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Market

Robotic efficiency in industrial use cases —

ideas beyond the humanoid hype

e Leon Siebel-Achenbach, Deputy Head of Department of Fraunhofer Institute for Material Flow and Logistics IML

mental overload

At the Fraunhofer Institute for Material
Flow and Logistics IML, we work in
a particularly challenging field. Many
activities in logistics still involve strenuous
manual processes. At the same time, price
pressure is enormous. That is why we
have been developing innovative solutions
for many years to support personnel in
various areas of logistics. In addition to
new organizational approaches, these also

include robotic solutions, e.g., our evoBOT.

The hype surrounding humanoid robots

has not gone unnoticed by us either. Ever

BEEAB AT

Industries worldwide are being challenged to meet increasing demands in
order to remain competitive in the global market. Industrial nations in particular
are struggling with the acute shortage of skilled workers. At the same time, the

demands placed on specialist personnel have increased, leading to physical and

since the release of our evoBOT and
the overwhelming global feedback, this
robot has also quickly been associated as

humanoid.

Idea of evoBOT

With the development of evoBOT, we
pursued the goal of creating a robot that
eliminates the weaknesses of other AMRs
in intralogistics and production facilities.
These include driving on different surfaces,
lifting loads from the ground and handing

them over at various heights or driving

dynamically in confined areas such as
corridors or through doors. The robot is
characterized by the fact that it is reduced
to the essentials, so that it can be produced

cost-effectively and used across the board.

To achieve this, we rely on a minimal
number of actuators and sensors, do not
use a counterweight and follow a modular
design so that the robot can be adapted for

different use cases.

Initially, our intention was to develop the
evoBOT purely for autonomous operation
in cordoned-off areas. Although we still
see the robot there, the human-technology
interaction was constantly being refined.
This led to the evoBOT taking on its current
appearance — a face and flowing lines
that are intended to reduce the inhibition
threshold in the interaction and led to a
social robot. Another crucial feature to
avoid overwhelming or even frightening
people during the interaction are the fluid,

predictable movements.

Personnel challenges in logistics

In today’s fast-paced industrial
environment, the need for innovative
solutions in production and intralogistics
is more pressing than ever. The physical
and mental workloads faced by workers
can significantly impact their health and

productivity.

A staggering 23% of workers are

required to lift heavy loads as part of their

daily tasks. This not only poses immediate
challenges but also long-term health risks.
Studies show that high tensile or shear
loads during activities like pulling and
pushing can increase the likelihood of disc-
related diseases (IAG Report 1/2014”Denk
an mich. Dein Ricken” Eine Befragung zu
Ruckengesundheit und Praventionskultur in
Unternehmen,DGUYV, 2014).

In addition to physical strain, psychological
stress also plays a critical role in workplace
health. Mental stress has been linked
to various health issues, including
back problems (Habibi E, Taheri MR,
Hasanzadeh A. Relationship between
mental workload and musculoskeletal
disorders among Alzahra Hospital
nurses. Iran J Nurs Midwifery Res. 2015).
Moreover, it has been shown that high
levels of mental stress can lead to a
reduction in overall performance, affecting

productivity and efficiency.

While traditional robotic solutions have

made significant strides in automating
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repetitive tasks, they often fall short in

several key areas -

» Flexibility : Existing robotic systems are
typically designed for specific tasks and
lack the adaptability to handle diverse or

unexpected situations.

* Human Interaction : Many robotic solutions
struggle with tasks that require social

interaction or empathy.

« Complex Problem Solving : Current robotic
technologies often lack the cognitive
abilities required to navigate complex,

unstructured environments.

« Safety and Collaboration : Collaborating
with humanoid robots can enhance
safety in the workplace. They can assist

workers in physically demanding tasks

~ , ';‘IIM.‘.--.\Q“\\ g
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without replacing human roles, creating a
collaborative environment that maximizes

productivity while minimizing risk.

To address these challenges, it is
essential to explore and implement new
solutions that not only enhance operational
efficiency but also safeguard the well-being
of our workforce. By investing in ergonomic
strategies, automation, and innovative
technologies, we can alleviate the physical
and mental burdens on our employees,
ultimately fostering a healthier, more

productive work environment.

Developments of humanoids

Humans are constantly striving to create
themselves. For several years, humanoid

robots have been experiencing enormous

e,

RS

enthusiasm as a major step in this direction
— and rightly so! The way they work and the
possibilities they offer fascinate us in many
ways. Supported by Al components, our

behavior can even be adapted.

This inevitably leads to humanoid robots
being seen as a way of compensating
for the shortage of skilled workers and
reducing the burden on employees. In this
way, humanoid robots can for example
be programmed to perform a wide range
of tasks, making them more versatile in
dynamic environments, better understand
and respond to human emotions, facilitating
improved teamwork and communication
and have the potential to learn and make
decisions in real-time, which is crucial
for tasks that require critical thinking and

adaptability.

