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Miqus

Quality in motion
Qualisys provides tools that reveal the secrets of motion
in minute detail. The resulting data can be analyzed and
used by professionals in research, healthcare, sports,
engineering and other fields. The end result is deeper
knowledge, improved quality of life, better performance,
higher profits or more efficient technology, depending
on the application.
In this brochure we are proud to present the wide
variety of use of our products directly from our
customers.
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MARINTEK

Marine research
and development
Norwegian Marine Technology Research Institute – MARINTEK
– performs research, development and research-based advisory
services in the maritime sector for companies in the field of marine
technology.
MARINTEK also develops and verifies technological solutions for the shipping
and marine equipment industries, for offshore petroleum production and
renewable energy. The company is a member of the SINTEF Group and its
headquarters are in Trondheim, Norway, with subsidiaries in Houston/Texas, USA
and Rio de Janeiro, Brazil.

SHIP TECHNOLOGY
The Ship technology department performs classical research services for the
shipping industry, for example hull form design, resistance and propulsion,
seakeeping, maneuvering and thruster investigations. Both state-of-the-art
laboratories and analytical tools are applied to all aspects of their research. The
Towing Tank was established in 1939. Since then 3000 ship models have been
built and tested. During these 70+ years of research and testing, billions of
dollars have been saved in reduction of fuel costs and prevention of accidents
through safer designs. Today, comfort, high regularity and safety in operation
have been given the highest priority in design and operation of ships. Some of
the advanced calm water model tests performed are resistance and propulsion
tests, and in waves, sea-keeping tests, maneuvering tests, and autopilot and ride
control systems.
OFFSHORE HYDRODYNAMICS
The department performs tests and investigations of moored and DP-positioned
floating production systems and offshore loading systems and quays. The
department is also involved in all type of operations at sea that involve human
factors, several floating objects, crane operations, deep water operations etc.
Their services include operability studies, verifications, and risk and safety
investigations.
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SYSTEM SETUP – OCEAN LAB
• 80 X 50 X 10 meters
• 27 Oqus cameras in four camera banks
• Multidirectional wave generator
SYSTEM SETUP – TOWING TANK
• 260 X 10 X 10 meters
• 12 Oqus cameras

Model testing is an important step
in the process of designing ships and
other marine structures. The Ocean
Basin laboratory was tailor-made for
testing stationary offshore structures;
both bottom fixed platforms and floating
anchored vessels. The department has
more than 25 years of experience testing
a wide range of structures, from large
gravity-base concrete platforms
to semisubmersibles, spar buoys and
floating hoses, in model scales ranging
from 1/40 to 1/150 in water depths from
30 m to 1200 m.
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SYSTEM SETUP
• 12 Oqus cameras
• 2 AMTI force plates
• 8 channel MEGA wireless EMG
OTHER EQUIPMENT
• Cardiopulmonary system Cortex
MetaLyzer 3B
• Biodex Isokinetic Dynamometer
• Oversize treadmill
BIONEX 2440x3060 mm
• Biodex Isokinetic Dynamometer
• Cycle and rowing ergometers
• Wireless EEG system
• 3D body scanning ANTHRSCAN
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Russian Federation

Federal Training
Sport Center
A specialized scientific laboratory was set up by the Ministry of
Sport, Tourism and Youth Policy of the Russian Federation in
order to help Russian athletes prepare for the Winter Olympic
games 2014 in Sochi.
THE SOCHI OLYMPIC ATHLETES TESTING LABORATORY
Top Russian athletes, candidates for National Olympic teams 2014, underwent
advanced testing in the laboratory on a regular basis. The laboratory is located
in close proximity to the Sochi Olympic facilities. It is divided into four sections
specifically designed for strength, biomechanics, physiology, and coordination
abilities testing, as well as anthropometric examination.
The laboratory is fully equipped with advanced state-of-the-art equipment
for 3D data collection and analysis providing the means for evaluating the
physical condition of top athletes. The 12 Oqus cameras can be split in two
separate systems that can be easily relocated and used on various sport
competition sites both indoors and outdoors.

