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Abstract 

Since visibility is a very important factor under the adverse weather conditions like fog, rain, 
snow, and yellow dust and much more in nighttime, we need to understand the characteristics 
of visibility under the conditions. For this reason, we built two test-beds to simulate the adverse 
weather conditions, one for fog, rain, and snow and the other for yellow dust. We also developed 
a set of CCT tunable LED automotive headlamp for the evaluation of the visibility in different 
CCT headlamp. The CCT of the headlamp used for the experiments was 3000K and 6500K, 
and we measured the reflective luminance on the visual targets and calculated the relative 
luminance and contrast ratio. Additionally, we collected the subjective evaluation data. The 
results showed that the visibility was higher at low CCT in fog and rain but it was higher at high 
CCT in snow and yellow dust. Likewise, subjective evaluation showed the similar tendency. 
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1 Introduction 

Visibility is one of the most important factors for the visual performance and traffic safety on 
the road environment (Adrian, 1989). Particularly, it is critical when people drive under the 
adverse weather conditions like fog, rain, snow, and yellow dust and much more in nighttime 
(Zaini et al., 2009). Driving at such situations seriously threats the safety of pedestrians as well 
as drivers (Gallen et al., 2015). However, there is not enough research on the characteristics 
of visibility under the adverse weather conditions in nighttime until now because there is some 
difficulties to control the weather conditions and to perform the experiment. Therefore, in the 
first place, it is necessary to understand the visibility using artificial adverse weather conditions 
and systematic experiments, and then to find out some implications from the results. The result 
can be used to develop headlamp to improve visibility under the adverse weather conditions.  

2 Methods 

 Experimental Setup 

For this research, we built two test-beds to simulate the adverse weather conditions, one for 
fog, rain, and snow (3m x 3m x 12m) and the other for yellow dust (1.2m x 1.2m x 8m). At the 
same time, we developed a set of CCT tunable LED headlamp for the diverse tests collaborating 
with some research institutes and companies. To control the artificial weather conditions, we 
changed the volume of incoming water or oil to the pipes and nozzles for the fog, rain and snow 
conditions, or manipulated the speed of fans for the yellow dust environment. Several types of 
visual targets including white and grey coloured non-reflective human shaped panels (100 cm 
height), highly reflective 6 colour (red, white, green, blue, brown, and yellow) sheets (20 cm x 
30 cm), and a speed limit traffic sign. The CCT range of the headlamp was from 3000K to 6500K, 
but we used the two CCT conditions, low CCT and high CCT for the measurement and 
observation. To check and meet the density of the fog, rain, snow, and yellow dust for the 
experimental conditions, we repeatedly measured the transmittance of the light emitting from a 
LED reference lighting using a Spectroradiometer (Konica-Minolta CS-2000).  
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Figure 1 – Experimental Testbeds and Visual Targets 

 Measurement 

Using the experimental setup, we measured the reflective luminance (cd/m2) from the visual 
targets of white and grey pedestrian shaped using 2-D colour analyser (Konica-Minolta CA-
2000). The number of measurements for each weather condition was 3 to 5 times and the 
luminance data was obtained from the specific spots on the targets. Then, we calculated the 
contrast ratio based on the average luminance values from each target. The contrast ratio was 
obtained by dividing the target luminance by target luminance minus background luminance. In 
addition, we collected the subjective evaluation (visibility rating) data from the university 
students who observed the visual targets in the same experimental conditions. 

3 Results 

 Luminance 

Luminance data from the visual targets showed that the visibility based on the luminance was 
higher at the low CCT in fog and rain conditions but at the high CCT in heavy snow and light 
yellow dust conditions.  

 

Figure 2 – Luminance Results under Fog, Rain, Snow, and Yellow Dust 

 Contrast Ratio 

Contrast ratio calculated from the luminance between target and background showed that the 
visibility based on the contrast was higher at the low CCT in fog and rain conditions too, but at 
the high CCT in yellow dust conditions. Unfortunately, we do not have contrast data from the 
snow conditions because the luminance data from the background was under the dynamic range 
of the measurement.  

 

Figure 3 – Contrast Ratio Results under Fog, Rain, and Yellow Dust 
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 Subjective Evaluation 

Subjective evaluation results from the visibility rating using 7-point scale under fog, rain, and 
yellow dust showed that the low CCT was better at the white and grey targets under fog and 
rain conditions, but the high CCT was better at the both targets under the yellow dust condition 
in the opposite way.  

 

Figure 4 – Subjective Evaluation Results under Fog, Rain, and Yellow Dust 

4 Discussion and Conclusion 

According to the overall measurement and subjective evaluation data, the visibility was better 
at low CCT conditions under fog and rain conditions, but it was better at high CCT conditions 
under yellow dust condition. On the other hand, snow condition showed different luminance 
data according to the density, that is, low CCT was better under light snow but high CCT was 
better under heavy snow. However, the luminance and contrast ratio differences between high 
and low CCT conditions were very small and they showed a lot of variability. In addition, we did 
not obtain enough data from the snow condition that has actually quite different characteristics 
from the natural snow because it was generated from the oil-based snow machine. 

Despite incomplete and unstable data, our results provided some implications on the visibility 
under adverse weather conditions and for the development of automotive headlamp that is 
adaptively functioning under the situations. For better understanding of the visibility under the 
adverse weather conditions, we need to consider the difference between the artificial weather 
conditions and the real ones, reliability of the measurement, validity of the visibility index, proper 
number of samples in the measurement and observation and so on. 
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