Editorial

https://doi.org/10.1038/s41592-024-02187-9

Where imaging and metrics meet

M Check for updates

When it comes to bioimaging and
image analysis, details matter.
Papersin thisissue offer guidance
forimproved robustness and
reproducibility.

n July of 2023 we published a Focus

issue on the future of bioimage analysis

in which we asked experts to share their

thoughts and visions for the near and dis-

tant future of the field. Common themes
emerged, including the importance of com-
puter vision to the future of bioimaging, the
necessity of doing appropriate data analy-
sis, and the need for improved data sharing.
In this issue, we continue this momentum
with papers describing cutting-edge applica-
tions of deep learning in microscopy, high-
lighting the importance of proper metrics
for analyzing the performance of bioimage
analysis algorithms, and offering practical
guidance for reporting microscopy data.

Advances in microscopy have been driven by
both improved hardware and computational
tools. Underscoring this point are two research
papers in this issue that combine advanced
microscopes with deep learning for distinct
applications. In one Article’, Jan Huisken and
colleagues use deep learning to combine the
convenience of imaging GFP with the power of
near-infrared imaging for improved imaging at
depthindevelopinganimals.Inanother, Giovan-
nucciandLegantand colleaguesintroduce smart
lattice-light sheet microscopy?, an approach
that uses artificial intelligence to automatically
switch between epifluorescence imaging to
survey cells and lattice light sheet microscopy
to do fast, high resolution, volumetric imaging
of cells undergoing processes of interest.
Given these trends, it seems assured that

automated tools involving artificial intelli-
gence will become commonplace in routine
applications of microscopy, especially for
image analysis tasks including object segmen-
tation, detection and classification. As such,
we are ata crucial juncture for understanding
and comparingthe performance of these tools.
This is especially true when one envisages a
‘smart microscopy’ future in which comput-
ersareincreasingly autonomous from human
decision-makingindeciding which algorithms
are optimal for processing image data.

In 2018, Lena Maier-Hein and colleagues
published a study examining 150 large bio-
medical image analysis competitions and
showing, among other things, that competi-
tion results were highly sensitive to design
choices, including datasets used, how the data
were annotated, and the metrics chosen for
ranking performance’. Given how visible and
influential the results of such competitions are
withinthe fieldand to the broader community,
the concerns they raised and guidance they
offered for improving competition robust-
ness, reproducibility and long-term impact
arevitally important.

Inthe years that have followed, Maier-Hein,
Annike Reinke, Paul Jager, Minu Tizabi and a
group of nearly 70 collaborators working
across multiple disciplines have continued
this work. Their team noted that there are few
resources available that offer practical guid-
ance in choosing optimal metrics for com-
mon image analysis tasks, and they sought
to fill this gap — work that has culminated in
two Perspective articles in this issue. These
Perspectives emphasize the importance of
proper image analysis metrics for furthering
scientific progress and translation of artificial
intelligence advances into practice.

In the first, the researchers present a
detailed and comprehensive assessment of
metrics used to assess performance of com-
putational algorithmsin four commonimage
analysis tasks: image-level classification,
semantic segmentation, object detectionand
instance segmentation®. For each of dozens
of metrics, they describe associated pitfalls,
drawbacks and limitations regarding their use
in specific applications. The team also created
acommon taxonomy to characterize these pit-
falls. This piece serves as a unique and invalu-
able guide for potential users to learn whether
usingacertain metric for a specific task is asso-
ciated with known problems before use.

The second piece describes Metrics
Reloaded, a comprehensive guide to help
users select task-appropriate metrics in bio-
image analysis for the same tasks covered in
the sister piece’. The researchers put forth
theidea of a ‘problem fingerprint’ specific to
agivenimage analysis task, which helps guide
users to appropriate metrics on the basis of
this fingerprint. This frameworkis alsoimple-
mented as an online tool for ease of use.

Optimal metrics for image analysis are also
covered in a Brief Communication in this issue
from Peter Horvath and colleagues®. Here, the
researchers focus on metrics used to assess the
performance of algorithms in segmentation
tasks. A highlight of the workis that they identify
sixandfivedifferentinterpretations of the popu-
lar “average precision’ (AP) metricand mean AP
(mAP), respectively. They further show that dif-
ferentinterpretations canhave profoundimpact
onrankingalgorithm performance onthesame
tasks, highlighting again how important atten-
tion to detail and proper metric choice are.

Finally, this issue contains a Perspective
from Christian Schmied, Christian Tischer,
Helena Jambor and colleagues describing a
series of checklists for preparing images as
publication-quality figures and sharing the
supporting methodological details’. The piece
presents checklistsboth forimage preparation
and forimage analysis workflows and stands as
alandmark piece for those seeking to meet the
highest standards in microscopy reporting.

Analyzing, presenting and sharing bioimag-
ing data are commonplace tasks, and many
associated field standards are already in place.
However, quantitative microscopy and bio-
image analysis are becoming increasingly
complex, and there is a growing consensus
for revised best practices coming from the
bioimaging community, as reflected in the
papers featured here. Thus, we think there is
no time like the present to shake up the status
quoinorderto advance the field.

We hope these pieces inform future studies
and are taken as guides at the planning stages
of experimental endeavors toensure that quan-
titative bioimaging stands on solid ground as
the basis for future biological discovery.
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