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ABSTRACT

Objective: This study aimed to investigate important human factors that should be considered when developing ultra-high
definition TVs by reviewing measurement methods and main characteristics of ultra-high definition displays. Background:
Although much attention has been paid to high-definition displays, there have been few studies for systematically evaluating
human factors. Method: In order to determine human factors to be considered in developing human-friendly displays, we
reviewed subjective and objective measurement methods to figure out the current limitations and establish a guideline for
developing human-centered ultra-high definition TVs. In doing so, pros and cons of both subjective and objective measurement
methods for assessing humans factors were discussed and specific aspects of ultra-high definition displays were also
investigated in the literature. Results: Hazardous effects such as visually-induced motion sickness, visual fatigue, and mental
fatigue in the brain caused by undesirable TV viewing are induced by not only temporal decay of visual function but also
cognitive load in processing sophisticated external information. There has been a growing evidence that individual
differences in visual and cognitive ability to process external information can make contrary responses after exposing to the
same viewing situation. A wide vision, ultra-high definition TVs provide, can has positive and negative influences on viewers
depending on their individual characteristics. Conclusion: Integrated measurement methods capable of considering individual
differences in human visual system are required to clearly determine potential effects of super-high vision displays with a
wide view on humans. All of brainwaves, autonomic responses, eye functions, and psychological responses should be
simultaneously examined and correlated. Application: The results obtained in this review are expected to be a guideline for
determining optimized viewing factors of ultra-high definition displays and accelerating successful penetration of the
next-generation displays into our daily life.
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1. Introduction %07 738}ste] A= 13+d HD (High Definition) TV
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71 g gy FRl=e digt TrbE o7t tAaEyo] 7]% o AAIE FAIG & d7u of tish %o e AFEo|
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2. Definition of Human Factors
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obd 7o) d  glow o] I3 - YES 7
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3. Subjective Measurement Methods
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Figure 1o HoX)= nle} o], DSIS W
< T 1A AN s Y2 A4S Fell AAsH]
Table 1| RoAx|= HAAle &3l F4-& H71shA s

e a9

10s 3s 10s 3s 10s 3s 10s 5-11s
“ >
| oA B A B \
T T2 T3 T2 T T2 T3 T4
Vote

Phases of presentation

T1=Reference picture

T2=Mid-grey produced by video level of around 200 mV
T3 = Test condition

T4 =Mid-grey

Figure 1. Test sequence of DSIS
(Double-stimulus impairment scale) (ITU-R BT.500)

Table 1. Evaluation scale of DSIS(ITU-R BT.500)

Presentation
1 2 3 4

Grading scales

Imperceptible

Perceptible, but not annoying

Slightly annoying

N | W[~

Annoying

1 | Very annoying

DSCQS (Double—Stimulus Continuous Quality —Scale)
WAL AS Ao GAS FAsE dErEES @
3k 2= (A) o) AF=2(B) 7} Figure 29 28 242 AAE)H,

[}
390 Mol 1008 HE Aol FPsh WAE we,
Park 5(2008)- UHDTV?] 81€ %7k3t7] 131 9109
(o]

WAE T A F9 897k WS ol gste] RGIGZB
P9 295 PPe FAA UAAe BPue} B 1))
A Aol tFk Ak Mol weh 8/9) HlAE
Qo BRAGUL o5 BRE 87 FPE UF ¥
R, A, ZAQE, $EE, A9 5o et
vl 2919 A £ES delstel FuA HAWE 5
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10s 3s 10s 3s 10s 3s 10s 5-11s %O] % 7)4\2_3% 7]EHHUF %74]7_6‘ 1%_ i_'F_'!_g]_ 2%_ 3%_0“ q]
A 5 a 5 R dlelE AEel 9 Aol weRelor @ Ao Be

T T2 T3 T2 T T2 T3

T4‘

Vote
Phases of presentation

T1=Test sequence A

T2=Mid-grey produced by video level of around 200 mV
T3=Test sequence B

T4=Mid-grey

Figure 2. Test sequence of DSCQS
(Double-Stimulus Continuous Quality-Scale) (ITU-R BT.500)

