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ABSTRACT

Objective: As headlamp technology advances, newly developed various headlamps were introduced in the market. The
objective of this study is to quantitatively analyze the detection distance of the recently developed LED headlamps and

existing headlamps, complying with specific technical standard. Background: The detection distance of headlamps is very

important to prevent automobile accident at night time. The studies of detection distance of LED, Halogen and HID

headlamp have been conducted, but no study has shown the detection distance of pedestrian target with various colors

(Black, White, Blue). Method: The experiment of detection distance was conducted with 30 people, which divide into 2

groups as 15 men and 15 women. Automatic transferable target on the rail was manufactured in order to reduce the error of

study's result, and ANOVA also conducted to analyze the main effect with sign color, sex and headlamp classified by

detection distance. In addition, the luminance by average detection distance was measured as well. Results: The detection
distance of headlamps was HID > LED > Halogen. The luminance measure of LED headlamp was lower than HID and
Halogen headlamps. Conclusion: The headlamp performs a very significant role for safety at night time but it needs to be
improved through assessment of visual characteristics. Also, it needs to be suggested the need of test method for dynamic

detection distance concerning technical development is suggested.

Keywords: Halogen, HID(High Intensity Discharge), LED, Headlamps, Detection distance, Luminance measurement, Target,

Color temperature

1. Introduction
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(Wordenweber et al., 2006). Hung et al.(2010)2
M= Sle AR Fd U AFr]ee] whde wet &

24, 7}~ 2 (HID), LED, DMD (Digital Micromirror

Device) Axe 02 = okl 33t Volker et
al.(2005)2 AxT 7@ gt S7ME FEYy =2
A= YA AxpA 7|2 dER Q] ¥
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A2 4 9= ADB(Adaptive Driving Beam) AZ5%E 4
M= 2 QeH(Wordenweber et al., 2006). 21EA @] o oijgt

71 T A= B, €27, HID (Parabolic, Projector
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type) Ax-sol thst B3z 2AMEA%] A3} Projector type
HID Ax5°] 71 ¥3tH(Chen et al., 2008). =3+ 20 %
20 cmQ! A FAH3 o]g-ste] &4, HID, LED A%
o thgk AiAE A AxtellA = HID dx5°] LED,
g4 AxSrt 943 Ao B9t} (Schiller et al.,
2008). Z18]31 Wood et al.(2003)2 R3YA}S] M-S 2
(2% WAFE), WA (68% WA 2 F-Este] AHES
AT At HeAe] gt APEES 33.75%, W] Bt
AEELS 83.75%F WALEo] & wlalola A Eo] £S5k
t}. Blanco et al.(2005) 2 24, JA wfzp2 JHi-s}e]
AHES FAT A 9] Har AHFES 4, FA9
AEPEE THE AN AHgFo] i) o)) o] A
258 A= Asake] 91X, BAR] I E9) WALE,
gy, 27, A TR AT F8 18 52 54 Y
7159} 2 oheFsl el et P vtethy Rastka
Atk (Aleksanteri et al., 2008). 3HH Bullough(2010) =

A A AxFe o] ulg 7] wEe] FHA
AZHA Q1 EA R 7)ol wE 7P siAde] de
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2. Methodology

2.1 Participants

28 A2 AP AU Aadg vgo] M =
30~40t] FA Y AR F u

A7 9 7F 154 3
(Table 1). A@AZ7IAS] HAaAH
A7 H4 3d o]Ato|dth

Table 1. Demographic information for participants

Male Female

Number 15 15

Age (year) 39.1+12.0 445158

Driving experience(year) 11.2%6.3 10.1£6.3

Average left eyesight(D) 1.1+£0.3 1.0£0.2

Average right eyesight(D) 1.1£0.3 1.0+0.2
Minimum left eyesight(D) 0.5 0.8
Minimum right eyesight(D) 0.7 0.8

2.2 Hypothesis

LED dx%53¥ 7]& HID, &2 dzx5ol tist 2"HAg
= Bz} AT w1 A AR Al wet gt
2 A= 7Skl AR S AAskdn

