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ABSTRACT

Automation and robotics are changing medical laboratory technology. They are making things faster more.
More reliable. Medical labs get a lot of specimens and they need to be processed all the time. Automation
and robotics help with this. They do tasks like handling samples and testing them. This means that people
do not have to do these tasks. Automation and robotics also help with getting information from one place
to another. This is good because it helps medical labs work better. They can get test results to patients faster.
They can also make sure that the results are correct. Automation and robotics help medical lab workers focus
on the tasks. To make automation and robotics work medical labs need to invest money. They need to have
the equipment and trained employees. This is about how automation and robotics affecting medical labs. It
is about how they’re changing the way medical labs work. Automation and robotics are important for the
future of labs. They will help medical labs give patients service. Medical laboratory professionals will have
roles. They will be able to focus on tasks that need their skills. Automation and robotics will do the tasks.
This will make medical labs better and more efficient. Automation and robotics are crucial for labs. They will
make medical labs faster, safer and more reliable.
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1. INTRODUCTION

Clinical diagnostic laboratories are changing fast. This is because we have a lot of tests to do and the
tests are getting more complicated . We also need to get the results to the doctors. At the time we
do not have enough skilled people working in the labs. So we are using automation in the labs now.
Total Laboratory Automation or TLA for short is a part of this (Kim et al., 2022; Tseng et al., 2024).
TLA is not about moving samples around on a conveyor belt anymore. It is a system that can do many
things like getting samples ready testing them and storing them (Porto et al., 2021; Mukherjee et al.,
2026). These systems can do tasks, like sorting samples spinning them down opening and closing them
and moving them to the place. TLA helps make sure everything is done the way and it reduces mistakes
in the lab (Brown & Badrick, 2022). This is especially important when we have a lot of samples to deal
with. Even with all the automation we still need people to do some things. We need people to move
samples and supplies around, load and unload machines and handle samples that’re not normal. We also
need people to fix problems and do tasks that’re not part of the normal automation process. This is
why we are developing kinds of robots like collaborative robots or autonomous mobile robots or
(AMRs). These robots can do tasks in places where our normal automation systems cannot.The integration
of robotics with laboratory information systems and automation platforms is a winning solution for
laboratories. This indicates they can perform more efficiently and stay more linked. (Thieme et al.,
2024; Xu et al., 2025). This is due to robotic systems performing tasks with precision, while laboratory
information systems monitor everything efficiently. Laboratory information systems along with specialized
software can oversee all these processes. Ensure that everything can be tracked. They may also concentrate
on assisting patients. In the future, laboratories will likely incorporate more than just automation systems.
They will utilize a combination of elements such as Total Laboratory Automation and robotic workstations.
They will additionally utilize mobile platforms and intelligent software (Gruson et al., 2025). This will
assist laboratories in managing high workloads with insufficient personnel. The objective is not to
substitute the individuals employed in laboratories. The aim is to employ robotics to assist them and
enhance the functionality of the laboratories (Jarrahi et al., 2022). In this manner, laboratories can offer
services while becoming more dependable and sustainable. Robotics and lab information systems will
enable this to occur.

In the future of laboratory automation, there will probably be a move away from dependence on
huge, immobile automation tracks, toward a more flexible approach that includes Total Laboratory
Automation, robotic work cells, autonomous mobile platforms and intelligent software. Such a hybrid
approach can increase operational reliability and scalability, and help laboratories deal with increasing
workloads and labour shortages. The development of safe human-robot collaboration is especially
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important since the aim is to use robotics to supplement laboratory staff and not replace them, so that
we can offer more effective, reliable and sustainable diagnostic services (Al Naam et al., 2022; Jarrahi
et al., 2022).

