Removing barriers to advanced imaging and machine learning-based analysis
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Summary statement:
This Perspective article conveys insights from a 2025 workshop on advancing timelapse
imaging and machine learning-based phenotyping, outlining practical strategies to expand

access to cutting-edge bioimaging in low-resource settings.



Abstract

Global and community-driven initiatives have recently achieved considerable success in
overcoming key challenges that hinder the widespread adoption of advanced microscopy
and bioimage analysis tools in under-resourced settings. To build upon this progress, we
held a workshop in May 2025 at the University of York, UK to address the needs and
barriers associated with implementing time-lapse imaging and machine learning-based
phenotyping in low-resource research environments. We focussed on identifying the specific
challenges faced by the existing networks represented at the meeting, emphasising how
integrating combined imaging hardware and machine learning-based approaches can solve
these problems. This article summarises the key observations and actionable strategies
made at the workshop. These proposed steps aim to significantly increase the dissemination
and uptake of these powerful technologies to advance biological research in low-resource

settings globally.



Introduction

Significant progress has been made in advancing imaging technologies to enable extraction
of high-quality information from light microscopy images, thus enabling in-depth
characterisation of processes spanning areas of research including tissue biology,
immunology, microbiology and oncology. Moreover, by adding repeated measurements of
live cell cultures to generate time-lapse imaging data, it is also possible to gain insight into
dynamic changes in cellular behaviour over time. However, such measurements typically
rely on data obtained using high-cost systems, including advanced confocal, super-
resolution or ptychographic microscopy - a technique that computationally reconstructs high-
resolution images from overlapping illumination diffraction patterns. In addition, emerging
machine learning-based image analysis tools and approaches often require specialist
expertise and significant computational resources, the latter of which depends on stable and

fast access to the cloud and/or costly hardware.

The Technopolis Group is an international research and consulting organisation working in
the public sector throughout Europe, Africa, Latin America and the Caribbean. The purpose
of the Technopolis Group is to collect evidence and scientific insight to provide strategic
advice and operational support to decision makers with emphasis on understanding societal
challenges and shaping a sustainable society. In their recent survey of barriers affecting
progress in bioimaging, they identified high costs of imaging equipment and limited access to
analysis software as major hurdles impeding the progress of bioimaging research in low- and
middle-income countries (LMICs) (Davé et al., 2023). The survey also highlighted that,
despite resource constraints, data interoperability is essential to enable researchers in
LMICs to extract and analyse relevant information (Davé et al., 2023). The proliferation of an
array of lower-cost and open-source light microscopes presents an opportunity to increase
uptake of such imaging techniques and image analysis technologies by researchers in

LMICs. For example, a brand-new confocal microscope can easily cost upwards of



$300,000, with higher specification instruments dramatically exceeding this price, whereas
open-source community-designed microscopes can cost as little as $1.35, with more
specialised instruments that are 3D-printed and customisable averaging ~$350. However,
these more frugal systems also present challenges, particularly in relation to data quality and
imaging modality. In particular, lower-cost imaging systems are often limited to brightfield
acquisition and are more susceptible to artefacts. Further challenges include creating
awareness, improving access, incentivising continued use, addressing local scientific needs,
and encouraging sharing and investment, discussed extensively elsewhere (Aaron et al.,

2025).

To increase dissemination and uptake of advanced light microscopy and image analysis
technologies, it is necessary to develop tools and workflows that can extract relevant
information without the need for high-cost imaging equipment or high-performance
computing hardware. The first step in such workflows is acquisition, where a balance needs
to be struck between frugality and minimum requirements for production of research-level
datasets (Aaron et al., 2025). However, it is important to recognise that research in low-
resource settings is not just limited by access and that it generates biological and social
insights that cannot be generated elsewhere in the world. LMIC-led studies address region-
specific diseases, agricultural challenges and genetic diversity that are globally under-
represented. Strengthening local imaging capacity expands the scientific landscape,
enabling scientific discoveries that benefit the entire field. In this context, emerging
approaches such as U-Nets — a type of convolutional neural network (CNN) — generative
adversarial networks (GANs) and diffusion models, which can enable label-free organelle
prediction using data acquired on high-end systems, need to be adapted so they can be
used with data from low-cost systems. Doing so is not only a matter of accessibility but also
a scientific necessity — models trained on globally diverse, locally generated datasets are

more robust, more generalisable and more representative of real biological variation.



In May 2025, we held a workshop at the University of York to discuss needs and barriers to
time-lapse imaging and machine learning-based phenotyping in low-resource settings. The
meeting focused on identifying the challenges faced via existing networks, including the
African Bioimaging Consortium (ABIC), the Biomedical Science Research and Training
Centre (BioRTC), the Africa Microscopy Initiative (AMI) and Latin America Bioimaging
(LABI). We examined how combined imaging hardware and machine learning-based
approaches - i.e., solutions where image analysis software is designed to work on, or with,
associated hardware - can address these challenges. This Perspective article summarises
key observations from the workshop and the steps we identified that can be taken to

increase dissemination and uptake of these technologies.

Barriers to advanced imaging and image analysis in low-resource settings

A range of interconnected barriers contribute to the inequitable adoption of advanced
imaging and analysis among researchers in LMICs (Marey et al., 2026). To address this
inequity, our recent discussions identified key challenges that disproportionately affect
researchers from such backgrounds. We hope these insights will inform more inclusive
strategies for the propagation of advanced microscopy technologies and machine learning-

based bioimage analysis tools.

Education and training

Education and training opportunities are paramount for mastering standard laboratory
techniques and for developing and maintaining expertise in image acquisition and
downstream analysis. However, building the capacity for such opportunities is impeded by
significant barriers that necessitate prompt action to propel locally-directed research output

(De Niz et al., 2024).



