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Abstract :

An experimental study was conducted to quantify the perception of drivers according to the amount of change in

the luminous intensity of their automobile’s headlights at the viewing angle of the front road surface. A total of 96 people
participated in the experiment, with two people at the front seats pressing the detection button when they see a change in the
light intensity of the headlights. After analyzing the amount of unrecognized light of an effective measurer under the light
intensity change condition of 10 %/min, it was confirmed that there was no probability that the driver would recognize the
amount of light intensity change within 9 %. Furthermore, based on the result of the experimental data with the just
noticeable difference (JND) concept as a method of quantifying the driver’s unrecognized luminosity, it was confirmed that
most drivers were not well aware of the 54.1 % gradually decreasing luminosity.
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Fig. 1 Headlamp intensity test condition
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Fig. 2 Linearity of LED input current and luminance
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Fig. 5 Light intensity control conditions in the experiment
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Experimental Study on a Driver Perception of Just Noticeable Differences for Intensities of Headlights during Night Driving

o] A3t T4 A 3Gz 8643]0]al 1T oA Fi
W3S Qx| 3 P A5E B5F 59770(69.1 %)l ™ Lt
2] 30.9 %= AlE Toll FE W3S AF 21X 5HA] F
e Aoz SAHEAT 37H4] 249 FER 310
%/min, 20 %/min, 30 %/min)°l] W& A X = H7IAF =
Aololelo] tigh SAREA I AlF 3 AP 5o %)
At AE2A HRHUES Bk vg 2 As

0 120 240 360 480 600 720 840 960 1080 1200

Time (s)
< Current (mA) ——MON009 « MON010 « MONO011
+ MON012 + MONO015 + MONO016 ——MONO025
+ MON026 MON033 MON034

Fig. 7 Example of test condition with measurement data

ga

110% 2,145

100% 1,950
90% 1,755
80% 1,560

70% 1,365

60% 1,170 . e
Raw Data Summary ] "-; 1
- 96 attendees H i H
- 3 types of test patterns E E 1
- three repetitive tests

50% 975

40% 780

Light intensity and input current (mA)

30% 585

0 120 240 360 480 600 720 840 960 1080 1200
Time (s)

Fig. 8 Raw data of perception test condition with results

m Casel m Case2 Case3
(10%/min) (20%/min) (30%/min)

80
60
40

20
0

Case3
(30%/min)

Case2
(20%/min)

Test conditions

Ky
©

Casel

o
< (10%/min)

Perception points (EA)

@\’\0 o
. . . Qcoo
Light intensity rate v

Fig. 9 Perception distribution diagram of raw data

EESIT.

D QAN A Al ek EEAK o) U
AF7Eo 2 3HFe10] 96~252 mA( Ocael = 96.5 MA,
Ocase2 = 193.8 MA, Ocuses = 252.1 mA)= LFEFSL S
W ARABEO] F25F A B et

EFAAE A hebdg Bg

AL =1

2) Ashge] 2 231004 A A7 Y A v
BH= ol Fel et} ahgkgkol W17t g
Aoz 7] i

3) AFshEo] &S sl ik 9143l
T7F S7FHRA 9678, F 8943] WA T <

A8kl ZN3= Casel = 1677}, Case2 = 18871,
Case3 =24271)

4) AFHslgo] =2 21ASFE <l
o= AhdEe] A7|Wskrt oA

2 A7)

o

5) ZF AR Fatgkat @A 5] Hoigkel
EARE A H 2 B A50] AEFE AL 60% A o
A e

6) 27 F AwzAblA v Il @ ARl o=
=3t WEol dolkrhal 1A sk o, b5 W}
g AT AR AARE o= 1
Fo] dojwtrhal fegrhal 2AbE

7) A, A, A, A, AR st
SRlsl 2 A, A AFEolA oido] JA
off \lsfl, 22131 30~50th 7} 20t el vl oA 2.
= Frstel £ How vyt on nte
24, A7, Aol digk ApEAde A vehtA
Rlecs

oxl oo
ol
i
(1
UJ—I
>
1o
|\
oxl

o 2
r_%
oX
o
-z
N
ok
o
0,
o
B
fz
i

o
%
R
e i
e
0, 3L
i
1o
Jo
fol
o,

;

,.\
S
o
8
2

2

[o
&,
N

)
2
iz
0
vl
Jo
fol
o,

Jo
fol
o,
do
S
g

=

@

=

o

o,

<

o
ot rlo
[o

fu
A

alidation)©

_C(L

o
>
o
f
D)
o
le]
o
>
v
)
it
(3
lul
o2
o oo T
-
>

o> o\
Ay
]
o)

