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Introduction
Who is OPTIS?
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VRXperience from OPTIS (’ OPTIS

* 5 years of physics-based simulation into VR

* Physics-based simulation needs human eye algorithms and to adapt
to the display capacities

=> For engineering, it is important to get realistic results
which allow to optimize the systems by simulation

The general aim is to reduce fatal accidents during
night driving and adverse weather conditions (ADAS)
and to replace complicated and sometimes dangerous
real driving tests
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The need for realism
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The need for realism (’ OPTIS

Why do we need realism?

Realism allows to make the right decision to ensure safety

Vision for Rear Mirror Camera

Mood Lighting

Head-Up Display

Wi indscreen Coatings

GPS Displays

Dashboard Control Pannel
Headlamp & tail lamp

Vision for ADAS
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Why do we need realism?

Thanks to realism, the Virtual Experience allows to:

Test multiple cases and possibilities

Recreate critical driving situations

See what’s happening when you don’t see the danger

Recreate the vision and feeling of the passengers
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The need for realism d OPTIS

How to be realistic and predictive?

Let’s take the example of a driving situation...
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The need for realism d OPTIS

How to be realistic and predictive?

Let’s take the example of a driving situation...
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Visual perception and environment
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Visual perception and environment
What about virtual prototypes?

The physical prototype can be replaced with a physical virtual mockup
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Visual perception and environment
HumanVision Characteristics

= Cones and rods

= Color perception

@) OPTIS
sclera  choroid Tetina  ganglon Celrlgceptors
e Y synapsisl RODS
cornea R \ ,\
= High dynamic light perception \ : X 1
= Acuity (accuracy)
= 3D
= Accommodation

pupil ——
» Field of view

" Frequency
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pigmented
:5; /cells
lens / A S
s~ | : 1
ciliary nerve  bipolar oyeg
body fibres  cells
> How to reproduce human vision

and fill the gap between display
and human eye?
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Visual perception and environment
re perED . 3 &) OPTIS
Vision game: how your brain takes control of your vision

What can you say about field A and field B ?

Value [804.013 s 2l
[¥] Intermediate levels auto-update

il ol I o
(o ] 2

® Linear Olog

Edeand M, Addlson

Light simulation prowdes the answer
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Human eye vs Display
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Human eye vs Display
Human eye vs Display

Sensor == Display

* 120 MP Rods gl | * 4 K? 8K?
* 8 MP in high illumination NS * Uniform distribution of
« = 576 Megapixels . Pixels

Processing Processing

* 50 billions of neurons * 60 Hz — 100 Hz
* > Trillions of synapses

Result 4 E - Result

* Colors gy * RGB colors
* Light . v * Light levels
* 3D Images * 3D images
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Human eye vs Display
Limitation of Displays — Color Gamut

Samsung XL Series with up to 123%
of the NTSC RGB color gamut

XL30

Samsung Enhanced CCFL with up to
102% of the NTSC RGB color gamut

305T

Traditional LCD Monitors with up to
82% of the NTSC RGB color gamut

740N
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Human eye vs Display PT)
Limitation of Displays — Dynamic d QIS

EBU HIGHER DYNAMIC RANGE

Human vision up to 12 decades/40f-stops

Source: http //petapixel.com/

1 Human Vision |
f I
Dynan}ic range [log cd/m?]
l 1 | 1 |
. 1 1 | 1 1
8 4 2 | o 2 i | 6 8
starlight moonlight indoor sunlight

TV Approximate Values of Luminance (cd/m?) T

—
HDR display | S m TXI06) (500000 7500 [ 250
' 5,000‘ /
“ o o &

Sun Clearsky  Clear Frosted  Fluorescent ~ White paper
incandescent  incandescent  lamp illuminated
lomp lomp  40W/20 by 100 Iux

—y—
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How to model human vision ?
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Simulate light thanks to physics

OPTIS

Colorimetric data

Q. Labs - Spectral map [cockpit]
File Edit View Tools Filtering Operation Help

BSHE[ O\ (W™ L SIESE R4

radiance (W/(m2.sr)) (=]}

Value 4| = [Z|

V| Intermediate levels auto-update
4 —-— |soCurve
_ c Filed
Default A @

@ Linear Log

S
Y =781981 mm

X =671295 mm luminance = 718.342 cd/m2

[E=1 Fom )

Colorimetric standard: not displaye Temperature= 4100.2K

Current color
®99117
Y 100.000
Z B33

Reference calor

Spectrumn data

40010 450.0 5200
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How to model human vision
Simulate visual perception

Eye Simulation Display

| HDR
SPEOS LCD : Display
VR Experience D-Range : i ST
D-R : 10 stop | 15.6 stop
D-Range : Bplae 60 dB / 1000 : 1 ' 94 dB / 50,000 : 1
24 stop (32 Eti?ﬁ:;?r: ) Brightness : Brightness :
144 dB g Maximum 700cd/m? Maximum 10,000 cd/m?

