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Study of Interpolation Methods for Image Scaling and
Possible Hardware Implementation

student : Chang-Yuan Kao Advisors : Dr. Jen-Hui Chuang
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Electrical and Computer Engineering College
National Chiao Tung University

ABSTRACT

Effective procedures for image “scaling_which ‘'may be suitable for hardware
implementation are investigated in“‘this thesis..*Since the display technology is
changing rapidly from analog to digital and CRT to flat panel display, there are often
various resolution, in display specifications in our daily life, such as these for huge
size TV or hand-held devices, such as cell phone. How to display an image with

satisfactory in different display devices with different resolutions become big issue.

In this thesis, we study the image scaling technique, starting from on the interpolation
kernel "Sinc" that signal processing theory regarded as "ideal,”" then other common
methods like "Nearest Neighbor," "Bi-Linear" and "Bi-Cubic." Subsequently, the
"Bi-Cubic" interpolation kernel for possible hardware implementation, not only
because it is closer to "ideal" mathematically, but also supported by experimental data.
We implement the hardware architecture by table-look-up approach and also discuss

different ways of optimizing the table size.
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PRI R JEPE 0 B AR GRSl it R A BT 2 e 2 w2
NFE o 2T WP e i o T AR - g 5k f2 8 Sinc ) 4E

P BIL 2 ) FEF B 2 P Y A & = E e (Fourier Transform) -

LA
R B 0 ST R i

#elp henz B SUE TR P
(HOE) ER2ZHEHEYRANTE o

Sinc p#+ ¥ A% Sinc S dcE B AR AhE B FGUELSN 3 Sine S Bcrh T

e T
1, x=0
sinc(X) =1 sj 2.2
(X) sm(zzx)1 20 (2.2)
X
B SN ey Sinc & #ic e /T‘”J 0 rz ek m%&'@;g‘h_j B335 0@ ,ﬂ:’%leéﬁx“ﬁ ,ﬁ
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kb AR R W 23
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2.2.4 Linear/Bi-Linear p #&+% < jf & i

RN FE (Linear Interpolation ) % & ;= 2 J;’?&péig,] R E AP hd B deifod gk
e B E (Intensity) (7 %3 B 2-2) » f i HEE E kB DAt gk Bk

e
K E o
-1|J J'\-_,,

Yok du R - EJ%@M’L}*\ iﬁzﬁ"ﬂ}% BI Linear Interpolation) z_ i7;% 5 & 4

1E5L15'ﬂ;1?’7@;¥5ﬁﬁﬁh‘ﬂr»ﬁ ﬂt:ﬁ—‘a}i(l»—‘ Ed ) A

= ," ‘ -.J
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u(s) = {S_H |S| =1 (2.4)
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[
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HP s ZHPFED eijF B8 B4R AR BEEESE - ] 2-10 % Linear 2 p &% 0 ez 8
B B 2-11 % 12 Linear 5 p &5 o - AT TN BIEA S DR G B - 2

- AR oA ik o] 2-12 S o
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2.2.5 Cubic/Bi-Cubic p $&+5 < x5 B 2

> * p 4% (Cubic Convolution Interpolation ) j# & i 2. i & 2R & %% R4aB f? o
% & > ¥ Nearest Neighbor % Linear/Bi-linear # f sh_» = = p 3B %4 { 5 R 48
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wh! I

Be vk Zga R E ( Intensﬂy)

B
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WH - RPN ETL A :

0<|s|<1
u(s) = ]%'ﬁh&ﬁﬂ+2 1<[s|<2 (2.5)
0, 2 <|s|
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3 B B 2-14 2 2 Cubic 3 M B4 o $H - B BACGUEL TP IG5 B B o 2
Froo S BB T P d MPAcB] 2-15 rr o A MY AR 22 Sk K e

LQ‘FT%—.— o
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SRR SR Rt o - BEREILS XA AN EER e (4o
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W02 ) = 100 ) s i3 i1 st 37 74 B 4o B B BT 65 0 isd B e P 4B
P N de Bl 2-22(a)#7oT % - A Y OF AR - 4e Photoshop e e ® k48 A7
oA o] 2-22(0) 40 hE B S0 TR DT R AP 8 G - B ORE
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e

A sl 4 A AT R BT o & 4 Look-up Table £ 14
r) I S| i 3 4 A i i a4 Look-up Ta eL»Tﬁ*r
FEERIFPGELSZZAP ) B AMT TR O R T KA A o
B -y O APELRFIET PEA T Pep dEEAE B 5N 5T AP AR

e Bi-Cubic P 7 gl g % » & Photoshop # {R3F B2 AL gl sy % 1ot
Foo FpH A R AREGR Y F S S VR JRBEACE o R R S et Rl 2 AR
Pood et sl MRS B AR AR MR AT Rl ) &
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SR T RER E R DEEFIN A e T T

2.5 RGB/YUV 4 B3 BFinEH B &

AR GARM P 50 > A T UF R~ ﬁ;’i“,% 7 RGB ¢ &é%év’vﬁi%]%ﬁ%]ﬂ’.iﬁﬂ B
YUV & s enfy » i a0 A ¥ 2L o T A PR 2V e FH R R d R A N1
AR FEAVE AN RGPS T AL R 2R MLY
HF R o

RGB #-3]¢ » # 6 d 8 0H &~ %~ Fend BAFH S RER > A YUV i)
P2 > B4 28 d - & (Luminance) fr B ¢ 2 & (Chrominance) = > d 3%
AREI R R ZHA R R TUGF AR LS B RUEE L 0§ TR
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BB e o X4 YUV ¢ B3 B ames 23 o (- F % 7 7 ud 3k o

