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Abstract 

This report shows a process of acquiring knowledge about safety of highways and emergency 
services. In the first analysis it appeared that emergency services lose valuable time when traffic load 
is high. Higher response time decreases the chance of survivability. By using a PACT-analysis, the 
aspects of People, Activities, Context and Technologies are investigated. The PACT-analysis leads to a 
vision in which lighting poles and integrated ICT systems transmit information to driver about 
nearing emergency vehicles and give people time to give way in a quick but save manner, leading to 
an estimated decrease in responds time of several minutes. This vision should be able to support a 
further process of creating this design opportunity into a functional system.  

 

Introduction 

Highways are busy, especially in the dense-build country of the Netherlands. Busy highways result in 
traffic jams, slow traffic and high traffic loads. This leads to heavy accessibility reduction in peak 
time,  constant repair and extension of roads to cope with the increasing traffic demand. 
Emergency services, such as ambulance services, experience problems with their response time 
when they need to respond in peak time. This report will deal with the problems around increasing 
the efficiency and safety of emergency and highway services.  
This is being done through a PACT analysis, which focuses on the aspects of People, Activities, 
Context and Technologies. The final goal is to increase the safety and accessibility by using advanced 
smart lighting systems with ICT components. In this report, information gathering was key to be able 
to come up with well-founded design opportunities, which could result in design solutions in a later 
stage.  
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People 

From a large list of relevant groups of stakeholders, four important categories have been selected. 
The first category, named ‘Drivers’ consists of truck drivers, regular car drivers, student drivers, 
drivers of public transport vehicles and motorcyclists. This group does not contain drivers of 
emergency vehicles, since these people are normally more aware of the emergency and are likely 
more focused, because they are at work. The second category is ‘emergency services’, it consist of 
police, fire department and ambulance. The third category is ‘roadwork’. Roadwork in the 
Netherlands in normally executed in the evening and night. It is necessary for them to have good 
lighting to work safely. (Wegwerk, n.d., p. 1) The fourth category is ‘other humans’ and partially also 
animals living close to the highway. They could be influenced by the light from the highway. 
Other groups of persons (or organizations) were thought of, but are not seen as main focus groups. 
Attention will be payed to them, but not to the same extent as people directly involved. The other 
groups are gas stations, ANWB, environmentalists, people with high sensitivity to light and old 
people. These last groups of people are important. However, the first four groups should be the 
focus groups to ensure that the most basic necessities are satisfied. The later groups should be taken 
into consideration partially during and after the basics are set. 

 

Physical characteristics 

The group drivers, emergency services, roadwork and other humans all consist of humans which have 
increased sensitivity to blue light with a wavelength of 460nm. This is mainly caused by the ipRGC in 
the eye. (Scheer, et al., n.d.) This blue light will entrain the circadian clock, and when this happens in 
the evening or early in the night, the circadian rhythm will delay. As a result of this, people will have 
a lower production of melatonin, which decreases subjective sleepiness and thus increase attention 
and concentration while on the road. There is no relative increase in cortisol levels when comparing 
this light to 555 nm light. The downside to this is that the phase delay will last after arriving home, 
and with that, disrupting sleeping patterns.  
Using the 460 nm light in the early morning will have a strong advance at the circadian clock, causing 
people to wake up earlier. The phase shift in the circadian clock is a negative effect of light exposure 
and only apparent after several hours after exposure. The immediate effect is a decrease in 
melatonin and increase in cortisol levels. This increases alertness. (Boyce, Human Factors in Lighting, 
2014, pp. 100,101) 
The time of exposure, amount of light and the wavelength of the light all influences the phase shift. 
Light with less power in the short wavelength of the light spectrum would result in a smaller change 
of the circadian rhythm to light closer to 460 nm with the same power. (Wood, Rea, Plitnick, & 
Figueiro, 2013) 
Light with a wavelength of 555 nm is at the peak of the receptive sensitivity of the eye in the 
photopic range. Using light with a wavelength of 555 nm will have the highest value of perceived 
spectral illuminance. When light of 490 nm is emitted, it will need 5 times more power to be 
perceived at the same brightness. (Gigahertz-Optik, 2015) 460nm even has less spectral sensitivity in 
the photopic range.  
Bright white light (mostly with a large blue spectrum) disrupt the circadian timing system in the 
same way for other mammals as it does for human beings. 15 minutes of exposure can shift the 
delay the circadian rhythm with 1 to 2 hours. (Halle & Stenseth, 2000) 
It is not known how much light is exactly needed to cause circadian disruption, although a threshold 
of 30 lux at the eye for 30 minutes is set, based on the suppression of melatonin. The 30 lux is 
considered as the threshold, but is not required for good visibility on the highway. (Boyce, Human 
Factors in Lighting, p. 554) 
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Psychological characteristics 

