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A7bEug vhgof 7RERr Hojdt AEAYES(modulation transfer function ; MTF)E ©]8-3F this @k polychromatic
modulation transfer function ; PMTF)& Aogich M2 ohE AZES ZH= F4(R), 5H(G), FHU(B)<] 3742 2djE LCD 9 &
A5t o438 LCD2 PMTF Algd 0|4 Axel A4 Aur) 2 d|eb, o] At He] LCD9| 242 dalez #7435
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& B71817) $lshAe eH4FEpoint spread function ;

PSF)L} 37493l ~(optical transfer function ; OTF)&} ZHo] o]
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lighy oo Sarsoret sick. B ojal ool 1
Vg el el Bl Sske whHe A
£ 33 APl Sk W9, 75 WREE, A2V
o] oA Gr1gkpol] Hupido] Az ABEFR Hhk-3-Ik(spectral
response)£: T TAHH A AHFAE HoJsie] o|F H
spgoll AAA A Ao Ba Gake AEHoe 2
A2 BolZ= LCD(liquid crystal display), CRT(cathode ray
tube), PDP(plasma display panel)2} 7H2 A S o] &
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sajo|mut ohfeh 4 Boks] Hstel AR ol %
spREne] AdEY S48 FE0| Nt ugoR 4
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Z7jo] ¢ color display, PMTF, three bar targets, LCD, image quality, spectral response, CCD.
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(modulation transfer function ; MTF)E Ao zH &
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E 18ste] AASE thAsE G E(polychromatic modulation
transfer function ; PMTF)E H7}1E oyt Hth= AL &
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LSF(A,x) = f _+:PSF(A, x, )dy 2
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ol2T F77|EE st HaEY o] oA R, G, B A
459 A4 719 =g 24617 YAl o232k 2ol R, G,
B A2E2 B71E 256 AR Yeli= 10| & 8(gray
leve) & 133t MTFE 7]&d 4 9ok

l

MTF(, L, =] | " LSF(, m,n,x) exp(— 2ama] (8)

o] A (4)A I, m, n& AZd o] M2 R, G, B 3}
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Aol gt ¥kl 754 RO, m, ny& Fdto] g2 3705
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LSF(l,m,n,x)=c+ rect( )@[B(n)xé‘(x+a’)
+G(m) x (x)+ R(D*x8(x—d)]
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OTE(F, 1, m, n)= f ” LSF(l,m,n,x)xe '*%gx

= cx8(f) + w xsinc(fw)
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sinc (x) = -Sin(z). (10)
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shav} Hagalold uf of Aazkel shio] Zo| Werew
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MTF(f, L,m,m)=VRe (f, I, m, )2+ Im(f,l,mn)? (13)
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(sAskaTr A7), AAEAAT AR)ES BolFr] §3t
o] Ztzhe] 712SAES S A2 FHS B2 Zlo] 1
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PMTF 22& AME3 0]2& AXlehs dlof AMgatAt:
a8 5= EsieAR 9] 37 3AbolA AatE=
& LCD BUEQ] 7]1E 3M0) digt A4y Medng &
sto] FAZHAYICIE) (x, y) MEAANA o= T
& Mz A 18 2 Hojch o] 3xke] mdl
o] 2% CIE MEHFEAS TEatal glon] MEpA|E 34
7b A9 vledte & 4 9k dEiA B AFelA= (@A
g LCD BYENHE 7|Eo 2 AFslch 19 62 B3
I AE 0]%6}01 2% LCD RUES I BARE
HuE RojZl oz FLo 4o AAsliol Yo F
Az o] i, %ﬁ Ao HAStLA e HAuo)
o, 7H= AL JAstAo)A LtoE RAutAtolt). o= 5
E] R, G, BY] @At AEoA Yo TAES T 3ol
obd it £& Zhe FUYE & %‘ﬁ olgjgt o]}
Bol 4] (6)& ARg3te] B A2l R, G, Boll tigt MTFH
wAge] MTFE 78 o, B o= 4 Z3o] ozt o7 A
Eo] Wgd Jide PMTFE 78 of sl spguhgel

R, m, 1) 1 62 ATE ALGFITL

ok mﬂ

2wl

Al (@)~2] (6)2 A taEdo]e] PMTF o]&2 A3}
o] AHRA7|RRE A3 7“3745'— At d2 Ei LCD&E

LUES PMTF Z3e AE4719) ez MTFS: 2314
CCD ofdjo] H&719 MTF7} =Z3HE FPo|BE ol5 MTFZL
B2 2450} YL PMTFS Yiro] Fojok ek 180 7
& o]t ARA7|7} Zhe MTFE 0-10 [p/mm7HA] &A%
Zatolch 10 lp/mm7tA| P 54T olf&= H2| LCD HYH
°] PMTF7} 10 lp/mmol|A] 0.3 o|3}2 Zolxjuz o] g7k
wl=H PMTFS] o) FE317)of o] F7pAer Z43 2
olch. olgj3t 19 73} & A7 MTF= Z# LCD
TUE Y] PMTFE FT3ledl B30 s AMgste] 549
PMTFZ Wit ARSI o] g2 URIRAIAE F4(Nyquist
frequency)?l 5 lp/mmEch 2R FIFulgo| A 2AFE 0.9
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19 4. #E LCD RYE<Q| R, G, B 3 AIEQ] 7|2 Z|skao] it

(green), 2A(red).