N A w444 RGB 2 YUV & ﬁ% & rhﬁ;f‘] » 2 fg\xpip\ 2K > AT R

(1). RGB : Bi-Cubic »
(2). YUV : Bi-Cubic -

(3). Y : Bi-Cubic ~ UV : Nearest Neighbor -

H P R YUV B2 syed® > 28 44 Luminance Channel 12 Bi-Cubic % *c = %5 7 & 2 o
¥+ Chrominance Channel ] * Nearest Neighbor » 12 "% Mi& 5 422 B o F 5 % % 4@
2-24 3 B 2-26 Bgor 0 e A BB RBR2ZT > AP Y EFELARE S > AT
RGB %> .2 YUV #. 1> ¥ 2 Bi-Cubic iF2c+ pF > HALE se % 5502 > @ ¥ YUV B2 i »
r2 [l 2-26 #7770 % Y 12 Bi-Cubic ~ UV 12 Nearest Neighbor i3+ » fpi>t YUV § 12

Bi-Cubic 3 % &1 3¢ » & =¥ SR 22 % 7 AP AT o

B 2-23 = ;% (1) » RGB & . Bi-Cubic %2 % o
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Bl 2-24 = i£(2) » YUV & o2 Bi-Cubic 32+ o

Bl 2-25 = ;#(3) > YUV B2 i§® » Y 12 Bi-Cubic ~ UV 12 Nearest Neighbor i¥3x+ -
B>t A7 e en Color Channel 12 7 e e 3E4T BR4% o A Bhen™ 38 > fag % by
Luminance §= Chrominance & % 7= ¢ %28, ff > 4o & 67§ 5% 2. YUV Color Space, ¥+

- 4. RGB Color Space #1 ¢ & # ¢ ik [ XL (Bl 2-25)¢c? 3§ * &= % o

28
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¥ 00 S0 Fcxt B cannel 5 H 42— channel 2. FEFE e Jodic s Nearest Neighbor »

LR AR E VR B S kA k 0 AP - B4R 7 - ALy
¥plzEAzsN > o Pattern Generation 93 3 k& 4 7 245 R T R E G ¢ 30
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e 8 R OPIRRR S > 1217 5 Ground Truth sl i B2 s i ¥ 22 4-he 800x600 s 2 B
oo 12 H B AP 3B E % 7] 12801024 > E 7 1280x1024 il i §4 i it £ & chA 47
Ve o R oo pl— bR EF g (74 i s B AR 30 d Pattern Generation £2 3¢
? I fEdT R T AT A A4 e e 4o 800x600 &2 1280x1024 » H A SRR AT Z e B A E 4P
e > g 4= 800x600 g e = 3 1280x1024 15 » 22 a5 1280x1024 iR & 2 p % 49
oo g RZEE- RO FPAPTEZNEHESD A RFTE PP ELL YT o B
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BErmE 1BGERT > T Qw47 2 ® (Image Registration) R 58 > pt — FP4E &
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1280x1024 1y

Nearest Neighbor *x +
1280x1024 1, <
Bi-Linear *z <
1280x1024 1, <
Bi-Cubic 2z +
1280x1024 I3 <

Bl 2-28 2~ [ BP0 B % T ARR] -

d b EE T A A TR ot L A B ARY > deieiE 48 Ground Truth SR
Boifo ME defe BR P E A B R Hoehp % $H2E (Registration) A7 4% > 30t
PREEEEI a0 - BERAADFE o $pt > AP AT SR 2-97 5% vt
AR o $T - 3R 4 3R e01280x 1024 2. Ground Truth 2 i lo - £ #-3% Bl 45 2 800x600
] B > f 4 % * Nearest Neighbor - Bi-Linear 42 Bi-Cubic *z + w 1280x1024 e~ 3k
Pl lofelgr 2 15 #2 B g fgpip b > RN IRL Eendot B2 T30
HREE o HY M E - BRI il 0 A ff B o0 Nearest Neighbor
kit (7o H oS BT E AR 0 ZHIA BTN A @I SRR Rk
SRS A B A B RA IR R e R A AR AR pFER
230 e Sk el o 4 e 2t Nearest Neighbor i 55-) » & £ Nearest
Neighbor ~ Bi-Linear ~ Bi-Cubic ¥+ » 24 i S8 81U do ] 2-22 #7577 chBi > 58 0 f (745
AL R N - g A BRI T T L i R i AR
W2 g amE L A G - BT Rl o G RAPRE AL T 0 NPT 2 Ple R
2-31~ B 2-33 #om > R G iR R B o B Bon Rk S enith SR an g
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Bl 2-29 3£ A 452 B B H 7|7 A B
Mo B oA 2R A R % 4o 231 2 W 2354 213 4 2447 0 d #eiE

AR R BV L 0 N IRT Y F 0N hiRIGE R T 0 Nearest Neighbor ~ Bi-Linear
Bi-Cubic sz~ g4 48 £ 2 5 » # 1 & Nearest Neighbor 3 # it T 35384 ¢ A - & >

TAF R BT FHGYY 0 B BRI R R Y RE D o i £ 17 Nearest
Neighbor sz < * N kfaF R AR G R BB HE A i > w {30 p RPthm 3 0 -
Ak yk € & IR0 Bi-Cubic >t Bi-Linear ¥ Nearest Neighbor - izs # & - 4 &

ER o~ pF o ATIpp enfin > Fpt T iz 0 H * Bi-Cubic e o SficiFR fE A

This text is written in reverss vidso with Black on White

The characters should have sharp sdges and appsar unifarmly Black.
The following lines display the stanclard colors on this background:
Black EBlus Red Magenta

