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Abstract

Skilled technicians primarily use special manual tools to maintain the
conditions of railcars. Considering the lack of workforce in Japan and to ensure
efficient wheel maintenance, the development of an automated inspection system
is desired by the Railroad companies. Herein, an inspection method for the surface
defect condition of railcar wheels is proposed. The wheel is one of the crucial
railcar parts, and the geometry and tread surface condition of wheelsets are crucial
for ensuring railway operation safety. Based on the assessment of wheel tread
dimensions and surface conditions, investigation results of the method are
presented. The parameters of wheel tread dimensions and surface conditions
including detection of defects are considered because they are crucial for railway
operation safety and manually inspecting them requires a large workforce.

To improve the efficiency of the system, a combined inspection method
through laser measurement for wheel profile measurement, and machine vision
including Al for the detection of the wheel surface defect is used, both the
techniques compensate for each other’s shortcomings. In this study, the
installation condition of inspection equipment should be on the pit area of railcar
workshop. To reproduce this configuration, the location of laser sensors and video
camera are fixed, and inspection pieces of the wheel model is moved using slider

unit. Both the laser sensors and machine vision are effective method for visual
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inspection of wheel surface, it is difficult to detect some defect individually, for
example, when time has elapsed since the occurrence of wear, it becomes difficult
for machine vision to capture, and defects may not be detected, therefore, an
inspection method by combining laser measurement and machine vision to
compensate for the each shortcomings. In addition, it has been confirmed that it
is possible to measure by installing laser sensors and a video camera as conducted
in this study at an actual condition of railcar workshop.

Chapter 1, which is an introduction, describes the research results of profile
measurement and the surface defect detection on railways related area. In this
study, the study for wheel tread profile measurement and surface defect detection
are conducted using two methods by using different inspection pieces for the
measurement, and both show that it is possible to detect surface defects that are
difficult to detect individually by combining laser sensors and machine vision to
compensate for each other's shortcomings. Five types of surface defects that affect
the safe operation of railway vehicles are intentionally applied to the inspection
piece by machining, and the measurement accuracy is confirmed by measuring
these inspection pieces. The detection of these surface defect has a practical
advantage, because those surface defects have impact on the safe operation of
railcars. In this research, the two approaches of hybrid method of laser
measurement and machine vision to detect surface defect on the railcar wheel is

proposed.
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Chapter 2 describes the proposed automatic inspection method, as the first
research, an automated inspection method for surface defect detection by
machine vision using laser sensors and edge detection. The system configuration,
and the verification methods are described. In this study, two types of wheel
inspection pieces, one made of aluminum and one made of steel, which reproduce
surface defects including linear scratches, are moved with a slider device for
moving the inspection piece, and the profile measurement of the wheel tread using
laser sensors and the image data captured by the video camera are analyzed by
machine vision to detect the surface defects that occur on the wheel tread. Laser
sensors achieve a high accuracy measurement, which is very difficult to measure
by human, and linear scratches can be detected by edge detection. In addition, the
detection results by an Al model based on YOLOV5 are shown. One of the surface
defects that occurred on actual wheels, detection of peeling is conducted using Al.

In Chapter 3, the method described in Chapter 2 is developed to enable the
detection of surface defects reproduced on inspection piece. The reason for this
is that edge detection can detect objects with a straight shape even if there is no
depth such as markings, but it cannot detect defects with a circular shape
including an elliptical shape or a more complex shape than a straight line, which
are surface defects that affect the safe operation of railway vehicles. In this study,
five types of surface defects that affect the safe operation of railway vehicles are
selected: (1) thermal cracks, (2) peelings, (3) flats, (4) flange wear, and (5)

concave wear. Those defects are reproduced on the inspection piece. The model
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is moved using a slider device and a laser measuring device takes measurements
and the video camera captures surface defects, and the image data is analyzed and
evaluated using machine vision. In this experiment, to detect the surface defects,
image data is analyzed using machine vision including Al model based on
YOLOV5. Since it is difficult to obtain a sufficient number of image data to
conduct machine learning on the five defects that occur in the actual wheel, this
study proposes a method to prepare images for machine learning by reproducing
the surface defects on an aluminum test piece prepared separately from the
inspection piece. Measurements using laser sensors can achieve measurements
with precision that is extremely difficult to measure manually. Although it is
difficult to detect scratches with a depth or width of 0.1mm or less by technicians,
it was confirmed to measure defects that lack external features such as wear, are
difficult to be detected by machine vision. For those defects, visual defect
detection using machine vision makes it possible to prevent human oversight and
reduce the variation in detection between technicians. In addition, by using those
methods, it can be expected that the time required for inspection, which currently
requires a great deal of technicians, can be reduced. Combining laser
measurement and machine vision to compensate for each other's shortcomings to
detect defects that are difficult to detect using each method individually.

Chapter 4 provides a conclusion and presents recommendations for future

research.
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) OFEZFHMLTIRICETAVEERT 2720 I EREREZILIRT 5.

DX, y, zDENENOEEERD S, 4V YF N CAD 7 — & LRl T
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DM DM A T 5 © & 3 KILE T A& TR LT 0 BRI H AT e
7%, ATy 7T TlREZX S I —F -t v — X 0 EFT O AR
Wlly %, L—F =707 7 4 vl v ¥ —IC T X RS 2 & g7 1 x %

BEL, #NbDfiz csvT—4& & LTV X MET 3.

24 Ty VBHERWEZERT — X 56 O R

BAG IR T — 2 AT OBIER TV, ¥y =—x v UK, ~ 74,
DIMEIC XY = v VB EITS.

H{RUEE 7' 1 & X Fig. 2-6 IZ/8s, 702 R IUTORTy 7 CUEE NS,

27y 7 1 BT — 23 EF AT — 22 b S, i Wz ER T — 2 7
DHEYE T 2 Na, b)HOZNZTNDORGB GF, #k #) Ex2{F5.

{Red(a, b), Green(a, b), Blue(a, b)}=1I(a, b) (2-3)

AT v 7 2. {7 wNa, H)DRGBE% /'L — R 7 — VT — X Gray(a, b)ICH

(2-4) ZRHWTEHT 3.

Gray(a, b) =0.299 x Red(a, b) + 0.587 X Greeen(a, b) + 0.144 X

Blue(a, b) (2-4)

T 2 CEHR Red(a, b), Green(a, b), Blue (a, b) 1TZNZTNK YL 7 &)L TDIR,

w, BOMEE L5,
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Start
/mage dat:a' (pg format)/ Step 1
Converted into grayscale Step 2
/ Grayscale"image /
Detect edge ;::y Canny edge gtzg i
/ F ilter;i image /
Draw line by H‘c')ugh Transform g:zp 2
p

Image data with
detected line

\ 4

Store converted image data

A 4

End

Fig. 2-6 M{§ILILD 7 1 % 2



46
28 L—¥ -5l L = v IR & e 7R R R Tk

27w 7 3 EgRICK (2-5) oA YT VI ANR—FEHL T4 X 2EE

L, BHirZEOH2ICT 5.

Ga, b) =5 xe” WD 1ot (2-5)

2T, Gla b7t Ia, HITEFTEHTVAA—FNERY, oI T A5

i OIFHERAE L 2 5

2ATw 7 4 ) —_OVEEFEAEAL T, FEibI N4 XA -V OARD AKX X
CEEEFEL CEMREITY. V—_NWHEETI, o HAE b JTEZENENIC
ONTD 1 EEBEZREL, WL T 30D TAE2RET S, V—< Lk

Foitaizk (2-6) LW (2-7) TEKINS.

-1 0 1

Ga = [—2 0 2] (2-6)
-1 0 1
-1 -2 -1

sz[o 0 o] (2-7)
1 2 1

TIZT, Gakt Ghl, FNFNY —RUBEEFDaN L b e 5.
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ATy 7 5 FI7T7—vavoBEREHIRL, % DRI R RKIED & &2 RS

572010, ZDORE T ITHHRARMMELIOMIHZEH I 5.

b

27w 7 6 BElEEINEZ Yy IARXA—VICe AT Y ZDO L X WVHAEA L
T, FoTy YPEREL, Moy VERRFESE .
N7, BRNORRC M 7 & ORMFIIIR E R T 5 20 I I B

L vV avT77ue—FThh, NTEHICK > TRERET 2 ER (2-8)

1IN,

p = acos @ + bsinf (2-8)

T, p \IEO, 0) b EEHNCIH o AR E TORERE, 0 138 &Aoo [
OfELRS. ZoRF, BRZEMOE (e, b)E 7 MO IEZIRIC~ v &
V7T h, ANTEBICEITZ N OHEOLRIE, T4 XA -V TREh
TeMRDINT A —Z(p, OITHIGT 5. HBITIRI N TV B850, FRDTiE%

AL TR ENS.
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2.5  RIKKEHEM AL €7 L DIERK

ARFFECIE, Al EFAOERKIC YOLOVS 25 %. YOLOVS i, 2020 4
WY ) —=R2EN7ZYOLO v Y —XD5FHDOD NV avThh, thETov
Y—=XE Y h A X=X F X =2 =D, —M&Nm7 7 A A ~D T 2
AR—FAAGEL A2 HE = 7 AR — b A L OFEES BN E N TET LD
T7h—=VAREELTWwS, YOLOvVS ®X#H=X24% Fig. 2-7 1T,
YOLOVS BT 47 7 AV EGDEIRT — 2 NICh 2EBOUEE ) T x4
LTl D IEME I L, % OBHFT R 2 Wi 7 — 2 IRl T & 2 Uik B
TAITYRLTHS., YOLOVS OEER, HRZEEEINzH A XD7Y v F
I ENENGEIL, 7Y v Fe AV NOBEROTERE Yy 7 2L 7 72D
M%ERT 5. YOLOVS i3, Hiff@ikx —EIc+ 32T, v—vofff
BEitEL, SEr ORI ERT S LA TE S, HELHEEDO NS
VA% L BYOLOVE DT AT Y XL, VT AXA LoWEBE AR 4 HE)
IR EH A 0T 7)) r—y a v CEL I TV S, mElp D EfEEIC
Piik% i <& 2 YOLOvS OFitD &, RfF5ETIiE YOLOVS AL T 5.
AL T AL E T AERKICH V72 YOLOVS © 7 7 4 M NBH 4 + TH 5 github
(https://github.com/ultralytics/yolov) 2> H X v v o — K L7=d D &ZFHHL T
5. TREBEERICE, T4 XY XY v a—F L7 yolovbnyaml @ 7 7

