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Abstract

Ticketing system of Taiwan Railways Administration has been
developed for more than 30 years with three generations, and it provides
convenient and intelligent ticketing and booking services for passengers.
Due to the development of passenger services in recent years, the 3™
generation ticketing system is overloaded by several new and attached
functions as group ticket, cruise type train, boxed meal booking system
and membership website. Furthermore, the evolution of smart phone and
internet technologies bring the booking system into a new stage with quick
response and mobile service, the traditional ticketing system with booking
website and ticketing counters need to evaluated and reconstructed.
Therefore, the 4™ generation ticketing system were expected to build a new
ticketing model and solve systematic problems from former ticketing
systems under new framework and design including the concept of revenue
management. The 4™ generation ticketing system spent 1.1 billion for 10
procurements, and it started from 2013 and then went through the process
of planning, design, evaluations and examinations, then finally operated
in April, 2019. There are 37% of seats were distributed by intelligent seat
system and 11.28% of payments were paid by using the new official APP
during January to June, 2020. It takes passengers and users to the new
generation with convenient, mobile, friendly and expandable ticketing
system.

Keyword: Taiwan Railways Administration, Ticketing System,
Passenger Service, Revenue Management
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BE4E @ do it ~ g - AL 3 - R
Abstract

The rail fastener is the most important component of a railway track
fastener system. For now, maintenance work are carried by workers on
foot, and gradually adjusted to use track motorcar. However, workers still
rely on human visual inspection. The visual results of workers during
inspections may be limited by track motorcar moving speed and view
angle of human eyes. And workers may be fatigue and omissions by a long
time work. This study collected rail fastener images and lighting
equipment. These systems are customized for different countries due to
different types of track standards. The deployment methods range from
traditional computer vision to deep learning based. In this study, we
proposed using You Only Look Once (Yolo v3). The trained Yolo v3 neural
network classification module is encapsulated as a Web API for this task.
In the experiments, a total of 70km track fastener videos were captured in
a 1920*1080 resolution at a speed no more than 35 km/hour due to low
light at night. There are six types of normal fasteners and four defective
types defined for inspection. We split the dataset into 80% as training and
20% for testing. The average detection rates for normal and defective
fasteners were 82.5% and 74.5%, respectively, which achieved the goal of
efficient inspection of railway track.

Keyword - fastener, railway track, inspection

-&
—\2%..
\\‘Eﬁ

EEGIE H pide e E EARY 1070 A B > $iE R 2500 A e Bk
SRR HEE AT LA i RS 7?(%&%2_67&%%5/—’@ MRS o —
B R ERE ~ $URL ~ SELRTPRERR - (B R B RS TAVISEY) - i
B ARE AN E 1.1 o



11 Wi ~EE Y

FOMFREA e 5.2 STIBR ] LA E S, > A6k S s 2P B2 (U A8 A8 KT 4 e
TR EkRE - RIS S HAMYGE R - H AT S B A
FRAYSREAT R BRI 1.1 FR o

% 11 SEwEIFEEE ™

[é]E 57

SMNE

JOPEATE

e Eeay

s {7k

7557 Vossloh W FUF114:

SR

7Z[E] Stedef Nabla 114 - RN 14

HZ 102 B2

il

R K A

FRIRfE

s {7k

Hi[sf] Pandrol e ZY414- ~ PR ZU41{4: ~ FastClip

{74 DE $0{F:

[ Sidewinder 14

I Fist H1E

Tt Hambo #1{4:

15

N Mc Kay Safelok $[1{4:

i« Pandrol Safelok 111 BU$1{:

N Rex-Lok {4




2.1. N The

FodEnE Y BAYIE TEL A T S - SR e RIS e I (E & HRE
ANBETES & - D BIER DI AT & 5 2 S0E R AL E R T
—ERE P TREE — ABERY R > WHREHS AR - RS AR LA R
—4 > Hh— \irEE At > FRS ERCA SRS - BRI B s s
TTHYERE - G A BRI EHPER K ELHE -

FRA S > PUEKEERET AW ZL AR R Tl
B2 T > B MR A B - K& N8 HRGER AT REZ IR
AMin e AR ZE AR SR S IR E R - M B R - B T REA
SN TIESEE R AR AR - AL EERG SR - st
EARHIEERITE -

