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Elevation Interpolation of Natural Terrains Using the

Fractal Technique

Hyun—Jun Kim

Department of Control & Instrumentation Engineering,
Graduate School, Korea Maritime University

ABSTRACT

Digital surface representation from a set of 3D samples is one of important
issues of computer graphics that has had many applications to the areas of
engineering, geology, geography, meteorologv, etc. The digital terrain model allows
important information to be stored and analyzed without the necessity of working
directly with terrain surface. In addition, we can integrate products from digital
terrain model(DTM) and other data in a geospatial information system(GIS)
environment.

One of the most popular stochastic models which represent curves and surfaces
is based on fractal concept. A fractal is a geometrical or physical structure having
an irregular of fragmented shape at all scales of measurement. In addition, a fractal
is based on self-similarity concept indicating that each part of its structure is
similar to the whole. The fractional Brownian motion{fBm), derived from Brownian
motion, can be used to simulate topographic surfaces. fBm provides a method of
generating irregular, self-similar surfaces that resemble topography and that have a
known fractional dimension.

In this thesis, despite the many applications of fractals in geosciences, the
problem of inconsistent results derived from different fractal calculation algorithms
remains. It have been found that the triangular prism method is one of accurate
algorithms for calculating the fractal dimension of complex surfaces such as remote

sensing images. This thesis introduces a method for enhancing the performance of



the conventional triangular prism method(TPSM) and interpolating TBD areas using
both extracted information and a fractal-based technique. The proposed method is

tested using simulated and real DTMs.
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incry= x(ty+ At)-x(t,) (2.5)

incr,= x(t,+At)-x(t,)

incry, incro,-, incr,®] EAHCE ZHgol7] YA E EE to w3 E4ikol
ARl i E o]ES AAAA TYZE: I HE AR T BRY F
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-0.4 . -1
04 02 0 02 04 1 05 0 05 1
(@) At=1 (b) At=3

(L AD-x(D) o %[X(trAt)x(t)] 26)
T

A7A r& 2ALE A (Scaling factor)o] T

1

Vr

o3 =0, x(0)= 0, At= 18} Fod o= F FERT x(1)

2 (26)2 x(t-AD)—x() < [x(t+rrAD)-x(0)] Frll= AP7]5AME ] &A1 7}

(oK) =]
NS T3

ot

1]
AN
i

o %x(rt)ﬂgl AN GA AR ALAD, O waw 1Zow ) A&

g xD7F x(D9 FARE B8 &30 H7] Asids 2AL" A rel A
FZ, EVrE UHAck itk o #AE =A% A¥rY] g8 29 211

2 x(0)9 r= 29 Wel x(21), x(21)/V2, x(21)/3& 28 Aot}
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24 x(DEY o 7k
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V2rTH 2 308 RS A

O Aoz o ke, x(21)/v2

o)
-
7:10—,—0 E/ﬂ A 0&:0] X(T)ﬂ- _H_OA]_*(‘SI-__O o}

[e]
2 7

< 1= yd

V2 Rt 2

Boli x(21)/3

1
R

x(271)

24 x(DE

9 g =

[e]
-

o
-

=
=

S

—§_"|_.

A AL

e

= A (26)d wat
t},

A=
F 9

of
o

|
o

w
H)

#He B2 2% (Fractal Brownian motion) 2. &

H

28 &= (Fractional Brownian motion: fBm)&

1TH7]. Bma Aol A

B Ao

A
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A TE, G B3 2e BHES 2 sl EAH FeH Pyl
=) L

Mandelbrot AFe] &34 R oFo]

Var(x(t+At)-x(t)) = |At|* 2.7)

A AFEEZE WEY, 7|4 He 03 1 Atol9] AF3E 7FA™ Hurst It
v B (Hurst parameter or Hurst index)® &gt} Hgkdl wegt Bme 2 7}

A mEAlssh foh W He oW S9ERE At neke =A% 9%

S H > %Olﬂd do] BEBAS A4 TAo] SutaAL, H < ~od &

o] ZABAE 7tH FAdo] AHXY. 18 2112 Hell W& BmE EAFE

o Il BXo] H7F S7HE,E 24 9d0] dxtsids & = 3
o

Var(x(t+rAt)-x(1)) o 7] Ag)*? (2.8)

o] FE=E v #AZL AEIH.