ANZEHWTWHWS.
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Backbone
| | C5 P5
| 1 | C4 P4
| 1 | C3 P3
1
| |
1

Input |

Fig. 2-7 YOLOvV5 ® X /1 = X I

pPeoH

Bound

box
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2.5.1 FEHEGORMARMaH O D Al €T MEK
EVOHHORTMAMRA D=0 D Al EFADIERICOVTRRZ,  EY)
DHRFICFEAET 2 REARME LTE, FEECOWTORTAIET VEEKT
DIcH R BORERME GTHERT — 2 ZINET 2N TETVS, AKiif
FEDRFERR & L C RO HIRRE I FE T 2 KO BAAIE OERITIER I
HETH 2720, FEHilg~OHH AL D721 Al €7 V% /ERK L TRl
KRB Z(To7. ¥k, KETHZERICOWCTIEEHEM CHRAE L 72 KK
DFED - DICNE T NZHGREZHNTEB Y, KL TIREINE > X T LIC
TI|RF I NAEG TRV, PEINZEERD? S Al T FA%ER LHE %2 E
fis 5. SEHm X 0 INE L - RiE KoM % Fig. 2-8 1R T,  HigRE O X
izt 2 Al EF A 20EK T 2 72010, FERED Sl o Bl o K M
% 1024 ET—Z 1y & LCHE L. 1024 OB % #EfF 3 % 72D,
T—2F =R vT—vayv (TR BEINE, T—xF—IRv
FT=YavVAlCEA VY FADT—%&y b LTIE 128 KOMEER % #EfE L,
INENPL ==V I T =Xy PICIOK, NV T—vavi—Xty MiC16
B, AP T =Xy M 16 ROBHRICHEIL, b DT — X ZIKFIFm~
D[z, TEJTAO KL, FHRCEERHE, 2 P 7 A MRABL o FEER
ABLTHEET S ETIEENS. Fig. 2-9 CF—XA—7AvF—vav/d
HlZzR3., ZOXIRCLTCT—ZA—TAvF—vaviELTTr—28%

128 725 1024 ~ & 8 fFICHRAR & & THIMFEE 21T\, Al EF A OIERZET 5.
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Fig. 2-8 SEHilR & b U5 L 7= R K famifg (k)
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IWT

2V TR MEH

i
Fea SR

Fig. 2-9 7 — & {5k (FEHix)
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T RA =AY T = a VRO CHE L 2 o iR T — 213
1024 B2 640 X 480 v 27 2 LV OERTHK I N, T o OWGET — %1%, 7—
2Y =7 —=VEP DI L2y I T %%y b (75%, 768 ), NV T
—Yavri—XEvy b (125%, 128 E{R), LT AT -2ty I (12.5%,
128 [HifR) Icn#E T b. Table2-3 12 b Dy#EH%RT,

KiC”labellmg” > — v (https://github.com/HumanSignal/labellmg) % FH\>T
Al O¥EICH V2T /) 7T —vavieREEd 5. FHiEEFAET L YOLOVS
X, HIRORMMAR MO AEE T VEERT 27200 HF R e LTI
TWw5,

ZOXIICLTER L 28T — 212 X 2B E o531, Precision 28
95.28%, Recall 2% 85.96%, % L T mean average precision (mAP50) 1% 97.90%
Thoto. T NAFEER (Precision, Recall, mean average precision) %
Table 2-4 12, Al €7 A O%BEER % Fig. 2-10 10 Z L E KT, Fig. 2-10 © 1
BTlrFEICHWET =2 0fl%, PR CII¥EERFTORELZ, TRTIRFED
fi I X 2 RIGHIEDIREZ ZNZWRT.  FBITHIEICE T 2 AR Tl
Krummenacher[46] & I% Flat spot IZ2 > Tl Precision 2% 89 4%, Recall ° 86
+6%TH Y, Shelling IZDW>TlE Precision 2% 92+£3%, Recall 25 93+3% TH
Y, Zhang[50] & D#EHE Tl Precision 25 88.8%, Recall 28 92.0% ChH >7-.
o OWFFEAEE & el L€, AWFFED Precision (35 < 7r o Tk Y B MED R D

bihs.
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Table 2-3 B8 12 F o 72 R 0 49 48 (2R

Defect Type Number of images
Training Validation Test Total
Defect 768 128 128 1024
(75%) (12.5%) (12.5%)
Table 2-4 Al & 7 12F 5 5L (SE i)
R KA Precision Recall mAP50
e 0.9528 0.8596 0.9790
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('.10p14.-5|‘4' Defect 0.9 er@crop 14-pp.png
By - &

 FOEEEEE Jefect 0.9
Defec

Defect 09 -

Defect 0.9
?’}-

TR

:
| YOLOVSIZ &£ A#H0

i

g ) il
Defect 0.81 DefeCt
i | Defect 0.81 B PR 4

Defect 0.55

Defect 0.42 P

Fig. 2-10 YOLO & 7 V£ 45 (S HiR)
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2.6 GHHENER
AL —¥F—fHll L = v VBB X K ERO RN 2 L Al %

Mo 7o R R e TR o HIER R IO W T~ 5

2.6.1 7 a 7 7 A VRIS R

L — Y —EHHIERIC X 2 BRI 7 e 7 7 A AGHIFE R % Table 2-5 ISR 9, A
T4 F L= X > CHETRERME X 3.0~13.0km/h TH 223, B2
MBS N2 Hl N COBEEREITEEFOEMEHE LY M oNzd D
LY, FICARBELESHBEING LEEINTHIY Y Mi~DOHTOF
MNEFEILH) Skm/h FEEE D 72, FEHE 1T/ A T H 2 D 1.5 65 & 7 % 7.3km/h
Y LT, EHMAEGRHEBS OBEICH V3 254 XL — L 0HEME 5.0km/h
Y 7.3km/h ICEE LCEHZ1T o 72,  Table 2-5 © D EI3%E LD 3 RICHE
xRy, hoRIIBEEE S 5.0km/h OESOFHAFER 2R HORIZBE)
S 28 7.3km/h © D EHHIKE R & R T

RFEBRTO L —F —EHHIZR D 3 fiRfE 1L Table 2- 112K 3 X 5 1 x /71143 0. 1mm,
y /7125 0.001mm, z /51625 0.00lmm Toh - 7=. itk o FEc X 2 2HHlcldEt
NS 2S 0.5mm FREECTH o /20T, HEFEL L CIERMDEI AL 7% z J7H
TO0.lmm OREEEKTE L LBEF L. ZDOKTIIFig.2-2 IR L72HE
Bt E & F > CERAA BElRBR - % 5 .0km/h & 7.3km/h TZRFhE) LT
HHZ T > 2R EZR LTS, 20X REHToOBEDEHA I ITHERA -1,
A -2 & DICHEE DA X 2R R D #2213 0.100mm A FTH b, #2813 e

AMER NIRRTz



28 L—¥ -5l L = v IR & e 7R R R Tk

57

Table 2-5 HEgHH 72 7 7 4 L

RS GAB-1) (AL = mm)

ToXRTEIFEET Lo 3XIcTiEEZ RS, vl GoRITZNENEBENIEE

2% 5.0km/h ¥ X O 7.3km/h OFHEIZ 7R 7,

AR x, y, z DA & (X Fig.2-4 &

T3,
Original (Design) v = 5.0km/h v = 7.3km/h
X y z X y z X y z
0.100 | 0.000 27.00 0.100 | 0.000 27.00 0.100 | 0.000 27.00
0.100 | 0.100 27.71 0.100 | 0.100 27.71 0.100 | 0.100 27.70
0.100 | 0.200 28.41 0.100 | 0.200 28.37 0.100 | 0.200 28.41
0.100 14.00 54.00 0.100 | 14.00 53.98 0.100 | 14.00 54.01
0.100 14.10 53.97 0.100 | 14.10 53.99 0.100 | 14.10 53.97
0.100 14.20 53.93 0.100 | 14.20 53.96 0.100 | 14.20 53.93
0.100 | 65.00 27.00 0.100 | 65.00 27.09 0.100 | 65.00 27.06
0.100 | 65.10 27.03 0.100 | 65.10 27.11 0.100 | 65.10 27.00
0.100 | 65.20 27.06 0.100 | 65.20 27.12 0.100 | 65.20 27.05
0.100 120.0 25.92 0.100 | 120.0 25.95 0.100 | 120.0 25.94
0.100 120.1 2591 0.100 | 120.1 25.94 0.100 | 120.1 25.93
0.100 120.2 25.91 0.100 | 120.2 25.94 0.100 | 120.2 25.93
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FHARE R 2R 2 2o st R % 2007 7 7, 3RILT 7712 n%
h7wy b+ L7dD% Fig 2-11 129, Fig. 2-11 o Ffllo 7w 7 7 4 i3
7.3km/h CTEST L 2BR0O R -2 oBRERIEREZ R LA-dboTh 2, Kb o
HEHBEHER T, REHESBA ) Y FroeT ABKRE RS, Fig 2-11
DHEDOKIIHIH A-A DF 53 E2 7B 7 7 ANVERLEDDTH S, &HHOK
ZRTHORZLRER RN LB 5. Mllzznxh 3.0, 5.0, 7.3, 10.0,
13.0km/h THE) L 7z MR & A ) Y FrolifiBik 2 ERZdDTH Y,
REBRER RV EBDI L., AT74XICE ) FERERBEHET T 3~
13km/h & 72 2 2%, BLEHE A E & 15 Bl N T OB ENEE 1L EE T ok
THEIV 2R VMAONZdD LD, FRCAMBEERENFREIND L
EINTVWSE Y MRECTOREMOEITEE 34 5km/h BETH 2. AFEE T
st EERRBEE OBBICH W2 X 74 XL — L OFREME %2 EHEERE L L /-