Mentorship is vital for meaningful scientific progress. By encouraging junior researchers to
take ownership of their ideas, learning and development, guided by an experienced mentor,
knowledge transfer becomes intuitive and instinctive. This dynamic not only advances
education and training but also promotes a culture of investing in the success of future
researchers. Structured mentoring schemes are uncommon in low resource settings and are
often considered inadequate when measured against high-income country (HIC) standards.
Most mentoring guidelines are developed with the assumption of abundant resources, which
makes their uptake in low-resource settings particularly challenging (Chi et al., 2019).
Tailored “mentoring-the-mentor” or “training-the-trainer” initiatives specifically developed
within the context and culture of LMICs have been designed to spearhead investment and

implementation of mentoring practices within institutional settings (Lescano et al., 2019).

In addition to low adoption of mentoring programmes, there is a general lack of access to
education and training opportunities for researchers in LMICs, which further contributes to
poor dissemination of knowledge on biocimaging techniques. Conferences, workshops and
teaching events often do not reach communities that are suffering from infrastructure
constraints. At such events, opportunities for training on imaging technologies or fostering
bioimage analysis knowledge exchange are disproportionately over-represented by

attendees from HICs versus LMICs (Velin et al., 2021).

Although bioimaging hubs including the BioRTC exist to overcome these training
inadequacies, researchers often need travel bursaries to access such facilities. Global
inequality in funding opportunities and grant success in favour of HICs further disadvantages
researchers in resource-constrained settings seeking opportunity for professional
development (Charani et al., 2022). Training in grant writing and research management is
also not widely available across LMIC institutions, impacting the competitiveness of
applications. The AMI is pioneering change in access to microcopy training and networking

opportunities. By delivering all-expenses-paid microscopy and analysis courses along with



themed workshops to tackle locally-relevant health challenges, the AMI is an exemplar for

promoting microscopy where it is not widely used.

Lack of technical specialists

A consequence of the limited education and training opportunities in bioimage analysis for
LMICs described above is a shortage of technical specialists in core facilities or research
institutes. Technical specialists are crucial for sustaining and developing bioimage analysis
capabilities, with key roles including managing day-to-day operations of the research facility,
maintaining the microscopes(s) and providing training on microscope usage, data collection,
analysis and interpretation. Given the high turnover of research staff and students in many
institutions, technical specialists are therefore essential for retaining institutional knowledge
of bioimage practices. In particular, trained bioimage analysts preserve expertise in
advanced microscopy, manage large-scale data storage and regularly use complex image
analysis tools. However, fewer than 25% of these critically-needed specialists work outside
of Europe or North America (Corbat et al., 2025). Low retention rates of technical specialists
in LMICs further exacerbates this issue. The so-called “brain-drain” of trained researchers
migrating from LMICs to HICs highlights the challenges that scientists face in resource-
constrained settings when it comes to building research capacity and accessing bioimaging
for their research. The resulting lack of relevant technical expertise in LMICs can perpetuate
poor uptake and use of advanced microscopy and analysis in core facilities and research
institutes and might impede important discoveries essential to progressing region-specific

research.

Compounding these issues is the often limited technical support offered by international
suppliers of microscopy platforms and image analysis tools, a challenge further intensified in
LMIC institutions where constrained resources reduce the capacity to trial new technologies
or sustain pilot initiatives. In these settings, the barrier is often not a lack of institutional

willingness but a lack of financial and infrastructural ability to invest in, maintain and grow



new ventures, making the absence of robust external technical support an even more
significant bottleneck. Furthermore, researchers in HICs frequently benefit from around-the-
clock assistance if an instrument breaks down or requires specialist support, whereas those
in LMICs can experience significant delays and cost before a service engineer can attend
their site. These delays can be further impeded by poor internet connection and time zone
differences, which hinder the effectiveness of remote troubleshooting and support. In
addition, the pace at which microscope parts can be imported to replace broken components
provides a further bottleneck. Even if cutting-edge microscopes are donated or purchased by
researchers in LMICs, the lack of access to local service engineers and spare parts means
these instruments risk being underutilised and creates a dependency on external

collaborators for access to advanced imaging opportunities (Davé et al., 2023).

Taken together, inadequate access to bioimage-centred education and training in LMICs
prohibits access to and retention of essential technical experts, who are fundamental to
sustaining institutional knowledge of microscopy technologies and analytical tools. Restricted
access to manufacturers’ technical support presents a further issue for researchers in low-
resource settings. Such challenges risk making advanced microscopy and bioimage analysis
less attractive approaches for scientists looking to address key research questions in their

local communities.

Insufficient physical and technical infrastructure

There are considerable physical and technical infrastructure challenges for the adoption of
advanced microscopy and bioimage analysis in LMICs. Here, we define physical
infrastructure to include tangible, material resources, such as an operable research
laboratory and essential microscopy equipment hardware, whereas technical infrastructure
encompasses the digital tools and computing resources that are essential for storing and
processing large bioimage datasets. Key considerations for implementing responsible,

LMIC-feasible machine learning workflows in bioimage analysis are outlined in Box 1.



In terms of physical infrastructure, LMICs experience inequitable access to affordable and
reliable electricity, with the majority of the most disadvantaged in this regard residing in sub-
Saharan Africa. These challenges arise as a result of systemic issues, including a lack of
electricity-use frameworks, unreliable electrical supply, a lack of financial investment and
infrastructure inadequacies (Brew-Hammond, 2010). Invariably, these issues result in
disproportionate access to electrical supply and frequent power outages across the African
continent. To a lesser extent, electricity generation and distribution is also an ongoing
challenge for other LMICs, including across Latin America and Caribbean (LAC) countries.
For many LACs, more than 70% of electricity is generated using renewable sources, with
hydropower contributing substantially to this distribution. However, despite significant
economic growth over the last decade and substantial uptake of renewable energy sources
to accommodate electrical requirements, many LACs still lack a reliable and renewable

electricity supply (Gonzéalez-Lorente et al., 2024).

