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ABSTRACT 

Accident statistics show that motorcycling is still a pretty dangerous mode of locomotion. Since the last 15 

years motorcyclists’ fatalities experienced just a creeping decrease compared to car drivers’. In-Depth 

Motorcycle Studies displayed that in more than two thirds of motorcycle accidents the main contributing factor 

is a car. With these accidents basically taking place in urban areas (more than 50%) with a lot of distraction and 

at pretty low speeds – at intersections above all – one can conjecture the low visibility of powered two wheelers 

(PTW) to be an important cause. This is fortified by actual statistical research naming 10.5% of all motorcycle 

accidents to be conspicuity related1. With ECE-R87 compliant Daytime Running Lights (DRL) as a regulatory 

defined conspicuity aid, the impact of DRL usage on PTWs was to be investigated. 

INTRODUCTION 

During the presented work, tests were conducted to get a meaningful conclusion in relation to the effect of DRL 

fitted to various motorcycles on perception by oncoming traffic in contrast to the dipped headlights. The 

background is the fact that the use of daytime running lights on motorcycles was not allowed until the end of 

2008 when this study was finished. It is assumed, however, that the use of daytime running lights – which, in 

contrast to the lowbeam used up to now, are designed in a way that it shines directly at the oncoming traffic 

with reduced luminance – results in increased safety and better perception of 2-wheeled vehicles for other road 

users. 

Literature research has shown that the phenomenon of conspicuity has not yet been understood to a sufficient 

extent in light engineering and perception physiology terms to be described by a simple formula. The large 

number of influencing factors, which are also found in very different specialist areas, make it extremely difficult 

to model the effects with the aim of producing a descriptive model. Only individual aspects of conspicuity can 

be recorded. The major distinction, originating from the field of ergonomics, is between “visual" and 

“cognitive” conspicuity. In order to take attention and other observer-specific factors into consideration, for 

example, this approach takes account of the fact that conspicuity cannot only be regarded as a property of an 

object (bottom-up) but also the involvement of the observer of the object is very important (top-down). On the 

lighting engineering side, a distinction is made similar to that above between conspicuity in terms of “attention 

conspicuity” and “search conspicuity”. “Attention conspicuity” describes the probability of attracting the 

attention of an observer without him explicitly seeking; “search conspicuity” describes the quality of an object 

to be localized easily and quickly2,3. 
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Fig. 1: Behavioral Conspicuity Model [Hart et al., 19974] 

The Behavioral Conspicuity Model (Fig. 1) provides a very good basis for explanation. This study will limit 

itself to the influence of the first two stages on the overall "performance chain" in order to reveal any errors in 

perception. Consequently, the points of emphasis chosen were “detection”, “conspicuity” and “estimation of 

speed”. The reasons for this are the necessity of these stages for faultless driving performance as well as in the 

relatively good measurability of the individual influences. A target-oriented methodology then had to be 

selected and developed with regard to examining effects on conspicuity. 

TEST METHOD 

The decision for a field test was made quickly, because it has not been possible to reliably prove the practical 

relevance of laboratory tests up to now. Thomson also wrote back in 1982 that a large number of problems lie in 

the interpretation because the task in the laboratory differs very much from the real task of driving5. Hole ends 

his 1996 research report with the words: “If the results from these experiments have relevance to real-life 

driving conditions, …”6. For these reasons – and the fact that the possibilities of a field test are very substantial 

at the Laboratory of Lighting Technology in Darmstadt – the decision was taken to obtain all the results from 

practical, realistic experiments. It was also important during the design of the study that the effects to be 

recognized could be examined independently of a large number of other factors. Therefore, several different 

motorcycles were to be fitted with the same DRLs to enhance conspicuity. The authors are not aware of any 

practical work on the subject in which the effect has been compared on several types of motorcycles. The 

driving situations in which the effects were to be examined were selected on the basis of the results of accident 

statistics. In this regard, only scenes at intersections have been recreated since there the greatest risk of an 

accident exists. 