5.0km/h &, ZD#)1.5(5¢ 75 7.3km/h ICF%E LTIl 24T - 7.
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@ Original
% Measured at 7.3km/h

100

. Wfdt]]
L

120

r55

" 45 Height
[0 Hif mm

Comparison

~
o

8

5 8

Height (mm)
]

5.0km/h
7.3km/h

[N
o

—
o

0 0 4 &

80 100 120

Width (mm)

Compari

son

Height (mm)

N
o
L

3.0km/h
5.0km/h
7.3km/h
10.0km/h
13.0km/h
Original

=
o

0 20 40 60

80 100 120

Width (mm)

Fig. 2-11 i 70 7 7 4 AFHARE R (
7.3km/h)

B -2) (GHABERE 5.0km/h,

FE:3oc7 ey P, E: WA (5.0km/h, 7.3km/h), TE%: 3.0km/h

25 13.0km/h ¥ T ¢ o EHlkE
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Table 2-6 IC &R AR MGES 57> OFHARER 2R3 y 3@ H, z d@Iime 3
%. (Fig. 2-4 L [AlfE) Table 2-6 iC/RE N3 EMDEIZA ) P F 1D CAD 7 —
Z2ONERRL, hRiE T I-OBEER -1 % 7.3km/h THE) X & 72RO 51
ERTH Y, HHOFIZME ORI -2 % 7.3km/h CHKE) X & 72 B ISR
s, WBRA-1, BB -2 oFHIEERIE 55 FIORIERIR O TH Y, IR
77 DFEHENR A2 0.1 CTER I T OFFHER 1L 0.05 & 7 o 7o, HRYERA Z R
THBICEHI T — 2 D OREEDOE N 5 DD T — 2 LEEDE WS DD T —
ZAERI LT, 5 0o0EnT =X {EWT —Z2DZNENERINT 2 HEIL,
B DHBHERICG 2 b N 2 MUEDZEZ MO L, 7T — X 050ii% X iR
ICHIECTE S X HICT 2720 Th 5.

RFEBRTO L —F —EHHIZR D 3 fiRfE 1L Table 2- 112K 3 X 5 1 x /71143 0. 1mm,
y J71E125 0.001mm, z /E2% 0.00lmm TH - 7=. fEROFEIC X 2 5HI<I1E
HIKSEE DY 0.5mm FRE CTH o720 ¢, HIEL LTz HAT 0.1mm DORGEEHE
JKTE 22 LHAEE L. ZDHRTIE Fig. 2-2 1073 L 72 FEEEE % F v CEH
M E SR % 7.3km/h THE)Z L CEHMZ T o /iR 2R LT3, 2o k)
AKE T OB OYE I IEEAER -1, BB -2 & D ICEE DA IC X 2 FHIF R
D% 0.080mm AT THY, ERIFEALAONAVERE -7, DX
HICFEEHINL Y @ HECoOFIAERTE CH Y, BITMIEICET 54
Rl <d, Li[35]5 DfERSEZEGAT0.5mm OFETH Y, MEHFHIC
0.2mm DR TH Y, Torabi[44] & DFHHIT b EE T MICH W T 0.245mm D
BETholl &b, AL TOREFIEIC L o CEMEGFHIAER TE T

BYEMEDSD 5.
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Table 2-6 FBRH-1, BRH -2 O KE KM HIEEE (46 = mm)
Jer U U LR

e BB - 1 (74 3 80 EHHI O BB =7 3km /h

fir BB M- 2 (G A o BBk =7 3km/h

e X e X ] X
U4 " U4 " U4 "

(y) (z) (y) (z) (y) (z)
No.1 | 150 | 0.20 No.1 | 220 | 0.31 No.1 | 2.00 | 0.28
No.2 | 2.20 | 0.50 No.2 | 250 | 0.53 No.2 | 2.70 | 053
No.3 | 2.80 | 1.00 No.3 | 2.70 | 1.03 No.3 | 3.20 | 1.04
No.4 | 3.00 | 1.50 No.4 | 2.90 | 1.55 No.4 | 3.20 | 1.47
No.5 | 3.00 | 2.00 No.5 | 3.30 | 2.05 No.5 | 3.00 | 1.99
No.6 | 3.00 | 2.50 No.6 | 2.90 | 2.49 No.6 | 3.10 | 253

FV YF L CAD 57— & HERH-1 SERH-2

vy = 7.3km/h v = 7.3km/h
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2.6.2 Ty YRRIIC X 2HERR

~rvEvavic by VRO R % Fig. 2-12 1R d, v VEHERT
RFIC IEARIR D RFIE R T 1B D b FMER PRI N T 2 esbnrd.
ZWREING L) KEFROEKRAFETHNITT v VI X > T+
5ZLENTETCVWS., Ty YBHOREE LTIRE 23 EL T RR DR
HWIIHRIM D REL 75 2 L TH B, KRR TIIIHENCHZERE L 2RI D%
WERD v —F v 7L IROEE 0B 2 F X kil T v 7 7 A VBRI S
Lzdb oz L BRI LTy VR ZIToTE Y, =y VRHIICE 5T
ZNOoPMEHTECWBR s, Fhzy UBRHETREI R TVD DT

LRHBTETCWBRZ ERDD 5,
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6 3

[v—ﬁ—ﬂiéﬁﬁwﬁﬁkﬁ%]

BHINhTW?S

Fig. 2-12 = v UHIC X 2 K fafs ik R
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2.6.3 FEHERICHEE L ZRMKIED Al £ 7 viC X 2 HERR

KHIGO R ERMICHKE L ZRAXMOBERL SNEL A X -V T =2 %
FIWT AL IZ X 29RO HEZ (T o 72, EHEICHKA T 5Kk 4 nRKE K
Ohcy, EHEFO R RMEHED Al 7L 2EHT 2 DIc+4) 7 B D Ei§ A
INETE 72 RIGIRHBEICOVWTDOARTH o 72, Al OYIERANEE 1 L &2 2
DI, T =R A=AV T —v a v EROTHEMEE ICH 2 BRI T
Zrick Y, Fig. 2-13 103 & 5 ICHIBEDO MM A FIRE L 72 B ALl £ T A RAFRLT
LZeNTER, IO ORBERIFIIHBEO RS A 0.1lmm FREO D DTH -
el L —HF—EHHIER CIIMHBTE R WS DTHY, v vevaviHnv

W EEHHRTE RN DTH o 7-.
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Defect 0.55¢ 0.47
{ y )

. Defect 0.60

Defect 0.65

Defect 0.41

i . Defect 0.60

Defect 0.41 Defect 0.65

|

Fig. 2-13 SE g o 2 I K Fa i 4s 5
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2.7 H%

Ty U, EROBERPLAMAMEL RIS 5 2 LT, HRNO =y VEHR
BT 2L CREOHIBE 2SS, Ty VKRB E AloflabbEic X

, Rt/ a2 s+ 2 & CRYEE IS L S h, R O ki e
MERE B 5. ERRORMBTHNIE, Fr=—xv VRHALICL SN
BARETH 67203, ~v vy avoAhTREGRSE L TCRERPRIRZS X9
b DOMEAEEL ., Fr=—x v IR TIRERIRO K% & i3 A E
oS, EATICHEET 2 X ) AREAMIIREEERBRARO NS, L —F—
FHAIERIC X 28I 0.2mm DL EOBEFER A HALIFTRETH 5 25, KA S H
0.1lmm AT Db DIFmHEAEHEL ., L—F =5~ v ey a ViRl
DREMZIEHL, ZNENDREFRZM\d 5> 2 & T, ROz DX b

CEBEEOE WY AT LOEHNA[REL 7t 5.

2.7.1 RHIEDHER

AR IC L > TRONTZWRZLUTOEY LD 5.

0.2mm L FOFEI DB 2 Kz L —¥F —5HIIIC X > TR AIRETH 5.
BENEE 5 X UM 23 R 2 Bl B i & F o 7 AR % 520 L 72 4551,
RIGOBHREIC B W TERB RN L2350 o 7z,

—FHNC X 2 BRI 71T 0.1mm, HEEJ7HT 0.05mm TH

D, JEfTHFSE & el L C b EEE T o ERINER T & CE 0 BT &
nsd. L2LXRIEZTH 0.2mm ML N O5EDEHDAZR L 0.8~1.1mm &

D, IR 05mm U EDGELEHRTENPKRKZEVDHDTH - 7.
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HfRT — 2 NOBRER % = v VERRHIC X o Tl 92 2 L 28nfRgT
HY, ~—FVIICLIEIOWMAT Yy PERTHMRHARETD 5.
L—HF—Tu 774ty —Lt Al I X3RN E2HAEDE-FKEK
fat 3 E R A2 L — 3 —CEHEIL, Al & SIS THERITS 2 & T,
ARAI MK T E 5 2 & 2R L 7.