Poor electrical infrastructure distribution has significant consequences for growth and
economic potential of LMICs and also adds additional constraints to research facilities that
require a reliable electricity supply for the operation of advanced microscopes and for
culturing live cells, as well as for maintaining cold storage temperatures for research
samples and consumables. A reliable supply of electricity is of particular importance for
time-series experiments using live cells and/or tissues. With respect to microscopy hardware
and image analysis solutions, this issue can be overcome through the use of uninterruptible
power supplies (UPS) and/or power banks located within frugal microscopes. In addition,
data storage and use of high performance computing (HPC) for data processing is one of the
most energy-intensive scientific endeavours, which also relies on provision of a reliable
electricity supply. To overcome these limitations, diesel generators are often used to
accommodate electrical requirements in low-resource settings. However, the use of
generators has environmental and economic implications. The actual costs of these

10



generators vary widely depending on the local price of fuel; however, they are estimated to
range from three to seven times the cost of purchasing electricity directly from the grid

(Farquharson et al., 2018).

Advanced microscopy systems, such as confocal, super-resolution and quantitative phase
imaging (QPI) microscopes, can exceed hundreds of thousands of dollars to purchase. For
many LMIC institutions these costs are prohibitive, creating a barrier to bioimaging research.
Initiatives such as the AMI aim to address this gap in technical infrastructure by establishing
shared imaging hubs to provide equitable access to high-end instruments and training
(Reiche et al., 2023). Complementary strategies exist, such as the OpenFlexure project,
OpenFrame platform and Simplifying Quantitative Imaging Platform Development and
Deployment (Squid) platform, all of which offer customisable microscopes that can be locally
manufactured using 3D-printing and open-source designs at a fraction of commercial costs
(Li et al., 2020; Lightley et al., 2023; Knapper et al., 2024; Malcolm et al., 2026). Crucially,
these affordable systems have the capacity to address pressing research questions in health
and disease (Knapper et al., 2024). However, frugal microscopes can be perceived as being
“not research grade”, limiting their integration into research workflows. Validation studies and
community-driven standards for these accessible platforms are needed to shift this

perception and promote their adoption in resource-limited settings (Aaron et al., 2025).

Given that modern bioimage analysis workflows are often computationally exhaustive, an
additional consideration is limited network bandwidth, intermittent internet connectivity and
reliance on low-cost computers or mobile phones to access the web (Nacis et al., 2024).
This severely restricts the use of advanced bioimaging analysis pipelines, constraining
research progress. Furthermore, in our experience, high-resolution QPI modalities such as
the PhaseFocus LiveCyte or the Tomocube HT-X1 can easily generate large-scale datasets
ranging from hundreds of gigabytes to several terabytes in size. Storing and processing
these data requires graphics processing units (GPUs), HPC clusters and/or reliable cloud

11



access, which are often not readily accessible in LMIC research environments. Although
cloud-based data processing solutions exist, their adoption is constrained by connectivity
issues and cost barriers to sustained use (Davé et al., 2023). This lack of affordable
computing infrastructure further compounds the challenge of storing and processing large

datasets generated by high-end microscopes.

Other considerations

Additional barriers to advanced microscopy and image analysis workflows were discussed
extensively during our workshop. High-quality sample preparation is fundamental for
advanced imaging, yet researchers in LMICs frequently face barriers in accessing essential
reagents and consumables, such as antibodies, foetal bovine serum (FBS) and trypsin,
owing to restrictive import policies, high costs and long delivery times. These constraints can
significantly delay experiments and limit reproducibility, underscoring the need for regional

reagent hubs and open-source protocols to mitigate supply chain vulnerabilities.

Crucially, the increasing cost of accessing and publishing in research journals deprives
skilled researchers in resource-constrained settings. Although there has been a positive
trend in institutional open access (OA) publishing since 2008, disparities remain.
Researchers in LMICs encounter disproportionally higher costs for publishing primary
research in OA journals or face limited global reach for their work under current publishing

policies (Kilgallon et al., 2023).

Furthermore, collaborative research is a cornerstone of modern science, but institutional
policies can sometimes create disincentives. In some LMIC research environments,
promotion and performance evaluation systems prioritise first or corresponding authorship,
reducing the perceived value of multi-author publications. This can discourage participation

in large, collaborative projects that are essential for capacity building and global integration.
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Reforming academic reward systems to recognise diverse contributions, such as data

sharing, method development and training, would help foster more equitable collaborations.

In summary, there are multiple local and systemic challenges faced by researchers in low-
resource settings when implementing advanced microscopy and bioimage analysis
workflows to tackle urgent regional health challenges. These issues stretch beyond funding
disparities and include limited training opportunities in bioimage analysis, inadequate
physical and technical infrastructure and institutional governance that may not encourage
collaboration and knowledge sharing. Importantly, these are not stand-alone issues with
straightforward solutions — they are deeply interconnected, forming a vicious cycle (Fig. 1).
Researchers in resource-constrained settings often lack the preliminary data needed to
submit competitive grant applications, yet without funding they cannot generate the data
required to secure that funding. This “catch-22” perpetuates inequality and hinders progress

in building sustainable research capacity in bioimage analysis.

