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Abstract 

The wear of the windscreens as one important traffic safety problem has been observed in 

many studies. Transmission loss of windscreen could play an important role in a person‟s 

possibilities to detect objects on the road. It has been estimated that up to 90% of the 

information used by drivers to drive their cars is visual. When driving with a worn 

windscreen, the risk of dazzling increases. It can lead to the consequence that the driver does 

not discover objects or people in the driving environment. 

 

The goal with this thesis is to propose a method for quantitative measurement of the visibility 

degradation on worn windscreens. It should correlate with customer expectations which 

require a quick and easy method. This test should be possible to apply at the annual quality 

check of automobiles at motor vehicle inspection. The thesis work was carried out at 

Industrial metrology and optics, of the school of Industrial Engineering and Management, 

Kungliga Tekniska högskolan with support of Svenska Glaskontroll AB. 

 

The transparency degradation of a windscreen mainly caused by the incident light beam 

diffusion due to scattering at small surface defects such as scratches and impact sites. As 

worn windscreens have more surface defects, the scattering of incident light would be 

stronger than the new ones, which could cause more windscreen transmission loss. In this 

thesis we measured the light scattering on four windscreens with different mileages by digital 

photography techniques. The test was undergoing at a fixed light angle, which is according to 

the test done in the Swedish Road and Traffic Safety Institute (VTI). 

 

Four windscreens were investigated with mileages of 0km, 26000km, 107945km, 170000km. 

The results are shown by data of the brightness of the pictures of the windscreens which 

indicate how strong the light scattering on the windscreens was. Also a comparison was made 

by overlap the pictures of the scattering sites of different windscreens with road scenes to see 

how the light scattering affects driving. Moreover, we use a software Fiji to analyze the 

number and area of the scattering sites on the windscreens. 
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1. Introduction 

1.1 Background 

The problem of windscreen degradation is getting more and more attention in nowadays 

traffic safety studies. There is a large body of literature that addresses the causes of traffic 

accidents, visual standards for traffic safety, and the relationship between visual functional 

properties and driving performance. It has been concluded that up to 90% of the information 

used by drivers to guide and control their vehicles is visual. For windscreen, there are 

standards that specify manufacturing processes and physical characteristics, such as methods 

of mounting and mounting-angles. NHTSA* offers advice to the drivers, for examples: drivers 

should stop and clean their windscreens while driving in icy, snowy, or foggy weather 

conditions and they also advice some windscreen cleaning procedures for drivers who have 

cataracts. Although many driving-related tasks involve high-contrast objects like road signs, 

contrast can be reduced because of windscreen transparency degradation caused by the 

incident light beam diffusion due to scattering at small surface defects. 

 

Windscreens wear and degrade over time. They are continuously bombarded by small 

particles such as tiny rocks, sand and dirt that wear the surface during driving. Moreover, 

windscreen wipers can damage the windscreen continuously by scratching small particles 

across the surface. The windscreens degradation by tiny particles can lead to serious problems 

for drivers. However windscreen wear is not necessarily consistent across time, vehicles and 

regions. Timmermann found that the windscreen of cars with similar mileage could vary 

significantly, depending on the type of driving done. [1] He estimated that the difference in 

degradation was probably due to differences in climatic and road conditions. 

  

Several optical phenomena can occur, when a light beam hits a windscreen surface, such as 

reflection, transmission, absorption and diffusion. The last also the most important of these is 

commonly termed scattering. The combination of the incident beam in different percentages 

of these light transformations is determined by the glass characteristics. As a result of incident 

light diffusion, the visibility through a worn windscreen is enormously reduced at night, or 

during sunrise and sunset in real conditions. Holtmann reported that the stray light on 

automotive vehicles windscreens which is caused by the impact of small particles can lead to 

severe safety hazards during night driving.[2] As a result of the reduced contrast caused by 

stray light, non-illuminated objects are perceived much later than through pristine 

windscreens. 

 

The objects on the road become partially or completely fuzzy according to the degradation of 

the windscreen. The transmission loss primarily caused by the incident light beam diffusion 

due to scattering at small surface defects such as scratches and impact sites. The diffusion is 

simply related to the surface characteristics of the enlightened glass. It takes place without 

any wavelength change. In this thesis we are going to measure the scattering of four 

windscreens with different mileages by digital photography techniques.  

NHTSA*: National Highway Traffic Safety Administration 

http://www.nhtsa.gov/
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1.2 Purpose 

 

The purpose of this thesis work is to propose a method for quantitative measurement of the 

visibility degradation on worn windscreens. It should correlate with customer expectations 

which require a quick and easy method. This test should be possible to apply at the annual 

quality check of automobiles at Bilprovningen. The thesis work was carried out in the 

research group of Industrial metrology and optics, Production Engineering, ITM School at 

Kungliga Tekniska Högskolan with support of Svenska Glaskontroll AB.  

 

 

1.3 Aim 

The aim with this thesis is presented in the following paragraphs: 

- Propose suitable method in laboratory environment to measure the light scattering 

- Evaluate the contrast degradation by image analysis 

- Validate the method 

- Develop a test procedure for windscreens 

 

1.4 Delimitations 

The thesis work has been limited to only investigate light scattering on windscreens at certain 

light angle. The work will not consider different material structures, curvature and details on 

types of windscreen damage. 

 

1.5 Svenska Glaskontroll AB  

Svenska Glaskontroll AB was established in 1994. The fundamental business concept is to 

support insurance companies with expertise on glass damages of motor vehicles. As early as 

1998 it started work on developing solutions for glass damage. The solution is known as 

E-Glass. It was in actual service for the first time in 1999. The solution has gradually 

developed and integrated with the insurance systems. 
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2.0  Theory 

2.1 Factors for Visual Reduction  

It is very important to have a good visual quality during driving. There are many factors that 

can decrease the contrast of the road scene which make it the harder for drivers to see the 

objects on the road. Nearly all visual reduction factors are caused by the windscreen. Even a 

new and perfectly clean windscreen can reduce driver‟s vision. The best way to solve the 

problem would be to not have a windscreen at all, but that is not practical.  

 

The dirt and scratches on the windscreen can cause incident light beam diffusion due to 

scattering at small surface defects. They can decrease the contrast during day light driving, 

moreover, as a result of scattered light from approaching cars and road lighting, the situation 

would be worse when driving at night. 

 

There is also a phenomenon called veiling glare which happens when light reflects on the 

dashboard and up in the windscreen in the driver‟s field of vision. 

 

A research study on the topic was made by the transportation research institute at the 

University of Michigan, USA by Mefford, Flannagan and Adachi(2003).[3]The result of the 

research shows that residual scatter and veiling glare are the two main causes to reduction of 

contrast during driving. The following figure shows the result of the research. 