Al ZF\w3 Z &T, Fig. 2-13 @ L) KMo Rzt s 2 &
BTE 5,

{ERLL 72 Al =7 L ®D Precision 13 95.28% C» Y, Jefriffige e KL T &

WIEE COMRMMBTETCEY, KFFEOEMNERED LD,

2.1.2 FPEROFRE
RIS % B O G o SEE IS T 2 2013, UToMERD v, Fk
RS 2 R D 5.
RIS A3 0.2mm LA T DA ICEHIl o 2R AR E <, RIEHES A 0.5mm LA
FoBAELRL < FHIZERD 0.05mm AT & 72 2 _REFHELLIEE 725,
L—=F—=7u 774ty —DEGEOSEES 0.1lmm TH 3 Z & H3E
7716 D FHAER A L RS R E WRKTH 5728, SHEREDN RS 710 & (A
C0.00lmm L —%F =7 v 77 A v+ —% AT 20EEH 5.
Ty VR TIRF X8R EOMROIRD b oo REETH Y, %
NN DORIEE Ty VB cE Cway, hoikezmiicE 2 X
5 IR DT R WEES 2 EED D 5.

Al %5 0 GBI OBATITR & BT 3 72 0 O Mk 7 28 & HT 5 5 W3



6 8
28 L—¥ -5l L = v IR & e 7R R R Tk

5%, Fig.2-13 10 REND X I ICHBKE LTV EEHDEZRIGETH D &
MMAIL T, AR CIEREL LEZHC I L 2EHEMHRT 5729, Recall
(%) A ELAAIETAETEH8ERD 5.
BB O IR R KU T RE R M ORI AT\, SRE Il 0 %4 75l
SRS R JUT 3 RE R MG ORI TTE 2 RAE S 2 B2 H 5.

SEHRICHEAE L TV I RARMOHIRT — & ZINE L, HIAELASL o i K
DN AT 27200 Al ET AV EERT 5.

Al =T VIZIBELEERERE T2 2 80, 7 4 X &E A7 % F TR

BTS2 TN MNEDEWET AN EHREZITOILERD B,

2.8 il

ARECITHERE IR 255 L 2588h 2wz r —¥F -5l e = v U
FHWERAXRMBEHEFEOHEZITV, L—F =51l TIIEIDH S F XD
sHAlZSFEECTH D, Ty VBB TIIES DR WKRIEERMA[GETH 5 2 & & T
L7z, F7-, EHEmCRELZHEEEZ RIS 2 Al 7 L OERZIT VY, K
DIRFNDRRETH B T L ZR L7z, AMHECTEML -FE2RIC L CHGERM
DRETENICGEE %2 T T RA RO Tk 27 L, POBEHETZ LI

EHT 2720 ICHGR AV T F Vv AFEDOWFICHBNT 5.
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3E L—¥—gHllE ALIC X 2 BUERETTICHE 2 JIT T R R i

F3E L—¥F—FHlle AL X % Hlj#E T ICwE

A R AR Fig i

RETIEE 2 BTEML 72OL —F —FHAlC X 2 BHigEH 7'n 7 7 4 LD
MW@z y UwiFEL Al X 2UERAIFEEZH v~y veyavick s
KINR MGt 2 AR ICEM T 2 Fihe R &, SEHNORX 2 RETICHE
% JAET 5 o HigimRm A cd 2 OMEH, OFHEE, @77 v, @7
7 v R, OBHEREY L -V —fHllgL v~ v eV a v ZNENDOR A
o CRMEIT 2 2 L Ic DWW CEML ZgEiconwTid~ %, DT oN

WICDOWT bR 3%,

3.1 EFHHDNR & o X T LK

AR CREINZHMES AT LOMHEARIUIATE L [F U < Fig. 2-1 1ZR5
Hiliho vy FchH 5. AWFTEO HIIZEGE R R IC B TR EE &
haey FPOAYOICHENT, L—¥F—5lHllgsBs LT 47 27 % Fig.2-1 D

Y L=V TERICERE T 5 C LI X Y SGE T o AL R IR 7'e 7 7 4
WMER D FHA & BTHRE R MGOHIEZITS 2 e TE 2MEFELIRET S C
LThDH. FIETEMLLFEHEEBEL, 7 "o iR -3 i ft
53 2 KRR Ma% Eili oL EHICGEET 5 5 MEORmAME LTw3,

AKEHH > 25 5D 7 v —% Fig. 3-1 IR T,
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Object is approaching

Object is within 500 mm
from laser distance sensor

Send signal to start measuring

l

l |

Capture image data Capture wheel profile Capture travelling
using a digital video data using the laser speed using
camera sensor the laser sensor

1 | |

Combine coordinate data

Image data (.jpg file)

]

Profile data (.csv file),

]

Comparison between measured data

Surface fault detection
and original design data (CAD data)

Measured dimension is
over the criteria

Surface fault detected

Yes

Yes

Integration of verification results and judgement

l

Store result data

Fig. 3-1 FHll> 27471 —
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FEERICH W2 AT LOEIIRTERE LA L TH Y, Fig.2-3 103 LEB0 TH
3. BNIEHT 3R OB VORE RS, EFELZTLIIOL —F
=tV A=k vH—, OV —F—ffifffr ¥ —, QL —F-—Tuv 77 eV H
—, @FV2rArEeTFAIRXT, OL—F—av ro—7, ©tHHEHEHRERA,
@zHF BEABRA BB 2 7 1 £, @OPC CHIKI NS, ZhF Nt

BRIEEFELCTHY, Table2-1 I E N3,

EEII RO 7u—TED LN S,

27 v 7 1; @0FHIH R R 2 @0 FHIlH HimHRA BEH 2 7 4 X1

[l E 5 5.

27 v 7 2; OF MM ERRBT BB 7 4 21T (1 5 =@F A
BB 2 @0 PC LY OORBITBIAA T 4 £ ZH{FLTDL—F— 1

H—kvH—llmr>CHENXE 5,

2F v 7 3 DL —F— 1+ V) H—t v — L@ EHE AR o s
500mm ic7e > 72 & iDL —HF— b U H— v F =R LT ) A —
BAYVEDL—F—av br—JIf55%K), QL —¥ -t ¥ —, QL
—F—TFu 77 ANy —, @OFVREZALETAHRATICLBEMIZEIE XS

5.
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ATy 7 4 O@OL—F—avto—J3OL—¥ ey —, Or—¥—
TazZr ANt v —% DO PCIIOT L EAETH A AT HZNENENEX

5.

27w 7 5 OL—F—avituo—5%@BLTQL—F ity —, QL —
-7 7740 — DETFHATr6ELNLEHIT— X %Z@®PC I
T 3.

AT v 7 6; iidkINT —XIF Fig. 2-2 1IR3 70 —CULHEH I NS,

27y 7 T; @Qu—F v v —ET MO BEERy 2, QL —F—Tn
77 AR =0 b X T O HEEIEHR z L IR O BEE#R x 2 2T

NHUSL, 20t 7my P43 RITLET VKT 5.

ATy 7 8 WETAARXTHLFOLNTEBRT — X1 Al £ 7 VIC X 5 RIf#

Hicfiflans.

25y 7 9; Ty IBHEERYE Al I X 2RERBRAEREZQ®PC Iclikd
3.

27y 7105 ATy T TEeRT Y7 9DERELS L, HiljD %4 In#E]

(ap=7

D5 LD BRERMHPIFIEST 202 & 5 22 HWis 5.



73
3E L —H—ghllle AT X 2 B T I8 2 IS 3 2RI R R

3.2 KMERMZ NG L 7251 FH s sl A

AETOETIE, FIELFEILL, FHROEYLFHL 77 7 AVEREG S
Ml HERGB R 2 M 2. C oEBR RO 20 L 2F
WaeHLTE Y, shllAHEmRER-3 L e, GRS A -3 OME X T
NITHD., HIEOHER & DEGI, REOGERR A3 O 247 B TICR
BERITT 5 HEORARMGEZHRE LWL Ths. AKEiCkT 2B
MEL LTT A I-OARZHRAL7Z013 5 HEO R KM% o T <R
FicHET 270 Ths. I IBBACHMZHEHL LT VDT L2
BERAL T3, Fig. 3-2 ICEBTH W - BB A -3 o~k E#RE KT
BRI irOBBZ, QHEE, @77 v+, @7 7 v VR, ORHERD X 5
7555 1B D Fig. 1-4 TR L 7 SEHM O ETICHE % KIE 3 5 M o KKK
AW LIC X o Cff 5 LT3, §BRR I Table 3-1 iIC/R3 X 95 ic, 2@
2 7% AR U 7 MIR o0 2R R B <0 U lE 2 3 L - A TR IR o R R a5 L V7 7
v b R L BRI RE X% 59 5. Higadbih -3 1< 5 2 b hizdHE
F X ORHE RGO HEER % Fig. 3-2 1cK <, Fig. 3-2 © L CI3HiRREBRH -
3 DIMER %R L, HhECTIZBIE A-A, B-B, C-C iRz 2z nZhnd, CZ
TIEIRERBOMIECHEI L EDEHREZRL TS, FTERTEEHNEZRL, #H
MiEkER A -3 OREARIGOMELZTL LT3, Z0BEBKICREREDOME %K
TOICHVEEEDRR 5, y, 2)=(0, 0, DM EIREINTHE, T
ZTCRINBERARIGD Z NZNDALENGH % Table 3-1 1C/8 9. Fig. 3-5 i1
s B A -3 DR % R T

Z DX 5T LCHEfr L 7z BmiaABR -3 26 U< 9Bz R L 7.
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E%ﬁﬁ%#%]
IIIZ
[ =A «—B “lc o | Y

. SQL‘ § y

s G| |

El

(x,2)=(0,0)
3,

— o
(Nos [N(\).S][NOA][NO.S][Nlo.zl[No.lL ___________ 1\ 2T:r

“!7 .3}/ [No.s] [No.13 ][ No.12 ][No.u ][No.m ] [No.Q]
kd \ 90.4 )
(0. 0) T ! - d N
3|3 2 ; il _ag_]
B i e« g I £ i
9 j 49 T‘;‘ : r g
Section A - A Section B - B Section C - C

XEFM TR
Table 3-1(Z/R9.

