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ABSTRACT

The rail fasteners are responsible for fixing the tracks on the sleepers to
prevent the tracks from loosening and deforming. The traditional inspection
method of railway track fasteners adopts human visual inspection. Artificial
intelligence (Al) deep learning has developed rapidly and made a breakthrough
in many fields in recent years. Therefore, this study uses artificial intelligence to
detect missing components of railway tracks and reduce the burden and time of
manual inspection. The goal is to promote this technology to field applications.
Firstly, we have surveyed some commercial track fastener inspection products
from both domestic and foreign; analyze the deployed equipment and method for
domestic applicability. Then, the image collecting equipment for the track
components, including image recording and lighting, is established. There are
ten and six types of classes defined for the top and side view of the track,
respectively. YOLOv4—tiny, for its superior performance, is selected for our
application. More than 70 km of track images were recorded in experiments.
Moreover, the performance metrics (recall rate, mAP) are (91%, 91.7%) and
(94%, 99.2%) for the top and side—view, respectively. The execution speed of
YOLOv4—tiny also reached 150 fps. Meanwhile, the Al model was compared
with the human eye—sight inspection, and the overall performance was better
than human inspections.

Key Words : Rail Track Inspection; Track Fastener; Deep Learning; YOLO
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TEOL ERIFTEORAMEMERS - ES AT & AU AU SRR IR B - FEET TR
HEKIR - G RESER FTREAVIE - R I 2 B -

MS COCO Object Detection

60

0 e
/ »
- s |/
* ./ —e—Scaled-YOLOv4
iy
/ +— EfficientDet
40 !
SpineNet
f YOLOv4
, |
¢ YOLOv3
-¢-PP-YOLO

0 20 40 60 80 100 120 140 160
V100 batch 1 latency (ms)

8 Scaled YOLOV4 Z 3B bE®s: (19

3.4 BDEFHEEERA

E By |9 DAIRRE 60 23 HL/NRRREEEF TR EARS 8l - ARSIk, 60x1,000=60,000
DR FRIREE) 1T AR SRR 1 AR QIR TR SeRai 17 sRiE
Fr o JEAh > TR IRIR A TR s R TR (RN AR R R - IR RIS I8 Tl
B BB Rb s 34 SRIGF (5 0.029 ROIAse Rl BRaRE Fr) WUBEEE - RosERIRFHES - £
SCEHRIAEIR T o ARWTERE R (RIS BT T YOLOVA - R Bt REFRIFUAR 416x416 [
Ty 320x320 - FHERZBAT RE BRI RERY s AR 2 I » 9Tk 1.5 1% - fEAR e

- 203 -



Bt EF FE Y% F=#H RE——=—FHA

PRH SR TE TR EURE ST E MG 35km/h » RG24 FRYBARE - (KL
EER - A THREREAE 30km/h 245 > anit—2K - ATk OV EE B AE RIS Sk n] LR
FofHE -

AT R TH#E (Thread) SREHEILIZER - BRRIEERRESE T EEHHE0 Ry N
A7 FIFSETRREE » 28 Tha e im bl DU RPE IR RS AR » (BT Resze il - 40
T TR TAE B - S R B S S B T8 VA BE A FIRE A & Rt
(Context Switching) » fE{EIE R S AFE IR & A PIEEE - DIHRTNS > $7-EL 3 @
B THAPRIR S RERRENEE - /il helise b ~ PR - BEURA R > HomA S rs s e
FRIRFAYALEE - TR ERIEE - IS E( L - BER B e o B N T
1217 > JEGaK OpenCV RRANRTRE RS [FICH - BIghmTRE: -

}" 2 BDRFHER N RERER AT

T 416x416 320x320
R B 6.32 ¥ 6.32 %
BB 2% 2F
R A R 0.02 ¥ 0.02 ¥
AP ER(RIR) 0.023 0.015 ¥
HURAESR 0.001 0.001 #
SERGHEIT —RIPERTUE 0.05 # 0.033

M~ EEE iR R B R

DISE = RiiFrbe L e iR B BRGE TE M REE I > U P B R R 2R A BRI A K
Fre‘yoy Bk i e AT BEIRST] - Ry — G &R EARA  SRC &Rl REIC T a S > 55
— TR R AR BT B AR -