SPORT BIOMECHANICS AND PHYSIOLOGY TESTING
Researchers and coaches are collaborated to develop specific test programs
for cyclic sports and complex coordination sports, such as freestyle skiing and
snowboarding. The technology of advanced testing includes biomechanical
analysis of athletes’ movements in different sports, estimation of work capacity
and efficiency, and calculation of optimal training loads in the most appropriate
velocity range and with proper joint angles. This data is later used for revision
and adjustment of training plans for development of essential motor qualities.

“The work in the laboratory is based on complex estimation of
the athlete’s condition including its biomechanical, physiological,
and biochemical aspects. Providing coaches with full information
about current athletes’ condition will help them to better prepare
for successful performance at the Olympics 2014.”
Professor Mikhail Shestakov
Federal Training Sport Center in Sochi, Russia.
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Swedish University of Agricultural Sciences

Movement Laboratory
Equipped with the most advanced motion capture
technology available to the world of veterinary medicine,
the Canine Movement Laboratory at the Swedish
University of Agricultural Sciences continues
to push boundaries in canine research.
MOTION CAPTURE
The use of motion capture to study human movement, whether in
a gait laboratory or at a sports arena, is nothing new to our
industry. Equine locomotion researchers have utilized motion
capture technology since the 70’s. But what about our smaller,
four-footed friends?
Many dog-owners have probably asked themselves one time or
another; is that a slight limp there, is my dog in pain? It can be hard
to judge sometimes by simply looking. And worse yet, truly
locating a problem is often harder than it seems. What may be
identified as a back pain may actually be the result of a hockrelated problem.

THE LOCOMOTION LAB
The SLU Canine Movement Laboratory, part of the Department
of Clinical Sciences and the University Animal Hospital, is run
by veterinarian and movement researcher Pia Gustås, professor
Anne‑Sofie Lagerstedt, and veterinary medicine physiotherapist
Kjerstin Pettersson. The laboratory is the very first of its kind in
Europe.
In the laboratory, dogs get their share of daily exercise on a
treadmill, whilst having their movements recorded by eight

6

Oqus 300 cameras. A Kistler Walkway force plate provides force
data from each paw. Combined with the motion data, researchers
are given sufficient information to correctly locate problems and
make an objective assessment of the dog.

“One key interest at the SLU lab is to evaluate which
treatment, whether it is a certain orthopedic surgical
procedure or physiotherapy, is the better choice for
different injuries and/or movement disorders.”
Pia Gustås
Senior lecturer, veterinarian and movement researcher.

STUDIES
One recent study compares two different methods of surgery used
when treating cruciate ligament disorders. Another main research
area is the study of healthy and unhealthy angulation in different
dog breeds. Some breeds have over- or under-angulated joints.
What are the biomechanical consequences of sickle-hock in the
German Shepherd breed? How much angulation is needed for
functional efficiency and what level of angulation is harmful to the
dog? These are the types of questions that the SLU movement lab
are seeking to provide answers to.
It is not just pathological movement patterns that are being
recorded in the SLU lab. In a large-scale project that started back
in 2007 (with the ProReflex system), normative data from dogs
with a normal healthy gait is being collected and used to aid the
research of unhealthy dogs.

