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Abstract 

Automation in mining industry is one of the important research and application areas of artificial 

intelligence. Also it is one of the key areas that autonomous vehicle technology being built upon. 

In order to accomplish autonomous driving, researchers get help from many different areas such 

as computer science, mechanical engineering, mathematics, and even psychology, and many 

more areas. With the current speed of technological development, in the near future, it will be 

inevitable that autonomous driving will be reality in many areas including mining areas, public 

and private transportation. It is obvious that autonomous vehicles will be major type of 

transportation when benefits of autonomous vehicles realized by the public. In this work, a 

lighting system for autonomous mining vehicle that has never been truly and intensively studied 

was developed. In this study, a state-of-the-art lighting system was designed and tested for 

realization of autonomous mining vehicle. Not only lighting system but also cleaning system for 

the surfaces of headlamps, sensors, and cameras has been developed and two patent application 

has been made. Also human vehicle interaction was studied. 

 

Keywords:  Autonomous Mining Vehicle, Robot Cars, Artificial Intelligence, Autonomous 

Cars, Driverless Cars, Mining, Automation, Internet of Things.  
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Sammanfattning 

Automation i gruvindustrin är ett av de viktigaste forsknings- och tillämpningsområdena för 

artificiell intelligens. Det är också ett av nyckelområdena för autonom fordonsteknik. För att 

åstadkomma autonom körning, behöver forskare ta hjälp från många olika områden såsom t.ex. 

datavetenskap, maskinteknik, matematik men även psykologi. Med den nuvarande 

teknikutvecklingshastigheten så kommer det inom en snar framtid vara fullt möjligt för autonom 

körning att bli verklighet inom områden såsom t.ex. gruvnäringen samt offentliga och privata 

transporter. Det är uppenbart att förflyttning med autonoma fordon kommer vara en viktig typ av 

transport när fördelarna med autonoma fordon går upp för allmänheten. Detta arbete fokuserar på 

ett belysningssystem för ett autonomt gruvfordon, ett område som inte tidigare blivit särskilt 

ordentligt studerat. I denna studie har ett modernt belysningssystem utformats och testats för 

användande i autonoma gruvfordon. Studien täcker inte bara belysningssystemet utan även 

rengöringssystem för belysningsenheter, sensorer och kameror. Två patentansökningar har 

lämnats in. Även samspelet mellan människa och fordon har studerats. 

 

Nyckelord: Autonomous Mining Vehicle, Robot Cars, Artificial Intelligence, Autonomous Cars, 

Driverless Cars, Mining, Automation, Internet of Things. 
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1. INTRODUCTION TO AUTONOMOUS MINING VEHICLE 

Autonomous vehicles with the technological advancements becomes reality. There are different 

definitions for autonomous vehicles. U.S.A based automotive company Delphi defined 

autonomous vehicles technology as a system that enables a vehicle to make a human-like 

decision so that the vehicle can safely navigate through many different driving scenarios (Delphi 

Automotive, 2016). Swedish high-end passenger car manufacturer Volvo has simpler definition 

for autonomous vehicles which states capability of a car that can accelerate, brake and steer itself 

(Volvo Cars, 2016). On the other hand, Scania which is known for its high technological heavy 

vehicles defined autonomous vehicles as a vehicle that has a build-in intelligence to interpret and 

adapt its surrounding and carry out pre-determined tasks. In general, it can be summarized that 

autonomous vehicles can be defined as a vehicle which is able to perceive its environment, 

decide what route to take to its destination, and drive it (Yeomans, 2014). 

 

Autonomous vehicle news on the media are mainly related to passenger cars. However, the main 

development areas for autonomous vehicles are mining areas where no or few regulatory 

changes are needed to implement autonomous driving because of private status of these areas. 

Scania is one of the largest heavy vehicle manufacturers that heavily invests in the development 

of autonomous vehicle solutions for mining applications. The company is a forefront of research 

in this area with test under real-life conditions not far off (Scania Group, 2016). Lars Hjorth who 

is responsible for pre-development within Autonomous Transport Solutions at Scania states 

“Mines are environments that are especially well suited to self-driving vehicles”. First self-

driving trucks from Scania will serve the mining industry (Fairfax New Zealand Limited, 2016). 
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A concept autonomous mining vehicle is shown below. 

 

 

Figure 1 A Concept Autonomous Mining Vehicle from Scania (Photo taken by the author) 

 

Autonomous mining not only will improve productivity and efficiency, but also reduce total cost 

due to shorter cycle times, lower fuel consumption and improved vehicle management system. 

Most importantly it will improve safety with fewer personnel in dangerous mining environment 

(Brundrett, 2014). 

 

According to an article written by Jason Nits, in Australia it is estimated that average truck 

driver’s salary is about $112.000 per year. In order to keep a manual truck in service for 24/7 

four operators are needed. In one year one autonomous truck alone can save about $460.000 per 

year. This is a huge saving and one of the most important reason behind the interest of mining 

industry in autonomous mining (Nitz, 2014). 



3 

 

How can this technology that improves safety, productivity and efficiency while reducing cost be 

implemented? What technological background is needed to perform autonomous mining? 

According to Delphi, the technological background for autonomous vehicles are already on the 

road today (Delphi Automotive, 2016). There are many sensors located in internal components 

like engine, gearshift, and wheels. Also there are other sensors like LIDARs, radars and cameras 

are external sensors on which autonomous vehicles are heavily depend. Also there are other 

auxiliary elements that enables sensors to work optimally and in high performance. Light is one 

of the auxiliary equipment of which importance for autonomous driving easily can be 

overlooked. Many can consider lights as unnecessary equipment in an autonomous vehicle. This 

can be partly true for an autonomous vehicle which uses LIDAR and Radar to perceive its 

environment. However not all autonomous vehicle depends on LIDAR and radar to perceive its 

environment. Many autonomous vehicle solution including Scania’s autonomous mining vehicle 

use cameras to perceive its environment. One of the main purposes of autonomous vehicle is 

their ability to be in operation 24/7, which makes lights indispensable part of autonomous 

vehicle. However, little is still known about lights and how lights should be for autonomous 

vehicles. 

Finding a lighting solution for autonomous mining vehicles is main goal of this project for both 

open-pit and underground mining operations. This work reports on the development of 

autonomous mining vehicle lighting system.  

 

Autonomous vehicles get a lot of input from sensors and cameras. The information is 

analyzed according to certain functions. Setting the vehicle speed, which way it should go 

always done by analyzing this information. Especially camera has a big importance among 
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other sensors. Camera systems on the vehicle depends on ambient light to obtain high 

effectiveness and efficiency. Image quality decreases when the light is less. Because of this 

reason camera efficiency in night driving is low. Using artificial lights to increase camera image 

quality is our aim. Using various light sources, their effects on camera image quality is wanted to 

be investigated.
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2. THE PROJECT DETAILS AND PLANNING  

Autonomous Mining Vehicle Project has very big importance for Scania’s future. Considerable 

amount of engineers at Scania has been working on autonomous driving technology for many 

years now. The project is the result of this development effort. More than 10 students from many 

different background are collaborated to perform this thesis project. Each student had a 

responsibility to perform research on different areas. One of my responsibility areas are 

performing research on lighting system. How an autonomous vehicle must be lighted up in a way 

that autonomous driving task can be performed where the vehicle’s autonomous driving system 

depends on cameras to perceive its environment for object detection and path planning. The time 

for performing the research was 7 months. The work is performed between 16th of March and 

15th of October 2016. It was planned to perform lighting investigation in the light of educational 

background in this time frame. Infrastructure studies have been carried out as a first step for the 

thesis work. Many sources related to autonomous vehicle and automotive lighting have been 

examined and an intensive literature review has been done.  

 

Table 1: Time table for thesis work month by month.  

Months Works  

March Investigate what kind of studies can be done on autonomous vehicle 

lighting. What is autonomous driving, automotive lighting? What are the 

benefits of autonomous vehicles, and importance of lighting? 

April Acquisition of environment related to autonomous vehicles and 

automotive lighting. Discussing autonomous mining vehicle issues with 

various activities at Scania research and development department, 

autonomous mining vehicle section. Scanning and analyzing of the works 

has been done about autonomous vehicles and automotive lighting in Sweden 

and in the world. Cleaning system investigation started. 

May Concentration on automotive lighting system. Examination of many 

automotive lighting systems. Reading articles on this topic to find a way 
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for further development, add-value to thesis work. Designing a cleaning 

system for autonomous mining vehicle. Patent application has been made for 

cleaning system. Test drive of the vehicle in the test tracks during the night 

time. 

June Developing autonomous mining vehicle lighting system. Architectural 

design of the system. Working on cleaning system for the surfaces of  

headlamp, cameras, and sensors. The second patent application has been 

made for cleaning system 

July Preparing autonomous vehicle for the second test drive. Doing test in light 

lab to decide which lamps to use during the test to create a homogenous light 

distribution. 

August Development of the autonomous mining vehicle lighting system. Human 

vehicle interaction. 

September Test Drive planning. Deciding and ordering necessary equipment for testing. 

October Working with the real vehicle. Assembling lights to the vehicle. Doing 

harness work. Designing and developing of a control unit for lights. 

November Finalizing work, and summarizing what has been done. 

December Finalizing work, and summarizing what has been done.  

 

Thesis work contains three different modules. All of the modules serves only one purpose 

which is for the sake of achieving autonomous driving safely and efficiently. 

 

To summarize the work that has been done until this point in time, even if some part of the 

autonomous mining vehicle lighting system has not completely finished, the infrastructure of 

the system is built very firmly. 2nd test drive during night time has not been performed due to 

various reasons (work-load, and availability of some employees, etc.). Until this point in time, 

2 patent applications have been made and accepted by the patent office. Fundamental work has 

been done in human vehicle interaction area. 
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3. THEORETICAL INFORMATION  

Autonomous driving technology involves many different disciplines. In this context, cloud 

computing, artificial intelligence, sensor technologies, computer science, deep learning, big data, 

internet of things, mathematics, and even psychology are parts of autonomous vehicle research 

and development processes.  