2.2. Al BER A%

PEIT 2017 4 5 A{E BRI S IS - > AlphaGo L) 3:0 9
FRAEFT B R S HORTE > ST AME B s A T (Artificial
Intelligence, Al) 1 TERIEES - 3T 60 4 S AR 2 H M B RRAEHRT T Tk
BLLE > DI E B AR - S A RSO (LR - R
SR 2R o RIS LR O S S A T Bt
RSB - B @

AREFGER ISR T » B2 T B S BT BT (LT AR
B SR > SRR TS I B » SRR, 108 FERELE S
FI AR SEBRR - BRI TATERISEs K - RIS - ARES
FAHACESIIE I ZORE R - AR A S SR R B B R
SETUE > AR BB A S B R T S T b 2 Sl e it
AlERTIE » S Al BERSIEITIHIORRE » MR 2B M T ]
RtleRSs - =T EE T ERIBRRT AT A BB (. H Y -



=~ IR AR EE
3.1. BBt 2 BB E

H ey TR s R (F SR R W EESE - INIEEAHTFE R FH B 2h
RE(EE e S B IR ) = 2 i T - B T BB I &
o B AR IR e R IR I R G B (Al e A TR AR B T3 AT B2
R DA Z 8t -

3.1.1. EHEEAEE%(GoPro HERO7 Black)

Gopro7 H 1080P/60fps A[HISkFINAE » SCIRFFESKFIRFH] Ry 1 (E/NFF LA
b PR Wi-Fi R DREEL GPS SEiLZHAE BB Python-API gl Z b1 F-FF
PRSP KT A RER E 3.1) -

©

1,200 f& %

X

4K60
1080p240

HERO 7 -

BLACK HneE

[&3.1. GoPro 7 Black
3.1.2. BB E RS
Al 28 Z BEAG B H H EL (i e SV e FR B R I R N s e s /0 I0KE
BRI R ETER T o ([Eikes 2GS HEFE IR ~ s2BHEE ~ B
B i =0 B RO g = 2 THRE

3.13. HERmPHEAZHEWEHE



H 2 TR AT B Gt - R E st EC 7B 3 EL
B BMERNZHERZERVE - P BB ROEREmTETEM) -
SEEM ~ REie BB SRt - AHECSERNIE 3.2 FiR - WUE R 0
LA TARES S TR > {72 n] 2 35 0 H -

[E3.2. 4H#E5ER S
3.1.4. HEHHERAEAALEE

SRR B A ERERE RN B RGO AR - NI IR Ay EE ]
EFEFREDCGTE - EEBEERENM:  EEHERSE » EEHERIAEEN
200W LED HEHfE (408l 3.3 AR ) » MiFsaIER 3.1 Fr -

[8(3.3. 200W LED HZHH ¥ EL



$23.1.200W LED H&AR e B AR

HHE PSS

ZfE | HG-LT200

S¢J5 | LED £ COB 50W*4

R~ | 412*%370*320 mm

ME | SRR o B CRE R

BEEE | 110V-220V

38 | 5700K / 3000K

ERE | 20000Lm
Ph7KZE4R | IP66

e HEH A EAVENM D SRS B AL e » WHEACAETE A4 » &

BB LR ARIEETHAE - nI AR E B AT E ) L IRERE A - GoPro7 fi#
FOEER A

3.2. Al BtE& You Only Look Once (YOLO)f&/

YOLO 22— M A A A > YOLO HYESRSAE I PR B L
B > H ATRRYIRG RS MU E TR EF 24 [F sk o (a0 A Bedfea s ) YOLO
HARFE PR HEREE (A0lE 3.4 Fror) RETTEE T - SRR s
e b o oA R HHRERGE R (A00E 3.5 s ) -

05 ks




[@3.5. SEhIIT AR

YOLO HY{EELEHERGEE - Mo AR g A — 20~ R bR - 6t
RUe (i EREEEGE BN B EERe DU e R - IR
i i AT SR S AT PR AT RE B R BORIA R - ST AT AR A
TTHEER(AE 3.5 Fr) ©