- AWML HO: $AAL PE, A B £

U AxE FRel nel AEA ) zolt gl

e

2.3 Apparatus

A AEA = o FA(LED Ax%) 1), AA A 2 (&
271, HID "x%) & 3ul9) 25 A4siick AdAs2k=
AT AXEolel| upet AEAR e zto)7t WAYE = 9l7]
o] H /g LED Ax%59] Ax]o]e}l fAlsh o]
o] AYAAE AT (Table 2a). 281 Ax59 9
W AL Minolta CS1000< o] &3to] 3314 =4
sto] vl skelth(Table 2b).

Table 2. Characteristics of headlamp sample test

Light source Halogen HID LED
JA

Automobile @

Installation

Height(mm) 710 710 750

(a) Automobile and Headlamp

Color 2500K 3500K 4200K
temperature

(b) Wavelengths and Color temperature

Figure 13} o] 28 A A2 BAE giilshs 37}
A A (WA A Ae) o] BAE A& ste] 3319
t(Blanco, 2005). ¥R X= Size Korea A|5%} gt
9 QIAAGFZAAY R gk Al Hit 715 7%
= ARSI, Minolta 2600D% o] &3kl AP T o]
WA (%) & 10314 S73to] Blaakqith(Table 3).
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Figure 1. Target using experiment

Table 3. Target reflectance by color

White Blue
75.71£0.68 | 9.3+0.22

Color

Reflectance(%)

Black
2.7%£022

2.4 Procedure

Azx5d AEA A9 s BxH0] Ao 7 olF
&= 100m AYS Agsiaith(Figure 2). 23S AASH]
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A, A7PREA A 543 A<M E Ageigia, A
Al Addel oA == Aol A7) 2gdrt
A A E el dhal] dAls]
A AsAp el 24
150m Aol MFE FATE o A7 EAHeo] 2
= ARl REEY 242 WFELES sigith 17
A7) BAFA O AFs o7 FAEHE AS AEAYR
gletar, AEAlel 7l Ak W o= skt o] e
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Target Movement

Figure 2. Experiment procedure

Detection
Distance
checked

Take Controller
driver’s seat checked

Figure 3. Experiment method

2.5 Data analysis

3. Results

3.1 Detection distance

Table 4= AFW/IAEZRE 49 2EAARE TH5AF
2 3k, AH (Sex), Haal 9&e] 23 A3 (Color), A
%59 &5 (Light source) & SHHATE FAREA S A4

gt Aatolrf. A1) Aol M= Aot Qi Ao ®

YR o, X ge] Ada dxe] SRl wek folg
= 0.01°14 =7k Sl Ao vepyith s fo5E
0.01°014 A3} ol e wo g3 A3y} 13259
F5el wE wsEgo] et

Table 4. ANOVA for detection distance
Source SS df MS F
Sex 7166 | 1 7166 | 027
Color 10678592 | 2 |53392.96 | 582.50™"
Color * Sex 1189.69 | 2 59485 | 649
Light source 1716374 | 2 | 8581.87| 267.04™
Light source * Sex 14294 | 2 71.47 2.22%
Color * Light source | 415539 | 4 | 1038.85| 31.98™
Color*Lightsource | g7755 | 4 | 21930 075"

% Non-significant
. p<0.01

FOI5E 001614, EAT] A4 Color) ol wet 2t 4
B (Sex) ol B A Aol7k gl Aoz vekdieh
(Table 4). LEAgo] Lehek EAR A4} A8 o)
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M 15F0w trold wlas) molth 1 A, TAW A
Aol A= a0

el w2 A EAE Aoli= §litH(Table 5).