 

In this thesis study, first of all, autonomous vehicles technologies will be mentioned in 

connection with other fields and then autonomous mining vehicle and lighting technologies will 

be explained. Then all the resources will be used to focus on the autonomous mining vehicle 

lighting system in more detail. Also, cleaning system for surfaces of headlamps, cameras, and 

sensors will be explained with supporting ideas of patent applications. Information about the 

additional research area the human vehicle interaction also will be given. 
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Figure 2 Scope of the master thesis. (Created by the author by using Microsoft Visio) 
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3.1 Autonomous Vehicle Technology  

Autonomous vehicle technologies are being developed rapidly and the development is expected 

to accelerate even further with coming times. One of the biggest application areas of autonomous 

vehicles is the mining areas. According to an article about mining automation published on 

geospatial world magazine; autonomous mining vehicles promising many benefits (Nitz, 2014): 

 

• Improved safety  

• Reduced congestion  

• Lower working stress  

• Improved productivity 

 

Most of the core technologies required for fully autonomous driving are available today, and 

many of them are mature enough and some of them are already being deployed in commercial 

available vehicles. 

 

There are two incremental paths towards full autonomous vehicles (OECD, 2015): 

 

• 1st Path: Gradually improving the automation in conventional vehicles so that drivers can 

shift more of the dynamic driving tasks to these systems. 

 

Many automotive manufacturers offer cars to their customer today. But these vehicles have a 

limited autonomous driving capabilities in a way that autonomous driving is available in certain 

situations, for example, when driving on motorways, parking a car, in stop and go traffic. 
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In these kind of autonomous vehicles, drivers are responsible of the vehicle and must be ready to 

take control of the vehicle when autonomous driving is no longer available. This kind of work 

sharing between humans and machines (autonomous driving system on the vehicle) is a one of 

the problematic areas of the autonomous vehicles.  

 

The best solution to solve this problem – interaction between human and the autonomous vehicle 

– is to give all driving responsibility to the vehicle itself. The 2nd path towards autonomous 

driving is about removing human control and give all the control to vehicle itself.  

 

• 2nd Path: Designing completely new vehicle that can drive itself autonomously. 

 

The 2nd path is the path to develop an autonomous mining vehicle from zero. A mining vehicle 

that can drive itself without getting any help from the driver. In fact, there should not be no room 

for driver to sit and control the vehicle.  
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Figure 3 An Autonomous Mining Vehicle - There is no room for driver to sit and control (Photo taken by 

the author). 

 

Technologies required for 2nd path – Full Automation without driver:  

 

• Connectivity: Connectivity is of the most important requirement for full autonomous 

vehicles. Vehicles need to communicate with each other (Vehicle to Vehicle Connectivity). 

Vehicles need to communicate with the infrastructure (Vehicle to Infrastructure). Vehicles need to 
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communicate with other things that connected to the network (Vehicle to Everything also known 

as Vehicle to X). 

 

• Sensing: Sensing is very important to achieve autonomous driving. It is the very first and 

the key step towards autonomous mining. 

 

Figure 4 Overall View of Automation in Mining. Reprinted from Geospatial World, n.d, “Towards the 

Future of Automated Operations”, Retrieved in September 2016, from 

https://www.geospatialworld.net/article/towards-the-future-of-automated-operations. Copyright 2016 by 
Geospatial World.   

 

• Digital Infrastructure: Digital interpretation of physical world that the vehicles interact. 

Creating a digital world from the real world requires high amount of processing power.  

• Decision Making: Decision making requires infrastructure and processing power in 

combination with an algorithm. Decision, planning, and control process are vital for autonomous 

driving. 

https://www.geospatialworld.net/article/towards-the-future-of-automated-operations
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Figure 5 Pillars of Autonomous Driving (Created by the author by using Microsoft Visio). 

 

Sensing is one of the most important requirements to achieve autonomous driving. Sensor 

technology has shown a lot of progress in recent times. A fully functional autonomous vehicles 

use many different sensors. From technical point of view, current technology for highly 
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automated driving in controlled environments is quite advanced and mature. Thanks to the state-

of-the-art sensors: 

 

• Radar 

• Lidar  

• GPS 

• Camera Vision System 

• Sonar 

 

In addition to these sensors: 

 

• High accuracy maps 

• On-board processing power 

• Cloud technologies  

Are very important.  

 

Autonomous driving technology is heavily depending on sensor technologies to perform 

autonomous driving functions. Tree main functions as well as requirement for autonomous 

driving is sensing, mapping and planning. Figure 3 shows importance for these three 

requirements and functions for autonomous driving. 
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Figure 6 Technologies that allow vehicles to sense, plan and act in response to the dynamic driving 

environment (The picture inspired from Autos.ca, n.d., “Autonomous Cars Will Change Everything”, 
Retrieved in April 2016, from http://www.autos.ca/auto-tech/auto-tech-autonomous-cars-will-change-

everything/) 

http://www.autos.ca/auto-tech/auto-tech-autonomous-cars-will-change-everything/
http://www.autos.ca/auto-tech/auto-tech-autonomous-cars-will-change-everything/
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3.1.1 Sensors 

Lidar Sensor System: Lidar stands for light detection and ranging. It utilizes laser lights to 

measure distance. This system creates detailed and precise three dimensional map of the dynamic 

driving environment. It emits laser light to the environment and receives reflected laser lights 

from object in the dynamic driving environment. It also works during the night as it requires no 

visible light. 

 

 

Figure 7 Lidar on Toyota Prius, the car Google uses for its autonomous vehicle research program 

(Reprinted from blog page of University of Idaho, How Driverless Cars Work, A. Vakanski, Retrieved in 
April 2016 from http://www.webpages.uidaho.edu/vakanski/How%20Driverless%20Cars%20Work.html) 

 

 

http://www.webpages.uidaho.edu/vakanski/How%20Driverless%20Cars%20Work.html
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Radar Sensor System: Radar stands for Radio detection and ranging. It utilizes radio waves to 

detect object’s distance and velocity. The system emits radio waves and receives the reflected 

radio waves from objects. 

 

Figure 8 Basic principle of Radar (Reprinted from Senaia, n.d., “How Ground Penetrating Radar 
Works”, Retrieved in April 2016 from http://senaia.com/concrete-scanning/ground-penetrating-radar-

work) 

 

Camera Systems: Camera is an optical sensor for capturing images. It is one of the most 

important sensor technology for autonomous driving. In general, two different camera system are 

in use for autonomous driving, which are: 

 

• Mono Vision Camera 

• Stereo Vision Camera  

 

Mono vision camera systems are very suitable for advanced driver assistance systems (ADAS) 

due to their relatively lower cost. As name indicates this camera system has only one lens. 

Images captured by the lens is processed according to image processing algorithms in order to 
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identify objects such as other cars, road signs, and road markings in the dynamic driving 

environment (Autoliv, 2016).  

 

 

On the other hand, stereo vision camera gives more detailed input than mono vision cameras. 

Stereo vision camera has two identical optical lenses placed with a certain distance from each 

other. It is more like a human eyes. These cameras are capable of accurately recognizing 

pedestrians, cyclist and other objects (Autoliv, 2016). 

 

Also it is possible to use mono vision camera as a stereo vision camera by using special 

Algorithm (TRW, 2016). 
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3.1.2 Levels of Autonomous Driving 

 

Figure 9 Level of Automation according to SAE International. (Reprinted from SAE International, n,d., 

“Automated Driving Levels of Driving Automation are Defined in New SAE International Standard 

J3016”, Retrieved in May 2016 from https://www.sae.org/misc/pdfs/automated_driving.pdf). Copyright © 
2014 SAE International. 

https://www.sae.org/misc/pdfs/automated_driving.pdf
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Effort towards fully automation tend to follow one of the two incremental paths:  

 

• Conditional automation where human driver is ready to control the vehicle when 

autonomous driving is no longer available.  

• Full automation where there is no need for human driver, the vehicle can control itself on 

every road and every time. 

 

3.1.3 Sensor Fusion  

Sensor fusion is a process to combine all the data captured from the sensors to obtain single 

condensed source of information for path planning. 

 

Figure 10 Traffic sign normally seen as a blank plate by using only Lidar. Lidar input is combined with 

camera vision input to crate meaningful source of input that can be used for path planning (Inspired from 
Ford Motor Company, “Ford’s Industry First Autonomous Vehicle Tests in Snow” [Video File], 

Retrieved in May 2016 from https://youtu.be/vShi-xx6ze8) 

 

Lidar sensors are capable to produce three dimensional maps of the world that contains 

information objects around, their shapes and distances from the vehicle, but does not provide  

any information about colors of objects that detected. A traffic sign is perceived as a blank 

plate (Vakanski, 2016). 

https://youtu.be/vShi-xx6ze8
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The image below shows the autonomous vehicle super computer which is being used by many 

automotive manufacturers that develops their future autonomous vehicle. 

 

Figure 11 Super Computer from Nvidia developed for autonomous vehicles (Reprinted from 

Techpowerup.com, n.d, “Nvidia Announces Drive PX 2 Mobile Super Computer”, Retrieved in May 2016 

from https://www.techpowerup.com/218922/nvidia-announces-drive-px-2-mobile-supercomputer) 

 

From technical point of view, current technology for highly automated driving in controlled 

environments are quite advanced and mature. Thanks to the state-of-the-art sensors: Radar, 

Lidar, GPS, camera vision systems, sonar, high accuracy maps, on-board processing power, 

and cloud technologies. 

 

All of these collect data from the environment that vehicle operates. These data are processed 

by computers developed especially for autonomous driving. This computer board developed 

especially for this purpose by Nvidia. 

https://www.techpowerup.com/218922/nvidia-announces-drive-px-2-mobile-supercomputer
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Figure 12 How autonomous vehicles sees their dynamic driving environment (Reprinted from Nvidia, 

n,d., “Nvdia Drive Works - Software Development Kit for Self-Driving Cars” Retrieved in May 2016 
from https://developer.nvidia.com/driveworks). 

 

According to A. Vakanski, the perception system consists of a set of sensors, selected to 

complement the limitations of the individual sensors, to provide redundancy in dealing with 

uncertain and noisy signals, as well as for improved safety under possible sensors failures. A 

standard suite of sensors in driverless cars includes: a GPS, a LIDAR, a vision camera, wheel 

encoders, and a set of radars and/or ultrasonic sensors (Vakanski, 2016). 

https://developer.nvidia.com/driveworks
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Figure 13 Sensor Suit of Drive PX 1 for Autonomous Vehicles (Reprinted from Wccftech, n.d, “Nvidia 

Drive PX Dual Chip Tegra X1 Revealed”, Retrieved in May 2016 from http://wccftech.com/nvidia-drive-
px-dual-chip-tegra-x1-revealed/). 

 

3.2 Importance of Lighting 

Especially during night when the natural light is now enough for cameras to capture images well. 

In order to capture images clearly improved artificial lighting is needed. Clear images use 

less bandwidth and storage space. Good lighting allows cameras to have faster frame rates. In 

order to use the camera in full potential, having good lighting is important. 

