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Preface 
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time scenarios, Volvo Car Cooperation (Mikael Ljung Aust and Bo Svanberg) was the main author of 

the chapter about benchmarking solutions for darkness in simulation, VTI (Anna Anund and Björn 

Blissing) was the main author of the literature review and HiQ (Pontus Holmertz) was the main author 

of the chapter about technical requirements – hardware and software. 
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Night-time scenarios in simulators – a prestudy of needs, knowledge and possible solutions 

by Anna Anund1, Björn Blissing1, Dennis Saluäär2, Bo Svanberg3, Mikael Ljung Aust3 and Pontus 

Holmertz4 

1 Swedish National Road and Transport Research Institute (VTI), 2 AB Volvo, 3 Volvo Car 

Corporation, 4 HiQ 

 

Executive summary 

Although on average 12 out of every 24 hours are dark and considering that most situations are more 

demanding for drivers in dark conditions, simulations of driving scenarios with different degrees of 

darkness are not common. 

The aims of this project were to investigate the need and potential for night-time scenarios in driving 

simulators, determine how such night-time scenarios could be reproduced and identify the objects 

most important to reproduce. The project work comprised a pre-study that involved an investigation of 

the need and potential of night-time scenarios with the help of input from different stakeholders, 

consolidation of what is known up to now through benchmarking and state of the art, and a review of 

available technical solutions (software/hardware). The objective was to identify pros and cons with 

existing solutions and aspects that are important to consider in order to reproduce the most important 

components in realistic night-time scenarios.  

Based on the results, six important use cases were identified and two of these (‘Driver fatigue’ and 

‘Objects without light sources’) were studied in more detail. It was concluded that for night-time 

scenarios there is enough darkness in general in the simulator environment. The question is whether it 

is possible to create sufficient contrast for objects that are meant to be observable. For daytime 

scenarios, the light levels in the simulator are clearly unrealistically low and this limitation might even 

trigger unwanted sleepiness. The use cases identified were very different and there is a need to 

understand that one solution might not fit all applications. One example is a simulator for testing car 

headlights, which is a very limited use case with specific requirements compared with a simulator used 

for behaviour studies, which can employ a simpler, but still high-fidelity, render. Considering ViP’s 

interest in improving its simulation platform, it is also important to take into account the need for 

relative and absolute reflection of reality. Whereas it might not be possible to recreate the absolute 

colour and contrast reflection, it may be easier to create a relative reflection. More research is needed 

to identify and understand whether a relative model would be sufficient for the simulator. From a 

hardware perspective, we believe that the most important techniques for images displaying dark 

environments are LCoS (Liquid Crystal on Silicone) and OLED (Organic Light Emitting Diode), 

owing to their better contrast and black levels, and we recommend these for further investigation. 

When it comes to software, there are commercial alternatives with great advantages in the editing 

tools, but also some limitations. One of these is that they are not designed for multi-screen solutions, 

another is synchronisation problems with other systems. For simulators, there is a need to take into 

account both relative and absolute reflections of reality in order to be useful. 

Recommendations for future research fall within three development areas:  

 Light source simulation 

 Driving in dark conditions 

 In-vehicle light level in daylight scenarios 
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1. Introduction 

Although 12 out of every 24 hours on average are dark and considering that most situations are more 

demanding for drivers in dark conditions, simulations of driving scenarios with different degrees of 

darkness are not common.  

Simulation of light is a complex task even for daylight conditions and even more complex during 

night-time conditions. There are several aspects that need to be considered in order to reproduce the 

most important components in dark conditions. Which of these to consider and their relative 

importance is rather unknown from a more holistic perspective. In some respects, it may be about how 

street lighting affects the perception of the driver in an otherwise dark environment, in other cases it 

may be about how a vehicle’s lights affect the object they illuminate, but it can also be how the lights 

of oncoming vehicles affect the driver or the objects that a driver encounters. Road markings, signs 

and other road furniture are reflected differently depending on the light source and the quality of the 

material. In this case the light in the car cabin in relation to the reproduced dark is very important to 

consider. In order to reproduce not only a single part in a scenario, but the total impression, these are 

aspects that need to be considered. 

The need for night-time scenarios in simulators is a question that needs further investigation. It is 

obvious that it is a part of reality and that it is of special importance in studies about driver sleepiness. 

Up to now, most studies have assumed alert conditions during day and sleep-inducing conditions 

during night-time. However, in most cases daytime scenarios are used when driving both day and 

night scenarios. In order to validate simulator results with real road driving, dark conditions are 

needed in simulations of night, but of course also studies of drowsy drivers on real roads during 

daylight.  

There might also be other areas where night-time scenarios in simulators could be relevant and a list of 

such cases would be useful to identify. The list might differ depending on the environment and the 

type of vehicle the drivers are expected to use (bus, truck or passenger car). 
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2. Aim 

The aims of this project were to investigate the need and potential for night-time scenarios in driving 

simulators, determine how such night-time scenarios could be reproduced and identify the objects 

most important to reproduce. The project work comprised a pre-study including an investigation of the 

need and potential of night-time scenarios with the help of input from different stakeholders, 

consolidation of what is known up to now through benchmarking and state of the art, and a review of 

available technical solutions (software/hardware). The objective was to identify pros and cons with 

existing solutions and aspects that are important to consider in order to reproduce the most important 

components of realistic night-time scenarios.  
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3. Needs and potential of night-time scenarios  

This chapter describes the needs and potential of night-time scenarios in a driving simulator. 

3.1. Method 

In order to collect and create information, a workshop was held in the beginning of December 2014 in 

Gothenburg. Almost all ViP partners were invited, together with a handful of external partners. In the 

end, the following partners participated in the workshop: VTI, AB Volvo (GTT), Volvo Car 

Corporation, Swedish Transport Administration and Swedish Road Marking Association (SVMF). 

This meant that a fairly good mix of simulator users, covering different application aspects, was 

represented. The workshop started with some introductions and background information. Using 

individual brainstorming and group discussion, a number of use cases were identified. 

3.2. Results 

During the workshop, it became clear that the partners had a somewhat diverging focus regarding 

night-time scenarios in the driving simulator. One focus was of course the environment or 

infrastructure, such as roads and different objects on or along the roads. More specifically, this focus 

could be called road design, where the goal is to create a “good” layout of roads. These layouts include 

the geometrical definition of roads, surface materials and markings, signs and signals, and lighting 

systems. Another focus was the area of driver behaviour, in particular driver behaviour in night-time 

scenarios, where such as sleepiness and fatigue are expected to be prevalent. There are also other 

aspects of driver behaviour in different scenarios that are of interest, including how the driver 

performs the primary driving task while interacting with some system in the vehicle. A third focus 

area relates to the vehicle and the design of lighting and lamp systems in the vehicle.  

In total, six use cases were identified and are described in detail in sections 3.2.1–3.2.6. These use 

cases should be viewed as generic examples from which more detailed use cases can be derived, see 

Table 1 – Table 6.  

3.2.1. Use case A: Glare from oncoming vehicles 

Table 1. Use Case A: Glare from oncoming vehicles. 

Owner role Vehicle manufacturers 

Required input In order to experience glare in the simulator, the headlights from on-

coming vehicles somehow have to be modelled. (This may be done by 

tricking the driver with lights inside the simulator car, mirrors etc.) 

Simulator scenario For the night-time traffic scenario to work, the headlights from an on-

coming vehicle should affect the surroundings so that they are 

perceived as brighter, as is relevant e.g. in curves. Possible studies 

concerning glare could involve detecting pedestrians, animals or other 

objects along the road under the influence of glare. 

Expected output The desirable result would be for the driver of a simulator to experience 

glare from an on-coming vehicle.  

Requirements on 

“darkness” 

For glare from on-coming vehicles to be an issue, it has to be 

sufficiently dark in the simulator for it to be relevant to drive with 

headlights on. 

Benefits Glare from on-coming traffic is an interesting use case because it is a 

common phenomenon in night-time traffic, especially in rural areas 
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Owner role Vehicle manufacturers 

where the sight distances are long and there may be long spaces 

between the vehicles, which makes it possible to use the headlights on 

high beam more than if traffic is dense. 

Additional information There are two types of glare; discomfort glare and disability glare. 

Discomfort glare is the subjective sensation of glare, while disability 

glare generates scattering of bright light within the eye, which causes 

reduced contrast sensitivity. The ability to generate glare would be 

beneficial e.g. in studies concerning elderly drivers, since the sensibility 

to glare increases with age and older drivers who have been exposed to 

glare take a longer time to recover before their vision is normal again 

(Fors and Lundkvist, 2009). 

3.2.2. Use case B: Objects without light sources 

Table 2. Use Case B: Objects without light sources. 

