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Generation of Visual Field Considering 8 Meridians
and Background Conditions of Visual Tasks
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Abstract |

Among numerous factors that have an effect on visual field, the effects of
background condition on the size of the visual field were investigated to obtain
more practical visual field that con be readily applicable to industrial settings.
A visual experiment was conducted, in which the subject wos instructed to
search a target with distinct orientotions. Size contrast, meridian, nontarget
density, ond subject’s gender showed a significant effect on the size of the
visual field at ¢=0.01. The size of the visual field was linearly proportional
to size contrast, and inversely proportional to density. Female’s visual fields
were found to be significantly lorger than male subjects’. The size of the visual

field on horizontal axis was lorger than that on vertical axis, and the size of .
the head & eye field on right meridian was also larger than that on left
meridian. The shape was found to be horizontally oriented oval and statistically
asymmetric with respect to horizontal and vertical axes. The regression
equations o predict the visual fields on the given background condition were
suggested. The visual fields suggested in this study would be valuable to the
design of visual displays and the panel layout of various displays and controls.
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AZhe QIzto] FH2RE FHele R
o 0% HEE AAY AE2 228 27
J1gte]m, A)Z2Fed(visval task)Se LA g
oAA A FolE 4 lon, AL oY
S gtk olHe ARaYel g Ad
A% AFE dRE AAAL JBE B
= Q%MNfacton)el] 3k ATV} F/HE 0]F9
o, Xzt Aivisual field)ol] gt 4=
A &2 AAolth [11 1Y AT FEHL
ZA)e] ZHimage)o] FuHfovea)dol AH3
9y wgk FR03A Ko, BXe Ao] 3
Hrel X dol A2 Fu]stA] RolA "} [4].
ek A)lZbARQie] A Ald] EA|ZR|(dis-
play)$} =F%X(control}Z vl xE e, F
3% AY7E FAZGD(primary  visual
field)ol} wjRjsteqof et [12]. ]9} Zo] A
AR E AlZrRg el A Ao a8 24
AHOZ ALRE, A|ZHR Y] FEFE T)A
£ 29Ee TRE AZ9ed g A7)
REG 4ol

Sanders& A 4% H-& £ =& 3
@] &8 R wle} stationary field, eye field
2 head field2 FH-3E 1} Stationary field =
Mgt 79 £33 FBEA gor FA
oK{peripheral viewing) 2%t I}o}tE = H9Y-E,
eye fielde ¢ ST Z HotHE 9§
AL, 222 head fielde 3 M2l &3
d¢ Fd A 9oe 29T (1
Van Cott9} Kinkade'= A|ZHA A4 | (visval
display) & WX o, M5 HE HA4& FF
st9ct. A8 EA)AX|(wamning display) 9}
F8 HA|AA(primary display)= AN

(normal line of sight) FH9 30 WF otof
B X) 3}, $4=2 H A3 (secondary display)
= AFAAE FAHLE 600 43 o) uiA|
g AS A3t [15] Grandjeand EA]
g TEY F A& A= e} area of
distinct vision, middle field2} outer field= +
B39l Area of distinct vision& EAE A
FalA AT ¢ e 492 Al F4
gl 1°5, middle fielde A& W&siA &
e AT dulg) S ZA"” & 8l
T 9922 Ad F99 WE AA
Outer field= EA71 3 0]A] ¥oW 74
g & gle 9902 A F99 40705
2} (4] C|FAeA i7kEE MIL-
HDBK 759A(1981)d M= A)g g 43,
FHZo 3] 5 G G(preferred viewing
area), eye field?} head & eye field2 T¥-3}
R [14]. A5FH AAae 4z
-2 Z} 1528 2] F7)E, eye fielde T $4
Aol H L8 35, AE0F 40, ol Fe
2002] 371 Z, head & eye field= F. S 2 95°,
HE 2 9, ol Z o 8509 27]E 717
= 998 23t o] FelA AWE A
HEL AP} A 20& IHIR &
3, w730 obF EAE fIe ¥R AeHhE 7t
Ag Folo A HA) ARG EA-S A
2 wrgstA] ®ahar vk maA, o5 Al
AH-g A Ao A guideline}e= AMG-F
A, AR EA4S AdR Hgsetr] §
€ AAot}. ol F5387] 915t Kee et
al® 7I=¥ T2 HIEF YUX(nontarget
density), ¥HT HHEHg 27| o)ul(size
contrast), ¥ 2] Al(target color) 52} W4 =
A€ 183 4709 meridiand]] thdt A)Ztd e
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- Sanders®} T|ZA S EF HHES @t
A Z}A AL stationary field, eve field®} head
& eye fieldE Wrol Al $79 N4EAE
AAFHLo ™, head & eve field?] Z-¢ nj=
W oA AA G AZEddE St ZAIE 6000
3 2A dekddh ol AZERe) 3
o)X v E 2PES e o9 a+
B9l niste ZARSpGCRL & 4 9lond,
u]bd ol A+ g Fe Aol o] 4749 mer-
idane] thated gt A ZbE S Ar]std A
A ALRo] AZlo] T F, 3], FHZ
e AlZrg At AAIBte 27 24 43
Fo| 71 vlEX FHE Ho|x o}, A
AZgd e RE Wk st 24 Ao
28 ol dig 7o) a7HT At