Research shows that the effects of light on human physiological and psychological characteristics 
differ for many people. The color of light and its intensity have a certain effect on different kind of 
people. (Abbas, Kumar, & Mclachlan, 2015). Other research shows that the effects of light might be 
gender dependent. ‘Cool’ light induces the least negative emotions on males (tested at 4000K) and 
‘warm’ light does the same to women (tested at 3000K) (Knez, 1995) 
Humans like to see the street lit. This mainly goes for people living in cities, so that they feel safe, 
but this also goes for people driving on highways. (Boyce, Human Factors in Lighting, 2014, p. 554) 
Only lighting the highways with headlights is not an optimal solution.  
Disruption of the circadian timing system result in sleeping problems and will cause behavioral 
changes. This is mainly due to the connection of the Circadian timing system to the limbic system 
which controls emotions, behavior, motivation and long term memory. (TRI, 2013) 

Needs 

All humans on the highway need to have a luminance on the eye of at least 0,035 cd/m2 at the bare 
minimum. This way, humans will see in mesopic vision and use their cone photoreceptors. When the 
luminance is lower than 0,035 cd/m2 no cones will be active. (Boyce, Human Factors in Lighting, 
2014, pp. 60,61) This means that the visual pathway from the fovea is not working, which then only 
allows peripheral vision from the rods. 
The most basic needs for a driver are to be able to drive and to do that safely, thus being able to see 
the car in front of him at night and detect motion from the side to avoid accidents or animals. Both 
of these do not require good color representation.  
Emergency services, especially the ambulance service needs to have light with a good enough color 
rendering index to determine injuries, otherwise it is hard to separate different tissues from each 
other. 
Road workers will need to be able to see what they are doing, so there should be enough luminance 
from their work terrain, but also limit the disabling glare from headlights, which requires higher 
levels of luminance from lampposts and high uniformity. 
 

Goals 
The main goals of normal drivers, such as commuters, is to get from A to B in time and in the safest 
manner possible. Almost the same goes for emergency services, who have to get to the accident as 
quickly and safely as possible. For road workers, the main goal is to be able to work in a safe 
surrounding along the road while traffic passes by. The goal for all the other stakeholders, such as 
animals and people living near the road, is to have as little disruptive influences from the road on 
their daily lives as possible. 
  



5 | P a g e  
 

Activities 

On the highway a lot of activities are going on. In this chapter we will be focusing on which activities 
are going on and what happens when an emergency vehicle has to get through. 
The overall purpose of the highway is to let drivers get from A to B in a fast and easy way.  

Time aspects 

The use of the highway peaks when people go to work around 6:30-9:00 and also peaks when 
people are going home from work 16:00-18:30. This peak usually make the drivers slow down and 
often causes traffic jams. 
Depending on the situation on the highway, the speed of cars varies. Fewer users on the highway 
will result into people driving at or exceeding the speed limit of 130 km/h. (Speed limits in the 
Netherlands, 2015). 
This means that people need to be able to response quickly if anything happens and if they do not, 
the consequences can be fatal for the driver and other drivers. 
If the highway is packed with users or there is some sort of roadworks, the drivers have to drive 
slower. They need to drive slow because a lot of things are happening around them and they need a 
higher response time. 
Outside the rush hour time the traffic usually has a continuous flow. Nevertheless, accidents can 
cause an interruption in this flow and end up in a traffic jam. 
The last important time aspect on the highway that will be covered, is the time it takes for the 
emergency services to get to the accident location. Here it is important for the emergency service to 
get there as quickly as possible. Time is everything when it comes to serious injuries, and research 
shows that the survival rate decreases by 2,1% per minute when the patient has cardiac arrest. 
(Cheng) 

Group or individual activity 

To drive a car is an individual task which can be influenced by passengers or other objects in the car 
taking the drivers attention. But when someone drives a car on the highway, this individual task 
suddenly becomes a group activity. Every driver on the highway has to cooperate to make things 
flowing, for example when overtaking, merging, entering the highway, exiting the highway etc. This 
cooperation needs to be done without too much communication, because the only way for drivers 
to communicate with each other is by using light and horn. 
When an accident occurs we also see a group activity happening on the highway because the 
emergency vehicle has to communicate to the drivers that it needs to pass them and the drivers 
have to work together to make space for the emergency service vehicle. Often it’s happening that 
the communication between the emergency services and the drivers is not that good. This means 
that the drivers spot the emergency vehicle way to late which can cause panicking (News, 2012).  
This panicking can cause further accidents and/or delays for the emergency service. 