Owner role Vehicle manufacturers, infrastructure administrators. 

Required input Light situation inside and outside the ‘ego-vehicle’, glare from on-

coming vehicles, other light sources in the environment such as 

street lights. 

Simulator scenario Relevant scenarios should enable the driver to detect objects in the 

environment and stimulate the expected experience of driving in 

darkness in various environments such as cities, rural roads and 

motorways. Objects such as animals, pedestrians and cyclists should 

be possible to detect in the scenario. The ego-vehicle could be 

equipped with some sensor system to detect objects in the 

environment. The objects in the environment could have some 

system that affects the detection. Test subjects could be a sample of 

real drivers or employees.  

Expected output Subjective and objective measurement of detection of objects in the 

environment, e.g. time and distance to objects, the driver’s 

behaviour in specific situations. 

Requirements on 

“darkness” 

Proper reflection of objects in the environment in order to achieve 

the right luminance and contrast. The light situation in the ego-

vehicle, the environment and material properties for the objects. 

Benefits Potentially dangerous situations can be experienced in a risk-free 

and controlled test environment. 

Additional information Difference between reflection and luminance, phenomena and units 

should be defined. 

 

  



 

ViP publication 2015-3  15 

3.2.3. Use case C: Road design 

Table 3. Use Case C: Road design. 

Owner role Infrastructure administrators. 

Required input Road models with parameters for defining road marking 

characteristics such as levels of reflectance, line width, line type 

(solid, dashed). Road markings include not only lines, but also 

numbers for displaying speed limits and other symbols. 

Simulator scenario Driving on all different road types and environments, in order for 

drivers to experience several alternatives of the road marking 

design. Drivers of both passenger cars and commercial vehicles can 

be test participants, but different age groups are also of interest. 

Different weather conditions are important, e.g. creating dry and wet 

surfaces. 

Expected output The effect on drivers in terms of longitudinal and lateral 

manoeuvring, i.e. speed and lane position. To find the best road 

markings. 

Requirements on 

“darkness” 

Road markings are an important aspect when driving in night-time 

scenarios, as these markings provide strong visual cues for the 

driver. There is a European standard for road markings (EN14361) 

that sets the requirements, which are different depending on vehicle 

type. When driving e.g. a passenger car, the road markings should 

reflect at an angle, allowing the driver to see the markings at 30 m 

distance.  

Benefits To allow new road designs to be tested in a simulated environment, 

including the driver in the loop experiencing the road design. In the 

driving simulator, more ideas can be explored compared with real 

testing. 

Additional information  

 

3.2.4. Use case D: In-vehicle lamp systems 

Table 4. Use Case D: In-vehicle lamp systems. 

Owner role Vehicle manufacturer, suppliers. 

Required input Specification on lamp system that describes the light coming from 

the ego-vehicle. Optional: Description of lights on the exterior of 

other vehicles. 

Simulator scenario To create and evaluate different lamp system concepts. To change 

concept “on-the-go”. To define and understand requirements on 

lamp systems in a simulation environment. The minimum scenario 

would be an unlit road that receives the light beam. More elaborate 

scenarios are interesting, such as driving in a city environment. To 

place non-reflective and reflective (or emissive) objects that need to 

                                                      
1 EN1436 http://www.mit.gov.it/mit/mop_all.php?p_id=7129 date 20151217 

http://www.mit.gov.it/mit/mop_all.php?p_id=7129
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Owner role Vehicle manufacturer, suppliers. 

be detected into the environment. Test participants are either a 

sample of real drivers or employees. 

Expected output The test participants’ experience, acceptance and judgement of the 

lamp system in different situations. To be able to evaluate and select 

a lamp system concept for further development. 

Requirements on 

“darkness” 

Visualising a light beam on the road surface. Lighting/shading of 

objects in the environment. Modelling of a lamp system describing 

the properties needed for simulation and visualisation (magnitude, 

shape, colour etc.). There will probably be particular requirements 

on display system and graphics rendering, which in turn will set 

requirements on modelling of the environment (geometries and 

material properties of objects). 

Benefits The main benefit is to be able to replace physical testing with virtual 

testing in the early development phase. Improved ability to set 

requirements. There may also be some risks associated with testing 

on test tracks that can be reduced when using a human-in-the-loop 

simulation environment instead. 

Additional information  

 

3.2.5. Use case E: Driver fatigue 

Table 5. Use Case E: Driver fatigue. 

Owner role Vehicle manufacturers, suppliers, fleet owners, infrastructure 

administrators, researchers. 

Required input Level of light in the ego-vehicle. Fatigued driver at some level. 

Equipment in the vehicle. Creating a realistic night-time scenario 

with lights from oncoming vehicles, with the ego-vehicle’s own 

lights and reflections from poles, signs and lane markings. 

Simulator scenario Provide the expected experience of darkness. The ego-vehicle can 

be of standard issue or potentially equipped with some support 

system that helps the driver to detect objects. Test participants can 

be a sample of real drivers or employees. Variation in age from 

young to elderly with impairments. Truck and bus drivers. Rural 

roads and highways are important. For fatigue and sleepiness, it is 

necessary to study both alert and sleepy drivers, both in daylight and 

in night-time scenarios. 

Expected output Subjective and objective measurements of sleepiness, driver 

behaviour. Knowledge about the effects of driver fatigue, driver 

sleepiness in different light conditions at different times of the day. 

The effect of time of day, the effect of the light and how these 

factors are confounded. 
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Owner role Vehicle manufacturers, suppliers, fleet owners, infrastructure 

administrators, researchers. 

Requirements on 

“darkness” 

The appropriate lighting situation in the cabin in order to stimulate 

the development of sleepiness as in real driving, validation of 

sleepiness over time in the test situation. “Good enough” experience 

of the scenario. The importance of simulation of light: 

High priority: Glare from oncoming vehicles, reflections from fixed 

objects and the environment 

Medium priority: Light from the ego-vehicle 

Low priority: Light from fixed objects, such as road lighting, glare 

from oncoming vehicles, shadows. 

Benefits Studying fatigue on real roads demands great resources and sets 

very high requirements on safety and control, while using a driving 

simulator is less demanding on resources. Researchers can take the 

next step towards understanding different environmental aspects and 

their contribution to sleepiness and driver fatigue. Car manufactures 

have the possibility to tune the detection and prediction algorithms 

for light and dark situations for both alert and fatigued/drowsy 

drivers. Road authorities will be able to understand the importance 

of lighting and reflective issues in order to construct an environment 

not contributing to driver fatigue. Tier 1 suppliers will know more 

about the effect of headlight qualities on the driver, but also about 

what to consider when developing warning strategies and Human 

Machine Interface with the aim of maintaining driver alertness. 

Additional information Some studies have already been performed, possibly without control 

of the level of light in the cabin. (see the literature review for 

references). 

 

3.2.6. Use case F: Environmental effects 

Table 6. Use Case E: Environmental effects. 

Owner role Vehicle manufacturers, suppliers, fleet owners, infrastructure 

administrators, researchers. 

Required input Models for creating effective visual representations of weather 

conditions such as rain, snow and fog, and the visibility at different 

times of day and in different seasons. Atmospheric effects, falling 

snow, rain and fog, as well as a “stationary look” of the road 

surface, are needed (wet surfaces, snow heaps). Varied visibility 

conditions in reality should be measured in order to improve 

modelling in the driving simulator. 

Simulator scenario There are many different road and traffic scenarios in general, so it 

is difficult to limit this use case to a specific road or scenario. 

However, one interesting scenario could be to study how the driver 

behaves in an auto-piloted vehicle during ‘platooning’, and how 

well the driver manages the supervision and transfer of control in 
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Owner role Vehicle manufacturers, suppliers, fleet owners, infrastructure 

administrators, researchers. 

poor visibility and weather conditions. The driver’s situational 

awareness is then dependent on the vehicle’s instrumentation and 

sensor information. Furthermore, different types of vehicle exterior 

lighting and lamp systems could be studied. 

Expected output The response and reaction from the test participants while driving in 

poor weather conditions can be measured as test data, together with 

vehicle data and information about roads and scenario. Subjective 

ratings and driving performance are needed, as are valid metrics. 

Requirements on 

“darkness” 

Different times of day, from dusk/dawn to night. Poor weather 

conditions will further influence the visibility and lighting of the 

scenario.  

Benefits Allows the driver to experience different traffic situations in a safe 

and controllable way. The effects of the scenarios and vehicle 

systems on the driver in terms of driver reactions and vehicle data 

can be studied. 

Additional information  

 

3.3. Conclusions 

The six use cases identified above cover different applications and needs of night-time scenarios. 

