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LIGHTING TECHNOLOGY IS GOING TO INTRODUCE HIGH
RESOLUTION PROJECTION SYSTEMS IN SERIES PRODUCTION.

MR BAE RN AP SN R PERBOE R S

TECHNOLOGIES ARE : MICRO-AFS, DMD, MEMS AND OTHER
SYSTEMS USING CHIPS FROM 1000 TO MORE THAN A MILLION PIXEL

HiRE4E: MICRO-AFS , DMD, MEMS 1 1§ filit: A . 1000 100% T3
BRFERG
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e ADDITIONALLY, TO CREATE LIGHT PATTERN FOR AUTOMOTIVE
LIGHTING THESE SYSTEMS ALLOW TO PROJECT SYMBOLS, SIGNS
ETC. AS INFORMATION TO THE DRIVER ON THE ROAD.

AN, T RGP, XERGE RTINS rdid. Fh
FER ERTRIPLRI(E B

e IN THE LEGISLATION APPROVAL SYSTEM OF ECE WE NEED TO
DEFINE SUCH NEW FUNCTIONS TO ALLOW THEM TO APPLY IN
SERIES PRODUCTION.

FERINZ R S WISLE R B, T RIS ZhaE . LM HGE T R )
fEAE =

TECHNOLOGY IS READY , LEGISLATION IS MISSING !!!!!!
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e TO CONVINCE THE AUTHORITIES TO ALLOW NEW FUNCTIONALITES
IN THE FUTURE ONE HAS TO HAVE GOOD ARGUMENTS AND DATA

SHOWING: DEARA BN A FEAR R SEVFRTIDIRE , LA e R AU %L
P RAER -

a)A SAFETY BENEFITE 25 T %4

b)A COMFORT FOR THE DRIVER AS A BENEFICIAL INFORMATION
1 PO FIPLIE B a1 5

¢)A PROOF, THAT THE HELPFUL INFORMATION AND HINT FOR THE
DRIVER DOES NOT DISTURB OTHER ROAD USERS
WERA- TR 2 B BRI s AN & T H A i 6 18

e FOR THIS, ONE HAS TO EXECUTE RESEARCH STUDIES FROM

OBJECTIVE AND ACCEPTED INSTITUTES AND UNIVERSITIES.
ZBX— L, NI, A DU B ST B AR S22 A T B 5 o
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THE FOLLOWING RESEARCH STUDIES HAVE BEEN WORKED OUT FROM
VARIOUS INSTITUTES AND UNIVERSITIES :

LA S 5 MU FIAR B 52350 H
oPARKING / DEPARKING
(ELS (EMBEDDED LIGHTING SYSTEMS), PARIS, FRANCE)
eGUIDELINES IN CONSTRUCTION ZONE
(KIT, UNIVERSITY KARLSRUHE, GERMANY)
e SNOWFLAKE (TU DARMSTADT, GERMANY)

o/DENTIFICATION SIGNAL FOR VEHICLES RUNNING INAUTONOMOUS
MODE

e CULTURAL ASPECTS IN CAR TO PEDESTRIAN COMMUNICATION USING
SYMBOLS

(TU DARMSTADT, GERMANY)




PARKING/DEPARKING 74T /i3 shkT




PARKING/DEPARKINGL:Z4T /52 kT

e STUDY WITH DIFFERENT PROJECTION DEVICES

— BETWEEN-SUBJECTS PROTOCOL

— NUMBER OF SUBJECTS: 31

— AGE: 6 SUBJECTS <40 YO AND 25 SUBJECTS > 40 YO
— GENDER: 10 WOMEN AND 21 MEN

— VISUAL IMPAIRMENT: 21 SUBJECTS (66%)
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e 31 SUBJECTS ALL AGES

e RESULTS:
— SIGNAL IS VERY MUCH APPRECIATED DURING NIGHT TIME
OUTDOOR
— SIGNAL IN HOUSE (GARAGE) ALL DAY AND NIGHT APPRECIATED
— EASY UNDERSTANDING OF THE MEANING OF THE SIGNAL




DEPARKING: TEST WITH SUBJECTS IN PUBLIC GARAGE
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SIGNAL DEPARKING: REAR EXIT Q(’

130 cm

A
2

60-80 cm

EEEEEEEEEE

Blinking (2s period — 1s on — 1s off)
White
2500 lux

Ambient Light Level (garage) : app 250 Lx.
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Guidelines in Construction Zone Areas
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Daynamic test drive with 80 subjects

Construction
zone:
guiding lines

V. Budenow, HOT 2018
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Dynamic Test Drive Study:

Results

Results of first round

Average speed

Total amount of steering wheel angle
change

Average speed of steering wheel
movement

Average Results
(4 rounds)