Nevertheless, even humanoid robots
have their limits. We often see them being
used as a knock-out argument to solve
all problems, for example in logistics.
However, for many areas they are over
engineered. Compared to the evoBOT,
for example, they are many times more
complex, sometimes having hundreds of
actuators, sensors, joints and connections.
This makes them very difficult to maintain
and at the same time prone to defects and

errors.

In warehouses that have already been

optimised to a large extent, where flat

surfaces are available, accessibility is
guaranteed and infrastructure such as wifi
is sometimes in place, no biped is needed
to move around. In many cases, simpler
devices can be used to grasp, place and
manipulate objects than hands with many
degrees of freedom. Even a body or head
is often not necessary and can sometimes
even be a hindrance, if we are to believe

the publications on the Uncanny Valley.

evoBOT — a new era of robots

With the evoBOT, we have largely
closed this gap. Compared to other AMRs,
its adaptability to different use cases is
easy and quick to implement due to its
modularity. The openness with which
people interact, even if they have never
seen the robot before, is amazing - even in

the current prototype stage.

,Humanoids are general-purpose, bipedal
robots modeled after the human form factor
and designed to work alongside humans to

augment productivity.” (Nvidia)

In terms of appearance, we differentiate
between humanoid and anthropomorphic.
While we use the above-mentioned
characteristics such as two legs, a torso
and a head when we speak of humanoid,
we define features like eyes, facial features
or arms more granular, as anthropomorphic.
These can be based on the human or
animal appearance. But it also includes

human social characteristics.
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Of course, we also face hurdles in
getting a robot like the evoBOT on the road
to industrialization. For example, legislation
in Europe does not allow for rapid approval.
However, this is counteracted by the
competitiveness of industry, which is why
we are in contact with various institutions to

define new paths in this area as well.

* Furthermore, the challenges are not
only of an organizational and structural
nature. We therefore also research and
develop technologies for navigation and
object detection, as well as interaction, in

physical simulation models.

* Physical simulation models enable us to
advance development in a risk-free, non-
destructive and, above all, cost-effective
manner. In addition to this, we want to
use models in industrial applications to
research human-technology interaction
beyond animation, and scientifically
substantiate the experience we have

gained with the evoBOT.

We can show that there are decisive
innovations in robotics beyond the
humanoid hype. In industrial applications,
the primary goal is to increase efficiency
and solve the problems of our time in
a targeted and cost-efficient manner.
Developments such as evoBOT show that
we can deliver more effective solutions
for industrial applications not only in
production, but also in implementation,
maintenance and operation. In doing so,
we build on scientific findings, especially
in human-technology interaction, or
scientifically validate our experiences
in order to bring for example decisive
anthropomorphic characteristics to bear
in our developments as well. However,
our development is not limited to human-
technology interaction, but initially takes
into account fully autonomous operation
without human interaction. This means that
we can already show how effectively our
development can be used in the short term,
until the current challenges have been

overcome.
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Advancements and Applications of
Humanoid Robotics in Healthcare :
A Data-Driven Perspective on
Unlimited Robotics’ Gary

Against this backdrop, Unlimited Robotics’
humanoid robot “Gary” exemplifies how
advancements in Al-driven cognition, vision

and speech perception, and human-like

Humanoid robotics has rapidly progressed from a conceptual dream to
a tangible force shaping industries around the globe. In healthcare, where
precision, empathy, and real-time adaptability are paramount, humanoid robots
can significantly relieve overburdened systems. According to the World Health
Organization (WHO), the global shortage of healthcare workers is estimated to
reach 10 million by 2030, particularly affecting low-and middle-income countries.
Meanwhile, the incidence of medical errors—especially medication-related
errors—costs hospitals worldwide an estimated USD 42 billion annually. These
statistics underscore the urgency for innovative solutions that can optimize
both patient outcomes and operational efficiency.

@ Unlimited Robotics

mobility can make a tangible difference.
Serving as a versatile assistant to doctors,
nurses, and patients, Gary is engineered to

navigate busy hospital corridors, manage

critical supplies, reduce staff workloads,
and ultimately raise patient satisfaction

rates.

This article explores the technical
foundations, real-world applications, and
future challenges of humanoid robotics in
healthcare, with a strong focus on data
and metrics that substantiate the sector’s

ongoing transformation.

Through industry use cases drawn from
deployments of Gary, we examine how
Al-enabled decision-making, advanced
perception, and robust motion control
translate into measurable benefits—
such as reduced medication delivery
times, minimized risks of hospital-
acquired infections, and enhanced
patient engagement. We also delve
into the global collaboration needed to
accelerate the deployment of humanoid
robots, analyzing how partnerships with
academic institutions, regulatory bodies,
and clinical centers can serve as catalysts
for more efficient, sustainable, and ethically

responsible healthcare.

