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A Method for Image Enlargement with Estimation of Lacked High-frequency Components

oddodoooooodgooon
Hideaki Orii, Hiromi Fukushima, Hideaki Kawano, and Hiroshi Maeda
oddgoobooooddn

Faculty of Engineering, Kyushu Institute of Technology

000000000000 000000000000 Naive Enlargement (000000000000
000000)000000oo0ooO0OO00o00D0ooOOOOO0OO0D00DO0OoOOoOOOD (boo)oo
goboobooooboobooooboobooobooboobbooboobobooboooboon
gobooboooobooboobobooboobbon

KeywordsOOOOOOOOOODOODOOOOOOODDO BPLP

1 0000

gboogbooboooboboooobood
gboobooooobobobobooooooon
gboooboobooboooboooboooboo
gboobobooboobooboobooan
gbooobobboboobobooboboon
gbooboobooboobooboobon
gboobobooooboboooboooo
gobooboboboobobobooooon
gooobooooobbbooooooboo
(HDTV)OOOODOOOO0oooooooooo
gboogbobooobooboobobonoooon
gobooobooobooobboubooboo
gbooboooooboboobobooooooon
goog

goboooogoboobooobooobooon
goboooooooooooo.

e JOIDODODOODO (Nearest Neighbor In-
terpolation: NNI)

e JIO0OODO (Bi-linear Interpolation: BLI)

e JII0IODODOOOODOOOOOO (Cubic
Convolution Interpolation: CCI)

00O 00O dPhotoshop O PaintshopO O OO OO
gbboooboouooobooobuooboobog
00dooooOoooobooooooooboog
0000o00oo0ooO0o0OooOooooooooog
O000o00oo0ooo0ooo0 (booo)ooo
oooobooO0ooooboooooooooo
00000o00oDoDOoooOobOOoooooooog
gboobooboobboobbboouobooboo
00000000000 (o0)ooooo
0000000 O0oO0oo0oDooooooooon
gbooboobobouoboobooobouobooboog
ooo0o0bDO00o0o0oooogoooooobooo
0000000 0o0ooooooooooog
gboooboobooboobooboooboo
0o0ooobo0ooOOoboooooboooog
00oo0o0ooooOOoooooooooooog
gboobouoboobooboooooobboo
0oo0oooooooooooooooooog
d0o0o00ooboooooooogooooog
oooboboooooo
go00200000000000000000
0o0bo0obOo0oboobooooooos3on
oboobooboobooobooboobobooboo



»
|

0 1:00000000000000DO (CCho
gboooo

oboboboobooobooo40boboooo
gbooobooboooboobooboooboo
gbobobobooboooosbboboooog
gbooobooobooboooobooboobooog
geboooooboooOooobOobOonDon

2 JUooouobobouogdo

gboogbooogobooobooobooobogooo
gbooobobooobobooboobobgooan
gbbooobooooboboobbooonbon
gbobobobobobobobobobo

21 O0oO0oO0obbobooooboboao

gboobooooooobobobobonood
gboogbooboooboobooboooboooo
gbooboboboobobooboooan
gboooooboboooooooboboon
gboogboobobobooooobooboobog
gbooobooboboooobobobooooan
goooboooboboil1boboobooogon
goboooobooogobooboooboobog
gboooboogo20boobobooooboogooon
goboobooobooboonoobo

22 0OO000OO0O0O0O0O0O0O000O00

gbooboobooobobooooooooon
gbooobobonooooboobobobon

BERE®

Fa—Eovavha—aviE

02 CcClboOOoooon

gbogoboobooooboboooobooboo
gbooobbobooboboobooboan
gooobopooboboboboooboobon
gobooboogoooobooboobooboo
gboboooobooboobooooobobooooan
gbooooboboboobobobooooon
gbooboobo.

3 Uobuoooooobobobbod
oooooboogd

3.1 ODOoogdobobooooon

goboooooooooooobooboon
gboooboooooobooboobooobog
gboboboooboooobooooboboo
gboooboboooobooboogobboboo
obooooog

3.2 0ODOUOogoooo

gobooboooboobobooboboobooon
obobooboooooobooobooboooog
gbooobooobooboobooobooobboo
gbooobobooobooboobog3sbooog
obooboooboooobooooobooobog
gbobobooooon

goooooobooboobooooboo
oboooboobooooooboooooobog
gbooooboobooboboooboboo
gbooboobobobooboboboobooboo



Low resolution

Nai

Sharpness-preserved

result

Low-High Relationship

03 00boboboboobobooboooooog

gboboooboogoobooobooboobooboo
gboooboooboobooooboobooobooobo
gbobooooooooboooboooobog
goboobooooboobobooooboboo
gooobooooobbboooooboboo
goboooboooboobooobobooobog
gbobobobobobobobo