 

Many manufacturers are targeting 4th level autonomous vehicle technology that is set by the 

United States based Association of Automotive Engineers (SAE). Level 4 Autonomous vehicle 

means that the vehicle can be operational in a specific area, on its own, without anyone having to 

control it. 

 

http://wccftech.com/nvidia-drive-px-dual-chip-tegra-x1-revealed/
http://wccftech.com/nvidia-drive-px-dual-chip-tegra-x1-revealed/
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Until now autonomous lighting systems were developed purely for drivers but now there is an 

important question to answer - how to design good lighting system for autonomous vehicle 

where there is no driver? Designing a good lighting system can be achieved if and only if having 

the knowledge of how camera works.  

 

What are needed to be considered in this case were the requirements of sensors and cameras in 

order to understand how the camera’s visual systems works, what it is capable of, and how the 

main computer in the autonomous vehicle construct the world from visual input. 

 

There is a problem – camera and other visual systems does not work like a human eye and 

vision system. Human eyes do not see pixels but instead have a complete model of external 

world. First thing that needed to be clarified is to working principle of camera system.  

 

Figure 14 Matrix LED Lighting System (Inspired from Hella, “Hella Matrix LED System” [Video File], 

Retrieved in May 2016 from https://youtu.be/xYSix5r38qY). 

https://youtu.be/xYSix5r38qY
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If there is no driver, then it is can be said that good lighting depends on the cameras and sensors. 

If the lighting system answers the needs of the cameras and sensors, then it can be said that this 

lighting system is good otherwise it is bad. 

 

In conventional vehicle – where there is a driver – it is difficult the measure the performance 

of lighting system but in autonomous vehicles sensors and cameras are fixed. Performance 

measurement process can be standardized. It is feasible to setup a close loop control system to 

achieve full control of lights according to input from camera. 

 

The figure below shows the effect of increasing number of pixels with the lighting requirement 

of digital camera. 

 

 

Figure 15 4 Pixel camera sensor on the left. And 16 Pixel camera sensor on the right (Created by the 
author by using Microsoft Visio). 

 

Sensor on the left has 4 pixels, on the other hand sensor on the right has 4 times higher 

resolution 16 pixels. When you look at the size of the individual pixels on each sensor; the 
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pixels on the sensor on the left are much larger, capable of collecting much more light and are 

therefore, able to deliver better performance in lower light condition. 

 

 

Figure 16 Relation between sensor resolution and light requirement (Created by the author by using 
Microsoft Visio). 

 

The higher the resolution of the camera, the lighter that is required to deliver high quality 

images. Clearly the sensors on the right with 16 pixels has 4 times the resolution of the sensor on 

the left with 4 pixels. But take a look at the size of the individual pixels on each sensors; the 

pixels on the sensors on the left are much larger, capable of collecting much more light and are 

therefore able to deliver better performance in lower light conditions. 
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Figure 17 Importance of light and its effect on end results (Created by the author by using Microsoft 

Visio). 

 

that have changed are transmitted and updated in the live video image. If the light is not good 

enough, it can create noise in the frame and thus camera is fooled into thinking as there is 

constant movement thru the frame and this prevents video compression from working. 

Good lighting provides higher quality clear images by preventing noise. It allows video 

compression techniques to work and helps to reduce bandwidth usage. 

 

3.3 Scania’s Way to Develop Autonomous Mining Vehicle  

There are two different path for autonomous vehicles. First path is gradually improving the 

automation in conventional vehicles. The second path is to design a completely new vehicle. 
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In general, significant number of truck manufacturers prefer the first way where they use 

existing products and adds autonomous features in time as they made progress. Many 

manufacturers today offer cars to their customer. But in this vehicle automated driving is 

available for certain situation – for example when driving on motorways, parking a car, in 

stop and go traffic in congestion. In this type of autonomous vehicles driver must be active all 

the time, such conditional automation raises particularly difficult issues of human-machine 

interaction that have not been satisfactorily solved. 

 

The best solution for achieving fully automation is to remove human control totally by 

manufacturing trucks where there is no room for driver. This kind of fully automated 

vehicles will not face the same issue of human-machine coordination. This highly specific 

contexts include particular routes and low-speed operations. Self-driving vehicles have a 

much higher potential for distortion. They may be developed in the fleet-wide systems that 

would fundamentally reshape individual travel and have an impact on industries such as 

public transport and taxis in the future. But now our focus areas are mining applications. 

 



29 

 

 

Figure 18  A State of the Art Autonomous Mining Vehicle (Photo taken by the author). 

 

3.4 Fundamentals of The Light 

There are two types of light sources; natural and artificial. The light origination from the sun 

is called the natural light. Light produced by humans and other living things in various ways 

is called artificial light. For the rest of the document the term light will be used for artificial 

visible light. 

 

Electromagnetic theory will be somewhat implied here in terms of giving the most basic and 

accepted knowledge about light. According to electromagnetic theory, light is an 

electromagnetic waves and it is only one part of the complete spectrum. 
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Figure 19 Electromagnetic waves (Reprinted from A. Ryer, 2000 “Light Measurement Handbook”, 

Retrieved in April 2016 from http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html) 

 

 

Figure 20 An electromagnetic wave (Reprinted from A. Ryer, 2000 “Light Measurement Handbook”, 

Retrieved in April 2016 from http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html) 

 

According to this theory, the light has three different characteristics in relation to the 

wavelength. These characteristics are:  

• Ultraviolet Light 

• Infrared Light  

• Visible Light  

 

Ultra violet light is divided into 3 parts in itself as UV-A, UV-B, and UV-C. These three ultra 

violet lights will be explained in order to give little insight (American Rain and Water, 2016). 

http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html
http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html
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UV-A: UV-A is the most common and harmless type ultraviolet light since energy level is 

low. In some literature it is called as black light because of the fact that it makes fluorescent 

materials to emit visible lights. This makes material to appear glowing under the black light. 

 

UV-B: This type of UV light is the most harmful among the all UV lights. It has potential to 

damage biological tissues thanks to its energy level. Makes make UV-B type light the most 

dangerous is its energy level – it is not the most powerful but it is in a range that not powerful 

enough to completely absorbed by atmosphere. 

 

UV-C: This type of ultraviolet light is completely absorbed in the atmosphere. Because of fact 

that it is being absorbed in the atmosphere, the light is never absorbed in the nature. 

 

On the other hand, the infrared light waves lie between visible light waves and micro waves of 

the electromagnetic spectrum (NASA, 2016). 

 

 

Figure 21 Infrared light waves lies between visible light waves and micro waves of the electromagnetic 

spectrum (Inspired from NASA, “Astronomer’s Toolbox- The Electromagnetic Spectrum”, Retrieved in 

April 2016 from https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum1.html). 

https://imagine.gsfc.nasa.gov/science/toolbox/emspectrum1.html
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Infrared lights contain the least amount of energy than any other lights. Far infrared lights wave 

are thermal waves. The heat is in the form of infrared. 

 

The most important one is the visible light in terms of application areas in the autonomous 

mining vehicle project. The visible light waves in the electromagnetic wave buffer are the only 

wave length range that human eye can see (NASA, 2016). 

 

 

Figure 22 White light shines through the prism, the light is broken down into colors of the visible 

spectrum. (Reprinted from Infogram, n.d., “Visible Light Waves”, Retrieved in May 2016 from 

https://infogr.am/visible-light-waves) 

 

Red has the longest wave length and violet has the shortest wave length. White contains all 

the all the visible waves. 

 

Automotive lighting is all about visible light. The observations and investigations made 

during the thesis work will usually be made on visible light. 

 

https://infogr.am/visible-light-waves
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3.4.1 Physical Characteristics of Light 

According to law of reflection; source of light gets reflected from the surface with the same 

angle as shown in figure 22. 

 

Figure 23 Reflection of the light (Reprinted from A. Ryer, 2000 “Light Measurement Handbook”, 

Retrieved in April 2016 from http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html). 

 

 

Reflection can be generalized in three categories; 

 

• Specular reflection 

• Diffuse reflection 

• Spread reflection 

 

Figure 23 shows these 3 type of reflection. 

 

http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html
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Figure 24 Specular, Diffuse, and Spread Reflection (Reprinted from A. Ryer, 2000 “Light Measurement 
Handbook”, Retrieved in April 2016 from http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html)

http://www.dfisica.ubi.pt/~hgil/fotometria/HandBook/luz.html
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4. BENCHMARKING 

4.1 Matrix LED Benchmarking with High-End Cars  

The test has conducted to understand how the matrix led system work. In order to conduct the 

test five 2016 model-year-car were selected from the market. These cars are:  

 

• Audi Q7 

• Mercedes E series  

• VW Passat GTE  

• Volvo XC90 

• Opel Astra 

 

The table 2 shows the matrix system specific information of these vehicles. 

Table 2: Matrix LED Specifications of Test Cars  

Car Brand and Model Matrix LED Specification 

Audi Q7 30 LED  

Mercedes E Series  82 LED 

VW Passat GTE N/A 

Volvo XC90 N/A 

Opel Astra  6  

 

Figure 25, 26. 27, 28 shows moments from the test drive.  
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Figure 25 Mercedes Matrix Led System with 82 LEDs (Reprinted from Hella, “Multi Beam LED 

Headlamps by Hella – In a Class of Excellence of Their Own”, Retrieved in March 2016 from 

http://www.hella.com/hella-com/en/Technology-Products-30-03-2016-11583.html) 

 

 

Figure 26 Mercedes E series and Audi Q7 in front of Scania (Photo taken by the author at the main 

entrance of Scania Technical Centre in Södertälje in Sweden). 
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Figure 27 After the test drive, participants shared their experiences (Photo taken by the author at the 

main entrance of Scania Technical Centre in Södertälje in Sweden). 

 

Figure 28 VW Passat GTE and Mercedes E Series are parked side by side (Photo taken by the author at 
the main entrance of Scania Technical Centre in Södertälje in Sweden). 
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As a result, the matrix led headlamp system is very interesting in theory, and it is tested and 

verified that it works in real life as well. During the test drive videos have been recorded for 

every car. It can be seen from the videos that matrix led system from Mercedes performed very 

well with its 84 led matrix. In terms of light homogeneity on the road Audi Q7 was very good. 

VW Passat and Volvo XC90 was quite impressive also. Opel Astra’s solutions was not good 

when comparing with other matrix led systems of competitors’ headlamps.     

 

In summary, it was good to experience how matrix LED system works in real-life road 

conditions. 
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5. CLEANING SYSTEM FOR SURFACES OF HEADLAMPS, CAMERA VISION 

SYSTEMS, AND SENSORS  

It is always a problem to keep the mining vehicle clean due to the tough working environments 

of the mining areas. A vehicle that start the work as clean as possible become a dust, and mud-

covered at the end of the work. The image below shows how much dust the vehicles are exposed 

to.  

