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# # 5172359723 : MAJOR IMAGING TECHNOLOGY
KEYWORDS : luminance contrast / legibility / the elderly / cataract / LCD

PRUEKSA PRATUMRAT : EFFECTS OF ROOM ILLUMINANCE ON
LUMINANCE CONTRAST THRESHOLD ON LCD FOR THE ELDERLY WITH
CATARACT. ADVISOR : PICHAYADA KATEMAKE, Ph.D., CO-ADVISOR :
MITSUO IKEDA, Ph.D., 60 pp.

We investigated effects of artificial illuminance levels on the luminance
contrast threshold of text and background on liquid crystal display (LCD) for the
elderly with cataract. Five subjects were involved in the experiment. They determined
the luminance contrast threshold of achromatic and chromatic red, yellow, green and
blue stimuli under five artificial illuminance levels: 1, 10, 100, 300 and 1000 lux (Ix) by
using cataract-experienced goggles. The text and background stimuli had the same
hue but different luminance. We established that the illuminance levels of 1 to 100 Ix
does not affect the way elderly with cataract and people with normal-vision read the
LCD for both positive (C+) and negative contrast (C-) of red, green and yellow
stimuli. However, the illuminance of 100 Ix upward resulted in high luminance
contrast threshold of C- of all stimuli for the cataract lenses. The achromatic and blue

C- are affected by illuminance levels of 10 Ix onward in the elderly with cataract.

Department : Imaging and Printing Student's Signature__________
Technology Advisor's Signature .
Field of Study : Imaging Technology Co-advisor's Signature
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2.5 AMNLUFEUAI9AMNARIFING (luminance contrast)
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AaALIUMSINE
3.1 danuazailnsal

3.1 ANNUWAATA
?jﬁ@ / ﬁju : Eizo / Height Adjustable Stand for Flexscan L767
2UA : 19” TFT colour LCD panel
ANNNAZLBLA : 1024 x 768 pixels True Color
ATUNINAGI4R : 32 bit
AYNUNTBI9A : 0.29 NARLNAT

ANATINGIGA © 250 cd/m?

FRI1EIUANNILTEILF : 500 : 1

3.2 1ATeeiAALATANAGNS
£i4%a / $u : Konica Minolta / CS-100A
Acceptance angle : 1°
Angle of view : 9° with 1° measurement area indication
499n199M : FAST : 0.01 to 299,000cd/m2 (0.01 to 87,530fL);
SLOW : 0.01 to 49,900cd/m2 (0.01 to 14,500fL)
Luminance accuracy : + 2 %, + 1 digit

Chromaticity accuracy : £0.004 (x,y)

Luminance repeatability : + 0.2 %, + 1digit



3.3 LAsdTARNATN
fi9%e / $u : Konica Minolta / CL-200
494n139m : 0.1 to 99,990 Ix
Accuracy : Ev: £2%, +1
ﬂfJ’]N@WN’]iﬂiuﬂ’]ﬁ"?ﬂ‘%ﬁ cEv: 0.5% 1

Temperature drift : Ev: £3%, +1

Humidity drift : Ev: £3%, +1

3.4 Ylsunsu
Adobe Reader 9.0

Adobe Photoshop 10.0

3.5 IAtaenaNRaLaes
Intel® Xeon® Processor 5150
1024 MB of RAM
ATl Radeon™ HD 4000

Microsoft Windows XP (SP2)
3.6 LATANTARAAANIN

#i7%a / 31 : Datacolor / Spyder 3

3.7 winanaasaniunisainigiilufae (simulated cataract goggles)
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3.2 TUABUMSANLUUMSIAE