Although the different stakeholders may have different needs, they all share the dependency on the 

driver-vehicle-environment entity relationship in the simulator application. The focus for a specific use 

case may require more fidelity in one entity and less in another, e.g. a detailed road design is probably 

not so dependent of a very detailed vehicle model which means that a generic car or truck may be 

sufficient. On the other hand, in order to create a realistic experience of glare from the beams of 

oncoming vehicles, the challenge is to model and create the necessary light output and contrast from 

the headlights.  

There is a common need to model and visualise the ego-vehicle’s light beams from the front, in order 

to create the effect of driving at night or in low visibility. As a consequence, there is also a need to 

visualise road markings, at least at a simple level to create contrast. There are no major roads without 

road markings, so this is a natural and expected part of night-time scenarios. 

Light is a property that interacts with the environment and propagates to the human eye, which means 

that environment modelling is a key factor for establishing more advanced visualisation of lighting 

conditions in a driving simulator. More advanced environment visualisation will of course also set 

more challenging requirements on the graphics rendering and display systems. 
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4. Benchmarking solutions for darkness in simulations 

To evaluate the necessity of, and requirements for, realistic night-time scenarios in driving simulators, 

two of the use cases specified above are selected for further implementation analysis regarding certain 

specific lighting practicalities. These are use case E: Driver fatigue and use case B: Objects without 

light sources. 

4.1. Adequate set-up for use case E: Driver fatigue 

To improve the quality of studies of night-time driving where driver fatigue is a factor, it is important 

that the drivers become drowsy in the same way in the simulator as they would do in real driving. For 

this to work, it is necessary to try to avoid disturbing the individual’s circadian rhythm, e.g. by not 

driving daylight scenarios at night and vice versa. To cue the circadian rhythm adequately, the general 

lighting level at eye point during night-time driving in the simulator should probably be in the mesopic 

range (0.001-3 cd/m2, see also Chapter 5.2.1), to correspond to typical light levels in real night-time 

driving. This means that the total light intensity in the simulator cabin (light from projectors reflecting 

off the screen plus interior vehicle/cabin lighting) must not exceed the mesopic range in order not to 

disturb the circadian rhythm. The light levels are also important to consider during daytime conditions, 

in order to avoid the light levels contributing to driver fatigue when the expectation is to have an alert 

driver in the simulator. 

4.1.1. Typical light levels on roads and in the VTI Sim III simulator 

As a starting point, a set of basic light measurements were carried out on real road and in the VTI Sim 

III simulator in Linköping2. The road measurements were made on 12 December 2014, on a road trip 

from Gothenburg to Linköping that started very early.  

On the road 

The measurements showed that lighting levels in real traffic at night are quite low. Thanks to the 

asymmetrical headlight profiling now standard on all vehicles (see section 4.2.1), it does not get very 

bright inside the vehicle, even during rush hour on motorways. While driving in darkness and in rain 

on the motorway outside main city areas (Figure 1), measured light intensity at the driver’s eye point 

was 0.5-1.0 lux with the sensor pointed towards the road ahead. When overtaking in the left lane and 

meeting overtaking vehicles coming in the other direction, the light levels went up to 1.5 lux. Internal 

lights in the vehicle were found not to affect levels at eye point (with the sensor pointed towards the 

road ahead).   

  

Figure 1. Measurement of light levels on real roads – dark conditions. 

                                                      
2 http://www.vti.se/en/vti-offers/driving-simulation/ Date: 20151217 

http://www.vti.se/en/vti-offers/driving-simulation/
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At dawn, the light levels increased to 1-2 lux at eye point. When passing areas with street lights on 

(still barely dawn), these levels increased to 3-4 lux at eye point. An interesting observation was that 

the head is quite well shielded from light coming into the vehicle. Placing the light sensor at the 

steering wheel rim, still pointing forward to the road ahead, increased light levels by a factor of 2–3. 

Measuring straight up towards the street lights at the steering wheel rim gave ~40 lux.  

As dawn progressed towards daylight, measured light levels increased to 20–50 lux at eye point, 

depending on the terrain. When driving in areas with forests, the levels were 20–25 lux, while when 

driving through more open landscapes the levels increased to 30–50 lux. As the morning progressed, 

measurements continued. Conditions were overcast but there was no precipitation. Around 9:30 am, 

light levels were up to 200–300 lux (see Figure 2).  

 

Figure 2. Measurement of light levels on real roads – light conditions at 9:30 am. 

At 10:00 am, the light levels were 350–400 lux. At this point, the sun broke through, which led to 

measurements of around 20 000 lux in the direction of the sun and 500–600 lux when turning the light 

meter towards the interior of the car.  

In the simulator 

Two driving scenarios were tested in the simulator, one daylight and one night-time scenario. During 

the daylight scenario, which illustrated daytime driving in summer on a rural country road (lightly 

forested area, some clouds), the measured light level was 7 lux at eye point and 10 lux at the steering 

wheel rim. In the corresponding measurement on real roads for this scenario, the measured light levels 

were 350–400 lux.  

In the night-time scenario, on a country road with dark asphalt and with the white lane markings and 

guide posts as the only well-illuminated objects, the measured light was 0.15 lux at eye point with the 

cabin ambient light ramp turned on and 0 lux with the ramp turned off. (The cabin ambient light ramp 

consists of a set of LEDs that give limited interior lighting, to remove the sense of total darkness 

otherwise experienced). On placing the light meter on the projection screen and measuring towards the 

projector, the reading was about 30 lux in the sky and white cloud areas for the daytime scenario. For 

the night-time scenario it was 2 lux on the lane markings and 0.1 lux on the asphalt.  

4.1.2. Light levels in VTI Sim III compared with other simulators 

The light levels found for daytime scenarios in VTI Sim III seem to be just around where current 

projector technology is able to take light levels in a dark environment such as a driving simulator. 
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Table 7 shows the VTI Sim III values and some comparative values from other driving simulators 

being used for research in European projects, i.e. DLR DOM and DLR IDEELAB (see 

http://www.dlr.de/ts/en/) and WIVW (see https://wivw.de/en/silab). Photographs of all these 

simulators from different viewpoints are shown in Figure 3 – Figure 6. 

Table 7. Light levels at the driver eye point in driving simulators.  

Simulator Daytime scenario  Night-time scenario 

VTI Sim III  7.0 lux 0.15 lux 

DLR DOM  10.3 lux - 

WIVW 8.0 lux 2.0 lux 

DLR IDEELAB*  32.5 lux  

*Note that IDEELAB is not a closed dome, but an open collaborative simulator environment tailored for interaction design 

issues. 

 

Figure 3. VTI Sim III – outside view. 

 

Figure 4. DLR DOM – inside view and outside view. 

 

Figure 5. DLR IDEELAB – inside view and outside view. 

http://www.dlr.de/ts/en/
https://wivw.de/en/silab
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Figure 6. WIVW – inside view, inside rear view and outside view. 

 

4.1.3. Reflections on the measurements in use case E: Driver fatigue 

1. For night-time scenarios, there is certainly enough darkness in general in the simulator 

environment. The question is whether it is possible to create sufficient contrast for objects that 

are meant to be observable. 

2. For daytime scenarios, the light levels in the simulator are clearly unrealistically low. In fact, 

it is possible that regular daytime driving scenarios might disturb the circadian rhythm of test 

drivers because the actual light levels are in the mesopic range, and hence can trigger 

sleepiness.  

3. During real road driving, even with levels at <1 lux at driver eye point, the lights from on-

coming vehicles are experienced as quite disturbing and taxing. Since this cannot be because 

they are too bright, it must be the relative contrast that is disturbing. Point-type light sources 

that move quickly against a dark background are hard on the eye.  

4.2. Adequate set-up for use case B: Objects without light sources 

In this use case, the extent to which drivers are able to perceive low-contrast objects (i.e. objects 

without an internal light source), such as dark-clad pedestrians, while driving at night is addressed. For 

example, to evaluate the effectiveness of a pedestrian warning function at night, or whether a 

pedestrian warning system should have a different warning timing when it is dark, the driver needs to 

detect the pedestrian at the same distance in the simulator as in real driving, otherwise the warning 

timing will be completely off and the evaluation pointless.  

In order to understand the practical implications of this use case for simulator studies, a digression into 

the area of modern headlight design is required. 

4.2.1. How modern headlights work 

With high beam switched on, a modern car with a good (premium) lighting system typically produces 

about 1 lux at 400 m in front of the vehicle, and the light is directed straight forward relative to the 

vehicle.  