Excellent

Good

Fair

Poor

Bad

Figure 3. Evaluation scale of DSCQS(ITU-R BT.500)

sk Fa7F A3, A#Eo] YUV444<) 4K-UHD
g2Fo] YUV422, YUV420%! 2ol vlal] o] =2 344

A5 ko, 60fps 4K—UHD %37J¢] 30fps®] 2
sl 0] gt 4l AAEL] FH 22 o] W 7
AR 7 ek 13 Bxisshd 4K-UHD
o] A9 @7l Hol A gholl uist Pl A
G te] WgkE dare] zpolel gk vlEE b
PSNR (Peak Signal—to—Noise Ratio) #ko] mopda4=
H5E QI A Y ] Aol Faste] w2 T
S AG 7} A4S vk Ao 7 A wmE A|H A
1.5HeI4 PSNR %to] 38dB o]de] = e} 3H 7z
PSNR #to] 34dB o)/de] & o %2> MOS gto] yeht
A G e] Apol7t mlulgk 2o ® RiE ity UHDTVe|
st =34 Pt AT = JA@ 4K-UHD &=
Al Al WSt HA AIRSES skl B &

¢}

o of o lb 3L
PNy
i—J

Hrt

npA g e w7t g o] &5 Yl vAaEde] #a
A7 B3 FAHE 54 A5o] QIR AJX|ZE AlA o
v RE JEE AALTEARAA AL & F FAFR
(Physical fatigue), A1ZF9 & (Visual fatigue), 1A 92
(Mental fatigue) 52 H71dEo] tiste] gAEHE
(Likert scale) ol w2} FA3}A st Waoltt. o] gt 3
7]_ l:ﬂ—}\]__ ._x% ;(]_lloﬂ 37] xqzr ] 71—71— /gl\]ﬂﬂﬂ -1

Feugt 2polg BFrishe Walo® T8 1 vk glns
Ql AT 2 ¥ AEA2E 3D AIGYRE —2—140}7] 2l
Li 5(2010)°] 7Wakst =32 3D A4 = F7F AEA]7}
Ut o] AZt R AEA e 4719 A (K44 *Efiﬂ
eSS, AR S5, AER) I 1 SHIRRIER :rL”Q

(}DJ\OD:] 20813:]( }_\J‘JZ(_‘]‘ _8_?__ ‘]J,]r g]—O]X‘] OO H/\‘]oﬂ ;(—‘
U BAA o7 sl o] 3wz ARuolEE uelo 7
EZH UL, 2010).

o]¢]o|%= ITU-R(nternational Telecommunication
Union Radio Sector) ol ¥33}%9] 9l SSCQE (Single
Stimulus Continuous Quality Evaluation Method) %
T FHHE BrphHoR FF o] 8H I itk SSCQE
T ArRIe R P9 e FHEoR Hrtehs
2 3853 glovt 3D AIATERE 54T o MyEo] A}
%Qﬂc 3t} (Yano et al., 2002).

Awst F34 F7PPHES ol83te] 54 taEdold
i}@%ﬂﬂ 2% A4S lwd sk 438 S8 24
e 4 lrh e =3 Jrr e e Aozt
ZpA1e] e E A2 7 9lolslH] %EV‘]‘% 1 FAIe V)R
ofut AdElel o]Este] T wks Uige Aol glste
test—retest Alef] T G2 AF=E HQIv) HEsh Hr1E)
ol tf3l] AFAE ke ojHo] EAIEta, 1S 719l
A gFEoz A 4% (Temporal resolution) 7F
AR Hrpdel vls)] Jojdor Hojxivhs dylo] &
A3k (Mun et al., 2012a).

2o

4. Objective Measurement Methods

AR FadE Fr7PpHE kA% (EOG, Electro—
oculogram), A% (ECG, Electrocardiogram), *3HEEG,
Electroencephalogram), T+& % (EMG, Electromyogram),
A A1 73 Al ¥E-2-(GSR, Galvanic Skin Response; SKT,
Skin Temperature; PPG, Photoplethysmogram) 2] Ttk
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A el A=A W7t 54 A2 @del dis] <
QA Adago] AEAE B Hrlshs B
ook tjaZde] w A¥A FugE Fr7PhHe A
A wiAYF wket A A7 7N, QA 71E, AR A
574 T Al FEe® 52 At (Mun et al,, 2012b).

