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SYNOPSIS : The roughness of Joomoonjin sand and the Dongchun river sand was analysed by the

fractal theory. It was found that the fractal dimension(Dr) of Joomoonjin sand is a little smaller

than the Dongchun river sand. That means Joomoonjin sand is smoother than the Dongchun river

sand. The measurements of Dr of different fraction of the Donchun river sand showed that large

particles were rougher than fine particles.

The shapes of both sands were analysed by the Discrete Fourier Transform(DFT) and the
Grid-based(GB) method. Normalization of coefficients with respect to size, starting point and its
orientation made the coefficients invaried to these characteristics. The mean of the normalized
coefficients was used to reconstruct the average shape for both sands, respectively.

The measurements of the ellipticity ratio of different fraction of both sands showed that
Joomoonjin sand is slightly flatter than the Dongcun river sand.
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1.ME

ZYE(granular materials)ell oA YA FAL AGAE, HE, FFA, 44, 754
(transportation) 5 Z @A 52 #3834 A E(engineering behavior)dll 432 v X (LE. Vallejo, 1995),
Azt 4L AA7Y BYol 4L wev g, A A4S FZFIAI7] A B ATt
A&gsio] gt=d, ¥ A W o) Fractal theory®t DFT(Discrete Fourier Transform)¢)2t & 4 it}

Fractal theorys 3|A, U, 4 £X, 7§ 5 AAILE AYTE & A= 718189 & Eok2H,
Fractal Dimension(Dp) 2.2 X @EH<H, Drgtel AZTE EA9 AAWY AMNAE Evde A&
dulgt, AE IRl v, 1T, A3, BA 5 A EE EotolA Fractal theoryol W& A7t
AgFoln, A4 HEd Alels B2 oz d8iA U

49 BgE F3IE WydE o7 A gl o] 2ol Wjo] DFT$ GB(Grid-Based)
method2 M, F2 Az Fstol} AapEokdjA Wol ALgs T gk AwFeta #AHAM = Soil Science
Fofoll A AHE T glew B =FdAE 47 THoR AR RFE HE3AH



2. Fractal Dimension

Fractalel oigt 7ide oz ARE oz 348 98 dF-HYeY, B. Mandelbrot7} “The
Fractal Geometry of Nature'(1982)2t= # oA 7188t 2 9] Fractald] sl A st &=, Fractal 7]
oM BN AddAd) s BEHo] 7158 ™, Fractal Dimensiong o} &3 F2zc W
& Heided A%, 2T T 4ubded ASldAARE A = Qe AR o221 glth

2] ‘C&%@—EOF@]H\_ Fractal Dimension# %@ - &4 - A9 5A 39 d@AHd i3 A7 2y
Ao (LE. Vallejo, 1996), ¢ir&dtiEotelse HAAAAZI(JRC)Y BHEE Q77 FE o0 Ay
L] ] AR TH

Fractal Dimension At&dlE o2 7bA] Wo] gloy, & =& A& Divider methodS ©] &3kt
Divider method¥ tHlo]t & o] 83l =3 Z(stride length)S 2] 7je] Zol2 WIEAANINAAN ZHAH
(boundary)®] Zol& &A F, o] EAFHole} 1 W F3lz AARNY HolE Ul o plotste]
Aded HAde 71271 FAEA Aok oW, A8 1, 54 3 (step : number of segments,
divider® &322 3)E N, ZAY Zol& Ln ol& 3b4, o3 2L fA e Ayac

Ln = Ci+()®, N = Cp+ ()™ 4 (2-1)
o714, Ci, Co: A4, D: 71€7], Dr : Fractal Dimension( = 1-D )

471 AelA D¢ Dee -9 @& 7, Dt BAHS AA7](roughness)E el th(Lewis F.
Richardson, 1961; L.E. Vallejo, 1995).

Drgto]l =& 2 o)(stride length)oll 93-S x| k7] el E= &3 4 (step, Nn)7t 30~2008 = = o
of ch(P.C. McWilliams, 1993). B3, 4zt FH A ARG AA7)E A&3] Rde7 dixe Degt
< A% A 47 7HA zz%ﬁ.cﬁo]: SHH(L.E. Vallejo, 1995).
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3. gixtel 2 ®EH

A2te] R (form)2 EAWHAE DFT, GB(Grid Based) Method, TPVAS, Moment method § %
& o] glo}, B =FdAME DFTS GB method ¥'H& o]&3tth
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3.1 DFT(Discrete Fourier Transform)
3.1.1 Fourier methodE ol &35t ¢iXie] ot Z 3

DFT#& Fourier method& o]&3td At BgE AFJAIIE $H2=E, FD(Fourier Descriptor)S
AbgEt] YdAte 2gg F7] e AL Ygded, B =RdA4s 4 gFHy fAxE F
ZI0E o839 x(b), y(t) HEZ JELAAT

x(t) = Ag+ ZN: [ancos( 2n7[t)+bnsin( 2nnt)]