Since light intensity follows an inverse square relationship to the distance from the source, a simple 

mathematical calculation shows that at 200 m in front of the vehicle the light level would be 4 lux at 

high beam. At 100 m away it would be 16 lux, at 50 m away 64 lux and at 25 m in front of the vehicle 

256 lux. Figure 11 illustrates the performance of a new, premium brand vehicle (headlights at 0 on Y-

axis).  

Given the measurements from the road trip (section 4.1.2), this essentially means that when driving 

with high beam, objects in front of the vehicle at relevant conflict distances (50 m ahead is equal to a 

2-second time headway when travelling at 90 kph) will be illuminated at dawn or daylight levels (see 

Figure 7). There is no ‘night’ with high beam, since the light is very intense and widely disseminated, 

similar to light during daytime driving.  
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Figure 7. High beam and relationship to distance (m) at which objects can be identified. 

Low beam is on the other hand very different (see Figure 8). For a start, the light is not directed 

straight ahead, but rather at an angle towards the ground from where the lamp is mounted (typically 

65-80 cm over the ground on a car). The tip of the light cone hits the ground after 150-200 m and the 

light level there is typically 1 lux. Counting backwards, this gives 4 lux at 100 m, 16 lux at 50 m and 

64 lux at 25 m. Moreover, the light pattern is not exactly conical, but asymmetrically shaped (Figure 

12). It is less intense to the left and it loses intensity with elevation, in order to avoid problems with 

on-coming vehicles. Since it is pointed downward and is less intense with elevation, a pedestrian at 50 

m may be illuminated from ground level to the knees or a little bit higher, but not much more.  

 

Figure 8. Low beam and relationship to distance at which objects can be identified. 

4.2.2. Reflective properties of different materials  

Different materials reflect different levels of visible light. Highly reflective signs reflect all light, while 

a pair of black jeans reflects very little. Figure 9–Figure 12 show examples of measured reflectance of 

a few common materials. 

200 M 
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Figure 9. Black jeans measured on the body. 

 

Figure 10. Brown shirt measured on the body. 

 

 

Figure 11. Camera bag of black nylon. 
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Figure 12. Plastic detail in colour "charcoal"(grey).  

As can be seen from the above, black plastic and fabric reflect no more than about 10% of incoming 

light. This is a difference compared to the 30% that grey items reflects, see Figure 13. 

 

Figure 13. Reflectance of a standard grey object.  

4.2.3. High beam encountering a pedestrian wearing dark clothing  

Assuming a vehicle travelling at 90 kph, i.e. at 25 m/s. When a pedestrian is 100 m away (i.e. at a 4-

seconds time headway) about 16 lux from the vehicle will reach the pedestrian and 5-10% will be 

reflected back. A realistic light level at the driver eye point in the simulator for a pedestrian wearing 

dark clothing (brown sweater and black jeans) at 100 m, plus 100 m back to the driver eye point, 

would thus be 5–10% of 4 lux, i.e. 0.2–0.4 lux. At 50 m the corresponding value would be 0.8–1.6 lux. 

These light levels seem to be achievable in simulated night-time scenarios given the maximum 7 lux 

available. However, since a pedestrian 50 m away is not a very large object pixel-wise in the graphics, 

it is rendered by one, or at most two, of the available projectors rather than the full set of projectors. In 

short, full realism under high beam seems to be a challenging setting.  

4.2.4. Low beam encountering a pedestrian wearing dark clothing  

Assuming again a vehicle travelling at 90 kph, i.e. at 25 m/s. When the pedestrian is 100 m away (i.e. 

at a 4-seconds time headway) about 4 lux from the vehicle will reach the pedestrian and 5–10% of this 

will be reflected back. A realistic light level at the driver eye point in the simulator for a pedestrian 

wearing dark clothing (brown sweater and black jeans) under low beam at 100 m, plus 100 m back to 

the driver eye point, would be 5–10% of 1 lux, i.e. 0.05–0.1 lux. At 50 m, the corresponding value 

would be 0.2–0.4 lux. Moreover, the pedestrian would not be fully lit up, since the low beam headlight 

is aimed downwards. While these light levels also seem achievable in simulated night-time scenarios 

given the max 7 lux available, the question is still whether one, or at most two, projectors will be able 
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to provide this light level. In short, full realism under low beam may be possible, but requires further 

investigation.  

4.3. General consequences from studies with objects without light 
sources 

1. Two interesting conclusions can be drawn from the above practical implementation analysis of 

use cases B and E: 

2. It is really dark in a driving simulator. Having sufficient darkness for night-time driving is not 

a problem; the real question is probably whether there is enough light available for daytime 

driving. 

3. Even the darkest-clad pedestrians under the least intense lighting conditions provided by a 

typical modern vehicle is a borderline case for what the projectors are able to provide.  

4.4. Insights from other laboratories  

Two interviews were conducted with personnel responsible for graphics and simulations at two major 

driving simulator laboratories in the US, namely: 

 the National Advanced Driving Simulator (NADS) at Iowa university (http://www.nads-

sc.uiowa.edu/) and  

 the VIRTTEX simulator at Ford in Dearborn (http://www.extremetech.com/extreme/133549-

inside-virttex-fords-amazing-driver-distraction-simulator).  

4.4.1. NADS 

The night-time driving simulations performed in the NADS have to date focused on studying driver 

fatigue. NADS does not have any particular headlight model implemented, but acknowledges that it 

would be interesting to develop the accuracy level further in this regard. However, so far there has not 

been any sponsor willing to fund this sort of development or a research need that requires this type of 

accuracy. NADS has developed a portable simulation platform which uses flat screens, a glare source 

and a shader, which makes it possible to vary the reflection intensity of speed signs and the like. 

However, that implementation is for studies of vision loss in patients and our interviewee did not 

consider it feasible to implement it in the regular driving simulator, as the projectors do not have 

enough power. When NADS simulates night-time driving the light levels are calibrated by subjective 

assessment such as “dark enough to see house outlines, but not much more”. NADS recently 

purchased new projectors and chose LED over bulb technology in order to get more nuances and more 

blackness in the black colours, essentially in order to be able to tune this type of level more precisely.  

4.4.2. VIRTTEX 

In the VIRTTEX simulator the image generator is PixelTransit software by BlueNewt 

(http://www.blue-newt.com/ ). VIRTTEX ran one study on driver sleepiness back in 2003. The only 

study performed without daylight conditions has been in testing Forward Collision Warning (FCW) 

system at dusk, i.e. where there is enough illumination to see other vehicles, but the equipment allows 

correct luminance settings of the HMI compared with ambient levels (i.e. setting the luminance of the 

visual HMI at correct night-time setting for the given ambient light levels). VIRTTEX has considered 

raising the fidelity by using a product such as the RTI’s (Realtime Technologies, Inc.) SimLights 

system (http://www.simcreator.com/simlights/simlights.htm) to provide static lighting for darker 

scenarios. The advantage is that the lighting is then “baked” into the database; it is computationally 

lean but, on the other hand, does not allow for dynamic shadowing if something obstructs the light. 

VIRTTEX has also used subjective assessment to set up these scenarios. This involves controlling for 

obvious artefacts (e.g. flickering lights that should be steady), making sure that lighting from 

headlights on the ego-vehicle does not interfere with the brake lights of lead vehicles in FCW studies 

http://www.nads-sc.uiowa.edu/
http://www.nads-sc.uiowa.edu/
http://www.extremetech.com/extreme/133549-inside-virttex-fords-amazing-driver-distraction-simulator
http://www.extremetech.com/extreme/133549-inside-virttex-fords-amazing-driver-distraction-simulator
http://www.blue-newt.com/
http://www.simcreator.com/simlights/simlights.htm


 

ViP publication 2015-3  27 

and the like. For its FCW studies, VIRTTEX measures the luminance of the ambient and HMI light 

with a light meter (Minolta CS-100A Luminance/Colour Meter). Switching from high to low beam is 

accomplished by changing the masking pattern on a spotlight used for simulating headlights.   
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5. Literature review 

5.1. Method 

The focus of the literature review was to get a clear view of how simulations of dark scenarios have 

been used in research and the aim of such research, and also to identify limitations and lessons learned 

from those studies. The literature search covered the period 2004–2014, but in some cases older 

literature was included. The databases included were Summon, Scopus, Web of Science and Google 

Scholar and only peer-reviewed papers and reports were considered. The words used during the search 

were: 

Driving simulator AND 

 Night sceneries 

 Darkness 

 Dark scenarios 

 Night-time scenarios 

 Headlight simulation 

 Headlight glare simulation 

 Lens flare simulation 

 Street light simulation 

 Simulation of on-coming vehicle lights 

 Cones of light 

 Lighting limitations  

 Simulation of cones of light 

 Global illumination 

 Ambient light 

5.2. Results  

An overall review of the identified literature revealed a lack of studies considering darkness in 

simulator scenarios. The studies found fell into four different areas: 

 Simulation of light in relation to vehicle and road furniture, covering mesopic light, headlight 

glare, prolonged exposure to glare, visibility levels, road light recommendations, delineator 

post configurations, centre lines and guide posts. 