A Vs FL TR Thst AlZE A=l tidt o] 9
7 24 715 AduE, AUy wsks S5k, sk Al 7]
Aekel APdS WAg) oleidt Al 7152 JlInitt 11
il glem, o= F o] §EE o

5 I
G ow A7 5 Qe AAAAY 7 HE

o
2 g e

o (Panum's fusional area) 2] W7} 7)
Qlujr} golatr] wiitolth. o] gl xfol7t Al FdE A
3k wof] Adel whet Aolst Rhg-(oE Abghe =07t
)3 gE AFEE A 920 e A9 S =3
tH(Lambooij et al., 2009; Mun et al., 2012a). Yano &
(2002) 3D HDTV A3} 2D HDTV AFelA f
H AR AEE A A% o 24 7Y Wzt
(Change of accomodation response) & =4 3to] 3 7}3}
STl Emoto 5(2004) 9] AFAE 2D}t AHH A
3 3D Gl st A9 2 B2 Al 38 (Fusional
amplitude) #+ 24 o FF8](AC/A ratio) 8] Hglel thst
4ol fovjet F7 &4 depu]Egle] RuEt
%7 2% (Accommodation speed) 9} 4 = 72yl &
(Average blinking rate) & H3}E Z74sh= WHE A2
25 F4shzdl ARE L lvk(Lee et al., 2009, 2010).
=3 EEG) & Bergerell oJal A5 @d® o], v
Al W ow o] 7wAQl WgkE Ao w 574
T k= HelA g ol &5 & AnA FAF Py

ot o

AAFHELES] 2ol oaf w1 I =
54% FEE Uehds 2ol ¥ o Axkel gl uakd
AAA G55 s HEoth o]Ye Hik= A
WA o & sk 4 9k (Background EEG) ¢F 57 =}
=

=of oJ8) WAEE S (Evoked potential) & s 47
Stk WA 3] Betavh= £ Ab=oll disk A4 &5
(Mental activity) 2] Z7}= YeR® Low—Beta, Mid—
Beta, High-BetaZ thA| #7F8t. Low—Beta:s 323-%
2] (SMR, Sensorimotor Rhythm) ]2l dZAox| v]w

2 qrgel AEle] A A% el A% oA,

Mid—Betat= 722143 7% 3&57¢l (ADHD, Attention
Deficit Hyperactivity Disorder) 2] X go|x F=Z o]g=
W =S ASYE NiYgshs AEE 9y gelA itk 1
2]t} High—Betat® 5435 digt 55, &5, 2495
gl AN AEYAE Rkgeitt. kA 535 3D A=A

Hkg g
#H QAZE AIZAA] RES £ 5 Sl FAAAEHR A

o ot T

| o3l e gAald 353k (Mental load) & 573
22 = AL et al.,, 2008). 578 A= HH=
24 A= e A AR

7191 (ERP, Event—Related Potential) ¢ A2 &4
(SSVEP, Steady—State Visually Evoked Potential) & 1}
T & Tk AR S HHEER 0 & p=o] AAFH oA
o e 7R FA SAIE AT (EE A HEY EE
ZHA L SAISE A (A AR ol tisk B EES7E o
& EAS 7HAE Aol AR W A7,
JNAA 7eS AR ¥ 3h P100, N100, N400,
P300a, P300b, P600, P700 & ©joFst A4, 54 HIZE&
7= @4E0] BaEa Stk P100, N100, N400 &<
HHEAQ1 2= tigh RAARQL A& HEYshs Q4R of
AAH, P300a B4 A=l st Jes JdehAY A=
& Al digt Ag]#gS vk st P300b, P600, P700
52 LPP(Late—Positive Potential) & EeX|v] 2% ==
of et HEAE g, S AXE HHH S Wit
A Utk Azl B35 JIAA REVF 55575
2 HZo] Heof|A Yelht= Agko] 3k P600, P700 5
Aol A Pgold 234 734 oF/FE T2 w24
Aol thgt W3 skl FE BaEa ik ol
LPP @452 F24st 3D A=l AUAA o8 =E=A
U 77k AR AR A 3DE Al w] P00, P700 59
3 (Amplitude) ©] 43k &E7] (Latency) 7} Aozt
= Aol BauEar vk (Liet al., 2008; Mun et al., 2012a).
AE719) F7h= BAES 3D AlFo] BF RS ks
o A3t ABAEY E5s AJANHFS HERE 1=
9] iy EE =27t JA5YY AskeE 2dEsies ©
A o7 W33ttt (Mun et al., 2012a; Murata et al., 2005).
AR S 9)= 6Hz o)de] ¥l NiRF o R WuE=
U 2o &3] fEEE HIkEA JHEZRL WE A=
AR FAFsAY 1 A=5S A4 sE & A &
ol #gshs Tkl 22 Wikl Fart 5718 =
@golrt. olgfdt ANFEIAIEHYE T AEH
2 (Selective attention)& 4 w F= o]g¥r}
qe] Foll AldE 1S A F A UE TR