ASe w4 duneu Aa
3.2.1 TUAAUNTFTLNTRINAR AL

v v [~ b4 a =X v =3
PAINARDIAF T UL ANLLUIA AIINNING 1 LWHAT ANAN 1.5 LNAT
o dl v 1 v U | 1

AINNGN 2.4 AT (AANINA 3-2 ) Aelutiaemnisiasiae 1edau wilede JUnNI wazuey
ANLENENI Tiadnaan niesdng ineldgvinnimasasd@nieunaty luwesen 1ise
3 [ o Y Y o oI/ 1 o Y v Y o
2R TULYIINIINAAEY IHAWNATRYNN9AINAANIN 1.3 AT MesuuTihaesddanmany
, om A oA e - e o e 9 4 X
TRUUARVALNTRATA TUIA 8 IUALNAT ANNFITSALIAENTLANUAENAADY TGN
1.3 WAT Aundarestaddadl leansean nailaueatdn e waAaadsn lalun1maand
72199l AR UAANINENFAUTAITULAITUNIUANNANLUEN LAY HINAIULIUIRIHaIRR
1aaANgoaLIAIUs AU 6 Yasn gUN)NATaIAanNgeaLdLTWs AD 6500 LAAIY 19 6

o o 1 dl v 1 v = 1 o/ o o dﬂl
PADAFINITOUTUTLAUAINNAIN 1N LA NAI9 I RIN AN LANFANNALY 5 T2AU A9t 1,

10, 100, 300 4az 1000 and dmmannadneluieddneld ginsniinAanadng Konica

Minolta CL-200 Tpeinnquudungsumsndaatlanialuia
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AINN 3-2 HRNAAA

3.2.2. duReUNNTIATEINEALEN

Auiraianeeniones TLAAINALURENNIIALEATRA T90EAUUAY
! a 4 Y o (-3 dl QI 1% = ! ! a
TealAreriaamaael  HAuUNRAziuaan niLanaduiiiiesundin  ngluteadn
AdNaRnFaIua 8 uRWAIWNIY uiruuaaniwiiluaniinainnisnanaesdadnes
NEdaNgE AINENHIAIUIL 6 FafnNMT Ae a, e, p, s, | waz t iuATigwesn@eauaz
v ¥ .

ANvNNg 1A9AU 6 AN Ae plates, palest, petals, staple, pleats LA pastel LARIHARAIE

?‘IJLL‘]_I‘LIWmﬂ‘]:h? HelveticaNeueLTCom 2116 52 wagvi m\‘lm‘ww 3-2)

staple

nnd 3-2 gtluniusagnus (font)
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= 1%

da ey - X v o
winnpenldgluuusdnwel  Weasaingtuuuiiacundereadudns
ANNANDTURRDATIIFIANET  AINNNINUBIFIANHILARZFAIARULNAYINYTE LN A LA
Au I INNINNUATIWIANNTBINIINEINIL THWINTL 51.6 ALlan TunnAnfinan nangda

nﬂl ¥ o o all | o 1 d” alldd ' o 1
‘*]N‘ﬂ'j‘Zﬂ’ﬂ‘Llﬁ’)ﬂﬁlfl’ﬂﬂ‘]ﬂ?‘i’]ﬂﬁ‘zﬂﬂumuﬁﬁLL@@Q@%U‘HWMV@QV]N@LLﬁlﬂ[ﬂ’W\‘mu TAILLNAN

LANANNIAINLIAILTTY 2 aTim (AN 3-3)

- wuUl3R (achromatic) TENUNAIIIFIENMILAL A NETITILNAIN

ATNUBILAIAINADNTNVINIIU

aa X 1 o o o o o @
- WUUNA (chromatic) TENUNAIUBIFIENHILAZFHIENLIITUA

v ! ¥
o o a

wanri i 1 gaasianundadudimaoiuieun a0l dunundsideetu 4 3 Ao was (x
= 0.642, y = 0.340), e (x = 0.284, y = 0.592), U1[3U (x = 0.141, y = 0.073) LAY LUABY

(x = 0.426, y = 0.490) NTIAAIANINRIANN LAFRN1TANRILINABANLAD
AN ARSEATasALE I Latias s 1 2 Usvian Tawn

