ AR & 78 #ic¥p 8_F 4 &
Al L G R E AT ALECY -
FWP o RFC R A f T 5 S8 Web GUI & 5 % R
Wi BAEE ¢ B LB o T BB E T anii g 2+ (oF 333 9
jﬂ’@ﬁé%¥4ﬁéﬁ‘l@$§“%°

FieE8 —AL2022 #kam  —A1205 © G &
I— [}
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$#E 25.01920
e 14.92315
7R 4
splice_bar 0BFGACA0
8 © 25.02356820811
S0 © 121.89886217341
W
Mapbox © OpenStreetMap Improve this map

W 333 g2 Web GUL % # TR~ 4 & 7 &
% ’<§ IR Al 72 eniBot4 3o (False Positive) o 18 # iﬂ‘ ¥ o
AT A PIRE ¥ AR L BB PR L R
gm PR FrHLFHZFERY AT - Tk
1%; U #Eqaa— lﬁ?]'%;ﬁﬂ%* Al A R T ML AT ITE
P AT ALHCE] o BB 3 Bl R <0 True Positive » T 5 4% % i
PR ER O RELMAI AR IMARSEFEBL TR .
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FEBEY DRBIRAEINAE SRR GHEE KR LR
Basler a2A2448-75ucPRO 3| 537248 » 32K % & 5 USB3.0> 1p 1%
fed Sony IMX547 CMOS &% » Hiig & if 70 fps 1 b >~ 75 i 500
Bk o X7 Smm ELE o e b Y RALS 2 ¢ USB @ E S (4e
4.4 555 o

Wdd 23 FF* REFT-BYKA
Fld s R R AR S o A R B RE Y LR 48 2 A 45
10 %E{»#HA Sk kR g LY B F U3 5T AR B R
$2 b (4o 4.5 957 ) -

W4S 2+ FE*REWMT-HELERY

?VJET“KA\ EHRFTF AR IFRERR S Al LA 5 NPAILSS-
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ﬁl46 FPRETRABA-TEKA
TRE R FOIL > EH DAL SU-1600W & I 524 chT R
%ivw%§:QMﬁy~ﬁ»$@~m@ﬁ§\@ﬁ%
04 7 FALA TR R Tk gL R e
FHEVULER A FGREBRE S F7 E 3200WHCB] 4.7 77 ) o

W47 23T E*RXEGRMF-TRERIXAS

Bis o AP HFEE NG o RALEHE R 1 £ T % ADLINK 7]

. AVA5500° #{;’"?‘ Ubuntu 16.04 % s s ' @ * RTX3000 %+ + >
#L 3% % i i ENS0155 standard, method EN61373: 2010, Category 1 Class
B e #5 jp|:# 22 EN50155 standard, method EN61373: 2010, Category 1
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Class A & Class B % & 38 » AVASS500 &+ = 2> * *t g i e
R KE AR 4.8 1o o GRWARRT SR - )

W 4.8 FF iR A AVAS500
E RS H L BRIRER I EANMEL R - TS A

PR AR RS R EREENER RS I

FEART L AR ER R OFEIND L T s AP e

SBEHRAE o #F02 K or + (Nvidia RTX 3090) 4§ Ubuntu 16.04 %
E S4B 4.9 957 ) o

W49 23 FTE*RAFT-p e FHEEKAF
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WE XK EE B Y LIRE AT A BT D B e 4 4R
&%gﬁi’@%g I AR T BTV R LR P BT A
PP A FER ADERIRE L PLRETE o BB 2 5
Byt d fa o pFig 30km T 60km ug B R (FARE B RITE > SR
FLEEFHZITE > T2 J R E AL A EF IR
PHRFREFLA ZRPPPGER L L ¢ ér%ﬁuﬁ&dv‘
miﬁm‘ﬁiﬁﬁﬁhﬁﬁmki%l’ififﬁ ! wg
agﬂﬁﬁm&ﬁﬁ&ﬁ%ﬁ’@%ﬁﬁﬁﬁﬁﬁﬁﬂ
iR > & o
A ATARPR A BB TR 0 BB F 1 & 60km/hr 2
W AR BB %o T O el i 60km PEE f) e Be BEAE S
1667cm(z 7 >3+ 5) > £ BB RIPIE R * Gp SR B BHFOV %
B i 58cm(4rB 410 #77)» Sd P B S @ FAP SR R BRF D
B EF)E 344 F fPB— ER Y 0 do(3-2) #rm ; PFiE 30km 4p B
FEAONTAG-DN R ES Y AT EADERRY TR TG
PaB BRI B R AT AR TR E 27 E ) - SRR Y (4eB 411 #rw) o
R RS U ERERE ) R B g 2T s
Sz Fenp FFOR KRG R F Lt AR e
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30km/hr 2 i =