Safety and security issues 

Safety is an important aspect of the highway and as already mentioned accidents do occur. People 
drive at high speeds, which also means that if anything goes wrong it can be fatal. An important part 
of the safety is also how fast the emergency services can help to get there if an accident occurs. 
Distractions for drivers cause safety issues. This is caused by drivers not noticing emergency services 
in time. When you drive a car it is easy to be distracted by the radio, your phone, or the by the 
passengers in the car. 
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User friendly 

The highways are easy to use when you have a driver’s license. They are user friendly because every 
highway looks and is being used in the same way. This being said, there will always be things you can 
not predict. What happens if people make mistakes? Mistakes on the highway can cause traffic jams 
and accidents. 

Requirements 

To drive on the highway you need a vehicle that is allowed to drive on the highway. The drivers also 
needs a driver’s license which means that every user has had some sort of education which makes 
cooperation easier. 
To drive an emergency vehicle you need to be well educated. 
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Context 

In this section, the physical environment, social context and organisational context will be discussed. 
Also, the standards of lighting design will be covered. 

Physical environment 

Taking highways into consideration, several activities are being practiced. The physical environment 
in which these activities take place are essential. One example is the weather.  Weather conditions 
affect both the accident risk and the exposure to this risk. This influence is especially evident with 
precipitation, fog, low sun, wind, ice and temperature.   

 
Research shows that motorists adjust their driving habits during bad weather conditions. Motorists 
pass each other less, they drive slower and get less close to each other (Hogema, 1996) (Agarwal, 
2005). Still, the risk of an accident lies higher with bad weather conditions. The changes in driving 
behaviour are obviously not enough to compensate the increased risk during bad weather. During 
rainfall, motorists may suffer from reduced visibility. At night, blinding may occur because the light 
from the headlights of oncoming traffic is reflected by water on the road. (Ellinghaus, 1983) When 
there is fog, the water droplets are so small and light that they keep floating in the air. This leads to 
reduction in the field of view because the light is scattered by the fog droplets. 
The rising and setting sun can strongly decrease the view of a motorist on other road users. The sun 
blinds most when it is low on the horizon. Drivers can still look through the windshield, but no longer 
see clearly. Also, indirect sunlight that is reflected from for example a building with a glass facade, 
noise barriers or other cars, can cause problems. (Fokkema, 1987) 
A study has proven that 23% of accidents are related to the weather. It is therefore important to 
know what you can and cannot do during certain weather conditions. (Administration, Road 
Weather Management Program, 2015) 
The weather also impacts mobility on the highway. Decrease of mobility can be caused by lane 
submersion due to flooding and by lane obstruction due to snow accumulation and wind-blown 
debris. As a result of hazardous conditions, for example large trucks in high winds, there can be road 
closures and access restrictions on the highway. This also decreases the mobility. 

 
Another example of the physical environment is animals along the highway. The presence of wild 
animals along the highway leads to several collisions causing social harm by an unknown extent. The 
quantity of animal collisions a year is unknown in the Netherlands, nor is it clear how many injuries 
or fatalities it results. Besides animal collisions there are also accidents when drivers try to avoid a 
collision with an animal and lose the control of their vehicle. The consequences of such accidents are 
often severe when the vehicle is driving into a tree or overturns. Animal collision is an unknown road 
safety problem and this problem can become bigger in the future.  This because habitats of animals 
are getting bigger by changes of the ecological infrastructure, corridors and the defragmentation of 
nature.  Because of this increase of habitat most of the animal populations expand strong over the 
last decades. Besides that, the mobility still increases every year.  
There are a lot of measures for road authorities to reduce the number of animal collisions. However, 
the effectiveness of these measures is not always proven and sometimes not even investigated. 
(Ooms, 2010) 
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Social context 

The social context in which certain activities take place is also important. On the highway, people are 
interacting constantly, which has also been covered in the ‘Activities’ section. The communication 
between drivers is essential for the traffic flow. The social context also covers the acceptability of 
lighting design on the highway. Not all lighting installations can be admired by all drivers. Everyone 
has different preferences and not all of these can be satisfied. 