Blug Creen Cyan Red WMagenta Ysllow Dark Sray

This text i written in reverse video with Black on Gray.
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Ths following lines display the standard colors on this background:
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Ereen  Gyan T Yellow White
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640x480 eg. th » * K 1F 5 {8 Fick v 1280x1024 sk & o
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The characters should h
The following lines displ
Black Blua

This teyt is writen in rev

Blue Creen

B 2-31 %@ 2-30 ¢ 640%x480 2> 12 'Bi-Cubic *x ~ w 1280x1024 /5 3R % % o

o2l e FRGATI PIRE F 2 XA R4 o

Nearest Neighbor Bi-Linear Bi-Cubic
ATl
Max 255.000000 255.000000 255.000000
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b2t #de i % Bi-Cubic;# &2 > MA RS N F irenjpiikiEo Y A8 &

-

RS 1
;¢ (Fixed Point Model ) & & 2 %3+ ) & @@L HmARFET ) & B LA

3.1 Fixed Point Model 2_ 3% 3*

FPUAMY TEREZEFEEF g AL ORI TEANE I FREY
N kFA R BuEE 2% 5 - e T 5 Fixed Point Model % 3+ - 4t Bi-Cubic
BN B E a2 0§ A ¥ Fixed Point Model :& R %87 (TR > 2R L £ 3 BN
&0 — & _fiz g Bi-Cubic P 46 (2% 2 Looksup Table o2& 15 % M FE R 0 Fixed Point
Model * # 77 o4 aficficiE; - F_fi® Bi-Cubic P #6:8 5 cufz v » Z & & (704
Fixed Point Arithmetic i& & » 3 ap it Frcrnt 5 M (5 chph FEHCE 5 H#30:5 8 B IRA chfd
R0 AP AL B - B o A PP bl e o WP d 1347 B 240 2k~ 7| 1024 il 4% -

H z_gh(Fixed Point)z* & &0 £ o

3.2 Look-up Table 2 =4

VUL RE R 17 Bi-Cubic oA pF > AR % o] 2-22(b) 4w B RS N o d ] H A

it - wB R A D 24034 1] 1024 PE > B Bl gt B G 12042(; éi ,

Gt T AU F R 2 3 Look-up Tabler Rt £rt 64 i s H o £
d 3t Bi-Cubic p 4538 5 cniafiey & 4 & BIMA > FPL AP R T LiE >3 e Look-up

Tables » & &2 — Sep FEEE > L — PN IEW G| GEA FAoB 3-1 07w 0 H Y 64 B

44



BLATHBELS T PGB A BPERLATHKEL [ DORE FAPFoRR; - A §
FIME f S s Look-up Tables eh% — B fhdicim » A %5 1400 AP B8 B »
g IEa B osGE Ok B ) p R B %&HV“@%Q%E%%%%
FEO R BAMET L VA - AR EORIEFE A DR R R B
AR PR Op B S Bl T o S F s BB A B AR 2 4 Look-up Tables p¥
A3 RGO mEHW - RPN FEEFY I® 0 S B Look-up Tables = % & & %
63x2=126 BB o gLtk ,,L*f]& %8s f 0 Look-up Table pF » s\ i 3 2L RE T f #ic
(- i) il > & LEn B G HENE B0 - 20 - R F P AR e

0 — B Signed Bit thik 7 718 B EJT o

........
) : : 1
04— : e, : e —|

ool : : .. : B
.

Howpy SePUTTO YT R Lo SRR
.............
.......
...........
...............

2 14¢ Lookup Table 7% = 45 3 » 2 P eniv iz yj}u{:ﬁ"-}%] 3-1 Agcs ey ahicE

( Floating Point Values ) » ## 3% = % 2L#c @ (Fixed Point Values ) » &gt » 2w i@~ %

(o]

#“PRECISION” % :% # Fixed Point Value sl rg & » & %] 5 812 & 16 =< » (& {2
P A e R R P T 0 2241 Look-up Tables £ i& 7 Bi-Cubic p 4638 PR
PR GEL ST o d AT R R G o) S Gl ) 2 Lo AR (S en

Fixed PointValues » 2 £ 77 3 ;% (12 8 =a¥maE 5 b) 2 XXXXXXXX @izt @

-

E AT b A kA o pE e ] Bt A (& B Signed Bit e384 ) o itk ehiE
R R - AR T > XV SR R BRI T RS B .
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3.3 Look-up Table # & =+ -|

YA AR TF Bi-Cubic #2 i+ pFo $0E - iRt R R APE R A AW e
BWEE OB A AT FRE BT R R FR oo B RIAR RS

=~ % & ¢ Look-up Table 4 & 33*% ? L A i — S F * DR T2 ok B F 0F
Td o ¥ LRI 2w R4 R e e 7 0 j£640/720/800/1024/1152 i 4% 1280 > ¥t iz
B R R > AP T T g e e

640, 720,800,1024,1152 40, 45,50, 64, 72
1280 80

He s APPuF A2 dis L 800 AR R BFE A 5 (80-1)x2
i# 5 o7 Look-up Table » i ¥ ruidig it 7 FFefd 47 & 4% 7] 1280 5 7 i > fpt AR

PR IR -}brﬂg;&ﬁ}é‘ r# e e s i

640, 720,800,1024,1152 _ 40,45,50,64,72 1 9 54 9 8910 89

1280 80 ©2'16'8'5'10 16 ' 10

NPT g R AP FEY - BEFE ] 5 (16-1)x2 e Look-up Table » 4r F ¥ -
B 7% & =~ % (10-1)x2 = Look-up Table » i ¥ 12 iF F s e K T f347 B 3+ > 4ot ¥ 1R
EpE- Jf;‘; Look-up Tables *7% erze @B 7 FF > FIZ > AP ¥ U RBEHRaOLH 177 380 3F