1. Al and Cognition :
Enabling Data-Backed, Human-Like
Interactions

1.1 Al-Driven Language Understanding

Effective communication in healthcare
is vital, and language barriers or
unclear instructions can lead to critical
errors. Research published in the BMJ

Quality & Safety journal suggests that

miscommunication contributes to around
30% of all clinical errors. To address this
risk, Unlimited Robotics leverages deep
neural networks to power Gary’s natural

language processing (NLP).

* Training Data : Gary’s language model is
trained on a corpus of over 300 million
medical and colloquial sentences,

including multiple languages and dialects.

* Accuracy Rate : Internal tests indicate
a speech recognition accuracy of
approximately 93% in controlled hospital
environments (i.e., typical noise levels in

wards).

This capacity for nuanced language
understanding is crucial, especially when
clarifications or specialized instructions
arise. For example, if a physician requests
“two units of red blood cells for transfusion
in ICU bed 3,” Gary can parse the command,
verify the bed number, and even confirm if
special instructions apply—mimicking the

workflow of a human medical assistant.

1.2 Contextual Awareness and Decision-

Making

Hospital workflows are dynamic,
requiring real-time adaptability. In a multi-
layered Al architecture, Gary processes
data from various sensors—cameras,
microphones, and pressure sensors—to
build a contextual map of its environment.
This includes recognizing staff roles (via

color-coded uniforms or RFID badges) and
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distinguishing between a routine corridor
obstacle and an urgent pathway for critical

care.

» Reactive vs. Predictive Layering :

o Reactive Layer : Manages immediate
collision avoidance and simple motion

planning.

o Predictive Layer : Analyzes data from
previous shifts or tasks to preemptively
re-route if, for instance, a corridor is
often blocked at a certain time for

cleaning.

In a clinical study at a 500-bed facility
in the U.S, Gary’s adaptable routing
algorithms reduced delivery disruptions
by 22% compared to baseline measures
of human staff alone. Over six months,
the hospital noted a 12% decrease in
delayed medication deliveries—a metric

strongly linked to overall patient safety and

treatment efficacy.

1.3 Machine Learning for Adaptive

Behavior

Continuous improvement is a hallmark of

Al in robotics. Gary employs reinforcement

learning to refine its operational efficiency
over time, capturing data on task execution,

staff feedback, and patient interactions.

» Adaptive Learning Cycle : Each interaction
generates data points—such as time taken,
distance traveled, or user satisfaction
scores—that feed into a centralized

analytics platform.

 Performance Gains : Pilot implementations
indicate that Gary’s task-completion times
in medication delivery improve by up
to 15% after one month of autonomous

operation within a specific department.

From assisting pediatric patients, who
require friendly and comforting interactions,
to supporting geriatric wards, where
mobility aids and timely interventions
are crucial, Gary’s Al-driven adaptability
ensures tailored, patient-centric service.
According to an internal Unlimited Robotics
satisfaction survey, 78% of patients
reported a neutral to positive impression
of interacting with humanoid robots,
suggesting a promising trajectory for

broader acceptance.

2. Perception and Mobility : Navigating
Complex Healthcare Settings

2.1 Advanced Vision Systems

Real-time and reliable perception is
integral to a humanoid robot’s safety and
efficacy. Gary’s vision systems consist
of RGB-D cameras (for color and depth)

supplemented by LIDAR modules in

specific deployments. This multi-sensor

arrangement provides :

1. Object Detection and Recognition : Gary
can recognize over 10,000 hospital-
relevant objects, including wheelchairs, 1V

stands, and diverse medical apparatus.

2. Facial Recognition (Optional) : Configurable
based on privacy regulations, allowing
authorized staff to quickly authenticate
or enabling patient identification to
confirm identity before medication

delivery.

According to a field study in a large
urban hospital, Gary’s object detection
precision averaged 92%, helping reduce
“near-collision” incidents with patients and
staff to virtually zero during the six-month
trial. When integrated into high-traffic
areas, such as emergency department

corridors, this detection ability reduced

downtime from collisions or misplaced
objects by 19%.

2.2 Speech Recognition and Acoustic

Localization

Voice-based communication remains
pivotal in fast-paced healthcare contexts. Gary
utilizes an acoustic localization framework

in tandem with speech recognition :

» Microphone Array : Comprising 8 directional
microphones to identify who is speaking

and from which direction.

* Noise-Cancellation Algorithms : Particularly
beneficial in emergency wards or busy
corridors where ambient noise can

exceed 70 dB.

In a controlled trial, Gary’s speech
recognition capabilities demonstrated 85-
90% accuracy in moderate to high noise

environments—sufficient for most routine
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72 AIR:

commands. Nurses found Gary especially
useful for “hands-free” operations. For
instance, if carrying sterile equipment, a
nurse can verbally request Gary to open
doors or retrieve items without breaking

sterilization protocols.

