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Resolution and Image processing Methods of Tomogram and There impact of
Computational Velocity Estimation

Minhui Lee, Dahee Song, Youngseuk Keehm
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Abstract : Physical properties of rocks, such as velocity, are strongly
dependant on detailed pore structures, and recently, pore
micro—structures by X-—ray tomography techniques have been used to
simulate and understand the physical properties. However, the smoothing
effect during the tomographic reconstruction procedure often causes an
artifact — overestimating the contact areas between grains. The pore
nodes near a grain contact are affected by neighboring grain nodes, and
are classified into grain nodes. By this artifact, the pore structure has
higher contact areas between grains and thus higher velocity estimation
than the true one. To reduce this artifact, we tried two image processing
techniques — sharpening filter and neural network classification. Both
methods gave noticeable improvement on contact areas between grains
visually; however, the estimated velocities showed only incremental
improvement. We then tried to change the resolutions of tomogram and
quantify its impact on velocity estimation. The estimated velocity from the
tomogram with higher spatial resolution was improved significantly, and
with around 2 micron spatial resolution, the calculated velocity was very
close to the lab measurement. In conclusion, the resolution of pore
micro—structure is the most important parameter for accurate estimation
of velocity using pore—scale simulation techniques. Also the estimation
can be incrementally improved if combined with image processing
techniques during the pore—grain classification.
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%3 9t (Cundde et al., 2006). XX EX 1y =

(X—=ray microtomography)< 3% F=FTF Aol 71 Eo] ALE-H A
T Aab A4 B EHE smoothing &bl o3 fFE ERIEES &
J= 7FsAlo] Wtk olyd 9=y EX I (microtomogram)S WEdh single
threshold W o& o3l & A9 YA HFHo] HrhsiA =, o]¥
Al Dozl FIFZE ol &sl B EHIAE B3 SEE 5T AT, d5H
AS5s = EA7F TAgETh o]H st smoothing &27F &
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Lo S A= TS JFH o2 FA45FLAF sharpening filters ©] 83t W

P QI FAIALE o] 83 W O F smoothing &S A A= IAAE 71HY
Zy7y ok 11> <}

THETERE LET P SR 55 fEA Zod HAE IaTERE 949
3k = siA el THE Eol AREEHIL, vl 2 dEE R ARE DS
T A XA ERIYY B ol &sditt. o] WS vuty] JAAESHe dF
O % XAo] et 9 oy WEks Fste] dolx= 74 (attenuation) A4S ©l &
 ERIHE F5ohe Aot ERITHT HHoR dojxl ERIHAANE Y
E7F =& dAFlA F=el vlEl] A7 A Aoy B AS wu AdgiFow
S T E Hole 352 ofF S HAt(Fig. 1).

2 AT A" AlEE vE Ulbtthe] Valley of Fire =839l AbAlst=
47199 Attow FE dAe A7) #x+= 0.1~04mm=E H| WA £ JEE
Holw FIFEL °F 20~25% AEo|t(Mollema and Antonellini, 1996; Du

Benard et al., 2002). AFgollA] F=Eof wE A2 2 (1) oA o3t A3}
FTEE 23%S z2t= AotolA 3.75km/se £EE Hol:= Zow dyx rh
(Han, 1986).

Vp = 4.9442—5.20116 (1)
QA Ag B BRI e mE i oS daE vasty] 94

A1 1024 %1024 =7], 16bit gray—scale (655365 %), °F 11m¥} 2k 2ume &%
T8 Ze EROHS o] 3AY 7= FASTH
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Fig. 1. Flowchart for constructing 3D tomogram. Light gray denotes grains and dark
color is pore space. (a) 2D tomogram. (b) Stacking the 2D tomograms. (c) 3D

tomogram volume after cropping boundary areas(©]%!3], 2007).
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W 3}el= o] F 3} (binarization) ¥ 9]

, 98] AlE-¥+= single threshold WHS A7

(threshold) & 7]+=C% 1 o2 AR, WA= #5202 F7stes WHol

| HHle ERXIH vE A &sHA =W ERIHY WH JAakd

oA MA3k= smoothing E¥=E dsto] YAk}l ARl e F= Hit

T2 e Zdve dA JA JFoE AR LEFEHE A

v, YRR HEFFo] AAEG AX FIESE B dF o
(Fig. 2).
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Fig. 2. Schematic diagrams representing the smoothing effect in the pore scale. (a)
Original pore structure. (b) Distorted structure by the smoothing effect. Light gray

denotes grains and black areas are pore space(®] %3], 2007).
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B Ao A= smoothing &2 A A7) ¢ste] sharpening filterE o] £3F =
W JFAAY W Ze A TIHS 4853l