- AsFEUANTRALAN (positive contrast, C+) AR NITLARINA

LLUBHANNFSNHINTALALANNAINMRAUAUNUNAT  LATUAIAINTUAAAIINAINNUD

o o

IBNEFIAIANNANAL

- AnaFeusneTiinay (negative contrast, C-) A8 NNTWARINA

LULBNANFAISNEHINRALALANNAINUUNDUTUNUNRT  LAZWAIANNTIAANAIINAIN9U8

o o

VENHIULATNAAL
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positive contrast (C+) negative contrast (C-)
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NSENN]

AN 3-3 NnFatinan w1 uAwE

aan Al lunNansua uaawaada 1a9 EIZO warldaiaisnaanin
v i’/ 1 1 v 1 ASIQI
fael Datacolor Sdyder 3 TAgIFNATIAIINE419T8998NNEREAZ 60 ANILTILANINSRE A
80 QUUYNA 6500 AaduLanIKAfaalilsunst Adobe Reader uuszuuUfiFNNg

Tulaszans dulpnd (Microsoft Windows)
3.2.3 TUABUNNIUNTA BN LRI
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SDe

¥ ¥
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o

3.2.3.5 MmeaaUlFEAINn 5 AW LATIZALANATINUBILAY 5
sEAU Aa 1, 10, 100, 300 waz 1000 4nd Hdunalduduanaasaniunisniniadudensyan
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1 aa
BLHUNAADLILLLNA

o o
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2
o ad
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~ ] o o i ] = .
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(@ani3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 1.30 |112.80 1.95 |112.40 1.14 |118.60 0.45 [120.20 2.68 |115.20
1 0.89 (11540 6.89 |111.00 0.71 |119.00 0.71 [119.000 1.14 |111.60
2 2.59 [117.80 5.72 |113.80 2.07 |119.40, 1.10 {121.80| 0.55 | 1134
2.48 0.89 [116.60 3.81 |112.00 1.3 |118.60 1.79 [121.80 2.51 |115.60
3 1.14 111540 1.52 [109.4 | 1.22 |119.00 0.55 [119.60 0.84 |117.20
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3 423 19952 | 579 | 105 | 0.71 |115.00 1.41 |116.00 1.95 [111.40
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(@an3w) SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD |Mean
0 0.15 | 0.39 | 0.06 | 0.36 | 0.02 | 0.23 | 0.02 | 0.21 | 0.02 | 0.28
1 0.02 | 0.34 | 013 | 0.36 | 0.03 | 0.23 | 0.04 | 0.25 | 0.05 | 0.33
2 0.13 | 045 | 0.21 | 0.62 | 0.08 | 0.35 | 0.04 | 0.28 | 0.12 0.7
2.48 0.13 | 0.97 | 0.19 | 0.85 0.1 0.59 | 0.06 | 0.49 | 0.07 | 0.86
3 0.21 1.58 | N/A N/A | 0.06 | 0.77 | 014 | 1.15 | 0.24 | 1.55
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1 0.19 | 158 | 0.32 | 0.97 | 0.03 | 0.44 | 0.09 | 0.51 | 0.07 | 0.67
2 0.89 | 500 | 116 | 197 | 046 | 1.34 | 0.33 | 1.29 | 0.16 1.9
2.48 359 | 6.35 | 0.76 | 580 | 0.1 210 | 019 | 287 | 0.29 | 4.14
3 1.97 | 1642 | 1.23 | 1242 ] 0.08 | 3.95 | 1.11 | 6.91 | 0.35 | 7.73
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ARIN

(ARNT3NN) SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean

0 0.28 | 699 | 017 | 7.31 | 0.18 | 8.16 | 0.12 | 825 | 0.65 | 7.42
1 0.12 | 750 | 0.54 | 7.20 | 0.22 | 8.04 | 0.08 | 8.05 | 0.07 | 6.61
2 0.33 | 739 | 068 | 7.24 | 0.31 | 7.92 | 0.07 | 835 | 0.61 | 6.73