3.3. IPFERRENL

4 R I E 7 20 R GPS fELERL  FEALHRE A% 1520 24 -
EIATE R WUEINTE 2 1.067 AR » b GPS B AR ACRIERE S A A
FURRAE - R (e + TSR GPS Bkt es | R
B | 551+ #5757 Google Map 6 » FTLUREEEE A B — (EARE BT
Y73 -

3.3.1. GoPro7 GPS &kHEMT

{5/ GoPro7 frHvH | Bz 7 - HAHFRINE GPS Efr&:R - &allik
ALE mp fEZEH - TRy GPX (A& 3.6(a)FT7) @ AETIRAVEIEH AT B (T
GIS @ (41 Google Maps) &R (41fE] 3.6 (b)) °



<name>../in/87ceddéfc5d67aa2a3cb/GH010592</name /,/I
<trkseg> o /
<trkpt lat="24.3420355" lon="120.6257558"> 4
<ele>71.257</ela> » g
<time>2019-03-28T06:38:36.6742</time> H //
<cmt>GpsAccuracy: 139; GpsFix: 3</cmL>] /
</trkpt> J/ -
<trkpt lat="24.3420354" lon="120.6257556"> . /' P
<ele>71.254</ele> g
<time>2019-03-28T06:38:36.7322</time> .

<cmt>GpsAccuracy: 139; GpsFix: 3</cmt> 4
</trkpt>
<trkpt lat="24.3420353" lon="120.6257553">
<ele>71.27</ele>
<time>2019-03-28T06:38:36.7902</time>
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt> q/

</trkpt>

[&3.6. (a) GPX fEZEMNZ - (b) GPX ZE IR Google Map

AWIFENERZ R T GPS fLE - &5 & skifE (CST)F &t » 5K
RIFELIER SR - A EERRSE  BHRERLPUEN— » BRER G
Ko FrAASELEZREY GPS L& - BRI - 281 ISR by TAZ4EEE A
DA - A DUEHEP R AT R 2 GPS {1 -

3.3. 2 EEHETHIE

HAlZSEANTREA A AR BIEEE > WE 3.7@F > e —EE
PRI E P AR (B2 TR AR KR LB ) I T RS ECHIE] (Virtual
Detection Circle » f&f# VDC) - ‘& TAZ4EEH/ TS T EHHEIE , 55> W&
3.6(b)FTr~ - B AR TAZ4EEH T EAALE - B2 A FOMRFTAE -

# —

[&3.7. ()&Z#/s AR (b)REHHEIE



HEENBE A HBRIAICEHT GPS fiLE (XF - yHIEHRATHY 100 SKig(xh -
yh) - WA EIA0ME 3.7(a)Hy H A RAGEES » e & 4EEsdmiEis st VDC I
H] UG RE EIE BgmAY GPS i1 & - ZMRYERE A B ] LIRS Eh(xf-xh - yf-yh) BEEERET
GRS » 405R xf-xh BEE&ESE > QMRS AN > SRR 0% yfyh 2
g5t AR > &AL -

(a)Google Map /1< > (b)HIEE (4Lt [El &) B i 2=

{5 FHEHIEY GoPro sEg AT HIHY GPS Bof > BRZEREUAE 5 A RUEA » ENH]
PETE AR > EALEERANE 3.8 AR o A S HT (L MIER S BE S L
i GPS (I ELZRIY Google Map L4111 3.8(a) » (KIRATAIER > Jetkt
AT ARG > BEHEIRE) - IR ER R A H R BT8R T
{7 - P DR AR T LU He—frihiE - DURIBEREOE 3.8(b) & MIATErERE - 455
ATDREAIRH B EREETafoK -

Vo ~ L ER R R SR
4.1. GoPro Z# B S HEEH]
WE AR (ER R TREGEE) B AT 2ess
FEE B RN o SPEE IR T —(H L RSN GoPro [EE(#E A > GoPro

TE TR IO - PR A B GoPro E/EAE ERE (BB RE+HEE+H
24N (A0E 4.1 fon) - RFEEZEE R L B - SR AE 4.2 - [8 4.3



B > kPR GoPro nlEHffmEE 2 & -

& 4.1 GoPro ‘2 /& U & i K

% 4.1 GoPro B & AU [ 7 FEFH K
HH KRS
%N= BB
RERE | 35~63mm
JEHENICE | 360 I et K 16 [ & E i B
GoPro FE#EE | #E H 2454 RA TR
HE 218g