 Specific external conditions, work zones and tunnels. 

 Driving performance, covering speed adaptation. 

 Driver state, covering visual attention, research on driver sleepiness and clinical testing of 

drivers. 

5.2.1. Simulation of light 

Mesopic light 

The spectral response of the eye under different light conditions is divided into photopic, mesopic and 

scotopic vision. The luminance present in night-time driving is normally in the mesopic range, 0.001–

3 cd/m2 (Bullough and Rea 2004). Mesopic light levels are typically measured using light meters with 

a spectral sensitivity that is only valid for photopic light levels.  

A target detection experiment was performed in one simulator study with the aim of developing 

suitable mesopic models for driving (Alferdinck 2006). While driving along a winding road the driver 

had to respond to randomly presented circular targets at various eccentricities, with different 
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background luminance and with the target being either white, yellow, red or blue. The results showed 

that target detection and driving performance became poorer with decreasing background luminance 

and increasing eccentricity of the target, in particular for the red colour. At high driving speeds and 

low luminance, participants tended to neglect left off-axis targets. This is the only study in the 

literature focusing on mesopic light using driving simulators. 

Headlight glare 

In order to simulate the effect of headlight glare, a simulator was built in a recent study (Hwang and 

Peli 2012). The system was based on a LED display board and a beam splitter. The study tried to 

reduce the parallax and also simulated the dynamics of headlight brightness changes when two 

vehicles are approaching (Figure 18). Control algorithms were developed based on both headlight and 

LED beam shapes. The simulation errors were estimated and were found to compare favourably to 

real-world headlight brightness variability (Hwang and Peli 2012). 

 

 

Figure 14. Photographs showing simulation of headlight glare in night-time driving in a driving 

simulator. Source: Hwang and Peli (2012). 

Comment: a-c) Without the headlight glare simulator; d–f) with the headlight glare simulator turned 

on and g-i) corresponding real-world photographs of a staged night-time headlight glare scenario. 

Glare can also be a problem if there are vehicles following behind. In a driving simulator study, the 

hypothesis that prolonged exposure to glare impairs driving performance was tested (Ranney, 

Simmons et al. 1999). Twelve experienced truck drivers drove for 8 hours: once with no glare and 

once with intermittent glare presented in the exterior rear-view mirrors to simulate headlights from 

following vehicles. To simulate following-vehicle headlights, light sources with computer-controlled 
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shutters were positioned on each side of the driver so that a light beam was directed into each mirror. 

Glare illuminance, measured at the position of the driver’s eyes, ranged between 1.4 and 3.3 lux, 

depending on seat position and viewing angle. No difference between the two conditions was seen, but 

there was a time-related change in target detection and critical tracking performance regardless of 

condition. A third condition with intermittent glare with electrochromic glare reduction was added in a 

later study (Ranney, Simmons et al. 2000), where simulation of glare was the same as in the 1999 

study, but a more varied driving task was examined. The results showed no strong evidence of a 

positive effect of the electrochromic glare reduction on performance or improved vehicle control, even 

though the drivers reported a positive effect.  

Visibility level 

The visibility level (VL) is normally a quality index in road lighting design. It has also been used to 

assess automotive lighting performance. The VL could be considered to provide a link between 

lighting design and driving performance (Brémond, Bodard et al. 2013). The reference performance of 

the VL is detection of a small uniform target standing on a uniform background (the road surface). The 

VL is a measure that is not very relevant to driving, a limitation highlighted in previous research. In a 

simulator study testing the validity of VL (Brémond, Bodard et al. 2013) three scenarios were used: a) 

a daytime scenario, b) with black fog and c) with a headlamp beam pattern texture (see Figure 15). 

The daytime road scenario was first rendered using photographic textures. A hardware-accelerated 

black fog effect was then applied, which consisted of multiplying the colour of every pixel by an 

exponential function of the depth. There were seven different targets: a uniform square, a uniform road 

sign, a uniform pedestrian, a uniform car, a textured road, a sign, a textured pedestrian and a textured 

car.  

The general conclusion reached was that VL can be used as a fair description of visual performance 

which is related to a safety index, i.e. the target detection distance (Brémond, Bodard et al. 2013). 

However, the study only included light from the vehicle and it is not known whether VL is valid as 

regards road lighting. 
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Figure 15. Three-step special effects to simulate headlight. Source: Brémond, Bodard et al. (2013). 

Comment: a) a daytime scenario, b) with black fog and c) with a headlamp beam pattern texture. 

Delineator post configurations 

Road furniture and the effects on driving performance in night-time traffic were in focus in a simulator 

study about delineator post configurations and how they affect driver speed in night-time traffic 

(Nygårdhs, Lundkvist et al. 2014). The only visual cues for the driver were the delineator posts and the 

road markings, resembling driving on a pitch-black road (Figure 20). The delineator posts were visible 

at a distance of 200 m. In total, 14 drivers drove a simulator with straight road sections and curves 

equipped with delineators. The results showed that absence of delineator posts led to reduced speed, 

but also that there was no effect of different spacing between the delineator posts (Nygårdhs, 

Lundkvist et al. 2014). 
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Figure 16. Delineator post configurations. Source: Nygårdhs, Lundkvist et al. (2014). 

Centre line and guide posts 

In a simulator study using a moving base simulator, the effect of removing the centre line and reduced 

visibility of guide posts was investigated (Ihs 2006). There is no clear description in the study of how 

darkness was simulated. Figure 17 shows an example of the scenario with and without a centre line. 

 

Figure 17. Simulations with and without a centre line in reduced visibility at night. Source: Ihs (2006). 

The results showed that when the visibility of the road markings was poor, the drivers used the guide 

posts. When both markings and posts were absent drivers reduced their speed dramatically, by 10 

km/h. 
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5.2.2. Specific external conditions 

Work zones 

A risky situation in traffic is when approaching a work zone at night. One simulator study evaluated 

the effectiveness of different devices in a work zone at night (McAvoy, Schattler et al. 2007). In total, 

127 drivers’ speeds were observed at three locations in a freeway work zone. Replications of the night-

time scenario included retro-reflectivity of traffic signs and tape on the drums. Photographs were taken 

in the field to determine the number of drums and lights visible from a vehicle and the simulated 

driving scenarios were designed to replicate the field conditions. The results indicated that there was a 

difference in selected speed in the simulator compared with in the field due to the driver’s perceived 

risk of work zones, and thus that driving simulators may not replicate mean speeds observed in the 

field (McAvoy, Schattler et al. 2007).  

Tunnels 

Driving in tunnels is a very special situation. Investigations has been done on how different levels of 

illumination and brightness of the tunnel walls influence the behaviour of attentive and inattentive 

drivers (Kircher and Lundkvist 2011). The result show that depending on the illumination level the 

experienced safety and comfort changed. It was also as safe as long as the illumination was 

sufficiently bright. Furthermore, bright walls received slightly lower demand ratings than dark walls.   

5.2.3. Driving performance 

Studies on driving performance in dark conditions mainly focus on speed adaptation. 

Speed  

With the aim of analysing driving speed profiles for evaluation of road design consistency during 

simulated daytime and night-time driving, a simulator study with 42 drivers was performed using a 

two-lane rural road (Bella and Calvi 2013).  

 

Figure 18. A road scenario under simulated daytime conditions (on the left) and night-time conditions 

(on the right) Source: Bella and Calvin (2013). 

 

The night-time scenario in the study was created by setting the amount of ambient and diffuse lighting 

affecting the overall scenario, not just a particular object in the software (Figure 22). The ambient 

component of the lighting determines how intense or bright the lighting is, while the diffuse 

component determines how much shadowing there will be on unlit surfaces. By a trial-and-error 

approach, night-time conditions were satisfactorily reproduced. 
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The drivers’ speed profiles were recorded in both simulated daytime and night-time driving 

conditions. The conclusion reached was that limiting the speed analysis only to daytime driving 

conditions could not exclude the possibility that during night-time driving, some road configurations 

could become unsafe (Bella and Calvi 2013). 

In a second study by the same research group (Bella, Calvi et al. 2014), the effects of different 

geometric predictors under different visibility conditions, especially on curves, were examined. The 

results showed that on the 85th percentile for maximum speed reduction (85MSR), the inverse of the 

approaching tangent length and of the curve radius significantly explained the dependent variable in 

both cases, with a higher dependence of night-time 85MSR on curve geometry than on tangent length. 