4.1 BRRHAIR LRI B R BT

BRI R AR S B HE  BIFr R0 B B PR A
BE o EREFTER RS R E RSB - (R T BEFT SRR - AP ES TR R
EREFRRAATEER - MEMBSINE - SR PRI - Al PEICRIRELIREE - SR
I RRAILIRE - RS oR R EI R FAE R, - DUSCA AR 1A o B AR, -
BRI - ARWPFERFEE SR AT AT A - AR MR e (AR T B - A
WFeset T EBEIR - AR SR (0 AR - SRFAE AT BLSER AN 2 A
A DR allieR Al BRG] -
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DR BB R AT A T B BGE S kAR AR

411 ERBREBHIERERE

Al FIRERDEA AR BRI 5 BA%  BARRIEEEA (IEFR 5 it
Al FERID o ERIEA I LI R AR o EREZER KT EEFT s B SRR 1T - K5 LA
A L E R R AN 3 TRkl - X IR - A1 XX AEREREIE - BRI
ERIEER, 8,085 5 » AR ASE AE IR TE AT M SRR -

®3 LREERKEGHSTE

WeE | O4NE BhA Bkl
1 eFIF#REX }i“' fUERE - REM
.
vl
2 e IR XX fine” Bk B
3 BEEREX fUEREE - REM
4 BEEREXX Bk BR®
5 Hiths R HELEMEY - #3
6 TTHBEERIX NHRERE - BE - BVEREEIER
7 FLETRARX REEES sETEME - BERE l I
8 B EHREXX K | #azE
9 RR eI EREX HxRuEREE - KAET
EREY
10 | BRsleflBER% fkEx: R
XX L eSS

AR H S A ERCAIRE Rl 2K - [ IE R AUl £

=N
HEE

TE&kR

A FRIERIRIRF e A R CH RS T B IE R A st TR - RIFSRARATREL 3420 » HIEEA
sRE 380 - BORHERTh_ Ll I BRI 2B Ry 1417 3R - % 4 o BlIE IR
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SR - FE B R G IR - L 1920%1080 AYfgAT RS+ 1m™0.5m fHilE -
1 pixel #ERY 0.5mm? BT > IKIELHIEIZGELE 1om DLE - FERZER AT LIS K -

x4 LRERMEBEHE

]| HEZ% (&) /N (R)
1) e fORARK X 52 52
2) e IR XX 276 276
3) EETHRE X 37 37
4) JEFTHREK XX 58 58
5) HAtgHRR 17 17
6) TLAA R 611 611
7) R X 77 77
8) LI 2L XX 226 226
9) Wit e R E X 35 35
10) filt=X e FOfARmRE XX 28 28
1) IEH 25 2383 2383

& &t 3800

412 RITRERKIBH D HE
BMBHARCUREFSE AR HUES A B - SRR S - 2 R

TR - KPR I U E RS RIS - A3 5 A > AT -
1. SMENREGE © eI HERAAGE - SR MEIRmARE -
- TR ¢ DR e T R AR A R 2
- R - SRR R B -
. FURIERY)  JRBA RIS > AR ~ B SERE

R Rsfee DA SN ~ RS IR E A IE S - DA R Fr g B 5
AR RIS b > DR 5 BEE R - A6 9(a) B (b) » SR Friyi
PRI IR R AL Fr UG TR B4 PhotoShop <5 - SEEERERITYY - RETEIEH TS
fafE L SRS e - s SORRIRA TR TR > a2/
SRR AR o ARTFE LA P B L AR F - SIE SR E T TH B
B~ B~ LSBT LA E A SAVRERE - 33— BEHRE RS HEIRD -

AEHSHERY H R R A ERICATRS AR ISR - IER ARSI L E - R

A W N
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LUUR FE SR AT A L E B kAR AR

BT LU BRI 025 ZhEeih L IR R RS EET TRIIRE - 2% 6 Ryflimirrise
BABLZ MR » BRARIFZGHAERECR 961 58 - BRIETRATA IR Rl i i
A HrP RIS A T Frg B2 mRABA - S 44 5% -

®5 MIREERKESDTE

-——

SRR

2 RESHE —| REH - RELET

IRARRE - =R

3 RERIBRRE

4 REREY B - ME - EM

EYERENIE

B9 ARRMEZEERKIER
QABBRBRZBHFE OABBARRBRZERIRE

*6 RAIRENE

DEREZIE (Rail xx) 53 23 76
2)EBEEZIEE (Rail welding xx) 35 17 52026
3)EHEEEE (Rail welding) 373 55 428
Hfa R ZE (Splice bar xx) 25 12 37(18%)
S)FEFE IR (Splice_bar_x) 61 26 87
6)FaFEEM (Splice bar) 247 34 281
& it 961
R ALl Fr SRR -
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4.2 Al 1R BUEI BREAAT R RE NG