4.2 GoPro [&EEEF



%@@ﬁ@%&GWml*%,wmz&ﬁﬁﬁﬁﬁﬁﬁﬁw@ﬁﬁﬁﬁ
B R TR TR 35 /A - (TR0 EI GoPro AR ETE L
S, - (P Lﬁﬁ@%@ﬁ% AT R B
2 A S T R BB . F (L0 4.4 FrS) -

4.4 GoPro [&] 7 J & 2

H R R ifG 2R IS RIS I ANE 4.5 Fors - 9120 R
GoPro 7 H fjfa#R < s G E A - w2 1020%1440 DI_ERYERATRE - &gk
B BRI ] = HAVETIEURE - [NIEEERE 2 1920%1080 - LTS I 2 5
WU AT R e SRS > HJERESG& Lt n] pREF AW (EE ST - AT
&t 1920*1080 HIA ZH#E%E -



4.5 FHHEITIFRG

SR MER - FRETRIGHE ZEHIESRE - DIMEE s fEE 22 0E
M o & RE MR > GoPro (AR EIMIE MR AT TR Z R > A EEH
4K FEMTREET TGRS > SR 1 /NFF /25 GoPro (&I Ryas B A
BUENIREEIESE - B EhRfa i TRATKIG ek T B - GoPro {CEHRS[RIfEEA B
PRI 4K BT HET TR - ATV REON - S R EE SRR - (a3
AHBEIRE o SRERIVIEZESF A SD Rl - A BN Ryrm B AR
sctn S 2B > IWIER SRR M 4K B TRAR SR A -
REE R R 1 E oA B ERYEA L > o USB Jed > HallE Gt
J& (1080P 60FPS ) » (] 4K ZAEATE - 1R 48 Al i T A TN -

4.2. REsREZEH
Ve TR SR E - AIRE B ENA R TN - SR EHIHAH

SYEERTIABIES T ORI Sl I s R e A TR R R R A (4
4.6 o) - REREEEARRR - IR &S EiFnse G irilmE -



4.6 SR BRI A A
BERE ARSI - AR - G 05 e a5 (E 4.7
B ) > WA ATRE R RotérA je - GoPro HEhi g ek - LIEUR R
G2 AR FRREFTEL - IEH%E GoPro ZEE 2 - SO NIRRT R (559ME
FIER#E 200W~*2 #y LED (LI HaRlFISIE AL E - AiE 4.8 fr) » UYL
R EF RS EZ R E -

47 WEERG - () £ (b) BERE



[ 4.8 JI5ER R T e A B
9 H 21 HI&[H~9 H 22 Hiz =Ll 200W HaER RS B85 5 2T IR R
BEYE FHWI = 200W (1 LED BZHFAE E. > 3 2*200=400W ¥& B, - i BJ& B s
EEE N RETHUE - 4SRAE 4.9 AR 25 B THEAREEE - (ERE R
ISR CF FT B - ARAKEE AT RN 5 LR Ry s 4 28 200W LED &% -
B IREEETRR A T DR -

[&l 4.9 fI5RTR EHE IR Sk LB R m] (e oA

4.3. YOLO A&rErHEI SR EEAET

YOLO Z&t Z s R (NEA A IIRE - TSR an s Riiedt - Lk
BRI PR R, - INILEE ARS8 - SR AR e T



ERGNIR > PRI oy BIRM  MRF A SR B SR A e BfE - LUEURy YOLO 1%
RUEVIEER - W2 B BRI IR R BB e 4.10 DUR(E 4.11
BT/ o RERIERAS -

4.11 —fEE I RE

YOLO FISR&E R I AE A5 BRI A EAME YOLO 1A A] L&
TR BLERARAYIOM: - SIRBIEINM: - FEERANE 4.12 For o



B®HF

®H452

4.12 TR
YOLO Hlll R ERHEER ZRHUA R A - e 25RHE A A SN
o AT AR 3 AR AR - thtdia sk R AVaERg - iy
BERHE > 80%AIHFISR > 20% I - W2 IR S BRACE FANIE 4.13 HyfTfT:
JrAE > WEUEIISRE R - SETIISREEA Ry 288 RIE R - ISR A RS54 30 5k
&5 o WEAERA Ry UG R E hRE e -