Progress and future directions

During our meeting, we reflected on how achieving widespread access to advanced imaging
and analysis in low-resource settings relies on progress in three interconnected areas:
strong networks and capacity-building programmes that support training, collaboration and
sustainability; the development of low-cost, accessible hardware; and development of image
analysis software with machine learning capabilities that can run on modest computing
infrastructure. Progress in each of these areas is already underway and here we highlight
examples that reflect advances in practice, ranging from innovative hardware and software

solutions through to community-driven initiatives.
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Geographical and organisational structures enable success

Successful collaboration, particularly in the global south, depends on overcoming
administrative and infrastructure barriers, such as customs restrictions, visa limitations and
low data bandwidth, as well as improving access to appropriate low-cost, low maintenance
instrumentation. This is particularly the case for travelling researchers and expert
technologists, as well as movement of samples and, to a lesser extent, data. Adopting a
hub-and-node model with a central, well-supported coordinating hub may facilitate formation
of networks that connect regional centres of excellence across the global south with wider,

local nodes that are using more affordable imaging platforms (De Niz et al., 2024).

There are numerous examples of existing collaborative programmes that actively support
bioimaging research in LMICs (Table 1). These initiatives play a crucial role in reducing
barriers to training, equipment access and community participation. A notable example is the
Imaging4All (14A) programme funded by the Wellcome Trust, which provides travel support
for researchers in LMICs to attend specialist bioimaging courses and gain hands-on access

to cutting-edge microscopy facilities (https://globalbioimaging.org/i4a/news/i4a). By enabling

researchers to train directly on advanced instruments and engage with international experts,
programmes like 14A help to build sustainable local capacity and strengthen global
bioimaging networks. When considering development of new networks and/or extension of
existing programmes, it is essential to complement these partnerships and avoid redundancy
by pursuing opportunities to enhance existing initiatives and promote interoperability with
ongoing projects. It is also necessary to set appropriate participation criteria and

accountability frameworks that ensure resources are used transparently and effectively.

Opportunities to engage with industry should also be sought during network development,
particularly given the rapid pace at which microscopy technologies are being developed,
deployed and deprecated. Industry partners, including large pharmaceutical companies offer
crucial bioimaging research assets such as advanced instruments, high-value datasets and

14



specialist expertise. However, these organisations may be hesitant to share such resources
due to concerns around intellectual property, competitive advantage or regulatory
constraints. To overcome this barrier, bioimaging networks need to develop mutually
beneficial arrangements that clearly outline shared value, whether through collaborative
research, training exchanges or co-development of tools. Also important is the creation of
robust ethical frameworks that enable responsible equipment and data access as well as
data (re)use. Such frameworks will help to build trust, reduce perceived risks and enable

industry participation in ways that strengthen the wider bioimaging community.

Finally, it is essential to balance short-term research goals with potential for long-term
impact, such that initial phases of collaborations prioritise generating pilot data to support
future investment while longer-term strategies focus on ensuring sustainability of new
technologies and their uptake beyond the initial funding cycle. A key element of this
prioritisation is embedding frequent horizon scanning - systematically monitoring emerging
technologies, threats to current technologies, developing methods and sector-wide shifts - in
project planning, to enable research agility through flexible, modular workflows that support

innovation and local responsiveness to changing research priorities.

Enabling knowledge sharing and synergy

Effective training is essential for the widespread adoption and longevity of advanced
microscopy and bioimage analysis in low-resource settings, and excellent progress has been
made (Table 1). Future programmes should aim to integrate mentorship schemes into in-
person workshops and ensure accessibility for users who have varying levels of experience
with complex bioimage analysis workflows. Beyond instrument operation, training should
encompass experimental design and optimisation, piloting and troubleshooting imaging
workflows, data interpretation, grant writing and research management. Ongoing successful
initiatives like AMI and ABIC and low-cost platforms like OpenFlexure can serve as practical
resources for hands-on learning and local innovation. With respect to skilled technical staff,

15



training programmes should not only include facility maintenance, software troubleshooting,
pipeline resilience, and introduction to coding and machine learning methods, but also
consider how to deliver effective training to imaging facility users and the next generation of

bioimage analysts.

There also exists significant opportunity for bioimage analysis to be embedded within
university curriculum, particularly through the integration of frugal open-hardware
instruments, such as the OpenFlexure Microscope, alongside lightweight, open-source
analysis tools. Bringing these resources into undergraduate and postgraduate training would
help to cultivate microscopy-proficient technical specialists much earlier in their careers.
Equally important is the expansion of interdisciplinary and collaborative training within
institutions, so that biomedical scientists, engineers and computer scientists can learn and
problem-solve together. Strengthening these interdepartmental connections would foster the
collaborative environment needed to accelerate hardware and software co-development and

to support the next wave of technical specialists who will drive innovation in bioimaging.

Clear communication around realistic timelines for research outputs, expectations of
deliverables, and upfront acknowledgement of resource constraints and limitations is
paramount to maintain trust among researchers. Open and transparent planning with
stakeholders will help to align expectations between local bioimage scientists, international
collaborators and funders, and will ensure that bioimaging projects remain achievable and
deliver significant impact in local communities. Networks should be built around shared
scientific priorities — e.g., infectious diseases, oncology and neurobiology — as this will foster
interdisciplinary collaboration and accelerate knowledge transfer. Linking projects around
mutual research interests could also enable resource pooling and the development of
standardised workflows, which are essential for reproducibility and scalability. In addition,
global initiatives should respect and integrate regional research agendas, ensuring that
projects address locally relevant scientific and medical needs. Encouraging local teams to

16



define their own priorities not only enhances the relevance of research but also strengthens

long-term sustainability and community ownership.