AWFFEER F e sE #EY Scaled YOLOVA BB 4 YOLOV4 tiny ~ SSD 512/300 » {E4%
R ~ SEEREHER ~ FIPFEE S [ > AT RS « ARHSEATEE Al RYE R ESRELEETE » YOLO
FEAURANBRELHEIE - 40lE 10 Fros > = 5eElERs - BIeT R B RS RRHIRHE -

Dataset Construction Model Training Model Deployment
Data Acquisition Dataset Loading Model Loading
Data Augmentation Parameter Setting Input Images
Labeling and Model Training Prediction
Anchor Boxes ,L
- Non-Maximum
Dataset Creation Loss Suppression
Convergence ? ¢
Output
YOLO Model
Next Image

10 FIFRERISERVESIBUFET - YOLO REURYEIIRR - LAR BIREARIE

4.2.1 Scaled YOLOvV4 and YOLOv4-tiny

T SRS AR AR AL TS [ AOFEARRE R AR (Confusion Matrix) #§—3R%1 - LA
R824 > AR T(rue) F1 F(alse) RERTEHIA S AU RIS IEREE S A AR - TR
P(ositive) A1 N(egative) RILEfCRFEHIFY A2 IEIAE e &y o EREMAE TP A1 TN
AILAZZ R - i FP AT FN RIDIFEAN SR - KIS IR IR DU Ag .2 Ky Error -

SeliF 4 FiEREE R - BRI EREREIE R BRIk o IR PSR
F40 FPIEN » PR E IR IR ERHEE - DL Scaled YOLOVA RAUSET TR » AlSRAaER
8 Ffrs » KEHESR Precision = 94% > fHi3R Recall = 91%, SEHIREHESE mAP = 94.47% - [L
YOLOv4-tiny EEHUFETTAIIBR » #5540 9 FrR - FEHESR Precision = 92%, ##i1=R Recall =
91%, HIRGHESR mAP = 91.7% » SURKERMAHZEARE - (A2 THEL 7 5% >
TEHEITRIRFESAR E A A -
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mAP:94.47%

Recall rate(TP/TP+FN):0.91
Precision(TP/TP+FP):0.94

105

HiE

HEL 336(TP)

B 22(FP)

R7T WISHERETEEE
TetfEAE HETER Accuracy F5HER Precision i K Recall
. . o TP/EAUFEHIRS R Ry TP/EEE Ky
FTEA TP+TN]/ 2 E & R .
PRASL | [TPAINVEREOREE | v o positive HTLABK
i (TP+TN)/
NP TP/[TP+FP] TP/[TP+FN]
[TP+ TN+FP+FN]
, AR TR S R HEBRBE
TR SR I - a
N f - Tiﬁ (TP4FP)» TELEZOREE | (TPHFN) - TifERY
(ESTPRTN) FLLE B ELA L
AR LR T A EEE
T A R RRLILEER
PR IEffEsR THERS R B - PR E -
3% 8 Scaled YOLOv4 Confusion Matrix _EiRzl#R#SER
e IfERLX, ap=7188% (TP=9,FP=2 FN=5)
efI{FaRIXX, ap=9724% (TP=68, FP=4,FN=3)
TEFTERAEX, ap=9737% (TP=36,FP=0,FN=2)
EET XX, ap=100.00% (TP=16,FP=2,FN=0)
L EGRAX, ap=9858% (TP=25FP=1FN=1)
WA XX, ap=92.04% (TP=25 FP=4,FN=23)
R =bef 29X, ap=94.28% (TP=8,FP=1,FN=1)
e fEEs2eXX, ap=100.00% (TP=11, FP=2, FN =0)
HAthgh55, ap =100.00% (TP=5,FP=0,FN=0)
TR X, ap=93.30% (TP=133 FP=6, FN=18)

33(FN)

X(TN)

