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Introduction

FOR YEARS, |"VE BEEN WORKING ON PHOTOREALISTIC RENDERING OF
AUTOMOTIVE LIGHTING COMPONENTS.

THE GOAL WAS CLEAR: ACHIEVE PHYSICAL ACCURACY THROUGH BETTER
MATERIALS, BETTER OPTICS. HIGHER RESOLUTION. PHYSICALLY-BASED
EVERYTHING.

FROM A TECHNICAL STANDPOINT, THE RESULTS WERE STRONG.

VIRTUAL PROTOTYPES BECAME INCREASINGLY RELIABLE, CONSISTENT, AND
MEASURABLE.

THEY MATCHED REAL CAMERAS EXTREMELY WELL.

BUT OVER TIME, A PATTERN EMERGED.

WHEN THOSE SAME COMPONENTS WERE EVALUATED BY HUMAN
OBSERVERS, THE PERCEIVED OUTCOME SOMETIMES DIFFERED FROM
WHAT THE IMAGES SUGGESTED.

NOT BECAUSE THE SIMULATION WAS INCORRECT,
BUT BECAUSE THE REFERENCE SYSTEM WAS INCOMPLETE.
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Human Vision vs Camera Capture
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Why Seeing Is Not Recording




Why It Matters

e What we see
e What cameras record

* Why they differ

WE OFTEN SAY A PHOTO DOESN’T LOOK LIKE WHAT
WE SAW. THAT’S NOT A TECHNICAL FAILURE, IT'S A
PERCEPTUAL MISMATCH BETWEEN HUMAN VISION
AND CAMERA CAPTURE.

Real world scene

Same scene
photographed poorly




Human Vision Is a System

* Eye + brain

* Adaptive and contextual

THE EYE IS ONLY THE SENSOR. VISION ACTUALLY HAPPENS IN THE BRAIN, WHICH INTERPRETS,
CORRECTS, AND ENHANCES WHAT WE SEE IN REAL TIME.



Camera Vision Is a Device

* Sensor
* Fixed parameters

* Physical measurement

A CAMERA MEASURES LIGHT OBJECTIVELY USING A SENSOR. ANY “INTERPRETATION” COMES LATER THROUGH SOFTWARE, NOT DURING CAPTURE.



Dynamic Range

* Eye handles bright & dark
* We effectively do HDR in our brain,

constantly.

. .. HDR image
e Camerais limited

Single exposure

THE HUMAN EYE CAN PERCEIVE DETAIL IN VERY BRIGHT AND
VERY DARK AREAS ALMOST SIMULTANEOUSLY.

CAMERAS MUST CHOOSE, OFTEN LOSING DETAIL IN ONE AREA.



Local Adaption

* Local vision
* Global Exposure

* One setting limit

YOUR EYES ADAPT DIFFERENTLY
TO DIFFERENT PARTS OF A SCENE.

CAMERAS APPLY A SINGLE
EXPOSURE SETTING TO THE
ENTIRE IMAGE.

Eye
(Balanced view)

Camera
(Exposed for highlight)



Camera

Eye . . .
y (without white balance correction)

Color Perception

® COLOR CONSTANCY
® LIGHTING CHANGES

® STABLE PERCEPTION

A CAMERA RECORDS ABSOLUTE COLOR
VALUES.

HUMANS PERCEIVE COLORS RELATIVE TO
SURROUNDING COLORS AND LIGHTING.



Camera color capture

(Cool) (Neutral)

® WHITE BALANCE AND SENSOR LIMITS
® SENSOR-BASED COLOR

® POSSIBLE ERRORS

HUMANS PERCEIVE COLORS AS STABLE,
EVEN UNDER DIFFERENT LIGHTING
CONDITIONS.

CAMERAS RELY ON WHITE BALANCE,
WHICH CAN EASILY BE INCORRECT.