, +
-3 3 % 245 B #3972 Look-up Table % & -

3.4 Fixed Point Model z_ p #&3:&

AIENFFEE P LR 3-2 4700 B X B g RO X X~ X, o

 FRPE

Xy A B 5 N B A BT R e T B 0 B B N BT IR 5 L
64
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v 75 11 53 | 117> gd w0 BN

MAEEEX (B X, ~ X~ X, ~ X BEH A W] 5 i
0 2 s 64 64 64 64

1(X) = 1(x, )W~ (10)+ 1(x, )w" (10)+ 1 (x, )w" (52)+ 1 (x; W™ (52) (3.1)

Ho o (X)o7 X% R4 ihgEe & aw()Ew ()R 52 f A B Look-up
Tables ch 4 #icie o @ ¥4 1(x,) #74p 3 ch i #icw’ (10) » # e Index B 7 & [x, x64]-1=10
- HEEEED > 2R PE > - Index 3 E Y ZRIECHR 1 EF A AT A
&g Look-up Table @ » = #5737 63 B#ciEchifec @ ¥ - B w'() Look-up Table Index
(hiE 0 5 63-10-1=52 ; 32 » iy 7 o #ie S B Indices * ~ w() Look-up Table
P T REDE GBS 2 ST T 4 BAREE S frgEd EI()RAPTE Y

Xo X1 X X2 X3

@ 3-2 Cubic convolution p 4%:8 & -+ 7, B

#FT ko AP Fixed Point Model p 3638 8 ¢ 0 ffiE ode i 8 B ITEP o F
ARG EPIRA o dof] 3907 0 iE B Y B8 A R HchEE ¢ @ 1(-)4e Fixed Point
Value #] #ic i fic i w(-) fep sk ("2 B 3-%57% 5 b W(-)ﬁ‘”}%ﬁﬁi 208 A ) pry A
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TRBN()Fow()hlicE 0 BT F|8x2=16 iy BY > AT A EREEE > f
% 15w 16 =~ Fixed PointValue » # % 7% 2 34 5 XXXXXXXX XXX XXXXX e,

o RT APNEPFESDI AFENE o FERe BRAFE RRAIFROT {5

?

m

L iEd B ehikfE Bt o L& BB E A Aot ARt P E T E R
BenR R BB 3P EAPUHEER, - FE N PR e LT R e
*EAEFEA (8/12/16 A ) dntE s * 1 32 = 5L (long) st o

S OFNAHCRR T > 2 FE A f A TER o

Intensity Weight

Mul (8bit_integer intensity, 8bit_integer weight, integer PRECISION)

16bit_integer A= intensity << PRECISION;

16bit _integer B=weight;

32bit _integer value=A*B;

integer bitShiftLeft= sizeof(64bit_integer)*8
-sizeof(8bit_integer)*8-PRECISION*2;

integer bitShiftRight= bitShiftLe+PRECISION;

value = ((value<<8) >> 16);

return value;

@B 3-3 Fixed Point Model 3 ;% :& & 2_ 4% ;% (Pseudo code) °
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24 "i?
35 B fdkcfes B3
iz 4 ) Fixed Point Look-up Table 2. 15 » 4 — B % &1 3, coh* 3080 A hp 48k
AHuEE Y > He Biadengfe (At ) Popi 1l HEs i
w(s, )+w(s, )+w(s,)+w(s,)=1 3.2)

#m d etz 45 ) rFixed Point Look-up Table H 4 /& 7 it € § 34 H ¢ W() 3 Fixed
Point &5 e 46 ta i) H B o™ fe AT AR RHAFE AT L FA A e F ik

BAes 10 pIT o A Al S0 A - BAEW, » FI Glicfeinl ST g S
W(SO)+W(31)+W(52)+W(SS)+We =1 (3.3)

R B A E L #-W, A i A Fixed Point e (s, ) - W(s,) ~ W(s,) ~ W(s, )iz - B o
7 T i el 1 aek - GBI A PR A hr B G 58 E R

X HPR— B T A
max( W(Sg)y W(S,), W(S,), W(S;)) (3.4)

2% 5 T @ E s ARH T E B 5

énhn

-3

i,
max( W(S,), W(S,), W(S,), W(S,))

(3.5)

Bl ok - RRD NPT AR - BE R E G#cfei 1 Fixed Point Look-up
Table » gt — 3 ZAPHLIAE 22 A (T HEZ WS-A)e mLmfzir & d 240 2= 3|
1024 % ] » H 3 £ c0a 1 Look-up Tables 4 i 4cB] 3-#77n » H ¥ % 8L L 4 d4p3t B
J ok e Fixed Point a#icie > @ 5 B 2 ¢ xBLR] % 57 Look-up Tables #17 &% 15 i i3 & #ic
Gl @i d BES Z ANBLA AT R R SBEGAEE > FEAFD LES FRE
CRAREPBEL OGELTAFLE Lod ZRT g LEW, ¢ AN AL
Look-up Table # > W(-)#ic @~ ch 28 5 % 3-1 5 WS-A & j2 “7ec$ thlic @ 2 v o
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V- fiA T Glicfez. LB N Y R e T Aron
| (X JW(Sq )+ 1 (% )W(s, )+ 1 (X)W, )+ 1 (X, )WH(s; )+

AT ARG AR 0 T R AHT B R B A o B i e & Vesd

R e S R S et ST
[ =min(l,,1,,1,,1,) (37)
SlciE 0 8L ﬁwi‘]‘%fi“bf\fi”rleé'm -5 FRAZER LS e B R

