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ABSTRACT:

The rail fastener is the most important component of the rail fastener system. It can fasten the rail tightly on the track,
and has great influence on the train’s stability and safety. At present, it is hard to avoid the problem of omission due to the
reliance on human visual inspection. In this study, we not only collect the related research results of track inspection abroad,
but also set up the image collecting equipment of track fastener, including image recording equipment and lighting equipment.
YOLOvV4 was adopted for deep learning model training, and the recall rate of defective fasteners was verified from the test
data. In the experiments, the image was captured by GoPro camera, and there are 70 km images of track fastener were
recorded. The images were verified by Yolo V3 in the previous phase, the Precision rate and the recall rate were 82.5% and
74.5%, respectively. In this second phase, the recall rate was increased to 87% and the mean average accuracy rate (mAP)
was increased to 94.8%. Furthermore, the identification system runs over 55 frames per second (Table 4-15 Notebook C).
The SSD recognition model also worked well, and was tuned to match the YOLOvA4. In order to make it easier for track
inspectors to find the defective fastenings, cloud storage, identification, mobile phone APP, query, GPS/gyro positioning and
other functions have been developed. GPS position of the defective fastener is used to find the nearest hundred meter of track
which in turn is used to calculate the offset to search for the defective fastener. Through this way, human efforts could be

greatly reduced.

BENEFITS AND APPLICATIONS:
The Ministry of Transportation and Communications or the Taiwan Rail Company can refer to the results for policy-

making.
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A EL LR AT RO A T SRR A G Ao 24 T 0 @ FEIR
7 &/ % ¥ (Rolling Contact Fatigue, RCF ) ~ %7z ~ f# & m 2] &% ~ 5
5 484 1 frdh BB A o RSIS 1404 $HBELEL 6 KRR (7 2 5 3R o 1Y

Fesm 2fczdiid o

B

I s - e b W -

W 2.4 ENSCO #u:g # §3& Bl % Stinng #1
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ENSCO fdfiis $irtp s b & i SRRl 5 R - 2% B5H
BB R I R - BT 0 5 F RITESMER FIL AT 23N
BRI @ 2 ENSCOARIRHE & B R R & R3] v — 317 4
EELERAARARBEARES T 2L KRS T Amtrak (£
BERTERIFLF) & 230+ 1 ENSCO thfruif e ip) ks> & &
A >ELERPEAZE 8 2 AT ERFEAD Acela + i ¥
ENSCO rdiusg #ip] & 5t o

peeb > ENSCO &2 @ R & 15 enfS A BEY 0 j£.80 & B 4522 4 3%
EiTo i r 21 & Afs v B ARZ E NS 1702008 # 7 R L
B 0ELFREFEKRPIZID & 7 ENSCO #usg P 4 5 (4c@ 2.5

7% )

F25 P M5 - ol d PRI HARE S AGE

2.3 4 £« LRAIL
4v £ = Pavemetrics = # ¢ Laser Rail Inspection System ( LRAIL)
cEd jmt (4o 2.6

Plig AT ch 2 2 g iRk 50 7 283K fit B
HE R 5 4oB 2.8 911 o

irE ) R AL B (4oB 2.7 frF )
LRAIL 3 & 2 4 ghihcT :

1. el B+ 3iZ 180km/h

2. % 3D Bepl &% 27 R B
3. 8 A BET LRKLPBE-
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4. 2 pEBEKSL

(1) Ateaims (3~ FAERE S Hu 84~ K% 40
&)

(2) REEd Azl (8 ~FALE - HEE R - HELFR -
CES WY

(3) Aridkipl (B ~ A ~ B~ &5 )

(4) Z <t (=% ~ TPOC ~ E4F)

(5) xdLke Bl (¥ ~ Rbxd R~ REERAE S ~ R

(6) 4 pulf o 4% % (18~ A H)

