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ABSTRACT

Tone curves are central to camera pipelines and image editing workflows, describing how tonal values are
mapped to produce visually appealing images. While tone curves can be arbitrarily complex, recent work has
suggested that simple tone curves — defined as monotonic functions with at most one inflexion point — are sufficient
to approximate expert adjustments. This raises an important perceptual question of whether human observers prefer
images enhanced with simple tone curves. We address this by conducting a psychophysical study on the MIT-
Adobe FiveK dataset. Expert tone curves were approximated using a constrained optimisation method from the
prior art to derive the best simple curve in the primal domain, and additionally in a logarithmic domain. For each
of 24 selected images (drawn from well-, less-well- and poorest-fitted simple curves), we compared four renditions:
the unenhanced input, the expert output, the primal-domain simple rendition, and the log-domain simple rendition.
Eight naive observers completed pairwise preference tests under controlled viewing conditions. Our results show
that both primal and log-domain simple tone curves produce images with perceptual quality comparable to expert
renditions. Observers did not show a significant preference between expert and simple renditions, indicating that
simplified curves provide a suitable approximation, with the log-domain simple renditions being marginally
favoured. These findings demonstrate that simple tone curves are not only objectively similar but also perceptually
competitive to expert renderings, offering a practical alternative to complex expert adjustments in image
enhancement.
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INTRODUCTION

Tone mapping is widely used in camera pipelines and image editing workflows to manipulate brightnesses
and enhance the perception of images. When applied to real world luminance, tone maps describe camera response
functions and the conversion from high dynamic range [1,2]. Tone mapping can also be applied within post
processing [3,4] to enhance the perception of an image according to one’s preference [5]. A tone curve describes
the function that maps input tonal values to output tonal values. When the same function is applied to every pixel
in the image, the tone mapping is said to be global. Tone curves may have a fixed shape, be custom-defined per
image, or be computed algorithmically. They can take specific functional forms, such as power laws or sigmoids,
or be free-form curves created by interpolating control points. While tone curves are continuous and usually
increasing, their shape is typically unconstrained.

Previous work [6] has argued that tone curves should be simple — that is, they have at most one inflexion point,
in contrast to complex, “wiggly” curves. This gives rise to four possible cases, depicted in Figure 1. Case 1 and
Case 2 have zero inflexion points: in Case 1 the gradient increases monotonically, while in Case 2 it decreases
monotonically. Case 2 corresponds to common tone curve shapes, such as gamma encoding. Case 3 and Case 4
each have one inflexion point, the position of which can vary across the domain. Case 3 is the commonly seen “S-
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shaped” curve, where the gradient increases to the inflexion point and then decreases, boosting midtone contrast.
Case 4 is the opposite, with the gradient decreasing to the inflexion point and then increasing.
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Figure 1: Depiction of four simple cases

In [6], a mathematical optimisation method was proposed to derive a simple curve that approximates a more
complex tone curve. The objective function seeks a simple tone curve that closely matches a target curve, subject
to constraints enforcing monotonicity and the allowed inflexion case. The problem is formulated as a quadratic
program with linear constraints and can be solved efficiently and a global minimum is found [7]. For the MIT-
Adobe FiveK dataset, expert tone curves were found to be either inherently simple or well approximated with a
simple curve.

In this work, we investigate whether human observers prefer images enhanced with simple versus complex
tone curves. We conduct a psychophysical experiment to evaluate preference between the ground-truth expert
images and their simplified counterparts. The remainder of this paper details the creation of images for the subjective
experiment using the optimisation method, describes the experimental setup, and presents the results. Our findings
indicate that the simplification method produces images that are as preferred as expert renditions, with a marginal
perceptual advantage when the simple curves are solved in log space.