2. AUTOMATION IN CLINICAL LABORATORY WORKFLOWS

Automation is now a basic part of contemporary clinical laboratory practice, especially since there has
been an increase in the number of tests, more complicated diagnostic work processes, constraints on
the available workforce, and the requirement for quick and reliable results. Traditional laboratory
procedures usually include a number of manual stages during the pre-analytical, analytical, and post-
analytical phases, which leads to the possibility of identification errors, transcription mistakes, delays,
and variability (Mattiuzzi et al., 2024). The purpose of introducing automated technologies is to reduce
this level of manual involvement while at the same time keeping analytical quality, specimen traceability,
and patient safety. As shown in the literature reviewed, laboratory automation—particularly when
combined with artificial intelligence (AI) and laboratory information systems (LIS)—is causing
laboratories to change from being mainly based on manual testing to becoming interconnected and
data-driven diagnostic systems (Herman et al., 2021; Hou et al., 2024).Laboratory automation today
goes well beyond that offered by individual automated analyzers. Total Laboratory Automation (TLA)
involves the integration of various stages in the laboratory workflow such as barcode-based specimen
identification, robotic transport of specimens, automated centrifugation, sample processing, automated
analysis, storage, and information management. Barcode and RFID technologies ensure reliable
identification and tracking of specimens, while robotic systems enable the handling and movement of
specimens between different processing stages (Gervasoni et al., 2025). Automated analyzers are capable
of carrying out a large volume of testing with greater consistency, and automated storage systems allow
specimens to be stored and retrieved efficiently should further or repeat testing be needed. Integration
with the LIS enables the transfer and management of laboratory data and thus improves the coordination
between the equipment, laboratory staff, and healthcare providers. Automation especially helps in the
pre-analytical phase, as this is usually the phase with most manual work. Automated systems are capable
of performing the processes of specimen identification, transportation, centrifugation, sorting and
routing. Barcodes are used for sample identification and robotic management, which enhances traceability
and reduces the risk of manual handling errors. The identical type of automated method can also aid
haematology, microbiology, molecular diagnostics, and additional fields of the laboratory. The procedure
following analysis is also increasingly backed by automation and smart information systems (Loh et al.,
2022; Gül et al., 2022). Automatically moving data from the analyzers to the LIS reduces the necessity
for manual entry and allows for faster result processing. This is because automated specimen handling
and robotic transport remove delays that happen when people do things by hand. Getting results quickly
is really important in emergency medicine, critical care and when dealing with diseases because it can
affect the decisions doctors make. Automation also helps keep track of samples and reduces mistakes
when writing down and identifying them, which makes patients safer and helps doctors make the diagnoses
(Brown & Badrick, 2022). Using artificial intelligence with laboratory automation is a big step forward.
With intelligence systems can check how well instruments are working find problems in the workflow
predict when equipment needs maintenance and help figure out the best way to route specimens. If
equipment is going to break down predictive maintenance can catch it before it happens and automated
quality monitoring can find any problems, with test results. So smart automation can help make sure
quality keeps getting better. Laboratories run smoothly.Automation also changes what laboratory
personnel do. With automated systems medical laboratory professionals have time to focus on quality
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understand complicated results do research fix problems and talk to doctors. This is because they do
not have to do many repetitive tasks by hand. The evidence shows that artificial intelligence and
automation should be used to help laboratory professionals not replace them because people are still
needed to check results make sure quality is good understand findings follow rules and watch over the
automated systems (Jarrahi et al., 2022; Lippi & Plebani, 2025). Laboratory automation is important
and artificial intelligence helps make it better. Automation and artificial intelligence help laboratory
personnel do their jobs better.Despite all the things putting in place automated lab processes needs
the right setup clear rules to follow, reliable information, machines and systems that work well together
strong protection against cyber threats and people who know how to use everything. The front cost
of setting up these systems getting the software building the digital parts and teaching workers can be
a lot, especially for smaller labs. Because of this to make automation work it’s not enough to use the
technology. It’s also important to change the way work is done check everything is correct use quality
control and keep learning and growing professionally. In the end automation in labs means moving
from parts that are automated to whole systems that are connected always working and smart. Adding
robots to handle samples, machines that work on their own tracking with barcodes or chips linking to
lab software storing things automatically and using AI to manage work can make things faster reduce
errors get results quicker and make sure the work is better and safer, for patients.

Fig. 1: Automation in laboratory workflows means putting together pre analytical, analytical and post analytical
automation with robotic sample transport and a lab information system that manages the workflow.