Fig. 3-2 FHAF HmiEAER -3 o & X fnhLiE

AR -3, 7 v L
BB SRR -3 D MBI
HES ; BT A-A, B-B, C-C #NLF N TORMGIENE
B FHATHE RS A -3 o B#EX
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Table 3-1

A #E A -3 ORI ARG L 2 O~k

(47 = mm) ME, 73 El
prE (FpOfziE) R g o ~Fik

No R G o S
X y z R I R
1 e 57 70 1.2 35 1.5 0.2
2 S 47 | 70 | 11 35 2.2 05
3 B 37 | 70 | 1.0 35 2.8 1.0
4 G 27 | 70 | 0.9 35 3 1.5
5 TG 17 | 70 | 08 35 3 2.0
6 TG 7 | 70 | 04 35 3 25
7| vsvoEssE | 95 | 70 | 16 35 10 0.2
8 75y} 62 | 45 | 1.2 35 20 0.1
9 | vovuEs | 91| 0 | 68 35 31.1 0.5
10 FEWg 67 0 1.3 35 3 0.5
11 B TH PR 57 1 0o | 1.2 35 10 0.2
) . 0.1
12 I e 35 25 1.0 20 dia. LT
13 ke 15 | 12 | 07 10 dia. &1?
) . 0.1
14 I e 15 27 0.7 5 dia. PUF
Bl \ 0.1
15 &7 27 | 40 | 0.9 30 01BAF |
16 2 27 1 50 |09 | 30 | 01T &'1
17 21 27 1 60 | 09| 30 | 01mF ﬁ%
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Fig. 3-3

R AR -3 i
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33 L—HF—Tur774 0y —ICtABEITe 774

yigawiill

3.1 STl ~_7zGHM R 7 v it o CEHMZ1TS. L —¥F—Hfffe vy —¢
L—F—T a7 7 ey —0FHERE R R CICEET 5 < & TRkl 2 4
LV SR HEE, NEMOREOF VEBHIE (v ), W ), Bk
VEE (z Ji) oxhEno~tEeitils 5. FHllHEiHRR A o 56
W EHI R R BB R 7 4 X OFIfElY 7 M X o CEHEABETH Y, A
FIRCIRHAIC ST 2 $UEHIHEIA T Yy b ~A B BICEE X h 288 TH
% 5~8km/h LA L7z, L —F —RHEEHC X o TR b 2 BB A & 34

YoBEEE v T2, ZofEizx 3-1) icTkvarz itk s,
v=L/t (3-1)

2T zaHEE, L 23BRR oBEhEEe 5. FHREGIE LCEHAEM o
=0.0001 B<, ZoMOBEEEHE L1 =0.1mm DK, BEIEHE v Z5H8 (3-

2) TatEI N3,
v, =0.1/0.0001 =1000mm/s (= 3.6km/h) (3-2)

L—¥F =7 v 774 ey I —CIIRRYOIEHTH (x M), BLOEITH
(z /7)) o~tEEFHIIT 2. vy it v —CclIRNEYORES (y I
) ONEZFHIILC3RICET N EIER T 2 72D I B IFRE RS 5.
ZDX, y, zDENFNOEEFERS S, 4V 2 F & 2l © o &KW o

WMEHKS 22 LR 3RITTET NV Z TR L CORTHIHIA REL 72 5.
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AT v 7T CihRIz X H v =¥ - v — X 0 ET IO BEEERY %,
L —HF—7Fa 77 Ay —ICTEIJTHMEE 2 &IEI7mEE x 2805 L,

ZNOLDEE csvT—2 L LTY R MLT 3.

3.4  SBRIRICHI L ZZ2REKFEHER AL € 7 A OFERK

AWFgeclE, piEmEeFI L Al €7 R YOLOvVS {4 5. FHEkE
WS ENZEHRET — 220U TOFIEICTHEEET LVOMEF L AL E T LDOE

AT D .

3.4.1 BB HERER ORI KRG 5 D Al € 7 AAERK

& I B R R 1 L B I BN T X 2 SRR Mg % 8 5- L < R K
BAHD Al €£7VEERT 5. 7—2 ) —7r—y%[i <720, FHUF G
AR &N KRR T G000 T v IREHEF L, 74 IHICEH K
NGS5 T IBICA G 2 BEms i oK RME LT, BT o X%z %
i35, OMBRIIEDOEMRTIIR CEBOBRMEZEZLZbDL L, BT 20
—50mm, B L OCEX X 0.1mm Kifie 3725, Q@RNEEIL, EFE 10—30mm, &
X 0.1mm KiFOMEICEE R FIICHKET2EL T2, @7 7 v b IdEERHE
HICFET 2 A E 72 13 ME O K<, £ 10—20mm, & 10 —20mm,
I 0.1mm Ko Bl wEe 75, @7 7 v VB L ORmERI,
47 35mm, i 10—35mm, %X 0.2—0.5mm T, JEAHEICHET 2 HOM

WEREL B X ICHET S, bR, EHI[56]oBERIREINAT
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WAREEZZHLUCHE LT, Fig. 3-4 7 A IWICHBE L 2RE XD

Bi{RZ 7~ L, Table 3-2 ICRA XD & £ D~FEICBT 5 Mz~ T



3E L —H—ghllle AT X 2 B T I8 2 IS 3 2RI R R

80

eeling

Fig. 3-4 7V IMRICHH L 72 £ X I




3E L—¥—FHll & ALIC X 2 JipljEfTIC o8

& A 2RI R s

81

Table 3-2 R[] K ffa D # P

K FafEsH X i B
OF -4 20—50mm | 0.1mm=jiE | 0.1mmRH
OF I [ERES 0.1mm it
10 —30mm
@77yt 10—20mm | 10—20mm | 0.1mmiAiE
@ 75 vIEERE 35mm 10—35mm | 0.2—0.5mm
& BmEERE 35mm 10—35mm | 0.2—0.5mm
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TN I~ ORI RGO T2 T3 1000 KA Lo % HEf 3 2 o
BIREHECH 220U TOLICLTCT—2F =7 AvT—vay (F—2¥EK)
{To7z., HRPEEHREOXRMEME T 2 Al €7V EERT 57201, FHl
AR -3 L 38R 2 74 IRICHB L 2 Kl 1024 27— %€ v
PELTHT 2. 1024 OBHRZHEGT 272010, T—R2A—I X v T —
a VYBEEINDE, T—EA—TAVT—vaVEKEFA I FLDT— X%
v FELTIFI28DOEBRAEDH Y, ZNEN L —=v 7T =Xy FITI6H,
NY)TF—vavr—Xty MC16, TAMT—Z+&y MIC 16 ORI
HlahTwnad, b DT—RIFKFITAA~O R, TESTE ORI, [[lHES
FEEERHIE, 2 v P 7R PHRABL Lo HEEEAGLCEMT 2 2 L TiikE h
5. ZDXICLTCT—ZA =0 RAvT—vaviEBLTT—28% 128 2»
51024 ~& 8FFICHLIR T ¥ 5. BRI O XA T 27-00%EL LT,
B PEMEA NS, OB YAEICIERERTEEEAD YOLOVS 7 428
REXMDO B 2 Higligz 57— 2y b LTHWTC L —=v 7 &h, 7—
2Y) =7 =V %70, T—Fky b —=v T =%y b, NUT
—YaVvri—Xty bLeTRIT—%ty boIFHICHEING, HRT—
£1%, 1024 FD 640 X 480 v 27 2 LOERTHK XN, Zho DHEGT — X
X, PL—=v2rF—%%tv bt (75%, 768 ), NV F—vavF—Ktv b
(12.5%, 128 HifR), BX T A FTF =%+t b (12.5%, 128 Hi{fR) (<o X
5. Table3-3ICZENb%ERT. T—XA—7RXAv7—vavolilz Fig. 3-
50K &k, 77y, 77 v IERE BEEFRICOWTIIIMERELE L

TIRERATE L L2 RERMTH Y, HIREHTORET 5L ¥4 X33
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HAENDED, AlYEETALIE 7Ty PICOWTOREKR L. FD1d,

ALIC X o CTHAIT 2N RITBVER, REE, 77y ro 3L LT3,
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Table 3-3 H#-=E I 7=l D% GABRA-3)

R b fE£E £ A=
Training Validation Test Total

hE 768 128 128 1024
(75%) (12.5%) (12.5%)

| e 768 128 128 1024
(75%) (12.5%) (12.5%)

75 v b 768 128 128 1024

(*BEXE) (75%) (12.5%) (12.5%)

75y N, 75y R, BIEEREICOWCIIERESEE R EEAMD 7

W, FEETNVET7 T v PICOWTOREKL 7.
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a2 b7 RAMNEHE

av A NEH

Fig. 3-56 7 — X RaRiAs R GRAER )
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KiZ”labellmg”y — NV EZFHWTAIOFEHICHWS T/ 7—v a v ET 5.
FHIFE AT T A YOLOVS 1, Hiligd Kl K G O E € 7 v 2 FRT %
ODOHFELE L THHEIN TS, ETALDNNT7 =<V RAEHET 2729
IZ, precision (FHFE), recall (FFHI¥%), % L T mean average precision (‘F¥J1E
B mAP50) ZEfEe LCHW2, MED XS LTER Lz AlE T v O%H
fitk % Fig.3-6 1</, Fig.3-6 o LETR¥FHICHWET—2ofl%, HET
FEEEh OREZ, TERTIREEORE, BEEHERICBRM Z{To2 2 Lick
L2 RMHEDOREZZNENRT. T/, ZhZTHLOET VO EEHR