2.48 017 | 717 | 046 | 6.95 | 0.32 | 7.76 | 0.03 | 821 | 0.08 | 6.61

3 0.17 | 692 | 0.34 | 6.19 | 0.15 | 7.87 | 0.05 | 7.56 | 0.16 | 6.37
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(ABNT3NN) SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD |Mean

0 0.36 | 486 | 0.31 | 7.05 | 0.24 | 719 | 0.27 | 7.81 | 0.17 | 6.24
1 0.34 | 454 | 0.50 | 654 | 0.09 | 7.35 | 0.16 | 7.51 | 0.37 | 6.36
2 055 | 589 | 049 | 682 | 043 | 6.58 | 0.35 | 6.54 | 0.27 | 4.78

2.48 0.36 | 532 | 0.88 | 530 | 0.16 | 594 | 0.21 | 7.20 | 0.63 | 2.93

3 N/A | N/A | 055 | 168 | 0.70 | 451 | 0.28 | 205 | 0.56 | 1.34
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(ARNT3NN) SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 029 | 281 | 018 | 256 | 0.02 | 212 | 0.05 | 218 | 012 | 2.71
1 0.03 | 239 | 0.21 | 275 | 0.02 | 212 | 0.04 | 222 | 0.15 | 2.99
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2.48 0.07 | 287 | 0.15 | 3.08 | 0.06 | 228 | 0.04 | 2.31 | 0.19 | 3.35
3 014 | 3.34 | 0.11 | 3.67 | 0.08 | 251 | 0.16 | 3.01 | 0.24 | 3.85
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(@an3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 050 | 410 | 0.27 | 3.08 | 0.04 | 245 | 0.22 | 248 | 015 | 3.24
1 028 | 462 | 015 | 3.35 | 0.01 | 261 | 0.21 | 271 | 0.21 | 3.28
2 0.88 | 7.81 | 0.31 | 440 | 0.07 | 3.38 | 0.10 | 3.84 | 0.67 | 5.75
2.48 N/A | N/A | 042 | 7.03 | 0.07 | 443 | 0.26 | 5.07 | N/A | N/A
3 N/A | NA | NJA | N/A | 0.06 | 5.82 | 0.00 | 8.60 | N/A | N/A
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(@ani3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 0.23 | 73.64 | 1.22 | 7268 | 1.07 | 78.42| 0.11 | 79.32 | 2.21 | 74.64
1 0.57 | 76.44 | 453 | 73.46| 0.78 | 78.50 | 0.00 | 79.20| 0.22 | 73.22
2 241 | 7714 | 3.96 | 7534 | 094 | 78.72| 1.15 |80.24 | 3.34 | 73.76
2.48 0.53 | 76.42 | 257 | 7314 | 1.15 | 78.14 | 0.86 | 80.88 | 1.54 | 76.72
3 0.46 | 76.90| 0.78 | 74.02| 0.39 | 79.08 | 0.36 | 78.56 | 0.53 | 76.42
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(@an3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 1.99 16794 | 249 (7114 | 2.00 | 7584 | 1.44 | 78.18 | 1.09 |72.48
1 0.27 |67.30| 4.30 |69.38| 0.87 |77.64| 0.95 | 78.28| 1.74 | 74.44
2 563 | 7016 | 544 |70.88| 2.14 | 75.86 | 1.25 | 78.64 | 195 | 73.36
2.48 0.99 6522 | 446 |70.24| 0.05 |77.26| 0.48 | 78.92| 1.20 | 73.38
3 3.98 /5914 | 318 |63.24 | 2.74 | 71.30| 1.10 | 74.80| 1.34 | 72.10
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(@ani3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 6.37 | 35.74 | 0.18 |22.52 | 0.27 |30.88 | 0.11 | 19.62 | 0.36 | 21.54
1 0.22 3140 1.01 | 22.20| 0.27 | 30.88 | 0.32 | 19.86 | 0.57 |21.98
2 0.76 | 32.06| 0.47 |22.64| 0.65 |31.52| 0.00 |19.50| 0.46 | 21.62
2.48 0.00 | 3260 | 0.72 |22.04| 0.69 | 3142 | 0.26 |19.76| 0.35 | 21.02
3 0.04 | 3262 | 0.46 |22.38| 0.60 |32.16 | 0.09 | 20.36 | 0.28 | 21.30
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(@an3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 0.58 [25.62| 0.87 | 26.52 | 0.49 | 28.48 | 0.33 | 29.06| 1.09 | 27.70
1 0.22 |27.00| 2.37 | 2592 | 0.54 | 28.14| 0.16 |28.98 | 0.41 | 26.00
2 1.30 | 27.98| 154 |26.40| 0.91 | 28.78 | 0.25 |29.66 | 0.56 | 27.04
2.48 0.72 | 2768 | 0.85 |26.47 | 047 |28.64 | 0.27 | 29.72| 0.91 | 28.04
3 0.35 | 2740 | 0.27 | 2542 | 0.16 |28.98 | 0.13 | 28.74| 0.33 | 27.64