Table 5. Comparison of detection distance by sex and color

Male White(107.83m) > Male Blue(84.93m)
Male White(107.83m) > Male Black(64.07m)
Male White(107.83m) = Female White(114.68m)
Male White(107.83m) > Female Blue(84.07m)
Male White(107.83m) > Female Black(61.18m)
Male Blue(84.9m3) > Male Black(64.07m)
Male Blue(84.93m) < Female White(114.68m)
Male Blue(84.93m) = Female Blue(84.07m)
Male Blue(84.93m) > Female Black(61.18m)
Male Black(64.07m) < Female White(114.68m)
Male Black(64.07m) < Female Blue(84.07m)
Male Black(64.07m) = Female Black(61.18m)
Female White(114.68m) Female Blue(84.07m)
Female White(114.68m) Female Black(61.18m)
Female Blue(84.07m) Female Black(61.18m)

>, <: p<0.0033, =: Non-significant

F5F 0.01004, A A3(Color) 7 AxE2 &
F(Light Source)ll thal wEz-go] ekt (Table 4).
weAgo] YERd AT AT Z% o tHsH 1 Efa'
vrol A vlws] Bkt 1 Ay HID, €27, LED A%
TO® AEAIF A3, A H% LR RUReRs RS
TAZ AEAY T A veRgTh o, A2l weba] g
g2 Az FA HID A5, 94 LED dAx5, 4
HID #Ax5, A7 HID "dxe% 74 LED dxGolA
95t zpo] 7k YRR 948kt (Table 6).

2R
M

Table 6. Comparison of detection distance by color and
light source

THZ AEATE Aglor,

White Halogen(102.55m) < White HID(125.79m)
White Halogen(102.55m) = White LED(105.42m)
White Halogen(102.55m) > Blue Halogen(72.88m)
White Halogen(102.55m) = Blue HID(98.54m)
White Halogen(102.55m) > Blue LED(82.08m)
White Halogen(102.55m) > Black Halogen(56.78m)
White Halogen(102.55m) > Black HID(65.69m)
White Halogen(102.55m) > Black LED(65.40m)

Table 6. Comparison of detection distance by color and
light source (Continued)

White HID(125.79m) > White LED(105.42m)
White HID(125.79m) > Blue Halogen(72.88m)
White HID(125.79m) > Blue HID(98.54m)
White HID(125.79m) > Blue LED(82.08m)
White HID(125.79m) > Black Halogen(56.78m)
White HID(125.79m) > Black HID(65.69m)
White HID(125.79m) > Black LED(65.40m)
White LED(105.42m) > Blue Halogen(72.88m)
White LED(105.42m) = Blue HID(98.54m)
White LED(105.42m) > Blue LED(82.08m)
White LED(105.42m) > Black Halogen(56.78m)
White LED(105.42m) > Black HID(65.69m)
White LED(105.42m) > Black LED(65.40m)
Blue Halogen(72.88m) < Blue HID(98.54m)
Blue Halogen(72.88m) < Blue LED(82.08m)
Blue Halogen(72.88m) > Black Halogen(56.78m)
Blue Halogen(72.88m) > Black HID(65.69m)
Blue Halogen(72.88m) > Black LED(65.40m)
Blue HID(98.54m) > Blue LED(82.08m)
Blue HID(98.54m) > Black Halogen(56.78m)
Blue HID(98.54m) > Black HID(65.69m)
Blue HID(98.54m) > Black LED(65.40m)
Blue LED(82.08m) > Black Halogen(56.78m)
Blue LED(82.08m) > Black HID(65.69m)
Blue LED(82.08m) > Black LED(65.40m)
Black Halogen(56.78m) < Black HID(65.69m)
Black Halogen(56.78m) < Black LED(65.40m)
Black HID(65.69m) = Black LED(65.40m)

>, <: p<0.0014, =: Non-significant

3.2 Luminance measurement

4,

&l

I =7 Els o]kl MEFol oigt A mx|wo
=8 SHsIhH(Figure 4). 18] 5ol dist B
AEAEE 549 JEgho s vws] Bokth(Table 7). A
54 3% S¥4dy, 224 125 0.0825~0.1142
cd/m? HID d25L 0.071~0.11cd/m? LED AZS<

0.0384~0.0492cd/m” ¢ Welx B2 tjalste] 2
Yol AHEE FAWE AT 5 Qe AoE A ET
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Table 7. Measured luminance