 

 

 

Figure 2.1; Different factors veiling luminance effect (Adapted from Mefford, Flannagan, 

Adachi, 2003) [3] 
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2.1.1 Scattering on windscreen 

Windscreens are continuously damaged by small particles such as tiny rocks, sand and dirt. 

Furthermore, windscreen wipers can also damage the windscreen over time by scratching tiny 

particles across the surface. When a light beam arrives on a windscreen, it will be scattered by 

the surface defects. The visibility loss of dark background areas is caused by superposed 

scattering induced by a bright light source interacting with surface defects and contamination 

on the windscreen. The diffusion is simply related to the surface characteristics of the 

enlightened glass. It takes place without any wavelength change. The objects seen through the 

windscreen become fuzzy or even vanish according to the windscreen degradation. The 

following picture shows light scattering on a worn windscreen.  

 

Figure 2.2; Light scattering on a worn windscreen 

 

2.2 Light 

Visible light is the electromagnetic radiation with wavelengths between 390 nm and 770nm 

which can be recognized by human eyes. The sensitivity of the human eye of light depends on 

the wavelength. For day vision, the highest sensitivity of eyes is achieved at 555 nm and then 

it decrease towards the border between red and IR. During night time, the highest sensitivity 

is changed to 507 nm and many colors are moved towards blue where red becomes deep red 

and hard to see. According to the figure below the eye is much more sensitive to light during 

night vision. 



9 
 

 

Fig2.3; Actual sensitivity VS wavelength for day and night adapted vision (Adapted from 

Starby, 2006) [4] 

 

When a light beam hits a windscreen surface, it can be reflected, transmitted through the glass 

without changing its direction or transmitted with a large change of direction. The latter is 

typical for scattering by diffraction or refraction (large defects). 

 

2.2.1 Stray light 

When light goes through windscreens without disturbance it is called „useful light‟. Useful 

light travels from the source without being altered. However, sometimes this path can be 

disturbed causing the beam to change in some way after leaving its source. Light that has 

been disturbed is referred to as “stray light”. The intensity of stray light is determined by the 

scattering angle and on the intensity of the original beam. Stray light can lead to severe safety 

hazards during driving. Furthermore, if there is a bright light source (for example the sun), the 

information from the dark background will be lost because of the superposed scattering 

induced by the bright light source. The figure below illustrates how the information is lost by 

light scattering on a defect on the windscreen. The „useful light‟ from the dark background is 

strongly “reduced” due to light scattering on the defects on the windscreen. It becomes 

invisible compared to the scattering light induced the bright light source.  
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Figure 2.4; light travelling through worn windscreen 

 

Stray light in windscreens are mainly generated by surface defects. The scattering of light is 

determined by the relation between the micro-structural dimensions of the scattering object 

and the light wavelength. If the micro-structural dimensions of the scattering object are much 

larger than the light wavelength, the scattering of light can be described by regular refraction 

and reflection as in geometrical optics. For small scattering objects and sharp edges, 

diffraction is the primary source of scattering.  

 

Different types of windscreen damage cause different types of stray light. For instance, 

scratches and grooves tend to scatter light perpendicular to the damaged area and add one or 

two tails to the light source while small chips and craters would scatter light with a halo 

around the light source. 

 

2.2.2 Scattering on glass 

Reflection 

Reflection can occur in different ways depending on the surface's micro topography. There 

are three main types of reflection which are specular, lambertian and haze. If the reflecting 

surface is very smooth, the reflection of light that occurs is called specular or regular 

reflection. The basic rule for specular reflection is that the angles of the incoming and 

outgoing light are equal, relative to the normal of the reflecting surface. Lambertian reflection 

can occur at randomly rough surface with height variation in the micrometer range but is 

more common for bulk and pigments scattering materials such as matt papers. It creates a 

uniform scattering in all directions. Haze reflection means that some part of the light reflects 

in every direction but the reflection is concentrated in one direction. It is defined as the spread 

of specular component of reflected light from a glossy surface. 

 

 

 

Windscreen 

Scattered light 

Incident light 

Surface defects 

Dark background 

Bright light source 

Scattered light 

Useful light 
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Figure 2.5; Specular, Lambertian and Haze reflection (Adapted from Starby, 2006) [4] 

 

Reflection loss on the surface of normal glass 

When light moves from a medium of a given refractive index n1 into a second medium with 

refractive index n2, both reflection and refraction of the light may occur. According to Fresnel 

equations, the reflection and transmission coefficients are determined by the incident angle of 

light and refractive index of the two mediums. For the case of windscreen, light goes from air 

with refractive index nair≈ 1 to glass with refractive index nglass≈ 1.5. The figures below show 

the reflectance according to different incident angle. In the figures, ‖  represents the 

reflectance for parallel polarized light while ⊥ represents the reflectance for perpendicular 

polarized light. 

                        

Figure 2.6; Reflectan VS incident 

 

Lambertian Reflection 

Specular Reflection 

Haze Reflection 

 

http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/Reflection_(physics)
http://en.wikipedia.org/wiki/Refraction
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For reflection at normal incidence,| r‖|=| r⊥|=0.2 for whichever direction the light travels, from 

air to glass or from glass to air. The reflection loss is then R= | r |2=0.04. 

 

Refraction 

Refraction happens when light goes from one material into another material with different 

refractive index. The direction of light changes because the speed of light changes. The speed 

of light slows down when entering an optical dense material. Different materials have 

different refractive indexes. We can use Snell‟s law to calculate the refractive index or angles 

for a certain situation: 

n1*sin α = n2*sin α‟ 

Where n1 is the refractive index for the first material and n2 is the refractive index for the 

second material, α is incoming angle and α‟ is the refraction angle. For example, when light 

passes through the windscreen, at an angle different from 90° the incoming and outgoing light 

has the same direction, if the two surfaces of the windscreen are parallel, but a slight 

displacement of the beam will exist.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7; Refraction 

 

2.2.3 Light scattering on different interfaces  

The concept of reflected light scattering includes deviation of reflected radiation from the 

angle predicted by the law of reflection. Reflections that undergo scattering are often called 

diffuse reflections while the unscattered reflections are called specular reflections. When light 

comes to an interface with defects, diffuse reflection as well as diffuse transmission will occur, 

it causes transmission loss and also a scattering halo around the transmitted beam. The 

following picture shows how the light scattering causes transmission loss. 