 

Figure 29 Dust covered mining vehicle (Reprinted from AMSJ – Australians Mine Safety Journal, n.d., 

“Settling the Dust How Much is too Much”, Retrieved in May 2016 from 
http://www.amsj.com.au/news/settling-the-dust-how-much-is-too-much/) 

 

For autonomous vehicles this is a very big problem. When sensors and camera vision systems 

covered with dust, the autonomous vehicle does not function properly. Solution to this problem 

http://www.amsj.com.au/news/settling-the-dust-how-much-is-too-much/
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should be found for autonomous mining vehicle. The most advanced solution for cleaning head 

lamps for Heavy Duty Vehicles is based on high pressure water cleaning systems which 

efficiencies are typically between %50 and %65. In some systems water is heated just before 

spraying the surface to increase efficiency of cleaning process (Jansson, 2014). 

 

Through the history of headlamp, keeping them clean has always been a problem. In today’s 

high technology trucks not only surface of head lamps but also surfaces of cameras and sensors 

must be kept clean for optimal operational performance. 

 

For autonomous mining vehicles it is necessary to find different solutions out of these classical 

methods. In recognition of this need, 2 different methods have been developed for keeping 

necessary surfaces clean. These necessary surfaces are the surfaces of headlamps, sensors, and 

camera vision systems.  

 

5.1 Problems with the current headlamp cleaning systems:  

High pressure water cleaning system is used for cleaning the surfaces of headlamps. But with 

this system there are some problems which are; 

 

• It is very difficult to clean most of the surface because of the curvature of headlamp 

surface.  

• System takes water from the water tank which is used by other subsystems too, and this 

tank must be refilled periodically. 
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• Water droplets on the surface may create unwanted spots which might reduce the 

performance of headlamps, cameras and sensors. 

• Poor performance for some conditions – when surface dirtiness is high. 

• 50%-65% cleaning efficiency. 

 

Dirty headlamps surface is undesired situation and it is very serious problem especially for 

mining trucks. 

 

5.2 Solution Method 1: High Pressure Water and Air  

In order to solve the surface cleaning problem for headlamps, sensors and cameras, high pressure 

air can be used. In practice, there are plenty of air to use and it can be used periodically to keep 

desired surfaces clean.  

 

This solution requires the same infrastructure with the current high pressure water cleaning 

system. Also with this system, water pump which consumes considerable amount of energy from 

the vehicle battery was eliminated. Without the water pump the system becomes lighter and 

simpler. 

Cleaning procedure; 

 

1- High pressure air is applied to prepare the surface.  

2- High pressure water is applied to prepared surface.  

3- High pressure water and air are applied together. 

4- High pressure air is applied to dry the surface. 
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Advantages of using high pressure air and water for surface cleaning, 

 

• Adding air pressure to the existing pressure water system is possible.  

• Eliminates the need of water pump which simplify the system.  

• Light-weight cleaning system contribute to fuel economy. 

• Simple and reliable components - Easy to manufacture and maintenance.  

• Applying the high pressure air to the surface periodically will reduce the necessity of 

using water. 

• Reduces the water usage and increase the interval of water refilling.  

• Applying high pressure air dries the surface, it will reduce spot creation on the surface.  

• Increases safety by creating optimal working conditions for the devices behind the 

surface. 

 

Why there is no need to have a water pump? 

Bernoulli’s principle can be helpful to explain why there is no need for a water pump for the 

proposed cleaning system. When the high speed air supplied through a tube, the moving air 

lowers the pressure through the tube. Greater pressure in the water tank pushes water up to the 

tube. The air stream breaks the water into small drops, and the water becomes a fine mist. 

 



43 

 

 

Figure 30 High and low speed of flow create pressure difference (Reprinted from Sciphile, n.d, 

“Bernoulli’s Principle and the Venturi Tube”, Retrieved in May 2016 from  
http://sciphile.org/lessons/bernoullis-principle-and-venturi-tube). 

 

This method is already used for old gasoline engines where pressure difference in the carburetors 

push gasoline to a tube where gasoline combines with air to create the mixture of fuel and air that 

runs the engine. 

 

5.3 Solution Method 2: High Pressure Air  

In order to solve the surface cleaning problem for headlamps, sensors and cameras, high pressure 

air can be used. In practice, there are plenty of air to use and it can be used periodically to keep 

desired surfaces clean.  

 

This solution requires the same infrastructure with the current high pressure water cleaning 

system. Also with this system, water pump which consumes considerable amount of energy from 

the vehicle battery is eliminated. Without the water pump the system become lighter and simpler. 

 

 

 

http://sciphile.org/lessons/bernoullis-principle-and-venturi-tube
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Advantages of using high pressure air for surface cleaning, 

 

• Converting the existing high pressure water system to high pressure air system is possible 

with few changes.  

• Eliminates the need of water pump which simplify the system.  

• Light-weight cleaning system contribute to fuel economy. 

• Simple and reliable components - Easy to manufacture and maintenance.  

• Applying the high pressure air to the surface periodically will reduce the necessity of 

using water. 

• Applying high pressure air dries the surface, it will reduce spot creation on the surface.  

• Increases safety by creating optimal working conditions for the devices behind the 

surface. 

 

5.4 Testing Ideas in Lab Environment 

This test is done to understand if the cleaning methods are capable of cleaning surfaces. The test 

has done in lab environment. If the test is successful, it shows that it can be applied in real 

mining areas.  

 

Materials used:  

Typical Scania Halogen headlamp  

Dirt – Dust form of mud  

High pressure water  

High pressure air  
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Water pump 

Water spray  

Air spray  

Heater to dry wet and dirt surface  

 

5.4.1 Procedures:  

Solution is prepared to contaminate the surface with dirt and water. This solution was sprayed to 

the surface of headlamp using spray. Then the dirt on the surface was dried using a heater. What 

is wanted by this process is that to get a dirty surface that could happen to the vehicle in the real 

mining areas.  The image below shows the dirty surface.  

 

 

Figure 31 Dirty Surface of headlamp (Photo taken by the author in the washing lab at Scania). 
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As a first step only high pressure air is applied to the surface. The result is not as good as 

expected.  

 

Figure 32 Only the high pressure air is used for cleaning. The result is hazy looks of the surface (Photo 

taken by the author in the washing lab at Scania). 

 

Applying only air to the surface for cleaning was not enough. Because the surface was dried, air 

was not enough to extract all the dirt from the surface.  
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As a 2nd test only high pressure water was applied to the surface. The result was better than the 

previous result which obtained by applying only high pressure air. The image below shows the 

result of cleaning surface with only high pressure water.  

 

 

Figure 33 Only the high pressure water is used for cleaning. As a result, water droplets remain on the 

surface (Photo taken by the author in the washing lab at Scania). 

 

In general, it is a good result but the water drops remain on the surface.  

 

In the 3rd test high pressure water was used in combination with high pressure air. The test 

resulted with quite clear and shiny surface.  
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Figure 34 Combination of high pressure air and water cleaning system. Very clean, shiny surface (Photo 

taken by the author in the washing lab at Scania). 

 

5.5 Result Linked to Evaluation of the Cleaning System 

Using only the high pressure air is not enough for surface cleaning for headlamps. Furthermore, 

it can make the surface worse than using nothing.  

 

Using only the high pressure water is good with some drawbacks. It does not fully clean the 

surface, water drops stay in the surface and does not reach the edges.  
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Using high pressure air in addition to high pressure water gives the best result. Air flow on the 

surface carry water droplets the edges and make the surface very clean by removing most of the 

dirt. 
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6. DEVELOPMENT OF LIGHTING SYSTEM FOR AUTONOMOUS MINING 

VEHICLE  

At Scania, there are two vehicles which can be used for developing autonomous mining vehicle 

lighting system. These vehicles, “Astator” and “Socius” are shown in figure 35.   

 

Figure 35 Scania's Autonomous Mining Vehicle (Reprinted from Scania, n.d., “Autonomous Driving: the 

human touch”, Retrieved in July 2016 from https://www.scania.com/group/en/autonomous-driving-the-
human-touch/). 

 

During the development processes, tests such as driving test were mainly done on Astator. This 

vehicle has a dual vision system which consist of mono vision camera and stereo camera. Astator 

was chosen as a test vehicle to develop autonomous mining vehicle lighting system because of 

https://www.scania.com/group/en/autonomous-driving-the-human-touch/
https://www.scania.com/group/en/autonomous-driving-the-human-touch/
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the poor performance of camera vision systems on the vehicle. Camera is performing poorly in 

low light conditions. 

 

6.1 Camera Vision System Requirements 

 

Figure 36 Camera Vision System of Astator Autonomous Vehicle (Photo taken by the author). 

 

In the front there are 3 different type of camera vision system which are:  

• Side Camera for pedestrian detection  

• Mono vision camera for line detection 

• Stereo vision camera for object, and drivable surface detection 

In this thesis work most of the effort spent more on stereo vision camera system because of its 

object detection and drivable surface detection capabilities.  
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During a meeting that held for improving autonomous mining vehicle lighting system, camera 

requirements were described as follow.  

 

The figure below shows the effective view area of the camera vision system. The first 2 meters 

from truck, the front face is not visible by the camera vision system. The triangular area up to 40 

meters from the truck is extremely important for object detection, and path planning. Camera 

vision system must able to recognize this area with full performance for achieving reliable 

autonomous driving functions. 

 

40 Meter

30 Meter

2 Meter

 

Figure 37 View Area of the stereo vision camera system (Created by the author by using Microsoft Visio). 
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The lighting values of this area should be between 60 and 80 lux for obtaining the best 

performance from the camera vision system. The values should be close to each other otherwise 

performance of cameras drops. 

40 Meter

30 Meter

2 Meter

60-80 LUX

 

Figure 38 Lighting values of the view areas of the camera vision system (Created by the author by using 

Microsoft Visio). 

 

The blue colored area represents the camera field of view. This area is equal to an area of 40 

meter to 60 meter isosceles triangle. It makes approximately 794 meter square.    

 

6.1.1 Development Path 1:  The Matrix LED Lighting System 

Matrix LED system is developed in order to produce enough light to the area where the camera 

vision system requires. The figure below the basic sketch of the initial matrix led idea. 
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Figure 39 The basic sketch to illustrate matrix LED lighting system (Created by the author by using 

Microsoft Visio). 