PPESFatEm S » 35 L, Recall rate S 2% » Scaled YOLOV4 & 2 eERY5EEE » 2RI
LA Precision fE2kF - Scaled YOLOVA & 2R fERV:EREE > ;5 2 =Ry » A YOLOv4

prA=1

tiny BUEi45E

BT - PRI YR - PRERUTEIEE R ERIE - S&EEANTTE > Ky

SHENEEAZ > FrLL YOLOVA tiny HEGEZIRA S FHEREN - [HZ 2K 2 [E 5 0% - Al
AL RRE R AR TR T -
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7+ 9 YOLOv4-tiny Confusion Matrix _ErRE#kASE

eI X, ap=5838% (TP=8,FP=2 FN=6)

eiIfFH4XX,  ap=96.32%  (TP=63,FP=3,FN=38)
AFTHRAX, ap=96.90% (TP=35FP=1FN=3)
AFTHRAXX, ap=9725% (TP=16,FP=3,FN=0)
WEEREX, ap=8693%  (TP=24, FP=6,FN=2)
WL R AXX, ap=9963%  (TP=27,FP=1,FN=1)

F=leflIff6t4X, ap =87.65% (TP=8,FP=1,FN=1)
F=leflfFideXX,ap = 100.00% (TP=11,FP=2, FN=0)
Hitrghas, ap =100.00% (TP=5,FP=0,FN=0)

TC AR X, ap =93.51% (TP=138, FP =11, FN = 13)

Recall rate(TP/TP+FN):0.91 WSS | BISRIEE
Precision(TP/TP+FP):0.92
mAP:91.66% I 335(TP)  34(FN)

#ghEirE  30(FP) X(TN)

4.2.2 fAITRIBHAREYEIRR

DIk 6 f B R - Ea A TR REZBREAR - TR - MR
AN FPIEN » FHEBZUEIE IR RIEE - DUMIIER AR it =R © FBREEAET 2 5/
fE e B BRI R ER ERR EH IR - AWISELL YOLOvA-tiny FRAUHES T
AR > ARl BRIRF R - A5 SRARSEANEE > 405k 10 Fors - A& HfER Precision = 96% > AR
Recall = 94%, “-EFEHESR MAP = 99.16% - BEEEASRAHY AT - —28 Al Frfefll HAYERE
fafE > 2 HE 11 -

7+ 10 YOLOV4 tiny {RIifREN#&R#5 SR E2 Confusion Matrix

R SU4E, ap=100.00% (TP=7,FP =9, FN =0) Precision = 0.44
B ESI4E, ap=100.00% (TP =12, FP =0, FN = 0) Precision = 1.00
ST U4, ap=100.00% (TP =37, FP =0, FN = 1) Precision = 1.00
a2 iR %, ap=96.15% (TP =26, FP =0, FN = 0) Precision = 1.00
| SET ap=98.82% (TP=73, FP =0, FN = 12) Precision = 1.00
HEH, ap=100.00% (TP=49, FP=0, FN=0) Precision = 1.00

Recall rate(TP/TP+FN):0.94

Precision(TP/TP+FP):0.96
mAP:99.16% 1SRl 204(TP) 13(FN)

HIREE 9(FP) X(TN)
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SR Y AT & AL B S R AR AR R

1 TTVEANEE,.L (e, WA WA W, W

11 YOLOv4-tiny fRITR & #8151
@Z L : ARSHER(EFER) O)A L - MEERER)
OZT : ARREH(ER) (AT : ERIFERE  BRRGHEREFP)

Rail_Welding_XX Hi#&% FP > g 865 B IEH IR (FP) HaR I R im 2kt - &
A S HIEEISES - DI EERHAIER - AR Recall rate f5 T - 2 KRR RERR
FN #5% > ffiiig2e FN #E7Eisii s MURs R R 2% 07 Pl — A ST > #7808 AT
BRI R R Ry Gui N GE) - [RIBIZHRERES] -

4.3 1B E AR

ERIA ARV EH] - DURZHTSE R AtE - R R T B R e
— PR AT TE - B Al BRI E AR R AT E N - EiiRE
D70 N > KEIFIA LKA @ 43.4km x 2 > 70km » = ZFf5EKE]  13.5km x 2 =27km -

4.3.1 YOLO v4 FiBsfiss

110 - 7 AR AL Bt 13 2 F - ARl 33 fi# e_Clip g #RL - 1 EE
FTHRC - Hod g 7 {8 FP > FEHESRK Ry 80% » H31A 8/13 HIFK 7 = E 5 HIEARE Bkl -
FEEE RN R R A B R TEERRIER B » 52 Fr P B S R <ase i > AT DA 4.2
B ARPUPERER AR S - 22 11 Hrh =55 B/ (5) #1 1/2(3/4) > B H-
ZERIERRA (F) ¥ 6/4(5/1) - Rl —EviE - BURARBAETREN - AEE Rz
b - MFLEREL 10 32 Fy o (AL 84 f e_Clip_ XX - HAGRH4T 15 {# - _LihgillfstE=R
SRy 69/84=82.14% -