Enabling access to hardware

The hub-and-node network model can help enable access to microscopes, our discussion
highlighted that it does not solve all access issues. Service contracts for maintaining
microscopes are generally unaffordable in anything but the short term. Sourcing replacement
parts is also very difficult and import times for replacement parts can become a significant
rate limiting step to advance bioimaging research; at the same time, it is impractical to keep
duplicate spare parts in each localised country. Even in HICs, companies are running leaner
centralised stocks to decrease waste and costs. Although not a replacement for cutting-edge
high-end microscopes, portable microscopes could be one enabling solution, especially for
the collection of preliminary data. Prices for portable microscopes vary significantly
depending on customisable features such as resolution, magnification, illumination type and
digital imaging capability (Table 2). Another solution is to make software tools and workflows
hardware-agnostic and adaptable to both high-end and resource-constrained environments,
with expectations set accordingly. There also needs to be a focus on producing tools that
have acceptable performance on lower-end devices but that will also benefit from higher

computational resources if and when they are available.

More advanced microscopy features enhance performance but will likely also increase cost.
Thus, a minimal setup needs to be balanced against the level of information required for
meaningful biological inference from microscopy images. Determining this balance is crucial
for designing affordable, purpose-fit tools for research, diagnostics or education in resource-
limited settings. Care is also needed to ensure that the image quality is sufficient not to
frustrate the analysis and thus the end user, which can have a negative effect of
discouraging microscopy use rather than encouraging growth in this area. However, access
to low-cost microscopes is of utmost importance to allow researchers to optimise protocols
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and develop initial datasets that can then help them access better equipped hubs. This
approach would be akin to that used for structural 3D electron microscopy, in which most
central hubs require users to have tested their samples on a more basic local system before

being given precious access time on a heavily used centralised microscope.

Enabling access to reagents (or finding ways to not require them)

Our discussion on the key challenges facing LMIC researchers in adopting advanced
bioimaging tools also revealed that limited access to reagents remains a major bottleneck.
Regional procurement strategies that can benefit different communities of researchers need
to be explored. However, for fundamental research, much can still be gained through label-
free imaging (Suman et al., 2016), which decreases the reliance on high-cost reagents and
reduces long lead times associated with importing, optimising and validating labeled
antibodies. Moreover, by simply enabling robust, quantitative time-lapse imaging, significant
experimental results can be obtained, especially with the latest developments in software
analysis (Wiggins et al., 2023). Furthermore, advances in techniques such as live cell
painting (the use of a membrane-permeable metachromatic dye that enables dual colour
phenotypic live-cell staining without the requirement for additional stains) and stain
prediction (a computational approach that uses deep learning algorithms to digitally “stain”
live cells without using physical fluorescent markers) could also serve to reduce the need for

costly bioimaging reagents (Cross-Zamirski et al., 2022, 2023; Garcia-Fossa et al., 2025).

Enabling access to software advances

To enable its widespread uptake by researchers in LMICs, microscopy analysis software
needs to strike a balance between analytical capability and computational efficiency.
Advanced functionalities, such as deep learning capabilities, multi-dimensional visualisation
or single-cell and time-series feature extraction, can offer deeper insights, but they often
require access to HPC resources that may not be available in resource-limited settings.
Furthermore, to directly address locally relevant research questions posed by LMIC
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researchers, tools that allow users to retrain image analysis models or adjust parameters are
essential to enable their adaptation to diverse sample types and imaging conditions.
Designing software that remains responsive, adaptable and enables biologically meaningful
interpretation of results, whilst also being able to run efficiently on modest hardware, is
crucial for supporting impactful and accessible research in low-resource environments. See

Table 3 for some examples.

Broadening microscopy and imaging analysis technology adoption

Numerous other papers have eloquently discussed potential solutions to increase uptake of
microscopy and imaging analysis technologies in resource-constrained settings (Reiche et
al., 2023; Rahmoon et al., 2024; De Niz et al., 2024; Bajcsy et al., 2025; Aaron et al., 2025;
Antunes et al., 2025). With respect to the adoption of bioimage analysis technology, data
pipelines, which cover the pathway from hypothesis to publication, integrating quality control,
analysi and reproducibility at each step, should be implemented (Schmied et al., 2024).
Minimum standards for participation (e.g., staffing, connectivity, equipment) should be
defined to ensure equity and efficacy. Furthermore, new infrastructures are needed to
support secure, scalable and flexible data storage. Although cloud solutions are attractive
when local hardware is limited, they face technical and legal limitations (with respect to data
crossing borders) and can be cost-prohibitive, as well as trust challenges related to data
ownership and sovereignty. Such challenges with on-site infrastructure (e.g. power and
networking reliability) can make cloud solutions attractive and hybrid approaches, such as

the Segment Anything demo application, are expected to dominate (Ouyang et al., 2023).

The software landscape is changing quickly, and those working on smaller, less demanding
software are now in the minority. This skills gap for software is analogous to that for
hardware and includes those working to produce modular, customisable (and repairable)
hardware and software combinations. Closing this gap will require an emphasis on
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developing hardware solutions and analytical models that require less computational power
than the current state-of-the-art. Finally, personalised and automated guidance systems
(e.g., Al tools, tutorials, peer help desks) will help make such advanced analysis accessible.
Successful examples include: the https://forum.image.sc/forum (Rueden et al., 2019), Global
Biolmage Analysts’ Society (GIoBIAS) help sessions

(https://www.globias.org/activities/globias-free-help) and the Bioimage.lO chatbot (Lei et al.,

2024), as well as a growing array of open source educational tools, such as Microtutor

(https://microtutorcourses.org/), and the Bioimaging Guide (Senft et al., 2023).