(7) &% PLIRER R R 2 F2EE PLL 3 R

(8) #Lif FLEE ~ KT ~ F % ~ B KRR

(9) #uE 3D G & B4R kB

® %2 ARRAeff R E G GPS p BT Y 2T

R EEBAFLEL0ONT P EARFIRAL Y BRI L o

T E e i G TR G e Y

174 42

LS R O L

© ® N o o
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¥ 2.8 LRAIL kR85

2.4 4t £ + Pleora Video Frame Grabber

4B 2.9 ¢ - % 7] Camera Link Full Cameras ' {7 42 #12 p #
Hip] o den— IRa > APGEfrR PR AP E D Rt
SR o 2% IRB R B BB AV %N 4R (PLC) T R

S BEERRBE PP IcRP R I E R IR FEAR
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The iPORT CL-Ten External Frame Grabber
iPORT External converts Camera Link Full cameras into GigE
Frame Grabber Vision-compliant cameras that can be used in

‘ multipoint, real-time video networks using

Synchronized % 3
low-cost, long-distance Ethernet cabling.

Lighting

Camera
P Link Full

iPORT CL-10 To Control
External Center

Control

Frame Grabber =
Image ” 2 e Backup Controller
/ | Processing I e 4 7 7 a.s,e._ =
. /Analysis . 2 & 4 q
amera * g - : L
Link Full | A P §
| ga = 4L T
S50¢ 106 - —
‘ - 1 f >
E >4 T o Ethernet 5 " il
- - & BE Swi “ Master Controller
& -y WQ’E L and Database

® 2.9 Video Frame Grabber 2%

% p Camera Link =32 %3d i IPORT CL-10 Full ¥ #- > 3R %
WHAOREE 4R 5 7 & GigE Vision #3 crflan 258 > & hiig f ek
B @ﬁi%li'l PIRBEF AT EFC R REFFAP S RKAT
REE 8 R LRI & Gl i A S R FE I R R R
TE e - E L 0 ek it K e 10 F VR F kiR
Blifo e d A B €T Zm P REcnESR > &7 ig bk 7]8 > 4ok §28
PEGER AL > RV M %

BAs SV AR EL R R]E SLP > Camera Link A58 S PRI D §m %
KT 2EPET TR RUBEoPGE I E SR R e i % IPORT
CL-10 Full Camera Link =[] {3 4k d4% = 2 & GigE Vision %%
AR RS RE T - BRR ) > T BEDE O T AT e A
Sk Fet ] o BT R 2 AR e GPS it dpde > & 3 i AL
BT BE T ITF LY oo

Pleora 7 iPORT CL-10 Full 7t3¥ Camera Link %75 #& 8 %
- BRARERE FRIPN E Y BASRF BT S BT S g

S AR R > & AT S HRRS 3 5 1 1E sk e $eR B b ¢
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[l

"7 ABESE 47 % 4o Pleora c1iPORT CL-10 2 #h 3% itk & %
lEBF} f "]/{ “u’f\:’"‘ }){Eﬁ?ll’)@?ﬂﬁ,g f%umwtl‘tﬁ

2.5 4% F] bvSys

bvSysitH g iz p £ 4& B] % sede@] 2.10 ~ B 2.11 #7177 » #Fxeh
ek P8 B i R
AEICTIe: e b S gl R SR 8 —‘?’rf’?ﬁuffﬁff AL
FAEFHEOPUE * AR R A R o ks g
& 4 R P-
e R R F
W P T
Wi A kTR j‘%f## 7o H FE e B
H 5k ] thoehui OB i T o 8
FFHEIR
TRk AT 1) g s v s gtz E’ﬁ@'ﬁﬂﬁ
Jo e T RO A K ST R R EOR > TR I e R Y A
FHIEPE L (CDA-UNit) - hiedriy friis i hass
GEVE SN K SR

27 §iE 40 B o Railcheck & 3t 7 % 50 p S i £ 6 7 L en
S A S LESRRLY N A o S Ea s SRR b R o) R R e
o RIF R BT HRIER L E X R ALY P S BRBRLE S R
P g R B o &

AN

BE oA 2 A BPREREhE YE T

o g &~ W b oE
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W 2.11 bVSys #uif Rl % g iRk it 4 o

251&%§&5ﬁ¢ﬁﬁﬁgﬁﬁ%}ﬁ

FARIE DT e - B Rerl )k s ari o anjg Rl (e
Bl 212 #7577 ) B P L grd) AT R T AR LT 0 4ot BLALY]
A AN B 2 ARR E ORI E TR e iE
R ¥V B A st P RBEZBIP KT o TR AP
FOBSET AT G P 53 BRI FAMEEREY (45
CwE- ) o Figd P AT e e T A 2 B R
e~ LRARPRR L BR SR BB i B R R IFER

