O4600000000000000000O0O0
000000000002z201900000000 43

DARBIEHE S K UXERCTZE ALV
EATEHEODT 7 A REE

LB ST -

Ll REE R B
B IPNE PN 2

BH OBEAL - b E fif—EB - Song CHENLU? « j5:HH 22

BURE B 2SR R BR B R I (T 755-0097 (LA IRFE i EARG2T H16-1)
TP R it T HI (T 615-8510 HUERHF TS i VE 5 X HUER A7 AE)

*E-mail: i016ve@yamaguchi-u.ac.jp

XECTIZEANE D S HeHBIRIBET DA R FETH D25, SREOM L X RE DR A, 5
fil R 70 E OIERE RIS A 5 L5 L, TORENREL 2%, AL TIIXBCTIC L 25 A &R
MR OFHARE AR T 2 2 L4 B E 35, BERAMMX E I3 mmOE— & HE2H 7T 2 LA
b~ A 77+ —AAXRCTICE VRBL, = v IHHEICES < BT & 0 S REMhEiRz
Rovo. [RIRFIZ, DFARMERKIC L - TERWK M OFE @ 040 2 ERZANZFHI L, CTHi2 5K 72 M7

RE DB AT 7.

B ORER, XBRCT2 bR Tz & Him O M IRIE, 3DIZIRHIERIC & 288 m oA
(2 LT, 240umDRENDH D Z LB BInE o T.

Key Words : image processing, rock fracture, X-ray CT, discontinuous face roughness, registration

1. [XL&IZ

TSRS M A T, AN TNY 73RS
(b U CHEREE DS R A - Tt % 2 & 2485
L, KRN T ThDHEMEDORESE: « J15 « KEFRRRE
PEEFEINCHYR T 2 MBS B BV, s L, HUT
DFEALRIREER R DZA DR Z T TR A2 2.
B lmh, ZOEENTHNLE ICEETHS.

S S IROEAAN AR AR T OB 11+ Bl c 52 5 F
e B AR 5720, H—ER/EH+ 580k
% FAWTRNFBRNEZHE ST 52, EBRCIE, XERCT
W&, W o X RORIEE I B L T .
CTHRIEAE RO X HOIRZ FEBICHIET 5729011
EBABENEE CTHD. TIVETOMIEN G, Bfize—
NI CA Ay & 58y 200l 2071503, B
REDRMES ZRET D Z ENTET, SRHAERBELH
HT&E W2 &, CannyiEIc kS = v A2 W5
Z LT, ZEEEHOARZIH LT W EBH BT
725 TUNHDI,

—7, CTHIBIZHT 5=y UHRHIC K iGN &3
TR ORI RO 1IEME SIZ DWW TCIIRBEEE CTh ~ 7.
T ZCABIE T, & R & BV C3DIIRIAIERIZ L 0
FHARERIE L, CTHIEE OELNREIK E DL
WAATH Z & THIEDEMS Zard 5 2 & & L.

2. II7XRAAIE

(1) #EEx

AT A LSRRI TEAL4 mm, & E31 mmo
fEhe (&-1) THho. ERREETHZK)IIEHID k>
SOVEEN S IE RS OHREI R U A4 L, 120 mm X 80
mmXx32mmo 7 v v 7L LiDb, a7 1y X —T
B4 mmICEE LTz, Z0tk, EIEAC X v a7 o
HH I D B A B L7z, —#lEHHE X 13123 MPa
Thb.

(2) DFLAKATEIZE DS TRRAE

3D JRIRIIERE (VR-3200, F—x 2 24h) 2V,
SR FAWOIREE TS A ARE Lz, Z ORER
1%, LED BOEERNORRIROEERE L, st oihiz
LDMOOTHEZHA T IAAT, “ARIEICLS

(b) AR
-1 AEhbafadis

- 243 -



HEICL VB ROES LMELIET S0 THD O
GIWHE) . RSB XA R DS TIIARTES (x,y H71A])
£5um, FSHMW (2 50) £3um THDH (F—x A
VR-3200 - U > ¥ = v b 3D JER M E B,
https://www.keyence.co.jp/ss/products/microscope/roughness/e
quipment/3d-measurementjsp) . B-2 ("9 & 912, HIE
LR—FEIRD 71 7 — GRS LD Z & b AHIE
DFHETH D, AENIAE ORI 23 um & L
7=

-2 (Z& (W) OFFm 7 Tnl%:iv 77—~y 7T
i@mﬁ“ IEmOFER (Ermm) | R e IR
S HEIICRE ST, B2 ot v, %W@@Hi
R T B HEIA T 221 mm (R A+957.2 um, 5%
Km-12540 um), FEBHGEAIAT 245 mm (B i+1068.5
pum, HIES-13849 um) THo7=. ZoOMEAD T 7 %
ANTRREEFE 2.5 mm BEOHSZH LTS Enx
5. 8k, —fROL—YTaT 47T, BRHGEN
FKEFNLR BHTT—) ZEnZ0n, SRV
72 3D TARHIERE Claiti = 7 — 134 Ul o 7.