o]de] AMZPAET} JfHE Aoz Xz
Aol A7F AGS 2UT SHIAIL 44
(isoresponse time region)©| Haines et al.3# Kee
et al.of &3t AAFH U [57). o]+ F
ol Azt ¥ <ol E g e AREEE
UERd Aoz AZgHel tist AL AR
- AABEAL §lo, o8 st WA =3
- AgHo T I3 T FoF A
g AL ALEtodor ke BERAS F
AFoz Az gk
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tEo Fo17 w4zl g3 Ajddde
452 & = FHAANE A 285,
2 a7dA AAE A ghdELe 71EY A
d9d F A4 AA Al dEH2g A}
52 e vEEAY A499He) v
g F8ko], 2 AojHE Az Pk
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2.1 m&ER

109 9] A}, 599 oz o dPA7L B A
7o Agd FAsged, olge BT
3 ikl A F9 A4FS 285
%o dAEolUY HAgA RF e A% F
o] A7} ol S A7t glom, oo & 4
3} FARE AZERY-E F@e Ho] gtk
HAPRte] JdBEL 248 + 214, A
1700 = 7.0cm, 18]l A} &L snellen acuity
22020 + 20/60S EAv)

2.2 &322

HEA§ o] 28cmol X &4 7He g AlobH
71 180081 7]&E9] AlobAl(visual perimeter)E,
Aok W& 355714 538 F xS )
xald AE7)712 St dEe A8
¥ FH7 vEHL A dFe} AFA
Y AVIAM FA Fot E F Sie= 9F
AES AHBEIR e, gAY A7le AF
A 59 B4 AVelAl Bol AMEI 3le
712 £33, FHo g 2} 1.4°8 A]Z{visual
angle}2 o7 3ck XA Z7|e 4¥
Z7d o} GepAn, o 2813 ol Hl
FARFAe HEY W] e
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rial design)2 A3l AL FWIFE
HFEY B FFE2 & 19 1ot 5‘{1"13%
54% 947} 005 el 2
FEoE An7t el dEA ?:H’—
= ANEE BEAT DE Pyl Y4B
ARE B2 FE Fold, AIAE F
A 7R 22% RS JLGANA AA
o stationary field, eye field, head & eye field
Fo 2 ANRYAE FAHNAt 4 A4Eqg
9 A71E FFHo| HolA] e FA AR
3l FHE AR FA FEHo| Bolr] A
Fote ARY ANAFHY Z7]9h VU ®
Hol Hole FolA &9l HolA 7]
Az o) A4y =9 BEGE Hs}
A}, Head & eye fieldol| A =% Z(90e, 270°)
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(D} A-540 cm? , N-0, 135, 375
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37| oy . H=E89 37|, H=H|FH2 37|
(S) H=1.49, Hy=1.00, 1.40, 2.20
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{M) M=00,450,900,135°,1800,2250,2709, |
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7] tiel, B E A W, meridi-

= FAFE 1%94 A Ad9d B
A Fodt IgE mRE Ao vEhd.
A W 99 sdAe HAPRe] A
T FYFE 1% Al TR ADEE =
FolA 23 Aoz eh, /\1%‘%‘9‘%8 2
AP2et 19 el we} ES Holx
Ak A FFHe AFAA _‘?_-r°1|)~1 wy ¥
e} A3 el Fako} s FA vhebTh o
714, A= Ad g B 23
(nested) W= 7R83T B JFoA HA

