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The Age of Hyper-Contrast

Spartaco Santi —July 2026

Welcome to the Age of Hyper-Contrast, where every image, from a sunflower field at sunset to a
fluorescence micrograph, must practically “burn” itself into your retina just to earn a few seconds of
attention. There was a time when photographers and scientists spoke of photographic truth, fidelity to the
original data, and respect for dynamic range. Not anymore. Today's rule is simple: more contrast for
everything, whether it's a fashion portrait or a histological section published in Nature.

The irony is striking. We now have 16-bit sensors capable of recording 65,536 shades of gray, yet we
insist on squeezing all that information into an over-processed 8-bit image, saturated, compressed, and ready
for Instagram. Laboratories invest hundreds of thousands of dollars in state-of-the-art microscopes, scientific
cameras, and sophisticated deconvolution software, only to finish the workflow with a careless click on Auto-
Contrast to make the signal look stronger, sharper, and more dramatic.

In Photography

The use of excessive contrast in modern photography is a widely discussed topic, both in artistic and
technical contexts. It can be a powerful expressive tool, but also a stylistic trap if not used with awareness.
Contrast is the difference in brightness between the lightest and the darkest areas of an image. The higher
the contrast, the deeper the shadows and the brighter the highlights become. Conversely, low contrast
makes everything appear softer and more uniform. In digital photography, contrast is one of the most
powerful and most widely used (and sometimes overused) tools for giving images their own character.
Adjusting contrast can completely transform the visual impact of a photograph.
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Let’s take the example of a sunflower field under a blue sky:

e Contrast 0.5 (low): The image appears flat, and the colors look dusty, almost veiled. This is an effect
that can evoke melancholy or a “vintage” atmosphere.

e Contrast 1.0 (normal): The photo maintains a natural balance: bright yellows, a clean sky, and clearly
readable details in both the leaves and the petals.

e Contrast 1.5 (high): Here the colors “pop”: the greens become more intense, the blue gains
saturation, and the shadows become more defined. The image gains strength and a sense of depth.

e Contrast 2.0 (very high): The effect is almost theatrical. Some details in the darkest and brightest
areas are lost, but the visual impact is very strong, almost like an advertising poster.
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In contemporary photography, especially in digital and social media contexts, strong contrast is often
used to create impactful and visually striking images:

e Street photography: accentuating light and shadows can add drama or mystery.

e Fashion and portrait photography: it is used to sculpt the face and body, creating a bold look.

e Urban landscape photography: it makes architecture more striking, with sharp lines and well-defined
shapes.

In these contexts, excessive contrast can become a stylistic signature. However, overusing contrast
can also have undesirable effects: loss of detail (highlights become “blown out” and shadows “crushed,”
eliminating the image’s subtlety), unnaturalness (in some cases, extreme tones make the scene look artificial
or overly digital), and stylistic uniformity (many contemporary images risk looking too similar, losing
originality).

It is important to distinguish between contrast used to express an intention (e.g., evoking a noir
atmosphere) and contrast used out of habit or imitation. Contemporary taste often favors images that “stand
out” on screens (smartphones, social media), and strong contrast helps achieve this. However, this logic can
lead to visual standardization.
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Intensity histograms (average luminance of the three RGB channels) for each contrast level
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The histograms clearly show how increasing contrast:

e widens the distribution of intensities,
e reduces midtones,
e increases the separation between light and dark areas.

Also in microscopy

Instagram has likely also influenced scientific imagery. In fact, a surprisingly widespread issue in
scientific communication is the improper use of contrast and saturation adjustments, even in high-profile
journals such as Nature, Cell, or Science. In published micrographs, it is often possible to observe images in
which grayscale levels are “stretched” to the extremes to increase visual impact, at the expense of
intermediate intensity information.

For example, many digital imaging systems in cell biology and histology use 12- or 16-bit cameras,
with a theoretical dynamic range of 4,096 or even 65,536 gray levels. In theory, this range allows researchers
to distinguish very small differences in optical density, such as variations in fluorophore concentration,
chemiluminescent signals, or differences in electron density in TEM microscopy. However, when the image
is prepared for publication:

e iGrayscale levels are normalized to 8-bit (0—255) without proper calibration.

e Contrast is automatically increased (e.g., using “Auto Contrast” in Imagel/Fiji or Photoshop),
saturating high-intensity regions (clipping toward white) and low-intensity regions (clipping toward
black).

e The tonal range is altered without explicit disclosure, emphasizing visual differences that do not
reflect the true magnitude of the signal.

e Pseudocoloring (“lookup tables” such as Fire, Ice, or Spectral) is applied for aesthetic purposes, but
without a legend or intensity scale that would make the colors quantitatively interpretable.

Frequent examples can be observed in public repositories such as The Cell Image Library or the Allen
Brain Atlas, as well as in the online supplementary materials of peer-reviewed articles, where fluorescent
micrographs show completely white or black regions, indicating that the original intensity levels have been
compressed or saturated.

This approach has significant consequences:

e Loss of quantitative information. If a continuous gradient of protein expression is saturated, it
becomes impossible to distinguish regions with moderate differences, invalidating any densitometry
or segmentation analyses.

e Introduction of visual bias. The human brain interprets extreme contrast as “important,” amplifying
the perception of differences that may be marginal or technical artifacts.

e Poor reproducibility. Without preserving and sharing raw 12- or 16-bit images and processing
metadata, no other laboratory can verify how the image was handled.