 

 

 

 

 

 

     

 

α 

n2 

n1 
α 

α‟ 

n1 

http://en.wikipedia.org/wiki/Law_of_reflection
http://en.wikipedia.org/wiki/Diffuse_reflection
http://en.wikipedia.org/wiki/Specular_reflection
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Figure 2.8; Illustration of the transmitted light through samples having various surface states 

 

We can see from the picture (a), when light reaches the interface of a new glass, the 

transmission loss is only caused by reflection. When no anti-reflective film, the incident light 

suffers typically 4% loss at each Air/Glass interface. When it comes to picture (b), the glass is 

slightly damaged, light scattering occurs on the interface of the glass, light diverts into all 

direction. For picture (c), the glass is severely damaged. So a large amount of light scatters on 

the interface, the light diversion of it is the largest in the three situations. The figure below 

shows how light diverts when hits a on a V-groove. 

 

 

 

 

 

 

 

 

 

Figure 2.9; Light which hits on a V-groove transmitted with a large change of direction 

 

2.2.4 Contrast 

Luminance 

Luminance expresses how much of the light on the illuminated surface that is reflected into 

human eyes. It is defined as the light density in a certain direction and in a point at a light 

source or illuminated area. Luminance is a photometric parameter that describes of how 

bright a surface is, expressed in candela per square meter, cd/m2. It is highly dependent on the 

Incident beam 
Transmitted beam 

(a) Lightly damaged state (b) Severely damaged state 

(c) New glass (loss by reflection≈8%) 

Incident beam 

Transmitted 

beam 92% 

4% 

4% 
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way that the surface reflects the light, the direction the light hits the surface and the direction 

we look at the surface. 

 

Contrast 

Eyes can detect objects because there are contrast or luminance differences. It's important that 

the image stands out from the background with sharp edges for eyes to get a sharp image. It 

means that the object must have considerably difference luminance compared to the 

background. The luminance contrast can be expressed as: Lc = (L2-L1)/L1, where L1 is the 

luminance of the background and L2 is the luminance of the object. The figure below shows 

different contrasts between objects and backgrounds. Note that black letters on a bright 

background gives negative contrast. 

  

Figure 2.10; Contrast between objects and backgrounds  

 

2.3 Digital photography 

Digital photography is a form of photography where the captured image is stored as a digital 

file which can be displayed, printed, stored, manipulated, transmitted, and archived using 

digital and computer techniques. In this thesis work we will use digital photography 

techniques to analyze light scattering on windscreens. 

Pixel 

A pixel is the smallest single component of a digital image. Each pixel is a sample of an 

original image which is also the smallest unit of picture that can be controlled. More samples 

typically provide more accurate representations of the original. A pixel has its own address 

which corresponds to its coordinates. Pixels are normally arranged in a two-dimensional grid, 

and are often represented using dots or squares. The number of pixels n for a given maximum 

resolution (w horizontal pixels by h vertical pixels) is the product n = w × h. For example, an 

image of 1600 × 1200 has 1.92 Megapixels (1,920,000 pixels). The intensity of each pixel is 

variable. In color image systems, a color is typically represented by three or four component 

intensities such as red, green, and blue, or cyan, magenta, yellow, and black.  

 

http://en.wikipedia.org/wiki/Photography
http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Sample_(signal)
http://en.wikipedia.org/wiki/Pixel
http://en.wikipedia.org/wiki/Image_resolution
http://en.wikipedia.org/wiki/Intensity_(physics)
http://en.wikipedia.org/wiki/RGB_color_model
http://en.wikipedia.org/wiki/CMYK_color_model
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Figure 2.11; Pixels in a digital image 

Dynamic range 

Dynamic range describes luminance range of a scene being photographed, or the limits of 

luminance range that a given digital camera or film can capture. Digital imaging systems have 

a limited "dynamic range" that the range of luminosity that can be reproduced accurately. In 

the case the highlights of the object are too bright it will be rendered as white without detail. 

On the contrary, when shadows are too dark that will be rendered as black. The loss of detail 

is in dark shadows with digital sensors but some detail is retained as brightness moves out of 

the dynamic range. "Highlight burn-out" of digital sensors can be abrupt, and highlight detail 

may be lost. As the sensor elements for different colors saturate in turn, there can be gross hue 

or saturation shift in burnt-out highlights. 

 

Some digital cameras can show these blown highlights in the image review then the 

photographer is able to re-shoot the picture with a modified exposure, while some other 

cameras can compensate for the total contrast of a scene by selectively exposing darker pixels 

longer. High dynamic range imaging (HDR) increases the dynamic range of images by either 

increasing the dynamic range of the image sensor or by using exposure bracketing and 

post-processing the separate images to create a single image with a higher dynamic range.  

 

2.4 Camera Parameters 

Aperture 

To control the amount of light reaching the image sensor, we can adjust the aperture stop of 

the lens and the shutter speed of the camera. The larger the aperture is the more light comes 

into the sensor. In general, a faster shutter speed requires a larger aperture to ensure sufficient 

light exposure, while a slow shutter speed requires a smaller aperture to avoid excessive 

exposure. The lens aperture is usually specified by an f-number which is the ratio of focal 

http://en.wikipedia.org/wiki/Dynamic_range
http://en.wikipedia.org/wiki/Luminance
http://en.wikipedia.org/wiki/Digital_camera
http://en.wikipedia.org/wiki/Photographic_film
http://en.wikipedia.org/wiki/Dynamic_range
http://en.wikipedia.org/wiki/Luminosity
http://en.wikipedia.org/wiki/Highlight
http://en.wikipedia.org/wiki/Shadow
http://en.wikipedia.org/wiki/High_dynamic_range_imaging
http://en.wikipedia.org/wiki/Exposure_bracket
http://en.wikipedia.org/wiki/Light
http://en.wikipedia.org/wiki/Image_sensor
http://en.wikipedia.org/wiki/Photographic_lens
http://en.wikipedia.org/wiki/Shutter_speed
http://en.wikipedia.org/wiki/F-number
http://en.wikipedia.org/wiki/Focal_length
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length to effective aperture diameter. Usually, a lens has a set of marked "f-stops" that the 

f-number can be set to. A smaller f-number denotes a larger aperture which allows more light 

to reach the image sensor. The photography term "one f-stop" refers to a factor of √2 change 

in f-number, which in turn corresponds to a factor of 2 changes in light intensity. Typical 

ranges of apertures used in photography are about f/2.8–f/22 or f/2–f/16. The following figure 

show how the aperture sizes change according to the f-number. 

 

 

Figure 2.12; Diagram of decreasing aperture sizes (increasing f-numbers) 

A device called a diaphragm which functions much like the pupil of the eye (controls the 

effective diameter of the lens opening) usually serves as the aperture stop. Usually, the 

smaller the aperture (the larger the number), the greater the distance from the plane of focus 

the subject matter may be while still appearing in focus. 