AME Z7] chule] Fgko] 743 2A UE
Yo, t}380 2 meridian, VX HL B
o] M E Gl ZA vehgth Head & eye
fieldol A& meridiane] <38ke} 7} ZA) o}
Efton, thgo 2 A7) diul, BlEAe 9
ol dFe] & Z10F YEiyth RFAE
(interaction effect}2& XA, stationary field9}
eye fieldoll A= A E*meridian, AAE*=7] oj
Hl, F4¥ A meridian, FAPA*3 7] i,
12] 31 meridian* =2 7] hE]7T FA43E 5%
A freatA HERY, meridian®} Z7] thv] ]
Qe ARG 1ol S Tt ke
VEld-S Kol ¢ith Head & eye fieldol A
© 448*meridian, A'F*3 7] diH]} 34 H
A¥meridian®] WEAHES0] S%oA] H28}
A vehgk ol B4 RUEY w57

S A& WIS E stationary field2} eye field Lo A FF AZdd 2FeA] meridi-
B2 BH2EME

_ Stationary field Eye field , Head & eye field

. DF F P | DF F P " DF F P ;
M(G) 1 16387 0000 . 1 7562 0000 1 13216 0000~ |
MEAHAE) L 13 3047 0000 13 2108 0.000% 13 1360  0.000
'SB) :
AN YD) 0 2 1170 0.000% o 57  0.000" 2 276  0.000*
Meridian(M} ' 7 1276 0.000" 7 4308  0.000™ 4 7262 0.000"
27| oBliS) | 2 14004 0000 2 4713 0.000 > 1638  0.000*
a'M 7 87  0.000" 7 254  0.000" 4 492  0.000™
3'S 2 109 0000 © 2 71 0.000" 2 42 0016
G0 L2 24 00% | 2 03 0715 2 04 0694
3B*M . 91 78  0000™ - 9 237 0000 52 158  0.000"
3B'D L og 34 0000™ i 26 08  0.687 2% 07  0.848
38*S 26 60 0000" | 2 28 0000 26 13 010
M*S 114 34 0000" : 14 21 0003 . 8 14 0201
MD T 16 0069 | 14 08 0604 8 07  0.653

: degree of freedcm F : F valug, P : P value,
mgnlhcant at a=008, ™ : significant at «=0.01
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3.2 meridian

H 7] AZrd A9 meridian®] F %k
L a9 29 v} e, 1M B Hl
8} Zo] AZgdde} F/FA BAgICl AY
FAREE A%S Rolxn Qivk IYAM FH
Z:9] AlZtgdo} £AF KW} AA e, A
Z-ddo] v PL Hel|x 9o, ol ot
<+ E 39 TeestZAEREHE & + Utk
Stationary field$} eye fieldofA] 43 =90,
270009 =717} 5233(0r,1800 in stationary
field, 0° in eye filed) AU} ZA vjelyto,
eye fielde] & Eof|A ¢}2)Z meridian(180°)
o] 9Z meridian() R} FAFHOZE {93}
A=A eyl 2832, head & eye field
QA FHE Y& 2 ZE FR(45, 9009
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160
—
140 F
4
120 B
——Heat
100
sl Eve
—i— Slationary

Visual Field (*)
2 g

1 2 3 4 5 -] 7 8
Meridian

8§ 2. AZrAHof|A| meridion®] %

AZ BHE(270, 315908 T AA4g e 2717}
fodA =2A Jeh, A F/Y GRS
o] o] 71 BZF BY¥e] YL B
ol gick HAFA} 1589 - AlFd) o)
3} pairwise T-test i FH.§ A|go] Ao
T Moz &1 UL > 04002 B o, 9

E 3. meridiontd Al2tdeds] 37| T-test

- Staticnary fieid Eye field Head & eye field
Meridian DF F P DF F P DF F p
oo 15 0.95 0.000™ 15 -6.46 0.000™ not included in
1800 the experiment
450 15 222 0.042" 15 -2.82 0.013* not included in
2250 the experiment
ane 15 -0.38 0.710 15 1.28 0.220 15 222  0.042"
2700
1350 15 1.3 0.075 15 -0.22 0.830 not included in
3150 the experiment .
450 15 0.22 0.830 15 1.77 0.0%6 15 467  0.000* ¢
3150
135¢ 15 -0.43 0.680 15 0.97 0.350 not incluged n
2257 the experiment
e, 1800 32 -3.28 0.0063" 32 -7.64 0.000*| 25 -17.22  0.000**
a0e, 2700

