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in Automotive Headlight Visibility Performance

XeW  ChoWobum | HEE - HIAMI|SARY E20ITA 2MTE - HSAYUET DS ALY 42
WAXX} (E-mail : worber@kict.re.kr)

ABSTRACT

PURPOSES : The current practice in car headlight visibility performance evaluation is based on the luminous intensity and illuminance of
headlight. Such practice can be inappropriate from a visibility point of view where visibility indicates abilities to perceive an object ahead on
the road. This study aimed at evaluating the appropriateness of current headlight evaluation method.

METHODS : This study measured the luminance of object and road surface at unlit roadways. The variables were measured by vehicle type
and by headlight lamp type. Based on the measurements, the distance where drivers can perceive an object ahead was calculated and then
compared against such distance obtained by conventional visibility performance evaluation.

RESULTS : The evaluation method based on illuminance of headlight is not appropriate when viewed from the visibility concept that is based
on object-perceivable distance. Further, the results indicated a shorter object-perceiving distance even when road surface luminance is higher,
thereby suggesting that illuminance of headlight and luminance of road surface are not the representative indices of nighttime visibility.

CONCLUSIONS : Considering that this study utilized limited vehicle types and that road surface (background) luminance can vary
depending on the characteristics of the given road surface, it would likely go too far to argue that this study's visibility performance evaluation
results can get generalized to other conditions. Regardless, there is little doubt that the current performance evaluation criterion which is based
on illuminance, is unreasonable. There should be future endeavors on the current subject which will need to explore study conditions further,
under which more experiments should be conducted and effective methodologies developed for evaluating automotive headlight visibility
performance. Needs are recognized particularly in the development of headlight visibility performance evaluation methodology which will take
into account road surface (background) luminance and luminance contrast from various perspectives as the former indicates the driver's
perception of the front road alignment and the latter being indicative of object perception performance.
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Table 1. Minimum Stopping Sight Distance

Design speed(km/h) Stopping sight distance(m)
120 215
10 185
100 155
90 130
80 110
70 95
60 75
50 55
40 40
30 30
20 20

Ref. : Ministry of Land, Transport and Maritime, 2009
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Table 2. Luminous Intensity Criteria of Low—-Beam Headlight

Category Meas_uring Viewpoint Reference value
point (candela)
B50L 0.57U, 3.43L below 250
75R 0.57D, 1.15R | 7,500 or above
75L 0.57D, 3.43L below 7,500
50L 0.86D, 3.43L below 9,375
50R 0.86D, 1.72R | 7,500 or above
o 50V 0.86D, 0 | 3,750 or above
251 1.72D, 9.0L 1,250 or above
25R 1.72D, 9.0R 1,250 or above
Zone Il - below 438
Zone IV - 1,875 or above
Zone | - below 2X50R

Ref. : Ministry of Land, Infrastructure and Transport, 2014
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Ref. : Ministry of Land, Infrastructure and Transport, 2014

Fig. 1 Low—-beam Luminous Intensity Measuring Point on
Screen Located in Front of 25m from Automobile
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Fig. 2 Example of Isolux—line
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2.3. Visibility Level
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Fig. 3 Concept of Visibility Level
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VL : visibility level

L, target luminance (cd/m?)

L, - background luminance (cd/m’)
@ : luminous flux function(Im)
a :angle of substance of the target at
observer s eye()
Fep:contrast polarity factor
a(a;L,)- parameter depends on size of target and
background luminance
t - observation time(s)
AF :age factor
k - factor for the probability of perception
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L, =0.0175L+0.7119L, —0.1499(p=85%) , R*=0.999 (9)

L, =0.012427+0.7138L, —0.1822(p=75%) , R*=10.999 (3)

* Positive Contrast(Bright Object)
L, =—0.0166L+ 1.49247, +0.3834(p = 85%) , R*=0.996 (5)

L, =—0.0236L+ 1.52481, + 0.3047(p = 75%) , R*=0.995 (6)

o7]Al, L, : object luminance(cd/m?),
L, : background luminance(cd/m’)

p : probability of perception
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Fig. 5 Experimental Condition
Fig. 4 Estimated Relation between the Background