Average speed

Total amount of steering wheel angle
change

Average speed of steering wheel
movement

Low Beam

45.11 km/h
6.37°
0.39°s

Low Beam

55.43 km/h
3.86°
0.35°s
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Low Beam +
Guiding Light

59.78 km/h + 15 km/h +33

A A (%)

2.02° -4 -62
030°/s - 01°s  -26
Guidinglight A )
63.71kmh  +828kmh  +15
255° -1.31° -35
0.29°/s -005°/s  -16

M Budanow, HDT 2018
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Dynamic Test Drive Study: A&.(ll.
Results
Results of first round Low Beam é:i:i:;‘l_""g;t A A (%)
Average speed 45.11 km/h 59.78 km/h + 15 km/h +33
Total amount of steering wheel angle (<) (<]
mm 6.37 2.02
Average speed of steering wheel ° . -
S 0.39°/s 0.30°/s - 01°s -26 C
Average Results Low Beam +
(10 rounds) LowBeam G iding Light = A (%)
Average speed 55.43 km/h 63.71km/h  +8.28 km/h +15
Total amount of steering wheel angle 3.86° 2 55° -131° -35
change ’ ’ ’
Average speed of steering wheel ° . -
ey 0.35°s 0.29°/s -0.05°/s -16

M Budanow, HDT 2018




NEW FUNCTIONALITIES #Yi58: SNOW FLAKE PROJECTION = je 4% s=rres

CASE 1: VEHICLE WITH HIGH RESOLUTION HEADLIGHTS
PROJECTS SYMBOLS WHILE OVERTAKING OTHER VEHICLES




HR (HIGH RESOLUTION) VEHICLE PROJECTING A SNOWFLAKE "\
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HR VEHICLE TP(TEST PERSON) H (HARE) VEHICLE
-OVERTAKING @ 100 KM/ VEHICLE = PRECEDING
H « SUBJECT DRIVING « CONSTANT
« FOLLOWING H SPEED 80 KM/H

-RAND\SI\IIV(I)(IZ/TJZE}?E « GAZE BEHAVIOR

= CONSTRUCTION = TEST

SITE INSTRUCTOR
- LOW BEAM

18
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CASE 2: OTHER VEHICLES OVERTAKE VEHICLE WITH HIGH
RESOLUTION HEADLAMPS PROJECTING SYMBOLS




HR (HIGH RESOLUTION) VEHICLE PROJECTING A SNOWFLAKE a\
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HR VEHICLE TP(TEST PERSON) H (HARE) VEHICLE
- CONSTANT SPEED 80 km/H | VEHICLE = PRECEDING
"RANDOM ORDER = SUBJECT DRIVING = OVERTAKING @ 100
= SNOWFLAKE » FOLLOWING HAT 40 M KM/H
= GUIDING LINES » GAZE BEHAVIOR
= CONSTRUCTION SITE
. LOW BEAM = FIXATIONS IN ROI

= TEST INSTRUCTOR

20



TEST RESULTS i #55 (’
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e 50 SUBJECTS ALL AGES 504 A 6|41 iR &

e INVESTIGATION OF DISTURBING EFFECT WITH SNOWFLAKE
WHEN PASSING &R 4 TF 40 57 19Tk

e EYE TRACKING SYSTEM HAS BEEN USED ) KR HE IR B R 428

e NO SIGNIFICANT DIFFERENCE BETWEEN TEST VEHICLE WITH OR
WITHOUT SNOWFLAKE PROJECTION

WSSO A3 B3 1 XA

e SUBJECTIVE RATING OF TEST PERSONS : DO NOT FEEL
DISTURBED! AN G2 =P ANEREE] A2 |




IDENTIFICATION SIGNAL FOR VEHICLES RUNNING "
INAUTONOMOUS MODE b

TT  EXAMPLES OF LIGHTS
L\ INDICATING WHEN A VEHICLE IS
IN AUTOMATED DRIVING MODE




PART 1: CONDUCTED QUESTIONNAIRE 0
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WE ASSUME IN FOLLOWING... QUESTIONNAIRES ARE ABOUT
COMMUNICATION TYPE IS 1.WHICH "MESSAGES” ARE
SOLVED NECESSARY IN SELECTED
*SIGNALS ARE PERCEIVED AND PHASES

UNDERSTOOD 2.IN WHICH SITUATIONS IS A

NEED OF COMMUNICATION

A GROUP OF 76 SUBJECTS IS EVALUATED FOR THIS
STUDY, AGED BETWEEN 19 TO 59 YEARS
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Phase 1 Phase 2 ﬂ Phase 3 a/ b\ Phase 4 Phase 5
n -n
I I un I I un I I I I
| &L | &L —_
o J *.y

a) AUTONOMOUS

VISUAL CONTACT, PEDESTRIAN

BUT THE INDICATES TO CROSS g/;‘g;%gDHAs
AUTONOMOUS THE ROAD. AV
VEHICLE MAINTAINS BEGINS TO BREAK. b) STOPPING ’f ANOT
ITS SPEED.