Luminance White Blue Black
(cd/m?) Halo HID LED Halo HID LED Halo HID LED
Mean 00825 | 00726 | 0.038 | 0.0908 0.071 00492 | 0.1142 0.11 0.041
% Halo: Halogen
S}, LED Hxe- gell vl 9gdstAl #h3-slth(Tetsuaki
1‘2‘ R Inaba et al., 2008). AHEA} AAEFT A2S o] o] 1t
< e o] e o] B4 Qo LEDeIM ZARE= Hlo
3 =~ HIDWhie) Faslo] AEAYZE Had = olvh A AsAt
- o B9 geeld dxgel Adsei AR S 2o
ER e | AR T A dRER AxE W ATzt
o o elogen(lacy wAste] LEDS] Qo] 7hAE]7] wiide] AEAw 7}t S/
o - & ek AsA Zﬁ(*éﬂ, T el e AEA et
50m 60m 70m 80m 90m 100m 110m 120m 27]_?(—10 04?7]_ E—‘LLL ‘:'-E—-O]E}- _EE]_ ‘{[\_ /J\Tjr
Figure 4. Luminance measurement FA AE ApEAE vy, Wae] 7HE dgia
A e A2 EAolglnh A A A Y] atol=
FA] WRAbge] whet Apo]7h hAEka Qlvkal whdd 4
A3t (Table 3).
4. Discussion EAF AE 3% 5429, 0.0384~0.1142cd/m” ¥
QoA Hpat oS ﬂmf& OdiﬂEfﬂ FAgE AEshs
Aoz FAH Jev LED AxeS 71E 2 dx
B AT 7)1 ARgE AL Qs @8 HID dx53 ¥ %5, HID 1253 vlwsto] 7%': 3 mellr wABS 2dst
o A8% LED dx59 gk Al AdAg)e] e ik LED dxeelr Ak = U 7]E dxsoll A
Aod gAe] JLE EAEt AxTeld 2AEE HE 9] Aen B} 9tk (Table 2). M%7t #obx
"o o8k A AgE 9 g B fs APERE s o mhet AAFe] 77k Wo] FAMEE LED AR5 ¥
A JAARY FARE AHFOZE o]FAA & Q&= ddS AAeA AEF oz HAdst Y E AlFshs AoE A
Azkste] Aot 71 AT-elAE 5m, 10m Ad= & 5 UATHDerlofske et al., 2003). 7]& Ax67 v
7bz} 424 ﬂxéﬁé A TS AHEste] AEATE St sto] AEFo® HAd FERl £ AuEoR v
AtH(Chen et al., 2008). 22t O Z HX¥ AR  JEIAHE EATS U @A AET F s FloR o
< AP ix}ﬂ WSk = otk ARe] exbs: Fol S8 USIth
3, AEE s flske] BARE AEo® o]FAl
2 F Qe dds AZsa, 3= ARy 272
I

A#g AZrete] 483ttt olggt ARy dxs
ogk ApaAR R o2t AR AlZHH 54 (7], oy
(contrast), $1* 5)< vjkstA &
T AE Aow yhdEr

A¥A3 LED dAxe2 AdE, 1a&d) 4 FFo=
A3 A} 7€ AxeRTh 4 Fo=E oS3 a
v} A Fe] A A Ae] 249 LED A
£ HID AzxErct 12.37m7t o] Zror e Axs
RHoh= 6.9m o 2SIt} olefdt Avle uAE ¥ABS o)
435t 71 A7A7e} FARITH(Schiller et al., 2008).

71 (22, HID) A% Aol Be JT-S ] o9k

1%
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5. Conclusion

AFH o A .
Axeo A e Addat, mAae] AgHa > A
al

> AL T AF5 EFMHID > LED > Halogen) ol o}k
g} xjol7} WAty QIQity 18]al A Y] i 3=

S5} AR B2 RS Al BABE A8

Z]Eddel meh Axed et 7le sk vk
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