3. Real-World Applications of
Humanoid Robotics in Healthcare

Having robust Al, perception, and
mobility only matters if these capabilities
translate into meaningful outcomes for
healthcare providers and patients. The
following sections detail data-backed
use cases of Gary in various healthcare

settings.

3.1 Industry Use Cases : Gary in Healthcare
Settings

3.1.1 Medication Delivery and Inventory

Management

Medication errors represent one of the
most common—and costly—problems
in global healthcare. A 2017 WHO
report estimates medication errors inflict
economic losses of USD 42 billion annually.
By automating medication delivery and
inventory checks, Gary can significantly

mitigate the risk of human error :

» Time Savings : In a six-month pilot at a
400-bed hospital in the United States,
Gary reduced the average round-trip
to the pharmacy from 12 minutes to 7
minutes, saving nurses an estimated 2

hours per shift.

BB AT

* Error Reduction : Barcode scanning and
Al verification of medications against a
patient’s electronic health record (EHR)
led to a 15% drop in delivery or dosage

mistakes.

3.1.2 Patient Engagement and Triage

Assistance
-
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When triaging, nurses and doctors must
rapidly collect basic patient information
(e.g., vital signs) and categorize treatment
urgency. Gary can perform initial screenings

and capture vitals using integrated sensors.

« Wait Time Reduction : In a busy emergency
department (ED) handling about 200
patients per day, Gary’s triage assistance
cut average waiting times from 45
minutes to 35 minutes for non-critical

cases—a 22% improvement.

- Staff Satisfaction : Post-implementation

surveys found 72% of nurses and

physicians felt more “available” for critical

tasks and complex patient care.

3.1.3 Sanitization and Infection Control

Hospital-acquired infections (HAIs) affect
7-10% of hospitalized patients in high-
income countries, as reported by the WHO.
Gary helps mitigate HAls by performing
routine UV sanitization and disinfecting
surfaces—tasks that demand consistency

and thoroughness.

» Coverage Consistency : Using LiDAR and
depth cameras, Gary mapped out wards
and systematically sanitized surfaces
without missing common “blind spots.”
This contributed to a 15% drop in HAIls
during a three-month period in one trial

site.

» Cost Savings : The hospital saved an
estimated USD 250,000 in expenses
related to infection management and

extended patient stays.

3.2 Enhancing Human-Robot Collaboration

3.2.1 Bridging Skill Gaps

As the global demand for healthcare
rises, staff shortages can strain service
delivery. Gary’s assistance in tasks like
patient transfers or routine monitoring helps
reduce the workload on overburdened
professionals. In a mid-sized hospital in
Asia, where staff shortages peaked at 18%
of required nursing capacity, Gary was

credited with allowing nurses to manage

more patients without a dip in care quality.
Over six months, readmission rates for
routine procedures declined by 8%, partially

attributed to improved care continuity.

3.2.2 Improving Patient Engagement

A common concern is that robots may
appear impersonal. However, patient
satisfaction indices from multiple pilot
sites often show a modest but consistent
improvement when robots handle simple
tasks like reminding patients of medication
schedules or guiding visitors to the correct

wards.

* Elderly Care Feedback : In a pilot at a
geriatric facility in Western Europe, 64%
of seniors reported feeling more secure
knowing that “an assistant” could be
summoned at any time, even if it was a

robot.

* Multi-Language Capability : Gary’s
language proficiency reduces
communication barriers in multicultural
environments, boosting patient
experience scores in wards with a high

percentage of non-native speakers.

3.2.3 Data-Driven Insights

Every action taken by Gary is logged
and analyzed. Administrators can visualize
metrics such as peak medication delivery
times or bottlenecks in corridor traffic.
With these insights, hospitals can optimize

schedules, reconfigure ward layouts, or
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reallocate staff more effectively.

» Analytics Example : A hospital using Gary
found that early morning medication
rounds caused recurring congestion
near the supply room. By staggering
medication deliveries in 15-minute
increments, wait times for supply retrieval
dropped by 27%.

4. Future Challenges :
Scaling Humanoid Robotics in
Healthcare

While existing pilots and case studies
show promise, significant hurdles remain.
These include technical limitations,
stringent regulatory requirements, and
societal acceptance—all of which must be
navigated carefully to ensure sustainable

growth.
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4.1 Technical Barriers and Reliability

Robots operating 24/7 in medical
environments endure substantial wear and
tear. Surveys by the Institute of Electrical
and Electronics Engineers (IEEE) indicate
that maintenance and downtime can
account for up to 25% of operating costs in

service robots.

1.Hardware Robustness : Gary’s
components—such as high-torque
motors and joint assemblies—undergo
stress testing. However, reliability
on par with medical devices (which
demand near-zero failure rates) requires
ongoing R&D in materials science and

engineering.

2. Software lterations : Al models must be

retrained to keep pace with evolving medical

i
=

protocols. Over-the-air software updates
help, but heavy computational demands

can strain hospital IT infrastructures.

