CZECH TECHNICAL UNIVERSITY IN PRAGUE
FACULTY OF TRANSPORTATION SCIENCES

Bc. Lenka Zaludova

THE HEADLIGHT ILLUMINANCE IN FRONT OF THE
CAR

Master thesis

2012






Acknowledgement

Hereby | would like to thank everyone who helped me to create this thesis, especially my
supervisor Mr. Tomas$ MiCunek for perfect coordination and help during my master
studies, and also for his advices on this problematic and his assistance with access to

important sources and materials.

Last but not least | would like to thank my parents, my relatives and close friends for the

support that | received throughout the whole student live.



Declaration

Declaration in accordance with the Rector’s order No. 6/2006:

| have no relevant reason against using this schoolwork in the sense of § 60 of Act No

121/2000 concerning the copyright.

Declarations in accordance with the guide line no. 1/2009 of the vice-rector for scientific

and technological park and student matters:

| declare that | accomplished my final thesis by myself and | named all the sources | used
in accordance with the guideline about the ethical rules during preparation of University

final theses.

Signature



Title: The Headlight llluminance in front of the Car

Author: Lenka Zaludova

Branch: Transportation Systems and Technology
Document type: Master thesis

Thesis advisor: Ing. Tomas Micunek, Ph.D.

Department of Forensic Experts in Transportation K622

Faculty of Transportation Sciences, CTU in Prague

Abstract: The aim of this thesis is to provide an insight look into the
illuminance in the automotive industry concerning the front headlamps and low beam of
light. This thesis is engaged in the summary of key points related to light and lighting
matters; an explanation of terms related to the human eye and vision. It studies traffic
accidents statistics in this matter and lighting legislations following the recent
development. It mentions a short description of various directives, standards and related
laws. The next part deals with a detailed description of the illuminance measurement, i.e.
the place, cars, headlamps, the measuring device, and conditions. Subsequently, the
work is focused on the measured data analysis presented in isolux diagrams, errors in the
measurement, and uncertainty problems. The third part represents examples of usage in
praxis — characterization of a glare, its definition and types, application of anti-glare

system on motorways.

Key words:  light, illuminance, headlamp, beam of light, glare, vision, traffic accidents,

legislations



TABLE OF CONTENTS

LiSt Of ACIONYMIS ... 9
List of Physical QuUantities ..., 10
INEFOAUCTION ...ttt 11
PR 8 To | 3 SRS 13
1.1, CharaCteriStiC.........uueiiiiiiiiii e 13
1.2.  Photometric QUaNtIties ............ouiiiiiiiii e 15
1.21. LumMINOUS FIUX @ ...coooiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee e 15
1.2.2.  LUumMINOUS INTENSILY L..coovviiiiiii e 17
1.2.3. LUMINGNCE L.ttt 18
1.2.4.  JIUMINANCE E ..ottt ettt ettt ettt e et e e e e e e e e e eeeees 19

1.3.  Temperature of Light ... 20
Y 1 (o o PP PPPPPPPPPPPP 22
2.1.  Components of the HUMaN EYe............uuuiiiiiiiiiiiiiiiiiiiiiiiiee 22
211, ROAS @NA CONES...ccoeeiiiiiiiiiieieieeeeeeeeee et 26
2.2, Optics of the HUM@N EYE ........uuiiiiiiiiiiiiiiii e 26
2.3, AdAPLalion ..oeeeeee e 27
2.3.1.  Dark Adaptation ..o 28
2.3.2.  Light Adaptation.........cooomiiiiiiii e 30

2.4, COlOUI VISION ..ttt ettt e ettt e e e e e e e e e ns 30
3. Accidents and StatiStiCS .........ooiiiiiiiiii 33
3.1, Failure of the Lighting SYStem ..............uumiiiiiiiiiieeee 35
3.2. Deteriorated ViSiDility ...........uuuuummummiiiiiiiiiiii e 36
3.3.  Non-deteriorated Visibility in the Night ...............ccoooiiie 38
B €= T = TR 39
4. EXPEIMENT ...t e e e e 41
g O 57 | - TR 41
411 L V20T T F= T o 1 41