3. ROBOTIC SYSTEMS AND LABORATORY INFORMATION MANAGEMENT

The integration of robotics with LIS has emerged as a significant advancement in contemporary clinical
laboratory practices. Robotics and LIS do not qualify as systems. They collaborate to establish a link
within the laboratory procedure. This involves processing specimens, examining them, overseeing
specimen data, ensuring quality control, and generating reports. In the research, LIS is referred to as
the “foundation” of the laboratory system since it manages all aspects of patient data, including test
orders, specimens, results, and reporting. This occurs via robotics and automated systems that manage
the components of lab work.Robotic tools are crucial for laboratory experiments requiring extensive
repetition and duration (Schuster et al., 2024; Thieme et al., 202. In an automated lab environment,
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robots can accurately perform sample sorting, pipetting, dividing samples, moving them, and managing
plates. The workflow is enabled by transferring specimens between different machines. These devices
consist of centrifuges, analyzers, incubators, and storage spaces.The robotic devices work well when
they are connected to the Laboratory Information System (Wolf et al., 2024). For instance the automated
conveyor. The machines that transport specimens can talk to the Laboratory Information System so that
people can monitor everything in real time and make sure the tests are done correctly and on time.
The Laboratory Information System is also very good at reducing the amount of work that people have
to do to enter data. The machines that do the tests can get the information they need from the system
and send the results back electronically so the people, in the laboratory do not have to keep typing
everything in by hand (Falda et al., 2026; Gül et al., 2022). The system can also keep an eye on how
the machines working and find any results that do not look right and it can apply the rules that have
been set up before the results are given to anyone. The system can also do tests automatically if it
needs to based on what the results of the first test were. This makes everything more standardized and
easier to understand. Another important thing that the Laboratory Information System can do is keep
track of the specimens. From the moment a specimen arrives the system pre analytical an keep a
record of everything that happens to it as it goes through the laboratory. When the Laboratory Information
System is used with barcodes and machines that can handle the specimens automatically it can keep
a record of everything. The integration of robotics and Laboratory Information System further enhances
quality management. Automated machines can do processes watch over quality control metrics and
find unusual analytical situations. Laboratory Information System has the ability to save quality control
information track trends. Show outcomes that are higher than set thresholds. So combining automation
with information management makes a control chain from specimen identification to result reporting
that is not broken. Total Laboratory Automation means an advanced version of this integration (Nam
& Park, 2025). In a Total Laboratory Automation setting, , analytical and post-analytical processes are
connected by conveyor systems, robotic arms, automated machines and information systems. Robotics
helps with the movement of samples while Laboratory Information System manages data about test
requests, specimen conditions and results. The research shows that this combined method can make
turnaround time, standardization and the overall functioning of the laboratory better.Using robotic
systems and Laboratory Information System also has its own set of problems. Good automation needs
machines, middleware and Laboratory Information System to work and this can be hard when
instruments, from different companies are used. Technical problems, software issues and device failures
can stop lab activities. Also lab staff need training to watch over maintain and fix issues with automated
systems. The research says that good automation needs planning, employee training and focus on system
integration instead of just buying automated machines. Keeping data safe is very important because
robotic platforms, machines, Laboratory Information System and hospital networks share patient and
laboratory data (Pennestrì & Banfi, 2022).

4. IMPACT ON QUALITY, EFFICIENCY,AND PATIENT CARE

Automation and robotics have really improved the quality of services by making laboratory testing
more precise, reliable and consistent. The old way of doing things in labs often involves doing the tasks
over and over which can be affected by how tired people are, different ways of doing things and
mistakes people make.
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Table 1: Impact of Automation and Robotics on Quality, Efficiency, and Patient Care in Clinical Laboratory

Impact area Function of Auto- Impact on lab Impact on patient References
mation and performance treatment
Robotics

Quality and precision Automated system Improves reliable More dependable (Nam & Park 2025)
reduce mistakes and laboratory results laboratory results
effectively standardize support accurate
processes.. diagnosis and treatment

decisions.

Response time Automated specimen Reduce the time Faster availability of (Tseng et al, 2024)
transport, preparation, between specimen and results can support
analysis, and results results are reported. earlier clinical decision-
verification accelerate making.
workflow.