N ) ' 4 3-1)
10 = Gt 3 [ 8) 022

714, n : X4 (oder approximation), Ao-Co: YA B¥9 FAH(x=A¢, y=Co),
an * ba - cn* dn ¢ FD(Fourier Descriptor)

3.1.2 Normalization

Normalizationo] @, o8] 2% dAEE stve] #HHFEH HP)o 2 A7 Aoz ¥A, ¢
2o B4E AG-DAl o3 2@t old, ¢l wel FD(a, b, ¢, )9} kol ¥l Hed), FD7L
Eage o8] g3 WA 7] s RN HA FD(ay, by, ¢, di)7F ‘semi major axis'o] FOIEE
slof gk gAe] A BIAAMY FAHIE JFoR obd 2(3-2)¢ ZL W] v Hol NEE
Euyo] gu, old OLF ©]FAZ F& ‘semi major axis'olg Tt

— _L __11 2(alb1+cld]) A w

i) 9 tan ( 312 _ blz + c12 _ d12) ’ 462
an' bn‘ — ( COS(nel) Sin(nel) ) ( a, bn) ' Al (3-3)
¢t d, — sin(nd;) cos(nd)) ¢, d,

03 AR, JAES v HIFXESH FY)o2 ey 3 dRE FHie FIXES 3T
o] & (spatial rotation)S #joF &=d) old o]%& ZTE Volx T} o] HHATL
¢ = tan —1( c*) | : /H' (3_4)
a;
( a," bn") _ ( cos (¢) sin(¢)) (an bn) ( cos (nd,) —Sin(nal)) 4 (3-5)
c, — sin(¢) cos(¢) c, d, sin(nd,) cos(né,) -

X2 Normalization # @ 9 ¢ Spatial Rotation¥ 2} 2 &

206

+06

Y
Y

‘140

xa X 8

< 29 31 > 4&A 2% Normalization(Spatial Rotation)
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dAte Edg detdie Al Cellipticity ratio(E-=1)E tg9 A((3-6)4Y JEeld 4 e, of
%2 “AFH(major axis)®] Zol/FF(minor axis)] ZoI'S Uetdth o7]A, ‘E, = ' o], a9 U=t
o] Rgo] Ao YA F2the AL onslz, YAt o] 71 FAUYS-= ‘Er'—f—_’— AR,

_ VYV (a) + (&)
ToV(p) (4

4 (3-6)

3.1.3 Shape averaging

ZHAEE TSt dA9 HTHI 2YS YeElus WYo] ‘shape averaging'eltd. FDv=
‘normalization’ ¥ #& AH838t3T, Z+ FD(a, b, ¢, ¥ 2 Hv¥d ZFHXE Tl vt 29 Ao 93 ¢
o] FH# 2SS Yebdoh

X(t) = 2: [(Avga,ni Ua'n)COS( 2T7Zt > + (Ang’ni' o-b,n) Sin( 21’}7& )] . )
4 (3-7
v(t) = z:: [(Avgcrni JC'“)COS( Zr% ) + (Avgynt 04,0) sm( 2r’}7rt ]

3.2 GB(Grid Based) method

GB(Grid-based) method® YAE dA A7 grid2 EH(ELE Mae ZE YA digo )
i, BZE celld diste ‘0F ‘19 g Fosted, old e AAWe AYrtes celld ZAWA
Wiele 19 g&g Fdsta, AA™e] AUstal F& celldle 09 #& $o3o

Grid-based method€ ¥ & W< AMESHE F71A &oi7F ded t&3 2o

-. major axis @ YA AAWRF A N F S 4EE =

-, minor axis : major axisol] &z}l =

-. rotation normalization : major axis®} L xEE minor axisAolA B
dote A(E =T AT major axis®] FY¢S THLE YA Rgol 1 Fo] (A L)IHA
o Lx& 43).

-. scale normalization : grid2 &% celld] 9L binary number(0F 1)7F 429} gride] =
71l Jge WA FEE major axisd ZolE YASA AASE A(grid standardized major

st EE A st Y3 ZAolE B3I major axis).

< 29 3.2 > GB method - Object mapping and representation
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4. 2 xtel
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atl

=g FEN EEASYG 240 XS FHF BHE dAALE 9 4R ARV dAY
F(DFT 2 GB method)oll tste BAs g}, ‘
FetEn| AL Algste] 2 YAE FFEoH Fuh)IHed, 4R G4 A e Image-Progts
2298 ol &%}t £ Auto Cadg ol 839 7} Yo AAURAREE T3

AR7) 2 2 BAA ALEE dAE VP2 FAAZ 4 304y Agsidern, Alg 7is 3090

et Foghe A3 E 99%el 24t £1% W2 AFge] 2 A2 HAHAU.

