


Figure 1. Opto-Optical Transfer Function as a composition of encod-
ing Opto-Electronic Transfer Function and decoding Electro-Optical Transfer

Function
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Figure 2. Examples of target charts suitable for local contrast evaluation.

overall illuminance on the chart and the reflectance of each ROI,
or for transmissive charts on the overall luminance of the back-
lighting panel and the transmittance of each ROI.

On the picture, we compute the average lightness level for
each ROI. These values are linearized in display-referred space,
i.e., using the metadata (and the current standards) to estimate
the actual luminance in nit that a reference display would emit
for that ROI. Linearization into the display space ensures that the
results are independent of the image encoding, which was one of
our goals.

To find a representation of the local OOTF, we fit a gen-
eral model to the luminance pairs (scene luminance, display lumi-
nance) designed to accurately capture the saturation of the high-
lights, as well as clipping and contrast inversion of the dark areas.

Let Lyisplay = f(Lscene) be the estimated OOTF. In differen-
tial form, the Weber contrast between two infinitesimally close
luminance values in the scene is described by:

dLscene

Wicene =
Lgcene

The corresponding Weber contrast on-screen will be:

deisplay
Wdisplay = Li
display

If we let L = Lgcene, then the contrast gain, i.e., the ratio be-
tween the on-screen contrast and the scene contrast it represents
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is given by
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LCG(L) =

= ey

which defines our metric.
Notice that LCG(L) indeed satisfies our last goal:

* when LCG > 1, the contrast is perceptually boosted;

» when LCG = 1, the contrast is perceptually preserved;

* when 0 < LCG < 1, the contrast is perceptually compressed;
* when LCG = 0, the contrast is lost (saturation);

¢ when LCG < 0, the contrast is inverted.
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Figure 3. Regions of LCG values in which the contrast is boosted (green),
compressed (yellow), or inverted (red).

As the ratio of two luminance contrasts in logarithmic scale,
we can measure the LCG equivalently in dB/dB or EV/EV; in this
article we shall use the latter. The LCG is in practice the point
elasticity of the OOTF; in this sense, it can be understood as the
continuous version of the Tonal Contrast Gain metric defined in
the Dynamic Range measurement of the IEEE-SA P2020 Auto-
motive Standard [1].

Estimation of the Opto-Optical Transfer Function
As mentioned above, the OETF is in general not known and
needs to be estimated as part of the measurement process.
It is worth asking whether to opt for a fitting of the OOTF
or just an interpolation. There are two main reasons to prefer a
fitting:

1. Fitting provides robustness to the uncertainty in the mea-
surement of the ground truth

2. Fitting gives the OOTF and its derivative in analytical form,
which is much more convenient

The uncertainty is due to how the ground truth can be acquired.
For transmissive charts, the acquisition requires either measuring
patches individually —which is unpractical, time-consuming, and
error prone— or relying on the transmittance of the patches, but
this is affected by the vignetting of the light panel. For reflective
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tion. If f(L) is the light emitted by the display, then v would be an
additional constant light that the user perceives. This is consistent
with the notion of viewing glare, the reflection of the environment
light on the screen, illustrated in Fig. 7.
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Except in pitch darkness, an observer will always perceive a

Figure 7.
fraction of the ambient light as coming from the display, due to the reflectance
of the screen.

Interpretation of the LCG values

In order to provide an intuition of how to interpret the results
of a device, let us analytically find what the LCG would look like
for a few special cases.

The first case we can consider is that of a perfectly linear
OOTF: f(L) =A- L. While a linear OOTF is not necessarily ideal
in the sense of user preference, it is a useful reference, as it rep-
resents contrast fidelity with respect to the ground truth. Ignoring
the viewing glare term v for the sake of simplicity, we can observe
that:

f(L)
f(L)
DA-L]
L

LCG(L) =L-

=L

A-
T T AL
=1

That is, for a linear OOTEF, the LCG is constant and equal to one.
Conversely, we can say that in the neighborhood of any point such
that LCG(L) = 1, the OOTF behaves linearly. This is consistent
with our previous observation that when LCG(L) = 1 the contrast
is preserved.

Another case worth considering is that of a gamma function:
f(L) =L". While f(L) is an OOTF not an OETF, a gamma func-
tions are still somewhat typical. We can determine that:

D[L]

LCG(L)=L- I

yL!
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That is, for a gamma OOTF, the LCG is constant and equal to
gamma. Conversely, we can say that in the neighborhood of any
point the OOTF behaves like a gamma function with the value
of gamma given by the value of the LCG, which generalizes our
previous result.
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Scalar performance indicators

When the goal is to compare two devices, it is useful to de-
fine scalar metrics that correlate with some definition of perfor-
mance defined with regard to the target application.

An intuitive solution would be to simply average the value
of the LCG over its domain. However, we have observed experi-
mentally that for this metric to correlate with a user’s experience,
the boosting of contrasts in one region should not compensate for
compressions and inversions elsewhere. We thus define the Aver-
age Contrast Compression as:

1 Linax o
C= /L " lea)

As mentioned in the previous section, the value of the LCG in a
point can be interpreted as the exponent of a local gamma func-
tion. This means that an Average Contrast Compression of C im-
plies that the imaging system loses on average over its domain
(i.e., locally to where it was measured) as much perceptual con-
trast as an OOTF f(L) = A-L€.

A different approach would be to consider the range of lu-
minance values in which the captured image is exploitable. To do
s0, let 6 be the smallest acceptable value of LCG, chosen with re-
gard to the target application, and let I be the largest interval such
that LCG(L) > 0VL € 1. We define the Local Contrast Dynamic
Range as:

supl

R =1log, nfl
Notice that because the LCG is computed locally, this metric only
makes sense when compared to the dynamic in the ground truth
of the chart over which the OOTF was estimated.
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Figure 8.
largest interval over which the LCG is always above threshold. A reasonable
example of threshold is 6=5%.

The Local Contrast Dynamic Range is the range in bit of the

Experimental results

We provided extensive experimental validation of our met-
ric. While the metric can be meaningfully applied to a setup con-
taining a single element, it is particularly pertinent in setups with
multiple charts in different parts of the dynamic (see examples in
Fig. 2.

In all situations, the results of the metrics match with the ob-
servation of expert analysts in terms of preservation, compression,
lack, or inversion of contrast.

In Fig. 9, we present the results for a Portrait HDR setup.
This setup is comprised of a Realistic Mannequin (on the left)

IS&T Infernational Symposium on Electronic Imaging 2025
Image Quality and System Performance XXII





https://sagroups.ieee.org/2020/
https://doi.org/10.1113/jphysiol.1966.sp008001

Results for chart: LEFT_PANEL Results for chart: RIGHT_PANEL
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Figure 10. Left: HDR Composite setup. Center: Results measured on the left Composite chart. Right: Results measured on the right Composite chart.

Results for chart: TOP_PANEL
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Results for chart: DEADLEAVES Results for chart: RIGHT_PANEL
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Figure 11. Top Left: Autofocus HDR setup. Top Right: Results measured on the top Composite chart. Bottom Left: Results measured on the DeadlLeaves
chart. Bottom Right: Results measured on the right Composite chart.
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