Workflow efficiency Integration of pre- Increases laboratory Patients can receive (Tseng et al., 2024)
analytical, analytical, throughput and diagnostic information
and post-analytical productivity. more efficiently.
processes minimizes
unnecessary manual
steps.

Error reduction Automated identifica- Reduces opportunities Improved process (Lippi et al., 2009)
tion, sorting, aliquo- for manual processing reliability contributes
ting, and processing errors. to patient safety.
standardize repetitive
procedures.

Standardization Automated systems Provides greater Consistent testing (Wanger et al, 2021)
perform procedures uniformity between contributes to
according to samples and across dependable diagnostic
predefined protocols. laboratory shifts. services.

Quality control Real-time quality- Enables rapid identi- Helps prevent (Tseng et al, 2024)
control systems and fication of abnormal inappropriate results
auto-verification can processes and from reaching
be integrated with supports reliable clinicians.
automated workflows. result validation.

5. CURRENT CHALLENGES AND WORKFORCE IMPLEMENTATIONS

The medical laboratory is changing because of automation, robotics, laboratory information management
systems and artificial intelligence. Automation can make things more efficient reduce tasks and make
laboratory services faster and more consistent.. It also creates problems for the people who work in
laboratories. One big worry is that automation could mean jobs because machines can do a lot of the
repetitive work that people used to do. A study compared laboratories that use laboratory automation
with those that do not. It found that workers were more productive in some areas, like chemistry and
serology.. In other areas like hematology there was not much difference. This means that automation
might reduce the number of staff needed for some tests. It could also mean that each worker can do
more. We should not just think about automation as a way to cut jobs. They will also have to be able
to interpret data and manage laboratory information systems. This means that laboratory workers will
need a mix of new skills. They will need to know about biology and medicine. They will also need
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to know about technology and information systems. The big challenge is not about reducing manual
work but also about preparing laboratory professionals for more complex and technical roles. Laboratory
professionals will have to learn things like how to work with automation and laboratory information
management systems. This will help them to do their jobs better and to keep up with the changes, in
the laboratory.

Another difficulty is the changing and hard to predict makeup of the lab team. The case study shows
that in some places the number of lab workers retiring is higher than the number of graduates entering
the field even as the amount of work for labs goes up. Automation can help in some ways by letting
labs handle tests with fewer people. Relying too much on automated systems can cause problems. It
might make people depend much on technology and cause some traditional lab skills to fade away. This
means there needs to be a balance between using automation and using human skills especially because
making the right decisions is very important when tools give strange or unexpected results (Jarrahi
et al., 2022). A big problem is the gap in knowledge caused by changes in technology. Lab workers
need to keep learning because of things like automation, AI, robots, digital pathology, molecular testing
and LIMS. The second review sent in talks about problems with skills because of automation and not
having training programs. It says that lab workers today need a range of skills instead of just using old
lab methods. Not being ready for these changes can cause resistance to technology not using equipment
properly and lower confidence among workers. The research also says that some labs don’t have training
for their staff not enough help, with IT and not enough technical support. This leads to not using
automated tools using them wrong or having them fail.The case study shows clearly that putting in TLA
means changing lab spaces and teaching workers skills. The same review of how people’re managed talks
about problems like not enough space, not enough money, limited chances to keep learning and trouble
getting help to fix equipment in places that don’t have much. These issues can make automation less
effective. Can cause more problems when things go wrong. Changing the people who work in labs is
a part of making automation work well. Continuous learning updating skills learning across areas getting
advice and taking online classes can help lab workers get ready for new jobs. The research shows that
training programs focused on automation and organized continuing education can help people improve
their skills in lab software, AI, digital tools and new areas. The case study also says that retraining and
learning are important in labs so workers can get skills that are useful, for AI and lab software. For
BMLT workers this means that future training should mix lab methods with using machines solving
problems checking quality, basic data analysis, LIS/LIMS systems and digital lab tools.