X+ ADx(D) o~ [x(tTAD-x(D)] (29)
T
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Fig. 2.12 fBm to changes of H
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A3F ARRRY 3

13 TBD7F EAH 71U, As)dme
I=ARV e AL ddez Y
W AFOoRERE ABE FEIIL oE
ol g FIart szlt}. 79 31 AFEAR 27 APR7BeZ FAE WA
BE =253 Aotk A¥AR FE TG Y D AF Bxeso
A oF EEYSHA HY, APRDLE 1=AFYS AFAHSHA "k 4A

5ol AAAFol = T3k FAFre]l EAEY] W FEE FE3HA

Houe AEW Zag SEe ol B,

NE=
DTM ]U17<] 9th'4°1 ﬂtﬁ %E—"l% 2l
=

¢
o

St
=

WS >
e B

=

InteBp_Igr!qated :

Driginal- _ Information Do Fractal-based
DTM Extraction » Interpolation

I 31 AEAR FE23 B

Fig 3.1. Information extraction and interpolation of terrain

3.1 9x9 2@

2 =AM OF = DTMS 28 719 b9 dCed)E F45HE o=z
V&EEka, 7z Ae a9 329 Zol 9x AHE(x, v)9 12 =(Elevation) RE z
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\/ Zisy j41 =fi(% 4 ,Yj+1)

X X b x ¥
-2 i-1 j+1 *Mi+d
Y. > x

Y é /by
Yj+

Ay

a9 32 3D DTM
Fig. 3.2 3D digital terrain model

Helid 28 339 DTML 28 3309 #Zo] th+e] X (Patch)E &
Ho, #x9 4 AFe] AEL WEA 1% & ZEE QUD)XQMDE &
gHEn. o] W m2 AAY Av|e] Agolr £€E 4 HA e nxn A= 74

S 29 33(0¢ o2 BgEG, oju 4o Av)E DIMe HFEZ g
=

i

Lo %

a¥ 33 DTM3 3%
Fig 3.3 DTM and patches
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3.2.1 Pentland™

Pentland[4]= fBm3} Self-affine T2 42 EAS EAld 71X =HAY
2Ee g4 {(@F ARz, e FEIFTEAN ZE q9 Agel U3k
21 (3.1)& W3k}

p(far4d- 1@

AF <t)=F(t) (3.1a)

—S

F(t) = J t F exp( )ds (3.1b)

714 q= (z,y)ER’S} q+Aq= (z+Az,y+Ay)ER’E X-Y Fdde F A

Ad= lAdll= Az +Ay & F "z A, FoOe NO)E Bae Z8d

19 FRE TS|
. 1 _
fl@e % flgrdg-fl@e —lilgrrdg @l BAHZ A7 A8 S
T

AR, ZAg FAL e HOoE Fojuh
D=T+1-H (3.2)
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o714 TE 94std 2199 (Topological dimension), H(OKH<1):= Hurst T&+)
B o]t}
A (3. 1D)E Adel dis] 7dAE HEd o2 e 4L 5 vk

Ellf(g+Aq)-f(@)l] = Ad“C (3.3a)

o714 Ellf(g+Aq)-f(@ll = TAH X2 o|2FE Ad Add IXF HE
o] e Adxe Hagkolth 198 34 XA A9 HAzks AL

7] $1% 2™l

fig)

f(g+Ag)

- g+A4g
/ /_
P i
29 34 12 HAYix e BEFe At

Fig. 3.4 Mean of absolute elevation difference
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21 (33)% log-logFzte 2 Wastd thg AFd4E& derh
logE[ Az ,,]= HlogAd - logC (3.4)

A7 Azy= flarAg)-f@l2 BelH 3, ElAzy]= A T4 1x9 54
REAMN AdRHE "ol Z+ A He mEe zole] Ahxle] Hioelr) 4
(3.4)= Hell i) 12 A8 Aoz HE T8 2o zXE C= 18

om ¥ & T

_ logE[Az ]

logAd (3.9

iy B dFdE Haxsges Hel CE Fatt) k7t 194 L= n/27HA)
Eﬁva]‘“]\:‘ %({_94 AdE Adk, E[AZAd]% Zk‘ﬂ’ IRl L7H‘°’] Eﬂolﬁ ’%1‘3'4- }“\Jl (3.2
2nE 92 Wy BdAe de F 3

z=Ax+e (3.6a)

o 7] A

ERM (3.6b)



J=¢ele= (z— Ax)" (z— Ax) (3.7)

ATA9l gaigoe] EAstE AL oJ/ox =02 WEsE FAAE ST 2
23

x=(ATA) 'ATz (3.8)
Oo|REH thg A3 o] He} o 8 4 Yu}
H= X, (3.9a)