R

(
==

PO U S L)
X
|\
N

o X
of
Lo
29
e
fo

to gy
o 2Tl

ol
=
o
Ll

(N
-
off
ol
-
au’

Transactions of the Korean Society of Automotive Engineers, Vol. 30, No. 7, 2022 541



H71Y - YEE - 0157 -

J4'°ﬂ/\1
Yol 519,

1) FEA3E AP 2AE(10~30 %/min) 33] 2] HHE
AP A A g AP dlolHEEC] 5 %
ol AXT} = A AAKA S84 2

A2} H 234 O caser =96.5 mA) 08-S A} 0 F)
SJA) 10 %/min B3 PSS 21904 Q114K B
gto] 212} 84 %, 75 %, 96 % &1 F-496-75 = 21 %)
37Y b A

HE A2 10 % ©]U(100 %—90 %)l A Q14]
gk A, 2 AlREIER A o] fla B

SAU AAGS AR &7, ol AP ole} <

AANHE FA, 7 EE A2sHE 49E o))

o) 9IX]A]F O] Casel: 84 %, Case2: ]I,

2)

ro o

Case3: 96 % ] F-#-+= 4 gto] o= 9]
3) HE }‘EJ\] A 15% O]LH(105~120 sec) o1 %] st d
olE] & HEE A oA ko] gle B33

=74 %}-8— njolx| & 25
Rl CIXJAIE O] Casel: 82 %, Case2: TJ9IX]
Case3: 96 % 1 Z-¢ njo]x] 2 prlsh 5= glL-

YzE - A2E - A2

A
A s

SAA R ek :é: %Zé 7]zl utet
Aolg el 3 94
A A xte] 375 %) o7 LEFL
= %;{ztﬂ o]EM HH]H 2 Table 1oﬂ

23
b AT

A o3t E-S— JJrE slo)a} 2= 010;11:}.
) FaZSAA ) ARAANH FFEHAE= JHAFake
2 3H2F810] 51~168 MA( Ocaer = 51.7 MA, Ocper =
124.6 MA, Ocyer = 168.47 mA)Z LERL A d]o]
Elol] B]3l] At o] Bt m3-& F1lst
2) Case3Zx710l HFHAA7F 168 mAR 7]
9% A%w FEo i AA Yo E A 15 %l ]
3l A A

fadolHE Z NAxAEE Al gE5d%
ko] W QA 0%, 5 %, 10 %2] SHA| o2 T A

& A2 Fig 1] JeEpglth Fmmstel] ok 21t
] FHL F LSS Casel ol A 34| 2k o) 7|02
91 %, 61711} 710 R 93 % o] FRFoE FQl
= Stk o] A 9] o]tz 34 Tm} 20 A Casel B
810 %/min)= 9 %] FekH slol| 1 3] A E A} 2

s

EWHE Q4T BEol A9 gl A ol

(Eoad

o

Table 1 Measurement data status selected by validity evaluation(total 36 persons)

SR
R e
Rg& 3
°°cn

Light intensity rate

95%
100%

Fig. 10 Perception distribution diagram after validation

542 #AIASABEAE =22 A30H A7E, 2022

30%

Fig.

585

o ) Perception Unrecognized
After validation Unit
Casel Case2 Case3 Casel Case2 Case3
Participants Persons 11 14 24 25 22 12
(36 persons) % 30.5 389 66.7 69.5 61.1 33.3
Data points EA 19 28 48 89 80 60
(108EA) % 17.6 259 44 4 82.4 74.1 55.6
110% 2,145
M Casel m Case2 Case3 —10%/min —20%/min —30%/min
(10%/min)  (20%/min)  (30%/min) ’g 100% 1,950 A 10%/min DB 0 20%/min DB < 30%/min DB
= pe
S 90% 1,755
é 3 80% 1,560
> 80 3 ;
E e Case3 S 70% 135 | 7
° (30%/min) & -
S a0 2 S 60% 1,170
g 20 C;SEZ_ % é‘ ! Perception limit range with o-levels
‘g_ o (20%/min) g % 50% 975 o-levels | 10%/min | 20%/min | 30%/min
el » O H 60 93% 87% 84%
e X o Casel = =
o} QB ER e o (10%/min) a = 40% 780 30 91% 85% 77%
a [ S ©, (= w» | pemmEm > . S
® 89 o 90% 83% 74%

0

10 20 30 40 50 60 70 80

Time (s)