() X#RCTIZ& BT TR RAE

~A 707 —HAXHCT (inspeXio SMX-225CT, [
FERWERT) &AW CIERSHEIR RS L. SRSt
ER-NRT.

= &31 mmo AR

850

-850

(@ EHftEA
-2 3DIARIER S5 S AT A /AT i

W2k L TC16544 D EG M5 BT~

ARFBTE CTI R D—Fil 2 B-312 <. Wi ez 2241
BSBOHENEHTHD. 7 —E00vEAT, AV
TR I8 FE OGRS ZR% 4 9% WG o R 3/
ba—T—ZRRE LT, AR, T 2y,
HMUHEAZ ST Az T 5.

@) CTEHRIZXT 5T v DREIZ & 5 SRR OME

CTEI4IZxt L TSobel 7 4 L& L A v ke 4 Hi
LG, AN Lz, =y i3l E (CTH) DZEfH
R ARLAE R L, 2RIETHORITRKTH 5.

N (0f,\ 1
5) +<a) ®
ZIT, LIAEOKRE S, ITEEETHS. BOXST

1], Y EZNZENDEEGHOX, ofldyiZSobelA~<1—% &
MR D RO ERZ 23T 5 2 & TR 5.

101 -1 -2 -1

D,=(-202[ D,=]|0 o0 0] @
101 1 2 1

BT, ACERENTZS TR < BAT AT @ M) b

BRE LTz 3 oty VR A Em L7, 3 kot v
RGBS O VG O—Fl R4 1 RT. 2ok
D ey Vg A A kt: (BRI 254) , & SHEMSESY

T 7B EEHERIAROSATE FAlmER, Tnﬁﬁéuitﬁi@ia
AT RS, 2 B0 U= sEiositic &z > Tk

550

-550

(b) THBfEA

x-1 ARG
Voltage [kV] 110 FDD [mm] 400
Current [LA] 40 FCD [mm] 54
Slice thickness[mm] 0.02 Pixel size [mm] 0.01695
Matrix size 10242 Magnification 14.931
Number of projection 1200 Images integrated for one projection 5

- 244 -



B-5 1R 3 & 91T, WO y HIaC e s e g
BRLTNE, Tyl -o DY 7 v AANE R &
ZLLHIET D ABMER A T> T 5.

BAT A ZEITHIE L2 2o v s v L 2zl
MICEAD Z 82 L - C, kKo & 2 ORER /4 %
Rdiz. BI-61C & i O S AR & R

() SIFTAIZ &k PEHRLIEAHEAE
IDTERMEREC L DR R AR (B-2) & XH#RCTH
SRS LT AEE o AEE (R-6) OMEEE &b 57-H
(2, SIFTIENCES S BGRMOFHEERIE E T 7 1 V8
BUZ X DHEK - [F5 - BEMHIEZ IR LTZ. 77 ¢ U
BUZ X DAPER TR TR S ND.

X, Acos8 —Asin@ T,1x,
Y. | = [Asine Acos6 Tyl [yn] (3
1 0 0 11t

T IT, AHIEK - MR, 0 1 XEMRARE, T, Ty X
Zhux, y HAOATRERCTHS. L LT, 3D
WHTEREIC X ot (B-2) 125425 CTIck
DIEE AN (B-6) O T A—21%, LBk
IRTTHEIHE/ NRA = 0.86, [FHAMEEQ= 1.57°, VAT EIE
Tx=-1975px, T,=-547.7px, FibfiEk{ATA1=086, 6=
157°, A TREEE Tx=-1939px, T,=-558.2px, LfFH

@ EEHEAR

AL IE A DS O CTEE @ AR IR B R H L 7o &
S OB ERET EHERAT3.10 mm,  FEHEERA
T6.75 mmé& 72577, 2(2) TR L7-3DIHHIEREIC L D
RRERAE (EEAEMAT221 mm, TFEbtadiA 245
mm) (2D & CTHEIEIC X DIEE AT O AEN K&
WU, ERFOHGUADLEDERIZ L5 D L HEH
Sha. T7ebh, EROmEGE SO L0
NOREE DI THN TS DD, HEHAMNEEDLE:
HHIEAFE - TNV,

(6) ZBHIE

FSMAMAIZ B3 2 BBV IEIC W TS, BEEA TR OI
VP (/b 3PHE) RO TSt L
BRI, 3D FEHIERIC L 5 EAmiE s oqE, CT
AL L B EHERE S AT ONT, ZE TR
TR A KD, IS DN RS A L
51K Z & T, B EEmR 2 A AT Y
S OIERR Y MV R LT & 2 4, 3D AR EkEC
X DIEE AR OIS LT, CT MBIz & %
RO, EEHERIA T 6.61°, THbEA
T38PDEXZAHL Tz,

-4 v IRHFETHRO CT Wi
X (px)

206

155

(b) THBfEA

B-6 CTHi§A 5 Red AR m A i

- 245 -



3. BIEFEEME

B FIE LB At K OSEMHIE 41T~ 7= CT
BRI S 5 S50 3D TR X i st
DEAPRFER A BT 177, KK Y CT HEfgABhic &
HREEsAR (L iEtAR@E), TEEE (b) 133D
REEIZ £ DR (), (d) LMk Fsstri
—FH LTS T EARERTE D,