7= \/> 107 (39b)

Heb o= T4 AoM o Agnitd 288tk 33 4 32)2%H g™
9 A$ T -20n2 zdg F9L g3} o] Ald)

D=3 -H (3.10)

3.2.2 Clarke 4tZtxeEl& WA

L)

Pentland 2 AP Rt a3 Het o8 FAlo FEAFA T DY =43k
o Bt thE Rl Hlsf thA "o Al I QIfjH R WA FHI A
Hole= Aol A vt TH Clarkes 19864 AFILE=E
gk 3to] A o] Fol3 AAzeElE: WA Y(Triangle prism surface method:
TPSM)[8l& Attt A7 zElE WAHE A7 v 248 2=
Frgoer FAHE RIS, o] AAV|ES 49 Adrvises 9t
of W Z HAgle] LR RY REAZ 47| FY WY HolE AET

29 350 HE 25132 7](Step size)7F s¢ Wl BEAEe] 1=E g b, ¢, d

= =]
=
el

=
g B FYNE et o9 YRRl N3 AZrF Qul 47)e] Aol
g} A
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(i+s.])

C s
(i.j‘+s} s (i+s.j+s)

(a)
a 5 b
5 5

=)

d 5 c

(b)

a9 35 Clarked 7 =ZalE W4
Fig. 3.5 Clarke’s triangular prism
surface method
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SNA EAE Zol we a%t brteld] 719 s¢b 1LEA b-ag ] &8t

w = V(b—a)+s’ (3.11a)
GelA =AY x, v,z 94 A% 2 PHoE 7Y & qth

x = Ve—=bP+s* (3.11b)
v = V(d—c)l+s (3.11c)
7z = V(a—d)? + s (3.11d)

=99 AT o, p g r BT NETLs £ AL5o]

o = flamer+ (s 3122
D= \/<b—e>2+ (@@2 (3.12b)
q - \/<C_e)2+ ( sty (3.12¢)
r= \/<d—e)2+ ( ?8)2 (3.12d)
a8 F 29 T2 (Heron's formula)S ©]-&ste 4 Zgs A3l Yo
g vt el Fan
A= 5,5, —wWIS,—p)S, —0) (3.13)
B = /S,(S,—x)(S,—p)S,—a) (3.13b)
C = SS.—v)(S,— S, —r) (3.13c)
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D= /508 —2)(S =05, —1) (3.13)

o,

1

Sa = g(w +p+ o) (3.13e)
1

Sy = g(x +p+q (3.13f)
1 .

Se = E(y +q+r) (3.13g)
1 . )

Sq = 5(2 +0+71) (3.13h)

HEHoz HA WAL v o] T3
Area= A-B+C-D (3.14)

2857 & 1, 2, 4, 8,.. B ®WASFAA AP Areacl thald
log(Area)-log(s) 322 28 9 363 o] 71<7] HE F3AY,

log(Area)

10

10

10

719 36 He 4

Fig. 3.6 Estimation of H
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D=2 - H (3.15)

3.2.3 Sun9 FZ4xEIF HAY

Clarke® TPSM2 Atzd vl RAZle] =& Histe] 4L
sttt o W Arte] sttt A4
A TALE Fhol AsiAT] wEe 2R
Eo], Z+ Mg 1x gL 1, 3 2, 6
ClarkeM & &98¥ FAHIEE (

Sun[13]9] TPSM< Step= 1 & Uﬂ% AQsta FAREE HAA L e
AHEEEaL, DTME 8719 AZb7l5o s HeEsgtes Aoziy HIswo 19
373 zo] 87he] Y Ea ARSEoEN Foizl AFd o F3E WA AN
7Feattte S 7Idstgh

a b [

h d
o)

g f €

29 37 Sundl ztEelE WAy

Fig. 3.7 Sun's TPSM method
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g o] yolg Fole e 7|E9 Clarked W3 FAsY. = 8709
A4y "wHdL 4 31D~ Bl4E AEsd 78 & 3, Zdg 2L
gA 4 (3.10)F o3t "tk