4.13 gEh SO



% 4.2 PPV

#a A 15 R
1R ] ] &Y Py R AR 325
Typel 92.98%
Tvpe2 95.00%
Twype3 95.00%
Typed 74.66%
TvypeS 79.70%
Twypeo6 85.13%
2 A+ 8 ] 1A ] At sk 64.25%
H] ;) 2 5k Z (precision) 0.86
dil§ 7% #= 5E = (recall) 0.88
Fl-score 0.87
- 3 sE 2 (mAP) 75.54%

I PRS- ARSIV ER]_EHUS: T4 87%HYAERER » FRReA
SUE 3.75 I ZAEMERLT Ry 75% (4NIE 4.14 AR ) » &3 5,000 [] & Z #)20 HI146R
PRSEERANR 4.2 - BRIt (H2aE R AE 4.15 Aor -

mAPX

Loss CUTTORt avg loss = 0.3521 itoration = 5000

45

3s 7%

3.0

20

\WA‘WA
° WA Al A A AN

0% 500 1000 1500 2000 2500 3000 3500 4000 4500 50

Press ‘s’ to save: chart.png - Saved Iteration number in cfg max_batches=3000

414 YOLO 3lll%R&s 5



4.15 YOLO HalaisR

Kmel b EREG Tk  EH YOLO #EfTsME I s il TTHY - BIFE N B #ErT
I IEIE > BRI 4.3 For - EWEETIR - 38R 7 > Hrp s
R BB EARUEERI A -

% 4.3 BRI MEIT

S | MESE ®mA BEIB00RRB A » ME3204BM 1
MR (B ITE=1920"1080)

1 e_clipfir i 7REE(IE®) . 84.82%

2 | e_clipfizitA#(iBiE) FERK

3 e_clipfiI iR 5 L (IE%) 88.27%

i 89.91%
v, i
5 | e_clip#Elii 70.68%

6 I (E%) - 79.52%

7 EE] (181%) mER

4.4. HERHARER

HEFTIESR AR T RH~RU ) > TR EHITRRR 35km - % 4.4 ZIELR
WHARTSSZ R MR AR R SR % - FrA &R > IR 25 AEHE » ARy
—fEH - R EEEN SR REA Y - A TAE -



R A4 IR R B

WY | BhEM | ERERER TH R R

64178 37| 2 @Rpmt] FRE N 13,945
TRB8 27 3810 23420
94218 4403 AT SR EIK1E R 20,698
A3 11916 58,063

6 H~7H -~ H9 HaiinEEcs o Hitwh 119 X BT —RER &)
%%METEHE@ KL E TSN 58,063 FRAH 1 AIME RdlllR & fHEE » 80%(F Ryl 4k
B 20%fH0 B HIEREE - 5l 9 i 4R [E 21 & 4.16 - Epoch X5 27,000 » Loss function
CLEREL » ARG LIONE » &imfEIAkasallaR - S EEIFRLY 20 /N
MEARF ) v HE 50 sRDL EHRR -

mAPX|

.....

& 4.16 Al %Y Loss Function Uy gh4s (=l



PEREETAITE 45 » H o HIfkH% 82.5% RALIFR L R R 74.5% » TTL
PREARIZETERE B HI R R R R A R AN (D EE() - Bk
& EUBAE] 407 T -

e R=FrA LI e R Z 7S

=(84%+78%+78%+90%)/4=82.5% > 80% (:EfF i T & H £Z) 1)
HORGEA R =PrA fO ARG R AR tH 2R S
=(88%+61%)/2=74.5% >70%(ERFTTETE HiZ) )

