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A Study on the Visual Impairment of Pilots and Controllers caused
by Large Lighting Facilities around Airports during Nighttime Flight
Operation
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[Abstract]

Airport-related laws restrict the installation of lights that obstruct the identification of airport lights or cause glare to pilots and
controllers around the airport. However, with regard to the glare that lights give to the pilot or controller, it is only judged whether there is
a limit based on a qualitative judgment, and a quantitative review has not been made. Therefore, in this study, visual disturbances that may
occur to pilots and controllers due to large lighting facilities around airports during nighttime flight operation were quantitatively calculated
and confirmed through disability glare, object recognition, and identification obstruction. And based on this study, it was suggested to

supplement the related system to prevent the visual impairment of pilots and controllers caused by lighting facilities.

Key word : Disability glare, Glare, Lighting facilities, Nighttime flight, Visual impairment.

https://doi.org/10.12673/jant.2021.25.6.466 Received 6 November 2021; Revised 1 December 2021

@ @ This is an Open Access article distributed under Accepted (Publication) 27 December 2021 (30 December 2021)
@ s the terms of the Creative Commons Attribution

* .
Non-CommercialLicense(http://creativecommons Corresponding Author

.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial T ——

use, distribution, and reproduction in any medium, provided the ' - -

original work is properly cited. E-mail: jeon.jongjin@hanmail.net

Copyright (© 2021 The Korea Navigation Institute 466 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



=2

—

. M
1-1 gie] WZT 25
=40
295

751—%’—@.%__

[e]

ol A7 5]o]
Fo] a2}
© Szow Z7890:

Fulol] vl F =47

A T

.
=&

e ro,
o ol
I

<)

iy
12
o

il
ro,
-
1o
olN
Nl
=2,

O
=

fo %
el

O 2 o 40
Ho of M

i’l
o &
fr K

o,

=2

—
B
=
2
0!
(o3
ol
o

i

T
L
oo
9
W o

<

= 0 o O
ich
UL
=
rlo

2 X

oo
Sy
©
M
o)
9

Y

L}

O
o
ri
3

K
oot
i

i)

o2
Y
‘& ©
io

s

ot
o of
X

N
|
N
o M
2

m

i)
ol
=
oo
flo

Mook ol
o4 ol
Ho
)
2
L

5
o
X
2

K

gg
yo &
oo

(ICAO; International Civil Aviation Organization)fﬂr YAy

A T8 T AEE AXE HEZHN dAsH Algt
ato] &g 7)) bR 1S Sheskaat sk Sk 1
e} 2 Aol tialA s A7) F3] o] Foix|#] ekol &
AR 913 98] A} 2HAX 9 AlFz7 So] nkE
=] 2 A7golrk

olelgt AdllA &7 FHe] 7
a1, o] 9} - Ik I ol A ZHA|
A 5= 8] S7F8EL gl o]l o]
Aol ofal] Z=FAL S ARl Al LA
ol disl AEdTE JPsisich

oro.
o o

BN
o
>
i
o

1-2 ¢i7t0| W3} =2o| 7y

Q17ke) o] S Aw i, B3 T

=
®
o
>
o
S
=
Al
lo
N
M
o

=

467

U e ZHAMo| 2|5t ZEAIRL BE|ALS] AlZEEO) B Abo]| TS o4
-geRtole] Q1Fy TS &85t AlLlet A¥E Fal &
Qlskdck

Fo 2 A AR B AL AgE nige s g8 5
Hol| A% = e YA A2 HE 254 2 AA|Abl A @
A 5 s AN EdS BRI e R ek S TX
3171 Y5k bk A A8
. ZH() T elzie| =2of 2t
2-1 &9 2=

Azre] =& 17 13} o] Zt(conea), & (pupil), 5
(iris), =7 A(lens), H-] % H(vitreous humour), &= (retina)}

A2 7 (optic nerve) 2.2 A= o Qlom, Zhuty) HF-S 53
S5 Wl A, el Al S AR Wt o] 2 A ).