90 100 110 120 130

11 Perception point according to LED light intensity




ORH2d Al A

W3 Case3 7t o] wh FL &S 288 o=
3A|RE 7] 0.2 23 %0 - FEF st A = 9 A At
= QA o] gl Zlolnh wheba] Ao Al
3wl A FFe] MtrlEe o2’ M9l g9
& a#sle] A Ao upEa e Zlolo),

34 AlQlY FFEot

B ATel o] LAk WA FEE A}

A A1 BT A E AL 7 AT o]
AgATolA e SAA AZte] AswistE A &stst
= 7| o 2 #2"H X (Just noticeable differences: JND)

Ade A gatn ek oS Beld 45t ol 2l

A sk PAIS A8 A2 8H(Psychophysics)©ll
71Z2g Ao R A 540 Erbse 1o A71E 1
A SR o R Akl otk HﬂﬂH =

(Weber’s law)°ll 2]l 2}po| = Q14 5k= SHAI 3 72t
Ao w W 7hsgk HAagke] S84 A5 wistES
oujat 2p=o] AosFr v} e A 9l xfo|u §istol
o Wztel EEAbS I H A EXHIND) O] S-S A
3] P ks 7T & A Tk INDE &
AlA o)Al tha Zpe] A1 M F o2 F A A5 7
Sh= AbRe] 52 A= R S 4] Zfo| 7t F7Fste)
mrEk AR 2PEE o fle A TE e AP 5
o] A= AIFTMA AEHH o5 Frtehy o] Hel= &
Aol Ao R delA JrE INDE A=) W
3t 0] 50 % B AR = o R Ao e
w A A o] 7F gl& Wi, skl 221 0)9F S gk #lo]
7F 3= AR, 100 % B 2h el Tl o= tha 4 (1)
© 2 ALkg).

JND = 7100%2* ey (1)

rr

71X P(Perception)= *}°18S B 4= = 7]
ko] sk (%) S ol ghet,

NHTSA®] A3 A Aol 4= Al 1d >z gk 3
LEstel gk Q1% 7]l IND WHEHA 7} H4f 25 %
2 I Elich 53] NHTSAS] A4 Ao = Al
g ;o) 11714 B Z7(Amber, Red, White) S 5
7}A] Case (10~50 %)= 7 skl 718 (40.79] &) 2
A (1859 E)oll A 3] @x7t 9i7] afol& -5t
A 1= A3S stk IND #gk A3 11
7he) ®7] AN Fe oF 25 %P oW o= G
FE Zpol7F AT olatd - gl AED S T

3191tk Fig. 123 NHTSA7} AlA1 8 A3 Hlo]E & o] &

ZE =S| TE 2L QA|=0] HB LYY AP

stod 117 Algd = gigh A= a9 0 % 71
S & JND AL (D E A AILFske] e Aol Tt 1171
Htgko] 24.4 % o™ 570 25 % 1|5k 670 25 % ©]
S Eelst 4= gith $H UMTRI A oAM= A=
=8 o s XS 36t IND HIFA T 11 %

19 9% Abol o] 251 o] s ol 2] Aol B

DAt o] g AEg I Froo] ek NHTSAE S
ol A s 25 % B} tha wik ey Az A7l
o 283 4 9= IND9| Ao TS vA= B2
W EA 2 AR Aol glow dEAbe Hit
Shal Q1 A SR SAlE A AT v
whedta A oA o A2 Aol & A E 7he
gol Stk A o7 S| Aol A] A E INDO
2 A =100 A3 H 8ol = U meAd

gtk meb A7) AgENS el @ o Ay B
o) 25% 53 A o] hsEittn F e

o5 AYATE BF A AR} BAL vhetuw
A Qe AGoln] 14 gx oA 3 DRI Az
Gol A oA o] PEw s ga gA

40

M Light intensity difference

35

30 Total average = 25.4%
P . F I E I B
20
15

10

Lignt intensity drop rate ( %)

1 2 3 4 5 6 7 8 9 10 11
Test Case ID

Fig. 12 Summary results from NHTSA data for signal lamps

100%

I
90% 4 4 10%/min m 20%/min 030%/min}

% y =-15.311x*+ 17.493x° - 4.0754x2 + 0.4346X
R%=0.7107
o

00
<
R

[ BN
Q Q
X X

Percent of trials judged difference
3

H
(=]
N
’P
3
.B >
.
b4
0!
*
.
*

[54.1%

{27270

0% 20% 40% 60% 80% 100%
Light intensity drop rate

Fig. 13 Perception point according to LED light intensity

Transactions of the Korean Society of Automotive Engineers, Vol. 30, No. 7, 2022 543