Luminance(Lb) and the Object Luminance(Lo).
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Table 3. Luminance Distribution of Passenger Car(PC)
Low-Beam (cd/m)

Probability of perception
| Object | Opserved (P)
O:'oe_ ot|distancel wuminance " gso, | 75% | 50%
vehicle Eq.(d) | Ea.(4) | Ea.(5)
7 I, Required 7, (minimum)
1 40m 0.13 0.58 0.58 0.50 0.41
2 60m 0.05 0.14 0.45 0.38 0.29
3 80m 0.03 0.05 0.42 0.35 0.26
4 100m | 0.03 | 0.04 | 042 0.34 0.26
5 120m 0.02 0.03 0.42 0.34 0.26
6 140m 0.03 0.03 0.42 0.34 0.26
7 160m 0.03 0.03 0.42 0.34 0.26
8 180m 0.03 0.03 0.42 0.34 0.26

The bold and shadowed numbers above refer to cases wherein
the observed object luminance exceeded the min. required object
luminance which is needed to perceive the object at the
corresponding perception probability, i.e., the object can be
perceived from the given distance.

Table 4. Luminance Distribution of Passenger Car(PC)
High—Beam (cd/n")

Probability of perception
| Object | Opserved (P)
Colect]disancel luminance | gz | 75% | 50%
vehicle Ea.(3) | Ea.(4) | Eq.(5)
A i, Required £, (minimum)
1 40m 0.34 | 396 | 0.88 | 0.81 0.70
2 60m 0.23 1.81 0.72 | 0.65 | 0.55
3 80m 0.17 0.99 | 0.63 | 0.56 | 0.46
4 100m 0.15 0.64 0.61 0.54 0.44
5 120m 0.16 0.45 0.62 0.54 0.44
6 140m 0.15 0.34 0.61 0.53 0.43
7 160m 0.10 0.26 0.53 0.46 0.36
8 180m 0.10 0.21 0.53 0.45 0.36

Table 5. Luminance Distribution of Recreational Vehicle(RV)
Low—Beam (cd/m?)

Probability of perception
| Object | Observed (P)
O:'oe_ ot|distancel wuminance " gso | 75% | 50%
vehicle Eq.(3) | Ea.(4) | Eq.(5)
L, L, Required £, (minimum)
1 40m 0.26 2.31 0.76 | 0.69 | 0.59
2 60m 0.14 0.89 | 0.59 | 0.51 0.42
3 80m 0.12 0.39 0.56 0.48 0.39
4 100m | 0.08 0.19 0.50 0.43 0.34
5 120m 0.07 0.14 0.49 0.41 0.32
6 140m 0.05 0.10 0.46 0.38 0.30
7 160m 0.04 0.07 0.44 0.36 0.28
8 180m | 0.04 | 0.05 0.44 0.36 0.28
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Table 6. Luminance Distribution of Recreational
Vehicle(RV) High—Beam (cd/m?)

Probability of perception

. Object | Opserved (p)
Object dftance e e — — 0%
no. rom
vehicle Eq.3) | Ea.(4) | Eq.(5)
L, L, Required Lo(minimum)

40m 0.78 6.71 1.54 | 148 | 1.32

60m 0.60 | 3.16 1.28 1.21 1.07

80m 0.54 1.77 1.18 112 | 0.98

100m | 0.38 | 086 | 095 | 0.88 | 0.76

120m | 036 | 069 | 092 | 0.85 0.73

140m | 0.27 | 0.50 | 0.78 0.7 0.60

160m | 0.22 | 0.38 | 0.71 0.63 | 0.58

O N[OOI

180m | 0.21 033 | 069 | 0.62 | 0.52
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a P —Visibility Threshold of Bright object, k=85%, Eq.(5)
e} o004 $ —Visibility Thfeshold of Bright object, k=75%, Eq.(6)

. 7 ——Visibility Threshold of Bright object, k=50%, Ea.(7)

% Visibility THreshold of Dark object, k=85%, Eq.(2)
0.02 -~ Luminance Ratio 1.0

b Eq. (2)
0.01
001 002 004 008 016 032 064 128 25 512 10.24
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Fig. 7 Analysis of Visibility as Per Vehicle Type and
Headlight Lamp Type
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