retoll = 3 17} 2] XMIAE(Rod Cell) 2} 454 ¥(Cone

Cell)ZH= AZHHIE7E EANEIL o] & A= Hlof] o8k 2l=5-&
ARE FEl H 2 AR E Buls HEE Haei, He A
BE F AR A E A om A = sl gt

o] T IIAIE= A A 2] RS 2SRl o] 24
o] Roi= W] T4l Rk A9 7 wgute] v A] =
FE(EHel Bt e gl vigteto] Weke T
ah, Q1710 of -2 SN = AleS RS < U

olof] wkaf S AZAIEES] oF 5% AreolH, ks

2

Al 223, 53] ke AFAEET 74
3 AZSA W3-8k A e] 9ol wht Lp Al
cone), M(/" |3, green cone), S(B A, blue cone)2] Al
AR FEE Y, Q17te] M-S TR AFES]
FHBHA A = QA gt

yo & o

@ oot
I e

I
a

Ie

I

A

o to

o of\
L i

Retina

C
Green cone Pa=m——

‘“'Jkﬂ——/"—-v—“

. Nerve
Inner Connecting  Light receptors

¢
. fiber
i layer  nerve tissue

J8 1. =o = (1]
Fig. 1. Diagram of the Human Eye
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Table 2. Restrictions on installation of similar lights

Runway Type

Restrictions on installation of pseudo-lights

Code number8) 4
Instrument
runway

Width: 750 m on each side of the extended
runway center line
Distance: at least 4,500 m from the runway
end and runway threshold

Code number 2
or 3 Instrument
runway

Width: 750 m on each side of the extended
runway center line
Distance: at least 3,000 m from the runway
end and runway threshold

Code number 1
Instrument
runway or Visual
runway
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Table 3. List of Existing Studies

Researcher

Content of studies

Park, Ji Cheol et.
al.
(2013)

A Study on the Eco—friendly Lighting
Design — Targeting of ‘Gimpo Airport SKY
PARK Lotte Mall [11]

Kangwon National
University
(2013)

Development and application of lighting
equipment installation management
standards [12]

Dong—su Kim et.
al.
(2015)

A Study on th e Design of a Floodlighting
Tower with LED Source of Light
Considering the Reduce of a Glare [13]

Youngijin Kim et. al.
(2018)

A Study on the Characteristics of Night
Lighting Affecting Light Pollution [14]

Hee—-Kyung Yun et.
al.
(2019)

Study on the Standard Guidline of
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Focusing on Light Pollution [15]
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Operation [1]
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Table 4. Status of accidents/incidents by Flight Stage due

to Night Glare (1982~2005, USA).

EAE ALLL/EALL

Phase of flight Accident Incident Total
Taxiing 6 15 21
Takeoff / Departure 3 2 5
Enroute 4 1 5
Approach / Landing 17 10 27
Total 30 28 58
E 5. oz =R Aof o5t H|HEHAE SZHEOE D FHe

(1988~2004, 0|=)
Table 5. Status of Aviation Safety Hazard Reporting by
Flight Stage due to Night Glare (1988~2004, USA).

Phase of flight Report Ratio
Taxing 90 58.8%
Takeoff / Departure 8 5.2%
Enroute 11 7.3%
Approach / Landing 41 26.8%
Other 3 1.9%
Total 153 100%
4-2 7|E AHre] 8|

7159 A= AR 23] r o] 2] ApFo)ut B
2F e A5 W= gl dis) FaE ATt o] g
AT = ZH O ZHE IS v A, 1), AE T2
Aol AL ek et Fa Qo] ZH O R NE
W= 87| AR} TAR b 2 o 2N E A
oA H gt A8 AFES 2ol I3
ZFA} e TAAL] mA] = Gl FHars)r]
A7} ks A2 olgl o= deth
V. B. Nakagawara et. al. (2006)94 Oﬂ:rL[ 1=°
= AT =4S HE
EAANEE Tl gletar
SAL AT A=
ATEH] 2okt
S 215 5(2015)9] A13]% el A o] 2
Ao BAE T ste] FE Ao, 2 S e
2 AV Fe] 7| 2FAL B Y] T YRR, =
Apt FA| ALl B2 = e AR &