FELEH A TR - AOL HEE 15188 MU T SR MERIACH AT 1 - BOYR LR
SPNEE » BRI SRS TR+ TER ORI TRt A HE A
RACTT DR PSR -

(©)
4.17 (a) normal Sy = HAMF > (0)ZEHIFESR > () APHIFFER



# 4.5 T4 70km Al BIRS4E
(DUETRHEE R 209 Fy ISR - HLBR R340

58 5] 4 Precision | TP TP TP+FN | Recall
e-Clip A¥ Ak _EF | 091 590 61 701 0.84
e-Clip Atk A 483 | 0.86 30 S 34 0.88
e-Clip s+ AR_ | 0.80 6131 762 7824 0.78
iEF

e-Clip LM A_ | 0.80 194 47 316 0.61
EEE

e-Clip ¥ 3|3 ik 0.83 39 8 85 0.46
i AR GR_IE H 0.91 82 8 105 0.78
HPHER EFH 0.87 45 7 50 0.90
Precision = TP/(TP+FP)

Recall = TP/(TP+FN)

M R —0825 gk R 0745

Thresh =0.5

2459 TP ~ FP ~ FN » R#ZEF » TP: true positive » #iak B FEAR » HE
JN R IEAEZR 5 FP: false positive » #¥ak B FAEA » HE BEBEA 5 FN: false
negative » HrEk BB » EERBIEEEA - KX TP~ FP ~ FN » H—Ebafhpiask
URERYFS 4 Precision(IE##ER) » Recall rate(#51% f& 44 *) ~ mean average
precision(mAP) ~ F1 score » EFIT:

TP

Precision = worp < 100% (3)
Recall = —— x 100% (4)
mAP = [ P(R)dR (5)
F1 =2 x oo ot (6)

Under kill rate (FR#%%) =

TP
TP+FN

FN/(TP+FN) =1- = 1 — Recall rate (77/2/%) (7)

AT EHEERIERETH Recall rate » 2 5% 4.5~4.7 - 3% 4.5 BURIRIFENY
Recall rate =0.745 » Under Kill rate= 1-0.745= 0.255 » K &4 EEM T REG &
EpUt HAE 0.7 DLE - HRETHER Z40HY Under Kill rate {57505 » &8HH 405198
EiHg IR EIRIEERE SN > (R T B A A R (5 P sl S 247 -



ARBFE PR A 2 S gt (Cross validation) - HEYE &y 1152 A SRR e AR -
AWFEE A 5 $r 3 SUhae RFBER AR R AL T 3 TOHIEE - S A& A 20%
TE 20% > DLURCER (% 20% » 5% 4.5 & ] 200 R it EE - 3% 4.6 B13R 4.7 7]
Fomi] 20%A018% 1% 20% © AT PR S 2l SREE R A3 4.5 -

7 4-6 1E&R T0km Al FEAUBREEE R
(CLERHEERTHE 20% Ry a5 - b Ryl SREE)

Ep A AP TP FP Recall
eclip R#k A EH 91.13% | 534 56 0.76
eclip Rk AK A3 91.35% | 30 2 0.81
eclip ;A £ AR _IEF 91.56% | 6340 1188 0.81
eclip it &k £ A K 83 73.74% | 129 10 041
Eclip :# 3] 3 dik 51.54% | 20 4 0.24

S PR OE R 91.63% | 83 10 0.79
precision = 0.85, recall = 0.78, Fl-score = 0.81

TP=7169, FP = 1273, FN = 2016, average IoU = 70.63 %
mAP@thresh0.5 = 81.825%

%‘3 4-7 1E&R T0km Al 1‘”9* SR
(CLERHERAR 20% Ry IEAEE - b Rydlll SREE)

4 AP TP P Recall
eclip At A _EH 96.56% | 601 26 0.86
eclip At A_483E 93.99% | 30 2 0.88
eclip ;% £ ph AR _E 94.32% | 6250 | 588 0.8
eclip it £ AL K383 65.02% | 145 9 0.46
Eclip 3% 23 ik 72.29% | 42 4 0.49
R sR R 93.62% | 45 5 0.9
precision = 0.92, recall = 0.78, Fl-score = 0.85

TP = 7200, FP = 643, FN = 1985 average IoU = 78.16 %
mAP@thresh0.5 = 85.97%




I~ Soma R

s A e Ry BB I i R A R A e L H 2 — o (RS s T
K7 AP A T H7 2V T8 - 1 AL H S 2 PR 8 b B K
WEAEEMRE » E5FEHAREATIET - it - IREATHATEZAD
TR BIFE A LR AR e - R N B 2 (RIRE M
R o ARBTFTAR S AR SRS EC Al REEE A (B RS s
FEEHIRI T Z R - A E A A & b T AF -