 

Shutter speed 

Shutter speed denotes the time that the shutter remains open during taking a 

photograph. The faster shutter speed is the less light reaches the image sensor. Along 

with the aperture of the lens, it determines the amount of light that reaches the image 

sensor. In nowadays of photography, available shutter speeds are not standardized, 

though a typical sequence might have been 1/10 s, 1/25 s, 1/50 s, 1/100 s, 1/200 s and 

1/500 s.  

 

In addition to its effect on exposure, the shutter speed changes the way movement 

appears in the picture. Very short shutter speeds can be used to freeze fast-moving 

subjects, for example at sporting events. Very long shutter speeds are used to 

intentionally blur a moving subject for artistic effect. Short exposure times are 

sometimes called "fast", and long exposure times "slow". 

 

2.5 Flash light 

A flash is a device used in photography producing a flash of artificial light to help illuminate 

a scene.  

 

Flash intensity is usually measured in stops or fractions (1, 1/2, 1/4, 1/8 etc.). Some denotes 

an "EU Number" for photographer can know the difference in brightness between different 

flash units with different watt-second ratings. EU10.0 is defined as 6400 Watt-seconds, and 

EU9.0 is one stop lower. The parameter “guide number” was used to describe the ability of a 

http://en.wikipedia.org/wiki/F-number
http://en.wikipedia.org/wiki/Diaphragm_(optics)
http://en.wikipedia.org/w/index.php?title=Pupil_(anatomy)&action=edit&redlink=1
http://en.wikipedia.org/wiki/Eye
http://en.wikipedia.org/wiki/Diameter
http://en.wikipedia.org/wiki/Aperture
http://en.wikipedia.org/wiki/Photography
http://en.wikipedia.org/wiki/Lighting
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flash light to illuminate the subject to be photographed at a specific film or sensor sensitivity 

and angle of view. A higher guide number indicates a more powerful flash. The guide number 

represents an exposure constant for a flash unit. For example, a guide number of 80 feet at 

ISO 100 means that a target 20 feet away will be correctly illuminated with an aperture of f/4 

(80 = 20 × 4) using a sensitivity of ISO 100.  

 

The flash duration is typically described with two numbers: t.5 is the time to discharge to 0.5 

(50%) power remaining, t.1 is to 0.1 (10%) power remaining. For instance, t.5 can be 1/1200 

sec whereas t.1 can be 1/450 sec for the same flash at the same intensity. For a small flash 

controlling intensity by time, the t.5 and t.1 numbers decrease as the intensity decreases. On 

flash units controlling intensity by capacitor charge, the t.5 and t.1 numbers increase as the 

intensity decreases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Film_speed
http://en.wikipedia.org/wiki/Angle_of_view
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3.0  Method 

3.1 Affecting factors 

If an experimental evaluation has only one factor that is varied, it would therefore give results 

that lead to unnecessary costs. If possible the best way is therefore to do a full factorial design, 

which can reveal how factors effect on the process and interact with other factors. In this 

thesis work, we are going to do only a simple factorial research. At first we are going to find 

out which factors are probably interesting to investigate. Second, the levels of these factors 

(how important are them in the experiment) should be investigated. We determined the level 

of the factor by from a thorough literature research. 

 

When the objective testing started there were six factors that were to be examined and their 

effect on the amount of light scattering from windscreens. The six factors to be studied were: 

 

• Incident angle of the light 

• Intensity of incoming light 

• Mileage of windscreens 

• Distance between the light source and windscreen 

• Aperture setting of camera 

• Shutter speed of camera 

 

One possibility was to use all the factors but this would be unpractical and lead to an 

enormous amount of tests. The desire was to reduce the numbers of factors before the 

experiment was carried out. 

 

3.2 Design of Experiment 

To see which factors affect the scattering of light on the windscreen most and which factors 

we should examine carefully in our experiment, we have done a lot of literature studies. The 

most common source of were books, research papers, master thesis etc. It is very important to 

be critical of sources when you gather information, especially on the internet, and make sure 

everything is correct and validated. 

 

These factors can be fixed: 

• Light angle 

• Intensity of incoming light 

• Distance between the lamp and windscreen 

Light angle 

In the research of Swedish Road and Traffic Safety Institute (VTI) on worn windscreen, they 

used the condition that the light angle (from the flash light to the windscreen) is 13 degree 

above the horizon. We therefore use the light angle of 13 degree according to the test done by 

VTI. And thereby the direct light from the source is out of the field of view.  
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Intensity of incoming light 

The intensity of stray light depends on the scattering angle and the intensity of the original 

beam. Stray light can lead to severe safety hazards, where the illumination level can vary a lot 

depending on how the direct sun light hits the windscreen when driving into a dark tunnel for 

example. Then we have illumination level of around 3400 lux onto the windscreen according 

to the measurement with LM631 Digital Light Meter. Another level is given by direct light 

from the headlights of a car in front of another car while driving in the dark tunnel. We have 

about 500 lux at the distance of 2 meters between two cars while the illumination in the tunnel 

is 100 lux. 

 

In our thesis work, we have examined two type of lamp as light sources. One is a normal 

lamp with power of 20W. Another one is Canon Speedlite 580EX II flash light. Through 

experiment, we find the flash light causes stronger light scattering and gives better contrast of 

pictures. We use a LM631 Digital Light Meter to measure the illumination levels of the lamp 

and the flash at the same distance as the distance between windscreen and the light source in 

the experiment part. The illumination level from the lamp is about 800 lux, while illumination 

from the flash is about 17000 lux. We can see the flash is much more effective than the lamp 

and also closer to the actual situation with sunlight. The following pictures show the 

difference between the lamp and the flash. So in our experiment, we will use Canon Speedlite 

580EX II flash light as light source 

         
Figure 3.1；Scattering light on the same windscreen with a lamp and Canon Speedlite 580EX II flash light. 

Distance between the lamp and windscreen 

In order to have the light source casting evenly on the windscreen, the distance between the 

light source and windscreen must be large enough. If the light source is too close to the 

windscreen, only part of the windscreen is illuminated effectively. The figure below 

illustrates the situations of different distance between light source and windscreen. 
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Figure 3.2；Small and large distances between light source and windscreen 

 

In our experiment we set the distance between light source and windscreen to be 50cm. The 

figures below were a photo taken of a white paper at the set distance from the light source 

(Canon Speedlite 580EX II flash) .The brightness distribution of the photo is shown at the 

figure below. 