Organizational context 

In the Netherlands, Rijkswaterstaat is responsible for a functional infrastructure. This implies that 
this institution is accountable for a safe and smooth traffic flow. The Dutch economy strongly relies 
on transportation, making it essential for the infrastructure to be in a decent condition. The Dutch 
mobility policy assists two goals: reliable travel times and better accessibility. Rijkswaterstaat has set 
a goal that by 2020, motorists should be able to arrive punctually 95% of the time in rush hour, 
despite the increase of highway-users and unexpected congestions. Rijkswaterstaat is cooperating 
with partners from public, industry and research in order to come up with innovative solutions that 
increase the highways’ performance while reducing its cost. Rijkswaterstaat wants to improve the 
highways by 30% and make them cost 30% less as well. (Ministry of Infrastructure and the 
Environment, 2015)  

Standards for lighting design 

Standards for lighting design on the highway in the Netherlands have changed throughout the years. 
Specific warrants have been written in 1990, in which guidelines for the installing of lighting were 
described. These warrants were changed in 1997 and now the policy is as follows: there should be 
‘sufficient’ lighting for traffic safety. One can say that these rules are not that strict because this 
definition is quite subjective (Administration, Practical Matters of Roadway Lighting Systems, 2014).   
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Technology 

It can be observed that there are several things happening on and around the highway. There are a 
lot of people and sometimes even animals involved. Moreover, many different activities happen on 
the highway, and motorists are confronted with different situations continuously. Therefore, 
technologies are used to help people confront these situations, and there are also technologies that 
help the police and other law enforcements.  

Current technologies 

For example, in England there are approximately 1500 cameras that are used to overview the 
highway and sometimes used for speed enforcement. (Highway England, sd) Road signs help people 
to respond earlier to situations. Moreover, they reduce dangerous situations on the road and 
highway. Signs are a really fast and useful way to alert people and convey a message to a driver. 
Therefore, signs are used for important and clear messages on the highway. You can give the driver 
fast information with color, shape and different drawings on the road sign. Sometimes road 
institutions even combine signs with light to make it even clearer. For example, when light signs are 
being used to tell the drivers that they should lower their speed because there is a traffic jam or 
because something else is happening. (U.S. department of transportation, 2015)  
However, in the evening and night, signs without lights need to be lit if you want to see them clearly. 
Light is necessary for streets and especially for the highway because you also have to see where you 
are driving and you have to see that you do not collide with something. For this lighting, street 
lanterns are used, but it is also really important that every driver on the road uses light so everyone 
can see them. That is why there are laws stating that drives must use light. (Ministerie van verkeer 
en waterstaat, 2014). 
Furthermore, there can also be objects or animals on the road and therefore, street lanterns are 
really important. Those lights are even more important on the highway than in urban areas because 
you drive faster on the highway and you have to react faster. The exit lanes should be noticeable for 
the drivers so that the driver can anticipate to that in order to prevent people who did not see the 
exit lane on time. This way you can reduce dangerous situations. (Kolk, sd)  
These lanterns have changed many times for many reasons. Road institutions change them for 
electrical efficiency but sometimes also for other reasons like in the Netherlands, Rijkswaterstaat is 
slowly changing the SOX lighting for SON-T lamps because the SON-T lights are dimmable and 
because the cameras perform better with SON-T lamps. In the Netherlands, Rijkswaterstaat even 
combines these two lamps, they lighten the highway with SON-T lamps and the exit lanes with SOX 
lighting so a clear division between these roads can be seen. (Kolk, sd) 
The illuminance of street lanterns on the road is important as well. You can make the road entirely 
visible but that is not efficient and it will not reduce the accidents anymore. So, it is really important 
to find the right illuminance level so that you can see potential danger and still be efficient with the 
light. A lot of research is being done on this aspect about what illuminance level it should be and 
what you have to see at a certain distance and what not. 
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New Technologies and envisioned idea 