60km/hr # i#

1000 % #

834cm

58cm FOV &~

= 69.5 T ) & $5P— EF
1000 * #

&:

1667cm

58cm FOV &~

=344 T8 HFP - R

i (3—-1)

N

Ve (3—2)

Recording Settings

® Video

Output format:

V| Set fixed playback speed:

Quality:

Record a frame every

Stop recording after

MP4

27 |5

45.00 || fps

Millisecond(s) =

Minute(s) -

Sequence of still images

Recording buffer size:

Output folder: |/homefivslab

6000 |5 frame(s)

Get help

Bl 4.11 AP iBHRE~ 8K

% 4-1 AP PBHESERTHAEZ

B3R 60KM(#£ #71667cm/s) 85k 60KM(#£ %7 1667cm/s) 85 3R 60KM(#2 £ 1667cm/s)
FOV(cm) | Bu4&:k A (ms) | FPS FOV(em) | Bx4& ik B (ms) | FPS FOV(cm) | Bf&ik & (ms) | FPS
40 23 42 50 29 34 60 35 28
41 24 41 51 30 33 61 35 28
42 25 40 52 30 33 62 37 27
43 25 39 53 31 32 63 37 27
44 26 38 54 32 32 64 37 27
45 26 38 55 32 31 65 38 26
46 27 37 56 33 30 66 38 26
47 27 36 57 33 30 67 40 25
48 28 35 58 34 29 68 40 25
49 28 35 59 34 29 69 40 25
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eclip x e dr & = ek 4 62

eclip xx edrd Bef a4 317

railspike x iE AT At A 148

railspike xx EEREHA 74

. 2 rail_x FLo $Efdk A 114
EAkd rail_xx fum frE 44 186
slab_track eclip x S PR SR AT RS A A 67

slab_track eclip xx BN FLE R AR A A 74

others_break His 3k 4 43
eclip_is_covered ~ 12 A g 750

rail_welding xx (=Y N 20

splice bar xx a4k 4E B 37

AR & rail._xx RS 108
splice bar x AR AV Y 87

rail_welding At ¥ 514

splice_bar RN 350
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p i i s e £
eclip x 62
eclip xx 317 .
slab_track eclip x 67 eclip_break 413
slab track eclip xx 74
eclip is covered 750 eclip is covered 623
ra¥lsp ¥ke X 148 wood_crossties_break 172
railspike xx 74
rail x 114 rail surface break 103
rail_xx 186
rall' welding_xx 20 rail crack 261
splice_bar_xx 37 -
rail xx 108
splice bar x 87 splice bar x 69
splice bar 350 splice bar 276
rail_welding(# 5% L 5E) 514 rail_screw_break(73 4 %f) 66
others break 43 others break 48

AFENRZFEAD AP EIPCERY 0 L RN R A
RBIF - EHP P gmx F A 5 P38 0K P39-1 KA B KA
ERSBA AR R e d 440 AR BRI RS T R
8 fd A 2 8 A EH AR GT 5% & 450

% 4-4 BB A (PIR)F g rikE

B ® (RE A )
o i 5
P3-8 % P3-9-1 5% P3-9-2 5% P3-9-3 5%
eclip break 413 445 451 503
eclip is covered 623 623 623 623
wood crossties break 172 172 172 172
rail surface break 103 103 103 103
rail crack 261 261 261 332
splice_bar x 69 69 69 69
splice bar 276 369 742 951
rail screw break 66 214 288 294
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BAF > TR T o