16,000,000 : 1

With the OPTIS Human Vision Algorithm it is possible to compress the Image Content to a
realistic representation of the results!
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Recreate light & color perception

Gunther Hasna | CTO

Virtual Lighting Controlle

o

 Aatio ™ Automatic update e

" Power ‘

Ky

Dema_Helicopter Cockpit - Feading Lamp
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" borders
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0 i z00
" bigdisplays
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4]
min max
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" Dema_Helicopter Cockpit - Sun
|
15
i mak
0 100 200
" Demo_Helizopter Cockpit - HDRI_Sky

(=]

® | abs - Spectral map [cockpit]
File Edit View Tools Filtering Help

BO0Qu 8B Lm §

Angle = 335774 deg

> [User defined
4

Depth = 707.399 mm

luminance = 0.0585571 cd/m2

Vision Mode: Scotopic Filter=1
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Recreate 3D & accommodation

®;, | abs - Spectral map [cockpit]
File Edit View Tools Filtering Help

U Cle:l gg% % :p [l | ‘ = ?&\: P [ User defined

, E

MOTION DETECTION

Angle = 33.9345 deg

Depth = 711.87 mm luminance = 159.424 cd/m2

Vision Mode: Photopic Filter=1

Vision parameters

#)OPTIS

M odelization parameters
[~ Depth of fisld
[~ Wisual acuity
I
[~ Glare Effect
i+

~

Eye adaptation

Adaptation type : |Dynamic adaptation

]

Condition of observation of the scene

Previous adaptation luminance 68603 g2
Observation time 3000 3

Age of the abgerver |20 Years
Default

Yizion mode evaluation is bazed on
¢ Average value of the xmp

Eve parameters

[ Automatic evaluation

Aperture: 253351 i}
Focallength: |16 mm

I~ Automatic update
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" Mazimum value of the xmp

[ et |

" Each paint of the smp

izion center
Paint at: |0
Aocomodation distance: | 1000 nm

Cloze |
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How to model human vision?
Simulate glare effects and visualization

static
Headomps  View Car DrvmgMode Took Recoed  Envionment
Curres Car Mo Mwwere Tand Mg Wb Puman Viion
Valdation plane:

azl T <> H % 6 ‘ Ll | A Bﬁ _L. EUR - Right Handed = (@ '\A" omw-‘o
| Destance 3 » " .

> m
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Simulate the representation on a display

Color Management 7|

Image, graphic, or text generated by |Lumir|ar|ce simulation (Lab colorimetric space)

®, | abs - Spectral map [cockpit] I Enable Color Management
File Edit View Tools Filtering Help =
(‘
L L Ay 5 ' | User defined
Anaylis tools B 11 & e % @ o TR S P
L 3 > = e
Mumber of area Luminance histogram [<to 5 i
3000 - - - |, J
20004 v i b e = F o
000 G
: OK Cancel |
1] el
|4-76-54-3-2-10123 456 7389 10111213141516
log luminance (Cd/m?)
e Preferences ==
Display luminance according to scene luminance ) Monitor | B Colormetry | & Panting | G Directories |
Display luminance {Cdfm3
P (edm) (Cronghicty vics Whice Point Luminance
- 198, - | Red | Geen | Bue | white |
x| 06400 0.3000 01500 03127 1000 cd/m2
80 y| 03300 0.6000 00600 03290
80 J
Gamma Corection
Correction Type
.49 o 10
8 o0&
- 20 £
Gamma Gain £ i
H 2 04
I 2
+ B
0 0 N GEvIeen 22000 1.0000 2 02
ue
log scene luminance (Cd/m3) 0.0
00 02 04 06 08 10
@ Restore default values
Angle = 39.4436 deg Depth = 632,677 mm luminance = 733.472 cd/m2 Vision Mode: Photopic
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How to model human vision
Discomfort glare inVRX

Stati

Aiming Wall Humen Vision  Alming Wal alle Human Vision — 7 mng vl
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#)OPTIS

Improve the perception of speed

= At 120 km/h = 33 m/s
>When looking straight forward, objects don’t move and appear clearly, as the building

= In 1/60s (60Hz display refresh rate), lateral objects move from 0.5 m from an image to the next one.