A lot of new technologies and innovation are in the process of development and application for 
highways. The reason for this is increasing the energy efficiency and safety of the highways. 
One of those new technologies is the Light Emitting Diode, LED for short. LED lamps are a new way 
of making light and it has a high energy efficiency. (Nederlandse Licht Associatie, sd) 
This is a way to make the lighting for the highway less expensive and therefore better for the 
environment. LED technology also has a high resistance to being switched on and off multiple times, 
without degrading. This makes it suitable for lighting systems which respond to the presence and 
demands of highway users. An idea is to combine these LEDs with interactive light. This is a lighting 
system that only emits light at places where cars drive. This fits in the domain of smart lighting 
systems perfectly. The lighting system will be able to respond and interact with the drivers. (Gizmaz, 
2012) For example, when a driver enters the highway, the section where he drives will be lit. If he 
passes, the lights behind him will be shut down. In this way, there is less light pollution and the light 
is used more efficiently. The system will be most effective later in the evening when there is a low 
density of vehicles on the road. This is also the time when a reduction in light pollution is most 
needed for humans and animals  
Other initiatives try to create alternatives that do not use active energy demanding lighting systems 
at all. An example of this is one of the new ideas of studio Roosegaarde. Close to Amsterdam, this 
studio is working on a road without street lanterns. On this highway road they are using glowing 
green paint that marks the edges of the road when it is dark. This paint absorbs solar energy during 
the day and emits it back during the evening and night. Roosegaarde would like to combine this idea 
with the idea of dynamic lines. This technology is a way to change the road lines from dotted line to 
a continuous line, or vice versa. With this technology you can avoid a lot of dangerous overtaking’s 
on the road. (Studio Roosegaarde, Heijmans, sd) 
The cost of electricity for these ideas could be really low. On the other hand, it is possible that this 
procedure is very expensive or not durable which would increase the cost of initial capital or 
maintenance dramatically. (Stinson, 2014) 
In response to this technological development, another initiative was launched to use light emitting 
paint in a similar matter. The plan is to use special painted snowflakes that will glow when the road 
surface is close to freezing temperature. This way, the driver is warned for icy roads and possible 
glazed ice conditions. This could result in a higher attention to the road conditions and thus make 
the highway safer, if appropriate actions are taken by the driver and highway services. 
Studio Roosegaarde is even working on a highway road that can charge up your electricity powered 
vehicle while driving on the road. A response to this could be an increase in electric vehicle usage. 
(Treacy, 2013) However, there are not only light technologies coming up. There are many other 
ideas to make the roads and highways more efficient and safe like the idea to inform drivers about 
other drivers, roadworks and maybe even emergency services through devices installed in cars. With 
this technology the drivers can see dangerous situations coming and with that, it has the potential to 
prevent accidents. (Smart Mobility, 2013) 
The hard part is to install all these technologies and ideas on the road and let them work together. 
Therefore, there should be extensive research about these technologies alone, on the interaction 
between these separate system as a whole and the timeline of implementation. After that, these 
technologies can be really useful on the highway for safety but also for emergency services and 
highway services. With these technologies, emergency services can be assisted in their drive to the 
emergency location. 
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Conclusions, Vision, and scenario of use 

In our analysis, we discovered that a lot of stakeholders are involved on the highway and that 
accidents occur. We discovered how important it is that emergency services can get to the place of 
the accident fast to save lives. In the rush to get there this can cause panic for the drivers which can 
cause further accident and delays for the emergency services. Through this analysis, we tried to find 
a way to smoothen this process emergency services have to go through once an accident took place. 
The reason for panicking was mainly caused by the drivers seeing the emergency vehicles too late.  
  
By using light to indicate that an emergency vehicle is approaching, we believe we can solve a lot of 
the current problems. It is important to investigate how to exactly use this indicating light. The 
current use of light that emergency services apply is not enough.  
During daylight, there needs to be another sort of indication. We believe we can use sound to 
indicate that an emergency vehicle is approaching. Again, the current use of sound that emergency 
services apply, is not sufficient to warn the driver in a proper way. 
 
Imagine a car crashing into the middle railing of the highway. The car severally damaged and the 
driver is stuck in the car. Some other drivers stop their cars to help the victim of the accident. They 
call 112 to make sure emergency services will come and help so that the driver’s life can be saved. 
This accident causes a huge traffic jam. Once the emergency services needed to solve the problem 
and reaches the highway, a signal is send to the hectometer poles near the location of the accident. 
A lighting system is hooked up to ICT so that the people who are stuck in the traffic jam know the 
emergency vehicles are approaching and that they should make way for these services to help out 
the victim. The lighting system emits a green or a blue light (the green light (555 nm) is more 
efficient and is easy for the drivers to spot. The blue light increases alertness for the drivers). 
Whenever the drivers notice the lights, they make room for the emergency services to do their job. 
The emergency service arrives 3 minutes before they would have arrived without the lighting system 
because they had a free lane to drive through the traffic. Because of the faster arrival, the chance of 
survival for the person is increased. Once the victim and his vehicle are moved to the side, traffic 
continues like usual. 
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