It is particularly important that as many influences as possible can be supported by light measurements and be 

explained by way of perception models. This would make it possible to prove that theoretical models or 

laboratory models can be used suitably for practical situations. 

TEST OBJECTS 

The aim was to examine the effect of the use of daytime running light on different types of motorcycles. The 

vehicles listed below were supplied for this purpose by the sponsors: 

KTM Super Duke 990 KTM Super Moto 690 BMW R1200 R 

BMW R1200 GS BMW K1200 GT Yamaha R1 

 

 Except from the Yamaha R1, on which only dipped headlight and “no light” was tested - the difference 

between the four specified front lighting treatments was determined for each motorcycle as follows: 

1. Standard lowbeam of the respective motorcycle 
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2. No light 

3. Daytime running light Audi A8 

4. Daytime running light Hella LEDayline 

The lowbeams are in accordance with ECE R-53 or ECE R-57, with one headlamp fitted with a Xenon lamp 

(ECE R-99) on the K1200GT. 

To enable a general statement about the impact of daytime running lights, two LED solutions with different 

geometry and light distributiuon were involved in the test, namely the Audi A8 LED DRL and the Hella 

LEDayline Retrofit DRL. For normative reasons the authors considered an extension of the area of application 

of ECE-R87 to be very likely, so both daytime running lights are taken from the car segment and meet all the 

stipulations under regulation ECE-R87. Preceding studies7 gave no reason to vary the color of the light of the 

LED headlamps. Laboratory tests also indicate that color does not have any influence on perception at same 

photopic luminance8. The surface areas of the two types of DRLs are approximately the same (AA8=64cm², 

ALEDayline=60cm²). They were fitted directly in front of the actual headlights (see Fig. 3), corresponding to a 

DRL integrated into the headlamp. The adjustment was also checked for ECE conformity before each test.  

 

Fig. 2: Luminance measurements: LED DRL of the Audi A8 (top) and the LEDayline from Hella 

Fulton9 describes the following observation in his results: “The use of two daytime running lights on the front of 

the motorcycle was found to be the most effective way of increasing the conspicuity of motorcyclists.” On the 

basis of this finding, a motorcycle was additionally fitted with two Audi A8 DRLs with a distance of 200 mm 

(see Fig. 3), making a total of 23 test objects available. 
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Fig. 3: Fitting on the BMW R1200R 

Electrical Measurements 

The following table lists the current consumptions of the headlamps and lights during the measurements. The 

low power consumptions of the Xenon headlamps (factor 1.4) and the DRLs (up to factor 11) are evident in 

contrast to regular dipped headlights. All measurements are carried out at 13.5 V. 

Table 1: Measured current consumptions of the tested headlamps and DRLs 

Name Current consumption [A] 

Super Duke 4.25 

Super Moto 4.50 

R1200R 4.50 

R1200GS 4.25 

K1200GT 3.30 

R1 9.00 (2x 4.50) 

Hella LEDayline 0.40 

A8-DRL 0.58 
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Light Measurements 

As luminance is the light engineering parameter that corresponds to the perceived brightness, spatially resolved 

luminance measurements were carried out on all the headlamps used. The measuring instrument used was an 

LMK 98-4 Color from the company Technoteam. These recordings, which were also carried out during each 

test, made it possible to determine the real scene contrasts. Fig. 4 illustrates an example of such a recording. To 

establish the scene contrast, the headlamp area is evaluated as an object and the threefold diameter as the 

surrounding area. 