DF : degree of freedom, F : F value, P : P valye,
* : significant at ==0.05, ** : significant at «=0.01
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A% Wdgge F.9 AFY Aold] B
Aol ofizl AA ¥919 £F WY 44
A2} o), £ LT B4 1A% Ao

3.3 MY
19 AZgeel 2718 slzshd B,
A9 AZA o] gAY ARFERT F

= AzE AT 1%l X FAHE FAHA 27
Bhkon), ol wal AlZgdel g Tex
ZA%E Jed E 49 23 3Mx g 4
B 4. Yol T N2FH T-test
N Mean T value P value
Stationary field female 720 35.20 18.12 0.000"
male 1440 25.34
Eye field _ female 720 78.82 14.48 0.000™
male 1375 70.57 :
Head & eye field female 450 156.06 18.28 0.000% |
male 870 136.77

* o significant at «=0.01

o= 3.
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A

—&—H_Female
——H_Male
—&— E_Female
——C malg
—¥—3_Female
—8—5_Male

Mol I A2
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Ut} 7Y 2NE BE A9 AddEq
o] stationary fieldo) A= ¢k 10:(2F 40%), eye
fieldof] A= ¢F 8o(¢F 12%), 12)3l head & eye
fieldoll = oF 200(2F 15%) A= ALY A
SFHET 24 deRgth o2 Aole 2
3o Ee uisl o] £3F 9] 28
& BEx 2A Jehtat Uk T-test 2
3] Alge] 2ol & Ho)A] GoHp ) 0.30),
o]2]8k &0l stationary field} eye fieldol]
M= oz7) AR =7]) )] 2} meridian
o D7SHA] BrL8lT, eye field®} head &
eye fieldol e o3z B3} 9 FHES
{range of motion)”} @FAlR T} 27] &£ A

Al A2 AAMNE W AHH
= Wiz Abge) uﬂ7§ ZAMER Y% ;0

RN

FHe] A7)} met AXEHe e, I¥
4ol= F39 Z77) 1.4 W 2] A ZEH S
AAET Yok o] HA AlzEge] dA
Al 74 gl dFHH AHEHZ e v

gy Azt R s 2A ey
Zto)g Holx giok

A3 e w7 206 9E A4
d &3z 93 e g, tEdANE A ]
sazl @tk St Y feEe 2U4E
Aol FEo| FAHLE fFofstA e
7] v, v X 4] 2E, meridian?t HLY
zte] A8-g AME-3IHTE At meridiang
Uehdl 7] 93l 4719 Z]/\](indicator)

S AMg3EeH, 2 F shie © ek
& e 438k *}%Qﬁiiﬂ(%-l,
0), YA 3712 ¥4 meridiang R
7] $18ked AREEATHE 6).

7} NzZrg oA e] tFEALe e

rI.I1o

AAS B ATl AzEde 2ot E 5] 2o
E 5. HfjZo| bf7|x) A mhef Ajztded (o)

(0 | 450 | o0 | 1350 | 1800 | 2250 | 2700 | 3150

Stationary field | 200 | 220 | 200 | 280 ' 230 | 310 | 300 | 230
100 Eye field 60.0| 690 | 800 | 770 | 710 | 760 | 770 . 650

Head & eye field | 123.0| 158.0 | 1530 | * 1490 . 1440

| | Statonary feld | 230| 200 | 360 850 | 290 | 370 | 370 | 270
Fi? 140 Eye field 530| 750 | 850 830 | 730 | 800 | 820 | 700
Head & eye field | 128.0 | 157.0 | 158.0 1530 | 147.0

Stationary field | 340| 380 | 460 | 440 | 390 . 450 | 480 | 350

220 Eye field 68.0| B10 & 89.0 | 840 | 770 | 820 | 890 | 760

Head & eye field [ 131.0 | 1630 | 1620 1580 | 150.0

. not measured
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—&—Head
—M—Eye
—&k— Stationary

J8 4. ufjZEo| HUX YEfo|n BAY| 37|17} 1.4 W] AZHA

I 6. meridiang LELE X|A] B

Meridian(M)

2
3
™
3
(o]

Qo
450
g0e
1350
1800

2280

2700

3150

—_ ot D = D = O O

Stationary Field(®) = 21.84 + 1.28*ml +
3.54*m2 - 0.66%m3 + 7.77%37] Y] -
2099 ¥ A9 Ix - 1032442