B-8 1%, CT EHGAUERIZ K AR 3D EIRIIEIC
LA LN OTHS. [MEY, - T

\

S
(ﬁ‘?_U'pper CT

A
i

1 T I .
§.x
\) . B .
L W %A
wjppeHD ! &

X7 CT g 1O 3D AR

HEA L BTS2 200 pm (I E Y, REZIR Y
R SEHIT R >TND Z ERNDDND. BIFEIONE A
BIOCBHENHINERELT-EWx 5. 7ok, B
HERIAR DA 3 LUV NEMEEAAD FimhWic~ A FAD
T HER TE D, 2T, 3D RIIEND CT ik %
TOMISREIEATRICRIENE U lzdTHh D 2 L & h
LTS,

B-7 DR & RT3 5 72, Ko oH
DHRROEE 2 REH L2 b0 2R-9 (T, KLY,
CT I X AHEEHIEIL 3D IRIIEIZL Db D L IFE—

+1000

-1000
[um]

Julkd ‘lll‘*."‘ /

(2 & D EREHE O ARHERE R

+200

-200
[um]

H-8 fEmzESN (CTEBIC & DS 0 DIDRIEI L oEm A LT W o b o)

Elevation, Z [mm]

-0.5
Lower surface
1.0||||||||||||||||||||||||||||
0 5 10 15 20 25
X [mm]

B-9  B-Toorfuiilis EoREE AR

12
| Mean [mm] StDev [mm]
N -10
~ 10 —— Upper 5.9x10711 0.126
= i Lower +1.4x10 0.094
$ o
X L
a
5 6
o L
Rel
E 4+
>
Z -
2
0 | i - | | |
-06 -04 -02 00 02 04 06
ZorZy, [mm]

H-10 #aE (B8) ORI L4

- 246 -



BLTWDZ LR TE D, X=15mm, 20mm &H7= Y
TEANAOLNDIPHRKRTH 02mmEETHD. -,
X=18mm & 7=V O CT | & DAEE N A2 A 7 ARICH G
ZRLTWDA, Ziudey DRI & Z8Em o fhi
R LT =T —I2 X5 6D TH H.

K-10i%, BE-8TROIIFEmADE A N T LERL
TW5. BEXNT20Y, BEEETEazOIIER
KPR L TR0, FEERZE a4 C0.126
mm, FEEERAT0.094 mmE 7eo72. 2k Y, 4l
ORESRMTIE, CTHEAFLZ X 5 & 2k oflE
FEEEVE, 3DIEMIHIEREIC X B HIEXT L CTHI0.1 mmARfEE
DIEHLHOEEHA LTS E WD, B, ZOEHEFRAE
i, BEREAEOXBTY T HEAELOTHY, K
T T HBRON A A E R 221 20.07 mmfEE Th 5
Z ML LTV D.

4. FEH

ABFIETIE, X #r CT BRI 5T v PRHIZ & D
OIS RIETPROFHAREROIEES 24T 5 2 &

ZHME L, 3DRIRIIEIC L 0 B L7 FE & A & CT
AR X0 B LTRSS A D 21T > 72, JlE
FERO RIS~ C, SIFT IEIC X A ONLE A
T K OBV IS5 O UL & FEhi L 7=

BANAGF ST RER ARIERE R LU, X
CTIZ & % EAWmIRIERERIT, IDEIRMEKIC X 5
RIS LTl mmEEEDIEH DX Z2HT5 2 &b
MNoT-.

BEIR

1) ZJEHERH, ARk, DaeSunglee, fh—ER, R :
T —ACFERAESE 7/ £ DTG ME AEGH DK -
YRS RAT, AR C, PAL, 2000

2) AN p 7 —h A X CT Z2 V- =l £ T
BT DAEMAERRR ORI & F KR D FEBRAIF,
FEPREAE LGRS, 2016.

3) Canny, J., A Computational Approach To Edge Detection, IEEE
Trans. Pattern Analysis and Machine Intelligence, 8:679-714, 1986.

4) David G. Lowe, Distinctive Image Features from Scale-Invariant
Keypoints, International journal computer of vision, 60 (2), pp. 91-
110, 2004.

MEASUREMENT OF ROCK DISCONTINUOUS FACE ROUGHNESS
BY X-RAY CT AND 3D LASER PROFILER

Tokuma UENO, Ryuto YOSHIDA, Shinichiro NAKASHIMA, Song CHENLU and Kiyoshi
KISHIDA

In order to verify the accuracy of the rock discontinuity shape from the X-ray CT images, the method of measuring
the elevation of rock discontinuities by X-ray CT image processing, measurement accuracy using a 3D laser profiler,
correcting posture error of rock specimen. In the elevation measurement, the altitude distribution was acquired after
three-dimensional edge detection, binarization, and discontinuity surface search. Measurement evaluation was carried
out by comparing the elevation distribution acquired from the CT and 3D laser profiler by the SIFT. Posture correction
was performed by obtaining the least squares plane of the altitude distribution and subtracting from the original

altitude distribution.
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