In conclusion, we have outlined some key systemic challenges that were discussed in our
recent workshop and that hinder the widespread adoption of advanced microscopy and
bioimage analysis tools in under-resourced settings. We have also highlighted a superb
array of global and community-driven initiatives working to overcome these disparities, with
considerable success. However, there is a need for coordinated strategies that go beyond
infrastructure and funding. To foster meaningful uptake of these emerging technologies, we
need to prioritise knowledge sharing, capacity building and equitable collaboration. By
aligning training, communication and research priorities with local contexts, the global
bioimaging community can create a collaborative ecosystem that drives innovation where it

is needed most.
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Figure 1. Barriers to advanced imaging and analysis are interconnected and compound
one another.

Fig. 1. Barriers to advanced imaging and analysis are interconnected and compound
one another. Key challenges, including limited education and training, inadequate
infrastructure and a shortage of technical expertise, impede the generation of preliminary data,
which is crucial for securing funding from competitive research grants. These issues do not
exist in isolation; instead, they are interconnected obstacles that collectively hinder the
production of high-quality research focused on locally relevant health concerns. The absence
of preliminary data perpetuates economic constraints, which in turn restrict the development

of training programs, infrastructure and local technical capacity.
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Box 1. LMIC-feasible considerations for responsible machine learning-based image
analysis

Importance of data quality controls

Data that are collected for the purpose of training machine learning-based image analysis
tools needs to incorporate strict quality controls (QC). Without accurate data, machine
learning models can learn an incorrect representation of the input. High-quality data allows
for accurate extraction of information across diverse imaging settings and improved
statistical inference. To ensure that imaging data are of high quality - particularly in areas
where imaging conditions, hardware availability and environmental factors may vary widely
- simple, standardised QC procedures are critical for ensuring datasets remain usable
across diverse contexts. These should include illumination checks, focus metrics and
rigorous metadata capture. QC pipelines should be adopted early in the experimental
design processes to ensure that the data are of high quality.

Need for validation

Models that have been trained in one setting rarely generalise perfectly to another.
Therefore, validation is an important step in machine learning-based image analysis and
should include cross-site testing, hold-out datasets i.e., portions of data withheld from the
model training and used only for validation and testing to assess model performance on
previously unseen examples, and simple performance metrics that can be conducted
without specialist infrastructure. For LMICs, transparent error reporting, model
interpretability and human-in-the-loop review will ensure that outputs remain trustworthy
and robust, even when computational resources are limited.

Reproducibility and maintenance

Reproducibility relies on clear documentation, version control and lightweight deployment
formats that can run on modest hardware. Maintenance should prioritise models that can
be retrained incrementally as new data becomes available and workflows that depend on
open-source, community-driven tools to avoid vendor lock-in —i.e., dependence on
proprietary platforms or container technologies which make it difficult to migrate pipelines
elsewhere. Containerised environments (e.g. Docker), which package code and
dependencies into portable, reproducible units, can help to ensure long-term
reproducibility even in resource-constrained settings, and reduce the risk of container lock-
in.

Data ownership and governance

Ethical and sustainable machine learning practice requires locally governed data policies
that respect institutional autonomy and national regulations. LMIC institutions should retain
ownership of imaging data and define clear agreements for data sharing, reuse and model
training. Governance frameworks should emphasise FAIR principles (findability,
accessibility, interoperability and reusability), transparent consent and protection of
sensitive biological or clinical information, aligning with global initiatives such as the Global
Bioimaging Data Policy Framework (Winter et al., 2026).

Training and oversight

27




Responsible deployment of machine learning requires ongoing training for local
researchers, technicians and students, focusing on practical skills such as annotation, QC,
model evaluation and troubleshooting. Oversight mechanisms, such as peer review of
annotations, periodic model audits and community-based troubleshooting forums will help
ensure that machine learning tools remain accurate and ethically deployed. Embedding
these practices within local curricula and research networks will strengthen long-term

capacity.
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Table 1. Community-driven initiatives to support bioimaging research in LMICs

Initiative

Description

Benefit to LMICs

Website

African Bioimaging
Consortium (ABIC)

A network of imaging
scientists and life
science researchers with
an interest in and use for
microscopy throughout
Africa. ABIC aims to
unite the African
microscopy community
and support the
development of
bioimaging across the
continent. It is supported
by the Chan Zuckerberg
Initiative (CZI)
"Expanding Global
Access to Bioimaging"
program.

ABIC provides a
mechanism for sharing
and accessing
information, ideas and
expertise. Additionally,
members collaborate to
build community-based
solutions to key
challenges and
coordinate to engage
with vendors, policy
makers and global
partners.

https://www.africanbioim
aqging.org/

Africa Microscopy
Initiative (AMI)

A multi-faceted program
focused on increasing
access to and expertise
in bioimaging throughout
Africa. It achieves this
through the open access
AMI Imaging Centre,
which offers African
scientists access to
advanced microscopy
equipment and support
on an application basis,
along with various
training and teaching
programs including
workshops and
webinars. AMI also
facilitates the equipment
distribution Program for
Equipment Exchange &
Reutilization (PEER),
which partners with
commercial
organisations to
distribute pre-owned,
high-quality microscopes
to institutions across the
continent.

Equipment and expertise
are shared in tandem
across a community of
researchers with similar
priorities.

https://www.microscopy.
africa/

Biomedical Science
Research and Training
Centre (BioRTC)

A regional bioimaging
hub based in Yobe State
University, Nigeria. Its
goal is to offer state-of-
the-art core facilities and
training to biomedical
science researchers
within and outside
Nigeria, as well as foster
research collaborations.