 

Taking into account of the need of thee camera vision system, 24-zone matrix led system is 

designed. Figure 30 shows the 24-zone matrix led system. These areas are not completely 

independent of each other to ensure that the light has a continuity at certain level and also to 

ensure that the camera vision system captures the best possible image. 
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Figure 40 24-Zone Matrix LED Autonomous Front Lighting System (Created by the author by using 
Microsoft Visio). 

 

Taking into account of the camera vision, designed a matrix led lighting system consisting 24 
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zones. These areas are not completely independent of each other to ensure that the light 

continuity is at certain level and also to ensure the camera captures the best possible image. 

 

Table 3: Matrix LED System Zones. (This table lists the zones illustrated in figure 40).  

FLA1 Front Lighting Left Zone A Lamp Number 1 

FLA2 Front Lighting Left Zone A Lamp Number 2 

FLA3 Front Lighting Left Zone A Lamp Number 3 

FLA4 Front Lighting Left Zone A Lamp Number 4 

FRA1 Front Lighting Right Zone A Lamp Number 1 

FRA2 Front Lighting Right Zone A Lamp Number 2 

FRA3 Front Lighting Right Zone A Lamp Number 3 

FRA4 Front Lighting Right Zone A Lamp Number 4 

FLB1 Front Lighting Left Zone B Lamp Number 1 

FLB2 Front Lighting Left Zone B Lamp Number 2 

FLB3 Front Lighting Left Zone B Lamp Number 3 

FLB4 Front Lighting Left Zone B Lamp Number 4 

FRB1 Front Lighting Right Zone B Lamp Number 1 

FRB2 Front Lighting Right Zone B Lamp Number 2 

FRB3 Front Lighting Right Zone B Lamp Number 3 

FRB4 Front Lighting Right Zone B Lamp Number 4 

FLC1 Front Lighting Left Zone C Lamp Number 1 

FLC2 Front Lighting Left Zone C Lamp Number 2 

FLC3 Front Lighting Left Zone C Lamp Number 3 

FLC4 Front Lighting Left Zone C Lamp Number 4 

FRC1 Front Lighting Right Zone C Lamp Number 1 

FRC2 Front Lighting Right Zone C Lamp Number 2 

FRC3 Front Lighting Right Zone C Lamp Number 3 

FRC4 Front Lighting Right Zone C Lamp Number 4 

 

The lighting system is designed as a closed circuit control system. This method, inspired by 

Matrix Led technology, can be called fully automatic light system technology for cars without 

a drive. 
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PROCESSOR

FIXED 
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Figure 41 Close Loop Control System for Matrix LED System (Created by the author by using Microsoft 
Visio). 

 

In this software, algorithm analyzes captured images to determine where more light is needed 

and the necessary settings for better illumination of that area are made by the matrix LED 

lighting system. 

 

illuminate 
the traffic 

space 

Calculate Opmial Light 
Distribution 

Generate Light 
Distribution

Analyze Traffic Situation Control Light Distribution

Generate Light Form Light

Recognize Vehicle 
Sorrounding

Indentify Environmental 
Conditions

Detect Other Road Users

 

Figure 42 Function of Matrix LED System (Created by the author by using Microsoft Visio). 

 

This method is designed only for architectural purposes. More work needs to be done to keep 

this work alive. 
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Note: This idea did not find enough support due to its cover area was larger than the thesis scope 

even though infrastructure required for this study – programming expertise – was ready. 

 

6.1.2 Development Path 2: Homogenous Light Distribution with Work Lamps 

This idea is about creating a homogenous light distribution within the scope of the camera vision 

system’s viewport.  

 

Figure 43 Homogenous light distribution appears visually to be continuous (Inspired from Leica, 

“Science Lab – Introduction to Digital Camera Technology”, Retrieved in July from http://www.leica-
microsystems.com/science-lab/microscope-cameras/introduction-to-digital-camera-technology/) 

 

 

http://www.leica-microsystems.com/science-lab/microscope-cameras/introduction-to-digital-camera-technology/
http://www.leica-microsystems.com/science-lab/microscope-cameras/introduction-to-digital-camera-technology/
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Increase in the difference between the light zones makes more difficult for the camera to 

perceive this difference. The less the difference between these region is, the easier the camera to 

perceive. When the difference between the light zones is reduced, the light distribution becomes 

more homogenous. Otherwise it becomes more heterogeneous. 

 

Normal automotive headlight is not homogenous and this heterogeneous light distribution is a 

major disadvantage for the optimal operation of camera vision system for autonomous vehicle. 

The figure below shows the normal distribution of conventional automotive headlight. 

 

 

Figure 44 Typical headlight distribution (Created by the author in the light lab at Scania). 

 

As the figure above shows the light distribution is not the same across the surface. This 

heterogeneous distribution of light significantly reduces the performance of the camera vision 
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system. From this point of departure, it can be said that the homogenous light distribution is 

necessary for obtaining optimum performance from the camera vision systems.  

 

From this point in time, efforts and resources were shifted for development of homogenous 

lighting system to inquire how homogenous light distribution could be obtained across the 

surface. In order to find the best possible lamp that can be used to create homogenous light 

distribution, numerous tests done on many lamps in Scania’s light lab. 

 

After being performed many test on the light lab and examining numerous number of previously 

test results, it is finally found that the work lamps gives the best result in terms of homogeneity 

of light. 

 

Figure 45 Typical work lamp from Hella 
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Figure 46 Homogenous light distribution of work lamp (Created by the author in the light lab at Scania). 

 

6.1.2.1 Advantages of Work Lamp: 

In order to understand the advantages of the work lamps, first of all, it is needed to look into a 

standard automotive headlight distribution. The figure below represents this kind of regular light 

distribution. 
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Figure 47 Typical headlight distribution of Volvo Truck headlamp (Created by the author in the light lab 

at Scania). 

 

On the other hand, work lamps have more homogenous light distribution pattern. The figure 

below shows typical light distribution of work lamps.  

 

 

Figure 48 More homogenous light distribution from a work lamp (Created by the author in the light lab 

at Scania). 
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Also light distribution significantly changes from one work lamp to another work lamp. 

The figure shown below shows more homogenous light distribution. 

 

Figure 49 Light distribution of Hella work lamp (Created by the author in the light lab at Scania). 

 

The differences between the work lamps should kept in view and the required lamps should be 

kept in mind and the required lamps should be brought together to create the required 

homogenous light distribution. 

 

6.3 Developing a Homogenous Light Distribution  

 

Figure 50 Work lamps were placed at the top of the autonomous truck (Created by the author by using 

Microsoft Visio). 

Side 
Lamp

Side 
Lamp

5 m40 m
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Autonomous vehicles get a lot of input from sensors and cameras. The information is 

analyzed according to certain functions. Setting the vehicle speed, which way it should go 

always done by analyzing this information. Especially camera has a big importance among 

other sensors. Camera systems on the vehicle depends on ambient light to obtain high 

effectiveness and efficiency. As mentioned before, image quality decreases when the light is less. 

Because of this reason camera efficiency in night driving is low. Using artificial lights to increase 

camera image quality is our aim. Using various light sources, their effects on camera’s image 

quality is wanted to be seen. 

 

 

Figure 51 Mock-up of the autonomous mining vehicle, front view (Created by the author by using 

Microsoft Visio). 

 

In a normal vehicle the headlamp is found at the bottom of the vehicle. But the higher the lights, 

the better the light distribution will be. The light should be located as high as possible.  

LED WORKING LIGHTS

HEAD LAMP HEAD LAMP



65 

 

 

Also for the vehicle human interaction perspective there are 3 different lamps in the center of the 

vehicle that illuminate traffic lights in 3 different colors. The lights are designed to communicate 

not only with the workers around but also with other vehicles.  

 

Figure 52 Mock-up of the autonomous mining vehicle with working lamps in the top (Created by the 

author by using Microsoft Visio). 

 

 

Figure 53 Different configuration of lamps (Created by the author by using Microsoft Visio). 

 

The location of the light sources is very important for obtaining homogenous light distribution. 
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7. TEST DRIVE  

Our tests were done on two autonomous vehicles which are currently under development. 

These vehicles are Astator and Socius. Most of the tests were carried out over the first vehicle – 

Astator. 

 

The artificial illumination sources include 4 halogens 7 Led lamps. Characteristics of these 

lamps are given in the table below. More information can be found at the end of this report. 

 

Table 4: Work lamps and their features.  

FEATURE\LAMP HELLA POWER 

BEAM 3000 

GROTE-

SCANIA 

HELLA-

SCANIA 

VISION X 

XTREME 

Type  LED LED  Halogen LED 

Power Consumption 43 W 33 W 70 W 5 W for each 

led  

Voltage 12-24 V 24 V 24 V 9 – 32 V 

Luminous Flux 2837 lm 1583 lm 1250 lm 2220 lm 
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Figure 54 Stereo vision systems of Astator. (Photo taken by the author). 

 

7.1 Preparations 

The preparation began with mounting various light sources onto the vehicle. Two hinges 

can be seen picture below were used to fix lamps. The light sources were mounted in various 

aspects. In this way camera’s image quality was planned to be increased. Images and videos 

were recorded for analysis. 
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Figure 55 Hinges for Light Assembly (Photo taken by the author). 

 

Halogen and LED lamps are two kind of light source that were used during the test. What 

is wanted to be understood is that the effects of these different types of light on the performance 

of the camera system. Because of this reason, a light switching mechanism was developed to turn 

on and off different light sources separately. 
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Figure 56 Astator in the workshop in Scania (Photo taken by the author in a workshop at Scania). 
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Figure 57 Fine tuning before the test drive (Photo taken by author in a workshop at Scania). 

 

It is planned to put lamps on the vehicle’s roof as seen as in Figure 55. The plan was given up 

due to lack of adequate equipment on hand and lack of time for assembly. As a result, lamps are 

only mounted on the bottom side of the vehicle, in line with the original headlamps. Because of 

the fact that the location of the lamps is different than planned, and the expected result will 

different.  

As it can be seen below, the upper side of the vehicle is not equipped with a lamp. What is really 

wanted to be done was as shown in figure 58.  
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Figure 58 High ceiling mounted lamps (Created by the author by using Microsoft Visio). 

 

 

 

Figure 59 Few minutes before the test drive while I was lighting up the autonomous mining vehicle 

(Photo taken by the author in a workshop at Scania). 

 

Side 
Lamp

Side 
Lamp

5 m40 m



72 

 

7.2 Night Drive  

The test has been done at the night that connects the day Thursday 9th of June 2016 to Friday to 

10th of June 2016. Many lights installed in front of the vehicle to investigate low light 

performance of stereo camera being used in the autonomous mining vehicle.  

