Smart Camera Design
for Real-time High
ANaging
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Qutline

® What is HDR imaging ?

® Presentation of a standard HDR
algorithm pipeline
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HDR imaging !

® Dynamic range is the ratio between
the maximum (white) and the

minimum (black) measurable light
Intensities

® Dynamic Range is measured in |




HDR imaging !
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HDR imaging !

On the left,a HDR scene that can be perceived by
an human eye with both details in dark and bright
areas

Below, acquisitions made by a digital camera with
various integration times
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Standard HDR




HDR Algorithm Pipeline

Multiple LDR
1 : . frames .
® Estimation of the optimal Motion
. correction

exposures for multiple capture, Expomre

Multiple LDR
frames

® Motion correction of the successive Radiance
Images, Map

Single HDR
frame

Callbratlon of the HDR |mage
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Single viewable
HDR frame To ne
Display Mapping

® Computation of the radiance map,




Auto exposure control

® Similar as autobracketing implemented in digital cameras. L
® Performs captures of the same image with different % —

exposure settings, both over exposed (brighter image)
and under exposed (darker image) compared to a given
exposure (medium image).
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Motion correction

® Each of the images must represent
the same scene.

® For dynamic scenes with moving
objects, multiple acquisition leads to
motion artifacts and ghosting

® Global and local displacements in
LDR frames must be corrected by
complex algorithms based on
optical flow, motion estimation, ...




DR creating

® Pixel values are the result of a non linear function of the
exposure linked to the characteristic curve of the sensor

® HDR creating requires 2 main steps:

° Recoverlng the g functlon correspondlng to the sensor
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Calibration & Tone mapping

® A supplementary step dedicated to calibration s
needed before performing the tone mapping operation.

® Tone mapping operators must have precise information !
about the Ilght condltlons to differentiate for example |
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Calibration & Tone mapping

® [ast step of the HDR pipeline

® Performs conversion from HDR images to 8-bit values
that can be displayed on a LCD monitor

® Two main categories of tone ma
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Our realtime
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Image sensor

® Based on a EV/6C560 sensor
provided by e2v
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® Resolution: 1280 x 1024 pixels
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| 0-bit digital readout at 60 fps
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HW platform

® Based on a ML507 development
board from Xilinx

® Embeds aVirtex-5 FPGA
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Modified HDR Pipeline

[ Sensor }

Multiple LDR
frames
Exposure 1
AEC
Radiance
Map

Single HDR
frame

Calibration

Calibrated
HDR frame

Single viewable

Tone

HDR frame
Display

Mapping

N

Single LDR
frame

[ Sensor

Exposure 1

AEC

® Simplification of the block diagram

® Realtime processing of the pixel flow

Previous HDR
frame

Radiance Map
storage
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New Radiance

Map

Single HDR

frame l

Calibration

Calibrated
HDR frame

Single viewable

Tone

HDR frame
Display

Mapping

New HDR
frame




VHDL development
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® Auto exposure control based on histograms and
the number of saturated pixels



Simulation results

HW implementation simulation C++ simulation
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Conclusion

® Dedicated platform for
realtime HDR imaging

® |nnovative algorithm
pipeline operating on the
pixels flow

® VHDL design of AEC,
radiance map and tone

mapping
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To be done

® Hardware implementation of the
full pipeline

® Development and optimization of
new algorithms for radiance map

and tone mapping

® Validation on real scenes
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