Sharpening filters= 9 71HF X g|¥H o] shvbg Azl HofoA] o
1 9= unsharp mask® W33d wH ot} (35 9], 2003). ol 7
o/ FH FA =9 HFS AAsIe] o] WElE Y ES HASE WHowR
21(2) 9 22 FEHE FoHEnt. o714 g(r,y)= sharpening filterE ©]&3to] X
e olvlA, flay)= Gl olvlA 1L f,(x,y) unsharp mask¥ o7 A&
UElAT}, Sharpening filters= A} A] FFow, 58 FZo|A ¢xz W=
o AAE Axete Zlee etk A5 d#9 intensitygtell sharpening
filter2 243 & 722 WA smoothing 32 A|AS AL AL 2= 9l
single threshold WH-& A &3 o]&3} st

9(z.y)= flz.y)+ £, (@y) = flz.y)+ Vflzy) (2)
AFANATS o187 GAAe PHE AZWA AU 5 wEd hepal
ool A e W&ol i Ytk AFANAEE SgulolE R HeE A%E v
gow dolHE Hiel Ut wwen Ao sedolesl apun, oS v
o F7 HAFAQ HolHe &Fel %ol AHg-Eth(Rumelhart, 1986; A<,
2005). AT A o7 dHldy 53258 TU dFTorE A
kgl whd olm A& FAEte] TP ARE A Skl AFEESlth 7MY S5 AR

o 4 =

Am)E EX T AT (SF 11m) 2F A AI7]L ERT
A intensity ¥X SAS W o)xgt Ame WY F4E o] gkl Yxbe}
=0l dAs W9 ExE ZEF AdAsty, JFAE @ E o]l &-stho
smoothing &3¢} H|3 545 Holkd HAAste] 7Pt ERIH HolHE
sttt 5 A3s a8 Fde S sEdelH e dEHsE Aarst
(normalization) 3t &% 9L wWE 3 st= Wy 85314 oA smoothing
2E 1HFEE AT o]2]dt sharpening filterE o] €3 WH I} Al

™

F
W ()2 vl B S Uy B FE AR 5us BosH, 53] A
TAAE W (Dol Bu FdE d3E Kol gl
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Fig. 3. Original tomogram (a) and three binary images by (a) single threshold

method, (c) sharpening filter, and (d) neural network classification.

gAY g4 HFR AL e iS ol &3 HIEE ouA HAs
WS AFE-391 91, o]= Roberts and Garboczi(2002) ] 94‘3}1 Atd WS
Tt (Keehm, 2003). &dAF S4= faiA A A9z, 352 ¢
T2 AAsH(Table D).
Table 1. Material properties.
Bulk Modulus | Shear modulus Density Remark
Grain 36.6 GPa 44.0 GPa 2.65 g/cm® Quartz
Pore 3.013 GPa 0 GPa 1.0 g/ecm’ Brine(50%)

okl A|ASF sharpening filterE ©] 83 Wy AFAALS o] L3 WHoz

AR 32 FISTERE o] fe] £

el Sk F3AE 1o 48 Ay, &

contact H-Ho| single threshold W5 o2 o]
TRAYE IS 7 AAAT AAkE &

Table 2. Calculated velocities from pore structures by three different binarization
methods(©] ¥ 8], 2007).

Model Vpkm/s) Vs(Km/s) Spatial Resolution
Single threshold 4.69 3.00 11 m
Sharpening filter 4.66 2.98 11
Neural Network 4.55 2.89 11 /m
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Usoas st AR b8 ERIHES ol&std] & o5a AAE Bt
3k F=T2 A WHE single threshold WHRES A &stdh. =3k 4
T RSt e £k W3E F 9 A Fds] S8 2.1me] RS e
ERTHO NS 1/29 4/12 7F4ske] 4.2mst 6.3me] 3G EE Zb= 34
4 FETEE AT SE A5 AEsdld 1 A R x2S S5
A5 Aart A7 FeES D 5 AT (Table 3).

Table 3. Calculated velocities from pore structures with 4 different resolutions(<-t}3],

2009).

Spatial Resolution 11 um 6.3 /m 4.2 (m 2.1 um

Vp(km/s) 4.69 4.15 4.02 3.86

5. 48
B oATeE ERae Wyon doj 34 FIFEE ol e, A9
&5 o SA Bt wAE Ao R #4359 H. Smoothing &5 A ASH
7] ]38t sharpening filtering ¥ 2 QAZAAY W wE Solom ALY o]
w3t AoE 9SS F AAAT ANt SR A AEe muednh vbd A
T g8 EROES o83 Ay valNE ERIW 79 grain contact F-H&
T gatslA maHYgoH, AXE Exr AA Ao £xgl Jke w9 Eo
P wolFoT ol DAL ERIRS olgael QA A% FEE 4
3] 7l& she Aol FAAY 7S A8ste AR ¥ FaskA agslor & 2
2t AE AAST mEkA AlEF oIS §3 S dF59 A g EY
ERgslo] H4A ol smoothing &3 AAE ot kst I8 71 |
ATk wk gea G L% oS0 5 Ao B

Ael=r, 2005, A1 ol &3 &8 1, X1EA<AH], 364pp.
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