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Digital Image Analysis by Using Human Visual Resolution

Yasuo HOSAKA*

The image of analog color TV has been analyzed by using the human visual resolution for three primary
colors. However, these analysis results are not suitable for the hardcopy image that is recorded by using digital
color fine dots. So, we measured the human visual resolution for digital fine dots, and got the minimum dot size
that we can distinguish individual dot in each space frequency. Otherwise, we formed the reconstruction image
by using the analog visual resolution and the Fourier transform, and analyzed the dither pattern image noise and
quality. Further, we checked the influence that smooth edge dots or Error Diffusion Image method exert on the

image quality.
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Fig.1 Lower limit of digital visual resolution.
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Fig.2 Dither pattern arrangement in digital visual resolution.

Tx, Ty ididdd o by FFEETA4 v 7o X i,
Y LR THAE DEOXHICLTRDAEZT T A
Cuisuat &, WA (4) & THGIREEIIER L, Fig. 1(b)® -
TR L7, 7Hu s Bt ceEflcvwbdary F7 A MY
Cional % FRERPAN O WG IE D (2B 2 HE bk (4) 2
W7z,

D= —log {(1-Cisua) / (1 + Cyisua) } (4)

—Ji, B FAMEHMET A L NE Ky b 2R Ic A L TR
WA EICRD. WP o@HIXT Fu S HEMNEOMERET
W SN TV BHEBTTRE 2 i/h T ¥ b T 2 b % WG 122
L7l Th L. 775 VBIERE D KGR T % 3k T g
BE/NFy NELZAMIRIEL, 7 u SR e
W2 X DI/ E AT ARERESE SN, IR haS
MR ENTWAEZ LRSI R, ZOTFr I
FHFVENC & 2 e/ NE SRR 8 line pair/degree © 0.0079 @
fliz RL, EE12 OWmGTIE 152 MEMRNL, BE15T
190 B\ AN T 22 Lch b, 07z, [1, 0] 2ftio
FUZ VR TR EHT 51213 256 BERS LB R 5. DI
DEFT 4 FXy — P OWFHEIIE, o7 Fa 7R
DB X % F/NREE w7z,

22 Ky bNE—CEREICKZEGTHE

DT IV NVBEREE IV, BT P8y — Ik
LiREmGOmE 2 MEt L. T4 ¥y — %, Sl TR
v NSRS B4 HA L By R AT LTINS A AN
DWTRL7. Fig. 2 3MEDT 4 35— O F v Mk
magzt 207y VHERE LOBE) 2 HEXMITR L2
DTH5. KHI(a) 35T 1 ¥y — v oBEZRL,
— WA E A SRR ISR T 5. Ky NI L TR
BIENEL 5 LT Y5 WHERE Lo ¥y MRS 7
D, OB ENTFHUTESL. —F, HFpflr g
Py — & Ky MoRINE IS FE R A R AE 255
I 2L (b)) HIZBEIL, By bS8y — U BRI S
WORNIZMERICR D Z e hb. Fiz, TAHIy =
OFy MEEICEVHEFE Ny FPET DL Fy bAKEL -
TR EITHYL, N/ A RELTH#TAZ LIRS,

3. TAYNE—UICKEBREREKECCERE R

ST, GEIT 4 8y — v LRI Ry — U

HAM{§er s 884748 #17% (2008) (11)



12 BRI 0 77 Z VLR & TR RIS & 2 W AR AT

v, &85 = O Fy MG U7 5 4 ke, %

- 5 X ={2(0)+ 2 aximlcostkmexkpi)) * @y (0)+ 2 ayinicosZnk pi pil)
BEORLERI R & I L7, ZORENS, AWEL Cw o A Senl] g el e
BRI %% PRI CHITE 2 2 L WL L2, i 0 - peene
3.1 AEET ¢ Y/NE - OBEREGK S RREK ¢ ‘ : [ i) =12l
ST 4 P85 — A2 BT B 4 I O TR B I 1% % R B |
L, Y7 NVHEREENORDZ Ny b OMBIRA % 52 5 7
RERE (% & B ORLERMR & K L7z, Fig.3(a)llf v 7
Yz MFY vy — (EPSON MJ910) Ti#fkL 72k X X 100
pm O Ky k&R L, Fig 3(b) 1B L7 16 %16 o
Ky MEBEOGH T 1 8y — VEREZRT. TOLED2

Fy MEITHESFLARAKI Y b T A DOMIRIEIX 26 line (a) Original dot
pair/degree (214 L, BIBLOHHE (30 cm) 124 % 100 pm D T ;
FLER Ry MR 64 o 2% 5. BB 1 3y — e N T
YR, Ry MERIILZ L S ORI (R 12 prE b e
. Dot Size¥(um) = 100
X3 A PRER IR VB L, 155 NP MR 5 Ky Mg 2 t {——Dot Period(um) = 1600,
JEEBERREL N (4) 0o BRE I LIk K R
16x16 K b D7 4 #7385 — 1600 pm HFEIC 1 F v ML ?E’“S”V
BLZEXOWE% Fig.4(a)ll, ADP#EELTWE Ky b
TR % % Fig. 4(b) IR L7z, K, 48 44 Frasicsk B
0
Continue ?
(b) Reconstruction dot
Fig.4 Reconstruction dot image.
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Fig.3 Dot sample and dispersion dither pattern using in (b) Background image density for resolution
experiment. Fig.5 Dot image density calculated from reconstruction image.