 

Figure 3.3；Photo of a white paper at the set distance and the brightness distribution of the photo. 

We can see the paper is illuminated evenly at this distance and the brightness is also 

well-distributed with a standard deviation of mean brightness 3.8/78=4.8%. 

 

Factors should be examined  

• Mileage of windscreens 

• Aperture 

• Shutter speed 

Mileage of windscreens 

Windscreens wear and degrade over time. They are continuously bombarded by small 

particles such as tiny rocks, sand and dirt that wear the surface during driving. Moreover, 

windscreen wipers can damage the windscreen continuously by scratching small particles 

across the surface. So the mileage does affect the degradation of the windscreen. However 

windscreen wear is not necessarily consistent across time. For example, Timmermann found 

that the windscreen of cars with similar mileage could very significantly, depending on the 

type of driving done. He concluded that the difference in wear was probably due to 

differences in climatic and road conditions. [1] 

 

Windscreen 
Windscreen 

Mean: 78 

Standard deviation: 3.8 

Percentage： 100% 



21 
 

Aperture and shutter speed 

Shutter speed represents the time that the shutter remains open when taking a 

photograph. Along with the aperture of the lens (also called f-number), it determines 

the amount of light that reaches the film or sensor. So we will get different brightness 

level of pictures with different aperture sizes or shutter speed. 

 

3.3 Measuring devices 

Canon EOS 550D camera 

In this thesis project a Canon EOS 550D camera has been used to take 

photos of the light scattering from the windscreen. Effective dynamic 

range of it is almost the same across the span of settings, at an 

impressive 8.8 stops. We chose 5184x3456 pixels for 

Image-recording Quality. There many modes of shooting available in 

Canon EOS 550D, „Manual Exposure‟ was used. We changed the 

aperture and shutter speed during experiment. 

 

Canon Speedlite 580EX II  

We used Canon Speedlite 580EX II as light source to illuminate 

windscreens which is a flash for the EOS-system. It has fast recycling, 

consistent color and enhanced controls. It also has a powerful flash with a 

maximum guide number of 190' (58 m) at ISO 100 (at 105mm focal 

length). It means the flash can illuminate the subject correctly at the 

distance of 58/f-number meter. In our case we have f-number as 29, so the 

distance it can cover is around 2m at ISO 100.  

 

Canon Speedlite Transmitter ST-E2 

The Canon Speedlite Transmitter ST-E2 is a small and light Canon 

wireless slave flash controller and focus assist device. In this thesis work, 

we use it together with Canon EOS 550D camera and Canon Speedlite 

580EX II to control the flash light 

 

 

 

Wavetek Meterman LM631 Digital Light Meter 

We use a Wavetek Meterman LM631 Digital Light Meter to 

measure the illumination levels of the sun and the light sources.  

 

Figure 3.4; Canon EOS 550D camera 

Figure 3.6; Canon Speedlite Transmitter ST-E2 

Figure 3.5; Canon Speedlite 580EX II 

Figure 3.7; Wavetek Meterman LM631 Digital Light Meter 

 

http://en.wikipedia.org/wiki/Aperture
http://en.wikipedia.org/wiki/F-number
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3.4 Experiment 

3.4.1 Samples 

Four samples of windscreen with mileages of 0 km, 26000km, 107945km, 170000km was 

provided by U-V Glas AB.  

 

3.4.2 Equipment and materials 

• Canon EOS 550D camera  

• Canon Speedlite 580EX II 

• Canon Speedlite Transmitter ST-E2 

• Windscreens 

• Background: Black velvet 

 

3.4.3 Experiment Conditions 

• Light angle(from the flash light to the windscreen): 13 degree above the horizon 

• Distance from Camera to windscreen: 70cm 

• Windscreen size :15cmx15cm 

• Camera setting:  

1) Image recording quality: RAW + large/fine 

2) ISO speed: ISO6400 

3) White Balance: White fluorescent light、 

4) Other functions are shut down 

5) Operating mode „Manual Exposure‟ 

• Flash light setting:  

1) Flash exposure compensation + 3 stops 

2) High-speed Sync on 

3) Automatic flash coverage 

 

3.4.4 Laboratory fixture 

 

 

 

 

 

 

 

 

 

 

 

Figure.3.8; Experimental Setup 

Background 

Lamp 

Windscreen 

Camera 

36cm 

50cm 

15cm 

14cm 
70cm 

20cm 

13° 
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At first, we clean the windscreens properly and make sure there are no fingerprints or dust 

particles on them. Fix the camera, lamp, windscreen, background according to fig.3.4 above. 

Make sure the distance from the windscreen to the Camera is from 60~70cm. And the light 

angel is 13 degree above the horizon. And no light comes into the aperture of the camera. 

Adjust the windscreen slightly to minimize the reflection of it on the side near the camera. Set 

the camera according to the camera setting mentioned above. Let the camera focus on the 

windscreen, take 10pcs pictures of it continuously. Then focus to infinite, take 10pcs pictures 

continuously.  

3.4.5 Image processing 

Light scattering from windscreen 

In order to calculate how much light scattered on the surface of windscreens. We used Matlab 

to analysis the pictures of light scattering on windscreen. We wrote codes in Matlab to do the 

following tasks. At first, Matlab turns the picture in to black and white. Then it will calculate 

the brightness of each pixel of the picture. The brightness ranges from 0 to 256. 0 means 

totally dark, while 256 means totally white. At last, Matlab will calculate the maximum, 

minimum and mean brightness density. 

Light scattering on different road scenes 

In this part, we used ACDSee to turn the pictures of light scattering on windscreen into black 

and white. Then we used another software GIMP to turn the color black on the pictures in to 

transparent. At last we overlapped the light scattering pictures with the pictures of the road 

scenes. The process is shown in the figures below. 

 

 

Figure.3.9; Process of getting scattering sites out of a picture 

 

 

Figure.3.10; Process of getting scattering sites out of a picture 

 

Cloudy road scenes  Scattering spots  Overlapped pictures 

Original picture Black and white picture Black has been changed to transparent 
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Scattering sites on the windscreens illuminated by the flash light 

In this part we try to analyze scattering defects sites on the pictures taken of windscreens 

illuminated by the flash light. The software Fiji is an image processing package. It can be 

described as a distribution of ImageJ together with Java, Java 3D and a lot of plugins 

organized into a coherent menu structure. The main focus of Fiji is to assist research in life 

sciences. For example, it can analyze sites in pictures. 

 

In this thesis, we use Fiji to analyze scattering sites on the windscreens. At first we change the 

picture in to 8-bit color, and then adjust its color threshold to make the scattering sites 

standing out. The figures below are pictures before and after adjusting. At last the program 

will analyze the scattering sites. 