PERF AR /K EIZ S BB R % > BOFTIRR Al 8 - Ty REF AR BE 2wk -

e HLER B sE P BTG - REIRANER 12 For > IR R ERSHE e D /g
‘f‘«:@i“bﬂ%ﬁ?“:ﬂ?'ﬁiﬂéﬁuﬂIfiﬁﬁﬁi#?% kKR D LB BT 0BT SRR
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ERHEER FR+-4 F=ZH RE———%71A

Al BT 25 TR SRR B
Ko

HEEHE 3L EFARE FN 19 e_Clip_ XX BREHREHEHIH

THHMILR BT AR S R R - R Ry R A e A S IR - A REF eI 5E %
TR HEEEaR AR - 2R R R AR A BRI E S Sl - 28
PR EE S 2 2 H=R « Horh FPpkm= FP per km = 764 FP/135km=>5.6 » ffESREE ] 764 & FP » 1H
& FN %7 311 » B2ES -

R 11 URER ERaAER

B BYY % e | | T e
=FE-ERIERL ] GH010036.MP4 4 2 2 2/4=50%
=FE - HIEREH 2 GH020036.MP4 2 1 1 1/2=50%
= F- I H RGN 3 GHO013972.MP4 17 16 1 16/17=94.1%
—FE-EHRIERAE 4 GH023972.MP4 0 1/1=100%
JEE-=FIEAAR | GH020038.MP4 0 0 0 -
[EE-=FIERA 4 GHO013973.MP4 1 1/2=50%
[EE-=FIERL S GH023972.MP4 18 18 0 18/18=100%
[EE-=FIFERAH 6 GH033973.MP4 1 0 1/1=100%
[EE =R 2 GHO010037.MP4 8 4 4 4/8=50%
JGE-=F A3 GHO010038.MP4 31 25 6 | 25/31=80.6%

fazt 84 69 | 15 82.14%
®12 WEBEZAFERILGEN LRGIEROAEEHF)

i B % o | T | BUIER) | Fpm
=Z-GHE/AHL 1 | GHO10036.MP4 | 49275 2 5(+3) 29270 270
=F-J5HEAEH 2 | GH020036.MP4 2932 191 1931 31
=ZF-5HEAHL3 | GHO13972.MP4 | 17950 1616 1935 35
= J5HEAHL 4 | GH023972.MP4 193 191 02
[EHE-=%/81 1 | GH020038.MP4 0>2 00 0>2
[GE-=347H14 | GH013973.MP4 2920 191 1919 19
[GE-=25/5815 | GH023972.MP4 | 1853 18>28(+10) | 025 25
[EE-=4H16 | GH033973.MP4 | 1182 15(+4) 0>177 177
[GE-=%8/5H12 | GH010037.MP4 861 45(+1) 4956 56
[GHE-=%5/5H13 | GHO10038.MP4 | 31185 | 25938(+13) | 6147 147

o Et 84863 | 69>100(+31) | 159764 | 764/1355.6
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4.3.2 YOLOVA-tiny {87 ##5%

(VBRI AR L B - I EARA- S e Isip L > Ji—
QILIE > —RILIE SRV EsRnBua il - AR A - ZR 2 AN
gt Al BRI HAVEE (RS TE (FP) - RIBLHERESR Ty O - FrLAERMREMA 2 s ais
FP IS -

