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Coded Imaging

HAJIME NAGAHARAT!

Recently, a coded imaging is getting popular as one of computational pho-
tography research area. The coded imaging is a new combined approach with
hardware and software for capturing an image. It realizes to make blur restora-
tion or depth from focus problems much stable by controlling a point spread
function (PSF). The coded imaging is realized by some modification of camera
optics such as a coded aperture or sensor motion etc. I will explain about char-
acteristics of various coded imaging methods and implementations of hardware
and software of them.

1. ooo0Oa0O

0000030000000 2000000000000 (CL0)00DOUOOOOOO
obooooooooboobooOooooboboooooboobooooobOoboboooOoobooon

t1 0000
Osaka University

Vol.2010-CVIM-171 No.14
2010/3/18

Aperture

Scene Point

01 0O0o0oO0O0oO0O0ooooo

gobobooooooobooooooobooboooooooboooboooooooobboOooooo
gooooooooooobooooooooboooboobo0ooooobooboooboooooDoonoo
goboboooooooooboooooooooooooobooooooobooooooDooo
goboooooooooooooooobooOoooobobobo0oooooboooobobD 10000
000000ooooooooooob0 fO000000000 «00000000000O01
goboooooooooooooobobooboooobO0O00obOboOonon

SHE

1
— 1

=t M
gbobooboobo pbo0obobOobOoO0bO0ObOobObOOOO0ObOObLDbDODO
gooooooooooOoooOoobooooOoooboosOoboDoOoobDbOoO

b=|(v—p)| (2)

Oo0ObOe0OO0O00O0O0O0COODOODOOOOObMOOOOOOODODOOOOOOOOO
goboboobooboooodoboooooooooooobooboOoooooooobOoOoooonon
0000 (Depthof Field) DOOO0OOO0 o 00000000 O0O0ODOOOOOOODOO
goboooobooobooooooobooobooooobobooooOooobooOobooOooobooOoon
obooooooboooooobooboooooooobOoooobOoooobooOooboobooon
ooboboooooooooooooooooooooooboooooooboOoooooDooo
000000000 (00)0oUDO0OoOO0OUO0DOD0OUO0DDO0DODO0OOOoDODOOooOOoOOo
0o0oO0o0ooSNOOOOooooooOOoOooooooOooooOoOoOoooooooODoOoOoog

© 2010 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

0.04
0.02 —

A o [V B 1]

Imaging process

0.04

* 0.02 _

Restoration process

02 000000000

00000000000000000000000000000000000000000
0oooo0O0o0ooo
0000000000000000000000000000000000000000
000000000000000000000000000000000 (PSF)O000D0
0000000, j000300000000000 (00000)+0000000000
0ooooooo

j=kxi+n (3)
000 k0 PSFOOnO0O000000000000000000000000000000
02000000000, 00:0000000000000000000000000 3
00000000000000000

J=K-I+N (4)
O0O0OPSFOOOD K '0000000000000000000D0 00000000
ooo

f=2=1+% (5)
0000f0000000000000000000i000000000000000
00000 500000000000 PSFOOOOO0ODOO0OO0 KOOOOOOOOOO
0000000,000000000/f00000000000000000000050
000000000000000000000000000000000000+:0000

Vol.2010-CVIM-171 No.14
2010/3/18

gobobooboooooooocoooooooboboboOobo0obooooobooooooooOoobooa
gobooooboooooobooboooooooobooooooobobooeUoooOOO

00000000000 00000UO0UO0n PSFOOO0OOO OTF(Optical transfer
function) 00 000000000000 OO0OO0OOOOOOUOOOOUOOOODOOO
O0o000ooo0o0ooooo0ooO0 pPSFOOOOOOOOOOOOOOOOOOOOO
goobobooooboooodooooobooooooboooOooooooobooboOooooooo
oo0o0ooooOooOoPSFOOOOOOOOOOOOOOOOOOOOOOOODOOOO
gboooboobodobooooobodoooooboooboooooboboboooobOobooooan
oono