 

Fig. 4: Example of a luminance recording of a test scene 

The following table presents the luminous densities of the headlamps determined from the recordings carried 

out during the tests (with the mean taken across the overall surface area of the headlamp). The angles 

correspond to the following situations: 

2.3° detection test 250 m 

5.7° detection test 100m 

Table 2: Measured luminance values for specific angles 

Angle [°] 2.3 5.7 -11.5 -18.5 

Corresponding distance [m] 250 100 50 31.25 

Supermoto [cd/m²] 13.5 13.6 13.1 11.2 

SuperDuke [cd/m²] 15.8 15.7 14.0 11.6 
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R1200R [cd/m²] 16.0 14.9 12.7 13.7 

R1200GS [cd/m²] 28.3 34.3 26.4 25.0 

K1200GT [cd/m²] 9.1 9.1 5.1 4.5 

Yamaha [cd/m²] 8.4 6.1 6.7 5.8 

Hella LEDayline [cd/m²] 159.5 161.6 101.8 70.3 

Audi A8 [cd/m²] 139.6 140.2 130.4 106.7 

2x Audi A8 [cd/m²] 140.1 150.7 150.8 110.1 

 

TEST SUBJECTS 

The emphasis of the tests concerns examining the process for detecting a motorcycle in specific situations in 

light engineering as well as physiological and psychophysical terms. Most of the tests were conducted on the 

airfield of the Technische Universität Darmstadt in Griesheim. A decisive factor for the tests was very good 

weather with direct sunlight and illuminances of at least 50,000 lx representing a worst-case scenario for 

conspicuity of road objects. 

STATIC TEST 

The aim of the static conspicuity test was to obtain a purely subjective statement from subjects concerning the 

conspicuity of motorcycles depending on the light configuration. The conspicuity was assessed in a classic 

oncoming traffic situation. Only the active test object could be seen by the subjects, the other test objects were 

concealed behind a grey screen to keep any visual distraction low. The motorcycles were always presented with 

a driver wearing dark-colored protective clothing and a black helmet to minimize the influence of clothing 

described in previous studies9. Up to nine subjects sat beside each other on benches with their heads at 1.25 m 

height, corresponding to the standard seat height for a car driver and were tested simultaneously. 
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Fig. 5: Illustration of the static assessment test 

The benches were located starting with a distance of d = 300 m in front of the standing test object. After all 23 

motorcycle configurations were presented at this distance, the distance d was subsequently reduced to 100 m 

and then to 50 m. With a folding grey-sheeted screen the presentation time was restricted to 3 seconds, making 

it possible to take a photograph as well as the luminance measurement during the observation phase by the 

subjects. After the presentation of the test object, the subjects had time to assess the conspicuity on a scale. The 

scale used in the questionnaire is deliberately not graduated because previous tests at the Laboratory of Lighting 

Technology have attained better results in this way. This also makes the ensuing statistical evaluation much 

easier. The duration of the complete static assessment test was between 1.5 and 2 hours. 

 

Fig. 6: Photographs of the real test situation for different light configurations (folding screen in the foreground) 



Page 8 of 15 

 

STATIC TEST RESULTS 

The static tests took place on two days, with a total of 28 subjects assessing the conspicuity of 23 motorcycle 

light configurations at distances of 50 m, 100 m and 300 m. As the weather conditions changed slightly between 

the tests and different subjects were also involved, a static test was conducted to establish possible differences 

between the test groups. With p = 0.244, the minimal differences ascertained are not significant and substantiate 

the consistency of the results. For this reason, all the test groups are combined for the presentation of the results. 

There also is no evidence of any dependence of the conspicuity assessments on the distance (p = 0.19). 

The evaluation of all subjects reveals a distinct trend, as it can be seen in Fig. 7. There is no strong dependence 

of the conspicuity for any of the motorcycles (p = 0.000; test strength 1.0). The subjective enhancement of 

visibility of the motorcycles through DRL corresponds, compared with the use of dipped headlights, to the gain 

achieved through using normal dipped headlights versus no light. A similarly high enhancement is achieved 

through the use of a second DRL. In the following, the enhancement through dipped headlights is rated at 

100%, resulting in a mean gain of about 170% for one DRL. With two DRLs, the results reach 264%. The 

Scheffé test shows that no significant difference can be established between the two configurations with one 

DRL: 
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Table 3: Result of the multiple comparison test for the mean static conspicuities of headlights 

Scheffé test  Group 1  Group 2  Group 3  Group 4  

No light  0%     

Dipped headlight   100%    

Audi A8    165%   

Hella LEDayline    174%   

2x Audi A8     264%  

Significance 0.000 0.000 0.000 0.000 

 