Cool (10000K) Neutral (5500K) Warm (1000K)



When Colors Turn White

® CONE SATURATION
® PERCEPTION OF WHITE

¢ CAMERAS BEHAVE DIFFERENTLY

THE CONES SPECIFIC TO THAT COLOR REACH THEIR
MAXIMUM BIOCHEMICAL RESPONSE LIMIT.

WHEN ALL CONES (L, M AND S) ARE ACTIVATED
SIMULTANEOUSLY AND AT THEIR MAXIMUM CAPACITY, THE
BRAIN CAN NO LONGER DISTINGUISH THE COLOR AND
INTERPRETS THE COMBINED SIGNAL AS BLINDING WHITE.



Contrast perception

® RELATIVE CONTRAST
® CONTEXT-DRIVEN

® ILLUSIONS

OUR BRAINS FOCUS ON CONTRAST AND
EDGES.

TWO IDENTICAL BRIGHTNESS VALUES CAN
APPEAR COMPLETELY DIFFERENT
DEPENDING ON CONTEXT.



Sharpness & focus

® EYE SCANS
® BRAIN RECONSTRUCTS

® CAMERA FREEZES

WHEN WE LOOK AT A FACE, OUR EYES DO NOT
MOVE SMOOTHLY BUT RATHER FOLLOW A SCAN
PATH: A SEQUENCE OF RAPID BALLISTIC
MOVEMENTS CALLED SACCADES, INTERSPERSED
WITH MOMENTS OF RELATIVE IMMOBILITY
CALLED FIXATIONS.



Motion & Time

¢ CONTINUOUS MOTION
® DISCRETE FRAMES

® BLUR OR FREEZE

HUMANS PERCEIVE MOTION SMOOTHLY OVER
TIME.

CAMERAS SAMPLE TIME IN DISCRETE
MOMENTS, WHICH CAN LOOK UNNATURAL.

Motion blur
(slow shutter speed)

Frozen
(fast shutter speed)



Noise Perception

® BRAIN FILTERS NOISE

® SENSORS AMPLIFY IT

IN LOW LIGHT, THE BRAIN SUPPRESSES VISUAL
NOISE.

CAMERAS AMPLIFY SENSOR NOISE, MAKING
IMAGES LOOK WORSE THAN WHAT WE
PERCEIVE.

Human eye
(clera perception)

Camera photo
(High ISO noise)



Subjetivity

® EXPECTATIONS
® EXPERIENCE

® EMOTION

HUMAN VISION IS INFLUENCED BY
EXPECTATIONS, MEMORY, AND EMOTION.

CAMERAS ARE UNBIASED, WHICH CAN BE A
DISADVANTAGE WHEN HUMANS JUDGE THE
RESULT.

Warm (confort)
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Cold (isolation)



Real comparison

Human perception (interpreted) Raw camera sensor (linear data)

® SAME SCENE
®* TwO OUTCOMES

® KEY DIFFERENCES

THIS COMPARISON SHOWS HOW A
SCENE THAT FEELS BALANCED TO THE
EYE APPEARS UNDEREXPOSED, FLAT, OR
COLOR-SHIFTED IN A PHOTO.




Implications

® PHOTOGRAPHY
¢ AUTOMOTIVE

® Al

ANY SYSTEM WHERE MACHINES
CAPTURE IMAGES FOR HUMANS,
OR TRAIN Al, MUST ACCOUNT
FOR PERCEPTUAL DIFFERENCES.



Key Points

® OVERCOME TRADITIONAL APPROACH OF VIRTUAL CAMERAS
® SYNTHETIC DATA SET, TRAIN Al

® Al CAN DRIVE VIRTUAL CAMERA

THE HUMAN EYE INTERPRETS REALITY.

CAMERAS MEASURE IT.

BRIDGING THIS GAP IS ESSENTIAL TO
CREATE IMAGES AND SYSTEMS THAT

TRULY LOOK RIGHT TO PEOPLE.
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Thank you
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