324 AXE A4=zdF 98

2 ATolA AjtE TPSM2 HA| A& AAFTE F o 743
st7] $18) AFE AEZst] HZsts 3ol HFolu AbE WS Sund
TPSMe] Clarke®] TPSMEUT o #2 AFe] ABE ARSI ledA 9%
& 4 a9 38AAMAHE 16719 A= elE muyole AMg i
Sun®| HAZEFE WP nATIA R step size= 1M E AdsL F A4
Aol 47] o] EA3}7] wEo] step size =2%FH A¢tE d1ngEHL F3Pu

a ab b
........ 9 y
TN TN
________ e

z y
d cd c

29 38 Akd AFAZAE WHY
Fig. 3.8 Proposed TPSM
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AtE W 94 Clakes] 471Zel3 WAMA 22 YYo=z 439~
(12DE ol§5d HAFY WolZ TRk HAT Clarked) FZZZ WA
%, Sune] A7HTeE WAL T b Aol Hol Aok,

- 7z} 2AE Y YA ab, be, cd, daz=

ab =(a+h) /2 (3.13a)
bec=0Mm+c)/2 (3.13h)
cd=(-d /2 (3.13¢)
da=(d+a /2 (3.13d)

2 74 mAge FFge Awoh

c 7t BAA B o] Aol ANT H w, x, v, 2%

w=(a-ab+e+da/4 (3.14a)

X =(ab-b+hbc+e /4 (3.14b)

y=(+bc+c-cd /4 (3.14c¢)

z=(da+e+cd+d /4 (3.14d)
2 Z 7ot e As 2R JEe] Hags ATk
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4 FelA fElE FEH AAZRH AFARMAY 0F FEF3 B o
a AmEsth dd He oF ¥A =W o|2FFH TBD A9 =8 F
g Byos HAdE & dvh HEA]] EAHoEE Bﬂmearﬂ,ﬂ Bicubic
4], ZA g 7|25 3y Fol] vk e F HE dRkgk A ¥ e B
A= A&7t 7o AZTE JHAE AAAFEY Rid e BEAEA
b7l Wl Lo tijte g Z g Y23 WES ARSI ZE V)%
3 EFHA WHoe2ZE Random midpoint displacement(RMD)®H, Shear

displacement, Fourier filtering™ SI[15]°] Az, ¥ dAFoAeE Fdol 4
E7%4<¢l RMD¥ & o] &35t}

4.1 71€9 7Y
4.1.1 Bilinear¥§

dutH o2 DTM o|v|AE EUH s Z4AA AT F5s 45 9
of AA AR ZtiE FIAFHAXAR wiE Sd 4 fodE
AL QF A ARE oo g Az BHiFo|Aor jr o7 ALE-H
= ZF2A <1 WHo] Bilinears ¥ BicubicH o]t}
Bilinearg & ¥ 4.13 #Zo] B7tE= FHAdo] X3¢ X9 AR 4 JAS
Argstd AEubes Btk 19 41604 = fay)E, £ firnge fus
4709 AL el s} o] ol 7R e 9
ghA B3 Hojok & A f = dEH Zo] & F vk

)
N
N
i,
Zi
L
g2 f""

fs,t: (1*t)[(1*3)f¢,j + SfH—l,j] - t[(1*S)f¢,]‘fl + Sfi+1,j+1] (4.1)

714 sek t 03 1 Atole] HEgrg THAE TheAelH, SH€HOR
ek,

P>
i)
2
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T|| f|l1_

fat

il

f|-' T||1_|1

19 4.1 Bilinear

Fig. 4.1 Bilinear Method

Bilineardl & 7Feh3tM AN E £E7F B o] zol= Wy F shtol

A wk B3k o)v) A7} &8l &) A =(Blurring of magnified image) @3 o] At}

4.1.2 Bicubic™}

Bicubic'H& dA4tAel %71 F86A FEvhd JAS Histsd oA
Bilinear 2t} ©] A 22<1t}. BicubicHy 2 Bilineard 2o ©] A stA B 7HE

T 371wl oA E Fd W o FEHL, E <l

do
)

A%e g+

il

AT,
Bicubic 2 3@ 429 o] BHojof & e AHI 16 J2S A3

of RS O R4 e e 2o
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f||_|' f||| 1|-'_|1 f|I:|I

1'i_ flll.,
fiiim . . iz
fay
L
fiorgne L 4 +» IS
Tlill fl 1,441
L & & -

f. (e f||l: 1|-'_|l.’J f.-'z.-:

