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* Images courtesy of [1] Paul Debevec, [2] Yuanzhen Li, [3] Martin Cadik, [4] Dani Lischinski, [5] Greg Ward, and [6] Industrial Light & Magic.
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Figure 13: Absolute HDR radiance maps are tone-mapped using Reinhard et al.’s tone-mapping algorithm [2002], the iCAM06 image
appearance model [Kuang et al. 2007], and our color appearance model. The target display is assumed to be sRGB with a peak luminance
level of 250 cd/m2 and a gamma of 2.2 (dim viewing conditions, adapting luminance is assumed to be 10% of peak luminance). For Reinhard
et al.’s and our method, we simulate chromatic adaptation as outlined in Section 5.1; iCAM06 uses its own spatially-varying model.

Figure 14: Comparison of perceptual predictions of CIECAM02
(left), iCAM06 (center), and our model (right).

and its reproduction on a low-luminance display (250 cd/m2) us-
ing iCAM06, Reinhard et al., and our model. All 10 participants
consistently ranked our reproduction as closest to reality, Reinhard
et al.’s second, and iCAM06 third.

7 Discussion
Our psychophysical experiment and appearance model focused on
the high-luminance photopic vision rather than dim (mesotopic) or
dark (scotopic) vision, because our research was motivated by the
advent of high-dynamic-range imaging, which deals with higher
levels of luminance.

Our experiment focused on the variation of luminance levels as
well as background luminance. It is interesting to note here that
our model does not take a separate background parameter. Our
model is only driven by the adaptation luminance level (implicitly
containing the background level) and the peak luminance level. In
contrast, CIECAM02 uses the luminance adaptation level and the
background luminance level. Our experiment did not fully inves-
tigate how the surround influences perception at high luminances.
We varied the surround from dark to average for phase 15, but the
influence on the perceived attributes was minimal, as observed in
[Breneman 1977]. Even though our model does not have an ex-
plicit parameter for surround, its effect can be taken into account
by changing the adaptation level accordingly. Furthermore, we did
not fully explore chromatic adaptation, as extensive data is avail-
able from the LUTCHI experiment. We also determine the media-
dependent parameter for paper, CRT, etc. from the LUTCHI data.
Most of the open parameters of our model were fitted using brute-
force numerical optimization (exhaustive search for minimum).

Our model does not perfectly fit the zone theory, but is inspired
by it. This is not an issue, as CAMs are only computational models

of color appearance and as such do not try to describe how human
vision actually works.

8 Conclusion
We have presented a new color appearance model that has been
designed from the ground up to work for an extended luminance
range. As no color perception data was available for high luminance
ranges, we have first conducted a large psychophysical magnitude
experiment to fill this gap. Based on our data, as well as previous
data, we have developed a model that predicts lightness, colorful-
ness and hue at a high accuracy for different luminance ranges,
levels of adaptation, and media. In contrast to other CAMs, our
method works with absolute luminance scales, which we believe
is an important difference and key to achieving good results. We
have demonstrated its usefulness for perceptually-based luminance
compression of images and for cross-media color reproduction.
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Appendix
Inverse model computation:
1. Compute achromatic white point Aw of the target device using Eqs. 2 & 3.
2. Compute brightness Q from lightness J (see Eq. 7): J = Q/(Lw)nq .

3. Compute achromatic signal A from lightness J (see Eqs. 4, 5, & 6)

J′ = (J/100− 1) /E + 1, A = Aw ·
(

α j ·J′
n j

J′n j +σ j
n j + β j

)
.

4. Compute chroma C from colorfulness M (see Eq. 11)

C = M/(αm · log10Lw + βm).

5. Compute color opponents a & b from chroma C and hue h (see Eqs. 10 & 13)

a = cos(πh/180) · (C/αk)
1/nk , b = sin(πh/180) · (C/αk)

1/nk .

6. Compute cone signals LMS from the achromatic signal A and opponents a & b L′

M′

S′

 =

 1.0000 0.3215 0.2053
1.0000 −0.6351 −0.1860
1.0000 −0.1568 −4.4904

 A
a
b

 .

7. Compute cone signals LMS from non-linear cone signals L′M′S′ (see Eq. 2)

L =
(−Lnc

a · L′

L′ − 1

)1/nc
, M =

(−Lnc
a ·M′

M′ − 1

)1/nc
, S =

(−Lnc
a · S′

S′ − 1

)1/nc
.

8. Compute tristimulus XY ZD50 from cone signals LMS using the HPE transform.
9. Apply inverse CIECAT02 transform [Moroney et al. 2002] (using target white).