4.2 Ethical and Regulatory Considerations

The handling of Protected Health
Information (PHI) by robots invokes privacy
concerns. Compliance with frameworks
like HIPAA (USA), GDPR (EU), or Taiwan’s
Personal Data Protection Act demands
meticulous data anonymization, encryption,

and secure storage.

* Regulatory Approvals : If Gary performs
duties with direct clinical implications—
such as administering medications or
assisting in surgeries—robust regulatory
clearances are required. This process
can take 12-24 months in many regions,

slowing deployment.

« Liability and Accountability : In the event
of a serious error—e.g., delivering the
wrong medication—questions arise
about whether responsibility lies with the
manufacturer, software developer, or the

healthcare facility.

4.3 Acceptance and Workforce Transition

Technophobia and concerns about
job displacement can delay adoption,
even when the technology clearly aids
overworked staff. Studies from the Journal
of Medical Internet Research highlight that
31% of healthcare professionals express

moderate to high apprehension about

robots replacing human roles.

* Change Management : Unlimited Robotics
provides training modules and in-person
workshops to help staff adapt. Early
hospital adoption data reveals that once
staff experience the robot’s capabilities,

initial skepticism drops by 40-50%.

« Patient Education : Transparent
communication about what the robot
can and cannot do fosters trust. Trials
show that patient acceptance increases
significantly when they understand the
robot is there to assist, not to replace,

human caregivers.

5. The Role of Global Partnerships :
Opportunities for Collaboration

Global partnerships can accelerate the
safe and effective integration of humanoid
robots in healthcare. These collaborations
often involve cross-disciplinary teams
spanning industry, academia, and

government sectors.

5.1 Research and Development Consortia

By 2025, the global Al robotics market
is estimated to be worth over USD 70
billion, according to some industry reports.
Forming R&D consortia lets stakeholders
share data, hardware designs, and best
practices, reducing duplication of effort and

speeding innovations.

e Multi-Institution Studies : Unlimited

Robotics participates in joint initiatives
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with universities and startups to test
advanced sensor arrays and low-power Al
chips, aiming to reduce the robot’s power

consumption by 20% within the next year.

* Open-Source Collaboration : Certain
software modules, such as sensor fusion
algorithms or path-planning tools, may be
partially open-sourced to foster a wider

developer ecosystem.

5.2 Academic and Clinical Partnerships

Academic institutions are vital for training
the next generation of roboticists, data
scientists, and clinicians. In return, hospitals
benefit from the cutting-edge research that

these partnerships facilitate.

* Longitudinal Studies : Universities partner
with hospitals to assess the long-term
impact of humanoid robotics on key
metrics like patient length-of-stay, hospital

readmission rates, and staff burnout.

* Curriculum Integration : Medical schools
can include modules on robotics and Al,
helping tomorrow’s doctors, nurses, and
administrators work comfortably with

robotic systems.

5.3 Government and Policy Initiatives

Support from government bodies can
range from funding pilot programs to
establishing “regulatory sandboxes” for
experimenting with healthcare robots in

controlled settings.

BREABUASET

* Economic Incentives : Some governments
offer tax breaks or grants to hospitals
adopting robotics to address labor

shortages or improve care quality.

« Standardization Efforts : Government-
endorsed standards can streamline
approvals for medical robotics, ensuring
consistent safety and performance

benchmarks across regions.

Conclusion

Humanoid robotics in healthcare is no
longer a distant vision—it is a thriving
reality that holds immense potential
to alleviate labor shortages, improve
clinical efficiency, and enhance patient
care. Unlimited Robotics’ Gary serves
as a tangible example, demonstrating
that Al-driven cognition, advanced
perception, and human-like mobility can
successfully converge to tackle real-world
challenges. The data speaks for itself:
from reducing medication errors by up to
15% in certain pilots to cutting patient wait
times by over 20% in busy emergency
departments, Gary’s deployments highlight
the measurable gains that come from

thoughtfully integrated robotics.

Still, formidable challenges remain.
Technical reliability, high regulatory
barriers, and workforce apprehension can
slow adoption. Addressing these requires
a concerted effort. Manufacturers must

refine their hardware for higher durability;

researchers must push Al towards
more context-aware and safety-critical
capabilities; policymakers need to create
supportive yet rigorous frameworks; and
healthcare providers must remain open to
change, backed by transparent data and

training.

At the heart of this transformation
lies global collaboration. By forging
alliances that cut across national and
disciplinary boundaries, stakeholders can
pool knowledge and resources to drive
innovation forward responsibly. Initiatives
that combine clinical expertise, academic
research, and industrial know-how are
already paving the way for safer, more
efficient, and more humane healthcare
systems—systems in which robots like Gary
are not mere tools but trusted partners in

delivering care.