METHODOLOGY

Generating the images

This study uses the MIT-Adobe FiveK dataset [8], provided as an Adobe Lightroom catalogue from which
pairs of input—output images can be extracted. Following the procedure of [6], adopted from [9], we export input
images from the collection Input minus 1.5 in ProPhoto 16-bit TIFF format, with the long edge scaled to 640 px.
Because the Lightroom adjustments are numerous and undisclosed, the images are not strictly related by a single
global tone curve. The expert images are generated according to [6] ensuring a global mapping. Informally, the
most global fit was found by mapping the L* channel of CIELAB. The input, expert and simple images, per (x, y)
pixel, are respectively J(x,y) and P(x,y):

I(x,y) = [Lj aj bj1"
P(x,y) = [Lp ap bp]" = [T(LD) ap bp]"

Plx,y) = [T} ap by

Function T is the expert’s global tone curve mapping L; to Lp. For each input-expert pair, we use the prior
optimisation to solve for a simple tone curve T (constrained to be increasing with at most one inflexion point) that
best approximates the expert tone curve, generating P (x, y). Simple tone-mapped images are generated by applying
T to the input L*. We also solve for the simple tone curve in logarithmic space. Applying a logarithmic
transformation to the L* channel emphasises darker values in the optimisation. The simple tone curve is then solved
in this transformed space, and subsequently mapped back to the original domain. For each image, then, we have:
(1) the input version, (2) the expert rendition (where the expert tone curve may be complex), (3) an image tone
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mapped with a simple approximation of the expert curve, (4) a simple tone mapped rendition where the simple
curve is solved for in log-space. These are exported from MATLAB in the SRGB colour space for display.

Conducting the preference experiments

We conducted a pairwise psychophysical experiment using a subset of 24 images from the MIT-Adobe FiveK
dataset. The selection comprised the 8 images with the highest AE colour difference between simple and expert
renditions, 8 chosen randomly from above the 99th percentile, and 8 chosen randomly from below it.

The experiment compared four image renditions: input, expert, simple, and log-space simple. A pair of
renditions were shown side by side at a time. The observer was asked to choose which image they preferred by
clicking a button. For four renditions there are six unique pairings. Each pair was shown twice with reversed display
order, giving 12 comparisons per image and 288 comparisons per observer.

Eight naive observers with normal colour vision (verified using Ishihara plates) participated in the study.
Experiments were conducted in a grey room with controlled lighting and a calibrated monitor, following ISO
3664:2009. Images were displayed in random order (with the restriction that the same image was not shown
simultaneously). Observers viewed the images and recorded preferences through a MATLAB graphical user
interface, with colour profiles matched to the monitor.

RESULTS AND DISCUSSION

Table 1 lists the images used in the psychophysical experiment by their expert and input number. For each
image we report the objective AE colour difference between the expert rendition and the simple renditions (solved
in both primal and logarithmic domains), along with the AE rank out of 25,000 images. The table also shows the
number of times each rendition was voted as preferred. Each row (of preference votes) sums to 96, corresponding
to 12 comparisons per image for each of the eight observers.

Table 1: Psychophysical experiment statistics and preference votes.

Primal solved Log solved Preference votes

Image AE Rank AE Rank Input Expert Simple siIIJr:)pgle
C2704 <0.01 29 0.0658 18479 0 39 30 27
B3531 <0.01 7982 <0.01 9079 16 27 20 33
A286 <0.01 10503 0.0176 13091 1 31 29 35
A2485 <0.01 11408 <0.01 2738 0 31 29 36
E3626 <0.01 11446 <0.01 7141 0 30 27 39
A2213 0.0503 19062 <0.01 3335 12 26 23 35
B2473 0.0551 19423 0.274 22666 0 32 32 32
B1373 0.151 22671 0.180 21634 3 28 28 37
AT707 0.827 24780 2.64 24982 0 28 31 37
C1620 0.848 24800 1.54 24896 0 37 34 25
B2079 0.890 24815 1.00 24709 12 23 27 34
C823 1.00 24858 1.33 24863 0 32 30 34
Al1543 1.06 24869 1.11 24772 1 28 36 31
E604 1.12 24887 0.610 24176 0 31 32 33
C4215 1.62 24957 2.01 24949 6 29 29 32
C374 1.68 24962 1.63 24905 0 30 33 33
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A2l 2.68 24993 0.630 24228 3 32 27 34
A596 2.69 24994 0.357 23268 31 29 16 20
A1692 2.72 24995 2.75 24984 0 25 37 34
A2628 2.86 24996 0.840 24576 0 33 28 35
B1999 2.88 24997 2.60 24978 0 30 33 33
A2049 3.12 24998 2.14 24957 10 28 34 24
A2823 3.13 24999 1.92 24942 0 37 27 32
A2673 3.22 25000 1.52 24893 1 38 29 28