        

Figure.3.11; Pictures before and after adjusting 

 

3.4.6 Procedure 

According to 3.3, we are going to examine the following factors: mileage of windscreens 

camera‟s aperture and shutter speed. 

 

At first, we take pictures of light scattering with fixed conditions, the same windscreen, and 

fixed camera setting to see the repeatability of the experimental setup. 

 

Second, we take pictures of the same windscreen with different aperture and shutter speed to 

see how they affect the brightness of the picture. 

 

Third, we use fixed aperture and shutter speed to take picture with windscreens with different 

mileages, to see the degrees of degradation of the windscreens. 

 

At last, we overlap the light scattering sites with different road scenes, to see how it 

qualitatively affects driving on the road environment. And we also analyze the scattering sites 

on the pictures by software Fiji. 

 

 

 

 

 

http://pacific.mpi-cbg.de/wiki/index.php/About
http://rsb.info.nih.gov/ij
http://pacific.mpi-cbg.de/wiki/index.php/Plugins_Menu


25 
 

4.0  Results 

4.1 Light scattering of windscreens 

4.1.1 Different shutter speed V.S aperture 

In this part, we use different shutter speeds and apertures to see how they affect the brightness 

and contrast of the pictures. Shutter speed represents the time that the shutter remains 

open when taking a photograph. It is one of the factors that determine the amount of 

light that reaches the sensor. We can get more light into the senor with longer shutter 

speed; and get less light with faster shutter speed. Another factor determines the 

amount of light reaches the sensor is the aperture, a lower f-number denotes a greater 

aperture opening which allows more light to reach the film or image sensor. 

 

The range of shutter speed in Canon EOS 550D is from 1/4000 second to 30 seconds. And the 

range of f-number is from F3.5~F31. In order to get as less ambient light as possible, we 

prefer to use faster shutter speed and larger f-number of aperture. But if the shutter speed is 

faster than the flash light the picture would become very dark. So in this part, we are going to 

find the fastest shutter speed we can use. Also if the f-number is too large, the amount of light 

that reaches the sensor would be too small, the pictures would be dark and the contrast of the 

picture can also be smaller.  

 

To find the best shutter speed and aperture, we took photos of a new windscreen according to 

3.4 with different shutter speed and aperture size. The “mean brightness density” which 

means the average value of brightness of all pixels in the picture is shown in the table.  

Aperture 

   Sizes 

Shutter 

Speed 

f/5.6 f/8 f/11 f/16 f/22 f/29 f/36 

1/4000 22.36 14.71 7.08 3.62 2.35 - - 

1/3200 34.30 21.37 6.96 3.12 2.66 - - 

1/2500 39.15 24.63 12.04 5.45 2.87 - - 

1/1600 38.50 25.21 12.20 6.49 3.02 - - 

1/1000 61.92 32.46 22.39 10.13 6.09 2.12 - 

1/640 62.43 54.37 34.17 18.59 9.72 4.25 - 

1/320 58.88 55.11 49.45   26.91 12.91 8.34 - 

1/250 50.03 61.25 61.93 35.00 18.31 11.89 6.68 

1/125 59.98 63.45 71.45 65.34 77.59 36.32 25.43 

1/60 61.19 59.27 70.96 60.93 71.60 38.43 23.23 

Table 4.1: Mean brightness density of photos with different shutter speed and aperture size 

“-” means it is almost totally dark and can not be analyzed 
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According to the table above, we can see with shutter speed from 1/4000~ 1/320 and aperture 

size f-29 and f-36, the pictures are almost totally dark. It means the flash light speed is lower 

than the camera speed or does not synchronize with the shutter. So the faster shutter speed we 

can use is 1/250. In order to minimize ambient light, we should use higher shutter speed and 

smaller aperture size. And according to the picture we got, pictures with shutter speed of 

1/250 and aperture size f-29 and f-36 is too dark to give good contrast. However, pictures 

with shutter speed of 1/125 and aperture size f-29 and f-36 give the best contrast. 

      

Figure 4.1; Pictures of a new windscreen with shutter speed of 1/125 and aperture size f-29 

and f-36 

 

4.1.2 Light scattering on windscreens with different mileages 

We found the best shutter speed and aperture size in 4.1.1. So in this part we will use these 

conditions to investigate light scattering on windscreens with mileages of 0 km, 26000km, 

107945km, 170000km. The table and pictures below show the mean brightness density with 

standard deviation of pictures taken of windscreens with different conditions. 

 

        Camera setting 

Windscreen 

Mileages 

1/125 with f-29 1/125 with f-36 

0km 36±3 25±2 

26000km 51±4 32±2 

107945km 71±10 49±5 

170000km 70±9 57±6 

Table 4.2; Mean brightness density with standard deviation of pictures of taken of 

windscreens with different conditions. 
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Fig 4.2; Mean brightness density with standard deviation of pictures of taken of windscreens 

with different conditions. 

 

We can see from this experiment, the mean brightness of older windscreen is higher than the 

new one. It means more light scatters on the surface of older windscreen. As all of these 

windscreen were collected from Stockholm area, the climate and road condition are probably 

almost the same. And these windscreens would probably wear over time. The result is 

reasonable. 

 

4.2 Worn windscreen with different road scenes 

In this part, we chose four typical road scenes which are highway in cloudy day, highway in 
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sunny day, dark tunnel, and bright tunnel. Then these load scenes will be overlapped with the 

light scattering sites from windscreen with different mileages to see how those windscreens 

degradation affects driving on the road. The pictures of windscreens were taken with shutter 

speed of 1/125 and aperture size f-29. 

 

The following pictures show the original road scenes. 

 

Fig 4.3; original road scenes: (a) highway in cloudy day; (b) highway in sunny day; (c) dark 

tunnel, (d) bright tunnel. 

 

The overlapped pictures 

The pictures below show the road scene of highway in cloudy day overlapped with scattering 

light from windscreens with different mileages. We can see that with increasing mileages of 

windscreen, the view of driver becomes blurred.  

(a) (b 

(c) (d) 
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Figure 4.4; The road scene of highway in cloudy day overlapped with scattering light from windscreens 

with mileages of (a)0 km, (b)26000km, (c)107945km (with a scratch), (d)170000km. 

 

 

Figure 4.5; The road scene of highway in sunny day overlapped with scattering light from windscreens 

with mileages of (a)0km, (b)26000km, (c)107945km (with a scratch), (d)170000km. 