%
dry
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% 4-6 DB Schema

W f b a2 SQLite PostgreSQL MySQL
uid P R E s L TEXT text varchar(191)
kB T B
objectld | 2 ﬁ; BERE ] NTEGER integer INT
A
created At S GpE R NUMERIC timestamp(3) DATETIME(3)
type FHIB R TR A TEXT text varchar(191)
: T double
latitude R AT e R REAL .. DOUBLE
precision
longitude | B TR REAL double DOUBLE
precision
WoE o § %
isFP SRR AE e False | rpgER boolean TINYINT(1)
Pos1t1ve
bbox x1 WPHE = ox B INTEGER integer INT
bbox_yl wRtE= by B INTEGER integer INT
bbox_x2 PR S T xR INTEGER integer INT
bbox_y2 Rt T y A INTEGER integer INT
confidence | Al . F A it REAL doTlsle DOUBLE
precision
description | & i*A4F L TEXT text varchar(191)
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433 ¥ - A7 7

A E R4 ® ¥ 2 B YOLOv4-tiny | /] e did > &
B 5 H - YOLOvA-tiny shfig * o 4opt » ¥ 14 fe B Jp| I /i) 4L o T
BEFEZVRE AEY P TEARE B TR ER O 0 IR
R AP FREN LU TRER B RALPTREEN R
s F ARG 2 T3 A G g i S - AR PR R
RS s A 2 ERER G 0 miEHRE § AR TREERS
SR H| B A 4 T o Tt > AL 3 AREF R AT TR B hE
B ROWAAAE BRNAADOTRE AR DR A F AR
WwAEY @ * > N F AN Fp BT CV Augmentation = jE (LT @
F CV Aug) k3 4 TALeE 42 o 3 e S H - e
e sEFEZETAR At PP E XS EFHRE I vt
3 TG CVAug# 47 F B F 8 (dr% 4-7 #77 ) £ rxind CVAug.
BBV LR RS R R ek 48 ) o d BT T R R L
M 2 HcR KA A F T % - YOLOv4-tiny #3427 (7
Mo AT FRF 2B RE2HREYHFEE - AR GF > * kG 2B 748
F e oo 2 Rle 2 BR xé R o

p)

CVAug. =221 & 3 BHFediga AL A 3&4 > ¥ L o CV Aug.
L2 ERRE I URE I FRAHPE N ERE R 5
s I S EE s st ;;g.ﬁzaf;—%oko;k -L:i-mr,g?mi/, EE B
Beigls(e® 416 B 417 2 B 418 #r7) 0 bk B
Mosaic(§ F 5)™ 2 » L R B EFH LS 34 0 K5 RV PR £ S A
— AN PR R 419 TR R AR T OEFARR S  NT e

I
Sl

SRS RS SN ¥ 3
3 47 P B # 1 2 BE A F (948 CV Aug. 3 {8 4 )

FARES -l A & CV Aug. ,.q_ﬁ CV Aug.
e Jo % dE a4 62 992
edrd peE ik 4 317 1177
T piak A 148 1492
AR A A 74 944
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Lo dE Ak 4 114 932
FLm frd 4 4 186 768
S PR I AT A A 67 1172
VRS R o O T 74 741
His a2 43 1392

A AL 750 1361

TR B Bl 20 953
R R 37 1246

A R 108 864

A B 4F SRR T 87 1392
TR Bt ¥ 514 1028

AR K 350 822

%48 2 FHEAEWMT LRPREREF " KRAP)