4z %Iﬁiﬁa*ﬁﬁlﬂiéﬁéﬁﬁﬁ‘é IR AT R = ) R A



BHEA A6 R EFERPPEFEIFNM R TR L EFR
A ER T L FEdrr&EPde e FRE LS
MR 06 o Bl ek sgk 1 £ L% £ IPCIPCE
5124 > CPU = %~ > RAM : DDR2-800 2G (¥ & ) = 5 4 &, DVD-
RW DUAL 20X 14+ "1 -

BR T AR FUEHRRR A R AT RS X 3N
feid * GRK g 2 P P e
ST RY

GE SRR LR B S S i

LAERRP R o R A S R BRI K T BORIF L R &R

\
N
5

«;ea
3
Ei
ey
1_
&=
&M
SN
W ol

BeAcH 2 PR 2 E ¥ T RRIERY 325 AT S S L AT
Pl prerdde PREEF R TES (4oB 213 977 ) - BT
LR AR o

W 2.12 A F g 4o ¢ p 8 [
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583 | wEMEmE

BELANFER

(1

FEDAL| MBHML| WERE
IS, Gooy) = (152,312 et 501 o Lt Top, Rizht. Btk #, B = (533, 161, 334, 240,51, 15)

a3 nbo Le, Top, Raght Botora #, £) - 425, 165, §74, 241, 45,

W 2.3 Aot fp i nkicga
2. BEM AT HoRY

TR SR TR ERIEIER TR R A £ T L
B A BT TR B R E R R OB AR B AR N2 L4 H

EFFoan oo

272w AR R KB

R R Bk g e e B PG 2 REEET
A RN 3
gss

¥R - B

§

i
TR S Rk Feph A PR Ffid & o s
3 Z o Tyt Ladolaetal. ¥ 2k 3+ # St afpe dag c i p
o gl bR B B (N EIR A HIER ) R a1 GPS (#-
el % % GSM @i ) ok 5ir2 Arduino & (7 B £ 3F 17 o R

Bipd SHBa T ET B Eer T ¥ T B Mg &

Ritikaetal. 3% 417 - B2 =@ * gk 50 UEGEE L & GPS
FOMRRRIUE X e o 2RI wR o TN B B
B G o P UEF 30 2Lk B BT PR o FH Lk
Bl i 7 foi® B 8 ¥ S iz E g p IR R i g 2 2
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TR o R R PR EL (2 B AR ek B R 6 B B ot
bl R ZELHeS P B R R AR BT A A - RIRE

:ﬁ

fud

A BERERAT T EF o Flt o FRBGRIIOE BN D ET
chruag B EAS koo i P en R AL
BREAET P AFERB > & F
WMEmSF L 947% -

Karakose et al. 151 F 2+ 5 404 cn T g % > 873 g
Bl BE S P ARKRAR S VAR R S MR TR RIEART AR
o AT R TR T R AT REH Y Y o P AR AV BT
TR Ap ol B AR AR Bl e GpE Bt o e R 4R
PR AR T UE o d A2 PR 2 RS NETE T 5 R o RS S
24P kN end ks 2 £3 »¥ dh o Gibert et al.l? 3% o
Fi* 5 € BRI R T FE T F D PGE frde® B AR ER

Flaa s Wk 3 @ B idgs o poac® TAafFHEPS
(Linescan Camera) siB~ %47 & » 11 i B 3R 2 B i3t 2 5 ¥
AT R SR R R B e A B BT R g 3
AR A o R Al g iE ﬁiﬂ PLERE e IRGIE Y
THUE do 2 B TR SRS R B T T 0 3% AT AL B A e
HEp i RS de B R L kg o L B A ]
{E [ L 7] FPGA (Field Programmable Gate Array) » d *t 3 & $F 5 5%
G LR FI AT E R PR 0 A R RFFESTE R
MEEFEE A RAHBLETH TR F R RAE e o