(12) AWM 25E #47% 1% (2008)



BRI 0 77 ZOVHLERRE & TR RIS & 2 W AR AT 13

v MY T 5.

COGBMT ARy = Fy NEERR L, 256 Fv
M 128 By M ASEERE L CT- SRS F A {5 37 line pair/
degree 4 F TG Z L ICHBBR S E2 KD, HFoN7H
RER MR HEH L7 Fy MREEZ Fig.5(a) D —FNIRL
7o, 72, 7 a0 e g TR S T v 2Rk
e/ MREEZ R (4) 2O ROGENTR L. K 5H 6%
e & O WIRHGE OB & T Ry MBI L, RIREE 26
line pair/degree £ CakBBRA LT DI % 5. Fig. 2 127~
L7z& 912, Zoftix 64 gm* o [F—FI it F % R EE i
BE)L, @ARAOMEE LT HREEL —KT 5. T/,
Fig.5(b) IR L7- AL 128 F v MIET 2 F TOHFIRE
OEALZRL, —HIZF L Fy MEEOZILTH 5.

DEI, HHBTAH NN =Y TRy MUEHPLIZLED
FER O G FRI % & TR % % Fig.6 (2" L7z, Fig.6(a)
X, 16x16 O5FI T 4 857 — I 100pm @ K b % 4
Fvy MEEIZ4x4 Fy MEE L72KT, 131 line pair/degree
MY O GE oG (LX) & HfREgE (GR) Th
B, M550 5 &) \REEGTO Ny MSEITE S, —
i, PRI CRD 2 Ky MBI T Y 7 VBRI BTk
BIBARLL > 0135 Oftiz kL, Ny F2#NTEL I LPBT
VI NHBERENAS DHASHTH S, 2, T4y —Uip
2Ky MHERIZ8x8 My Malgk L7z, SHI121 Ny Mk

T BR8N L 72 R EE 37 line pair/degree tHY% @ 128 N v
b ofegkmg (FEX) & PR ES () % Fig.6(b) IR
L7-. FEBORSHEIL Ny PEZ#EITE v —FfREiRE 2o
THEY, FMRE G2 SRS Ky MREDESIBERLUT o
003DfET Iy M2 TEL VW EDVHLNTHS. DX
WA T 4 F8y — 2 TIE, THa B EREA LT
TR S 15 2 5 FEBE O FLER M5 2 B S HIT & IR 2 A7
IOZEhD, WHPTHAKREIALZ 52 558y bo
RESEMBEL 2TV I VBN FHITE 52 &5
DY N oY

3.2 £FEF L YNF - OBEHRESKE LEE G

DEIZ, 16X16 Fy MEKRDO Ny Maz oL -4
WL 4 Xy — O Fy MiE% Fig. 7(a) IR L7z Hulb
MO X dhe Y #FRC Ky MEE BRI S 2, 16x16 K
FTHBHO L ENDBFETO Ry MEE LS ERE DL % Fill
BEEA 5K, Fig. 7(b)IIR L7z, FMEAS5X5 Ky M
Lo 1600pm* F TR Fy MLy MRESHINT S
B, FNULEONy MUC RS L RBEIXIRKBEED 1.2 127%
L. F72, WRIEEIZ14x14 Fy DY oRI#E 12544 pm? 12
ETHFETIRHIIEALEAET, FHLAEFY MNIE- & DGk
WTEDZENG2E. Py MIAR S ST 5 &, #iZHE
SREAZMIC LA LTIy MBEMETL, LAY b
ARk LS 2 5.

ax(0)+ Z ax(m)cos(xmxxcxpi) ) x (ay(0) + Z ay(nlcos(Zxnxyxpi))

(k) =SKk * amik)
Confrast = 0.1747

+pi ] —pi
2 ] ] ]

ay(k)=3¥(k)* axnlk)
Min = 1.5334e-002 ,Sensitive Value(um™2) = o4,
Dot Size{um) = 100.
Dot Size¥ium) = 100.
Dot Periodium) = 400.

Density
1

Continue ?

(a) 16 printed dots

[ ample
fflyx) =(ax(0)+ 2 axdmicos{Zxm¥sxckpi)) x (ay(0)+ 2 ayin)cos(Zxnxyxpi))
axk) =Skl * axmlk)
Confrast = 3.93e-002  ,Min = 0.46055

ay(k)=SY(klx anlk)
JSensifive Value(lum'2) = 44,
Dot SzeX{um} = 100.

Dot SzeYlum) =
2 Dot Period{um)

100.

Continue ?

(b) 128 printed dots

Fig.6 Print sample and reconstruction image of 256 dots dispersion dither pattern.
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Fig.7 Concentration dither pattern of 256 dots and dot image
density.
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Fig.9 Dot arrangement of dispersion dither pattern.
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Fig.8 5X5 dots print sample of and reconstruction image of concentration dither pattern.
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(b) 64+1 dots in second step

Fig. 10 Dot reconstruction image of dispersion dither pattern.
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Fig.11 Dot image density in first and second step of
dispersion dither pattern.
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(b) 1 dot in first step

Fig. 12 Dot of sine distribution section and dot reconstruction image.
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Fig. 13 Dot image density for digital and sine distribution
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Fig. 16 Digital visual resolution of Error Diffusion Image.
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