‘ZJPJJr, A0
=

ERA9) A ] o] s

L,
T

O

N



V. CHE =YHAIMO| =FAIt ZHMIALS] AlZboll
== g

5-1 E2A10| Al

oRgtol| AlAM|EY WA o8 dFrl| Hshs AR &
T25, AYE, AYAAAG 53 o] &= T dA%
FF58E A Heht) wehs] HA 2 e 21
o] itk ZFAh= ol gl et 3-53kE AHatA AEE 5 Q)
L g b A2 =

TSk ofgte] F3el el 37 E WA AAH #
AAL] 75, a1 AT A5ss Tl #3719 YA
& Agit Z2FALe] A 9-of ni A 2 38 T v =
o] JlthA AAARE 719 FHEH 255 AHEH
23} 7 Q)31 P AAGFE AT 5= Uk

el g )] ek WS ke oY Aol &
At fThd, o] 2r-2 Z2FALe} TAA} A5 3) B
F71E AEsted 9SS & Aolth o] V. B. Nakagawara
et. al.(2006)°] A {11014 5= SR1=H, o3 o] = T 5
Holl= ag5sto] S Walat7 vt Aol = F-A&
op7|sh= 21 o] AX|7} AlghE] = Flo|t)

olof] o] Aol A= 19 29} Zo] 7HFe] T 1

of 7P3e] tia A EC]
2L 71§ 29 B o A e
A2 2 A AN+ (VFR; Visual Flight Rule!)o]] w2} &
ol At 7] 2FAM ol & IAlshs IAIE HAAL
o] AJZtel] W)= GRS AT AR w e oE 2HAA
& AR Aol o)) S| 224 w3 ASade] =
TG o] RS 7Hg it

shA 7| 7]9] 34F2)(IFR; Instrument Flight Rule!®))el] w2} &
ol sk 7] 2FANE v Ay Hoks g 7]e
A71E B vl esr] witel] VFRE Y] &l 7] 2%
Aol BI3| AlZbel] mX]3= o gFo] A& Ao R A= 7)o o
H Aol A= HESHA] etk

H| S [FREZ H]3Ysh= &-37]ol gt a2 HESHA] &9k
ARk IFRZ H|&sl= g87]7F ol 248t &2
FRIgar AFolF-E v 2o 2 AMSHA| H= A 119 2
oA e] <A A L' A sk whebA] sid 2| o] g
2ol =g wj7bA] [FRE H|ish= 387] Z2FAEe] AlZto|
Zro] n|x]= gk VFRE B s)= aa7] Z2FA ol th3h
B} 5L slo)g} geksiel

[SAR=%
AL

Lo

=

17) ZEMIL S202 NSNS S =HoI5H0 HlgE o =
2oH0F & 7 0ICk

18) ZEADF E2II0I EHE SFE SO Al Tt bl
e [ F=aaH0F 2 AE0IC

471

ZH e Z=UA|Mol| 2|5t ZEALR} ZHHIALS| A|ZEEtO 3 Abol| T EF o4
Ctighene [ vgheac
(-]
(G}
[F}
(e}
®
(C]
# H 9
Light #1 Light #4 o
o

T8 2. T tHY Z=UAIMI} u|lAE=
Fig. 2. Virtual large lighting facility and flight path

ZZARt AL A] 7] X] = o3
A=, ol B2, AREIAE
H] L gho 24 13 4= 9)

S U, AR IA e A

s YER L, A
=) Walehs e s eRdTh
sadloleh Al A et Al EE
3](CIE; Commission Internationale de I'Eclairage!9))°l| A A3}
%71 B R. B. Gibbson(2003)2] <1718] ol A Al th
o] F21& AHESIA Tk

g
N
rE
S o

:oé
k
il

e off
Fiodo w2 ox

PN

oY 2 pE X g
g oF
5%

B o2
:.OL_‘,

M= £ > o

o o

T
ol jz
Mr o,
s

1

_ age 4
K_915(H(66.4) )
B+ i A $13]9149) 3] %(cd/m?)
1
E, = ycos@
1, - AXE 3L Z5(cd)
d : X B3} SA4AAT] ARl (m)
0 i WA FL e AASR= Hado] A E o1 F= ()
‘Lo je 7L)a |
_ bject back (2)

L.t Ly
C: AFEQIA
Loy - BAAL BF= A0 315 cd/ m?)
Ly, 739 31 %(cd/m?)

Ly : %5380} 3 (cd/m?)