56

= oA A - = A | S a = A 9
139N 13 F’]’]L’ﬂf\]il‘ﬂﬁ]L?NL‘IJ@E]‘MLL@ZV‘Y]L‘LIEI\‘]L‘i_lull’]ﬁ]i‘ﬁs’]u‘ll@ﬂﬂ’]‘ﬂﬂL?EJL‘L]@E‘LL LB ANLNA

LARLAUNITN 5 A5 TULARZILAUAINNAINN FaeNE AL ANUNAIAL AL LLNa RN T34

WIUANAAIADIUNTIT UFARNTYAN

FTALAIN PR TA NH JP SS
ARIN!
(@ani3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 0.58 | 25.62| 0.87 |26.52| 0.49 | 28.48 | 0.33 |29.06 | 1.09 |27.70
1 0.22 |27.00| 2.37 | 2592 | 0.54 | 28.14 | 0.16 | 28.98 | 0.41 | 26.00
2 1.30 | 27.98 | 1.54 |26.40| 0.91 | 28.78 | 0.25 |29.66 | 0.56 | 27.04
2.48 0.72 | 2768 | 0.85 |26.47 | 0.47 | 28.64 | 0.27 |29.72| 0.91 | 28.04
3 0.35 | 2740 | 0.27 | 2542 | 0.16 | 28.98 | 0.13 | 28.74| 0.33 | 27.64
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(@an3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 0.78 [2444 | 0.76 | 25.20| 0.72 | 2766 | 0.41 | 28.70| 0.54 | 27.16
1 0.71 | 23.64| 2.06 | 25.04| 042 |28.20| 0.24 |28.08| 0.80 | 27.58
2 2.02 |2516 | 214 2574 | 0.84 | 27.76 | 0.66 | 28.52| 0.89 | 27.38
2.48 1.28 | 2210 213 | 2450 | 0.22 | 28.10| 0.13 | 28.56 | 0.52 | 27.02
3 1.65 | 20.32| 1.31 | 21.08| 0.22 | 27.30| 0.55 | 26.06 | 0.40 | 25.72
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(ARNT3NN) SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean

0 0.19 | 858 | 0.07 | 8.97 | 0.08 | 7.67 | 0.00 | 7.60 | 0.23 | 8.35
1 0.20 | 790 | 0.16 | 8.99 | 0.06 | 7.77 | 0.09 | 7.65 | 0.14 | 8.29
2 0.16 | 793 | 0.14 | 9.02 | 0.07 | 7.72 | 0.00 | 6.80 | 0.12 | 8.14