SYSTEM SETUP
• 8 Oqus cameras
• 1 Kistler force plate
• Treadmill
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Analyz3d

Analyze the entire
locomotor system
Analyz3d by Dr. Tobias Hein offers clinical-biomechanical
movement analyses, consulting for scientific research projects
as well as seminars and lectures.
Currently, the focus lies on the Analyz3d – Running Analysis Concept which
combines clinical-functional testing methods and 2D/3D movement analyses of
the entire locomotor system.
Deficits or asymmetries in joint flexibility, muscular mobility and strength as
well as in individual running style can be detected. Based on the test results,
individual training recommendations will be created in order to minimize the
risk of generating injuries, to improve running technique, and to increase the
individual performance ability. During the upcoming years, biomechanical
movement analyses within biking and golf will be implemented in the company’s
portfolio.
The Project Automated Framework (QBE running engine) with the online
web report gives the facility the opportunity to make the complex results
comprehensible for the athletes. Furthermore, the possibility of being able to
switch between the 3D marker mode and the 2D video mode leads to a perfect
usage of the camera system.
The 2D high speed video analysis helps athletes understand the deficits within their
own biomechanics of the locomotor system. Other features such as the 3D videos,
explanations and pictures included in the web report and the possibility to create
individual training plans with videos offer a perfect clinical-biomechanical running
analysis.

“During my PhD and position as a researcher within the field of
clinical biomechanics, I was focusing on movement analyses and
the development of injuries, especially in running and track and
field. I knew that this is what I want to do… help athletes staying
injury-free and improve their performance.”
Dr. Tobias Hein
Analyz3d
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SYSTEM SETUP
• 8 Oqus 3+ cameras
• 2 Oqus 3+ high-speed cameras
SOFTWARE
• Qualisys Track Manager
• Running Performance (QBE) with
online booking and web report
OTHER EQUIPMENT
• Lode treadmill Valiant Sport 2

Tierklinik Lüsche

SYSTEM SETUP
• 20 Oqus 7+ cameras
• HD video camera
SOFTWARE
• Qualisys Track Manager
• Qhorse – Lameness assessment

Equine biomechanics
Like their slogan, “It is all about the horse...” the team
at Tierklinik Lüsche aims to make sure its clients have
and maintain healthy horses. With a team of specialized
veterinarians, experienced veterinary medical personnel,
grooms and qualified staff ierklinik Lüschedoes
everything necessary to ensure quick assistance and
the best possible care for the horse.
A NEW POSSIBILITY IN EQUINE ORTHOPEDICS
There are many different reasons why a horse is checked into
the clinic for a veterinary check-up. The owner might have
experienced the horse is lame or not performing at its best,
whether it is a leg or a top line problem, or if the horse is about to
be sold and the buyer wants a record that the horse is sound and
physically working as it should.

of the horse during trot. This is done in order to find or exclude the
evidence of weight bearing lameness (does not want to put weight
on a leg). Some asymmetries in the trunk and head movement of
the horse during trot are directly related to this type of lameness.
After the complete assessment of the horse, flexion tests and
diagnostic blocks can also be analyzed with the system.
Diagnostic imaging and treatment will be the next steps.

“The system not only points out the lame leg, it
also provides us the kind of lameness (push off or
impact). For top line problems, it gives information
about the range of motion in the neck, back, and
pelvis.”
Dr. Jan-Hein Swagemakers

In all cases the horse might be evaluated. As a part of the
evaluation the clinician visually assesses the movement patterns
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The FourMs lab in Oslo, Norway recently
installed a complete motion capture system consisting of a nine-camera Oqus
300 system, a MEGA ME6000 Wireless
EMG, and a 200 fps color Point Grey
camera. The system will stream data in
real-time through an OSC protocol via
UDP/IP to MAX/MSP/Jitter software and
synchronize through a MOTU time piece
allowing synchronous playback of analog,
motion, video, and audio data.
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FourMs