Headtomps  View Co DrngMode Toot Recoud  Emionmert  dton  Rendes Headtomps  Vew Co  DrngMode Tooh Recod  Emionment  Edton |
oo ok oo R

i S

Implementation of non linear motion blur
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Accuracy Validation S ASJdIN

OPTIS compares simulated scenes
to real measurements for the best
accuracy.

The validity of OPTIS’ simulation algorithms is
certified by international standards as CIE

171:2006
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Impact of the environment on human factors
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Impact of the Environment on Human Factors
Experimenting the feeling of safety

Hesfamps View Car DrviegMode Took Recod Emvionment Edition Render

* Glare effect on perception — - e

B Lat 2667000055 m —
4|l v -
201s | Dete ALY Long 43470001220 Sl hico P 77

" Fog effect on perception

* Dynamic eye adaptation to light
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#JOPTIS

Reproducing any critical conditions

= Daytime

* Atmosphere Scattering

h‘ Glare caused by the Sun at this specific dayti e
an affect driver attention .

ot Vou Cr Ouegls Ta o 7 s (G o

Without Atmosphere Scattering
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Impact of the Environment on Human Factors OPTIS
Feeling totally immersed d

= Stereo vision for accurate representation

Headlomps  View Cor  DrwmgMode ook Record  Evironment  Edtion  Fender

|:1 scale for decision making e

Allows occlusion analysis for A-pillar

* Human tracking

Track and record gestures to analyze driver’s
experience

Simulate eyebox visibility —

PedestRiandPreeinastyehiddert ppdbstfdtars isiderobhhinithtfiellpithanersion
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(_,OPTIS

Seeing and being seen

* Next generation of headlamps
Validated with 2x500 sources at 60Hz
Connected to Mathlab/Simulink

Real photometry for advanced Engineering

Westumgs View Car DrwegMode Took Recond Euomment Liion  Bender
o Memm - Amegwa——  Rmavie s g

— . -‘ ‘,@4 0 ® ulm.ﬁ;_!__._m;? © ki ew® e

. Dty
Luminance bl
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Impact of the Environment on Human Factors
Simulating life behaviour

" Pedestrians integration

= Traffic animations

= Light Pollution
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Impact of ‘the Envn*onmel.wt on Hu.man Factors d OPTIS
Performing ergonomics studies

* Windshield Reflection ) B

= Car Model Switch
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Impact of the Environment on Human Factors OPTIS
Designing advanced user interfaces o

= HUD design and experience
While driving

" Human vision reproduction

Are you sure the driver will read
display content ?

ma e« e | e e il

ot e R e /
Realtime Stereo/Tracking Rendering of Optical HUD System
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Applications
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Night Drive Simulator

Headlamp assessment

= Real-time testing of headlamp performances

= Physically Correct Lighting (photometry & colorimetric)

= Regulation checks in real time

* Headlamps comparison during real-time driving

= Real-time testing of intelligent lighting systems (AFS,ACL,ADB...)

=Keite 2K
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ey OPTIS

Immersive evaluation of ambient lighting

Dynamical assessment of interior lighting:
» Check perceive quality
= Design theme
= Place lights
= Observe light and materials interaction
= Observe spectrum change

= Measure lighting performance and behavior

RENAULT
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Applications (’ OPTIS

Immersive perceived quality assessment

= Evaluate perceive quality in driving conditions
* Identified use cases for perceived quality are:
* Functional and ambient daytime and night time
lighting,
*Visualization of limits of acceptable variations
* Perceived spaciousness and depth perception
* Ergonomics evaluation of car interior
* Detection of reflections on windscreen and cluster

* Materials and light in true color conditions

\ *

RENAULT
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Conclusion
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Pl
What doesVRXperience bring ? @orih

= Real light behavior for exterior and interior

= Adisplay acts as a distorting glass and requires
a human vision software interface

=  Validated

NEXT?

" Acoustics to improve realism

= ADAS / autonomous vehicles

» Human behavior in autonomous vehicles

* Passenger’s experience of the journey
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Impact of the Environment on Human Factors
Imagining new ADAS/Automotive driving scenarios

" |Lidar
=  20M rays/s
= Accurate sensors model (Velodyne...)
= BRDF IR response up to 1000 nm

= US

= Multiple sources to simulate multiple reflections

= Manage surface granularity for diffusion

= Camera
= Spectral rendering
= Camera colorimetry

=  Optical deformation
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Come to our booth
and live a VRXperience!!

&Y OPTIS
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