:
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This is the promise and challenge of
humanoid robotics in healthcare: to strike
the right balance between technological
prowess and human empathy, delivering
solutions that tangibly elevate both patient
experiences and clinical outcomes. With
ongoing research, robust partnerships,
and a commitment to evidence-based
deployments, the future of humanoid
robotics stands poised to reshape

healthcare as we know it—and for the

P

better.
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As the chief technology officer at PAL
Robotics, my role is to anticipate the
direction of innovation and to build robots
that lead the way. Leading our Legged
business unit, my focus is to make
humanoid robots practical and viable for
the market, which expects them to be
cheap, robust, safe, and accepted. Keeping
up with the competition is part of this role,
but it’'s becoming more challenging as
new humanoids are introduced every few
weeks—it’s hard even to keep track of their

names.

BEAE LA

By Luca Marchionni, CTO of PAL Robotics

Companies like Boston Dynamics, Tesla,
Agility Robotics, and Unitree are hinting
that bipeds are getting ready for real-world
tasks. It has become trendy — and a sign
of technological power— to have your own
humanoid, and they all need to be smarter,
stronger, and more capable than ever.
Some of the arguments used to justify this

boom are :

« Humanoids are versatile and they can

solve many of the tasks that aren’t yet

automatized

e Human form is the most suitable for a

world that is built for humans

« Humanoid robots can learn faster and
better from human demonstrations than

specialized industrial robots

The global market for humanoid is set
to grow sharply, from $2.9 billion in 2023
to $46.3 billion by 2031, with an increase
of 48.6% per year, according to Coherent
Market Insights. It’s unprecedented. But
the big question is : will this growth last?
Can humanoid robots prove their value in

the long run?

At PAL Robotics we are working towards
this goal, and we have been commercializing
humanoid robots for more than 15 years.
Our goal is to provide our customers with

an ecosystem that allows them to develop

nnnnnnnn

100% Torque 6 axis
ROS Controlled FT Sensors
ankle/ wrists
6Kg 32 EtherCAT =~ ﬁ
Payload Actuated control loop
perarm DoF 2kHz
175¢cm 95kg 3 hours
Height Weight Autonomy

and integrate their algorithms and software
solutions. We feel proud to have our robots
used to train new generations of roboticists,
and for that our choice to work with open-
source tools and libraries such as ROS has

great added value.

A significant part of our success lies in
our commitment to open-source technology.
Ros control is the framework we use for
real-time control, and it originated from the
effort of making generic and robot agnostic
hardware controllers. We were amongst the
first in adopting it and integrating Movelt
and ROS navigation stack on both wheeled

and legged platforms.

Our robots’ kinematic and dynamic models,
along with simulation tools like Gazebo,
MuJoCo, and Isaac Lab, provide a foundation

for high-level robotics programming and

development.
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Most of the complex behaviors of our

robots, such as locomotion, manipulation,
balance and jumping make use of Whole-
Body Inverse Dynamics algorithms with
joint torque control, which allows them to
adapt and be compliant with objects and
people. This is an important remark, as
humanoid robots are not anchored to the
floor: they can slip, collide with obstacles
and fall. Interaction forces need to be

controlled.

A torque-controlled robot that has
been developed in collaboration with
LAAS-CNRS and Airbus to explore the
use of humanoid robots in the aircraft
manufacturing industry. It is a powerful

machine which requirements were :

e EtherCAT communication for fast and

precise control of actuators
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Our latest biped robot available as a
research platform was designed to be
agile and resistant to impacts. Its unique
leg architecture places all actuators in
the base, using closed kinematic chains
to drive the joints. This lightweight design
greatly improves power efficiency and
enhances stability by minimizing impact

forces during ground contact.

Kangaroo’s actuators are equipped
with custom force sensors, and its control
approach combines Model-Based Control
algorithms with cutting-edge Reinforcement

Learning (RL) techniques. By training

RL algorithms in simulation with GPU
acceleration, we’re able to create robust
controllers, accelerate development cycles,

and push the robot’s hardware to its limits.

Talos, Kangaroo, and TIAGo Pro were

big highlights at the Humanoids 2024

100% 40kg Torque
ROS Weight Controlled
64 12 EtherCAT
Passive Actuated Controlloop
DoF DoF 2kHz

160 cm Force 3 hours
Height sensors Autonomy

eachactuator

IEEE Conference in Nancy, France. The
IEEE-RAS International Conference on
Humanoid Robots is an annual event that
brings together researchers and industry
leaders to discuss advancements in
humanoid robotics, covering areas such
as mechatronics, control, perception, and

human-robot interaction.
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At Pollen Robotics, design is at the heart
of our approach. When we create a robot,
we take special care of the interaction, the
emotion and expressiveness. To us, this
is key to leverage a natural and fruitful
human-robot interaction and collaboration
as it makes the whole process natural, easy
to apprehend, efficient, but also better for
acceptance. No-one will use social robots if
the interaction feels awkward or is hard to

understand.