7 13 AT o B - = IR B AR TR s B = i AR - ZATHIRRARZEL 2
FESRIE 2% - BEOFTREEE 3% T AT iR R F B R (8 (IR T2 — W) - R BHIEA

BRSNS TR > (R B Fr R Z E i BORIERERE Al BRAUR AT S ERIERIBAT

AR EGILIR BRI R AL - 2 12 2=

® 13 AlRRIBAIEEARER

2/ FLI B P i 2R R RE B BT

BB iz Jefe EE AR AR F] /2B FP {% FPpkm
[ E-=28/cH Ml | GH050283.MP4 00 0 0
[5G B -=38 /28 AMIl | GHO040283.MP4 00 20 1.48
fe B -=28/cH Ml | GH030283.MP4 00 45 3.34
[5G B -=3%/CH Ml | GH020283.MP4 00 10 0.74
f5 E-=28/2014Mil | GHO10283.MP4 00 2 0.15
JaHE-=5/cHAHl | GHO12838.MP4 00 442 32.7
G E-=3%/CHAMH | GHO12837.MP4 00 37 2.74
[ E-=28 /0 AMH | GH022838.MP4 | 1(5¢EL) 20 0 0
[5G HE-=24Mll | GH033081.MP4 00 25 1.85
Ja B -=F4 Ml | GH023081.MP4 00 11 0.81
[EHE-=FAAIMI] | GHO13081.MP4 00 5 0.37
G E-=348AMH | GH032788.MP4 00 59 437
JEaE-=F4AAMH | GH022788.MP4 00 181 13.4
[5G E-=4AM | GHO12788.MP4 00 21 1.56
=F-EHAEIMI | GH030282.MP4 00 0.22
=S HEAEHSMI | GH020282.MP4 00 0.3
=-S5 EAESMI | GHO010282.MP4 00 0.15
=F-EHRAAM | GH022836.MP4 00 45 3.34
=F-5HEAHAMHE | GHO12836.MP4 00 181 13.4
=F-EEAMAM | GH022787.MP4 00 14 1.04
=F-EHEAHMAMHE | GH012787.MP4 00 76 5.63
=F-TEHEAHAMIA | GHO13080.MP4 00 23 1.7
=F- e EAHAMIl | GH023080.MP4 00 13 0.96
w2 1219 1219FP/(23*13.5km)=3.9
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st FT) Fat-% F=H RBE——=—%1A

AT S

B 12 HBESMERFIES - FEFNRENVERSIEEHAL -

WA - BB RE ST A S (FPpkm) =4 FP 34/ (135+23) =1219/310.53.9 {d
FPIKM » S TTLIAHRRIE A ST £

4.4 FHREMRFEMN

L L -az
PIB B ER YR el = | it = o
g:% i *:tb“sc o - \;' ’ =
4%, admin2 Koeian Vs -
s '
pamann | we - 3
e =i 200165 -
o Nr o

PR € 3 mmssssseaa
® mAN QoHITRAE  MAR QonIMARE

wsom @onson (EEED <00

,
wom wormoon QEEEED) ©0m

B 13 FHZRENE -
@F A o (0)EFH o OIBHAIE - ()IREME - (e)FFMR o (NISTLELBL-IERE -
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Fo JiEARAL T - 1% APP (Application Program) jg i i HAIBE AT » ERHBUENL
R E BN o A APP SRES T T B R A B e AN A o ST TR PR E AT
13(a) > FISEINE GPS HZRE [ AR IR - SeAE st SR E 13(b) s L
B AR 13(c) AARLE - T IREHRE 13(d) - £ NACZHE 13(e) A RLELT
PEEEE -

45 Al EXEZFEEIBE

T ERIE H B AR AL IR 8 Rl T ARTFESLME 1 5 Al ik Ha AR 2 EEFT -
TERHRE KRR H Bigl] - SRR U RSE - R TE —(EEy » DUE
AT © ZaBRyIanT
L DIEILCP I TPuERE T - i asei B2 3.2 i ¢ JMEEMEARERS T

BB B TAEGENE AT - AT SR B A A 2 A
2. [PUNRPZEIZEEMS e USB EiR > D BRIk - ETHRIAEEEH -
3. PATEE - Wmiekak - AlmlPL 2 HEBRA (True Positive) -
® {RPEERL (False Positive) » A[REZSIER ;
® N Jkgimisks i - $ith False Negative » SEFTEORHYIR - FHKIKCE R TG EMI AR
1
©® FiEEIBREEH - SR HLERCE (U ~ Pl BpuliE) BRL 73ISR (Recall rate) JAftE=R
(Precision) - il S HHBHR B S HTAEE -
® TR Al FRAUREEA -
4. LHFEEIIE
5. F#& APP EfL
6. BRI B

SAHR 110 - 8 HHREITES > KRR B thERERHERIET0 - AR LIE
TEERIAENE - FORMBRIE AT > AW et R e K i - 2nEl 14
BT H B AR

I~ ERAER

RSB ORI T SURSRATA T » DR TR » T A T H AR
S S e PSR » 25U M TS T » DR BRI T
S SERR RS » ATFSRHIE 27 RBUE P CRRAS - A5 LRI
WO - B NTATRIDFA a8 - LRV IS BRI A % AR HHI S D B
AL RS -
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DEZR BE e