23 4.2 BicubicH
Fig. 4.2 Bicubic Method

fse= 'nglm; fitmjtn Prmt1(8) Pry (O (4.2a)
o,

Py(x) = (=2’ +22° —1)/2 (4.2b)
P, (z) = (32" —52*+2)/2 (4.2¢)
Py(x) = (32" +42" +2)/2 (4.2d)
Py(x)=(2*—2%)/2 (4.2¢)

a9 429 A (42)o4 B 4 %] BicubicHe 99 16 HAS AL
¥l oyt Cubic convolution®.& HAo] 7MFEA & 7‘4493}93\7] o] &-of]
Bilinearf Evt A|ZA4H o2 1 £2 ZFAE & 7+ vk A7 ALb#A A A
=9 gol A oW FEY, ZHH (Clipping) 33 2& £AE o1&

.
= 3
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4.2 RMD

421 1249 RMDY

HS,

o

A 1533 Bilinear & BicubicH-& Q1% Ao AAAH] AAETS

FH

[

Hal7|de EAFsm= TBD A9 H7le] Zdere] 7|23 RMDHES ol&
FHoH11], Al @Dl AYA g= 0, Ag= d= 1, F A9 Azt 19

f(1)-£(0)e] BAL 22 314, A7t dC0)el We] Eake thg3 gt

Var(f(d)-f(0))= d**0” (4.3)

149 RMDY & A7 d2l F AARY A=RE Agse] dg wis) 7

WA gAY 2%

il

WAl FEd, 9d (8 G A3 2ol (0%

Q9 ARG XA, F NORY AFEE A% 6 TEZ (e (0

o} f(—)—i el N(0,6)91 Bt A o3 BEnh
_ f0)+1(d) _
i) 2 = (4.4)
L 0+
=4 (45)
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td/2)

f(0}

]»Lfc-::mrm:l]fz .
1

a¥ 4.3 124 RMDH
Fig. 4.3 1D RMD Method

webd £5)s (09 FH e

f(%)*f(O) - f“))‘; @D, A -50) - f<d);f(0) VA, (46)
o] B, Fd Ao BN Faiw
Var(t(3)=£(0))= Var f(d); 1)) ratan) @)
d QH 2 QH 2 2
(=) d +4; (4.8)

2

of #AE WSk StEE ol F AYstH A9 4 o 43 2 "o,

1 5. )
& = ﬁ(l—fﬁr 1)q* 6 (4.9)

ZE WHoR o) e A f(—)g} f(0)e] SEOZEFE
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R I (O R0 |
f(z)—f(0)= 5 +A,-1(0)= 2 +A, (4.10)
FAe Fau
(P = (5P +8 (411)
o Hx o]g AYHA BhE 4g Yk
& = 271,,(122H2)d2H02 (4.12)

B8 155 K@ZRE HODHE wE W) €)% 1) 10 FA4
°2 BUsA Wtk A4S 2 Wast Atk olHe FPL n ABHY

A5 7o) AdE o HE FAST, vl 934 A8 EEAAE 08 4

5 = 1 V1—2¥"2q8 5 (4.13)

n 2nH

olzny % Azke At %; Zw o= EEAA T I Hez =
A B o 2 g
9, 1
(4.14)
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422 249 RMDY

TS VAL WE AL s WEA HEd, 24 UL F eARE
sio) A A GAE 4 BEAE Y ' Hogd LZAS ¢ F dZdAe] ghy
A=

= AFAHE FH)9 IEE 2AANIY. o] A3 =¥

19

& Aol Bl ol F Yate A4S DTME BEold wAx (d)~

(d) (e) ()
a9 44 224 RMDWH
Fig. 44. 2D RMD Method
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I8 44~ HE dHEE RMDHol= 24 27H4 "ol & & +

th AA DA A A7ke] Agrt dEtd, ™| 1S 1Y 45@)9 2ol 47

fd

1L o R RS A L E B7Es AERE Ao AgsE—— \/»

Bl 28 % 459k Zo] 3 T 47 A TEFORE MRL A IEE B

dam Alze Azl Az b e,

i—1 i i+1 i—1 i i+1 i—1 ) i+1

(a) W& 1 (b) =& 2
a9y 45 RMDWH e d€E 2
Fig. 4.5 Pattern 2 of RMD Method

ol g AHdERE wd 1, 27t wriz ghad deig dzkel At

n ].