This is obviously a very broad and
complex topic; however, we have always
followed one guideline: to get inspiration

from living creatures. By this | mean

BEEABM AT

Since we introduced Reach about a year ago (beginning of 2020), its design
has always been the center of all the attention. People find it expressive, cute
and full of emotions. They are eager to interact with it. They instantaneously
personalize the robot. They don’t need any user instructions to understand what

the robot is doing, what the interaction is about.

Orbita is
turning
heads...

literally

@ Pollen Robotics

studying how they interact with their
environment and extracting the essence of
what makes it work so well. Note that we're
not trying to directly imitate it, it would be
an impossible task as it is too complex, and

we would probably miss what’s important.

This above statement most likely feels
really abstract to you right now. Let me
illustrate it with a very tangible example :
how we designed Reachy’s neck based

on the Orbita actuator.

Figure 1. The first head of reachy, based on a pan-tilt system.

The need for a specifically
designed robotic neck

The classical Pan-Tilt system

The first solution we developed for
Reachy’s neck was a pan-tilt system. This
is a very common solution for robotic necks

as it is easy to integrate and to use.

Pan-tilt systems have 2 rotations that
roboticists call degrees of freedom (usually
noted 2-DOFs). Each of these rotations are
actuated by a single motor. This allows the
head to rotate from left to right and from top
to bottom. Combining these rotations gives
the robot the ability to look around itself.
The two motors are typically placed one
after the other as a serial system, which is
quite simple to control and to integrate into

a robot.

But while being simple to design,
produce and control, this system has some
significant limitations. To understand them,
as | promised in the introduction, we will
go back to studying the neck of a living

creature.

Keep the head straight

First, this may not be obvious if you
never thought about this, but the main
role of the neck is to always maintain
our head straight. Having a stable head
is a critical feature, selected by years and
years of evolution. This plays a key role, in
locomotion, visual flow and tracking (how
predators assess praise for instance). The
commercial below illustrates how amazingly
good some animals are at stabilizing their

head :

A pan-tilt is ok if your body doesn’t really
move. But when it does, you need that
third degree of freedom to make sure

your head stays horizontal!

For the moment, our robot Reachy
doesn’t have locomotion capacities,
however we plan to add such features
soon. On top of that, it is important to note
the purpose of the neck is not only for

maintaining the head horizontal...
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Communication and conveying
emotions

As you can now gather, species
evolution has designed us humans with
a 3D-actuated neck for vision purposes.
On top of that, we developed further
critical uses for this neck. Our head and
its orientation play a central role in
communicating and conveying emotions.
Our face (eyes, mouth, eyebrows) already
conveys most of it, but our head itself
is also important. Sure, we would also
understand the meaning of &7 if the head
was straight, but the tilt makes it much

more impactful.

Some of the expressions conveyed by
our neck can be reproduced by a pan-
tilt system. But they often fail to look
natural, realistic and aesthetic. To go
even further, there are moves that we,
humans, often do and that are simply

impossible to operate with a 2-dof neck.

The head bending left can mean
empathy, sweetness and sometimes
seduction; bending right, it can mean

questioning or disagreement, etc...

BEEABM AT

Figure 2. Tell me this does not convey emotion.

These are examples of rotations on one
axis, but conveying any emotion usually
remains more complex and implies all 3

rotations at once.

That was the main drive for us to design
Orbita : we need the 3 degrees of freedom
of a human neck to allow Reachy to

display a full range of emotions.

What is Orbita?

As we explained above, for our neck,
we need those 3 degrees of freedom.
So, to actuate this 3-DOF joint, we need
3 motors. Moreover, we don’t want a
slow or insufficiently accurate neck for a
head supposed to track objects, glance at
several people and that for a long moment.
What we want is a fast, strong actuator,

with smooth and clean trajectories.

On many robots, the 3 degrees of
freedom are given by serial systems
composed of 3 motors placed one after the

other. We first thought about this solution,

but we noticed that it leads to three main

issues :

* The three rotations are not on the same
point in 3D space, and they will offset
one another. This is not equivalent to how
the human body moves and can lead to
situations where rotations are not made

simultaneously and thus look awkward.

» Gimbal Lock phenomenon can be observed
by combining some rotations, which makes

us lose one DOF.

» Placing 3 motors one after the other is not
efficient at all since the first motor must
carry the two others. Plus, the system

gets bulky and doesn’t look elegant...

After this observation, we chose the
alternative: we placed the motors next to
another to make them work together, so
that the rotations are combined in only one
motor, at the same point in 3D space. No
more shift between the motors, no more

motors carrying the others. This is called

a parallel system and also, it’'s more
powerful and accurate than serial systems,
it is much more complex to design and

control...