Molina Camargo et al.['¥1>+ 2011 #% 1 12 § *ik & S BB 4 e >0 i
R AR B UE 42 4 0 T OEFIE 1998-2009 £ FF Bk R i AR LR F]
% EART TR A g BN E e
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'EEFRT F BB RAEER o emE s LY e i
e p B ip) s 0 EH X 2o MEY 2 A £ 5 £ & F & - Chenet

al. BBl 1 9 — g AR ende Ak ek iR 2 E 0 D 2 BRIRER S A
AR N o A iR o B ek kLR BB = B odenn AT B
FEEaseim™ 3 ¢ 10 BHEPE > Vi F LB EfoR P e
Bos SR > L FErie 2 gk Bn e i 3 ¥ Wuhan-Guangzhou 3 i# 48
Bkl Rlent R % {oskd 2P 32 A RER T LG AN
poAA A Ao i 0w S EE RS kRS o

£2-1 8- L REF ¥ BRI R A ) R E
HE o R HE Al ERE Y RRYEA > G A E T U AR
P - LR S ISR S AL BT A

% 2-1

LY - B T RVIR - B PR R 8

74U 2007  Track/20 HR Cam 160km/h AI/GAN Real
& time
EQ-5t 1970  All Line Scan ~ High NA NA Real
speed time
v £ & 2018  Track/all Laser 180km/h NA NA Real
91 time
1t B 1990 All HR Cam >100 NA NA Real
km/h time
¢ ®EO 2018  Track Cam NA AI/YOLO  97% 0.15s
catenary v3
gr g4 2017  Track Cam 30f/s AI/SSD 94.7%  Real
signal time
Lo 2013 Mrt %< ;¢  LineScan NA @ 5 NA NA
#I12 FLif 4o 2
& 2 9 2019 Track/10 Cam 30km/h AI/YOLO 80.8%  Real
28] f v3 time
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¥R Mo A ke

3173 i

FEERT LR ER (&G R ) oF R ik
¥ > %36 HDMI ~ USB ~ LVDS 2 £ & M5 4 6 - #ER 484
Tl BED T AR RFRIES SIS o o s GPS &
i o (CREBR R LIl R) > TE T M M AR e 2 2 s o
&ﬁ%ﬁ%@o

Brram R E Y 3 0w - - FEH* YOLO v3 s g

YOLOV3 2% $-» -] 3 A & 7] 155fps » & A 42 @ kg
mND&%@wwﬁiﬁnﬁﬁﬁﬁfﬁW%%ﬁ*i??*ﬁﬁﬁmm
4 > SSD R4 2hff Faster R-CNNMI ¢ 2% %7 RPN i £ -
Bt s iR > TR FRE F DI KR 2 A R
R R B R R AR A BB Y R R R
AEE A SBIERD B - 2T PR % - R-CNN 3| FasterR-
CNN » £ 7| & ¥ & 5 ¢ YOLO f- SSDPPY s p L4 ipleng B &
2015~2016 #:£3|7 - B#% - { &4 & 2020 & > YOLOv4I «
YOLOVS 4 e 31 » 2 R 3hHe RS » B 802 YOLOVA 4 &3 0 12
Z_YOLOVS B3 - 47| £8cd + L R4 > ' § > YOLOVS 4
EE PR REH - REafE R A VA ag R {0 AR
Zog o bt i o FP > A3 F e PET (7R3 SSD fr YOLOVA -

3.1.1,% 3k "‘.:?,‘ﬁ.

TR R GARIAE LR KR RPBE
HDMI ~ USB ~ LVDS & 2 & M5 % /1 5 & 5 4 T 6 > 27
s & U U2 R G 5 6 @Rt 1S
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L GE D 2RPATERRRE Y PIRFLE B H PRI A7

BB 1T Ao B 3.1 A1 o

GPSIEAL [P g H@(—) I
Tz \%ﬁi = J B
User |=———>\ )