Bt %R 31 p T AR AP R CV Aug. B %
FASRT L s wps e S
Bl T »HEE THEF (’El éV Aig.)
! S
e Jr & pcdk £ 71.88% 68.55% 99.97%
edr & pE 4 4 97.24% 87.68% 97.33%
T pcEA A 97.37% 57.36% 99.99%
PR AL A 100% 46.48% 99.86%
PR P X 98.58% 17.46% 100%
P B 4 A 92.04% 34.29% 89.20%
CNEAR (Rl ¥ 92.48% 98.24% 100%
LAl RT3 A 100% 99.96% 99.97%
His 424 100% 100% 99.96%
o AR 93.30% 98.35% 95.36%
T 100% 99.05% 100%
AR AE 100% 100% 100%
U 100% 42.51% 100%
N 96.15% 54.72% 100%
LY ] 98.82% 82.93% 99.64%
b - 100% 67.31% 99.99%
mAP 96.12% 72.18% 98.83%
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433 ) FREHET - WAE TR R AR LG T
Mo dxdd 2ipnz GEEFEHSGEHHC42 $HP ) A EHEY §
ZFFEP)Z P E L RN PR PIREARY X BT R A B G
PIRB B R B AR R TR A T R e 49 5

7T

% 49PI Y & F L TR BEE

o e . PR (RRABGEFRIT R )

i A P3-8 P39-1 | P392 | P393
eclip_break 115 413 445 451 503
eclip_is_covered 172 623 623 623 623
wood_crossties break 46 172 172 172 172
rail surface break 23 103 103 103 103
rail crack 65 261 261 261 332
rail screw break 19 66 214 288 294
splice_bar x 18 69 69 69 69
splice bar 74 276 369 742 951

FEEY R RRER B SRR SRR G RS
A AR - BB YR AL H%RE RBEOB Y RE 44
17 F) > BEAEY 4284 2> % > F 4 1 L FRild 20 7 > & AT AR
NEFIApHod BT P PET D R EPE AT S E
i RITE P BAHAATER A A B P RFH pER AL
AR 3R 23 e B AF 0 ETFENCAKRES & 0 Aok 4-10 95 o

% 4-10 % FFE AP R 72 B (Darknet $23§ » Threshold: 0.25)

T %o AL olicdy T VRO e SR By
= A (Darknet / Threshold:0.25) (%3523 Fudh k&)
Precision Recall mAP Ak gE b R F
(%) (%) %) | wAE®) | HHF®%
Pl %= % 99 % 92 % 96.1 % 1 4.3 %
P2 = A& 97 % 91 % 95.4 % 0 0%
P3-8 ' & 98 % 91 % 95.8 % 2 8.7 %
P3-9-1 5= & 99 % 94 % 96.8 % 17 73.9 %
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k3t F A7 4 % Darknet 122 i (7 B9 BT -1 o dy B
(Confidence Threshold)3k Z_% 0.25 - &1 T %o Al 2 2" iy Hra & B¢
;7 MAP /1%t 954%~96.8% > @ B kB A 1%\ H My - KL
B - HHALE ¢ BRE I B¢ Pl 2 P2URAd ¢ wﬁﬂﬁ%]p
Ao & EEFR O T AREEINI R ES E A P38k

APIEH R FTRT S e ML o

FEMEL 2 BT AL AR BRI LT A ER
R AR TR EAF B R A ok ae 4 & (Recall Rate)? # gy
% (Precision Rate)2? 4 " & » i * ?éi*ﬁ AL o Tl o rgR Y O ATE H
B4 25 5 Pytorch o 2t 4= 28§43 2 & o ok B 47 (Confidence
Threshold)z_ 3+ & ¢ L PEE &% » 2 FRBTER I P HEE - 7 '8 W
TR 4 gy & (Precision Rate)fi?;™ » #% = # = & (Recall Rate) - d ** P1
2 P2 HCAS A RE BT T EREY AT o BT g oy
Tt B0 BRI A ATARCIIR A8 (7 TR o B fl 9 P38 1 b AR R4 A

FoART RIS B E RS % o Aok 4-11 1 o

% 4-11 P3 11 } PR B $5-3) 3" 3 £2 B (PyTorch 2% > Threshold: 0.001)

T % AL 3" iy 5 R - e

. (PyTorch / Threshold:0.001) (% 3+ 23 fe . & 47)
Precision Recall mAP A Fe gF b fe b

(%) (%) (%) wHE(R) | wIF %)