At Pollen Robotics, we love mind-blowing
systems that show simple yet beautiful
design. So, a neck with a 3-DOF serial
system was not going to do the job of
making Reachy look pretty and would even
limit the span of its expressions! Turns out,
a parallel and compact system would be
much more aesthetically pleasing to see
and an exciting challenge to design and

control.

Figure 3. Current design of our Orbita joint.
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Since no such actuator is commercially
available today and existing ones (like the
Parloma Wrist or these marine propulsor)
are still in prototyping stage (and not
compact enough to suit Reachy anyway),
we created our own mechanical structure

and control method!

How does Orbita work?

The mechanism of Orbita is based on
three motors simultaneously actuating 3

disks.

The disks are cylindrical parts with
bearings inside to roll well one on the
other. They also have a gear included that
controls motor speed and torque through
a pinion. Then, arms are connected to the
disks to transmit the rotation to the end
effector through three connecting points.
The end effector could be a head, a hand
or anything you want, as long as it has 3
threaded holes to connect Orbita’s arms on

it.

To sum up : the motors make the disks
rotate, then the disks make the arms rotate

to actuate an end-effector.

94 AIR% BUEHBHLHEIENT

The particularity of Orbita compared
to other comparable actuators is that the
gears are inside the mechanism and not
outside. Thus, Orbita is more compact,
independent of the external elements and

can be placed anywhere.

Ok, but how do | control this?

Roboticists are used to control robots’
rotations with Euler angles that represent
rotations on the X, Y and Z axis of the
effector’s frame that we call Roll, Pitch and
Yaw (RPY). They are very convenient to
make simple rotations, since each motor
corresponds to one of the RPY rotations.
But they become more complex to use and
visualize when we need to compute several

rotations at the same time.

To simplify the computation of the
rotations of Orbita’s effector, we made
a control method based on another

mathematical tool which is the quaternion.

A quaternion is a mathematical
representation of the rotation of a certain
angle around a certain vector, using only
the vector’s 3D coordinates and rotation

angle.

Rotation axis

Rotation angle

Quaternions can be described with the
next mathematical expression :

q=w+xi+yj+zk

w, X, y and z parameters are calculated
from the axis V = (a, b, ¢) which is a vector

and the angle of rotation o on this axis as

follows :
w = cos(a/2)
) x=sin(a/2) xa
1= y = sin(a/2) x b

z = sin(a/2) % c

Then, the coordinates of each basis
vector (X, Y, Z) of the effector’s frame after
the rotation can be easily obtained by a
simple quaternion multiplication. See the

example below with the X axis :
/I —1
X =qgxXxq

You may have noticed that quaternions
look like complex numbers with 3
imaginary numbers. But fear not, there is

an explanation for that. With a complex

number, you can make a vector rotate on
a 2D plan, while quarrels allow a rotation
in 3D space plus a rotation on the vector’s

axis.

Quaternions are very convenient
because they allow us to simply compose
several rotations as one (thanks to the
multiplication associativity). They also avoid

annoying phenomena like gimbal lock.

Visual servoing

The 3DOFs combined with this powerful
representation allows very simple yet powerful

3D visual servoing.

Let’'s assume you want Reachy to gaze,
and eye follow an object and that you are
able to get the 3D position over time (x, y,

z).

All you need to do is to compute the
quaternion needed to make the X vector
(the X axis corresponds to the forward
arrow) point toward X’= (x, y, z). It can be

done as follows :

V=XAX
a = arccos(X - X')

What now?

With Orbita, Reachy can see everything
that a pan-tilt neck would allow him to
see and much more! Its neck is powerful

and accurate so that we can control the
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head’s orientation in the 3 dimensions
without having a hard time moving quickly
or targeting a precise position in space.
In addition, the design of Orbita offers a
sophisticated and elegant appearance to
Reachy that attracts people and invite them

to interact.

Orbita is not just a 3-DOFs actuator used
for its dynamical performance, even if it's
already a great breakthrough. Used as a
neck, it leverages the design of realistic
and expressive head motions that improve

user experience with Reachy.

It is likely that the same features would
prove useful placed on other articulations
of the robot. For instance, when humans
speak to communicate, they also move
their hands in very complex and meaningful
ways. For this reason, we have already
experienced Orbita as a wrist. We are also
looking into using a more powerful version
of Orbita to actuate the shoulder. These
improvements would further enhance the
realism of Reachy’s motion, its dynamic

performance and, of course, its loveliness.

About Pollen Robotics
We build accessible and open-source

technology for the real world.

For new technology to have a positive

impact, transparency and cooperation

BEAE LA

matter. Back in 2013, we started with
Poppy, the first 3D printed open-source
humanoid robot and since then, we have
been dedicated to creating open-source,
open science and open data products. We
work with scientists, artists and innovators
to explore usages and make the robotics

revolution an opportunity for everyone.

(This article is reprinted from Medium —
Pollen Robotics : "Orbita is turning heads,
literally", originally published on 2020.Dec
18.)
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