Mg g3 exAe gEAAL =% - () - 5 W& 2
n—1

g 4 9ok,

\)

@ AT A (U15)E AW wAL o ol & 4 3Tk of

o fi;= f(x,yelil, we EEAHATEFE 9 v g



1
Y 1t fi= 1 (fi-1+fi-1 1t fo et -0+ 72;2 V(1 —22172) dilow (4.15)
1
HE 20 fi;= 3 (fi1i 1t 651+ - QLH V(1 —=22172) dlow (4.16)
1 . .
fij= 1 (fiq,j iy fi-1) - % V(1—2%12) dllow (4.17)

RMDH & #43 = & 332 &8 7}
(<]

Fozx dee DTM o
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AS5HF AEdHeld R AAPE

o AolA Lol 2% AFHE FEUA FIE 4REF JHoL A
g ks RMDEO] dia AWngth @rds ol% Fgsel b

AFE H7E of RMDY> He oF B8 2 32E, olF 98 H(E= D)
= AtE TPSML =, o+ PentlandH o2 F&3to] AREFTh w4 Atd
TPSM¢ #&AS #9187 98 RMDEOE 128x1284 ¢ DTMS A4dstx
Pentland¥, Clarke®] TPSM, Sun®] TPSM} ®laetgich 4714 Wy oz A
A8 AxEL %7] W9 X EZ=(Random seed)dl] wat G3S 7] wid I

I

to

zolE2 77 ve 99 M= 09 =3 AFEd 2raE o

2a
()

d 51 RMDHO.E D= 21~37HA] ®7AstdA DTM< A 7z
Hoz2 DE FET ddelnh IdeAM E™ Alckd W2 Pendand®
Sun®] TPSMe] vla] o] /A= Clarke?] TPSMETH 2kt ©] 7l €

e WWI Aok BEe ¢ & vk 53 Ay TPSMe EEHAL
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258}

241

23F

221

211

Pentland

TPSM_CI
TPSM_Sun
TPSW_Pro

-1 ¥l

— U

5.1 THE A4 &4 v

Fig. 5.1 Comparisons of the D extraction methods

%51 249 DEFLEERA)

Table 5.1 Estimated D(meanzstandard deviation)

Method Estimated D
Ideal D Pentland TPrism_Clarke | Tprism_sun Proposed

2.1 2.162+0.084 | 2.060%£0.057 | 2.072%£0.045 | 2.063£0.055
2.2 2.280+0.115 | 2.187%£0.063 | 2.181£0.045 | 2.192£0.066
2.3 2.357+£0.119 | 2.293%+0.074 | 2.276%£0.056 | 2.298+0.076
2.4 2.464+0.108 | 2.381%£0.096 | 2.359£0.061 | 2.388+0.096
2.5 2.521+£0.085 | 2.486+0.071 | 2.451£0.043 | 2.491£0.070
2.6 2.626+0.077 | 2.576%x0.083 | 2.549£0.056 | 2.581£0.082
2.7 2.697+0.086 | 2.710%x0.086 | 2.649%£0.052 | 2.714£0.081
2.8 2.772+£0.043 | 2.773x0.078 | 2.726%£0.046 | 2.777x£0.073
2.9 2.836+£0.024 | 2.901%0.065 | 2.836%£0.046 | 2.905%£0.065
3.0 2.865x0.027 | 2.960%0.074 | 2.904£0.029 | 2.964£0.044
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52 29 DTM< ©] &3 ®t

At We] fFEAS AS3AY] flstel RMDY o= wHE DTME o 43 &

£ AAsrrh 19 528 128x128 Ale] DTMelth. el a7|(d4de)=
: . , d2 128mx12.8mE AWl A DTM
TEE -10~0m Atele] g 7HAES S5tk DTMe 2R E 9x9d3} 17x174
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Table 5.3 Quantitative comparisons(Patch 1, Scenario 1)

D H fairs H] 2
Origin 2.920 0.080 -
Proposed 2.952 0.048 0.667
Bilinear 2.155 0.845 0.515
Bicubic 2.440 0.560 0.521
3 54 ARA vla#A 1, AvE e
Table 5.4 Quantitative compansons(Patch 1, Scenario 2)
D H fairr 8] 11
Origin 2.920 0.080 -
Proposed 2.900 0.095 0.512
Bilinear 2.218 0.782 0.418
Bicubic 2.279 0.721 0.456
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Table 5.5 Quantitative comparisons(Patch 2, Scenario 1)

D H faifs H]) 1
Origin 2.897 0.103 -
Proposed 2.747 0.253 1.210
Bilinear 2171 0.829 0.672
Bicubic 2.196 0.804 0.668
F 56 A WA 2, AvE L 2)
Table 5.6 Quantitative comparisons(Patch 2, Scenario 2)
D H faifr H] 2
Origin 2.897 0.103 -
Proposed 2.706 0.244 0.549
Bilinear 2.202 0.498 0.407
Bicubic 2.950 0.450 0.417
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