=8 1. BTN

[ 2. R

_ 3. fEtRIEE
4 wREE
BT 10+ JEER 22

#wE LR HEAR (51 RIE B8E

TH : cClipEEE 58,5300 2021-08-12 19:11:16 L BE : 24379306

#2HE : 120.810186
K0+0.0

&8 eCliplAER 95.3600 2021-08-12 19:12:11

K0+0.0

25 : 24.380890
= © 120.813966
K0+0.0

3. 4
(&
£ 1 120.849356
Z7 : eCliplE iR 68.3300 2021-08-12 19:11:20 u
(&

2i& : eCliplAREES 93.1500 2021-08-12 19:11:22 B ;24381334
g5

1 120.815662
K0+0.0

14 (EBRZZIRIENEE R - SCERHEIZIAT o

51 iR

AW EESE RS B i S R IAE i S B AR - fEIRBE 30 B
f - AEERRTRE « RS Mo IR B - BReTEGEE LA 0 5
EFTHREMIF AR > AT > CiREE AR WEREEG B O
ZRHIEANG I TR > WESRE Fr B 50 BR > AEERKT 1~2 /MK

ERIFTEEEHLER A GO ~ B8] ~ #ul ~ R - B BRE > iz f 10
YERECE o MITREREZ A 6 BERSME - RRAJI BBk 3800 i Lmdmh A - Bl 539 SRAIHGR
KSR BN EAEE 2 IR IR A R R AT R £ - FIBRAS R i L YOLOVA fAUS. 5|
mMAP 94.47% » 3R A]5E 20fps » DL YOLOvA-tiny #<HI{SE] mAP 91.66% > T
= 150 fps o EFAMHIGIHILL SSD512 fEAISE] mAP 99.98% » BT n]3E 22fps > L)
YOLOVA-tiny fEFIR]75%] mAP 99.16% » hfT3% EEth 2 150 fps -

B SE BRI B R A ~ PRI - TR APP ol il EiLRg
o R EESEEN - AR AR ~KR: (67.5km*2) » [[FE=F~f5 5 (13.5km*2) » i
TTEMKH - HeHET PK o eI TEE Ground Truth SRACHE: - FFE Bl 13 EfRAHE
fF > Bl 9 EERIAEN: - DIA TS ke bt 15 B 5 » jfif YOLOV4 Hij& A 14 B 8
HEUT Al FHIYE 5 B E A A Tk -

BT EIE =825 HEEGEIT 10 B8 FiiHiE > Al PEERRSHESR 83.3% »
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i) AT 70 2B - 3L YOLOVA/YOLOVA-tiny/SSD SERkHIE - SR ELZER B 4T -
SRR E HAR o R RA R FANEN I ARE ~ PG - R

THBGHEB N BATRER] - RAAHR TR E Fr S SRS BB > DIREE AT -
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BB EIFEH BEARF - BEEH AR T Kieiuais e Bdnisz -
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Al BRAURERERE > HAIFER T EERTEEENER] > A 705 A G X i B
FAEIEE - R Al e E - BB AR o RHERANTFERcR - thig
IHHCEINRR - SR B B LS R B AR < B b B R et -

52 ERERRIERE

H A7 2 al g e e RIS E R B ZDRL B - DL YOLOVA/tiny/SSD S T3l
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TABZTAREHE » SRR AT1Z 3 S i AR T - IS REA Ssif H il
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BEE > BAENINL 2w BRI RS (FN, False Negative) » 38
BB REERIRFARIE - ILIEMt &4 - (HREREATKREDRE - (T Al K
HEILOREE 100% MR - (BIE N ETRE LA TR 2y - [RIRFFERCHAEERE - L PN RN
FaiZR > B HERE AT TR R IR [T
BRI TR
L FEERAIRE R - ZHDIA S B  Theas (Verify) paBE - iR H RiTFTiR L
ERAERIAE PR IR > DIMERESGE 2 2 - R@ g IIBR ISR CUHERNR > nT DARg0RAR
MEAIHEEREETT © th R AR AR B E T H 2R AR A - S LU Fr 3 5 (Data
Augmentation) /5 AAEELE B BRAME (T o RAGKFEOR TH A BT TARRC TAF - UK
R R > SEIE R -
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