R ko] AR FC A BEAF G 2 NPf2 AR 2 B (WS-B)e 7%
» £ W, kR o Bd (s, ) ~ W(s,) ~ W(s,) ~ W(s,) & Fixed Point Model ¢4 = j2

PR A gt A A R L > FI T AACBA B E R 2 BRI E WA &

\\\?{r

|-

T2 A o

- Al H - g enieE o W R A L ASLY - BER 0 BB L

12 n d
i i ng1ss
/ -
e e S—
R ;
P g *
£ e
T
.
% oo
=,
¥, 195 1952 16,64 199 1556 20 2000 2004 2006 2008
Iy * Tabla Indox
: \
.00
3 nmes
Z oo
D5ees
0%
- B0 =il 100 120 140
Diers X Table Index
18 185 18 19 2 20
X Table Index

B 3-4 1 % Fixed Point Look-up Tables - H ¢ % & 2L % 4 Fixed Point #c
Boird = £ 2L 52 S ehFixed Point #icid - 54 = 4 BLP] A 23 % iF (¢ e Fixed
Point #cig » 12 ¢t 34 B i < Look-up Tables Ep 4&3x < i@ 5 » ¥ i¢ Bi-Cubic p #&:8

Eehize B hicfrd 5 1
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# 3-1 Fixed-point £2 WS-A {# £ (Weight)+* # % % -

index 4 7 12 13 18
fixed-point
0.988 0.969 0.922 0.906 0.832
welght
WS-A weight 0.992 0.9723 0.918 0.910 0.836
index 19 20 23 25 27
fixed-point
0.816 0.801 0.746 0.707 0.664
weight
WS-A weight 0.813 0.797 0.742 0.703 0.668

36 HiEEE AR EH

% Fixed-Point Model 5§ 2% > L @Bl3-e3lik 5 b > NP st — A pF A B0 R
% £1240x320 *x + 3] 1024x768 4= LA Feenfd 47 & 0 PF4F 24 & Fixed-Point Model
P i * B8/12/16 i el FE K B ARt A H 2 % 22 Floating Point Model 4
BLmogt s AP 2 R HERELEERT AT K Weight Sum 2 &1 £~ f2 2 »
Hoo o Weight Sum 2 & 1 enf i3 29 > x ¥ 4 S48 E >3 2 A (WS-A) foid B3 2
B (WS-B) & #& » s\ i & w5t # Fixed Point Model 7% 2z + % % £ Floating Point
Model 3+ 8 &% ehsizt € > ¢ 21 * L8~ T35L B L B < ] = B >
HL% 204 32

¥ 2 557 B2tk (4oB) 3-7] B 3-10 ) # Fixed Point Model ¥# Floating Point Model
LA BT AN RSSO Pldck 32514 37 47 o APFR Ry g o
¥ u—;%zllai AT WS-A S WSB = iz HAEY W7 (T4 B 2Rk ife
4 Fe AT i Weight Sum 7 &1 it £0 e @ $150 WS-A & WS-B 5 462 i i
W BT - AR M- B R R RIS o B 0 F i ' Weight Sum
A T e T > A 4 Fixed Point Model 3+ 5 ehix e > 4o 3-2 Bl 4 3-5 977 > « RV

g ARl AR R E A Ay 1T Weight Sum A e T o 24 i e Fixed
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Point Model 3+ & e~ e 272 A/ R cnRi e s > B L @en ) LRI
- TAHBE > i H F] L A 1F Weight Sum AF i pE > AP %R % 0 Rk Bi-Cubic (hp &
FE N A G VR R s O Rl AR B AR
PENBEREDFF o FAPUR G TR PR dort p RParcs kg (4o
3-2 314 3-5) 3 ¥ Weight Sum #f ff efi-iR™ » 8 i Ak 7 k@ S &g 0 e g 1
BrR AP kg (& 3684 37) 12 = AMmR § 4 - B fag &g -
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] 35 £ i A 47 gk

v
Y

#

1896

PP i (240x320 + + 5] 1024x768) -

% 3-2 r A pE 4 3318 3-5) T Fixed Point ¥ Floating Point #c + 2_ £ & $t3t & o
8-Bit 12-Bit 16-Bit 8-Bit+ | 12-Bit+ | 16-Bit+ | 8-Bit+ 12-Bit+ | 16-Bit+
Al WS-A | WS-A WS-A WS-B WS-B WS-B
Max | 5.000000 | 2.000000 | 2.000000 | 3.000000 | 2.000000 | 2.000000 | 3.000000 | 2.000000 | 2.000000
Ave. | 1.667441 | 1.024532 | 0.950471 | 0.917901 | 0.925133 | 0.925096 | 0.902248 | 0.925838 | 0.924979
Std. | 0.697315 | 0.544652 | 0.542882 | 0.546806 | 0.542156 | 0.542365 | 0.545131 | 0.542144 | 0.542361

