








Camera Color Error Study

A large parametric study was conducted to identify the critical
parameters that contribute to camera color error.
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Camera Color Error Dependence on Color

Image color error of the NIST CQS color target using a mid-priced
point & shoot camera under daylight fluorescent lighting conditions.
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NIST CQS Color Chart
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NIST CQS Color Patches

A color difference of CIELAB AE*, = 1 is considered a just noticeable difference
(JND). Color difference is calculated relative to spectroradiometer data.
Color code: R=red, Y=yellow, G=green, C=cyan, B=blue, M=magenta, W=white and gray

J. Penczek, P.A. Boynton, J.D. Splett, “Color error in the digital camera
NISI- imaaqe capture process.” J. Diqgital Imaainqg. 27. 182-191 (2013).
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Color Error Dependence on Lighting

Image color error of the NIST CQS color target using a mid-priced
point & shoot camera under different lighting conditions.
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NIST Chart Color

A color difference of CIELAB AE*,, = 1 is considered a just noticeable difference
(JND). Color difference is calculated relative to spectroradiometer data.

Color code: R=red, Y=yellow, G=green, C=cyan, B=blue, M=magenta, W=white and gray

J. Penczek, P.A. Boynton, J.D. Splett, “Color error in the digital camera 10
NISI- imaaqe capture process.” J. Diqgital Imaainqg. 27. 182-191 (2013).



Color Error Dependence on Lighting

Summary of image color error for the NIST CQS color target using a
mid-priced camera under different lighting conditions.

llumination source MUEELT LD MIEELT MEELT
AE*ab AE*ab AC*ab AE00
Daylight fluorescent 12 26 5.1
Incandescent 16 38 6.4 -3.2 9.1
Cool white fluorescent 15 32 4.6 4.7 8.8

where AE,, is the CIEDE2000 total color difference.

» Acolor difference of CIELAB AE*_ = 1 is considered a just noticeable
difference (JND). Most consider AE*_, = 3 as a significant difference.

« The camera produces large color errors, even for the reference
daylight fluorescent lamp.

« For this camera, more of the color error is a shift in lightness rather
than chroma.

J. Penczek, P.A. Boynton, J.D. Splett, “Color error in the digital camera 11
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Color Error of Flesh Tones

Image color error of the flesh tones on the Digital ColorChecker SG color
target using a mid-priced point & shoot camera under different lighting
conditions.
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Flesh Tone Color Patches

lllumination source Mean Mean Mean
AE*q AC*,, AEq,
11

Daylight fluorescent 15 16 13 -1.4
Incandescent 18 24 14 59 13
Cool white fluorescent 23 31 14 6.5 19

Color code: FT= flesh tone

J. Penczek, P.A. Boynton, J.D. Splett, “Color error in the digital camera 12
NISI- imaaqe capture process.” J. Diqgital Imaainqg. 27. 182-191 (2013).



Recommended Lighting Conditions

® lllumination should be close to daylight

® Smooth broadband spectral distribution

® Uniform lighting (valuable for image capture and calibration)
® No glare or specular highlights

® Use gray or darker background to minimize stray light

°

°
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Comparison of Camera Technology

Image color error of the NIST CQS color target was also evaluated using a
range of camera technologies. Images were acquired using the auto
setting on the camera.

Smart phone camera Mid-priced point & shoot Digital SLR camera

Images were taken with a centered color target illuminated by daylight
fluorescent, incandescent, and cool white fluorescent lamps.

NIST 15



Color Error Dependence on Camera Technology

Image color error of the NIST CQS color target using a range of camera
technologies under daylight and incandescent lighting conditions.
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NIST Color Chart

Camera Type HIEELT e
yp AE*ab AE*ab
12 26

NIST

Point & Shoot
Smart Phone (HDR off) 18 33
Digital SLR 11 22
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NIST Color Chart

Camera Type HEE HED:
yp AE*ab AE*ab
16 38

Point & Shoot
Smart Phone (HDR off) 24 50
Digital SLR 22 48

Color error does not always improve with cost of the camera.

Color code: R=red, Y=yellow, G=green, C=cyan, B=blue, M=magenta, W=white and gray

J. Penczek, P.A. Boynton, J.D. Splett, “Color error in the digital camera
imaaqe capture process.” J. Diqgital Imaainqg. 27. 182-191 (2013).
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Flesh Tones with Different Cameras

Image color error of flesh tones in the Digital ColorChecker SG color target
using a range of camera technologies under daylight and incandescent
lighting conditions.
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Point & Shoot Point & Shoot
Smart Phone (HDR off) 19 22 Smart Phone (HDR off) 24 31
Digital SLR 4.5 7.0 Digital SLR 27 30

NIST
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Recommended Camera Setup

Auto mode does not give the best results
Suggest a manual or preset mode with defined illumination (Nikon)
Better to use Raw image formats (Nikon)

Use “Neutral” mode to minimize perceptual enhancements (Nikon)
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Image Color-Correction

Investigated image color—correction methods using reference color chart

beside test chart. NIST CQS Passport ColorChecker

(Test chart) (Reference chart)

NIST CQS Digital ColorChecker SG
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applied by image rendering software. The other (Univ. Ghent) method
directly converted the raw image.

NIST 20



Color-Correction Results

The reduction in the amount of image color error is compared for the two
reference charts using two color-correction methods.

Percent Reduction in Color Error
_ using Passport ColorChecker
Color-correction

method NIST colors NIST colors NIST colors

mean max mean
AE*,, AE*,, AEq,
Commermal ICC 14% 16% 139%
Profiler
Univ. Ghent 449% 22% 53%

Percent Reduction in Color Error using Digital ColorChecker SG

Color-correction

method NIST colors NIST colors NIST colors Flesh tones Fleshtones Flesh tones
mean max mean mean max mean
AE*ab AE*ab AE00 AE.kab AE.kab AE00
Commercial ICC 26% 40% 34% 26% 12% 35%
Profiler
Univ. Ghent 53% 35% 61% 72% 40% 69%
J. Penczek, P.A. Boynton, J.D. Splett, “Color error in the digital camera 21
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Image Color-Correction

Reference color charts need to include range of flesh tones
Lighting needs to be uniform of reference and target objects
Side-by-side reference configuration vs sequential capture
Consider improved color-correction algorithms

Smooth integration of color-correction into color management

Mobile device color-correction
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