(Precision, Recall, mean average precision) % Table 3-4 i7" 3. JEfTiffEic ks
F % B S S <13 Krummenacher[46] & % Flat spot 22\ T % Precision 2% 89
+49%, Recall 2% 86£6%TdH Y, Shelling IZ-DW>Tix Precision 2% 92%3%,
Recall 28 93+3%CTH Y, Zhang[50] > DF5H Tl Precision 2% 88.8%, Recall 23
92.0%TH Y, ZNbOWFEREE L HHEL T, Precision, Recall 2£ICAIfIE DT

DR WBIHAERTETE Y, AEOEMEIEO LN 2.
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YOLOVLIZ &£ S

cropis-gav.png

crack

cranid-gah, png
crackBERng

Fig. 3-6 YOLO & 7 V228 GABRA)
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Table 3-4 Al & F L 2EEFER GRERF-3)

e Precision Recall mAP50
Crack 0.996 1.000 0.995
Peel 0.974 1.000 0.995
Flat 0.979 1.000 0.995
(wear)
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3.5 ERHIEE
AREC Ik L — F — 2H & FE R R E AT % F o 72 BRI T 0 261 2 i

HEOFREAGRIC O N TN,

3.5.1 HmE 7'm 7 7 A4 ARG R

L — ¥ —FHHIERIC X 2 gk 7 e 7 7 4 LRHEIFE R %2 Table 3-5 12783
Table 3-5 D/ DK ITEXET LD 3 KITEEZ RS, G DORIIBENERE A 7.3km/h
OFHIFERZ R T, FHEAER & LTt (x) M ToOfRZEL+0.9mm TH Y,
HE (2) AAICiE£0.lmm, B (y) AMTIE+3.37Tmm TH o7z, HFHEF
AIFZNZNEITFDS 0.1mm, FEZJTEDS0.05mm, £IJ7HE2 1.5mm TH -
7o. RIJFADIESDEIEDH 2 03MET71H LRI TT A OIFHERZAE 1L 2 HoRGHR &
[ CTH o 7=,

KREETO L —F —5HllgR 0 AREEIL Table 2-1 1R d & 9 Icii (x) A
0.lmm, EX (y) A2 0.00lmm, #X (z) /7H230.00lmm Th o7z, i
KO FENT X 2 EHITIXEHIATRE R 5 FE 2% 0.5mm RE TH - 7= DT, HEIFHH
ICX B HEHEE LTS () ST 0.1lmm DRESERTEL LAY EL
v, fERELTE, BEAHMDOED 0.lmm BETH o0 THEE SN
Brmel CWhWafiRezolk., L) GEmuillEE XA TlRIzIEfr]
RECTHY, HNZERT LI LB TERLEZS., —HTRIFAICOVWTIL
3mm L EDERSH O, RERMGIIBETE T30 CHEILERTE T3 28,
S OWENBELE 2 D,

Table 3-6 |ZZHAKEE O B 2 MEZ S 3 7= 1T FEffi L 7=. Table3-6 D% (T,
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KEDORDL y=0.1mm DE, FROKD y=50.0mm DIE, HDOEKPy=
100.0mm D iEE 5. x=025 0.2mm DHE TIEAED 0.3mm BE & 7r o
TWwWa 2, ZRLAECiE 0.16mm NG > THY, 2L BEWHEETD
FHNZ AT TR, IZIEARAEETH . oLk, L—F—Fllick s 77

7 A EHENE, 2O R E Rl 2 A RE L § 5.
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Table 3-5 Bl 7w 7 7 4 LvEHAlIC BT 5

AHHER S

(§if7 = mm) GRERR -3 BE)#EE=7.3km/h)
+ VY1 CAD 7 — X HERH-3 (7 2)

KW | wx | e | Ex x| | | mx | KT B RS
Jim| Jim | g
mE | HE | HE

1 0.18 | 1.40 35.0 0.31 | 2.20 32.2 | +0.13 | +0.80 | —2.85
2 0.48 | 2.20 35.0 0.53 | 2.50 37.2 | +0.05 | +0.30 | +2.21
3 1.00 | 2.80 35.0 1.03 | 2.70 37.5 | +0.03 | —0.10 | +2.52
4 1.50 | 3.00 35.0 1.55 | 2.90 38.3 | +0.05 | —0.10 | +3.30
5 2.00 | 3.00 35.0 2.05 | 3.30 37.8 | +0.05 | +0.30 | +2.76
6 2.50 | 3.00 35.0 2.49 | 2.90 37.8 | —0.01 | —0.10 | +2.78
7 0.20 | 10.0 35.0 0.18 | 10.8 | 324 | —0.02 | +0.80 | —2.59
8 0.10 | 20.0 25.0 L — —5HIER < IR RE

9 0.50 | 35.0 35.0 0.52 | 35.9 31.6 | +0.02 | +0.90 | —3.37

10 1.00 | 3.00 35.0 1.05 | 3.20 32.9 | +0.05 | +0.20 | —2.07

11 0.20 | 10.0 35.0 2.05 | 10.2 | 319 | +0.05 | +0.20 | —3.14

12 0.10 B 20.0 L — —5HIER < IR BE

13 0.10 E£E 10.0 L — & —GHHlE < X EHIA RE

14 0.10 1% 5.00 L — —5HIER < IR RE

15 0.10* | 0.10* | 30.0 L — & —5Hllgs < i EHIPR AR

16 0.10* | 0.10* | 30.0 L — & —GHHlES < X EHIA RE

17 0.10* | 0.10* | 30.0 L — & —GHHlES T X EHIA BE
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Table 3-6 HifgEkm 7' v 7 7 4 AatllFER G A -3)
(Hf7 =mm) MR, 7L 3 il
BMEEE 7.3km/h, /£ ;y=0.100mm, ;5 y=50.00mm,

45 y=100.0mm Df7E

% EhEE 7.3km/h % EhEE 7.3km/h % E#E 7.3km/h

X y Z X y zZ X y z
0.000 | 0.100 | -0.414 0.000 | 50.00 | 0.000 0.000 100.0 -0.336
0.100 | 0.100 | 0.292 0.100 | 50.00 | 0.299 0.100 100.0 -0.061
0.200 | 0.100 | 0.999 0.200 | 50.00 1.012 0.200 100.0 0.999
15.00 | 0.100 | 26.21 15.00 | 50.00 | 26.221 15.00 100.0 26.22
15.10 | 0.100 | 26.17 15.10 | 50.00 | 26.179 15.10 100.0 26.17
15.20 | 0.100 | 26.14 15.20 | 50.00 | 26.142 15.20 100.0 26.14
50.00 | 0.100 | 0.029 50.00 | 50.00 | 0.046 50.00 100.0 0.039
50.10 | 0.100 | 0.004 50.10 | 50.00 | 0.017 50.10 100.0 0.012
50.20 | 0.100 | -0.003 50.20 | 50.00 | 0.016 50.20 100.0 0.009

100.0 | 0.100 | -0.955 100.0 | 50.00 | -0.941 100.0 100.0 -0.949

100.1 | 0.100 | -0.989 100.1 | 50.00 | -0.974 100.1 100.0 -0.985

100.2 | 0.100 | -0.988 100.2 | 50.00 | -0.979 100.2 100.0 -0.982

120.0 | 0.100 | -1.272 120.0 | 50.00 | -1.175 120.0 100.0 -1.119

120.1 | 0.100 | -1.273 120.1 | 50.00 | -1.181 120.1 100.0 -1.121

120.2 | 0.100 | -1.275 120.2 | 50.00 | -1.188 120.2 100.0 -1.191

124.0 | 0.100 | -3.758 124.0 | 50.00 | -3.749 124.0 100.0 -3.755

124.1 | 0.100 | -3.865 124.1 | 50.00 | -3.765 124.1 100.0 -3.861

124.2 | 0.100 | -3.972 124.2 | 50.00 | -3.951 124.2 100.0 -3.962
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R R Z KR L CHIM 2 B 103 2 3 5 720 I GHlIRG R 2 5 3 RITET Vv
UER L 7-b D% Fig. 3-7 iIc/R s, Fig. 3-7 @ Lfllo 3 KoteFAidA Y o F
LD 3RICCAD F— & L 7%, Fig. 3-7 D FD 3 XICE T AITHE 7.3km/h
TaHAHEE -3 288 < &2 RoEh -3 OB REHIFE R Z R L2 D TH
5. FAIVTFNDIRILETNOFRTHALZETSTIEHES 0.1mm Db D b H|
MATRETH 2 2%, GHHIL 72 b D TIRHRIAIE o2V TE W &30 5. &
E230.2mm ML ED B D DB THATZEDDT, AV FALDIRITLET VL
FHUFE SR D 3 XTCET A OBRITCHBIRIRETH 5 Z L b, £, RITT
FIOFHIFERCIIERDH B 2 L3025, FHllER2S 0 X 53 RILET
NVEERL, R#EEdT L CEMOMEELZ B cBlRT 5 2 LIcfTE 3.

Fig. 3-8 3L — ¥ —FHHllgRic X 2 710 7 7 A AFHIIEE O FEM 70 5113 22 % 54
BTS20y 2k LzboTcdh s, FHllEE%ILKT 5 & Fig. 3-8
DAT =NV TORRZTIEE S »RBRE LT T FME O FHI T — & 1374%
EEHEATHEIT> T3 23005, ZoFHEITHIE 0.1mm LLTOMUNRD D
THDHH, TORENRD LD RMOEZH 0.1mm LLT D b D IZFHAEE L v

boLHWTENG.
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Peelings
with defects (depth below 0.1 mm)

[Original 3D model }

Flat spot
(depth below 0.1 mm)

Thermal cracks

ki depth of 0.2 mm or more (red (depth below 0.1 mm)
boxes) can be detected by laser sensor.