4 0000 BPLPOOODOOO
HEN

goooboooobooobooboobooon
gobobobobobooboooo

4.1 000000

gbooobooobooboooboooobooon
ooboooooooobooooobnb BPLPO
gbobooboob

gobooooboooooooboobooon
oboobooobooboobooobooobog
oboboboobobobobooboOo BPLPOD
gboooboobooboobooooboboboo
obooboooooooooboobobooooog
gobooboobooboobobooobooboobon

goboobooooboooboobooboo
gboobobooooon

4.2 0O0O0O0O BPLP

4.2.1 0O00O0O BPLPOODO

gobboooboooooooobooo BPLPO
BooooooooooooooO x,...,oN
oobooooNOOOooDbOog

X = [z1, 22,23, ,TN] (1)

obooboooboooocoMOOoooboobgo
ggoobbbobiooooooooogooon
obooboooboooobooobooooobOg
(DSM)DDDDDDD {61,62,63,~~-,6D}|:|
gbooooboobooboobooboboooan
0 ETD

ET = [617627637"' aeD]T (2)

gobooboooooboooobboobbooongon
000000000000 2000000000
NxNOOOOOOooOoooooboooooooo
oogpDooobooo

Y = diag(1,1,---,0,--,1) (3)



doooooooobobooobooog
T =Xz (4)

ooooboooobobobuobooo z0ODO
guoboboodoobbd « 00000000
oooobooooob g000Db0O0b0ODOO
gobooooooon

¢~ E(E"SE)" ET% (5)

gobooboobbooBPLPOOODOODO
000000000 BPLPY|ODOOOODOOO
goboooboobooooooboooon

4.3 U000 BPLPOODOOODOOODO

gobooobooBPLPOOOODOOOODO
gooooobooo

ooooob Ig0bboooooboogoboo
gbbogouooboboboboobobodan
gbooboooooboboobobooooooan
gbooooboboboobobobooooo
gboobobooboboboboboobooboo
gbooobooboobooobooboobooooan
gbobobooboboboboobobooon
gbobooooobgoooobobg pobgooog
oo Iyp0o0oob0 p00b00o0goooboog
oooooooooo Ipy0000

Ity =1Ig—1Ip (6)

ogoboogooboo p0oob 1b0bobobooo
gobobbobo.bobboboboobgogo
gbooooboooboboobooobooooan
oooooooooo 000000 IpgO0
gboooboboooobobooboooan
ooboooobobooooobooono xoo
gooo

_ I
xT; = [ It ] (7)

|osERZR) B ED |

ZORFVTFEE

lomrEsenx EREEER |

lorEs - EREEERDEE 2 BERERS) |

|oEEEz X (EREEEABE® |

(ommrmszie

(eEREETABRICEELEERERSERLIG |

Us gbobooog

X = [mlam%"' ,$N]
| I I, o Ing (8)
Itg, Ifm, Ituy

gbooboobobooboobobobobooon
oobob Ip00000000obO0oooboooon
I, 00000000000000000000
oobooobooboooboboOoooooDboOon I,
gobooboob000000000D00
ooboooobooobooooo ,uoooo1
gbooobobobooboboobobobooon
gbobobobobooooboooooon

_ | Ir,
wi—[ 0 ] (9)

OO0 z0O00OOD0OOODO BPLPOOODOODOO
gbobobobobooboboo

e
2 |~ E,AT ETg;
IfH2
(10)
I
_ —1 T L
g 1]
0000000000000000000000
00000000000 00000000000
0000000000000000000000
000000 Iy, 000.



\}EE%H&BZ \IFH)

fﬂ‘cm@ﬁmﬁ@m ®

IH2 = [L2+ IfH2

®

AEE &IH2

Ky 0P R a—S s AL Sk

04 0000000

el 4-'1\
e BEIH
IH—IL-IFH\
ﬁ.ﬁ#f?&rif%l
SIS 3%
Sre—— J
5 00O

gbdbobobobobobobobboobon
000000000000 CCIOMN] 0 Greenspan
0 O Nonlinear Extrapolation O 0O NEQO [2] O O
ggobbooobboobuooobobooooo
gogbooobooboboooboonbobg 9x9
googd

eb0D00O0O0O0O 256 x256 02600000
gbo400b000b00ooboboboboon
00000000 1/2000CCIONEDDOOO
uoobodooooob 20b000booooo
00000oooooooMSEDOOOOOODOO
ggobobtboogoboooouobooooonoo
MSEOO 10000000D00000D00O0O0O
00o000oOooooDgo cclonponoooon
oooboboooboobobo NEOOOOOOo
000000000000 DbO00O00OMSEDOO
gooooooobobobobooobooobon
00000070 " Butterfly” OO OD0OODOOO

O1000000000MSEO

| cc1 | NE |DDOO

Butterfly 90.4 | 81.2 53.5
Flower 59.1 51.2 31.7
Ship 151.4 | 150.7 123.1
Illustration || 58.7 | 45.5 24.0

OO000O0oOoO0oooOoooccioonono NEDODO
goboooooooboooboobooboo
gboobbobooboooooboboan
gbooobooboobobooobooobgan
goboooooooboooboobooboo
goood



(d) Tlustration
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