53




% 3-3

.
454 b BB G 3-6)f%

S 320x214 %

2 Floating Point #x + 2

~

3] 1024x768 ) -

ERE A

8-Bit 12-Bit 16-Bit 8-Bit+ 12-Bit+ 16-Bit+ 8-Bit+ 12-Bit+ 16-Bit+
|Al WS-A WS-A WS-A WS-B WS-B WS-B
Max | 8.000000 | 7.666667 | 7.666667 | 7.666667 | 7.666667 | 7.666667 | 7.666667 | 7.666667 | 7.666667
Ave. | 1.772376 | 1.030220 | 0.965732 | 0.948574 | 0.960132 | 0.960723 | 0.954169 | 0.960729 | 0.960707
Std. | 0.730598 | 0.530344 | 0.527321 | 0.541111 | 0.527263 | 0.527230 | 0.542146 | 0.527267 | 0.527230
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% 3-4 5.4 = A5 k(8 3-7) % Fixed Point ¥ Floating Point #x « 2_ £ & $t3t 4

o

8-Bit 12-Bit 16-Bit 8-Bit+ 12-Bit+ | 16-Bit+ | 8-Bit+ 12-Bit+ | 16-Bit+
|Al WS-A WS-A WS-A WS-B WS-B WS-B
Max | 10.333333 | 10.000000 | 10.000000 | 10.000000 | 10.000000 | 10.000000 | 10.000000 | 10.000000 | 10.000000
Ave. | 1.672319 | 1.038270 | 0.978705 | 0.935284 | 0.941588 | 0.942283 | 0.912530 | 0.940994 | 0.941891
Std. | 0.638821 | 0.543343 | 0.539863 | 0.553560 | 0.537805 | 0.537696 | 0.549517 | 0.537676 | 0.537655
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www. fxxj.com

4. 3-5 g4 # 4 B2t (8) 3-8) ¥ Fixed Point £2 Floating Point *c = 2_ % {# %t % o
8-Bit 12-Bit 16-Bit 8-Bit+ 12-Bit+ | 16-Bit+ | 8-Bit+ 12-Bit+ | 16-Bit+
|Al WS-A WS-A WS-A WS-B WS-B WS-B
Max | 11.666667 | 11.333333 | 11.333333 | 11.666667 | 11.333333 | 11.333333 | 11.666667 | 11.333333 | 11.333333
Ave. | 1.672805 | 1.017782 | 0.969907 | 0.953216 | 0.957990 | 0.958414 | 0.924221 | 0.956689 | 0.957943
Std. | 0.632781 | 0.521097 | 0518133 | 0.542380 | 0.517750 | 0.517676 | 0.536835 | 0.517663 | 0.517647
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This text is written in reverse video with Black on White.
The characters should have sharp edges and appear uniformly black.
The following lines display the standard colors on this background:
Black Blue Red Magenta
Blue Green Cyan Hed Magenta ‘ellow

This text is written in reverse video with Black on Gray.
The characters should have sharp edges and appear uniformly black.

The following lines display the standard colors on this background:

Black Blue Red Magenta
Blue Green Cyan Hed Magenta ‘Yellow

This text is written in reverse video with Black on Dark Gray.
The characters should have sharp edges and appear uniformly black.
The following lines display the standard colors on this background:
Black Blue Red Magenta
Blue Green Cyan HRed Magenta 00

=\

B 3-9 £ EA47or* 2 2 F 5B ik (800x600 < + | 1024x768) > 4+ — B s 3 7

HiE s B R REN LR

% 3-6 ¥ F 45N B (B 3-9) i Fixed Point 22 Floating Point #x + 2_ £ (& st 4 o
8-Bit 12-Bit 16-Bit 8-Bit+ 12-Bit+ 16-Bit+ 8-Bit+ 12-Bit+ 16-Bit+
Al WS-A WS-A WS-A WS-B WS-B WS-B
Max | 28.000000 | 28.000000 | 28.666667 | 28.666667 | 28.666667 | 28.666667 | 28.666667 | 28.666667 | 28.666667
Ave. | 1.278334 | 0.881012 0.132401 0.139866 | 0.130497 | 0.132401 | 0.141374 | 0.130497 | 0.132401
Std. | 1.361419 | 1.069023 0.768553 0.787627 | 0.767619 | 0.768553 | 0.788569 | 0.767619 | 0.768553
(353 1 d 2WRIER e 2B H VY ORILELF > @ AP Max L Bt o )
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Bl 3-10 £ 4 47474 * 1 & IR .(800%600, 7+ T] 1024x768)> 1+ - #

Fli= ~ BEIL RS S B RN rBER A T AT

0000
0000
0000

0000
0000
o000

Gray

Dark

soo0 - - - -
osooo - - - -
cooo - - - -

Gray

YWhite

e

g

% 3-7 14 & PIEF (B 3-10) it Fixed Point ¥ Floating Point 2z <~ z_ % & %u3t % o
8-Bit 12-Bit 16-Bit 8-Bit+ 12-Bit+ 16-Bit+ 8-Bit+ 12-Bit+ 16-Bit+
Al WS-A WS-A WS-A WS-B WS-B WS-B
Max | 30.000000 | 30.000000 | 30.000000 | 30.000000 | 30.000000 | 30.000000 | 29.000000 | 30.000000 | 30.000000
Ave. | 0500901 | 0.337772 | 0.120993 | 0.151871 | 0.122964 | 0.120993 | 0.154383 | 0.122964 | 0.120993
Std. | 1.118656 | 0.888949 | 0.710746 | 0.750449 | 0.712640 | 0.710746 | 0.750863 | 0.712640 | 0.710746

P
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I E TR R 3 R - IR WA LR LR g 1 € PN N S
FF o o R P Slo- A0 AR R A P3| AR b SRS > - %
B RN HEEarTi £ B o BT 5 A x% TR s RO BT AR h
Bi-Cubic j# & iz * » ri iU gL R ek - ¥ hiRF 170 “Local Averaging” 5
LESEINE S (TR § O € Rk

