High Dynamic Range Images from Digital Cameras Raw Data
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Tonal reproduction Color reproduction
Tonal reproduction of High Dynamic Range scene: achieved through multiple exposure image capture Color reproduction of High Dynamic Range scene: a neglected topic in most algorithms
Traditional approach: Using digital cameras pre-processed outputs Our approach: Using RAW data captured by sensors Algorithms for constructing HDR image focus on tonal rather than color Comparison of gamut volumes achievable:
ducti fter all, the term "D ic R: " refers to tonal b . .
Differently Differently reprocuction Giteral i eterniPynamicRangsghefersitojtonalimngs) Using RAW data vs Using Output-Referred color space
exposed JPEGS exposed RAWS
Tonal HDR HDR HDR P
E;‘ T caiion construction image FD P image The issues with color reproduction from pre-processed images: 1) Sensar/characterization of three camera models
A
Checking linearity of RAW d - Pre-processed images produced by digital cameras are Qutput- m T8 color e
A few advantages: ecking linearity o ata Referred. In-camera processes perform color rendering in such a way
ew advantages: 1. Capture of HDR scene: that it produces a pleasing image when looked on a display or print v +
- In-camera processes have already performed RAW . - 36 exposures spaced by 1/3 EV/ —» High Dynamic Range Images are meant to be Scene-Referred P'::“;]E;Zl;':d > RAW > zﬁzf;‘"cg‘:; RAW Conjugate RGB to
decoding, demosaicing, and white and black point settings B - Coon D VKN camerainRAW mode rather than Output-Referred. HDRIs should reproduce the camera model data P (L it Balancing| P> Rap B[ | Cradient || CIEXNZ
- Noise reduction may have been applied ‘ H n 2. Determination approximate level of luminance for Sce?e _‘:Olonmet_ry as accurately as p(_)SSIble rather_than bgmg
n m m m four positions in the scene: from about 8 to about 800 optimized for display on low dynamic range monitors with
Many i . cd/m2 limited gamut 2) Gamut volume estimation
Y Issues: m m m m 3. Plotting RAW data pixel values relative to exposure .
i m II] IIl III time for each one of the four luminance levels - One of the reasons for color rendering to Output-Referred color
- In-camera processes apply non-linear curve to sensor data II] I]-I II E‘ space is encoding efficiency. By selecting limited gamut color L
= Calibration calculation required to recover the curve applied L l—1 B = 3 ! encoding such as sSRGB or Adobe RGB, there is no waste on colors 500 RGB values from a
X N 3B values
(in order to undo it) ot that are out of the display device gamut. computer generated, lincar, Lab Estimated
>
16-bit reference image > values hd gamut
- Curve applied usually depends on characteristics of scene # = High Dynamic Range Image formats do not impose encoding volume
captured. limitation that justifies rendering to "economical" output space
= 4 3) Resul Volume Ratio to sSRGB
Calibration will be necessary for every new set of images R esults
i g - Reversing color rendering to Output-Referred color space can not be SRGB 560,958 1:1
. E achieved by profiling the pre-processed outputs of digital cameras Adobe RGB 804,354 1.43:1
- So called "response curve" is a firmware process, not a camera H : Canon D30 156562 CREH
characteristic (as in the case of films) S = Characterization should be done on RAW data instead, i.c. — —
a Canon 1D Mark IT 1,406,893 2.51:1
g N CE Time(s) before color rendering to Output-Referred color space -
—> In-camera processes should not be confused with the RAW pixel val b dered li he whol Fuji S3 Pro 1,428,578 2.55:1
concept of camera response curve. For a digital camera, the ) fplxe va uesfcan Zcons; cre me:lir aclross the whole
"real" camera response is the one of the sensors (available range of exposures for medium luminance fevels \ /
in the form of RAW data) - Non-linearity in neighborhood of saturation and noise levels is N - N
not an issue for the purpose of HDR image construction: Scen-e-Referred High Dynamlc Range images
- Nothing guarantees that in-camera processes apply the same weighting function ensures optimally exposed images are used require color reproduction from RAW data
curve across the exposure range %
—> Invalidates assumptions used by tonal calibration Conclusion: Linearity of sensor response across a large range of @ T Nl e s
algorithms exposures makes tonal calibration unnecessary onsequence for Tone Mapping algorithms:
Need to handle extended gamut available in HDR images generated from RAW data

Conclusion: In most cases, tonal calibration of differently
exposed pre-processed outputs of digital cameras is not a reliable
process and may lead to inaccurate recovery of the captured
tonal values

T | Working directly with RAW data eliminates the calibration step,

ensuring a more consistent tonal reproduction of HDR scenes —
RAWdata —» | demosaicing+ HDR |~ HDRImage .
version construction Color space: Canon 1D MKII
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Note: Tone mapped values out of
SRGB gamut were clipped
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