 

(a) (b) 

(c) (d) 

(a) (b) 

(c) (d) 
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Figure 4.6; The road scene of dark tunnel overlapped with scattering light from windscreens with 

mileages of (a)0 km, (b)26000km, (c)107945km (with a scratch), (d)170000km. 

 

 

 Figure 4.7; The road scene of bright tunnel overlapped with scattering light from windscreens with 

mileages of (a)0 km, (b)26000km, (c)107945km (with a scratch), (d)170000km. 

 

 

 

 

(a) (b) 

(c) (d) 

(a) (b) 

(c) (d) 
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4.3 Scattering sites on the windscreens illuminated 

by the flash light 

The size of samples we investigate is 15cm X 15cm. The pictures of windscreens were taken 

with shutter speed of 1/125 and aperture size f-29. We use the software Fiji to analyze the 

adjusted pictures according to 3.4.5. The data form is shown in Appendix 1. So, we get the 

following information of the “particles”: number, areas and brightness. 

 

Here is the summary of scattering sites in different windscreens with size of 15cm X 15cm. 

The standard deviation is calculated by taking 5 pictures of each windscreen. 

 

        Particles 

characters 

Windscreen 

Mileages 

Number 
Total area of scattering 

sites/pixel 

 

Percentage of 

scattering sites area 

0km 39±9 257±78 0% 

26000km 584±105 5266±1210 0.2% 

107945km 2971±299 67844±13900 1.8% 

170000km 5381±473 98501±13168 2.5% 

Table 4.2 Number and area of scattering sites on different windscreens 
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Fig 4.8 Number, area of scattering sites and percentages of scattering sites area of different windscreens 

 

According to the result, the number and area of scattering sites on the surface of older 

windscreens are larger than the new one. The difference between the new windscreen and the 

old one, for example windscreen with mileage 17000km, is very big (The scattering sites 

number on a 15cm x15cm new windscreen is around 39 and around 5266 on a windscreen 

with mileage of 170000km; The scattering sites area is about 257 pixels with percentage of 

0% for new windscreen and around 98501 pixels with percentage of 2.5% on a windscreen 
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with mileage of 170000km). As all of these windscreen were collected from Stockholm area, 

the climate and road condition are probably almost the same. And these windscreens would 

probably wear over time. The result is reasonable.So we can use this two parameters to 

evaluate the degradation of windscreens. 

 

In this thesis we just provide the method to evaluate the degredation of windscreens. The the 

standard about the degredation of the windscreen is acceptable or not need a follow up study. 
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5.0  Discussion 

5.1 Repeatability of the experimental setup 

In this thesis work, we analyzed the repeatability by taking 10 pictures that focus on the same 

windscreen and 5 pictures focus on infinite distance. The table bellow shows the brightness of 

the pictures. We can see that when the camera focuses on the windscreen, the standard 

deviation of mean brightness of the pictures is 6.63/63.7 =10.4% of the average brightness of 

the pictures. For the situation that the camera focuses on infinite, the number is 14.22%. The 

detailed data is shown at Appendix 2. The table below is a summary of the data. And Figure 

5.1 shows the data of mean brightness of pictures focusing on the windscreen from Appendix 

2.The pictures are ordered in numbers according to the shooting time. 

 

Picture types Data types Min Max Mean 

Auto focus 
Average 0 255 64  

Standard deviation 0 0 7  

Focus on infinite 
Average 0  151  71  

Standard deviation 0  16  10  

Table 5.1; Brightness of the pictures when the camera focuses at the windscreen and infinite 

distance 

 

Figure 5.1; Repeatability of test of flesh light exposure 

 

5.2 Light scattering of windscreens with different 

mileages 

From the result of the experiment, we can see that the brightness caused by the light scattering 

from defects on the windscreens, the number and area of the scattering sites on the 

windscreens increase as the mileages of the windscreen increases. It means that windscreens 

wear and degrade over time. Through use they are continuously bombarded by small particles 
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such as tiny rocks, sand and dirt that wear the surface. Moreover, windscreen wipers can 

damage the windscreen over time by scratching tiny particles across the surface. So the 

windscreens degradation is related to its mileage. 

 

However, as literature researching shows, windscreen wear is not necessarily consistent 

across time, vehicles and regions. Timmermann found that the degradation of windscreen of 

cars with similar mileage could vary significantly, depending on the type of driving done. He 

concluded that the differences in wear were probably due to differences in climatic and road 

conditions. He also found that cars that were usually parked on the street often had higher 

light scattering values than those that parked in garaged. [1] Derkum collected data relating to 

windscreen damage in Cologne, Bvaria and Norway. He concluded that the difference in wear 

of the difference in wear of the windscreens examined was most probably a result of different 

climatic and environmental conditions. [5]Allen concluded that windscreens wear with use 

and can be damaged as a result of cleaning methods and should be replaced as wear dictates 

as with tyres and brakes. [6] 

 

As the windscreens we examined, were used in Sweden, so the climatic and environmental 

conditions and cleaning methods should be almost the same. And the samples are collected 

randomly, so the behavior of driver (How they use the car, and where they park the car) 

should be average. So the result of the experiment is reasonable. We can conclude that 

degradation of windscreens of cars used in the same region mainly relate to the mileage and 

driver‟s behavior. 

 

5.3 Driving with worn windscreen 

5.3.1 Contrast degradation 

According to the pictures created by overlapping light scattering spot of different windscreen 

with different road scenes, we can see that with increasing mileages of windscreen, the view 

of driver becomes more blurred. 

 

Eyes detect objects by the luminance differences between objects and the background. It's 

important that the image stands out from the background with sharp edges for eyes to get a 

sharp image. The luminance contrast can be expressed as: Lc = (L2-L1)/L1, where L1 is the 

luminance of the background and L2 is the luminance of the object. And the black objects on a 

bright background give negative contrast. 

 

To get a good contrast from the objects on the road and the road view, we should have a big 

difference between luminance of the objects Lo and the luminance of the road background Lb. 

We can calculate the contrast of the objects with the road background by Lc = (Lo-Lb)/Lb. 

When driving with a worn windscreen, the light scattering sites will give extra luminance to 

Lo and Lb. It is obvious from the equation Lc = (Lo-Lb)/Lb, if Lo and Lb are enlarged by the 

same amount, Lc will become smaller. Moreover, with the scattering light spot of the edges of 
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the objects, it's to get the objects stand out from the background to get a sharp image. 

 

5.3.2 Driving during day time and night time 

From the pictures created by overlapping light scattering spot of different windscreens with 

different road scenes, we find that the view of driver becomes worse, when it comes to the 

dark environment. The picture below shows the light scattering spot of the same windscreen 

with mileage of 170000km overlapped road scenes in sunny day and cloudy day. We can see 

in the cloudy day, the view of driver becomes worse. 