41 WS RERP

W H - R (ID)e @ e ek mah e B ¢ (Spatial Domain) 2 8_f 4 5 B

-

( Frequency Domain) + » 3R TR &) o Ao g PG 2048 B i E
%’Wﬁﬁﬁ$ﬁﬁ%ﬁW%’#§ZMS%E&%@’W”'Q%%%Eiﬁﬁ 45
w’Mﬁiﬁﬁﬁi4$$+iwk%+;%%ﬁ&ﬁaﬂ’%éftﬁﬂ%%ﬁﬂﬁ
I b TE > A - BILE il Jpk B (ldeal Low Pass Filter) » #-8% ffeing 47 =
PR EGT B o oW 41 4T 0 F - SRR U 2048 Sl 1 1024 pF 0 fdp
BYOVAL G BRI A Rk MG ik B 0 2 M g ik B S 8 B G512 F1) 512
THACPE L0 4ot T F A S F E R R & ehg ] Bl 0 - B ARG T
B b Pl R 4o B ke - B Sinc P Sk (0B 4-2 #F7 ) (7w 2 4

~ by

Convolution) » 3 % = & 35-| & e B o

iiﬁﬁ%%ﬁiﬁ%ﬁ’ﬁW?Uﬁ$ﬂ’gﬁ@ﬁ@£$m@ﬂ#@gﬁ%g

t

=)

GHg R S A Rh o AR Mgk BOrE B Sine Sl E RS T
o] e B @ ﬁ? (ELr] 42) ﬁ?‘"' j‘r—‘y‘-‘ éﬁﬁ—f m%%{»(’z—ﬁ'ﬁizfazﬁi ‘fﬁ]

?&

BB MR M R BSIne Slic HE AR LA B od I M R BY

Sinc S #ic> ARG T EE I F I AT N endr * H @ 22 Sine S #icdp T b s Sl o
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4.2 Bi-Cubic # 5]
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Bl 4-3 B i L 4 2. Cubic 5o Sl o

]4

Yo le 2T K JE B 2 FEIE 0 AP iR 2R 11 % Cubic $ree k1T e Sine P S AR A K

T

ATk A e e E s * Ap 3B X 9 Cubic Kernel » 4B 4-3 #1570 B B A L F Zehi(

F_L

2P 22 )o@ *v?f{ﬁf]‘ FEETCubic s Sl B E AR EREPEEF
Hpol et bl o Bk (- ) gl bl 3 8 R pF > R Cubic Kernel £ fhet B4
FRAA 242440 S RATREL AR 07 L - R AL i | T
B TR T bl e Cubic Kemnel iF55 1 @ o B = B G ik 4oR] 45
oo BB 4-4(@)5 RAE G F 0 B 4-4(b) 5 Photoshop #g-] A % 0 H Ao v b
SR Bld 1024x768 45| T| 640x480 > sl bl A2 B LR o Bl 44 QR LN AEEAR
¢h Cubic Kernel 1&g | 2. v > 20w 005 3] > B 4-4 (C) e~ F 304 dhig | % > B2 %
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B RGRZ) 0 2 3 R A A Ao 4-(D)ehrik o B A B AR LA o

U [=-cursar key-=] ki b3

‘ F 5 =LE \ TL ‘ETHIHIDE'

=- Space -+
L0

r 0 [=cursor

Hll_ll_* "
TL | CTR|HIDE]
2 ;p;.f;.;. s
®)

W 4-4 117 F R 2 Cubic Kernel (% i ] 20t > e ofiadt & 5
1024768 » 5/ 7] 640480 « (a) 428’ ff (1024x768) 2 © F 314
(b) 5 % (640x480) 2 = %384 » 12 Photoshop Bi-Cubic = i
el o
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0 [=-cursorkew=] B 5l

4] 1
A

R TL | CTR|HDE]

= SflalE ==

(©)
B 4-4 (F) 7 F %A 2 Cubic Kernel v s | 2 0 R bo B e 47 A

% 1024x768 > ﬁﬁd»fj640x480_;(8) S (640x480) 2. < F 3%

A5 E R R 2 Cubic Kemel e 45

4.3 Local Ave rége 'ﬁi i)

A e RSP FRT T R AR SR FEE 0 5 WD R

BAT R4 R ensi ] % 0 @ SRS AR K30 # (67 % %A ¢ Cubic Kernel - 3 47

REEE O FP O APEF Y- BEFRTROPE OIS T NEEHEE T HTE F

G 42 B f%,\é{‘ﬁ,y scd o gt - i 42 % Local Average °

Local Average ¥ i | cnfh A PEA 4o 4407 » § AP G & o o BB
WELEE | A 2 B EPE S RO ok R A B B REY o R B R

SR h B S HPA PR T 0 AR R B B PR B BT R AR

6-1

BT AP (BP0 RRES - =25) A SEET - PRP PR

3-1

Bh
=

ARG TR NGB ABORR - B RRORAT R S0 AR
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BE T 5 0.75-1(-1)+1-1(0)+0.75-1(1) » £ ¢ I() 5 R4eR G R - 57 3 TER
P HEIT > AP LA Rl B 1(-1)=0 -~ 1(6)=0 > B AP T
PR NERRE ] BN R R -
At — Weighted Average a2 24 - 24 i# ¥ 12 {8 1) Local Average 4% o & ficde
B 49770 0 = P BB TR BAEF A v G107 e s T Sl AR S B
HERARE IRE = N ) R RN A - 1 ’?“5’5 5 » @ £ 5 Low-Pass Filtering 7z
% » [ p¥ Local Average sty < Sndic » £ - B+ Bi-Cubic { 5 fj H chpr o Sndie » & F
b B G I ehigge R 4-4 ()~ # T 1 Local Average 5 > % % o] 4-6
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Bl 4-11 p AR
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|A| | NN Bi-Cubic Local Average
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Std. 2.927855 1.751077 1.383008
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“+4%— ~ Cubic convolution 5w & f2382 i i

d e R P IESEC

Xk)ZZCkU(X_ .