The test was conducted in 2 different road type – earth and Asphalt. The test was performed first 

on the dirt road. After dozens of trial done on the earth road. Test drive was started at night at 

01:00 o’clock and ended at 3 o’clock through the morning.  

  

 

Figure 60 Two autonomous vehicles stands on earth road. (Photo taken by the author during night drive 

at Scania). 

 

Two autonomous vehicles that stand on earth road. The two vehicles were parked side by side to 

calibrate the lighting system to obtain best possible result.  
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Figure 61 Earth Road (Image retrieved from google maps). 

 

The earth road is the test track to test autonomous mining vehicles for open-pit mining 

applications. Various obstacles on the road were made to simulate open-pit mine environment.  

 

 

Figure 62 Asphalt Road (Image retrieved from google maps). 

 

Asphalt road is shown above is a test track where the 2 autonomous mining vehicle were driven. 

During the test drive, videos were recorded for further investigation. 
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8. RESULTS & DISCUSSIONS 

In this part, the results obtained from the test drive will be shared, explained and evaluated. 

During the test drive, many videos were recorded. These videos were analyzed by using image 

analysis application developed by the company called Autoliv. The application is the same 

application that Scania uses for developing its autonomous mining vehicles.   

 

Upon sharing the results, discussion will be made on them and the results will be evaluated as 

well.  

Example Result – How to Read the Figure 

Acquisition of the result: Poor drivable surface detection on asphalt road.   

Rectangle 
Encapsulated 

Detected Obejct. 

Green Means 
Drivable Surfaces 

Object Detected, 
Undrivable Surfaces

Triangular areas 
represents the 
vieware of the 

camera

Location of the 
camera vision system

Distance ruler, 5 
meters for each 

interval

 

Figure 63 Example result shows how to read the screen shoot (Created by the author). 
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In the figure 63: 

• Blue rectangles show the identified objects,  

• Green areas are drivable surface, 

• Red areas show the surfaces which are impossible to drive on, 

• Orange areas shows the surfaces which are drivable but not as good as green colored 

surfaces. 

 

Reading: Drivable surface detection works well for short distances. But it is opposite for the long 

distances. On the other and object detection works well. The system detects objects standing 70 

meters away.  

   

Analysis & Discussion: The image analysis system fails the recognize drivable surfaces for long 

distances but short distances. It is interesting that distant objects can be detected easily. What 

could be the reason for this? The main cause may be the surface of the asphalt road. The surface 

of the asphalt road is quite smooth and it does not reflect enough light back to the camera. With 

careful inspection it can be understood that, there is no information about the surface if it is 

drivable or not. The road is not colored to green, yellow or red. This uncolored road means that it 

has not processed like the sky. There is no color for the sky also. Further investigation is needed 

to understand the main reason.  
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Result 1: Detection Range of Objects Seems to be 50 meter. 

Acquisition of the result: Detection range of concrete blocks seems to be 50 meters. Drivable 

surface detection also seems to be 50 meters. 

 

Figure 64 Detection range of concrete blocks is at 50 meters (Screenshot from a video recorded by the 

author during the test drive). 

 

Reading: Detection range of concrete blocks seems to be 50 meters which is a sufficient distance 

to make a path planning when the vehicle speed is lower than 40 km/h.  

 

Analysis & Discussion: 40 km/h means the vehicle will take 40 km in one hour. In other words, 

if the vehicle speed is 40 km/h, the vehicle will take approximately 11 meters for every second. 

Keeping in mind that the detection range is 50 meters, the vehicle’s autonomous driving system 

has approximately 5 seconds to analyze and decide what to do. In this time frame, the processing 

unit of the autonomous vehicle has to receive input data from many sensors including the camera 

vision system to do image analysis and to make the best decision. The time which is 5 seconds 

seems reasonable.  
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Result 2: Concrete obstacles are detected is at 40 meters ahead.  

Acquisition of the result: Concrete objects detected well from the 40 meters. Drivable 

surface hmmm 

 

Figure 65 Concrete obstacles are detected is in 40 meter ahead (Screenshot from a video recorded by the 

author during the test drive). 

 

Reading: Surface detection works well for illuminated surfaces. Objects in 40 meters away were 

detected successfully. But the system failed to recognize the object in the middle which is little 

bit further than the objects on two sides.  

 

Analysis & Discussion: As it can be seen from the figure 64 and 65 horizontal field of view is 

not really sufficient to detect obstacles and drivable surface in the full distance. One of the most 

important reason for this may be the amount of lighting. In order to understand that, it is needed 

to perform a test drive where the amount of light increased.  Static illumination level test on earth 

road shows that a maximum of 40 meters ahead can be detected as a drivable surface.  
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Result 3: Object and Drivable Surface Detection under Static Illumination Works Well 

with Some Shortcomings.  

Acquisition of the result: Nearfield detection of drivable surfaces and objects seems to be 

reasonable under the nearfield illumination. 

 

 

Figure 66 Static illumination test result 

 

 

Figure 67 Gravel pile is detected quite well and saturation does not occur (Screenshot from a video 
recorded by the author during the test drive). 
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Figure 68 Effect of near field limitation of 5 meters due to location of the camera vision system 

(Screenshot from a video recorded by the author during the test drive). 

 

Reading: In figure 66 the scene is illuminated statically while the vehicle is standing stationary. 

Illuminated areas detected by the system well in the nearfield. The farther away from the vehicle 

the detection area of the drivable surface become narrow. Whereas, in figure 67 the gravel, pile is 

detected quite well and saturation does not occur. Also rectangles show the size of the object 

correctly.  

 

Analysis & Discussion: In figure 66, the illuminated area is quite good for the near field but very 

narrow for the rest of the view area and it is needed to be increased in both sides - left and right 

from 15 meters to 60 meters. In both figure 67 and 68 the gravel pile is detected quite well 

because of the good illumination. On the other hand, in both figure 67 and figure 68 tells one 

very important disadvantage of the current setup. The effect of nearfield illumination on the 
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gravel pile tells different story. Lower part of the gravel pile is not detected by the system which 

is likely has to do with the near field limitation of 2 meters due to narrow vertical field of view. 

Due to high location of the camera vision system, the camera starts to see after 2 meters from the 

vehicle. Because of the fact that the location of the camera located very high in the vehicle, it 

fails to detect objects which are close to vehicle and short in size  

 

More tests are needed to understand the importance of the camera installment location. Several 

cameras should be installed to various areas on the vehicle. The best location to install camera 

vision system should be determined if and only if by comparing the data from the cameras.   

 

Result 4: Different Surface Texture Phenomenon  

Acquisition of the result: System fails to detect drivable surfaces when the road ahead consists 

different surface textures.  

 

Figure 69 The gravel asphalt difference phenomenon occurs (Screenshot from a video recorded by the 

author during the test drive). 
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Reading: The texture difference on the road has created a phenomenon where gravel is proved to 

be detected very well but asphalt surface is not detected at all until noisy data is received as 

showed in figure 69. 

 

 

Figure 70 The texture difference on the road has created a phenomenon which resulted in poor drivable 

surface recognition (Screenshot is taken from a video recorded by the author during the test drive). 

 

In both figure 69 and 70 shows that increasing illumination level helps camera vision system to 

detect drivable surface up to 25-30 meter in dark conditions. Drivable surface quality in dark 

condition is stable. Also, obstacles like concrete blocks, gravel piles seem to be detected up to 50 

meter.  
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Figure 71 Asphalt surface is not detected at all until noisy data is received (Screenshot is taken from a 

video recorded by the author during the test drive). 

 

Analysis and Discussion: In earth road conditions the stereo vision camera system performs well 

because of the fact that the gravels on the surface create high level of texture. Using only the low 

beams, makes it possible to detect maximum 10-15 meters ahead consistent drivable surface with 

blind spot up to 5 meters. There are blind spots because of the fact that the camera is located 

high. Increasing illumination level increased the drivable surface detection up to 25 meters 

straight ahead not fully horizontal. By creating optimized light distribution, it is possible to cover 

drivable surface detection for full horizontal field of view up to 25 meters range in low light 

condition. 

 

For elevated objects, especially those with a lot of texture such as gravel piles are very easily 

detected. Generally, objects with low amount of texture are more difficult to detect since no 

disparity information is received.  
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Result 5: Camera Vision System Shows Its Weakness on Asphalt Road  

Acquisition of the result: The texture difference on the road has created a phenomenon which 

casuse the poor object and drivable surface recognition.  

 

Figure 72 Image analysis on the asphalt road fails to recognize drivable surfaces and objects around 

(Screenshot is taken from a video recorded during the test drive by the author). 

 

Reading: Overall, drivable surface recognition is poor in a way that the system only detected 

small part of the whole road. White lines in the middle of the road as well as on the right of the 

road are detected well by the system. But the most important part, the rest of the road, is not 

analyzed and not detected as a drivable surface. On the other hand, object detection works well. 

Steel plates on the left side of the road are recognized well.  

 

Analysis & Discussion: In general, asphalt road performance of the camera vision system is quite 

poor. The system fails to recognize most of the critical features of the road. Reasons for this poor 
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results needs to be investigated. Light distribution on the road is homogenous and this 

homogeneity in light distribution helps camera vision system to detect objects on the road. 

 

In other words, asphalt road performance in low light is vastly poor, and added illumination does 

not help camera vision system to detect drivable surfaces. Camera vision system fails to give 

reliable information to the image analysis system about the surrounding environment to make 

further analysis and take decisions to perform autonomous driving. It is very interesting that 

increasing the amount of light does not help camera vision system to detect drivable surfaces. 

The reason for this can be related to the smooth surface of the road.  The light generated by the 

lamps on the vehicle travels through the surface and reflect back and then camera vision system 

captures the reflected light. This worked well on earth road where the surface is coarse which 

means there are many obstacles for the light to hit and reflect back. But for the asphalt road it 

does not works well. The surface of asphalt road is quite smooth when compared with the surface 

of earth road. Because of this, object and drivable surface detection works poorly on asphalt 

road.   
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General Result: Light Intensity and Distribution Affects the Detection of Objects and 

Drivable Surfaces Significantly. 

When results were examined, a generalized light distribution graph emerges as illustrated in 

figure 73. 

 

Figure 73 Generalized light distribution of the test drive. The light distribution graph is created by 

analyzing videos recorded during the test drive (Created by the author in a light lab at Scania) 

 

In the figure 73, there are two important outcomes to discuss. First; homogenous light 

distribution near the vehicle. Second; Heterogeneous light distribution away from the vehicle. 