This is therefore an emblematic paradox: so much technology, so little understanding. We have
extraordinary tools for acquiring information with photonic precision (sCMOS scientific cameras, cooled
CCDs, single-photon counting detectors), yet the final result is often reduced to an 8-bit image that is
compressed and dramatically altered to make it “more appealing.” This is especially true for fluorescence
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channels such as blue or red, to which we are visually less sensitive (in the past, single channels were often
published in black and white to avoid this aberration).

A frequently overlooked aspect is that many scientific image-processing algorithms—particularly
deconvolution methods and enhancement techniques based on point spread function (PSF) models—already
increase contrast by themselves. Deconvolution, for example, tends to narrow the Gaussian distribution of
the signal, sharpening edges and more clearly separating regions of different intensity. This process is useful
and correct when it serves to recover real details blurred by optics or background noise. However, adding
further aggressive contrast adjustments after deconvolution produces a cumulative effect: intensity peaks
become exaggerated, low signals are compressed, and intermediate gradients disappear. The final result is a
visually more “appealing” image, but one that no longer faithfully represents the true distribution of the
biological or physical signal, thereby compromising the quantitative validity of the data. This problem is
particularly insidious because the apparent increase in sharpness and definition can be mistaken for an
improvement in quality, whereas it is an artificial alteration of the informational content.

For this reason, many journals today explicitly require researchers to:

e Preserve and provide original, unprocessed images (raw data).

e Disclose every processing step (contrast, gamma, lookup table).

e Avoid adjustments that alter the linear relationship between intensity and signal.
e Include intensity scales and scale bars.

A critical and informed use of these adjustments is essential to ensure that scientific images remain
faithful data, rather than graphical artifacts.

saturated saturated

| AWA l \
| V. |\ | |

ﬁ?
k|
T
| |
1|

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

istance (pixels)

Q. 57

A common reason why many people saturate images is the need to visualize very weak signals
alongside very strong ones.

The correct approach is to:
e Use more than 8 bits to achieve a wide dynamic range.
e Acquire low-noise images.

e Use gamma scaling, square-root, logarithmic scaling, or local contrast enhancement techniques to
visualize the image, clearly explaining all of this in the article text.
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However, it is essential to preserve the raw (unprocessed) data in order to perform intensity
measurements that reflect the actual molecular values present at different locations.

HDR (High Dynamic Range)

In the context of contemporary digital photography, the term HDR (High Dynamic Range) has been
profoundly redefined by the evolution of imaging systems and, in particular, by the approach recently
introduced by Hasselblad with its “end-to-end HDR” implementation. In this case, HDR is not limited to the
traditional merging of multiple exposures, but is embedded in an integrated pipeline that includes
acquisition, processing, and visualization exclusively on a wide-gamut HDR display. As Hasselblad notes, the
HNCS-HDR system (which combines Hasselblad Natural Colour Solution and HDR) does not aim to compress
the scene through simple tone mapping, but rather to preserve and transfer a greater portion of the signal
into the display domain, maintaining a more faithful representation of the original luminance relationships
in the scene. In this sense, HDR should be understood as a tool consistent with the goal of reducing
information loss in highlights and shadows, avoiding the distortions typical of artificially exaggerated
contrast.

However, in practical use, a clear tension emerges with the phenomena discussed in this work: the
tendency to reinterpret HDR as a mere aesthetic of “more contrast,” in which the increased dynamic range
is paradoxically translated into more aggressive, more saturated, and perceptually more dramatic images. In
the case of Hasselblad systemes, this drift is particularly interesting because the system’s architecture—based
on high bit-depth sensors and extended tonal range management—would in fact allow for a more faithful
and continuous representation of luminance intensities. Yet, as also occurs in microscopy and scientific
imaging, the visualization stage often reintroduces a perceptual compression of the signal, prioritizing
immediate readability over informational continuity. In this sense, HDR becomes an emblematic case of the
conflict between data richness and its visual translation, once again confirming that the problem does not lie
in the amount of available information, but in the way it is made visible and interpreted.

SDR (High Dynamic Range)
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The image compares three different approaches to rendering photographic dynamic range: a low dynamic range
representation (SDR), a balanced HDR rendering, and processing based on increased contrast and saturation.
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Conclusions

When well-balanced, contrast can give voice to an image; excessive contrast is the visual equivalent
of a broken megaphone: everything shouts, everything flattens, everything becomes the same. An effect
that, taken to the extreme, recalls certain aggressive interpretations of HDR, where dynamic range is
compressed to the point of losing depth.

In scientific photography, as in artistic photography, forced saturation and midtone compression are
not merely aesthetic quirks: they are shortcuts to creating a theatrical effect that risks erasing details,
distorting information, and homogenizing perception. Ultimately, the true beauty of an image—whether it is
a sunflower field or an immunoblot—lies in its ability to tell a story without shouting.

It is no coincidence that the Macchiaioli achieved contrast primarily through the juxtaposition of
colors and patches of light, rather than by exaggerating tonal values. The depth and expressive power of their
works arose from the balance between the different components of the image and from the observer’s ability
to reconstruct the underlying relationships of light. This lesson remains relevant even in the digital era: the
most effective contrast is not the one that artificially amplifies differences, but the one that enhances
information without altering it, preserving the richness of nuances. And perhaps, in an age of compulsive
contrast, the most courageous choice is to rediscover the subtlety of gradations, like on a foggy day in the
Savena Valley.
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