B 3.1 % SuiF (g4 > T E RS (L2 )
BB S K e & YA a4 1080P/60FPS Fim T iF it
TR H 1 (R EPER S 5Pk ,uér‘#;ﬁxﬁ ok o 3B g sekk
POAEP-pE T GPS ¥ T TR pE s kAR B A R
i ,?gﬁggﬁé?ﬁ*ﬁhiﬁﬁa&ﬁ?ﬁ%%‘éﬁ? SR AR 0 2 i i e B R
AR Gr BB GITFRRPIRB LT A 47 B BB RS FPIR
BB APF 0 JEE K RS540 1/O (Input/Output) »ie &2 i3 Fblar 4
P4 2F A 18 7 Windows10 &8 Ubuntul8.04 > = ip A & (i p =
F R BB ARE B B BB SRR FIRE > R 5 G RS ki
ABCEPFR N PR R Y 0 F BT A A
P2 enB- B yed s 3 X7 fdoT
1L Bd PP (FHEREY DD HER)
(1) MPEG4 60fps@640X360 / MPEG4 120fps@720P / 60fps
@1080P 4%%-
(2) 2 FETPERF L 5P
(3) £ LVDS & HDMI & USB i % # it
(4) 2 OpenCV-API igz4rdl&
(5) & F A A
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2. WAFHREEE TG (BRAIRLT/I LT )

PG SRR P AP EE Y T PIRE R
E:

Fod Bifoae pAFEEA S BP9 up L (Cetac) 2 F G5~ 7 o A *
RRALEAT N IFEFPE B E - RERA AT Z PR

TG E o R TG e
AEFIH Al BT 0 B R PE BN L 5 A ch TR ok

7

F1ET S FFFEL D e BEH RS PR

3. MHAILEIRE (Byem Byt Al SR P TR F
AT TOREET)
(1) CPU : 8 4% 5GHz 12 ¢
(2) =fatl © 64G
(3) iF ¥ e + : Nvidia GTX 2080Ti - 3&
2 LT FAA A 3E > 2TB FORH 35 3
(5) % % : Full-HD 1080P



ROE 8= L
FEaaE LH=R

BT 3k

l

HfE - Br
WEER

B 3.2 SaBppmirad G A Suing

Bt B PR BARIZARN G o PR B SPFLET AR R
PIRET IV EE R emgy B2 PR o TR p A RRIE
TR FRH B R L R e P R AR G =
fa T A > REEGY  TEERGY TR A it o TRk
* K B s TR E > AT HETR Y o FE T e
FE R L i ) B A TR R F
BEZ 2 B% o Bl E o B8 U W R PR

TeFEd g% o B R hi i RST PR B AR IL 4o ] 3.3 A1T o

*ﬂ%
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witlEa FREAET RBFE A,

T
g
®

}
—| R

W 3.3 4z EJR PR E & Hinde

312% # ¥ R PL V'

B0 B B AR TR AGRIRT ARG S B F el kTR
FrRRPGEEP AR RAREE 3R P IERBREE Y
60 i (- F) & om % #c > Frame per Second » FPS) 1 F endp it & - 14
120km/hr eni7 3§ B (€ 5 SR chTh Bk R 0 BAcE £ BB E 0.5m
FLRBE - HER > PIEEE P IpHE 67 R4 P B - L E
NERBFAMIfeRE S FER S 30kmihr @ F GEE BBk
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FEPBEHT B E P B2 G R ¥ b T EUIIMBHR AR F R
RRGEPBREED L P RE T EH BRI 5
VLT RUE B B R R AL T U 4 4p 48 (Line Scan
Camera) 7 & »de S A FF O P Y O3 F B NEN S B R
E2V ~ 3]5L ¢ AVIIVAUMA (F 4 347 & = 8,192 pixels ~ 7 & 2 4
Z % 160MHz ~ a4 5 5 19KHz) > # e T4 6 5 o DVR (#kix
&-8.# » Digital Video Recorder) i * - — dxm 2 pt#aeh T R¥FF 4 4p
B, BRI -5 2047 3T - Hp A AR -
-

TRk A HRAER A

34

RREF A AR ARES, P WL -
P i AR B R R E pdp oot Soi s KBRS T ik

ERM LRI A IS HEARERIBY BT A FE KA
R o AT PTG R-GOPro7 i druaE de i Gk o e
FHRHEGHAE SEYF R FRESPRARD 4540
1. GoPro Hero8 Black