5.1. &5k

AHFE Al e Y E i E A el 2 S R G e skasc e f - LRI
R (W IR BB SR GECHka i 2 ZARLrt - HRTEed
A R ST el S E AL AR T 2% > MRS B R IE AR BRag (& se I L I 77k -

5.1.1. SERIERNER Gt 2 RPEEE R

GoPro Hero7 Black T3 Ry iR &S K 4K 5 FE - B TRIER
filir~ B3 7K B EE HLES IS 5 (8 > FiBRIEC IR oe B8 SIS AHT 7 A AE (£ 1] GoPro Hero7?
Black fif R B2 Gt (A (02 H A A SV E P R R 2R UK -

5.1.2. IRHAEAREA(LE

R AV EEH] | > DT - HERE - HEE > EHEEHSR
PRAEES NS 200W JEE - HOEIRREERR(K - ArBErp i - af Dl gfas
HYEA - BIRHVER(Y - (EFHSFBEIREC G A ETEE RS2 (iHE R - GoPro Zakfiifd
F -

5.1.3. BRITHAREAL

AHFZEE B (F F GoPro PSSR GPS sHEfE - &8 rfig (% Bl vl fE 28 T-Hb [
EEURBREAFIIALE - SONBEERENT GPS RO E IR EIRAZLIE 5 &
R BEGHEEAREEERD " EEENE - EERE AR -
B A DABRER R E H AR -



5.14. HEEHEPEREIEE

ARG E B B A nE A BSOSt - (ERE R DU R R T8
B o{E R DUBIEE SV T2 R RTIm SRS R B R o B R R Im A
PR T HFESR 2 > BEIEHTT YOLO v3 JOMFHEE - A4S SR ol 22 mil 2

% -
5.15. WRIBEH

HATAEEESR - {0 82.5% Rl FaRIC IR 74.5% » Al LAFFEA
WIFEFE HAR - (0% 4-5)

5.2 B

H eI B A e MR s PR e e - A PR g AT
{1 - £ MAGRIRREIRERS I £ Hillm Edge Computing » &5 & RTIm S HEL ~ Al
PR EREEPERIR (T - FRER ERImE RS ERE - DL —E G
TR AR AR G 2 - G I Fe B PR 1T H e R B H AR - |
REREEIT T N8 Z TIE&IE SRR KAV - R TR AR -

5.2.1. &kl
HAElsk & A 2EEE R ER B » (EmasEs RS s - inEE

RENTIHER TR - FrEE ST I GRE M - A
F i E R IRGR £ 530 - 47 E(Bdge Im)HY Al Z SRR I £ Y
TAEHEH -

5.2.2. fgH"H B RIS AT

H AT ERSES - A BARE#E - HURIREEE - AR ERER
Mz - s R B HPOEEES S - BRI ZEEEEE AR
DRIt 3 R TR IE B BOA -

Al BT BRI AT K mT T > SRAR W GRS SRR ek AR BT
SR L BRI 9PRA YOLO V3 -



5.2.3. Edge Computing Rk m B

AR EREEME R - B RE1E > NIRRT S HRRIIRE - QIL(E
JRZR E TR RGBS B 2 iR A A SRR s - AL (E AR 2 A
SPEE B RREAEEDGK ~ PRE ~ P ERE -

5.24. ‘A RGREE

ASRHNIEFAGHAEE » KA GoPro EHF IR - FARREMER » KF=oK A
Mz astl > DRI SR EE - il H A SUEIF g s Bz - &5t
GoPro RIEFHE: - MUK EAMELI MR - S E RIS EATRIE -

SEM

1. #ERER =8 - BUE https://zh.wikipedia.org/wiki/ = &35 2

2. T EZEHEIERGEST > REHEEERERE - lE
https://www.railway.qov.tw/tw/CP.aspx?sn=3700&n=6841 -

3. EEEZE M I ESEBTIEEEK 0 R iRt o
(http://www.cfwb2b.com/0 magazine/ebook/pdf download/FW 142 C 101.p
df)

4. T ATHEE (Al ) KiEE > 2017 > pEEFET - HHE
https://www.businessweekly.com.tw/article.aspx?id=33196&type=Indep

5. BFEE " SEEAHREINURK EM FEARIESE G L% B8R
RELEME TIE L H 5w » 2010 > &6 -

6. Mehmet Karakose, Orhan Yaman, Mehmet Baygin, Kagan Murat andErhan
Akin, 2017, A New Computer Vision Based Method for Rail Track Detection
and Fault Diagnosis in Railways, International Journalof Mechanical
Engineering and Robotics Research, Vol. 6, No. 1, Jan.