SRR B s g(x) 5 F(x )P B E s 258 0 UL PP Sk X, S

=3 cu(s,) (A1)

PABPHREL 0 O b X AP R TR AR T I(X ) hEBERE (BEEF)
d 3 it g(x, )= f(x )& 4] » % u(0)=1 & u(1)=0- % 3% 3* Cubic Convolution p 3% 42
Rgx) e B ESEHETFF S (-2-1)0(-1,0)0(0,1) 0 (1,2) > T p 3B A2
Z&3 5N EA s KT Sinc s Slic A AR (-2,2) 2 RS 2N TR L
0> ¥ WEFT g hp 5> 2500
Als’ =B Cylsl+ D, 0<]s|<1
u(s) = Az\s\s—Bz\s\z+C2\s\+ D, 1<ls<2 (A2)
0, 2<|
CENEEE S A SO A L TR AT NS Y
B - 5o F R RS A2 2 B 2 u(0)=19ru(n)=0 > H ¢ n i Eie 20 dugEde N
LE AR R o A P EB B X 2 X, HERE S (JoK)/h o R #ex R AL F

I
g(x;)=> cu(j-k) (A3)
k

Ejr &k plu(j-k)=0-° % A3 ¥ 3 258 thdicau(0)=12u(l)=u(2)=0+

EET T BT B

1

0 ): +B,+C, +D,
0=ull")=A, +B, +C, +D,

0 ):8A2+4B +2C, +D,

(A4)
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£+ A* 2 FeN e g RSBt Sopes o WO E T B 5N

3As* +2B,;s+C,
u'(s)=143A,s* +2B,s+C, (A5)
0

E#R-x=0 ~x=1-x=2 = BELA B &~ F TR

-C,=u'(07)=u’(0")=C,
3A +2B,+C,=u'(l")=u'(1")=3A,+2B, +C, (A6)
12A,+4B,+C, =u'(27) =u'(2") =0

hips BRSNS AR AR FAPT LR GEF R G 22 AR

[EX

VI Andi
A=A +2
Bl =_(A2 +3)
Gl
= (A7)
B, =-5A,
S
D, =—4A,

LA =atwt A3, FF

(a+2)\s\3 —(a+3)\s\2 +1,  0<[s|<1
u(s) =1 als’ —5als|’ +8als|-4a, 1<|s|<2 (A8)
0, 2<s|

B X s ERF RPN B EAEE 7 XA BN BIHREX E X, 2

_(x=x5)
=

]

(=) _ X=X+ -%) _ (X=x5) (%) (%)

=s+j—-k >
h h h h h
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PIsVALF:E 5

X)=> cu(s+ j+k)

(A9)

KA UB(22) TR HE% 00 N AQ A O<s<lenfElT » 7 R S

g(x)=c,u(s+1)+c;u(s)+c;u(s—1)+c,.u(s—2) (A10)
LM G SR A N ABT
u(s+1)=a(s+1)’ —sa(s +1)+8a(s +1)—4a = as® — 2as® + as
u(s)=(a+2)s®-(a+3)s’+1 (A1)
u(s—1)=—(a+2)s-1)0 - (a+3)s-1)* +1=—(a+2)s* +(2a+3)s* —as
u(s—2)=-a(s-2)’ -5a(s—2)° —8a(s — 2)— 4a = —as3 + as2
#u(s+1u(s)u(s+1)u(s+2) w3t AL0 kpES = B E > 7 L85
g(x) = -a(c;,, —¢; 1)+(a+2)(cj+1_c')]53 (A12)

+[2a(c;,, —¢;,) +3(¢;,, = C;)+alCyy— cj)]s —a(C;,, —C;,)s+¢C
FUAX X, ®FI 52 BelE Cr - B oz =40 ) 1‘53#%\1 ¥ gL

(Taylor’ sTheorem) + 1 : ("O(h’) tyt Zd& B+ 4 11 313h)

¢y = flx)=fx,)+ f’(xj)h+@+0(h3) (A13)
Cpo = Flx,,0)= Flx, )+ 2 (x, h+2f(x, h? +0(h*) (A14)
£7(x, )n?

cu = Flx, )= flx,)-f(x, h+ +0(h%) (A.15)

2
d bz Nk N AL2 FOE
g(x) = —(2a-+1)[2hf (x,) + h? F"(x,)]s®

+[(6a+3)hf'(x;) + (4a+3)h*f"(x;)/2]s* (A.16)

—2ahf (x,)s+ f (x;)+O(h*)
Ra oo sh=x-x; "Lruf m?rfi FA

F(X) = f(x;)+shf'(x;)+s°h?"(x,)/ 2+ O(h°) (A17)

B8 ALT AL E R
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f(x)—g(x) = (Qa+1)[2hf '(x;) +h* f"(x,)]s°
— (2a+1)[3hF(x,) +h* £ "(x,)]s? (A.18)
+(2a+1)hf'(x;)s+O(h®)

%4mﬁ%ﬁﬁgu%uméﬂnﬁ§ﬁ%wﬁﬁ 7E (s FrE ) - & (O(h?)
&

St

Wi

TREAE S AN HA B AN EET A AR AR ES %) AP

L #-A =a= —% ~w ;8 A8 B 3] Cubic Convolution p #&3c+ & f73% @

31 25 41, 0<ls|<1
2 2

u(s) = —%\5\3—2\3\2+4\s\+2, 1<ls|<2
0, 2<s|

(A19)

d 12 b Sofcbr s ende ¥ gm0 239048 (Cubic Convolution Interpolation) & & i 12
B a‘;ﬁg] B R R & ¢ e B e dmikE ghengithss & @ (Intensity ) ko H B E @ okt

B g gk B R B
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