2. 00OOO0oobOOoo

0000000000000 0000000000000O0O0OOOODOOOODOD
O000O00OMURAOOOY000OMURAOOOOOOOOOOOO PSFOOODO
O0o00000o00o00oO00o0oooOoo00o0oO00ooOoooo0oOooooUoooooo
O0OOMURAD XO0O~0OOOOOOOOOOOOOOOOOOOOOOVeeraraghavan
0?00000000000000000000000000000000000000
000O00ZhouD® 000000000000 O0DOOOOOOOOOOOOOOOON

00ooo00ooooooooOoOoOooooooooooo pPSFOOOOOODODOOOOOO
o00o0ooooo0o0ooo0oo0o0o0o0oooooooooooooooo
o0o000oo0o0o0ooOo0o0o0ooo0oo0o00oooO0o0oooPSFOOODOOOO
O0o000ooOo0oo pPSFO0O0OOOOOOOOOOOOOOOOOOOOOOOOOD
oo0ooo0ooo0oo0oo0oo0ooooooooooooooooooooooo
o0o000oooOo0o0ooooOoOoPSFOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 0U00o0oO0oUOoO0oOoUO Depth from defocus (DFD) O
0000000000000 00000000%90000000000 DFDOOOOO
0000®00000000000000000000000 DFDOOOOOOOOO
O00oo0ooo0ooo0oo0oOo0oo0 bFDOOOOOOOOOOOOOODOOO
0000000000000 0D00D00O00OO0OO0O000D0DDUOOODOOOOOOO
00000o0O0o0O0000o0O000oOo0O00oOOO0O00OoOO100000O0OO DED
00000000000 000OLevin 07 O0MURA O Veeraraghavan 000000
00000ooooooooooooobooooOooPpPSFOOOOOOOOOOODODODODO

© 2010 Information Processing Society of Japan



goooboobooooo
IPSJ SIG Technical Report

00000000000 000D00000000000000000000000000
0000000000 PSFOODOOODOODOOOOODOOOO0OOOOOOOOODO
0000000000000 0000000000000000000000000000
ooo'®o

0000000000000 000000000000000000000000000
000 DFDOOOOOOOOOOOOODODODODODOOONOONOONOOOOOOO
0000000000 0000000000 DFDODOODO00O PSFODOOODOO
000000000000000D0000000000000000 ZhouO® 0O200
00000000000000000000000000000000000000000
0000000000000 00D0000000000000000
0000000000000 D000000000000000000 SNROOODOO
000000000000 000000000® 0000 Ygooooooooo®®
000000D00000000 PSFOOOOOOOODOO0ODOOOOOO0O0OO0O0O000
0DO00Ooooo©Yoooooooooo®ooPSFOOOOOOOOOOOOOO
0000000000000 0000000000000000000
0000000000000000000000000000000000000000
0000000000000 0000000Y 0000000® 00000000000
0000000000000 00000000000

0000 300000000000000000000000000D000000000
000000000000 DO0000000000

S S
/ K VIURA Defocus blur

Veeraraghavan
Zhou

Depth from defocus
Coded pair Lattice focus

Motion blur J

Focus sweep

Wavefront coding

Levin

Parabolic motion

Invariant PSF —/

High SNR

[ Coded shutter
\ F Broadband PSF
Variant PSF

03 ODoOOooooooooo

Vol.2010-CVIM-171 No.14
2010/3/18

Power

Normalized Frequency

04 oDoooo?®

3. 0oooooboaoo

0000000000 0000(FO)UDODODOOODODODODODDOODODODODOOOO
0000000000000000000000O000D0D00000D00O0O00 (Coded
Aperture) 00 0000000000000 0DOO040000000000000000O0O
000o0oooo pSsrO0COOOOOOOOOODOOODOOOOOOOOOOOOOO

E@G

(¢) Zhou ) Levin

(a) MURA  (b) Veeraraghavan ) Coded pair

05 Dooooooooooo®®

3.1 Modified Uniformity Redundant Arrays (MURA)
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A={Ai; ¥ Ly, pP=4m+1, m=123, ...,
0 ifi=0,
1 ifj=0,i#0,
A=Y (6)
1 if QiQ; =+1
0 otherwise,

where,

0; = +1 if 7 is a quadratic residue modulo p,
’ —1 otherwise.
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