Defects with depth below 0.1 mm (blue box)
\could not be detected.

=
3D model created }

from measured data
.

Fig. 3-7 FHAIRER X v AR L 72 3 XTE TV
BB REEHE AT 3 SOLE T, TR EHIRER L DER L 72 3 KT

T
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R EH0.1mmEL T D KB I%EA
FEICIREITE TULAL,

Section A-A I Section B-B I
35 35

E} 10 No.4 No.2
No.5 No.3 No.l

direction (mm)

s O

(=]

B :
= - ~
7
g
renssrees 3

-direction (mm)

0 20 40 60 80 100 120 0 20 40 60 80 100 120

x-direction (mm) x-direction (mm)
Difference at Section A-A Difference at Section B-B
-~ Difference - Difference

Nb.6 NO5 No.3

No.4 No.2
i! e No.1 No.7 No.16 No.8

(R E 501 mmElF © RHEILE
- FEICHREITZE TULL,

0 20 40 60 80 100 120 20 40 60 80 100 120
x-direction (mm) x-direction (mm)

EEIH0.1mmEA T D RBREIZEA
FEICIRENITZ TULVviR LY, g 1 st
No.

~
(mm)

Differecne (mm)
o
Diffes

No.10

~N0.12, 13 No.11 ! {/

0 20 40 60 80 100 120
x-direction (mm)

Difference at Section C-C

- Difference

No.10
2 No.12, 13 No.11  No.9

Vg =
R EH0.1mmEL F D RBEIZEA
FEICIRENTZ TULviR Ly,

[

(mm)

fferecne

0 20 40 60 80 100 120
x-direction (mm)

Fig. 3-8 7'm 7 7 4 VakB B o GG EEHERE
B Wi A-A, B-B, and C-C ic 3 1F 3 H¥EWTH (CAD €7 E ok
H) &EFMEROE. TR HUENTE (CAD €70 LoWi) & i
A-A, B-B, C-CicHJ 2 AR L 0=,
MTEORICRE NS X9 ICHUNesRlIRRED S 5 729, 0.1mm X h/h &
X ORMAE EHEICHAT 2 0 WEETH 5.
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3.5.2 AERAICAT G LREXED Al €7 I X 5 HERR
BAFICIER L7z Al E7 LV Z2A{ER L CRIMRMMOHE 21T 7. B R%E
Fig.3-9 IR ¥, Fig. 3-9 IR &3 X 5 1c Bz, HEk7 & oW 7 s MBI R
BB BLEFRICOVTIZ Al TXZHERTETCNE, 77 v MTOWT b RA
I TE T3 23, Fig.3-9 AT T X 5 ICHIRE D 2 5E ICITFRAI LT L

FoTCWB I LHBahs.
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FDREIC &K > THIRHETL
BEMH7 7 v b & L TERIRA
ShTL3.

: flat 0.32
flat 0.45 3

peel 0.87

Fig. 3-9 Bt fr o> 2 1] R FAtiR it S
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3.6 HE

L—¥F—gtlllgr & = v v v ¥ a VI THRDO R RGO BH B L T4
FINZPEHBDO X v T F vV A~DOEBEOEHAZEZER L 1A TcoERED
~%.Table 3-7 8L — ¥ —5Hlllge & Al I X 2Pk o 2 hF o & %
AT L—F BRI X 2B TE AL o2 b 0 IXORBR, OFEE, O
HE20.lmm UND 7 7 v P2 BDERE, Thos., L2 LOEE 2 0.2mm
LLED 7 Z v b 2@7 7 v FERE, ORHIEMIIEHIRETH 2. Al TIZOE
B, QREE, £7-007 7 v b THIMEFHED IR D O OBRANIFIRETH
505, SMEDSHAMEC R WEREORANIINEETH 0, RS BEL TS,
DD AER» S, L—F—FHllgR & ALIC X 2YiREA 2 AT 2 2 & TcDR
27 v 5, O OETH02mm U EDORFy F2@7 7 v UER, QR
FERECHAMELE L TR B 2 BEFEDIRANIVIRETH 5 23, QX 2% 0.1mm LA
N7 7y b, @77 v R, ORHEFRETOIMLE L TORBICZ L W
DBENIEEL W2 &3 h o7z, LALINb DA, KGOES 28 0.1mm LA
T, ABUCFED 2> 2 L D DA T & 70 WEERE 7 &I WA BB o 2% i K Ff
THBELEZLNDLIDT, 12 A XD THRMBTE D572 LTH R
BICHKAFRICERZ 2 L i3FEz Il v, AN X 3 5HElcosHIEE 28 & 4
0.5mm RETH L L 2ERT 5L, EHHER»ORMOEI 2 0.2mm R
LD DRZITNEFIWMHMATECTEHY, FEEBASITHREZITI L0 WA

Elidm <, BACE T 2E L R 2720 TR THLLEZS.
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Table 3-7 ZZ1H K Fia kS5 5

R et X TRHI 7T
L—%#—7 | ALICX 3 FaEd
=R PRI
X v —
© BB X O
RRENA ] SIEIEE
OF X O
FBENA ] ESIEIEE
®77 v b X O X 0.1mm DAF I BEIA A
SN BRI AE*1
@77 vy O X PEE 0.2mm LAk (3Bl RE
FERE R W RE FRHEIA AT
GBS EEARE O X ZEX 0.2mm LA E 3R A] AE
BRI Al RE BnA ]
@\ M5 O —
ESIEIEE X R A2

*1 5 MBI DS R 2 B b o I3 FRAI AT BE
L EWEITEROHEIGICIIEEL W EEETH Y, L—F—F %R
BKAICRRTEL., 200 MEZFRAT 27200 Al T VIIERKL 722

27z,
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KIFFEIC BT 2 EBROFERP LU T OEERGFO NS,

—FHAIER CIR R R D X 5 ICIES 0.1lmm AT 0 b 0 i35Hll28 T & 7%
WA, ALIC X 2P Tl Z D O RIFOMA S IRETSH 5.
2ECEML Ty VB E AlOMAEDEIC LY, BIEME/ itttz s 3

L emEEE LT, RIBBREOREN ZAMMErIH ET 5. 51

Y

T
DFEAIC LY, WFOEMOENZIEHL, ZnZhofiiztiivd > & T,
R D 7= D r N2 b CEEEDOE Y AT L EHAFREL 75 5.

L—H#F—FtlllE~w> vy avoflrtbdofle L CHIEEL BmEELY &
T HLlR % G L 72354 o % Table 3-8 iC/Rd. KR FOBAICIZ LT A7
A7 %HWTEY, YOLO TRV 724 LCOYRBI S ARETH 5. T 7z,
L—HF—IcXBFMlllE v vy a vick 2o 3R 2 A & ¢ CHEX
TWb 7o, mHFERE% Table3-8 D X S IR L, A VT FH VY AORLENEERT
boLTENE, AHRb DL S.

IR K E FT AL £ 7 v 7% SHE ] S sk - o0 21 A W) E T & SEHEp 1 %
EL T REARMHEEN O 2 FEHZER L 72, EHm ORI K% & ik
FALICXBEEEZTH) R OROEBRZAFT 200N CTCHLLhb, K
WF9ECld Al DEE O 7= OREK L 7 v IRz V- CEMIN T off 5 L7z d
DEMALTWE., TAIRHELERAXMHEE LTOREZR, O G
77 v b (BREoREFL L)) ZHOTAIETAERERL, KIEHE%T

CENTELAIETARERT LR TER. P 2E, HI3EOERT
FNFFEHL 72 Al EFADHEICOWT Table3-9 1RS. 74 I EICH

WLZXRIETH AlET A ZIER L CRGOME 2 EETCE %, LarL, &
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|3 FEHImR [ O R MR %2 2 BUNE L CTEIBORMRME R TE 2 AlE7T

NEEKS 2 08D 5.
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3E L—H—5HilL AL IC X 2 HiG#EITICRE & I3 R R i
Table 3-8 /X Bt
R e HIE e
Eh £ ZU _
HIHLE AN WA =3
77 v b —
77 v VR —
S TH AR X FEAER = 3.0mm
KMz D ; —“E%HL‘A”%ﬁ,w”XV%%yx%%
SR WM e 3 A ot 1T K > T B
Table 3-9 Al & 7 L D53 EHIZ DWW T
i & 7z 52 953
R e Ko7 — X 7RIS
LT —%
© B8R - O
@ F O O
® 77+ — O
@ 77 v IR - 77y b ek E LT
© HTHIEERE - 77y bk EREBRE L7z

X OPAI =TV EER LD 0.

—“AlETAVEERL D> o723 D,
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77 v b EUERICEIN S REAMICO W TR IR 2 A
T5H0DH Al THAIZWRETH L. 77 v F CERORAEER CHMER
FEDHECHNIE ATIC X o THRINATREZZ 28, 77 v FRAERICETZHT 5
e T7 7y R EHBINFHES DD EL kb LRHAREEIC R 5.