GoPro §iF# 4p§ X Eian@ ¢ A48 £ 2 1 3 3p iR UE
02 AKFEF T2 LGPk ARG R XEUES | o

I3 -2 THREP s B4 * GoPro p#k o d 3t GoPro i#

AP I RLER L L FI BN BB I ED R
m2 3 GPSedr SR ATV NARATL R EE g EhE-
£ g+ erE_GoProHero7 Black (4B 3.4 #751 ) » A 73 F A%
3% 2xiE * cE_GoPro Hero8 Black # 3] (4] 3.5 *77% ) » 45 F 7
2 2 2 & > GoPro Hero8 Black ezt »c % & ¢ GoPro Hero7 Black
{45 o0t 7t GoPro # % s cife it pf R Bk R BH R b
A P E g REY G R EeH A RRFLE LR

e
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HER
BLAC? 7 HERO 8 BLACK

® 3.4 GoPro Hero 7 Black B 3.5 GoPro Hero 8 Black

2. Ailipu Technology Inc.

A G P RdR 13 E R R EER ki
BofEj pemELP R AX2EH AN R F G EE A L b
HeFE B RAHE LA E RIS Ee o FESLERE
AAHESRB-HORERBEALS ST P AR FESR USB
iR 23 LAY - ATeh USB @2 4LFf fi e o 4 717430~ 100200~
300~500-800~1300 F %% > E p o Ea TR LA E L
Lo AT BIFARBIPIFREE mARF AHEDS (AoR 3.6 977 ) o

2 Megapixel 1080P Tiny Computer Camera

Sensor:1/2.7° CMOS OV2710

Picture Format MJPEG or YUY2 optional

1920(H)X1080(Vpixels/Max Resolution 1920°1080

Auto exposure AEC support/Auto white balance AEB suj ot

Night vi suon Onbonal support IR cut ar d \R boam for night vi:

Adjusta te

.4 42mm .‘

AL &R https://www.amazon. com/100fps-Infrared-Webcamera-Android-Windows/dp/BO7PPN7TXQ

W 3.6 ELPE ®iL# w2 IR B#HEHS
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3. FLEik

oo PR mE s AR @B By 2B R

AR R RRRET  TRGRE RS L HAS
R AR M T A R e 2 31 S

%£3-1 GoPro8 #H¥# ~ 1 £ * HBH 2 vk

A B, GoPro Hero8 Black I ¥ BEEH e
* ] - 2.8/3.6mm
BRI | 4Ke0 ~ 2.7K120 ~ 1440p120 + | -920X1080@30 fps
1080p240 % ¢ 5 1280X720 @60 fps
1480P@120fps
R AT
1,200 ¥ 4% 500 # %
i 4
bR T N
WIFI 54 | Y N
R4 |Y Y
7298 AT 10 2 % T EB KR
GPS Y N
e R O|Y N
vy Y N
Python API | Y Y
TR Y Y
ARk | Y N
i 1220mAh 150mAh
i s 4K ¥ 451 | pF 1080P ¥ 45426 5 /| P&
%% %4 | NT$18,000 US$80
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313K A K

GOPro8 ik & i B iy Boock b« LA R ~ GPS iz » &
FwEe i 2 L Python APl 275 » { £ & 0 % 7 E% e
RS oo AP Ahe #-GoPro 8 W et 1 AR B wm A A pE
F3 AP G F GoPro v * ehut W et > pomiE* GoPro %E A B T
B(FE A R+EE+L 5 i) (AGTLM-001) #HEF: 4 K & & (4ol
3.7 %77 ) » RAdrk 3-2 #7577 - GOPro X =B VALY kL %
WA RK R > FRF40R 38977 > R FRTEXS*
P EF L EF P LR RS TS A O
XA 4oF] 3.9 FF o

-

%
7

# 3.7 GoPro * 3&§ % & ® 3.8 GoPro H Z_|F35

W 3.9 1 $FHB A LH)
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%3-2 GoPro% § A AR ERK

P ot
HF Hp
t R 35~63mm
/'é'.‘i{”_}\f— 360"%@; 16 iﬁ%’]it’.%‘_
GoPro #d A | 3 % %40 0 £ )L @i 55 o
£E 218g