4.1.2.  MercedeS ALEQO .......oeeiiiiiiiieiiiiie ettt et 42

4.1.3.  SKOAA FADIA ...c.ovoeeeeeeeeeeeeeee e, 42
4.1.4.  Renault Grand SCENIC. .......ccouiiiiiiiiiiii e 43
N o 1= Y= To | F= 0 0] 1 PN 44
4.2.1.  Reflector LampPs ......cooouuuiiiiiiiiiieeee e 45
4.2.2.  Reflector OPtiCS ......cooviiiiiiii i 47
4.2.3.  Projector LAmPS .......oeeieiiiiiiiiiiiiiiieee ettt 49
4.3. Place of the EXperiment...... ..o 52
3 T IR N |y oo o SRR 54
A4, LUXIMIBEET Lo 55
441, Luxmeter LX-T108 ...ttt 56
4.4.2. MeasUrNG PrOCESS ......uuuuiiii e e e eeeaenans 58
4.5, MEASUMBIMENT. ... .. 58
Data AN@lYSIS. .. oo e e e arnaas 64
LT I B 7 = I o (Yot = 1< T SN 64
5.2, ISOIUX DIBGIamMS .....uuuiiiiiiiiiiiiiiii e 65
5.2.1. HyUNdai AtOS ..o 66
5.2.2.  Mercedes AtEJO0 .....coooiiiiiiieee e 67
5.2.3.  SKOAA FaDI@ .......oueveeeieeeeeeeeeeee e 69
5.2.4. Renault Grand SCENIC...........uuuiiiiiiiiiiiie e 71
ETRC T ©7o 0 o] o =1 4 1< o] o SRR 73
5.4. Errorsin the Measurement ...............uuuiiiiiiiiiiiiiiiiiiii e 74
541,  SystematiCc Error.......cooooiiiiiiee 75
5.4.2.  RANAOM EITOIS ... 76
5.4.3.  BIUNUEIS . 77
5.5.  Luxmeter Measurement ACCUIACY ............uuuuuuuumuumuumiiriiiiiiiiieiieeeeeneneenennennennnnnene 77
5.6. Measurement UNCertainty...............uuuuueiimiimiiiiiiiiiiiiiiiiiiii e 78
1= TSP RTRPTPRRPRRRN 80



B. 1. D INMItION oo 80

6.1.1.  DiSCOMIOMt GIAre.......cooiiiiiiiiiiiiiiee e 80
6.1.2.  Disability GIare ........ccccooiiiiiiiiiie e 80
B.1.3.  DAZZIE ... 80

8.2, FACTOIS ..o 80
6.3.  ANti-Glare SYSIEM......oooiiiiii i 81
CONCIUSION ... 88
RETEIEINCES ... e 90
LISt Of PICIUIMES ... 95
LISt Of T@DIES ...ttt e e e eeeeeas 97
ATEACNEIMENTS ...ttt ettt ettt ettt ettt et e e e e e e e e e 98



List of Acronyms

IR
uv
LED
HID
AHL
DC

GPS

Infra-Red

Ultra-Violet
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Automatic, High Beams/Low Beams
Direct Current
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Ceska republika (Czech Repubilic)



List of Physical Quantities

Quantity Symbol Unit / Unit Name Relation to Other Units
Wavelength A [m] < metre
Frequency [Hz] < hertz s
Luminous @ [Im] < lumen Im = cd-sr
Flux
Luminous / [cd] < candela
Intensity
Luminance L [cd'm?] < candela per
square metre
llluminance | E [IX] < lux Ix = cd-m™
Voltage % V] < volt V =m?kg-s ™A™
[kV] < kilovolt 1kV=110"V
Power P W] o watt W = kg-m?*s™
Electric / [A] < ampere
Current
Temperature | T [°C] <« degree K
Celsius
Time t [s] « second
[min] < minute 1min=60s
[h] < hour 1h=3600s
Speed v [m's'] < metre per
second
[km-h™" < kilometre per|1m-s”=36kmh’
hour
Length / [m] < metre
[mm] < milimetre 1 mm=1-10"
[km] < kilometre 1km=1-10°m
[nm] < nanometre 1nm=1-10"m
Mass m [kg] < kilogram
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INTRODUCTION

The main purpose to install headlamps to a vehicle was very simple. It was light. People
used to search for any source of light from the beginning of the humankind. It allowed
them to stay alert during the night time and simply to compensate the weakness that
people don’t have good vision in the dark environment. People are simply day living

creatures.

Time has been running faster during the last hundred years and especially nowadays.
People live in a very stressful era when time means mostly more than anything else. This
leads to an idea that vehicle headlamps made people more independent and movable at
night. Even the bicycle used to have a lamp before cars had had. This lamp provided
lighting of an area in front the bicycle. The same still continues and the vehicle headlamps

fulfil the identical necessities and needs.

Since the first headlamps were introduced technologies made a huge step forward. Only a
few basic components have stayed unchanged and the rest is changing and improving
constantly. It is necessary to meet all safety, price, endurance, regulation and legislation
requirements which are increasing with the time. Therefore, only responsible and reliable

systems of headlamps could achieve in this fight.

As it was said above, time is precious and people are always in a hurry. Subsequently,
more and more traffic accident happens. Drivers are not concentrated, feel distracted and
it is easy, for example, to overlook other vehicle, red traffic light or Stop road sign. This
could happen during the day but also during the twilight and at night time when drivers
don’t notice even more details which contribute to a traffic accident. The headlamps and

optimally aimed beam of light are key factors.

Moreover, it is important for the vehicle active safety and it can prevent many traffic
accidents. [1] The collision consequences of vehicles and pedestrians [2] or, for example,
vehicle crashes with slip roadways [3] can be elliminated and minimalized by obstacles’

recognition in good time when the driver has enough time to pre-empt the accident.

The processing method of this thesis is to present matters concerning light, vision and
accident statistics at the beginning. Than this theoretical part turns to the practical one

which means that a detail analysis of the illuminance measurement is described:
e cars in the measurement,
e headlamps in the measurement,

e place of the measurement,
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e measuring device,
e conditions of the measurement.

The illuminance data are collected, processed and shown in the form of isolux diagrams
as a crucial part of this work. Measurement errors or uncertainty are not left out. Finally,

these diagrams help and assist in order to define the optimal anti-glare system
parameters.
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