Mool N
Jg o e

He 54 A=l ASge s A FAIE Fel vla)
e © wWol 3 Fol|l AlFEAEH9 AF gho] =
opzlt}. o] gt 545 ©]83te] Mun 5(2012a)2 3D Al
Z 2ol friEe IAF 2E=S ARddREAS) e Al
AEALNE EAloll 543t 3D JIAREE ST F e
B7Pe ARkl Figure 4= 3D AlFo] & &+

3
G QA ZEE Bk A7 A4FE welF,
S5t olslel = B kel Mol 715A WEE 538

A= 754 A7 FHAAEMRI, functional Magnetic

X
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800(px)

Figure 4. Visual stimuli for evaluating cognitive load caused
by 3D viewing(Mun et al., 2012a)

Resonance Imaging) & ©]-&3F H7PH = EA4)8t
= ¥ oy §919 A AL
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TR 3Ee 4 ok B o] EAskd of
A7 A W g S8k A7) o
(MEG, Magneto Encephalo Graphy) & A2y 2%
= Hrpbgo g o]gE 4 glti(Hagura et al., 2006).
gt olelgt WAl EL ke tiatR gnlel AR <
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Sakamoto 5(2008)2 2D AAte] thet Hy = Zak

3} 4ehHo]E (HRV, Heart Rate Variability) & =73}
A 29} TS A AEE st bl A e}

FuAZ4A e wiskE #E313th Sugawara 5 (2007)&
UHDTV AlFAlopzte] uhe dakdn] J=5 s 2l
Aubdol &8 FAQl A xR o] 833tk Park 5(2011)
5 3D A E7 At 9 Fugd Al A g AEiA qhe
of M= JETFS %@18]’0:1, WS REdskE LE A
7 357 v|FAIAEE REYshs HF AR vl&s YERd
= LF/HF ratio®} Autonomic balance® ¥F33l= Ln(LF),
Ln(HF) ¢ f9n3t H3lE 8 usli) ole]ox detst
FRF] Ao wak FIATE o] &ste] 3D GHRE o

ot H7MFPHE o] 853 Jltk(Abe et al 2008). A&
AAA SRS A WAUES FHS B 5 A
£ 1 2 o), Al id) i A
g PR Aede) el wishe W el g

57 wslo) o} mztala Al 719 § ] iP°]7P =1,
vl A ARl b=l olal] S wofoput WEkeh e

SHARlo] EASITE
FHHE Frpo] AAcr 54 9
TEEE AASE dEFsieithes Aol
O Aol o) s A AUS
Zé%}% o] ofih= Aol f2Jallof gk
J SHelA oE 59, 242 Ad JJ
HAom SHT 7 Qv ARE EABH] o, uﬁ
= 7] Bt B4 Aol wEg o] Ayl
SAskaL F7t et A5l =Ewr] A3t vlwst
§F xpol7} Qlom dZshrtetal dekshs Zloltt wh
3, 7Q1e] vH3A Wi o AElilss
tlleg., lclﬁJr A Al w3 259 549, A ol =
o]z e Eofof sh= d) T o7 7HA] WdE
et aefshA] oks Alel, vEE 7&** Ao vEh=
2] A2 A whg-=o] Aol "ol = glrh o]=
AeRkgel i zHte B 7ke} EH**OE olojz] H
TAYNE AT 5 Qi) wEbA, Hsle] o) Izt
of AskA ofe] 7 Aeukg-at A FA 719