The facility contains one
of the largest
concentrations of high-
end microscopy
equipment in west Africa.
The centre actively
promotes open access to
bioimaging technologies,
provides structured
training for early-career
researchers and creates
opportunities for hands-
on capacity building.

https://biortc.com/

Global Bioimaging

A community network for
all stakeholders and
participants in
bioimaging, funded by
the European Union’s

The network provides a
route to scaling up
research projects,
providing access to
resources at one scale

https://globalbioimaging.
org/
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Horizon 2020
programme. Particular
expertise in training and
knowledge transfer is
delivered via webinars
and job-shadowing or
placements. Their
Imaging for All (i4A)
programme funds
researchers in LMICs to
visit well-resourced
bioimaging facilities. To
make this programme
operate successfully,
they have developed an
application process for
vetting, coordinating and
financing visits. Global
Bioimaging also delivers
“train-the-trainer”
courses designed for
imaging core facility
professionals on how to
organise and deliver
effective training
programs, perpetuating
knowledge sharing and
bioimaging community
engagement.

that are used to generate
data needed to justify
resources at the next
scale.

Imaging Africa

Hosts pan-continental,
fully-funded workshops
to build microscopy
expertise among African
researchers, covering
costs include meals, air
transport and
accommodation to
ensure workshops are
fully accessible. This
enables participants from
all African nations to gain
hands-on training in
advanced imaging
techniques and
strengthen the regional
imaging community.

Imaging Africa directly
addresses barriers faced
by researchers in LMICs
such as lack of training
opportunities and limited
funding by providing free,
high-quality microscopy
education.

https://www.training.micr
oscopy.africa/imaging-
africa

Latin America
Bioimaging (LABI)

A network of bioimaging
scientists from the Latin
America and Caribbean
region. LABI focuses on
training, education and
providing researchers in
the region with access to
appropriate imaging
technologies.

LABI aims to strengthen
and promote access to
bioimaging technologies
via a collaborative
network encompassing
training, knowledge
exchange and
infrastructure access.

https://labi.lat/

OpenScopes Initiative

Coordinated from
Imperial College London
(with partners in India,
China and South Africa
and sponsored in part by
the Biotechnology and
Biological Sciences
Research Council
(BBSRC), Engineering
and Physical Sciences
Research Council

The initiative opens a
path for researchers in
LMICs that has minimal
reliance on the most
expensive proprietary
microscopy products.

https://openscopes.com/
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(EPSRC), Medical
Research Council
(MRC), Research
England, CZI and the
Wellcome Trust), the
initiative encourages the
use of flexible, modular
hardware and open
source software for
instrument control and
image analysis.

South Africa
Bioimaging (SABI)

A national network that
connects imaging
scientists across South
Africa to share expertise,
support new labs and
promote best practices in
microscopy. It provides
access to imaging
facilities and staff
contacts across
provinces, facilitates
training opportunities,
and offers protocols for
image acquisition,
processing and analysis.
SABI also helps
researchers source key
materials like fluorescent
probes and integrates
the South African
imaging community into
the broader global
bioimaging network.

SABI strengthens
microscopy capacity
within South Africa by
promoting resource
sharing, standardisation
and skills development.
Its open-access model,
training support and
integration with global
networks help overcome
common barriers in
LMICs such as limited
infrastructure,
fragmented expertise
and difficulty accessing
reagents or technical
guidance.

https://www.sabioimagin
g.org/

SWIFT Awards Mobility grants, facilitated | SWIFT Awards reduce https://www.africanbioim
by ABIC, that support the financial and aging.org/swift-awards
African researchers in logistical barriers for
gaining access to researchers in LMICs by
advanced microscopy covering the costs
infrastructure, training associated with travel
and international and equipment access.
collaboration This supports the
opportunities. These development of a more
awards are designed to equitable and connected
make it easier for bioimaging research
researchers in Africa to community in low-
attend workshops, use resource settings.
imaging facilities or
engage with global
microscopy networks.
West African A network of scientists WAMBIAN supports https://www.wambian.org

Microscopy and Bio-
Imaging Analysis
Network (WAMBIAN)

and researchers in West
Africa that promote
microscopy and
bioimage analysis
techniques within the
region, provide training
and support, and
promoting collaboration
and resource sharing
among members.

LMICs by building
regional expertise in
microscopy, reducing the
reliance on external
training and equipment.
It enables institutions to
share knowledge,
infrastructure and
resources to strengthen
the overall scientific
ecosystem in West
Africa.

/
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Table 2. Recent advances in low-cost imaging hardware

Microscope Description Benefit to Cost References
LMICs

CellScope CellScope is a 1-5 ym resolution A research-grade (Skandarajah et al.,
mobile microscopy | for standard mobile microscope | 2014)
platform that versions; advanced | typically costs £4-
transforms a prototypes with £49, with clinical-
smartphone into a higher-end optics grade smartphone
diagnostic tool can go below 1 ym. | attachments
using optical CellScope clips typically costing
attachments. Its onto a smartphone | around £237.
use in diagnostics and provides 20x-
has already been 100x magnification,
exemplified for ideal for disease
malaria, detection and
tuberculosis, research in LMICs
cervical cancer and | where access to
ear infections. lab infrastructure is

limited. It digitally
stores and shares
diagnostic images,
allowing data
collection for
research,
monitoring and
public health
decision-making,
even in areas
without internet
connectivity, with
images synced to
the cloud once a
connection
becomes available.