 

Figure5.2; The light scattering spot of the same windscreen with mileage of 170000km 

overlapped road scenes in sunny day and cloudy day 

 

From literature research we find that under real conditions, the visibility through a worn 

windscreen is enormously reduced at night, or during sunrise and sunset because of incident 

light diffusion. Holtmann reported that the stray light on automotive vehicles windscreens 

caused by the impact of small particles imposes severe safety hazards during night driving. 

Because of the reduced contrast caused by stray light, non-illuminated objects are perceived 

much later than through pristine windscreens. 

 

The dirt and scratches on the windscreen can cause incident light beam diffusion due to 

scattering at small surface defects. They can decrease the contrast during daylight driving, but 

more importantly, because of scattered light from approaching cars and road lighting, it would 

be worse when driving at night. 

 

5.4 Limitations of experiment 

The thesis work has been limited to only investigate light scattering on windscreens at certain 

light angle. The work will not consider different material structures, curvature and details on 

types of windscreen damage. A number of test run is performed in where the two levels of 

each factor are mixed so all possible combinations are tested. 
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6.0  Recommendations 

 
The purpose of our thesis is to propose a method for quantitative measurement of the 

visibility degradation on worn windscreens. It should be a quick and easy method as 

this test is going to be applied at the annual quality check of automobiles at 

Bilprovningen. 

 

From the result of our experiment, it is effective to examine the amount of light 

scattering on windscreens and how those scattering affect driving by taking photos of 

the windscreens with flash light. 

 

6.1 Method to test the degradation of a 

windscreen 

Here we present a simple method to evaluate the degradation of a windscreen.  

step (1) Take the light scattering photo of the windscreen with outside flash (See fig. 

6.1).  

step (2) Use software which can analyze the number and area of “particles” on the 

photo to analyze these two parameters on the photo taken in step (1). 

step (3) Decide the degradation level of the windscreen can be accepted or not 

according to the number and area of scattering sites on the windscreens.In this thesis 

we just provide the method to evaluate the degredation of windscreens. The the 

standard about the degredation of the windscreen is acceptable or not need a follow 

up study. 

 

6.2 A suggested device to test the degradation of 

a worn windscreens  

The figure bellow show a suggested device to take the photo of light scattering on the 

windscreen, so as to evaluate the degradation of the windscreen. 

 

The device includes a flash light, a camera, a dark box，a black card used to avoid the 

flash light going directly into the lens of the camera, and tools for fixing the flash 

light and the camera. Moreover, we suggest Canon EOS 550D camera and Canon 

Speedlite 580EX II Flash light goes together with Canon Speedlite Transmitter ST-E2. 

The inside surface of the dark box should be covered by black flannelette to avoid 

reflecting the light from the flash. The figure bellow shows the device. 
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Figure 6.1; A suggested device to test the degradation of a worn windscreens 

 

6.2.1 Suggested conditions for the test  

As this test is designed according to the experiment we have done on this thesis work. So the 

conditions for the test must be the same as the experiment done in the thesis work. And from 

the experiment, we concluded with shutter speed of 1/250 second and f-number of aperture of 

29, we can get the least ambient light with best contrast. Here are some conditions suggested 

for the test 

• Light angle(from the flash light to the windscreen): 13 degree above the horizon 

• Distance from Camera to windscreen: 60~70cm 

• Distance from flash to windscreen: 50cm 

• Camera setting:  

1) Image recording quality: RAW + large/fine 

2) ISO speed: Auto 

3) White Balance: White fluorescent light、 

4) Other functions are shut down 

5) Operating mode „Manual Exposure‟ 

6) Shutter speed: 1/250s 

7) f-number of the aperture： 29 

• Flash light setting:  

1) Flash exposure compensation + 3 stops 

2) High-speed Sync on 

3) Automatic flash coverage 

 

 

 

 

 

60~70cm 

13° 

Windscreen 

Flash light 

Camera 

Dark box 

Black card Car 

50cm 
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7.0  Conclusions 
In this thesis we use three ways to evaluate the degradation of windscreens: use Matlab to 

calculate the mean brightness of pictures of windscreens, overlap typical road scenes with the 

light scattering sites from windscreen to see how those windscreens degradation affects 

driving, use software to calculate the number and area of scattering sites on the windscreen. 

All of these windscreens were collected from Stockholm area, the climate and road condition 

are probably almost the same. So these windscreens would probably wear over time. 

 

The mean brightness of pictures of older windscreen is higher than the new one. It means 

more light scatters on the surface of older windscreen. The result is reasonable. But the 

difference of brightness between the new windscreen the old ones is small. So it is not an 

ideal method to evaluate the degradation of windscreens. 

 

We chose four typical road scenes which are highway in cloudy day, highway in sunny day, 

dark tunnel, and bright tunnel. Then these load scenes was overlapped with the light 

scattering particles from windscreen with different mileages. We can see that with increasing 

mileages of windscreen, the view of driver becomes blurred. But the problem with this 

method is it takes too long time to analyze.  

 
According to result in 4.3, the number and area of scattering sites on the surface of older 

windscreen are larger than the new one. The difference between the new windscreen and the 

old one, for example windscreen with mileage 17000km, of in these 2 parameters, is very big. 

The result is reasonable. So we can use this both parameters to evaluate the degradation of 

windscreens. We recommend using the method descripbed in 6.1 to evaluate degredation of 

the windscreens. 

 

In this thesis we just provide the method to evaluate the degredation of windscreens. The the 

standard about the degredation of the windscreen is acceptable or not need a follow up study. 
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9.0  Appendix 
Appendix 1: Data form for Particle analyzing of software Fiji 
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Appendix2: Data for repeatability of the experimental setup  
 

Picture types Min Max Mean 

Auto focus1 0 255 70.02  

Auto focus2 0 255 68.76  

Auto focus3 0 255 60.38  

Auto focus4 0 255 68.08  

Auto focus5 0 255 61.91  

Auto focus6 0 255 70.77  

Auto focus7 0 255 54.40  

Auto focus8 0 255 52.90  

Auto focus9 0 255 69.38  

Auto focus10 0 255 60.43  

Average 0 255 63.70  

Standard deviation 0 0 6.63  

Focus on infinite1 0 143 85.45  

Focus on infinite2 0 177 77.46  

Focus on infinite3 0 148 68.38  

Focus on infinite4 0 153 66.46  

Focus on infinite5 0 133 59.34  

Average 0  151  71.42  

Standard deviation 0  16  10.16  

 

 

 

 

 

 

 

 

 

 