7. Xavier Gibert ; Vishal M. Patel ; Rama Chellapp, “Deep Multitask Learning for
Railway Track Inspection,” IEEE Transactions on Intellig. Transportation
Systems, Volume 18 Issue 1, Jan, 2017.



RABTER? Wiy AL KT R2ZFFHRHEY -
e KT 3 5

A Feasibility Study of Improving Ballast Bearing by Stone
Blowing - A case of Yilan Line on the Measurements

FEUEE Lin, Shu-Hsia®
248 Liu, Ya-Man?
% 1F £ Wu, Chen-Yi?
3y Hsieh, Yi-Dar?
I il 260003 ‘B 4B FET 7 SRR 1 B 236 5%

Address: No.236, Sec.1, Yixing Rd., Yilan City, Yilan County 260003, Taiwan
(R.O.C)

BEEE(Tel) : (03)9331203
B T{=55(E-mail) : 0071052@railway.gov.tw

i#* &

N

WP R E FEFERREMPFINAL G B L GRSTE B
e dm i > T4 S AN 2 B D oty o A EBR L ~ Rk
il R R FRAL AR RAEREE > ST
NARRABE o ARITR LN ELIM T A FEFE X L FH
FEEBEDEZ? 2 > EF P REDRZ G avih1 iz B 2AVHR
KA GEBRGERD T TELEREEIREPN > F A FE

)u-

ML @ A~ it s RE Lt

S

25 HTBE Kb
25 HTBE Kb
25 HETBE TS
2EE HMLBE BIEE



Abstract

The dip of welded rail caused by wheeled wear is around 1 to 2 mm,
which can be checked by means of a 1 meter straight edge, that produce
an impact as the wheels go through the dipped joint. Various types of track
damages, such as broken rails, clips fatigue, flatten rubber pad, ballast
degradation, wet spots and dancing sleepers and noise generation. It will
require a huge amount of maintaining cost to recover from these damages.
As the route of this study case exists plenty of sharp bends and wet
climate, besides, its hilly terrain prevent the mobility of heavy track
maintenance machinery. Therefore, it’s sensible to seek a handheld stone
blower, for the sake of convenience and economy, to regain appropriate
ballast bearing. Its essential to hold track irregularity within tolerance

and should not be compromised.

Keywords: stoneblower, ballast degradation, dancing sleeper (loose
tie)
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Abstract

Passenger booking records are important data for transportation
demand analysis. Complete ticket booking information includes inquiry,
booking, payment, ticket collection, refund or exchange, inspection, and
excess fare ticket, etc. The previous ticketing system only records
successful booking information, but doesn't record unsuccessful booking
information. In order to complete passenger booking information, Taiwan
Railways Administration (TRA) fourth generation ticketing system records
the unsuccessful booking information for the first time. During
consecutive holidays, it is indeed impossible to satisfy all passengers with
their initial travel plan under the limited transportation capacity.
Therefore, understanding the first unsuccessful booking record for each
passenger has already been a major issue in the management strategy of
TRA.

This study uses unsuccessful booking data and relevant information
about TRA's operations (e.g. TRA's published timetable) to explore the
demand of TRA potential passenger, the aspects of demand analysis
include basic characteristics of potential passenger, reservation
conditions, optimal route choice for unsuccessful booking, popular area
and train number of ticket grabbing, and passenger ticket revenue of
potential passenger. Beside, we use statistical tests to analyze whether the
usage proportion of TRA E-Ticketing App is increasing after adding the
feature to refund tickets online. According to the study results, we put
forward specific recommendations. The study results can provide the
reference and recommendations for related business units on ticketing
strategy and train scheduling in the future.

Keywords - Unsuccessful Booking, Potential Passenger, Two Independent
Proportions Test.
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