Ki-Yeol Shin + Tae-Hwan Jin + Dong-Gyu Lee * Jun-Hwan Kim ¢« Ju-Don Choi + Kuk Sakong

Aerslely] 9lah A9 A AT Abele Rohn ] ojg
FEATLT v TATS A AT A DA
B9 vlekn s Frwsts 2k IND EEAH
s 9o B ATl A 27)e] AxEe] Felo] A}
B wwg vlehun Fewss e Ao
A A &R ek o] Aol ke AR A%
28 2ok W ARA TN SR A% FA
Fe] FaUoEE IND |47 Ho s el 24
3 A7E Fig 1301 YERiQlom Maxas) 244
she ohga g

=

WFEGS EEFES] 40 %O] FEOR
=

3) Bl P = o] 37F4] W 3HE(10~30 %/min) = H] w2}

W e st S A s Alxl sk L8R

H(Method of constant stimuli)S AF-8-3+

3.42 HAAERIIND) EA2

Frsg 2o = IND
- 46.2%% A Al

o rlo
H
off

132
2 AFAM = AFg 5] sl 2 &
AApe] A L5 GeFslalr] 2k AEA AFE 73
shTh Ao M= sl= Rz o] F AlojzAS JE
3| AA4et7] g8t 3= 7hdlet 545 &3 LED 17}
Ao el 3 2 xigle] AEAS Fol3k &
A wHEAEES 93 TFEAE G0 A 13
SHTh A T} 250 2zt 184 A eola] A
ol A = d3se] FEdshrt A E = Al
AW ES FEEE 1o £ 961 (F 811, o 15
ol @R Frletlvh A7 o] A= e 3
T 3E8(10~30 %/min)S 7H WIEG3 S AR o
] I A A7 AR A S7A] 5 WA 8] fleke] ZF
FHE 2 33 WHEA Y 8HE WE Al s EtE s AA
slo] A3e R3stth A A9E g okshd oS
Fda=s

544 AIASABAE =22 A30H A7E, 2022

1) A Z7HA; 5 1178 Rbo] P stE 235 Q1A 814
Ketelon ek 33 WhE 3]sk A A Ao A 1]
O1x] ¥ &2 F L3S 10 %/minQ! 750l 42 %=
74 %101 30 %/minel| B] 3] 2.69 = A LERE

2) HA AR Foll A SRt o8 wsAol
2 o] dlolH = A1) 3 369 o] fFravolE vl
Z}o] AA Ao o3t FEFHAXE 2.6~8.6 %=
3 Aatd ol A NAE

3) ey A A el A FrerskEo] W 10 %/min
71004 3A] 1mf el A 9 %9 FEF sl I 9
AR = FEWsE A e gHEo] A3 glvk= 3l

el
4) FEA SIS 30 %/min O 2 F718F 9ol = 34 1
o} 71502 23 %0 g stol M = I d H A=
) i
5) IND/HES 283 Fadolete] A Auto A
Fwwstel] digh Az wish AP HQl

o] Ak A AR ashs e ] 20 %7kA] W

S ety e s ARS B2

o] =2 20219 ARG B AL e
2 3o x| 7= H 7R 9] %] 91(2021202090056B, @
AUA| 34 g 2 227 AES 93 g5 7

SR AF A7) ol e A Autel,

References

1) UN Regulation No 48 - Uniform Provisions
Concerning the Approval of Vehicles with Regard
to the Installation of Lighting and Light-signalling
Devices [2021/1718], pp.3-19, http://data.europa.
eu/eli/reg/2021/1718/0j, 2022.

2) Lighting for Roads, KS A 3701, https://standard.
g0.kr/KSCl/standardIntro/getStandardSearchView.
do, 2022.

3) Regulation No 112 of the Economic Commission
for Europe of the United Nations (UN/ECE) -
Uniform Provisions Concerning the Approval of
Motor Vehicle Headlamps Emitting an Asymmetrical



4)

5)
6)

7

8)

9)

10)

1)

Experimental Study on a Driver Perception of Just Noticeable Differences for Intensities of Headlights during Night Driving

Passing-beam or a Driving-beam or Both and
Equipped with Filament Lamps and/or Light-
Emitting Diode (LED) Modules, p.13, http://dat-
a.europa.eu/eli/reg/2014/112/0j, 2022.

Law No. 684 of the Ministry of Land, Infrastructure
and Transport, Rules on the Performance and
Standards of Automobile and Automobile Parts,
Attached Table 6. 3-18, 6. 30-32, 2019.
ECE/TRANS/WP29, pp.19-41, 2017.