Foldscope Foldscope is an 2 ym resolution Typically costs £1 - | (Cybulski et al.,
ultra-low-cost light and magnification £10 per unit. 2014)
microscope made up to 140x, suitable
from a lens, to observe
magnets and bacteria, cells and
paper. Its other key biological
lightweight and samples. Made
compact design primarily from a
makes it ideal for single sheet of
fieldwork, waterproof paper
classrooms and folded into a
educational microscope
outreach. structure, making it

incredibly
lightweight and
compact. Uses
ambient or phone-
based light sources
with no need for
batteries, power
outlets or lab
infrastructure.

Glowscope The Glowscope is Offers around 10 £24-£39 per unit. (Schaefer et al.,
a DIY fluorescence | pm resolution with 2023)
microscope that ~5x magnification,
transforms a sufficient to
smartphone or visualise
tablet into a fluorescent tissues
functional and embryos,
microscope using useful in basic
simple, off-the-shelf | biomedical

32



parts.

research and
training.

ioLight The ioLight 1 um resolution £2,200 - £6,600 per | https://iolight.co.uk/
microscope is a and up to 400x unit.
portable, high- magnification,
resolution digital sufficient to
microscope visualise cellular
designed for use in | structures. Works
the field or in the on battery, displays
lab where space images directly on
and mobility are a smartphone or
key. The tablet, and does
microscope offers not require internet
time-lapse imaging | access. Designed
capabilities for for mobile use in
observing dynamic | veterinary clinics,
processes. agricultural fields,

environmental
surveys and
incubators.

Matchboxscope The Resolution Typically costs £25 | (Li et al., 2024)
Matchboxscope, between 3-4 um - £65.
also known as the and supports z-
ESPressoscope stacking for 3D
platform, is an reconstruction. Full
open-source, low- schematics,
cost, and highly software and
portable brightfield | assembly
microscope instructions are
designed for freely available,
capturing encouraging local
micrographs in the manufacturing,
field and within cell | customisation and
incubators. repair. Compact,

lightweight, and
ideal for remote or
rural use,
supporting field
diagnostics and
research without
the need for lab
infrastructure or
continuous internet
connectivity.

Octopi Octopi is a low- Octopi uses a £195 - £390 per (Li et al., 2019)
cost, open-source, Raspberry Pi unit.
automated slide- camera or similar
scanning CMOS sensor with
microscope a high-numerical-

designed for
clinical diagnostics
and pathology. It
features motorised
scanning,
autofocus and
digital imaging,
supporting both
brightfield and
fluorescence
modes.

aperture lens and
10x or 20x
objectives,
delivering ~1.3—
2.0 ym resolution,
comparable to a
basic lab
microscope and
suitable for clinical
screening and Al-
based analysis of
stained samples. It
has low power
consumption, with
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some versions
running on battery
packs or solar
systems, and fully
open hardware and
software, with 3D-
printable parts and
readily available
components,
encouraging local
assembly,
customisation and
repair.

OpenFlexure

The OpenFlexure
microscope is a
low-cost, open-
source and 3D-
printable digital
microscope
designed to provide
lab-grade
performance with
high
customisability.
The microscope
supports motorised
sample positioning
and focus control,
enabling
automation for
scanning large
areas and time-
lapse imaging.

Resolution below
500 nm, with highly
customisable
components such
as objective lenses,
cameras and
illumination to suit
a range of different
sample types.

Core components
can be 3D-printed
and designs are
open-source. This
enables local
manufacturing,
reducing reliance
on expensive
imports and lengthy
supply chains.
OpenFlexure is
fully functional
offline with no
internet or cloud
dependency.

£160 for a
complete kit of
parts needed to
assemble the
microscope, or
£200-£300 for pre-
assembled
versions.

(Collins et al.,
2020)
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Table 3. Examples of advances in accessible image analysis software

Software

Description

Benefit to LMICs

References

CellPose

Software built around a
neural network with
exceptional image
segmentation abilities.

CellPose software is
highly effective, with
some graphical user
interface (GUI)
accessibility. The code
base could enable expert
software engineers in
LMICs to repurpose code
for their own use cases.

(Stringer et al., 2021)

CellProfiler (Carpenter
et al., 2006)

Open-source tools for
developing image
analysis pipelines with
application to high

Pipeline-oriented
analyses are highly
customisable for diverse
use cases and allow for

(Carpenter et al., 2006)

management system for
faster, more efficient
image processing.

resources (specifically,
but not exclusively, GPU
chips) hosted at a small
number of hub
institutions.

throughput data. computation to be
scheduled or managed
off-site.
DeepCell Kiosk A sophisticated LMIC labs can efficiently | (Bannon et al., 2021)
computation share computational

platform for image
analysis and annotation.

and has functionality for
both cloud-based and
local computation. This
may be particularly
useful for compromises
that need to be made in
terms of local
computational resources
and data security and
sensitivity issues.

llastik A suite of machine This project accounts for | (Berg et al., 2019)
learning algorithms with potential coding skills
simple GUIs that enable | gaps between software
non-experts to train creators and users.
them.
ImageJ/Fiji Robust, versatile open- The long history and (Schneider et al., 2012)
source software with a large community of users
long history of mean that there is
collaborative greater chance that
development. users can find advice
and assistance with their
analyses.
Napari Image analysis software In combination with (Sofroniew et al., 2026)
with particular application | appropriate hardware,
to high-dimensional data | researchers in LMICs
(e.g. 3 spatial can explore image
dimensions and/or time). | features that are
unavailable in 2D
shapshots.
Piximi A browser/cloud-based Piximi is user friendly (Moser et al., 2024)

ZeroCostDL4Mic

A curated library of
customisable jupyter
notebooks for a variety of
bioimaging tasks. By
default, computation is
provided by free Google
servers.

These resources are
useful both for
performing analyses and
for training software
engineers in LMICs.

(von Chamier et al.,
2021)
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