DXL —F—FHlllER, ~rveYavirhIhGMicmtniErd o
LENTRVDDNEDH L L EKBRIC L > TEZREL, L—¥F—FHlllgre <~ v
vy a v eflabbd TRMOML 2T LA TH S Z LITEILTE -
KIFFE TR EORFUEAEZR L 7228, EBEOX Vv TFF Vv ATRT7 I v
85y, B ICBE L CENENEFRBED 7 74 TV T RRTIbNTEY, £/
72 LORIFICOWT D —EHBHNTORE S LM A LD 74 7Y T
EDOLNTWE. SRIZINOD 7 747 )T LHERO KA T, HigH]
EOLEWEZRNT 2L IR RATLETENERDH B LEZS,

IHEEB D FEEICBAKFE LTV 3 EHERHTD X v 7 F v 21BN T,
HEt, EMLRBEERFEO O EOTH Y, L—F—FHllldit~r v ya v
Ziie L2 RE TRl 0@ T IS E 2 T RARMOREICHNTH 5
Z L EMERTE .

KICAWRDOER L, FEROFEICOWTIBE~ .



104
3F L — ¥ —ghlle ATIC X 2 HEEgE (TR & SUg 9 R R i H

3.6.1 ARWIFEDOMR
AR IC L > TRONTZWRZLUTOEY LD 5.
0.2mm LA LOEZ 0B 5 KGR TH 5.
REaDEEZ 23 0.5mm LA ED 2 KT HAITFHIERE 0.1mm LA T EHH
DBARETH 2. (ZOKFECOFHRIIZFEI CIIAFRETH %) SEfTiFE TRl
MG & L Th MW COFHlI2SERK TE T Y, KRIFEDELIED
RHobND,
L—HF—Tu 774 rtrd—Lt Al I X3RN EHAEDE AR
fat it (XA IR A2 L — 5 —CEHEIL, Al L OEAICTHERZITS 2 & T,
ARAIMEICTE 5 2 & R L 7.
Al #fw3 2 & C, Fig.3-9 @ X 5 cHESCHEMEO Rtz BRl+ 2 2 &3
TE 3. AW TIER L7 Al €740 Precision 1% 0.974~0.996 T& 1,
Recall (2 1.000 TH o7z, Z OFERIFLITHIC L LB L T EWIEE TOM

HBEBRTETE Y, KR OBEMIEIED NS,

3.6.2 FRDFRHE

A TE 2 RER O Hilin O SRR ICICH S 2 720123, UTOFERDH Y, FFk
RS 2 DD 5.

AR A IS BRI T X > CRIEMAR I Z TS5 LT b 720, B~efr7m i —

A A4 XDO/NE RGEOBRRIZTE Tnawn,
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EAIR DG - MBS, X723, B, 77 v, BEHARL,
a2 A4 7 OHImRHRMBICRE X W ftho 2 4 7 ORERMEZ MBS
5 FIEOMG 03B,

INE TR Ty FEREDRBRT -2 2HABELT, ZNEHEMRER Al 7
VEERT 202D 5,

Al £ 7 V1%, BEERRE O HEMRE L2 R 2 7201, ik yE 2 ET7 3
08035 %5, Table3-7 1R d X HIc, 2 b DEEFEICHAT 2 R HIE,
XD 0.2mm B EDH BEAICIRL —F -k v —CRIEBSTE S, Lol
0.lmm AT OREAXMDGEICITEHIEEE L OHFIAHEL L —F —2 v
P—DHEREDO I LR sm EAEENS.

L—F =51l D /) A XBpEE 7 A X7 4 v 2 —FHTEMET 2 BEH
WEL T B,

AL EF L, BN RERE T 2 720 OGN 228 %2 T T 48R H
5. SEEHENRE Lad oy =) v 741k EDERT — 2 280

5 CHAIMBEIC R B &2 5.

HEMRAE S A7 L L LT, W§EH, vy R, AlhY, SE3Ehvv v
vYa vz AGbE AT ez n el cERTLLD D
ANTHBERT LN TERLLERS. FHEIREL ZFRITFED L 2L
Fys20icfiRhchy, HURETFEZEAT 2 Z LIk > THljOREZ

Bcx2Xoichab, HEEBMINTH S EWHN KA (Time-based
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maintenance (TBM)) 72 b REEE: ¥t & (Condition-based maintenance

(CBM)) ~of#fih gL 35 FB[73] & L CoRAMRR SN 2.

AW TIZ AL E T A 2 RER R RGIZARICOTIGTE 2 X5 iIcillih iciE L
7o RERMAZEH L TAL ZBFE L 7223, SR EED R O &R % nlgE 7«
RV Z S AFLTCHAMOMEEXNHHBETHIL T2 X5 aXRpERAMTE 3
XAl ETNAEFERT 208 H 5. EEORMREHEADO AlETLe L
T, SENIHEEDO RO WTEIEL 7225, BMBHL7 Iy P ALIKO20WTH %
COERZIELT Al ETNMEERT 2023 H 5. HilmZR o Kbz flE
T30 Al ETAVEERT 27201C13% K ODEIRT — 2 BB L 755, K
TR Lz XS e RIfie ALWICRID LT, Al =723 2 FiEik
A GBBREFE»ORMEZBRNT 2 FEEROT 5720 ICHMTH S LEZXT

W5,

3.7 fEEw

AT TR BRBATIIAR % BB L 72 3B % FI G 72 L — 9 — 2 & i AT
EFAE G ERERRIEFEOHE 21T, L—F—FHllE v v ey s
Y ENENORE R, POEHT 0% 4 208 I E 2 MU T RE RN R
H2AT 5 FENERATRE TS 2 2 L 2w L7z, AW CHEIBL 2 FikeHic L
CHEH 00 % 4 7B I B % S S R R W OB Tk R L L, $olE

Wz ZRIGEA S 2 D ICHMR A v T F v AFEDOMEICEHBNS 5.
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B2 BN 3T CEM L 2 R &, AT Cld, BN ARXIEEE T
Bl 2 T, BRI P cHmRMO Rz HE S 2 BERE S X7 4
DEBA[REMZ R Lz, AU Cld, Hljo@EfTICHE S 2 5 MEORH K
ThHoOBBL, Ot @7 7 v b, OEHERE, ©7 7 v IERICERL,
L —F—5HllgR & ATIC X 2 UMRBAIZ L2 nic X 2 5HEIATS 2 iR L 7-.

Z DR & LT Al TIIBRA D EE L W EEFER ORANC 1T L — ¥ —EHHl 0 75 2358
LTHY, ZOWICEZ L EOMDIEIFND DDRANCIZ AL 25H L TWw3 Z
EBFh ot L—F—GHllgRE Al ICX 2RI Z AN T v VT 528
ICX Y, ZNENDOREERRA S, 5O H OMENIC R % KT 3 K
DN ZAT 5 FIEOREZITV, L—F—kvF—bwrvevaviiflas
bEBREYATLLE LTHEREY A7 20— L LTCEAETH 5 C &
N L7z,

AHEEB O FEFE I KEFE L TV 2 EHEHE O XA v 7 F v RICBWT,
HEL, A3 EEAFEO DL OTH Y, KFETRET 2 FEEZINY Al
%2 LT, BhEEm 1 72 O BRI 2 2L T 2 R I O B 2 B
RO CTHEMT 5 Z LAAREL 72 0, KIEZAZE LA FIREIC R 2. v v v EY
aVICX Y, FHEICREST 2RMAGTH 2 BB L RAT 5 2 L A3A]
Rl 2720, EfTholiMiEiIEs 2 C L aREL 2 5. AR CHEL 2T
R BICHERE S & CHREHEM O LR & A v T F v 2o E I EER

THEFTH 5.
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NG
COMXETFERIELETTICEKRAEDL IXE, CHEEZHEEILAZTRTO
TR L XY BILRL BT E

BN, FADIREAR TH 5 JLiHE R ER B LA sehe D IL AR fC dE B
Wi, AEHREICANTHE I LA L2 EHAEL T MEoEHZRL
T2 %, KX omMIcESE T, THEICLY2—%THEE L. K40
L DIRPWTIRED D &, MIREITI LB TEE LA L 2R L
Tk £,

7z, W/METEESFREMARO/NREHERRLE RTAPBIFEEICAS ¥
PIEZR-TCT X, B ANELZ RO 2ICH/oTHERKAELT P4 Z%TAEL
TLTE, BHL T £ IMEESENOEEFICE b 1R b KAE
FCICOWTTEICL Y a—THE, a2V F2THE, IREHEZTRLTCOEZZ L
7o T & R EHEL £ T

KRWFZE % BAAR 3 2 BUICHFZEiR8 240 & LTT P4 X2 [HEE $ L2EILK
FRFEBETAHIFERE Ankit Ravankar FHEMBBICEHEL 9. FEROIEH,
MXDFELDHICOWTHFHMIcax vy F2HE, ZhE TOMXDOAMEICE N
T4 RAEDIXERZTEEE L2, Ankit BESHEICKZ T ATICRE X -tk
CH | EfE O BATEE LI L2 L 2FCRHLTHY £

Jb B T 2ERE R BE -« 42fk T.%% =2 — 2 ® Abhijeet Ravankar #E#dZ 1 b K%
BHFHCRVE L. ey veYa Vo2 froicdhzy, RT3 Y

—LIZDOWTT FAA ZA%THE, RO FEICOWTEKEDET N[ ZA%H
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LTERTET LA ~rveYavZHOBEBETERKLZETS Z L3 T
¥ ¥ L7-Dd Abhijeet LAEDL KT OB FTH Y, HFIEHBKL 5.

X7z, RAOFTE LTk b £ 3)INRE MRS O ERRICEE CE#HE L 3. 1A
BHEASNFEE LTHEZITOCEBELTH R - FEHZ L7 T & %25 B
LI

BRIC, BB ANFEE L LTIIE 2 TS e Zimn S SRTEE, ifE L TX
N7 TNV < EHEL £ 7

ZDEIRGLDHOEHEPETNIE, COMXETRMITLLI LT TER
BoltFZET.

Rk, AfRicEb b zETo L icsILEHL LF T
HYBLITITELE.
M6 8H 14 H
TLA il
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