 

Fig. 7: Average conspicuities of the light configurations over all static tests, depending on the motorcycle 

The ranking in principle, as shown in the results, reflects the same results also found by Bartels10 with a similar 

test setup. This means that the methodology selected here can be deemed valid. The fact that the results are very 

different to those from Zellner's simulator tests leads to the assumption that simulator tests can be reapplied 

only in an extremely qualified manner. 
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DETECTION DISTANCE TEST 

To measure the visibility or conspicuity of a motorcycle objectively, it is then of greatest importance to perform 

a blind test. In this test, the detection distance is examined depending on the lighting treatment. This concerns 

“attention conspicuity” in physiological terms. 

The test persons were positioned on the edge of a very busy highway comparable to a visual situation before 

turning left into the flowing traffic. To avoid learning effects subjects taking part in this test had not been 

involved in the preceding tests. During the test phase, all 23 test objects were inserted into the flowing traffic at 

the same speed as far as possible, with the vehicles not immediately differing noticeably from normal road 

users. The positions of the vehicles and the test persons were continuously recorded via GPS throughout the 

duration of the test. 

It was explained to the test persons that aim of the test concerned the estimation of errors when counting 

vehicles. The supposed task of the test persons was to count white cars, red cars as well as motorcycles as soon 

as recognized. The counting was carried out with the help of a small software package on a laptop, with the 

precise point in time recorded for each count and a photograph taken. With the GPS data it was possible to 

determine the exact distance between the test person and the motorcycle at the time of recognition in order to 

then determine the relative influence of each light configuration. The duration of the test for all 23 test vehicles 

was set at 1.5 hours. 

 

Fig. 8: Test setup near Darmstadt, no light on motorcycle 

DETECTION DISTANCE RESULTS 

The perceptibility test took place on one day with 8 test persons, which does, of course, have an effect on the 

statistics. The main reason for this was the bad weather after the test preparations. A part of the test could not be 

carried out at optimum conditions similar to the preceding tests. The horizontal illuminance fell from 50.000 lx 

to 20.000 lx during the course of the test. Another problem in such a real setup was that the regular traffic 

(approx. 30% with dipped headlights), which certainly has an influence on perception, could not be controlled 

and that the conditions for recognizing the motorcycles were therefore not always the same. The only possibility 

for exerting influence on the recognition situation was for the drivers to always keep a constant distance from 

the vehicle in front. The speeds driven were, according to the GPS data, around 70 km/h ± 10 km/h. The 
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determination of detection distances via GPS worked very well, as did the photographic recording of the 

situation when detecting a vehicle. Situations not corresponding to the planned recognition situation could be 

removed from the evaluation after the event. 

The corrected data made it possible to determine the dependences of the detection distance on the lighting setup, 

as can be seen in Fig. 9. The cause of the high standard deviation for two DRLs on the BMW R1200R cannot be 

explained here. 

 

Fig. 9: Mean values and standard deviations of the recognition distances for all test persons and test objects 

depending in the light configuration 

A multiple comparison test made it possible to establish two groups, which displayed significantly different 

recognition distances. 

Table 4: Results of the multiple comparison test for the range of perceptibility 

Scheffé test Group 1 Group 2 

Without light 215 m  

Dipped headlight 217 m  

Hella LEDayline  293 m 

Audi A8  299 m 

2x Audi A8  310 m 

Significance 0.000 0.076 

 



Page 12 of 15 

 

It can be seen very well from the results that the use of lowbeam, as stipulated for motorcycles in most 

countries, does not lead to a significantly higher detection distance. On the other hand, there was evidence of a 

distinct increase in distance for the use of DRL, which resulted in an increase in the distance of the first 

detection by 80 meters. This increase signifies a gain of around 4 seconds in time at a driving speed of 80 km/h. 

During this time a car driver can estimate the distance from the motorcycle in order to move into the flowing 

traffic. 