2.48 0.01 | 819 | 0.26 | 8.89 | 0.11 | 7.75 | 0.09 | 7.64 | 0.13 | 8.14

3 0.26 | 853 | 0.15 | 9.55 | 0.30 | 9.37 | 0.14 | 834 | 0.18 | 8.45
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A9
(ABNT3NN) SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD |Mean

0 0.19 | 942 | 0.32 | 9.27 | 013 | 8.14 | 0.52 | 7.62 | 0.23 | 8.29
1 0.35 | 9.70 | 0.28 | 9.50 | 0.00 | 820 | 0.24 | 7.96 | 0.15 | 8.35
2 0.50 [10.36| 0.55 | 9.33 | 0.12 | 825 | 0.39 | 830 | 0.13 | 8.91

2.48 0.50 [12.32| 0.74 | 1214 | 019 | 863 | 0.44 | 8.86 | 0.18 | 9.65

3 3.31 [18.96| 0.83 |14.88| 0.11 | 9.72 | 1.02 | 12.18 | 0.47 | 11.58
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(@ani3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean

0 1.16 |100.74 0.86 |99.86 | 0.55 |109.40, 1.82 |109.40 2.39 |100.80
1 0.45 [103.20 1.36 | 98.14 | 0.89 [108.60, 1.79 [108.20 0.52 | 99.70
2 0.00 [102.00 1.18 |98.54 | 1.10 1108.80 0.55 [112.40 0.89 [101.40

2.48 0.00 [102.00 2.51 |100.24| 0.55 [109.60 0.89 |111.60 0.55 |102.60
3 1.67 [104.40 1.64 | 99.20 | 0.55 |109.40 0.00 [109.000 0.45 /103.80
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(@an3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean

0 1.05 19476 | 1.90 |96.14 | 1.10 |106.20 3.49 [107.800 1.37 |100.76
1 0.61 [94.36| 2.11 | 93.32 | 0.00 [104.00 1.95 [107.60, 1.03 |101.54
2 3.10 19446 | 1.58 |91.66 | 0.45 [104.80 2.24 |108.00 1.00 [100.48

2.48 1.98 | 9256 | 3.24 1 91.68| 0.45 [104.80 1.79 |107.80 0.45 |102.20
3 443 190.22 | 2.61 9240 | 0.45 [103.80 0.45 |102.20 0.71 [101.00
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(@ani3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 0.22 | 30.56 | 0.55 |31.36| 0.27 | 27.80 | 0.27 |27.70| 0.00 | 30.40
1 0.70 [29.24| 0.61 |31.40| 0.22 | 28.40| 0.22 |27.90| 0.44 | 30.68
2 0.00 [30.40| 0.43 | 30.96 | 0.27 | 28.62| 0.00 |27.00| 0.18 | 30.48
2.48 0.18 [30.48| 1.62 |32.10| 0.22 | 28.10| 0.22 | 27.60| 0.00 | 30.40
3 0.58 [30.14| 0.76 |31.20| 0.42 | 28.10| 0.60 |28.66| 0.00 | 30.40
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(@an3ns) | SD |Mean| SD |Mean| SD |Mean| SD |Mean| SD | Mean
0 0.52 [33.22| 0.92 | 32.88| 0.27 | 28.62| 0.99 |28.68| 0.45 | 30.60
1 0.97 |33.56| 0.42 | 32.86| 0.71 [ 29.88| 0.50 |28.76 | 0.00 | 30.40
2 1.14 | 3412 | 1.34 |34.48 | 0.71 | 29.62 | 0.85 |28.88| 0.39 | 31.38
2.48 117 | 37.02| 1.39 | 36.84 | 0.00 | 30.40| 0.71 [ 29.62| 0.45 | 31.48
3 2.68 4412 | 253 |4190| 047 |31.26| 0.27 | 33.08| 0.70 | 35.62
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