P3-8 3= & 71.9 % 98.2 % 95.7 % 2 8.7 %
P3-9-1 %< &~ 81.6 % 97.5% 96.8 % 17 73.9 %
P3-9-2 'x & 81.3 % 97.7 % 96.5 % 18 78.2 %
P3-9-3 5 & 79.6 % 96.7 % 96.2 % 21 91.3 %

d % 4-11 ¢ ¥ 5] > &% PyTorch 127 2 #03] 3" Moo % gk
-0 § & gr % (Precision Rate) 15 B~ 1% 7. w & (Recall Rate)#% = e % »
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news.com/products-services/rail-flaw-detection/
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ADLINK

Leading EDGE COMPUTING

AVA-5500 Series

Rugged, Fanless AloT Platform for Real-time Video/Graphics Analytics

Features

® Gth/7th Gen Intel® Care™ iT Processors
# CPU MXM 3.1 Type A/B module on PCI Express x16
® 8x M12 GbE (4x POE), 4x RS-422, dx USE 3.0, 1x DVH,
4x DisplayPort with lockable connectors
» Multiple storage options: 2x 2.5 SATA 6.0 Gb/s drive bays,
1% M.2 2280 slot, 1x CFast socket
*® ONSS3GMG/WLAN support via 2x Mini PCle slots and
25 USIM slots
® dx isolated DI and 4x isolated DO
* MVEB/CAN bus support through Mini PCle add-on module
* wide range DC input: 24VDC, 36VDC, 72VDL and 110VDC
# EN50155-compliant, rugged, Fanless design For harsh
operating environments

Specifications

® System
Processor
Btk Tth Gen inket* Core™ {7 processars (Formerly Skylake and Kaby Lake)
Inket* Core™ i7-6820EQ CPU, 2.8GHE
Inket* Core™ i7-T820EQ CPU, 3.0GHE

Memory
Dualchannel DORY-2133 SDRAM with dual SODIMM sockats, up b 3268

BIOS
AMI UEFI

» Storage
Up ko 4 2.57 SATA drive bays
{owa For BVA-5500 serles, Four For AVA-5510 serles)
14 CFast slot, externally accessible
1% M2 2280 (SATA}

» Graphics
2 DisplayPort from Intel processar
4% DisplayPort with backable design Fram GPL MM (SKL dependent)
12 DVH From Initel processar

= Conneckivity
Ethernet
24 RJ-45 1000BASET Ethernet ports

gmzx{mwmmxmmetmmm PoE Class 2 {Tw), 1.5kv
ation

Ax M12 iecoded 10008ASET Ethernet ports, 1.5kV isolation

uUse

A% USE 3.0 Type & ports

additional 2x M12 USE parts in AvA-5510 series
Serial Port

4% DB-9 RS-232/922 /485 ports (RS-022 by default)
2kvrms [solation

Digital I/ {optional)

Ay isolated DI and 4% [solated DO wa two DB-9 connectors, supponted by add-
onmaduls (oocuples one 2.57 drve space}

D 0-24V input soltage with 1500vDC kolation

D0 3.3W-35WDC output voltage, 250muyfch sink ourrent, 1500vVDC lsolation

Audio
Milcin Line-ouk ports

CAN/MVEB
Supported by Mird PCle card with bwa DE-5 autputs

Wireless

2 Mind PCle card slots are available for cellular modem or WLAN modules
Compliant bo Minl POe cand spec v 2 (PCle and USE 2.0)

Each Mind PCle slob supports one miore-SIM

3 RP-SMA antenna connector outouts

In-system Expansion /O

23 Full size Milni PCI Express slots

1 Type AJE MEM slot on PO Express 16 {P1000, P3000}
1% ISE 2.0 wafer connechor

External IfO

23 LISIM slots

A% M12 GbE with PoE ports

43 M12 GbE ports

2% FH5 GBE ports

62 DisplayParts

1% DV port

4 USE 3.0 Type A ports

25 M 12 USE 2.0 ports (in s6n-3510)
24 DE-% connectors reserved For MVB or CAN Mini PCle miodule
1 Mic-n part

13 Line-out pert

Four antenna outouts reserved
Reset butban

Power button

7R k& o ADLINK 4 =t (https://www. adlinktech. con/en/index. aspx)
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ADLINK

