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Human Visual Resolution for Digital Fine Dots

Yasuo HOSAKA*

Human visual resolution was measured in details for the three primary colors in the analog TV. However,
these results are not suitable for the hardcopy printers that print out half-tone images by using digital fine dots
of the three primary color inks. So, we measured the minimum print dots that we can distinguish for each space
frequency, and constructed the digital visual resolution. Furthermore, we recomposed the digital fine dot images
recognized through eye by using the Fourier transform and the analog visual resolution, and made clear that the

fine dots are transformed the image density.
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Fig.1 Sample pattern for visual resolution measurement.

el

| 50 um

Fig.2 Photograph of print dot.
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Fig.3 Reduction image on eye retina.

ELMAOHHANEL, 798 VEHESEEERET 5.

WIS W88 — &, A v 7 RS & BB bR &
WP EVIHICHCEA—A YTy V7Y 5 — (EP-
SON PM-2000C) @ Yellow (Y) - Magenta(M) - Cyan(C) &
Black (Bk) # 27z, /b7 4 ViEIE Fig. 2 (R L7zi/h Ky
P 60pm TR L, iEE ETHIA v TVEORK
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Resolution : f= (L/T) X (rradian/180°) [line pair/degree]
(1)

L : Measurement distance[cm]

2.4 : Diameter of eyeball (Mean value) [cm]
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Sensitivity : Se=W X H % (24/L) ?[cm?] (2)
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Se= (1/f*) x (24 % /180) *x W x H/T* (3)
ZRITCESNDO Ry FOYEEIW=HT, »2Fy hOKEX
EREMD 121K LA W=H=T/20 L ERKkDI }
FAMEGZ, TOLEOMEET L ORHAE Se kD 5 &
KX (D) PHESNE. ZOEROa Y FF A XD REWHHK
o Kry M, IV P TR IPBECHDT L LIRS,
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VMNIAMEEZDLNY NOREZIAEHIN-TEL LT
TR OFLERY ~ TV IR L e A B L7z,

3. A LEBIEBOBERER

SRDOTA TR, BB DML EO B S B
L% DT 4 232 T &#85ITE % BRA o B FEEE % 5K
B, Y, M, C, Bk & moRIHME & fFEEE OMREN(1) L
K(2)DPOFELTTF Y& VR &2 UoE L7z,

31 B& Bk) 12787357 2IEEEM

T4 YO, S, MEEORL LBV v 7V E B
Yo TUEL, A v ERGEEL CERIITE BRI & MR E
DORR % EEEEA 53R, Fig 4 (R L7z, i o
R, BENCMEERZ R L CH S, Mho@HIE, T4 V%
B L CREBITT & AL O T RIS B U B B oW E
HThb., ZoLE, REET L OWESORNHAEZ B
LCTTHROE L7z, ERAED AFITRLUZIESIZS A >
YTNVORESTHRENSHER T, SIMEEIHT 55K
WM OEE Z FEARICHRR L TllE EBR@E LTRLZ:. bl
WEE M ML TRO L WE ER@QOBICL BT 5705, 2
CTIFARLTHS. T/, X(3)TRE LRSI O F
v hDOI Y MT AN ERKIST BRI E RIS L1k T
—FICmRL, ZWICEER®E Lz, ZRIThEFI O Ky MR L
TR TFHROL ZRIC EBROIH:E N IS T o 1/2 DL
TC%2 7Y 7 VBLERE Lo e %5, FEREOWER, =
KICHHIRE A /N —T & % X 5 IR ORI E FBR@%E —%koc I

10000000
_ 1000000 W @ :E{:‘]::I]:E:: by measurement
NE 100000 ‘&A { = Upper limit for 2 dimention
= - ““A‘l‘ a
Z> 10000 - .‘AAAAA
b= B 1
2 1000 oot s
@ - _ A A‘f‘a‘uﬁ a
g 100 ket
% ®'-H|”'" C
10 e’ - D
L
1 1 < 1 1
0 10 20 30 40 50

Resolution(line pair/degree)

@ : Lower limit
@ : Upper limit by measurement
@ : Upper limit for 2 dimension

Fig.4 Digital visual resolution of Black.
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Fig.5 Digital visual resolution of Magenta and Cyan.
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Tablel Minimum visual dot size of each color.