3.143 % 2 i+
e gt GPS B kE TP w 2 imnd o £ AT AT R
SRR AT - IR AT BRI % & GPS e Google

Maps » (G F Bl TwE T 1 ﬁ&.{g’u’m B4 scaindd % doidin
FRLAETIHFYER FFFEBTFE> 2 M BREERP 4o
T o

3.1.4.1 GoPro GPS ¥ # f# 45

F1* GoPro fpdcifp F & F > HEE 3R p 3 GPSFa 0 #
¥ $f3471¢ * - p GoProHero5 Black 14 % > & it 53 & ¥ GPS #icdy -
¥ * Quik Desktop > Dashware > RaceRender 4= GoPro Mobile J& * 4%
FARE LR AR T A B S GPS By 0 0 A MPARRE Y o G
GPX (4-B] 3.10 #7577 ) » & H P w B ¥ * chfe st > @ 0 BgEF R o

i) (R GPX #5% 0 H XML #2538 3 4% 0 #714 GPS & g F AR %
Mgt o R A GPS > H X RN > TR B2 i GPS
B R EAp g FIEE e & T - LR GPS {8
SR > I L A GPS TR endgk o A E T el
BB Fc GPS FlAh o 4oy B0 & - f8 GPS B afftyne g3
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GPX #;% » &

A

A GPX #3%> BT v b izie GPS I M fx 0 347

[
3
R
_\4_
<
o
gl
ek
pi
F}

iz GIS #%8 (4- Google Maps) * &7+ (4

S
gt
ot

(]
i
N
e
~E

e
~my
Y
—
N
0]
U
(9]
K2
mf
w
ﬁ
EL
ol
—
@)
wm
_4
v

F?'—é)’j‘w“ s o B B ke WARMF R #7430 P E
FWTrEmiE AR IREFTERFRF PR g (LOKM/S--
S40KMIS) » 512 48 31 % ¢ GPS 1+

Ry hﬂ
=t
St
2
%
Rl
il
(=
o
A&k
A
=

R FlAazd I TsE TR PR
TR FEPN IR A AT 20 GPS % o 82 ARtk A7 GOPro8 i A & F
T GPX i » B B Al Tt i 0 AP Y 5 2 S e

BRI EARM DT T U LR T

<name>../in/87ce4d6fc5d67aa2a3cb/GH010592</nz
<trkseg>
<trkpt lat="24.3420355" lon="120.6257558"
<ele>71.257</ele>
<time>2019-03-28T06:38:36.6742</time>
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt
</trkpt>
<trkpt lat="24.3420354" lon="120.6257556"
<ele>71.254</ele>
<time>2019-03-28T06:38:36.7322</time>
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt .
</trkpt> - o
<trkpt lat="24.3420353" lon="120.6257553"
<ele>71.27</ele>

<time>2019-03-28T06:38:36.790Z</time> El
<cmt>GpsAccuracy: 139; GpsFix: 3</cmt
</trkot>

W 3.10 GPX#h%Ep FH# B 3.11 GoPro #ig 4c i+ f247 18 = i
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3.1.4.2 ¥ RIF

AR T ARLIFF T E# 8 RIR  (Virtual Detection Circle - VDC)
kFEH Ao ddetep i ABh NN 2 RREE
R (4@ 312 #777 ) » %5 - BLAEHREX T LS 20 2 (%
FARGERAFLEE) DT REOPIF, o1 REBS FRee TR
BRI P (4oB 313 9% ) > TE XL R MI D A S o

B AR F AT A4 do g GPS B (X0 Y3 B i1 5 100
F 0G0 Yn) o FERLE FlAc R 312 iR R 4 ALY i 3 Rl
B VDC PF > 7 MFEE A B dmean GPS =% > SRS Fug 1 4 v Y
5 8 (XeXn 2 YrYn)BEREFRITd0 @ o dod XeXn BB AL 5L B & &L
g FRAL Ak yeyn Af 5 BRI A A e 0 BRI o

302 4457 2 ¢ #2 B ERE ﬁﬁ.muﬁ] |

® % Fplen GoPro B ff > 347 e GPS TR > A < b o
T2t CVRTFYRAE LSRR T o F R L HE
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