+ Leading EDGE COMPUTING

Specifications
# Miscellaneous # Environmental
LEDs Operating Temperature
1x diagonastics, 1x starage, 15 WOT, 3x user defined Corvection cooled
Batt Class OT1: -25°C ke 55°C with PI000 MXM madule [supported by condition)
Akhery Class OT3: -25°C b T0°C with P1000 MXM madule
Coin cell CR2032 (change to rechargeable golden cap by request)
Storage Temperature
Board Management LI 5T
ADLINK SEMA 3.0:
~Watch Deg Humidity
- Hardware moniar EM 50125-1, compliance EM 60068-2-78: 2012 Edition 2.0, Clause 4.2 at 40°C
- Runtime statistics
 Fallsafe dual BIES Vibration
EN50155 standard, method ENG1373: 2010, Category 1 Class B
;Lw:;iﬁumdppl{dmz cannetor Shock
+ZAVHISVHTIN+110VDC nominal power input (16.8V Lo 137.5V, ENSD155 ENS0155 standard, method ENGEITS: 2010, Category 1 Cli Ad Cass B
compliant) Safety
Power Consumption EN 0153
149 oin AMA-5500/6E20/8G/F1000; 153W on AVA-5500/6820/5G/PI000 at ENSIN 24
1L424vDCin Fire Protection
2.CPU 100% loading EN 4554522201 34412015
3. 1000 or P3000 100% loading
EMC
» Mechanical EN 50121-3-2, EN50155
Dimension (WiDxH)
360mmm x 225.1mm x E8.8mm (for AVA-5500) = Operating System
360mm x 225 1mm x 105.4mm (for AVA-5510) windows &, Windows 10
Weight Ubunty 16.04
63kg
Mouwnting
Wiall meunt

T kiR o ADLINK % =t (https://www. adl inktech. com/en/index. aspx)
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Ordering Information

* AVA-5500/6820/16G
Fanless railway computer with Intel® Core™ i7-6820EQ and

16GE DDRY and two SATA bays (conformal coating by request;

external cables and power adapter are excluded)

AVA-5500/7820/32G/RTX3000

Fanless railway computer with Intel® Core™ i7-TE20EQ and
32GB DDR4 with RTX3000 MXM module and bwo SATA bays
(conFarmal coating by request; external cables and power
adapter are excluded)

*Please contact your sabes representative for PI000 suppont condition.

AVA-5500/T820/32G/P3000

Fanless railway computer with Intel® Core™ i7-7820EQ and
32GB DDR4 with P3000 MXM module and two SATA bays
(conFormal coating by request; external cables and power
adapter are excluded)

*Please cantact your sales representative For PA000 support condition.

AVA-5510/6820/16G/P1000

Fanless railway computer with Intel® Core™ i7-6820EQ and
16GE DDR4 with P1000 MXM madule and Four SATA bays
(conFarmal coating by request; external cables and power
adapter are excluded)

Dimensions

AVA-5500

s T T

Optional Accessories

Factory-installed industrial grade 55D

Mini PCle card 3G/ Wi-Fi/BT/GPS wireless kit

Mini PCle card CAN bus Kit

Starter cable kit For AVA-5500

4% PoE M12{%) to RJ-45 cable, 4x Ethernet M12 A(M) to RJ-45(F)
cable, 1x PS/2 KB/MS ¥ cable and 1x M12(5) to DC power cable
Starter cable kit For AVA-5510

4% PoE M12{%) to RJ-45 cable, 4x Ethernet M12 A(M) to RJ-45(F)
cable, 2x M12(A) to USB 2.0 type A cable, 1x PS/2 KB/MS ¥ cable
and 1x M12(5) to DC power cable

L ]
-
L ]
-

[ ]

({Units: mmj}

AVA-5510

A ADLINK
i+ eading EDGE COMPUTING

www.adlinktech.com

All products snd company names lisbed sre trademarks o trade names of their respective companies.

Updated Dec. 18, 2020, 92020 ADLMEK Technalogy, inc. Al Rights Reserved
All specifications are subject bo change without Further ratice.

FL kR ¢ ADLINK % =t (https://www. adlinktech. com/en/index. aspx)
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