41 2ae] wa
FE2g FEN FEAE 06m#0)~042mE0A o o] oF 929%7t EAS] REAE UET &
4s070) dE N2 e BAGGoR AR wael Aot 7 g APz BAsY.
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| .‘ w S P
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< ¥ 41 > AR B - EFAF #40 < O¥ 42 > YA 2o - BAG #40
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< E 41> 4R A7 D AR At

M B
7 = | 524 m0 2 o ,
#4 #10 #20 #40 #60
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X F7|Y Fractal Dimension 2% 8|1
5 40
C
o
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O —a— S M2 #4
I EXMZ #10
o —— EXZ #20
g —e— SHZ #40
O' N
Y —— SHZ #60
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Fractal Dimension
< 29 45> YA =Z7)E Dy BEE
471 <E 41>0] YEetd vie} o] FHF YRt FFAY Dert ZAA Ugtsd, olRL BF:A)

TG RAEg gde] judne AL WA, 2 Xole athA X Itk <Y 45> Dp

o ¥XEE BelFw g, 4R 277 2245 De ol AHT, YR A7\t ADEE De
gol BAHE Aoz vehdth o Ae 4R A AREE 2 ALY AEs} DA™, At
2 AR A AL A AAARE A el B,

4% RS A%, QA 277 AokAEF Dt AokAT} #0HE 288 ZhaI. ol
@ REE $ET A 293 BA A5 Aoz wuas

43 AXiol =t BN
4.3.1 DFT(Discrete Fourier Transform)oll 2] 8t =2t B4

DFTS =% latel ®e Eade 471 1ol Pdol stel Faysision,

7t QA 2z W
st BEEYEY, @4“ <E 42> 2 <39 46>3 B ‘

< ¥ 42 > DFT 93 ‘ellinticity ratio’

T B |EFEA #H0| ST #4 | TR #1015 7 #2015 W7 #40| 5 A #60
ellipticity ratiol - 1.436 1.324 1.318 1.377 1317 . 1.594
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< 29 46 > DFTA 9& Ao P 2 Y (Averaged Shape)

A7 <ag 46> A@B-NAA £020(0 2 descriptor d EFHzaPo] gt EF 4719 HARE
d& el Aoz YoM HolRo]l FEAISY FHZ R HT Ego] vl JoR dEe
U, BFA] Boko] BHZ Rygrc o d&AS megS d1n vk E3F ‘ellipticity ratioc = EFEAMF
FAZEY 2o ¢ ZA FEFHUAHKE 42>). oJAL ditz oz 48 AXNYH EEAY] Rgol &
= < YEhi it

T3 #6029 3¢ ‘ellipticity ratio = 1.594'9] & RoAF=d, & A79 YA g o $ 25T
godoin, o] AL A&t =77t HolA 4 E Deghol Folxthrt #6014 A7l AW R A#o]

4.3.2 GB(Grid based) methodoll 2|8t =2F &4

GB methodel 93] YEbR YA FAEFL oy <2¥ 4
o3t meknt BAVEY EFEA} #M0RT TR #4400 o) 52 2L stz o).

(a) BEEA #40 (b)) X7 #40
< 2% 47 > GB method o} &% Az} A7d JHF B
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5.8 &

FEXN BEAIS TH B 44, #10, #20, #40, #60 ZF YAl whdted Fractal theory(Fractal
Dimension), Discrete Fourier Transform(DFT) %@ GB method& ©] &3 %9 AA7| e} wko] O3}
o BN An, 22L o083 #,

1) Fractal Dimensiong &3t} 42 EW AAZE BT A7, TFAY 3¢ ol $ sy
Ao 2 Yetyth old wis Y Rl H
Bttov, I Aol A Fsioh

2) A Ed distd 4B AVIER DrE 4Esl B Ay, YAt AV FHotAFE gHo
AANE AL Ao Jehg

3) DFT$ GB method& ©]&3ld FEI EFAIY] diE dA 24 FIEAZAG. F Wi 9% o
o] Wi RS Aoz v A4S Ha o gAY FAS AEE e DFTYE
2], GB methodol e YAE Grid2 283l E2E celld] A9 BAHo] 2Folgdx: H&
o] HH I cell A7 e YAR AAHT, £ YA HXE Jodulz HLsly] "ol
28 E¥S 3T BUE AJgd 28y, AAFHQ 7 RIS YeEhdrld e F280
I AlgET

4) DFT #4437 <A4xt9 ElongationS YEE Ellipticity Ratior FE3 EFALe] A$ 1436014
o X 2de A9e 4 A7) wet 1317~1377 HYE B, FEA ZFA FAR R
BEtE da HEG Ao e,
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