It was concluded that this finding may influence design considerations for night-time driving by 

providing evidence of the effects of night-time conditions on driver speed choices and road safety 

(Bella, Calvi et al. 2014) 

5.2.4. Driver state 

Visual attention 

In order to understand drivers’ visual search strategies and if they become more efficient with 

increased experience, a simulator study recorded eye movements of driving instructors and learner 

drivers (Konstantopoulos, Chapman et al. 2010). The participants drove three virtual routes (day, night 

and rainy conditions) in a driving simulator (Figure 19). 

 

Figure 19. Examples of screenshots demonstrating simulated conditions. A) “Day”, B) “Night” and 

C) “Rainy” driving conditions. Source: Konstantopoulos, Chapman et al. (2010). 

There are no clear descriptions of how night was simulated. It was found that driving instructors had 

an increased sampling rate, shorter processing time and broader scanning of the road than learner 

drivers. It was also found that poor visibility conditions, especially rain, decreased the effectiveness of 

drivers’ visual searches. The conclusion reached was that the high accident risk associated with 

driving at night and in rain could be partly explained by the decrease in visual search strategies in 

these conditions (Konstantopoulos, Chapman et al. 2010). 
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Clinical testing of drivers 

Drivers with eye-related impairments or other disabilities often reduce their time on the road, 

especially in night-time driving and other challenging driving situations (Owsley and McGwin 1999). 

Visual acuity is only weakly related to crash involvement, whereas peripheral vision appears to play a 

more critical role. Some types of eye-related impairments or effects of treatments are particularly 

demanding in dark conditions. The need for future research in this area, especially the need for tools to 

evaluate driver capability, has long been highlighted (Owsley and McGwin 1999).  

A wide range of driving simulators have been developed for testing whether a driver is fit to drive or 

not. One is the AusEd™ driving simulator, which consists of a computer-based task originally 

designed to test for driver fatigue (Desai, Wilsmore et al. 2007). Some of the tests available are 

standardised and some have been modified to suit a particular experimental situation. The AusEd 

driving simulator has been evaluated and is argued to be sensitive to performance decreases owing to 

driver fatigue in laboratory settings, potentially making it useful as a laboratory- or office-based test 

for driver fatigue risk management (Figure 20). However, how night-time scenarios are developed is 

not clearly described. 

 

Figure 20. AusEd™ driving simulator showing a night-time scenario. Source: Desai, Wilsmore et al. 

(2007).  

Some simulators have been developed for use in occupational research. In one such evaluation, the 

effect of alcohol on driving behaviour was examined using a Foerst F10-P driving simulator (Muttray, 

Breitinger et al. 2013). In total, 12 men drove a night-time scenario consisting of a monotonous 

highway and a rural road (Figure 21). Night-time scenarios were chosen to reduce the risk of simulator 

sickness. The drivers had a clear view of the road and the traffic, but how darkness was simulated is 

not described. The conclusion reached was that there was a clear effect of alcohol on driving 

behaviour. 
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Figure 21. Night-time scenario in Foerst F10-P driving simulator for test of sleepiness and fatigue. 

Source: Muttray, Breitinger et al. (2013). 

In most studies about driver sleepiness and driver fatigue, a daytime scenario is used and sleepiness is 

manipulated through circadian rhythm, hours slept and hours spent awake. However, some studies 

have attempted to use dark scenarios, most often in terms of simple solutions. In a study looking into 

the difference between driver sleepiness and driver fatigue, the driving scenario was displayed on a 

purpose-built black screen located at the front of the vehicle, approximately 1.6 m from the steering 

wheel, using a LitePro 580 Data Projector (InFocus Systems, Wilsonville, USA). To be consistent 

with driving at night, the visual scenario was predominately black with yellow solid lines indicating 

the edge of the road and a broken white line indicating the centre of the road (Phipps-Nelson, Redman 

et al. 2011). The results are in line with those of other studies about driver sleepiness using daytime 

scenarios. 

5.3. Conclusions 

The relevant studies in the literature fall into four different areas: simulation of light, specific external 

conditions, driving performance and driver state. To date night-time scenarios in simulators focus 

more on how to simulate vehicle lights, to some degree road lighting and what to consider in specific 

external conditions such as tunnels, work zones etc. There is a remarkable lack of consideration of 

darkness or night-time scenarios in simulator studies in general, and not only in evaluations of the 

reliability of driving simulators as tools.  



 

ViP publication 2015-3  37 

6. Technical requirements - hardware and software  

As simulators are becoming increasingly realistic, the demand for high-quality graphics is also 

increasing. This chapter examines possible directions in which ViP Driving Simulation Centre 

(www.vipsimulation.se) could go to increase the graphical fidelity of its simulation platform and 

evaluates some possible future pathways for visualisation software. The evaluation is based on the 

needs of the six use cases identified in chapter 3. The chapter also discusses what to consider when 

looking to invest in new display hardware, but actual hardware is not compared. Some display 

hardware techniques are discussed, based on the requirements identified. The software alternatives 

evaluated are VISIR, the Unity game engine and the Unreal game engine. 

6.1. Method 

The evaluation is split into two parts. In the first, more objective part, the alternatives are evaluated 

based on the functionality and techniques that are available out-of-the-box, what is possible to 

implement and what is not implementable. The second part describes the pros and cons of the 

alternatives and related issues that are important to take into consideration when choosing, such as 

licensing model. 

Based on the six use cases (A-F) described in chapter 3, the functionality identified as essential for the 

simulator software is described below. 

6.1.1. Requirements identified 

The software requirements found by identifying the needs of the use cases and expected uses of the 

simulation are described in this section. These requirements are then used when evaluating the 

software candidates. 

Advanced material system 

When evaluating the needs of the use cases developed, the most common was the need for a good 

material system that enables the use of different light reflection models, such as Blinn3, Lambert4  and 

Phong5 [3], which can be used to model different kinds of materials such as metal, plastic, asphalt and 

concrete. For this to be as realistic as possible, the assets must be created and endowed with the 

parameters required to make a correct calculation of the various models. 

Advanced spotlights 

In order to simulate advanced lighting models such as headlights, support functionality such as light 

drop-off is required. In combination with functionality to allow the shape of the light source to be 

influenced, it should be possible to simulate the advanced properties of modern headlights. This type 

of light source requires the ability to create light sources with custom-defined parameters and lighting 

models. 

High-quality assets 

An important aspect of 3D rendering is that the quality of the result never exceeds that of the assets. 

Based on the use cases, the most important aspect of the assets is to be able to calculate light 

accurately. This would require all assets to be created or equipped with both normal and specular 

maps. 

                                                      
3 https://design.osu.edu/carlson/history/PDFs/blinn-light.pdf 
4 http://www1.cs.columbia.edu/CAVE/publications/pdfs/Oren_SIGGRAPH94.pdf 
5 http://www.cs.northwestern.edu/~ago820/cs395/Papers/Phong_1975.pdf 

https://design.osu.edu/carlson/history/PDFs/blinn-light.pdf
http://www1.cs.columbia.edu/CAVE/publications/pdfs/Oren_SIGGRAPH94.pdf
http://www.cs.northwestern.edu/~ago820/cs395/Papers/Phong_1975.pdf
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High Dynamic Range (HDR) rendering 

In order to ensure that the results are as realistic as possible, all calculations should be done in HDR 

(High Dynamic Range) image space. After all light calculations have been made, this could be 

displayed on a HDR display device or mapped to an LDR (Low Dynamic Range) image space to 

appear on a regular display device. Since HDR display devices are very expensive, the need for HDR 

display devices should be evaluated in the future. 

Black levels and contrast 

When images are darker the requirement for high contrast increases, resulting in higher demands on 

the display hardware’s black level and contrast. The black level is a measurement of how dark or black 

a given pixel can be, where lower is better (darker), while contrast is the difference between the 

darkest and brightest part of the display. The black level and contrast are directly affected by the type 

of display used. There is no official standard way of measuring contrast ratio, which means that it can 

be difficult to compare measurements from different sources.  

Multi-screen setups 

When combining multiple views rendered on separate computers, problems arise at the edge between 

screens. This often manifests itself as hard edges where effects or light are not rendered in the same 

way by both computers. This can make it impossible to use the effects that are already implemented by 

commercial products, as they might not be rendered the same way on both computers. A possible 

workaround for problems like these is to render the whole scene to a single large image that is split 

between the screens for third party software or by the graphics card driver, see 

(http://answers.unity3d.com/questions/14720/dual-monitor-support.html). 

Display edge matching 

A common problem with multi-projector set-ups is bright bands in the area where the projectors 

overlap, as shown in Figure 26. This is because projectors always let through a small amount of light 

in the area where they overlap, so that brighter bands are created, see 

(http://www.barco.com/en/products-solutions/options-accessories/other/optical-soft-edge-

matching.aspx, date: 20151209). 