INVESTIGATED MESSAGES IN EACH PHASE*

‘Il DRIVE AUTONOMOUSLY*
- HAVE SEEN YOU*
-1 DO NOT POSE ANY DANGER*

.1 WOULD LIKE TO CONTINUE MY DRIVE*
“‘WARNING, 'M DANGEROUS”
SPEED INDICATOR
“I CONTINUE NOW”

“I'M ACCELERATING RIGHT NOW”

“I'M SLOWING DOWN”

“THANK YOU!”

10: Very Important

Rating with
Ordinal Scale

5: Helpful

0: Meaningless

P

DEAD-LOCK
SITUATION

DEAD-LOCK SITUATION
RESOLVED AND THE
AUTONOMOUS VEHICLE

ACCELERATED

ANSWERING TENDENCY OF FOLLOWING

QUESTIONS
WHICH MESSAGE IS
IMPORTANT IN DIFFERENT

SRAKRING®6F ToP

MESSAGES?

IS THERE AN INCREASING OF
IMPORTANCE BETWEEN THE
SITUATIONS?




QUESTIONNAIRES ON MESSAGES Il STEPS OF EVALUATION

Rating

—
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—— Phase 1 Phase2 —  Pphase3a Phase 3b '— Phase 4 Phase 5 —p»
Visual contact, but the Pedestrian I a) Autonomous b) Stopping is : Dead-lock situation Dead-lock situation
autonomous vehicle indicates to cross : vehicle has not 1 resolved and the
maintains its speed. the road. AV \___stopped __ ____ necessary _ _/ autonomous vehicle
begins to break. any more accelerated
Results of the message “| drive autonomously”
Raw o=e .
Legen ¢ Outli Legend Data Media
I 18 00: _. - .o ._ . ".“_ — : 10: Very Important
3 + « » Important
7 e e or
6 Supportive
: & k 5: Helpful
3 - e e . P =
2 . -e - - - «» Notimportant
| | 1 . . R ese P °
* | . . wse - oo .- - . .
0: Meaningless
Phase 1 Phase2 Phase3a Phase3b Phased4 Phase5 Phase1 Phase2 Phase3a Phase3b Phase4 Phase5
Summary of the resuits — Median values
x Phase 1 Phase 2 Phase 3a Phase 3b Phase 4 Phase 5 Color coding
»1 drive autonomously*” T
I have seen you” If Rating 2 5
»! do not pose any danger” If Rating < 5

»l would like to continue my drive”
»Warning, I'm dangerous”

Speed indicator

»I‘m accelerating right now*

»l‘m slowing down”

w»Thank you!*

Which message is important in
different situations?

“Ranking” of top messages?

25



Cultural Aspects in Communication
Car to Pedestrian using Symbols

Research Tests in Europe, Japan, China, South Korea,
USA

~GTB

The International Automotive Lighting
and Light Signalling Expert Group 26

Groupe de Travail “Bruxelles 1952”



SUMMARY & OUTLOOKREIE & 4.2 Y 4
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e STUDIES DEMONSTRATING GOOD JUSTIFICATION FOR BEEING
ACCEPTED WFFE IR T N 2 A 7800 ¥ Y

e IN FUTURE ECE REGULATION  EHIRIAR R

e IMPORTANT POINTS LIKE THE BENEFITS AND THE EXCLUSION OF
DISTURBANCE OF OTHER ROAD USERS HAVE BEEN SHOWN

B A T Bt e 3B ORI SR AIHERR T, BB aRHR T

e THE NEW FUNCTIONALITIES TESTED ARE HELPFUL AND
BENEFICIAL FOR FUTURE APPLICATION

H S RE I LR # B A A 0 B AT 45 Y




SUMMARY & OUTLOOKHIAT & 4 2% Y 4
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e THE AUTONOMOUS MODE DRIVING IDENTIFIER SEEMS TO BE
APPRECIATED  H i CIRSIARIRAT - S2 BI85

e TARGET TO ALIGN WITH ECE AND SAE (TF J3134)
HAr - PRIFECEMSAE—E1:

e RESULTS OF THE CULTURAL ASPECT TO ACCEPT AND
UNDERSDTAND SYMBOLS

WILL BE REPORTED SOON.
R ICAXT B A5 B R W E T U B
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