From Table 1 we see that the selected images span a wide range of objective AE values, in line with the selection
methodology. To illustrate the renditions and their tone curves, we display image A2823 in Figure 2, one of the
most challenging cases. The top images compares the input (left) with the expert rendition (right). The expert is an
enhanced version of the input produced through a complex tone curve. The bottom row shows two simplified
alternatives: the left image is generated by applying the best primal-domain simple curve, while the right image
applies the best simple curve solved in log-space. Visually, the log-domain solution more closely resembles the
expert rendition due to closer similarity of the dark tones.

1

(a) Input rendition (b) Expert rendition 0 L 1
(¢) Curves in primal domain

n(7(L3))

(d) Simple rendition (e) Log simple rendition -4
“ In(Lj) 0

(f) Curves in log domain
Figure 2: Results for image 2823 showing image renditions and expert and solved for simple curves.

To better understand this behaviour, we plot the corresponding tone curves for L*and for log(L*). In both cases,
the non-simple expert curve is shown in solid blue and the best simple approximation in dotted red. Consistent with
the visual results, the simple curve solved in the log domain more faithfully follows the expert curve, especially in
the dark tones, suggesting that the logarithmic transformation improves the approximation for this image.
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For most images, Table 1 shows that the expert, primal, and log-simple renditions were preferred more often
than the unenhanced input. Nevertheless, in some cases the input rendition still attracted votes, indicating that
observers do not universally reject unenhanced images. Preferences among the expert, primal, and log-simple
renditions varied by image, making it difficult to draw strong conclusions from raw vote counts alone.

To aggregate and compare preferences across all images, we applied Thurstone’s Case V model [10] using a
pairwise comparison toolbox [11]. This method psychometrically scales the pairwise votes into Just Objectionable
Difference (JOD) units, where higher scores indicate stronger preference and 1 JOD unit corresponds to a 75%
discrimination threshold. Although the units are arbitrary and not comparable across experiments, they provide a
consistent scale for analysing relative differences. Figure 3 shows the scaled results, with 95% confidence intervals
computed via bootstrapping (1,000 samples).
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Figure 3: Scaled preference scores, input (-1.54), expert (0.51), simple (0.42), and log-space simple (0.62).

As expected, observers preferred the expert and simple renditions over the input, confirming that the
enhancements provide a perceptual benefit. The differences among expert, primal, and log-simple renditions were
within the margin of uncertainty, with overlapping confidence intervals. This suggests that observers do not exhibit
a strong preference between these three methods, and that the simplified tone curves approximate the expert
adjustments effectively.

A point of interest is the slightly higher preference for log-space simple curves. While we must be cautious
about over-interpreting results with overlapping confidence intervals, the data suggest that observers may favour
log-space solutions. Whilst the primal-domain simple renditions scored just below the expert renditions, the log-
domain renditions scored slightly above. This indicates that observers may even prefer a simple tone enhancement
to the expert-designed one.
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CONCLUSION

Simple tone curves — defined as monotonic increasing functions with at most one inflexion point — can
effectively enhance images while preserving visual quality comparable to more complex expert-designed curves.
Our study shows that human observers do not exhibit a significant preference for expert tone curves over simple
ones. Moreover, solving for the simple tone curve in log space appears to provide a slight perceptual advantage.
These results support the use of simple tone curves as a practical tool for image enhancement. By reducing
complexity without sacrificing perceptual quality, simple curves offer a compelling alternative to expert
adjustments and may, in some cases, even be preferred.
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