  

Figure 22. Bright band in image created by two projectors. Source: http://www.barco.com date 

2015-12-19. 

6.2. Results  

Three software candidates have been identified, the Unity game engine, the Unreal game engine and 

VISIR. They are presented below in relation to the key features presented in section 6.1.1. The 

presentation is divided into three parts, one for each candidate. The results are then discussed and 

compared in section 6.3. 

http://answers.unity3d.com/questions/14720/dual-monitor-support.html
http://www.barco.com/en/products-solutions/options-accessories/other/optical-soft-edge-matching.aspx
http://www.barco.com/en/products-solutions/options-accessories/other/optical-soft-edge-matching.aspx
http://www.barco.com/
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6.2.1. The Unity game engine 

Unity is a commercial game engine that supports development on Linux, Windows and Mac 

(Unity Technologies, San Fransisco, California, USA). It is under continuous development and is 

constantly updated with new techniques and improvements. Unity is supplied with a flexible and easy-

to-use material system based on over 80 different shaders supporting a multitude of texture techniques, 

such as normal and specular maps, transparency and reflection. It also supports addition of custom-

written shaders supporting custom parameters through the scripting interface. Moreover, Unity 

standard shaders support HDR rendering, which is crucial for ensuring realistic light reflection 

models. To support more advanced light models that can be used for items such as headlights, custom 

shaders would have to be developed, but these could easily be integrated with the Unity material 

system and editor. For further information, see: http://docs.unity3d.com/Manual/Built-

inShaderGuide.html, http://docs.unity3d.com/Manual/HDR.html, http://docs.unity3d.com/Manual/SL-

SurfaceShaderLighting.html and http://docs.unity3d.com/Manual/class-Material.html. 

6.2.2. The Unreal game engine 

Unreal is another commercial product that supports development on Linux, Windows and Mac. It has 

recently re-invented its licensing model and is now under a subscription model which makes it open-

source to all subscribers Unreal 4, the latest iteration of the engine, has a new physically based 

material system and material editor. It supports rendering to HDR images and is supplied with various 

screen space effects, such as colour grading (HDR to LDR), eye adaption and screen space reflection. 

For further information, see: https://epicgames.com/, 

https://docs.unrealengine.com/latest/INT/Engine/Rendering/Materials/PhysicallyBased/index.html, 

https://docs.unrealengine.com/latest/INT/Engine/Rendering/PostProcessEffects/ColorGrading/index.ht

ml and 

https://docs.unrealengine.com/latest/INT/Engine/Rendering/PostProcessEffects/AutomaticExposure/in

dex.html 

6.2.3. VISIR 

VISIR is the visualisation engine supplied with the ViP platform today. It is an OSG 

(OpenSceneGraph)-based rendering application that is currently used by most of the simulators based 

on the ViP platform. Since it is based on OSG, most implementations supported by the commercial 

products out-of-the-box can also be implemented in VISIR, but with varying difficulty and cost.  

6.2.4. Supported techniques and technologies 

The techniques identified from the six use cases are described in chapter 3 and summarized in Table 8. 

Table 8. Supported techniques and technologies. 

TECHNIQUE: UNITY: UNREAL: VISIR: 

MATERIAL SYSTEM Supported Supported Basic implementation 

DEFERRED RENDER Supported Supported Custom implementation required 

HDR RENDER Supported Supported Custom implementation required 

CUSTOM SHADER Supported Supported Part of OSG 

SCREENSPACE EFFECTS Supported Supported Custom implementation required 

http://docs.unity3d.com/Manual/Built-inShaderGuide.html
http://docs.unity3d.com/Manual/Built-inShaderGuide.html
http://docs.unity3d.com/Manual/HDR.html
http://docs.unity3d.com/Manual/SL-SurfaceShaderLighting.html
http://docs.unity3d.com/Manual/SL-SurfaceShaderLighting.html
http://docs.unity3d.com/Manual/class-Material.html
https://epicgames.com/
https://docs.unrealengine.com/latest/INT/Engine/Rendering/Materials/PhysicallyBased/index.html
https://docs.unrealengine.com/latest/INT/Engine/Rendering/PostProcessEffects/ColorGrading/index.html
https://docs.unrealengine.com/latest/INT/Engine/Rendering/PostProcessEffects/ColorGrading/index.html
https://docs.unrealengine.com/latest/INT/Engine/Rendering/PostProcessEffects/AutomaticExposure/index.html
https://docs.unrealengine.com/latest/INT/Engine/Rendering/PostProcessEffects/AutomaticExposure/index.html
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6.2.5. Hardware 

When evaluating hardware, it is difficult to find recent and relevant information. The rapid pace of 

development within this field makes it almost impossible to keep up to date with the latest changes. 

When evaluating projectors, we found that many still seem to suffer from bleeding light, which 

increases the brightness of the projector surroundings, where screens often have a more limited size. It 

is also important to consider that the hardware comparisons made below are intended to provide a 

general rule of thumb and can vary from product to product, and are greatly affected by the price 

range. 

Projector technologies 

Here we examined three different techniques on the projector market: LCoS (Liquid Crystal on 

Silicone), DLP (Digital Light Processing) and LCD (Liquid Crystal Display). Both DLP and LCD 

have been around since the 1980s and have their strengths and weaknesses, while LCoS is a newer 

integration of the two. In a comparison carried out by the company CNET (http://www.cnet.com/) in 

May 2013, it was concluded that LCoS gives the best contrast and black level, but has some problems 

with motion blur. It is also important to take into account the type of screen used for the projector. For 

further information, see: http://www.cnet.com/news/dlp-vs-lcd-vs-lcos-projector-tech-pros-and-cons/, 

http://www.ebay.com/gds/Understanding-the-Differences-between-LED-LCD-and-DLP-Projectors-

/10000000177630814/g.html andhttp://www.cnet.com/how-to/the-big-picture-projection-screen-

basics. 

Monitor technologies 

For monitors, OLED (Organic Light Emitting Diode), LCD (Liquid Crystal Display) and plasma were 

identified as possible solutions. Plasma and LCD both require backlight and transmit the light through 

the screen to create an image, whereas OLED works by creating the light in each pixel. This results in 

OLED having a better black level and higher contrast, whereas the backlight of LCD and plasma bleed 

over to surrounding pixels. However, plasma wins out on sharpness, with better handling of motion 

blur and by having wider viewing angles, although viewing angle is not really relevant for simulators. 

When it comes to brightness, LCD has the highest maximum brightness for an only white image. On 

the other hand, OLED gives better brightness in more realistic scenarios, such as an image with both 

dark and bright areas. For further information, see: http://www.cnet.com/news/led-lcd-vs-oled-vs-

plasma. 

Soft edge matching 

There are two types of edge matching techniques, electronic and optical. Electronic edge matching 

techniques work by setting an electronic adjustable black level to the lowest black level available in 

the overlap area. The rest of the image is then adjusted so that the black level of the image is lower in 

the overlap zones. This gives a uniform black level over the whole projected area, but at the cost of 

worse black levels. Optical edge blending works by using a filter to tone out the light from the 

projector in the overlap zone. The toning filter is linear over the width of the overlap, which results in 

consistent black levels over the entire projection without negatively affecting the black levels. 

Electronic edge blending can be implemented as an all-software technique, whereas optical edge 

blending is a hardware function of the projector. There is already a plug-in for electronic edge 

blending developed for Unity in the ViP project Greit (Andhill, Blissing et al., 2014). For further 

information, see: http://www.barco.com/en/products-solutions/options-accessories/other/optical-soft-

edge-matching.aspx. 

http://www.cnet.com/news/dlp-vs-lcd-vs-lcos-projector-tech-pros-and-cons/
http://www.ebay.com/gds/Understanding-the-Differences-between-LED-LCD-and-DLP-Projectors-/10000000177630814/g.html
http://www.ebay.com/gds/Understanding-the-Differences-between-LED-LCD-and-DLP-Projectors-/10000000177630814/g.html
http://www.cnet.com/how-to/the-big-picture-projection-screen-basics.
http://www.cnet.com/how-to/the-big-picture-projection-screen-basics.
http://www.cnet.com/news/led-lcd-vs-oled-vs-plasma.
http://www.cnet.com/news/led-lcd-vs-oled-vs-plasma.
http://www.barco.com/en/products-solutions/options-accessories/other/optical-soft-edge-matching.aspx
http://www.barco.com/en/products-solutions/options-accessories/other/optical-soft-edge-matching.aspx
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6.3. Conclusions 

As previously mentioned, the software is only one part of the graphical fidelity. To gain a high fidelity 

render, a powerful engine has to be used in conjunction with high quality assets. To gain the most of 

these assets, much configuration work, such as material tuning, often has to be done. It is also 

problematic when assets are of very varying quality, as some assets may then feel out of place and 

break the illusion.  