19) LAER|OF Bl 222 F1 Y= &, =Y, ZHI|D|, M
Z0FE 2 &ote = MRE2Z, CIEE ZEAN JFO0
=

2 20{0l0, Y222 International Commission on
[lluminationO]| Ct.

www.koni.or.kr



J. Adv. Navig. Technol. 25(6): 466-475, Dec. 2021

ol AolA Ee 2ol 2ol ZFARY BAIALe] Al
opHflell S0l LA R-E Hloju| 7] o] tell M 2F AR
WAAY 3= w7 S 7Rl o] 5 254K Aok €l

A ze) 7 Aol BFEE uhehRs ANEAY 20

57t 60°= gHASISITh 1] ar wAIAFe] AlopH 9= FAlE
ol A v =] 7} X el X8 7| E vietE e A5
o] 2 7 6002 IS 3t AR (K )= el A
157 2E 7 e AlE ek AR E(1941~5041) 9]
ARE K whe] H(K, = 10.11)% o]° afsl= A
21 37.841& A8kt

HEgh AMERQIA i 2 E AR Aol Sl AAd 3
TS T YA A A S(PAPI; Precision Approach Path
Indicator20)), &2 5(REDL; Runway EDge Light?D), X%}
(ALS; Approach Light System22)) 2 A|tH-s(RTHL; Runway
THreshold Light?3)<& 1A% &= QI=A& H7Fel L, IAA}
o] Ag-oll= @S e d37E AT F A=A E A

= T R
7.

(

verage

Felo] FAJIA 254} B2 FTESE A
AN FE719] FY5-S AEshzv) Wit Zolet. 9

Ahs = TasAL Beaol® 8 Sis
Tl o= Aro] WaE WA £48 dert vk ole
3l A ofgfe] T HxEe] Fmet Bsauole]
E H A OR AtEte] 243 F4 o]
ot A e Fies o AL

DRy

Loy B BRE AFRS] 31%(cd/m)
Ly, Bs 3ol 3 (cd/m?)
n E‘i
L,=K (?)
i=1 i

E; i WA 204 R (ed/m?)

0, :i ) B3} & DA A o] BEHIE ol T 2

200 IYF20 OIROKIE BFZ0I LA HFS B
TYAe BAGHE FBSH0IC
21) @520 JIEX2S BAIGHE BZSS0ICL
SZIYED FFZEREO

23) EF20| A1)

o

T
HelE HAlote &353t

=1

=2

https://doi.org/10.12673/jant.2021.25.6.466

1) Z2FAel vigk

o
A
X

[e)

o
T 3YE 23 EFEE AR SES W) Aok BI9] Ulel] &
AstAA 2EAE 3l Ws Wikel= 2rolth 9] 19 29
718N ol whEl Z2FALe] Ao e, 3xk IR a1 g
oA 91X} A H A 5 aLgste] FalE olw A+
Aol = 21 #1, T #2, T #5, T #6, THHA D F
3 #B7} sk

o5 o] ZEANA JFS T wHA Jut G
2
yu}

Jat

= -0 [e] =
71] fA)ol| wheh gEpA]ARt, o1
Base Leg®] &3] ‘A H G'& A= Al H-E Final 4 20l %
F Roll Outs PFA]= A1 5] LAke] 718 gho] v 7ke] gk
Hop oA o2 =8 3hs veRdch
o] aF TRt ZFARZH-GFETT AA TS o] T
Z3Ake] Alopd 9] Yol 21 o] $1x517] wiitelth )il o]
£ &8l 3 e o A ALl = AE

Wk g aglolehn BaE 5 gk

i

Z3ARe] AREQIAI I WIS 1Y 49} o] ERIFT: o]
= Fe 77 e 2PAAE S S o] 511 A O'-E
g =gde w7 o] Rt 2FAR Al QA e
e A o] frEkol BAIRlo] A’ TS AT

Ty AR A AR NZEA] 9] el A 0] AL

-4 - Before

== After

045

0.00 000 000 000 000 0.00 000 0.00
O S S ST S e
A B C D E F H oL ) K M N O P Q R

J8 3 =3All tig 25320 Aczn

Fig. 3 Calculation result of Disability Glare for the Pilot
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