Also, there are places on the road where light is more intense than its surroundings. These areas 

are called as light spots. Because of the fact that, these spots are very bright, it creates 

oversaturation of the light on the surface. As a result of this oversaturation, the camera vision 

system may fail to detect drivable surfaces precisely. This is true if the dynamic range of the 

camera vision system is low. Dynamic range is a feature which is very important for the camera 
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vision system. It also gives information about the quality of the camera vision system. Figure 74 

illustrates different dynamic ranges from 16 steps to 256 steps.  

 

 

Figure 74 Dynamic Range Comparison 

 

As stated before the dynamic range is quite important for capturing high quality images. In our 

case it is even more important because of the technologies behind vehicle’s autonomous driving 

system where object detection and drivable surface detection are primarily made with using 

inputs from a camera vision system. The dynamic range of the camera vision system should be as 

high as possible, because the range of brightness on the road is high due to light spots. There is 
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no information about dynamic range of the camera used on the vehicle. However, by looking at 

the results, it can be said that dynamic range of the camera vision system is quite low.   

 

There are two ways to solve the problem and increase camera’s input quality to the system. The 

first way is to produce a very good lighting system which can illuminate the environment ahead 

homogenously without creating light spots. The second way is to use a camera which has high 

dynamic range and good low light performance. Best result could be obtained by implementing 

these two solutions together.  

 

Apart from these two solution, the other solution may be the software and algorithm behind it of 

the image analysis application. Algorithm that being used by the camera vision system could be 

the reason for insufficient drivable surface recognition especially on asphalt road. In order to 

obtain more detailed information and to find out the root cause or causes of the problem more 

tests are needed to be done. The reason behind the poor low light performance is not just related 

with one factor. All factors should be identified, examined, improved in order to increase 

efficiency of system as a whole. 

 

The hypothesis that a homogenous light distribution is necessary seems like a benefit, but it is 

impossible to get a definitive result with the data gathered from only one test. The data gathered 

from the test drive is not sufficient to obtain a definite result. Therefore, more tests are needed to 

be performed for obtaining more definite and concise results. It would be beneficial to have these 

tests done in real mining areas. Especially in underground mines in order to understand 

underground mining performance of the camera vision system. Mo i Rana mining area in 
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Norway seems to like a very good place for testing the camera vision system. And also to 

understand the requirements for lighting more detailed from the first hand by examining real 

mining areas.  

 

In addition to the investigation to find out lighting solution for autonomous mining vehicle, 

cleaning systems for the surfaces of headlamps, sensors and camera were developed. Cleaning 

system is very important for the autonomous vehicles where the safety critical devices needed to 

achieve autonomous driving, such as, sensor, cameras and headlamps, get blocked from the dirt 

in the environment very frequently. There are three main surfaces - surfaces of headlamps, 

sensors and cameras - that is needed to be kept clean. Hence, keeping the surfaces clean is vital, 

especially for autonomous mining vehicle. Considerable amount of effort was spent on research 

and development activities to develop efficient yet simple, advanced yet cheap and easy to 

manufacture cleaning system. 

 

As a result of the research and development efforts, three simple yet efficient, advanced yet 

cheap and easy to manufacture, maintenance free cleaning systems were developed and patented. 

Please look at the chapter 5 for more information about the cleaning systems. 

  

Also, intensive research has been done in human-machine interaction (HMI) area in 

collaboration with VW Wolfsburg HMI department in Germany. Interaction between 

autonomous vehicles and humans is very important for the future of the next generation 

transportation system. How humans interact with vehicles will shape the future of the automation 

and it is very important to study this relationship to spot current shortcomings and obstacles. In 
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the light of spotted obstacles, many areas that needs to be improved were defined. All of these 

were made in collaboration with HMI department both at Scania and VW Wolfsburg. The result 

of this research is to be published in a different paper.
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9. SUMMARY & FUTURE WORKS  

Autonomous driving technology is one of the most important research and development area for 

the automotive world since it is first preached many years ago. Nowadays, it became the most 

popular technology in which almost everyone has more or less knowledge about. Many 

companies are now active in this area. Not only deep-rooted traditional automotive companies 

but also new small, even new start-up technology companies around the world show their 

attentiveness for autonomous driving by doing research and developing technologies for 

autonomous vehicles. Most of these efforts appeal to the end user.  

 

Automotive giant Scania, has been in the race for development of fully autonomous vehicle for 

more than a decade. Scania is doing great by taking a different path in the research and 

development for fully autonomous vehicles.  

 

The thesis work research has been done to create technological foundation on which the next 

generation autonomous mining vehicle development to be built. During the time frame of the 

thesis work, the lighting system is developed for the autonomous mining vehicle for which 

camera vision system is the most important sensor for providing information for object and 

drivable surface detection.  

 

The need for autonomous vehicles in the mining areas is very high as autonomous driving 

technology promise great potential to profoundly alters the mining industry for better. 
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Autonomous vehicles promise a bright future for mining sector with safer, energy efficient 

transportation solutions.  

 

Every new technology, range of legal arrangements must be made in order to implement the 

technology in everyday life. Mines have no exception and the mining areas are very suitable for 

the implementation of autonomous vehicle technology. One of the biggest reason behind this is 

that usually mine areas have a special status in which there is no need for legal requirements in 

terms of technology implementation. It makes realization of mining automation feasible in the 

near future. This means autonomous vehicles will appear in mining areas a way before the public 

road.   

 

In future work, doing research on autonomous lighting system, the first path development path of 

this thesis work, will give good result. Because a constant lighting system may not always be 

suitable for dynamic environment conditions. In the future it is better to do research on the 

matrix led system, which can adapt to every dynamic environment and adjust the amount of light 

locally if necessary.  

 

Also polarizers can be a solution to improve camera vision systems in autonomous vehicles. This 

area can be explored in depth and the results to be obtained can be used in addition to the matrix 

led system to develop a very good, state-of-the-art lighting system that assist a camera vision 

system in order to provide reliable input to an autonomous driving system in order for realization 

of autonomous mining vehicle.
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APPENDICES  

Appendix A: Extra Test Results with Comments  

Image 1: Dirt Road 

 
Road Analysing software works well. Illumination is sufficient for software to 

detect driveable surfaces near the vehicle. Light does not exist on the road ahead bending to 

the right. Because of this the software. 

 

Image 2 

 
Near field scan was successful. There was heterogeneous distribution of light which 

intensified in the middle section of the road.   
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Image 3 

 
Again light distribution is heterogeneous. Drivable surface detection is successful in 

the near field. 

 

Image 4 

 
Slope of the lights has changed slightly towards to road surface. There is more light 

on the right than the left. Drivable surface detection is successful for the near field but it fails 

to detect farther surfaces.   
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Image 5 

 
The Light distribution is different than the previous image. There is more light on the 

right than the left. Some light spots can be seen on the road. These spots make the drivable 

surface detection difficult. 

 

Image 6 

 
Drivable surface detection works well for the near field but it fails to detect surfaces on 

the road ahead. There reason could be poor illumination. 
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Image 7 

 
Light concentrated in one point and created a spot on the road. This spot destroy 

contrast and made it impossible to recognize the road. 

 

Image 8 

 
Insufficient light to illuminate the road bending towards the right. 
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Image 9 

 
The software successful to detect a heap of sand. 

 

Image 10 

 
Low beam on dirt road. Light distribution is homogenous. 
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Image 11 

 
High beam is activated on the same dirt road. In the near field light distribution is 

homogeneous. After couple of meters’ light distribution becomes heterogeneous. This limits 

the software to detect drivable surfaces. 

 

Image 12 

 
The same dirt road with all the light sources active. The result is similar with the 

previous one. 
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Image 13 

 
: This image is interesting that it reveals some weaknesses of the drivable surface 

detection software and the algorithm it uses. Despite the fact that the light on the road is 

sufficient, the software fails to detect drivable surfaces. 

 

Image 14 

 
On asphalt road it is becoming more evident. Asphalt road emerges the weakness of 

the drivable surface detection software and algorithm. 
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Image 15 

 
The software mainly detects white lines as a drivable surface. 

 

Image 16 

 
Drivable surface detection is better in this image. Still it fails to detect farther surfaces 

on the road except white lines.  
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Image 17 

 
The result is similar with the previous image. 

 

 

Image 18 

 
Increased light intensity does not affect the result. 
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Image 19 

 
Increased light intensity with halogen lamps cerate yellowish color on the road. Only 

near field is recognizable.  

 

Image 20 

 
The last image of the test drive on asphalt road. Similar with the previous images. 

Even though there is enough illumination, the software is unable to recognize most of the 

drivable surfaces.  
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Appendix B: Photometric Test Reports  

B1. GROTE SCANIA SPECIAL LED  

  

Photometric Test Report 

 

  

PROJECT INFORMATION 

project name Grote Scania Special LED  

project count 16-00147 

project ID ATS2016 

operator Belin date 
2016-

08-17 

department RECV time 12:33 

comment  

  

SAMPLE: Worklamp_Grote_GSM226-5 

ID GSM226-5 

 

comment  

mounting none 

traffic right-hand traffic 

X displacement [mm] -3,6 

Y displacement [mm] -67,9 

Z displacement [mm] -181,2 

H tipping [deg] 0 

V tipping [deg] 0 

  

MEASUREMENT CHANNEL: Measurement Distance 25m 

  

ELECTRICAL DATA: LED 28 V 30 min 

ID  

socket  
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ELECTRICAL DATA: LED 28 V 30 min 

comment  

operation mode constant voltage 

Burn-in time-controlled (3600 s) 

measured voltage [volts] 28,005 

measured current [amps] 1,227 

power [watts] 34,36 

  

 

  

HVPOSITION 

  H V 

limits 

value unit 
        

min.         

H / 10L 
-

10 
0 0 3113 cd         

H / 5L -5 0 5100 *4335 cd         

H / 2,5L 
-

2,5 

0 20300 *4417 cd         

H / 2,5R 2,5 0 20300 *4671 cd         

H / 5R 5 0 5100 5201 cd         

H / 10R 10 0 0 4923 cd         

H / 20L 
-

20 
0 0 739,3 cd         

H / 45L 
-

45 
0 5100 *27,27 cd         

H / 20R 20 0  1246 cd         

H / 45R 5 0  5198 cd         

5U / 5L -5 5 0 4349 cd         

0 500 1000 1500 2000 2500 3000 3500 sec
0

1000

2000

3000

4000

5000

cd Set Light
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5U / 5R 5 5 0 5324 cd         

5U / 10R 10 5 0 4393 cd         

10U / 10L 
-

10 
10 0 2038 cd         

10U / 5L -5 10 0 3113 cd         

10U / 5R 5 10 0 3941 cd         

HVPOSITION 

  H V 

limits 

value unit 
        

min.         