6.3.1. The Unity game engine 

Unity appears to be the most promising of the alternatives. It is one of the most common engines 

among small and medium-sized game companies thanks to its support for many different platforms 

and graphical fidelity. This, together with a large community of developers, many good references on 

the internet and a simple, integrated assets store to buy various types of assets and additions from, 

make it a winning concept. Unity is also the commercial product with the most advantageous standard 

licensing model evaluated here, with a one-time fee of USD1500 for each developer and major release. 

There are some plug-ins and extensions that require special licences, but these must be requested per 

product. 

6.3.2. The Unreal game engine 

Unreal is a strong contender to Unity with its open-source-to-subscribers’ approach, giving the users 

all the flexibility they ever need. What it loses out on is the less appealing licensing model, consisting 

of 5% of gross revenue for any product related to the use of Unreal. A custom licensing model might 

be possible, but that option could not be evaluated in this study. Unreal also has a large community, 

but is not as widely used as Unity. It has a marketplace where users can buy assets and additions for 

their creations. 

6.3.3. VISIR 

Since VISIR was developed in-house at VTI (www.vti.se), it is the most flexible of the three engines 

considered here. However, this also means that most components have to be developed from scratch, 

which can be both costly and time consuming. OSG (OpenSceneGraph) provides much for free when 

it comes to memory management and scene traversal. On the other hand, it is lacking in the rendering 

parts. While supporting GLSL shaders (GL Shading Language), there are no shaders supplied with 

OSG. VISIR already has a basic material system, but it needs a major overhaul before it is on a par 

with that of the commercial alternatives.  

6.3.4. Overall software conclusions 

The conclusion may be drawn that one software or hardware solution is not fully useful for all types of 

use cases, and sometimes they may even be contradictory. There are commercial alternatives with 

major advantages in the editing tools, but they are both costly and time consuming. One limitation is 

that the commercial products are not designed for multi-screen solutions, another is lack of 

synchronisation with other systems. For simulators, there is a need to take into account both relative 

and absolute reflections of reality in order to be useful. 

6.3.5. Overall hardware conclusions 

As shown in section 6.2.5, LCoS (Liquid Crystal on Silicone) seems to be the most promising option 

for projectors and OLED (Organic Light Emitting Diode) for monitors. An important aspect that we 

were unable to evaluate further is the field of HDR display devices. The problem with HDR is that 

there are only a few examples of display devices and all of them are very expensive. For further 

information, see: http://www.cnet.com/news/behind-the-scenes-with-dolbys-new-hdr-tv-tech/ 

http://www.cnet.com/news/behind-the-scenes-with-dolbys-new-hdr-tv-tech/
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7.  Discussion and recommendations 

The aims of this project were to investigate the need and potential for night-time scenarios in driving 

simulators, determine how such night-time scenarios could be reproduced and identify the most 

important objects to reproduce. Based on the results, there is clearly a need for night-time scenarios for 

several research questions. The six most important use cases identified in the project, in no particular 

order, related to: 

 Glare from oncoming vehicles 

 Objects without light sources 

 Road design 

 In-vehicle lamp systems 

 Driver fatigue 

 Environmental effects 

Two use cases, Driver fatigue and Objects without light sources, were selected for more detailed 

analysis. It was concluded that for night-time scenarios, there is enough darkness in general in the 

simulator environment and the question is rather whether it is possible to create sufficient contrast for 

objects that are meant to be observable. For day-time scenarios, the light levels in the simulator are 

clearly unrealistically low and this limitation might even trigger unwanted sleepiness.  

Rather than aiming for realistic light levels in the driving simulator, it is probably useful to develop 

some form of relative contrast or intensity metric, i.e. measure the relative contrast of objects in real 

night-time driving and see if a similar relative contrast can be introduced into the simulator scenarios 

in a controlled manner. The same applies for daytime scenarios. If all objects are realistically shown at 

less than 7 lux, they are in the dawn/dusk category and thus a relative contrast measure of how they 

stand out against the background may be required.  

It is easy to understand that darkness will reduce the possibility for drivers to see while driving, and 

that it will be particularly demanding for drivers with limited sight capacity. In addition, dark 

conditions occur at a time when there is an increased risk of driver sleepiness. Most real road studies 

focusing on night-time scenarios seem to address future in-vehicle systems applied to predict the 

driving path of other traffic participants (Barth, Barth et al. 2009) or drivers’ ability to recognise 

pedestrians at night (Wood, Tyrrell et al. 2005) and in some cases also the effect of driver sleepiness 

(Akerstedt, Hallvig et al. 2013, Anund, Fors et al. 2013).  

Future studies about driver sleepiness in simulators need to consider night-time scenarios, not only in 

the case of sleepiness, but for effects due to driver fatigue in situations of underload and overload 

(May and Baldwin 2009). There is also a need to extend the use of simulators for clinical testing of 

drivers’ capability to drive when they have visual impairments or are being treated for visual defects 

or other disorders. This has already been done by some developers (NADS and FOERST). Another 

area to consider for night-time scenarios relates to the interaction between unprotected road users and 

drivers, but also in relation to support systems at such interactions and the evaluation of their effects. 

It should be borne in mind that the use cases identified in this report are very scattered and that one 

simulator solution might not fit all cases. For example, a simulator for testing car headlights is a very 

limited use case with specific requirements compared with a simulator used for behaviour studies, 

which can use simpler, but still high-fidelity, render. With the flexibility of today’s commercial 

products, we believe that even use cases assessed here as being difficult to implement, such as car 

headlights, might soon be possible to handle. Another great advantage of the commercial alternatives 

is that the editing tools are provided with the platform, which creates a much faster workflow for the 

user. Editing tools could also be developed for VISIR, but this would be costly and time consuming. 

Some problems may arise when using commercial game engines, as they are often not designed with 
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multi-screen set-ups in mind. Consequently, some effects may not be useable when they span more 

than one projector, because they might not be rendered similarly by different visualisation units. 

Another problem that might arise when using out-of-the-box commercial game engines is 

synchronisation errors. This can happen when the simulator updates the world at higher frequency 

than the visualisation is rendered, or when effects that are updated by the visualisation engine are used. 

For example, if the simulation updates all actors at 200 Hz, the visualisation renders at 60 Hz and the 

visualisation engines are not synced, they might end up using data from two different time stamps in 

the simulation for their respective rendering. 

When considering a new platform for ViP, it is also important to take into account the need for relative 

and absolute reflections of reality. It might not always be possible to recreate the absolute colour and 

contrast reflection, but it will be easier to create a relative reflection. More research is needed to 

identify and understand whether a relative model would be sufficient for the simulator. 

From a hardware perspective, LCoS (Liquid Crystal on Silicone) and OLED (Organic Light Emitting 

Diode) are the techniques we recommend for further investigation, as they win out on both contrast 

and black level, which we believe are the most important traits for images displaying dark 

environments. However, it is important to remember that the technology used is not the only critical 

factor and that an expensive LCD (Liquid Crystal Display) monitor might have better contrast and 

black level than a cheap OLED. It is also important to take into account that since there is no standard 

for how to calculate contrast, many of the comparisons are subjective and the impression of a test 

group. It is therefore recommended to investigate and evaluate HDR (High Dynamic Range) again 

when trying to create a ‘darkness’ simulator. 

Recommendations for future research steps relate to three development areas:  

 Light source simulation 

 Driving in dark conditions 

 In-vehicle light level in daylight scenarios 

Light source simulation  

This area includes general aspects about light and its distribution, the dark conditions in the car cabin, 

the simulator environment and relevant hardware and software. One important issue is to identify the 

minimum level where the unit ‘meets reality’. This area also includes road markings and the lighting 

of road furniture.  

Driving in dark conditions 

This area relates to the development of a relative index in order to create effective darkness rendering 

for human perception. Here, it might be useful to learn from the sound area, where a parallel might be 

that even though the quality of the sound is low/bad, different musical instruments can still be 

identified. This area also includes driving behaviour in dark scenarios, effects of internal and external 

light, and effects on road design. For this type of simulation environment, the needs have to be 

considered and, based on this, the most suitable hardware/software can be identified. 

In-vehicle light level in daylight scenarios 

This area considers the question of lighting level in the vehicle during daytime driving in simulators, 

whether this affects sleepiness levels and how to create efficient, scalable in-vehicle lighting. Another 

question is whether interior lighting negatively affects the visual experience of the simulated world 

ahead. 
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