Ho ST o A4E ol AWE Bl
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lm ot o
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ot
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il
7} JEEEJJr 7H £l m@l% ﬂiﬁ}% o= A
A daggel tie ATt A&H o7 o] Folxjof
o} 3k, ke SAsh] flsiM ABR7AeA -2
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o] opd A AE &7 A éf\]{oi °17bl Rk 87t
g £ Q= AlY IR EFo| AAEolo)k i) 3t thokst
F97, A9H Byt TREFS o) §dje] Azt WL
g Alell 2D 9 3D Al o8 fEEE T “
FI7} HHIHQL Zo] ohd AAIzte] A &
AAQ Aolgk= AoA AAZEe R Q7Fe] Az} 1%, =}
F277) WgEe) RS s Bk S Qe
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oF g} (Mun et al., 2010b).

mE
L)
s
ro
R
0
o
_N..
O_u
Mo
2L
N
el
1A

o
> ol
:tJ
O
&
3‘1
_A_z
o
(1
“o{_x’
e
ol d

o?i
ruE 2
1
o,

P

5. Discussion and Conclusion

E oAM= ZAI UHDTVE’J A e %7}w 3 71

ZEA e gsf o]Folx| 1L Tk 71% A2 SHAE =
skal A tjaZdlo]el digt A% HE

sl aesfor gk Ak vhgt % E} A, A]ﬂrmg A
= HIEE A1E 2] 75 AstelA BIERE Zlo] ozt
O] AZAAAQG T HA sk o] Q7] Wil o] M Bt
Whel] wesfjol o) 7]Ee] 2D ¥ 3D7) fshs Al
&2 Al FHE Bk Az 75l AURIA \EEE o
A7} RS gt AL 2= W] A2 S A
sk Qb FE R =gt o] 9l Fo] oyt A&
Agjshs QA7) AlZAAAIE Wute] @el zp=ro] FTA|E
= AuEA A7INEE I A AlEL AL A
A ZAE AX JEE AP QS5E4H (LGN, Lateral
Geniculate Nucleus) 2.2 Xt} o= u)2 o] Alzt A=
= %3 AxpA1ZH) A (Primary visual cortex) ¥ 23} A1zt
32 (Secondary visual cortex) 2 A F7H20g2 AR
AgJste] o] & ¥ Tde] ofe] AEE Btk A7 JE7t

Huodu

Ae)¥s 5l w79 (What)ﬁii 2ol 55 5
(Ventral stream)l% o] (Where) -2 o]9A (How) 4=
2 483 wj= 35 (Dorsal stream) 02 EF-F o) A7)
AEE Y A AEAMFE LS YR tﬂsﬂ*ﬂ
= Aze] wEt vhEshs o] Adolsitt tlaA o Al
F4 7 (Magnocelluar neurons) < 2 A|ZA4 ¢} =842
7HA 3 glow Wt Aol #53akAl EEE ] gtk o]& 4l
ZAMEE Aol wigtelA] k1 AF-Ad K Hoke 54
Ao} AukAel HES wlolsli=d B}l & w-23it) o]
of wkall, AMEA ¥ (Parvocelluar neurons) = 2k Al
EA} 8-S T QLo FAl9F Ftell stk QU]
gl &% p=e] M AR ARgke] wiztetAl vhg-gith
olg|gt NAMEZS] E573L tHFHY 9] FRAT H=
o ME A&H o7 Rk HL) o] st A|ZHAAC] &
vliFo] A E o £ A=l tigk AlAT 2 F7F Al 7]
59 AAA AR YEhbs AEEelRE FetE o]l Flo]
ofe}t ¥o] ArAE S I 5 e HHol
a#Eojof gk Mun 5 (2012a)°] #Hst QIA|H] 2 H7}
HH QIAAE S wrdsk] Sl FHE7L Haa vk
AIZE AR, ARG 0] S o)) Al
Aol 2ako] 3D A7k 2o} Skl o