10U / 

10R 
10 10 0 2953 cd         

5D / 5L -5 -5 0 4214 cd         

5D / 5R 5 -5 0 4887 cd         

5D / 10R 10 -5 0 4198 cd         

5D / 10L 
-

10 
-5 0 2853 cd         

10D / 5L -5 

-

10 
0 3092 cd         

10D / 5R 5 
-

10 
0 3678 cd         

10D / 

10L 

-

10 

-

10 
0 2080 cd         

10D / 

10R 
10 

-

10 
0 2912 cd         

 

Test failed 

  

MAXIMUM 

  H V maximum unit      

Imax 2,97 5,21 5379,1 cd      

 

 

  

GRID: Grid 

  H V value unit 

minimum -77,5 -57,5 0,027 cd 
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maximum 7 0,5 5447,400 cd 
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B2. HELLA POWER BEAM 3000 

  

Photometric Test Report 

 

  

PROJECT INFORMATION 

project name Hella Power Beam 3000 

project count 16-00148 

project ID ATS2016 

operator Belin date 
2016-

08-17 

department RECV time 12:50 

comment  

  

SAMPLE: WorkLamp_LED_HELLA_2 

ID bsip3u 

 

comment  

mounting none 

traffic right-hand traffic 

X displacement [mm] -0,9 

Y displacement [mm] 7,7 

Z displacement [mm] -187,8 

H tipping [deg] 0 

V tipping [deg] 0,41 

  

MEASUREMENT CHANNEL: Measurement Distance 25m 

  

ELECTRICAL DATA: LED 28 V 30 min 

ID  

socket  

comment  



117 

 

ELECTRICAL DATA: LED 28 V 30 min 

operation mode constant voltage 

Burn-in time-controlled (3600 s) 

measured voltage [volts] 28,005 

measured current [amps] 1,385 

power [watts] 38,79 

  

 

  

HVPOSITION 

  H V 

limits 

value unit 
        

min.         

H / 10L 
-

10 
0 0 6180 cd         

H / 5L -5 0 5100 6295 cd         

H / 2,5L 
-

2,5 
0 20300 *6293 cd         

H / 2,5R 2,5 0 20300 *6300 cd         

H / 5R 5 0 5100 6300 cd         

H / 10R 10 0 0 6283 cd         

H / 20L 
-

20 
0 0 5447 cd         

H / 45L 

-

45 
0 5100 *251,7 cd         

H / 20R 20 0  5766 cd         

H / 45R 5 0  6301 cd         

5U / 5L -5 5 0 4774 cd         

5U / 5R 5 5 0 4620 cd         

0 500 1000 1500 2000 2500 3000 3500 sec
0

2000

4000

6000

8000

cd Set Light
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5U / 10R 10 5 0 4569 cd         

10U / 10L 

-

10 
10 0 1907 cd         

10U / 5L -5 10 0 1945 cd         

10U / 5R 5 10 0 1889 cd         

HVPOSITION 

  H V 

limits 

value unit 
        

min.         

10U / 

10R 

10 10 0 1815 cd         

5D / 5L -5 -5 0 5177 cd         

5D / 5R 5 -5 0 5257 cd         

5D / 10R 10 -5 0 5231 cd         

5D / 10L 
-

10 

-5 0 5066 cd         

10D / 5L -5 
-

10 
0 4012 cd         

10D / 5R 5 
-

10 
0 4031 cd         

10D / 

10L 

-

10 

-

10 
0 3932 cd         

10D / 

10R 

10 
-

10 

0 3991 cd         

 

Test failed 

  

MAXIMUM 

  H V maximum unit      

Imax -0,55 0,27 6349,9 cd      

 

 

  

GRID: Grid 

  H V value unit 

minimum -69 -56 0,021 cd 

maximum -1 1 6324,600 cd 



119 

 

  

 

  



120 
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B3. VISIONX XTREME 

  

Photometric Test Report 

 

  

PROJECT INFORMATION 

project name VisionX Xtreme 10 grader 

project count 16-00155 

project ID ATS2016 

operator Belin date 
2016-

08-17 

department RECV time 14:15 

comment  

  

SAMPLE: VisionX Xtreme NBL075 

ID NBL075 

 

comment  

mounting none 

traffic right-hand traffic 

X displacement [mm] -4,2 

Y displacement [mm] -42,5 

Z displacement [mm] -84,1 

H tipping [deg] -0,13 

V tipping [deg] 0,32 

  

MEASUREMENT CHANNEL: Measurement Distance 25m 

  

ELECTRICAL DATA: LED 28 V 30 min 

ID  

socket  

comment  
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ELECTRICAL DATA: LED 28 V 30 min 

operation mode constant voltage 

Burn-in time-controlled (3600 s) 

measured voltage [volts] 27,999 

measured current [amps] 1,659 

power [watts] 46,45 

  

 

  

HVPOSITION 

  H V 

limits 

value unit 
        

min.         

H / 10L 
-

10 
0 0 3495 cd         

H / 5L -5 0 5100 26320 cd         

H / 2,5L 
-

2,5 
0 20300 40210 cd         

H / 2,5R 2,5 0 20300 40910 cd         

H / 5R 5 0 5100 27140 cd         

H / 10R 10 0 0 3114 cd         

5U / 10L 
-

10 
5 0 2338 cd         

5U / 5L -5 5 0 12710 cd         

5U / 5R 5 5 0 12750 cd         

5U / 10R 10 5 0 2041 cd         

5D / 10L 
-

10 

-

5 
0 2267 cd         

0 500 1000 1500 2000 2500 3000 3500 sec
0

10000

20000

30000

40000

50000

60000

cd Set Light
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5D / 5L -5 
-

5 
0 11940 cd         

5D / 5R 5 
-

5 
0 11680 cd         

 

Test passed 

MAXIMUM 

  H V 

limits 

maximum unit 
    

min. max.     

Imax 0,01 0,08 40500 2,15E5 42666 cd     

 

Test passed 

  

HVPOSITION 

  H V 

limits 

value unit 
        

min.         

5D / 10R 10 
-

5 
0 2018 cd         

HV > 

80% (Imax) 
0 0 34133 42580 cd         

 

Test passed 

  

CALCULATION 

  Result unit      

I´max 9,9223 cd      

 

 

  

GRID: Grid 

  H V value unit 

minimum 45 -17,5 297,410 cd 

maximum 0 0 42445,000 cd 
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Appendix C: Tables  

Table 1: Time table for thesis work month by month. 

Months Works  

March Investigate what kinds of studies can be done on autonomous vehicle 

lighting. What is autonomous driving, automotive lighting, what are the 

benefits of autonomous vehicles, and importance of lighting. 

April Acquisition of environment related to autonomous vehicles and 

automotive lighting. Discussing autonomous mining vehicle issues with 

various activities at Scania research and development department, 

autonomous mining vehicle section. Scanning and analyzing of the works 

has been done and has been doing about autonomous vehicles and 

automotive lighting in Sweden and in the world. Cleaning system 

investigation started. 

May Concentration of automotive lighting system. Examination of many 

automotive lighting systems. Reading articles on this topic to find a way 

to further develop, add-value to thesis work. Designing a cleaning system 

for autonomous mining vehicle. Patent application has been made for 

cleaning system. Test drive of the vehicle in the test tracks during the 

night time. 
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June Developing autonomous mining vehicle lighting system. Architectural 

design of the system. Working on cleaning system for the surfaces of  

headlamp, cameras, and sensors. The second patent application has been 

made for cleaning system 

July Preparing autonomous vehicle for the second test drive. Doing test in light 

lab to decide which lamps to use during the test to create a homogenous light 

distribution. 

August Development of the autonomous mining vehicle lighting system. Human 

vehicle interaction. 

September Test Drive planning. Deciding and ordering necessary equipment for testing. 

October Working with the real vehicle. Assembling lights to the vehicle. Doing 

harness work. Designing and developing of a control unit for lights. 

November Finalizing work, and summarizing what has been done. 

December Finalizing work, and summarizing what has been done.  

 

 

 

 

 

 

Table 2: Matrix LED Specifications of Test Cars  

Car Brand and Model Matrix LED Specification 

Audi Q7 30 LED  

Mercedes E Series  82 LED 

VW Passat GTE N/A 

Volvo XC90 N/A 

Opel Astra  6  
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Table 3: Matrix LED System Zones. (This table lists the zones illustrated in figure 

40).  

FLA1 Front Lighting Left Zone A Lamp Number 1 

FLA2 Front Lighting Left Zone A Lamp Number 2 

FLA3 Front Lighting Left Zone A Lamp Number 3 

FLA4 Front Lighting Left Zone A Lamp Number 4 

FRA1 Front Lighting Right Zone A Lamp Number 1 

FRA2 Front Lighting Right Zone A Lamp Number 2 

FRA3 Front Lighting Right Zone A Lamp Number 3 

FRA4 Front Lighting Right Zone A Lamp Number 4 

FLB1 Front Lighting Left Zone B Lamp Number 1 

FLB2 Front Lighting Left Zone B Lamp Number 2 

FLB3 Front Lighting Left Zone B Lamp Number 3 

FLB4 Front Lighting Left Zone B Lamp Number 4 

FRB1 Front Lighting Right Zone B Lamp Number 1 

FRB2 Front Lighting Right Zone B Lamp Number 2 

FRB3 Front Lighting Right Zone B Lamp Number 3 

FRB4 Front Lighting Right Zone B Lamp Number 4 

FLC1 Front Lighting Left Zone C Lamp Number 1 

FLC2 Front Lighting Left Zone C Lamp Number 2 
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FLC3 Front Lighting Left Zone C Lamp Number 3 

FLC4 Front Lighting Left Zone C Lamp Number 4 

FRC1 Front Lighting Right Zone C Lamp Number 1 

FRC2 Front Lighting Right Zone C Lamp Number 2 

FRC3 Front Lighting Right Zone C Lamp Number 3 

FRC4 Front Lighting Right Zone C Lamp Number 4 

 

 

 

 

 

 

 

 

Table 4: Work lamps and their features.  

FEATURE\LAMP HELLA POWER 

BEAM 3000 

GROTE-

SCANIA 

HELLA-

SCANIA 

VISION X 

XTREME 

Type  LED LED  Halogen LED 

Power Consumption 43 W 33 W 70 W 5 W for each 

led  

Voltage 12-24 V 24 V 24 V 9 – 32 V 

Luminous Flux 2837 lm 1583 lm 1250 lm 2220 lm 
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