Law No. 18051 of the Ministry of Land, Infrastructure
and Transport, Automobile Management Act, 2021.
G. H. Kim, C. M. Lee, H. J. Kim, O. H. An and H.
Kim, “A Study on Driver’s Perception over the

Change of the Headlamp’s Illuminance: 1.
Preceding Study for Experimental Condition
Set-up,” Journal of the Korean Institute of

Iluminating and Electrical Installation Engineers,
Vol.20, No.10, pp.10-18, 2006.

H. J. Kim, H. J. Kim, G. H. Kim, H. Kim and O. H.
An,
Change of the Headlamp’s Illuminance: 2. Driver’s

“A Study on Driver’s Perception over the

Psychological Property,” Journal of the Korean
Institute of Illuminating and Electrical Installation
Engineers, Vol.20, No.10, pp.19-26, 2006.

G. H. Kim, C. M. Lee, S. G. Jung, D. S. Jo, D. L.
Suk, M. S. Jo, H. K. Kim, H. J. Kim, O. H. An and
H. Kim, “A Study on Driver’s Perception over the
Change of the Headlamp’s Illuminance: 2. Driver’s
Perception Property,” Journal of the Korean
Institute of Illuminating and Electrical Installation
Engineers, Vol.20, No.10, pp.19-26, 2007.

W. B. Cho, “The Effects of Glare caused by
Oncoming High-beam Light on Road Surface
Luminance Levels Required for Safe Entry into the
Forward Horizontal Curved Section in Elderly
of the Korean Institute of
Illuminating and Electrical Installation Engineers,
Vol.33, No.10, pp.1-11, 2019.

H. S. Han, S. J. Lee, H. Y. Shim, S. H. Kim and J.
H. Yang, “A Study on the Driver’s Response Time

Under Jaywalking Situation Using Simulator,”

Drivers,” Journal

Transactions of the Korean Society of Mechanical
Engineers, Vol.42, No.2, pp.75-82, 2018.

Transactions of the Korean Society of Automotive Engineers, Vol. 30, No. 7, 2022

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

J. H. Seo, D. W. Kim and M. Y. Lee, “Performance
Characteristics of Temperature and Illuminance of
Vehicle Headlamps,” Transactions of the Korean
Society of Mechanical Engineers, Vol.42, No.2,
pp-75-82, 2018.

C. Schwarz, T. Brown and R. Sherony, “Simulator
Study on the Effects of Adaptive Headlamp
Features on Driver Responses to Pedestrians and
Bicyclists,” Advances in Transportation Studies,
Special Issue, pp.47-62, 2020.

J. Vrabel, V. Rievaj, F. Synk and D. Babic,
“Examination of the Vehicle Light Intensity in
Terms of Road Traffic Safety: A Case Study,” The
Archives of Automotive Engineering-Archiwum
Motoryzacji, Vol.81, No.3, pp.119-128, 2018.

J. Prasetijo, Z. Mohd Jaw, M. A. Mustafa, Z. Zadie,
H. A. Majid, M. H. Roslan, 1. Baba and A. F.
Zulkifli, “Impacts of Various High Beam Headlight
Intensities on Driver Visibility and Road Safety,”
Journal of the Society of Automotive Engineers
Malaysia, Vol.2, No.3, pp.306-314, 2018.

NHTSA DOT HS 808 209: Driver Perception of
Just Noticeable Differences of Automotive Signal
Lamp Intensities, https://ntrl.ntis.gov/NTRL/dash-
board/searchResults/titleDetail/PB95206306.xhtml,
2022.

UMTRI-97-4: Just Noticeable Differences For
Low-beam Headlamp Intensities, https://hdl.handle.
net/2027.42/49359, 2022.

K. Y. Shin, T. H. Jin, D. G. Lee, J. H. Kim, J. H.
Kim, J. G. An and J. D. Choi, “Experimental Study
on a Driver Perception of Just Noticeable
Differences for Automotive Headlamp Low-beam
Intensities,” KSAE Spring Conference Proceedings,
p.337,2021.

E. B. Goldstein and L. Cacciamani, Sensation and
Perception. 8th Edn., Cengage Learning, 2021.

T. Engen, Psychophysics: Discrimination and
Detection, Woodworth and Schlosberg’s Experimental
Psychology, 1971.

V. Bruce, P. R. Green, and M. A. Georgeson, Visual
Perception: Physiology, Psychology, & Ecology,
Psychology Press, 2003.

545



	야간운전 시 전조등 광도변화에 따른 운전자 인지도에 관한 실험적 연구
	Abstract
	1. 서론
	2. 연구내용
	3. 연구결과
	4. 결론
	References