Black | Cyan Magenta | Yellow
Minimum sensitivity [pm? | 33 14.3 10.2 74.9

resolution 104 18.4 18.6 9.8
[line pair/degree]

(at 30 cm distance of distinct vision)
Dot size [pum?2 ] 23x23 | 47x47 40%40 | 110x110
period [pm] 500 280 280 530
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Fig.6 Analog visual resolution (by F.W. Campbell & J.G.
Robson).
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Fig.7(a)i3, AN T& 25/ N5 25 Fy b %
%ﬁ@ﬁ%’mﬁttkéézmmxmﬂmFvb@@%t
K bEFZIEIE500 um ThH S, Hillidicsk sy o 2 5
“%,m%iﬁ%mL#3/F7XFCmm®k§§%?T
Fig. 7(b)id, EMBH(w) Z2/HWTEE LA EHRL T
WA R E AR L, b & OmfgE KT 5 & B ARL
TREOMNR 22 WRIC 7 5 Z LD h 5.

WA, FEBROREREA CRUH 3 2 W{RIEE & OB E R
Fig. 8 1IR3 X9, 7Hu s/ HERETE#RTL I TR
b Cusua V&, I 5 OB L & WD S O BEFH Lo %
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+ Windows example

flyx) =(ax(0)+ 2 ax{m)cos{2xmxxxpi)) % (ay(0) + > ay(n)cos(2*nxyxpi))

ax(k) =SX(k)x axm(k) ay(k)=SY(K)x an(k)

Contrast = 1.0366 Min = 0. .Sensitive Value(um'2) = 3.2891
i 0 = Dot SizeX{um) = 22.67

2 I ! !

Dot SizeY(um) = 22.67
Dot Period(um) = 505.9

I
|

Density
1

Continue ¢

(a)Original dot

+ Windows example
ffly,x) =(ax(0)+ > ax(m)cos(2xm*xxpi)) * (ay(0) + 2 ay(n)cos(2xnxy*pi))
ax(k)=SKX(k)* axmik) ay(k)=SY(k)x axn(k)
Contrast = 1.1194e-002 ,Min = 1.9982e-004 ,Sensitive Value{um'2) = 3.2891
+pj 0 i Dot SizeX{um) = 22.67
P P! Dot Sze¥(um) = 22.67
2 1 } | Dot Period(um) = 505.9

Density

Continue ?

(b)Reconstruction dot

Fig.7 Reconstruction image of 23 ym.

Imax

min / Printing dot

.

Printing paper |

Fig.8 Reflection light from background and print dot.
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HIE (Cinage = Inin/Inmax) Z VY, BI{EREED L2 M7 A b
Cuisa £ DBIRERTERKUICH S,
D= —log {(1-Cisuat) / (1 + Cisuar) | (9)
PEDRD S Coa IEMIEIEE D 2 Hwv TR (10) TH 25
5.
Cuisaar = (1-1072) /(1 +10 )} (10)
—75, FRERIE CRD BB L 2T Y FF 2 b Clia
EREREED T Y b T A b Cun [CEMWT Z720, Fv POk
KILPE D™ % 128 L7z EDIRKRT Y M T A b C™ o 23K
HBERKAD IR S,
C™ i = (17107 /(1 +107'%) =0.8813 (11)
ULEOFREIPS, HBALLZa Y T AL Cluwa ZFEED
I 8T A D Cosua WCEHT 2UIRK(12) THZHNLS.
Coisuat = Cvisuat X C™ g = C™ it X 0.8813 (12)
X(9)&X(12) Z Hwv, TR TR L7z a >~ b
T A MR % FLEREN CTRFET S WGIREE IR 5 Z & A5
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o
0.02 - 3
"Olooo_ot.—
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(calculated by data of Reference 3))

Fig.9 Lower limit of visual resolution.
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Fig. 10 Contrast sensitivity of 30 years old (by Reference 3)).
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JEJE D S 13RI 8 line pair/degree T 0.0079 258 5 1,

HAM§er s 884748 #1% (2008) (7)



8 PRYL - FRBITTREZ: By MR E 7 & VLR

M E BV EZ R L7z, WRRED K 1.2 085, a v
b7 A MEEOR/NEE 00079 2 w5 &, N3k 152 B
OB 2B TE L2005, 20X IR G Z
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&, MR EICIRE E N DR Ny M IR AR S R
INDZEDTL
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5 RIS 2 KD, S 512(9), X(10), K(12) A 5%
EZTEIZ Ry MREICEHR LT Fig. 11 O -FIT/RL, FiiE
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Fig.12 Dot arrangement for average image density calcula-
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