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Characterization of the pore morphology of 3D rock
models using spherical harmonic functions

HAN Xue, TENG Qi-Zhi, QING Lin-Bo, WU Xiao-Hong
(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Aiming at the statistical characteristic function and conventional spherical harmonic functions
could not effectively describe 3D rock models, rock spherical harmonic functions were proposed. This al-
gorithm was an improvement on the conventional spherical harmonic functions used in 3D model retriev-
al. Firstly, the 3D rock model was decomposed into a series of concentric spheres. On each sphere, a
spherical function was obtained. By restricting the spheres to different radii, a collection of spherical
functions could be obtained. Then, spherical harmonic transform was used on these functions to get
morphological characteristics descriptor. Finally, a similarity comparison function was used to measure
the similarity between each 3D rock models . Experiments on multi-group sandstone core samples showed
that the proposed algorithm was efficient in describing 3D rock models, and that the depicting ability of
the new algorithm was exacter than the statistical characteristic function and the conventional spherical
harmonic functions.
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Tab.1 Result of similarity measurement using rock spher-
ical harmonic functions in experiment 1

Image pair Similarity( %)

a——b 0.5512
a——c 0.5923
a——d 0.7462
b——c¢ 0.4761
b——d 0.5084
c——d 0.4984
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Fig.3 3D rock images in experiment 2
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Tab. 2 Result of similarity measurement using two algo-
rithms in experiment 2
Similarity (%)
Image pair  Sample method ~ Sample method
Ns=96 Ns=128 Our method
a——b 0. 5381 0. 5386 0.6513
a——c 0. 5408 0. 5430 0. 5440
a d 0.5158 0.5112 0.5328
b c 0.5383 0. 5442 0. 5806
b——d 0. 5822 0.35773 0.5945
c——d 0.5706 0.5668 0.6946
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Tab.3 The time expense using two algorithms in experi-
ment 2

Time(s)

Core image  Sample method ~ Sample method

Our method

Ns=96 Ns =128
a 64 165 11
b 64 165 13
c 64 165 16
d 64 165 19
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Dy AL L AR . TR O B A R R
RN A

Jl, x eV,

Z(x) = (15)
10, x ¢V,

H, » ARG EHAEE — 8 V, Bl

B AH.

P AH DG PR S s 20 T AR 3R 2 ] (4 A1
Ktk 5 R E O AR EAREE » R YR T
FLBRAH BIAE A Be Rk A
<[Z(zx) —ol[Z(x +7) — @] >

S(r) = 5
¢

(16)

Hrp, o =< Z(x) > NILBE.
LRV R BB L () Fm m b rhi R - T
7 2k B TR AL B 0 M3 L 26 F AL B 5 5

TiE B2 Rk 0.
L(r)=P(usu-+r) 17
—— —> 19 ;:GV()
Plusutr)= (18)
0, else

- > —>

For ok R 0 R 2B AT N

3 g8 PR 452 1 G 2 A 6 R K00 28 1k 8 20 5 K5
1 6Ca) . (b) 7% . A 6 850t 28 7 L ] LA O = i
1 B A ML G T 1



% 3 #HE, F: RAK@ AR RIS B CILEESHR

(93]
—
wl

——core image a
——core image b 1
——core image ¢

< < o
e (=)} o]

@
o

Autocorrelation function

@
(=
T

1 1

30 40 50 60
r(pixel)

Ca) T 5 A 5 R KX

S
S
[\~
S

——core inage a
——coreinage b |
—o— core inage ¢

Lineal-path function

0 20 40 60 80 100 120
r(pixel)

(b) Lt 42 o 2L
B 6 £33 5 H AR AR K
Fig. 6 Statistical characteristic curve of three 3D

rock samples in experiment 3

WL 5 i R AT LLR B AR B TR
fEMRECT e iE R ENWESHA —ElER
P T WML R R A D ER A A2 R
K 5(a) ~ (o) — 28 4 A 0 [& . ik 7
~ (iR, B 7Ca) (o) L BR B R B FLBR R
BRKE 7MW P LBRERE R Z AR T&R
AN N e T R DL DA B DL 0 R a R O
FIE o FETEZS L AR .

IR 0 BR 1T ok ERCHE AT TR 2 20 i ) 2 2R
GIF3 A4 SRR BRI T HOER a FE O
FG o FRURE B 5 i D R b R D B a
O FUR ¢ Z 0] FE B RS #R A AIR. L0 25 R i B G it

. A
(b) 4 A0 K% b

(a) 450 EE a

(o ZHeA0REIR o
B7 £B3_trsBR

Fig. 7 2D rock images in experiment 3

FEAE BRI 2 AH 3 1 A0 = e B AT DL B R [
(T8 A5 FRRAE. ) A 0 33K T 9 0 e B50RT LA 80 Z)
] 0 = HERRL Y AR UM L T HL I SE TR AE R
AT 5 R AR Y 2 1 g )

F4 ZWIBFLHKEFAMIBECUEEULER
Tab. 4 Result of similarity measurement using rock spher-

ical harmonic functions in experiment3

Similarity (%)

Image pair

a——b 0.5324
a——c¢ 0. 6987
b——c¢ 0.5469
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