FH o F7ETR= AelAM, AIF F
E3 7}l dist #

9 HZ%

1 =S
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XA 22 A
of WA= A7 ]
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7] B8 ARAT sHE AU itk odE &9, Q]
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5| EE 5 A=A YERE 7t #dlle (Angular
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o] 80~100 arc—degree® W3l 8K (7,680%4,329
pixels) @ x13}2 9gito] 24} (Park et al., 2010;
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ER}A stk (Halpern et al., 1999). o]2]3F 7RQlx} Q91L&
3De)| i3l =7l FZ2 AololA T 2 etA veha ik
(Lambooiji et al., 2012; Lee and Song, 2012; Mun et al.,
2012a). Lambooij 5(2012)-2 3D AF=of sl =AA]=
AR EH7E] R1AE <1A]EkaL 2Dg} 3D Aol tigt
g FHarEs zpo|gh AlHE ERgse] BAE Ty sk
3D WIZHdE ARl 71 5l WU 2R ESS AR
Gk AAY tASdo]el UHDTVE 7159 HDTVHT
5> 3742 At o= AR AR Szt A4
T U= WHAE, Abghell wet ey Al RS fld
T A= THsAo] =A% Lee et al., 2010; Sugawara et
al., 2007). w24, Lambooij 5 (2012) 0] AFst 7]&2]
3D 701 RIZHI F7F ZREFS HUh AREA HeARl #
oA MAdsty AT vt 9len, =% ATE F3
UHDTVE] & hztel] e 7lQle] mizHde mlg] HAE
g B 4 Q= W7 vhol =Rkl Ado] o] FoA o} st}
% UHDTVSF #de Fudig g7t 2Als +
Tk ofe} 32 ST o]FojxJok st
HHE] B AUR|A] R4 2 SHelA A7}
°1—Er°121 Stk A A7 A UHDTVE AAzkE 53
7kel AAAA F 8 A& (Body sway) & S7dsto]
3 F44 Sdef gisiAE SSQ(Stimulator Sickness
Questionnaire) WA AdEe] ¢ %32l LHR(LF/HF
Ratio) & 5743t UHDTVelA 1dEsliof & FHE o
ol tiall 2AFsItH(Sugawara et al., 2007). 12y A
SHARQL A=, Alokzt Bl e A AR wE e, g
7 Wsks SAPTHE FolA AARE SHos dF 2
wjgk xfol7} WA E Gl oV R A ST A ] f2n|Ek 1
2 ogibe s skt 34 3DTVE] B9 ARz

3DTV7} ofw] ke gl wARHY] wlize] AAzt
A BAR Ago] AAel AL Al e @ate

7 A A st E ol
AA b/do] SRR ok Aol A 2] 3DTVE] B
FAIAL] Y=g Fs] vEA1E = glom 744 av)
= AN T4 B3l uig AFAnE gglo] ¥-=3)h
7] witell 3D 4klE i3] 1A thl AT A2
NHK¥ 1990 th¥-E UHDTVel thst A2 A&a) ¢k
3L 2000 thel Eojd= UHDTV ¥4 Fddy A=
A&A o7 AuEgitt. S-2uvets UHDTVe tish 344
7t A5 Es] FRHgh v AURA T34 3

o

s

7holl &8t wr4AQl FFAH o] AAEo] g7 wE
hefst A= AR Al Fo) oy 8 24AE 11
UHDTVE &, F42 FHgdee] st st d+57}

F gk Algolth
UHDTVE oA MIAGAE At Al E& UEes &

ofFo A ki gl Aotk

2 Ao dEMERE At

=
fut S

b 34 A8 ake HH% # Ao OWEEP 1z
O

A77h Hupeterst UHDTV A
deol AEAQ AT vlzo] 1o #AR wE Ve A
gk i*@r g 7 S FOoR oA o]ef tlEo], A%
Aolla] 2pale] 2] 9 54 @7l ot viE 5=
}71] s 7 Sl oJET Aol EE UHDTV
4 W Al el o] F Aoz ghaect o]t of
ZEA1AE] RS AR 54 A=l thdk s
A AT 2ke] &A1 A e ek A=A o]
Fol71 Fof WaE oo} g}, EareA mAd V|| F
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