o|4e] MTFE Zt7] ool o] 4HE47]of 23t PMTFZLE]
stehe wj¢ Arhes AL o 5 Atk

1y 82 ¥ 63 1Y 79| AANEE 0|85t R, G, B
718 AyglaR e 9l 37HA] Mol 235 27HARte
Z HolA WE (a) =FHH(yellow), (b) HE(cyan), (c) &
& EZM(magenta) Sphof &3t zHzke] MTFE 3t Al o]
th 2] @)~ 2] (6)NA AFTr 3717 7|2 Hesiao] e
o] #HIQl (/, m, ML= B kd-2(0, 255, 255)0]1L, HE
AL (255, 255, O)olH, I HTHL(255, 0, 255)0|tk. Zf
a9 fize 07 29] H4EA7|E #e FHg LCD ZYH
9| R, G, B A3k AE I7IE FeE2 FAoA H3be
o) oy kAol EEARel YY) HoRe Ao, olF
o]gto] 0-10 [p/mm7A] 3 MTF7} 2% o) vpet 9lch
o]EL 17}A] Mof i3t Jro|uE PMTFete &0 thilel
MTFeh= goi5 ARGt 1eja zbzbe] AzE9] o}
Aif= z+ F7hFubeoAe] MTF e AHA SR Hol
= Aolth. A3 Y=ol w7y staE7he] 1A at
Zo| oA HEo] vy FARBIER o]F9] Fof AE
Anz vehtes MTFE A 99 fARk 23y 22

red

nof gl Zpzke) AR LR Qi%of A e Wil (white), HM(blue), =4

BEozae & 7B dysiazie] 7H4o) |7 g, & &2
oFo] grAQ] 27k METH= thEA R Eo] glorng o]
£} Falof HEATE ShAe] 271 MET th2A] 10
Ip/mm7tA] MTF7} A Yepbdrh

2% 9= a9 63 O 79 AAEE o83 4 )~
4] (6)o.2 3t A8 LCD RUE Q] &/fo|HA ¢35 7
o] PMTF SAZHAAS)T 19 49 227 E 1% 2
H3tao] Z3 7HA S o] g3ste] 4 (9 ~4 (149 H =
Ueo] tid PMTO| o] 24|02 23 o|2g(IAE)E
Hlwste] 2 Zo|rh. 2AHLET 2 I )= 3749
Y AskaEe] Jigt EAE MTF 5 ZAskio] gt
Aoz AAskaol JAsA Y SO AL 5% ofFtR
Yx|eh=d] DA BE0] 9 [p/mm7tA| 2] F7HEuEolA
0.3 olAre]l MTF2 A€ot 19 9b)e] Az 13 8%
Zo| nE AHEL t} 1ste] 4 4~ (60 o&T
PMTFZ (a)9] ZA$REch= MTFgHY 27|17 23S &4 4
Qlth. ®3F 19 9(c)Q] &AL R, G, BY 34 7|2 3t4F
2E A Aol WMo dist MTFZ 1 gfo] uf$ YWk
LCD =UE9 Z} F4EEY MTF= (@9 (09 8%
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a7 6. 1Y 59) (a)Ah AlEe] tig He LCD XYEQ R, G, B
71240 dfgt s B Fak
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I 7. 1Y 49| AQAX| vehd 2214 CCDoF diEd=2
/3%t AFE4712] MTF.

AlOIA Mz ThE MTFE ehi7) Hck. oleist AgH 2
SN BE 927l wshd WA MTFeR: TFE PMTF
= Tsort Al | A2} LOD By MTFZHE ¢
4 9lee & 4 Stk 223 olBAR 4 O)~4) (14)
olgalo] A4t o2} vlEslolE I AL HAHO

U o

JEB SR Besvler, vy iy s rey nes

[T T AR PTYS

e bes Neam ’ R @

BAI 4TS b waabiog teary [ARTY ‘e, Srie

[ERCRTTONY

LPETE ¥ P

WEAE AR T d oy PRV 1%y T oesy 1Tt

. (A e
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(c)

1% 8. R, G, BY 371A] 7RSSR 2v)9) Zjtog o)Fold 37}
A Mg Hgt Sade] BARE BEQ} ol 085}
245 MTF. (a) =2, m, n) = (0, 255, 255)), (b) 3
FX((, m, n) = (255, 255, 0), (¢) A2 EZA, m, n)
= (255, 0, 255)).
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B s dAgE o 5 ok S #8 LCD XYEHS &
4 J 3ol 4 e] PMTFE= R, G, B 371¢] 7|2 #H3lh
=9 F, 744, o] fEEe] Foxl Iy Aesas
o] ¥ejof WighE BE F[3A AR AAE oJFE
otk azmg e LCD ZUE e MTF #A3o] MTFE

=, d8ln 54w Feje) MTFRHS 713 #7872
O 2E ZEskas9] 728 ZeEol Wi MTFE 233
PMTFZ H7hsjlof && & 4= Sk

g 102 He LCD EYE S| +HW3ke PMTFE 35
o ZEEIY 105 GYE 208 [05(L10), 205(L20),
30%(L30), 40:=(L40), -0 2 EZFo|(R10, R20, R30, R40)
AEH7)E SHAAN B w1 ZArol A 2] PMTF ghe) 24$-
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Image quality assessment of color LCD monitors by polychromatic modulation transfer function
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We propose a method for evaluating the image quality of color liquid crystal display(LCD) monitors by using the polychromatic
modulation transfer function(PMTF), which is calculated from the modulation transfer function(MTF) weighted by the overall
color response of the system including the test LCD monitor. We confirm that experimental results using the PMTF agree well
with simulated results of the PMTF of a color LCD monitor by using three bar targets with different amplitudes and three
elementary colors such as red(R), green(G), and blue(B). As a results, we should choose the PMTF instead of the white color
MTF or monochromatic MTF in order to evaluate correctly the image quality of color LCD monitors.
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