The examination of workplace management addresses issues such as employees being laid off, outdated
skills losing relevance, the emotions workers experience when collaborating with machines, and certain
employees resisting change. The individuals overseeing the laboratory need to collaborate with their
team to modify work processes and clearly communicate how roles will evolve. Effective methods for
achieving this involve implementing new technology, training individuals in a mix of traditional and
modern skills, and alternating between machine work and manual tasks. This can assist in maintaining
employee engagement and flexibility. Considerations should also include leadership, communication,
and workforce planning. Automation transforms the methods of performing tasks. The evaluation of
workforce management indicates that strategizing for ongoing professional development, training
employees for diverse roles, providing mentoring, and utilizing laboratory information management
systems can enhance worker efficiency and minimize errors.
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6. EMERGING TECHNOLOGIES AND FUTURE TRENDS

Medical laboratory technology is going to change a lot because of technologies. These new technologies
include robotics, artificial intelligence, machine learning and digital connectivity. They will be used in
laboratories that are getting smarter. The future of laboratory automation is changing. It is moving away
from machines that work alone to total laboratory automation. This means that all the steps in the
laboratory process will be connected. These steps include getting samples ready analyzing them and
managing the results. Robots and computers will help with these steps. These systems can help reduce
the amount of work people have to do. They can also help make sure that everything is done the way
every time. This reduces mistakes. Makes diagnostic testing faster and more consistent. Artificial
intelligence and machine learning will be important in laboratory automation. Artificial intelligence
can help find patterns, in test results and spot results that’re not normal. It can also help with quality
control. Predict when machines might have problems. Artificial intelligence can make it easier to
understand laboratory data (Paranjape et al., 2021).

When artificial intelligence is used with laboratory information systems it can help validate and
prioritize test results. This means that laboratory professionals can focus on the important and complicated
cases. However people must still make sure that the systems are working correctly and that they are
following the rules. Medical laboratory technology and artificial intelligence must be used together to
improve laboratory work. Intelligence and machine learning are the future of medical laboratory
technology (Herman et al., 2021).The devices that are connected can send data all the time about the
samples and the instruments and the things they use to do tests. They can also send data about the
temperature. When things need to be fixed and how well things are working. This can help people who
work in the lab know when things might break and they can fix them before that happens. It can also
help them use the things in the lab better and see what is going on all the time. The Internet of Things
and cloud data systems can also let people use the lab information from else.. The people in charge
of the lab have to make sure the data is safe and that only the right people can see it. The lab also
has to follow the rules and make sure the Internet of Things and cloud data systems work with the
systems they use (Pennestrì & Banfi, 2022). The Internet of Things and cloud data systems are very
important, for labs.

Fig. 2: Emerging technologies and future trends show that automation, in laboratory services will grow by adding
IoT, artificial intelligence, digital pathology, cloud based analytics and collaborative robotics.
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7. CONCLUSION

Automation and robotics are changing medical lab technology by making the speed, consistency,
dependability and organization of diagnostic lab services. The mix of Total Laboratory Automation
(TLA) workstations, automated analyzers, barcode specimen identification, automated centrifugation,
robotic specimen transport, automated storage and Laboratory Information Systems (LIS) can connect
pre-analytical, analytical and post-analytical procedures into a smooth process. These tools reduce manual
work cut down on mistakes in specimen identification and handling improve tracking make the time
it takes to get results shorter and help get lab results out faster. The mix of robotics with LIS makes
tracking specimens watching the workflow ensuring quality and handling data better (Wolf et al., 2024).

Automation and robotics help laboratory workers by taking over repeated tasks and letting them
focus on work that needs their skills, quality checks, solving problems analyzing complex results and
making technical decisions. The future of lab work will involve collaboration between lab experts,
robotics, automation, LIS, artificial intelligence and smart software of replacing human workers
completely (Jarrahi et al., 2022; Gruson et al., 2025). Ongoing learning and training will be important
for lab professionals to gain skills in automation, robotics, LIS/LIMS, data management, quality control
and other digital tools.

With all these benefits putting automation into place needs careful planning because labs might face
big initial costs, problems with connecting systems issues with software and hardware, cybersecurity
and privacy concerns, maintenance needs and the need for trained people. Because of this automation
must be used with quality control training for staff, checking systems, technical support, good workflow
design and strong data protection plans. Overall automation and robotics are a direction, for the
future of medical lab technology. They offer the chance to create services that are faster safer more
reliable, connected, sustainable and focused on patients (Nam & Park, 2025; Mukherjee et al., 2026).
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