(R = 82 %)

Eye Field(®) = 68.77 + 0.39*ml + 6.47*m2
+ 0.64*m3 + 4.44* =7] Y] - 1.29*% ¥
FEHo 9Ux - 8.19* A

Rz = 56 %)

Head & eye Field(®) = 137.82 - 13.14*m]
+2091*m2 + 11.51*m3 + 4.28* 27 o
H] - 161* B Ae] Dx - 17.12% Ad

(R = 67 %)

35 7|= eipelel vl
Heolx 9% ue} go] AAAA 2
74A8] \7Hd <o) wES) glen, vl
BolH ARG AZAGGe] 4A) Aol HE
oz ASET gu B AN o3y
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Aol A A A3t eye field9} head & eye field
5 & 479 AR vwsnA g 1y
L, ugHbde] A|Zrgge] HAIH AY =
H-EFe 27, 2% £F F-0) 28A
A gol AR vine ErEFsing, |7)
dAde AN Hing s ot oat
A, B dFdMe 7HsdHd vy A
Z-goda 22 A0 F H|H37) 93, ]
Tkl A9 o] wiel Wiz e, &
g o] Qle 27 AFGGHE AR
o n|=ukAd el Al nimgc) njid
419] eye field?} head & eye field?] 27|
F 79 v} glen, E 73 29 SolA B

il

# 7. 0o AZd ()

Eye field | Head & eye field |
L 40.0 90.0

900 35.0 95.0

1800 20.0 85.0

2700 350 95.0

= vhot go] WFPR AAGAL 449
meridian®] th3je] AJAE Yot FE 50 o
o e £ A9 w7l WAFER eye
ficld9} head & eye field2} v]=ZwFAl2] eye
field9} head & eye fieldS- vl w3l B, F

—4&—Head
—i—Eye
—k— MIL_Head
—E—MIL Fye

Oy 5. o4 B AP Ay vz
(& A7 Addge A7) AA Aefelx F49 27 LO°P
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Zo| 7} 3}2 (L) © & 7o) = )\]
Zr9HEG nFgge Adgde] Fg
¢ T °‘ET{1§ 5). ol g Aol E£14_1 a
717} ARFE ZA el ®£39 =377
2.22¢ ) eye fieldo| A= meridianol| whe} ok
30-60°, head & eye fieldo| A= <F 40-70° A
E & 97 2Avt & Ao eyt o
=g AMS 3] & AL AT AP A
Aol 71&9] FA1Zrd H(primary visual field)
BTy o] A = L uisly, &
2 999 g2 AYIE wRAFoor 3= 4
A A §54€ § 5 IS gAgT-

a3, v F 499 e £5E
o Wt 9 AU Bke g Aasta
Aoy (pAZe] 3T Ao gAY, B
AFAA AAIFF head & eye field= F=
o R8F R¥o] 71 FH.3 vhAQ Aoz
e Alo)E Holx 9o} watd, Az
Ho| Azt Ao HA AFozg AMgE7|
Asfxe & A7 Aldddgnr} o gy
HQl v ARG wF £2H4¢ T
HE B AHY 2FoZ A5 ojof g A
L2 B
4. A 9 % Qe

E AFNME A 28 L Fa9 Addy
Aol z27]o) FaAz HE A =) ], B
FHo dx T w7 23 499
Hio] BAIXLE o 92 v g B
Hk olejdt A7 A3 Fo| ZASY
EAI HEHe A7) o], W He A%
o W73 AR APEE 1E A
meridianol] i A FF o] Ajztg < _station-

ary field, eye field, head & eye field-7}, ¢]=
4% 4= gl A S AAgLh o
Aztatdel W73 228& msiA g3 470
o] meridian®]] T8k AAIG 7]&2] Al
Aell vlate] A F8A3-L Amstgdn) 53
o OE, A|dEge] the A 98
A A|ZE] A o)o] FANE &Y
A5 Adsle oo Z=28 £ QA stA

FE e BEAL *Jol%](hetcrogeneity)
ChoFdt ke ¥4 58 mdd £ o] 24
HA A9 2EL 1EF AR Yo
theh 7ok 38, 48 5L I ohug
YAt tidt d¥g $Y5e] 2 0 ¢
BHEQl Al g el Og @7 a9
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