In the opinion of the authors, the model chosen here appears to provide more certain information about powers 

of recognition depending on the light configuration. In contrast to standard “gap acceptance” tests, a meaningful 

statement cannot be made here concerning the danger of incorrect estimation of distance. However, it is 

possible to estimate the additional time available to a vehicle driver to make a decision and execute the planned 

driving maneuvers. 

Visibility Level 

In the static tests, the luminous intensity measurements reveal a mean ambient luminance of 3000 cd/m². The 

visibility level can be calculated from these values via the luminance measurements of the headlamps. 

 

Fig. 10: Visibility levels for static field test 

SUMMARY/CONCLUSIONS 

In the present study, practical field tests were conducted on the basis of an extensive research of the literature, 

which enables numerous conclusions to be drawn about the influence of daytime running light on various 

aspects of perception by an observer. A distinct dependence of subjective conspicuity on the light configuration 

tested could be established irrespective of the vehicle. A 150% enhancement of conspicuity could be achieved 

with the use of DRL compared with dipped headlights. In this regard, higher subjective conspicuity means that 

an object can be localized more easily and quickly. Over the tests, this increase was established in a very 
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consistent manner under different weather conditions, absolute luminances, etc. In the scenarios examined here, 

it was even possible to raise conspicuity roughly to the level of the reference car through use of two daytime 

running lights. 

The results of the detection distance tests show a significant difference between the use of no light and dipped 

headlights, on the one hand, and the use different daytime running light configurations, on the other hand. No 

difference was established between the individual daytime running lights, but there was an average increase of 

around 80 m in the perceptibility distance. 

Errors of non-observance of 2-wheeled road users and non-recognition because of a low level of conspicuity 

can be positively influenced through the use of ECE-R87-compliant DRL on a motorcycle . Detection is, as 

described in the Behavioral Conspicuity Model, a necessary prerequisite for safe driving and does, in purely 

theoretical terms, have a direct influence on the driving decisions taken. The higher contrast by use of DRL 

ascertained in this study certainly leads to an earlier detection of vehicles, thus leaving more time to make 

decisions. 

 

Fig. 11: Summarized illustration of the study results: conspicuity, detection distance and re-scaled visibility 

level (scaled logarithmic) 

No assessment is made here of how the introduction of daytime running light for motorcycles on the basis of 

ECE-R87 would impact directly on accident numbers. The views of other authors in this regard ranges from “no 

effect” or even “a negative effect”11 to a “reduction in fatal motorbike accidents of up to 13%”12. This topic is 

the subject of very controversial discussions in the literature, with a very large number of effects having to be 

taken into consideration. 

It is presumed that the novelty effect plays a very major role in studies such as this one. The widespread use of 

daytime running lights could lessen the effects ascertained, just like the increased use of daytime running lights 

on cars. Added to this is the fact that daytime running lights could instill a deceptive feeling of security in the 

motorcyclist, which could, as a result, have a direct influence on the perception of danger in road traffic. It was 

established in 2003, for example, that motorcyclists have a better perception of danger than others when driving 

a car13. 
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It was, of course, not possible to examine all aspects of the topic in the study. The results described do, 

however, display a very clear and statistically significant picture of the effect of DRL fitted to motorcycles. It is 

possible to attain a very considerable effect using very little energy. The greatest effect is achieved with two 

daytime running lights, which is why that variation is also to be recommended in definitive terms as a result! 

Adopting regulation ECE-R87 in its entirety for motorcycles still has to be examined in more precise detail, 

however. The very different driving dynamics of a motorcycle, in particular, and the inclined positions have to 

be taken into account when defining a light distribution. The luminous intensity restrictions for application on a 

motorcycle also need to be considered. The dazzling aspects associated with this (especially at dawn and dusk) 

need to be resolved via the control system, using a luminous intensity sensor on the vehicle. Existing solutions 

from the automobile industry can be availed of in this regard. In order to lower the numbers of accidents, it 

should be made clear, however, that although methods for enhancing conspicuity certainly do help, they cannot 

cover all the reasons for accidents, especially at intersections14. 
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