Music, mind
motion machines
How do we experience music? How does body movement guide our
cognition? How can knowledge about movement and sound create
better technologies?
These are questions that interest researchers working in the interdisciplinary
research group FourMs.
FourMs is a collaborative laboratory shared between research groups within
the Department of Informatics and the Department of Musicology at the
University of Oslo. This collaborative research focuses on music cognition,
sensor technologies, and machine learning. The common denominator is the
mutual interest in studying both humans and machines as complex systems,
and to analyze and synthesize such systems. Due to several large grants the
lab has recently been expanded with state-of-the-art equipment including
a Qualisys motion capture system.
The researchers in the FourMs lab use the Qualisys system in various ways. The
system is used to analyze the movements of performing musicians which gives
valuable information on how musicians need to move to be able to create certain
sounds. It is useful to obtain general knowledge about musicians’ movements,
and sometimes comes down to preventing injuries and muscle strain due to poor
playing technique. By analyzing how people move to music, both professional
dancers and novices, the researchers investigate how music is perceived by hu
mans.
The Qualisys system is also used to develop new controllers for musical
interaction. In real-time, the system tracks hand-held devices and full body
movement. Data is sent via Open Sound Control. The motion capture data
is used to both generate and to control sound in a setup that provides good
framework for developing new ways of performing music.
� Pianist, William Westney, at a workshop in the FourMs lab. William Westney holds a Doctor of
Musical Arts degree from the Yale University School of Music, and is an accomplished pianist
with performances all over the world.

11

Penn State University

Golf analysis
Fix a slice, lengthen a drive, improve ball striking consistency or
turn a bogey into a par with fewer strokes on the putting green –
there are countless ways to improve a golf game. Penn State’s Golf
Teaching and Research Center (GTRC) can easily pinpoint errors
that occur in a golfer’s swing.
GOLF TEACHING AND RESEARCH CENTER
Designed to advance golf research and instruction, the GTRC at Penn State
University is a unique golf teaching and research venture. It provides a
cutting edge, high-quality learning environment for students in the PGA Golf
Management program, part of the Recreation, Park and Tourism Management
undergraduate degree program.
GTRC is equipped with some of the most advanced tools and technologies
available to the golf industry. It offers its students a new perspective on golf
and golf instruction giving them an advantage once they graduate. In addition
to the eight-camera Oqus motion capture system, the GTRC boasts a threedimensional Doppler radar ball-flight machine that predicts the trajectory and
distance of the ball, a putting green, and club-fitting equipment. Being indoors,
practice and learning becomes a year-round possibility.
In addition to player development and instruction, the Penn State Golf Teaching
and Research Center is dedicated to conducting relevant research that focuses
on improving player performance. By combining university resources (PGA Golf
Management program, Department of Kinesiology, and Penn State Athletics)
with golf industry leaders, the Center is able to collaborate on innovative
research projects and product testing.

“The equipment in the Golf Teaching and Research Center is
more advanced than most other teaching institutions right now,
which will give students a real advantage when they graduate.”
Eric Handley
Director of the Golf Teaching and Research Center
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SYSTEM SETUP
• 8 Oqus cameras
• Visual3D Golf Swing analysis software
• 3D Doppler radar ball flight monitor
• 2D video cameras
• Golf club bending machines
• Putter fitting technology
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SYSTEM SETUP
• Miqus M3 cameras
SOFTWARE
• Qualisys Track Manager
• Running Performance with web
report and booking system
OTHER EQUIPMENT
• Treadmill with speeds up to 25 km/h
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ElitRehab

All the way to the finish line
ElitRehab, a sport physiotherapy practice in Gothenburg,
Sweden, uses running analysis with functional screening
and individual training programs to prevent injuries and
enhance performance in endurance athletes.
Martin Yttring, Susanna Milikic, Jonas Hellqvist, and Jonas Svensson
accepted the challenge of becoming “Team ElitRehab” as they perform
screenings, running analyses, and train for the Ironman competition at
the end of the season.

1. SCREENING
The team started by completing functional screening tests at
ElitRehab to evaluate the condition of the body compared to the
demands that would be placed on them during the season.
2. RUNNING ANALYSIS
Salming RunLab, using a Qualisys Sport Performance 3D Running
analysis system, was the project partner and provided support
with the running analyses and training on the equipment. Not
many people have had the chance to view their stride in 3D. In the
analysis software, everything is covered, from how the foot lands
upon impact to how the pelvis rotates when pushing off.

4. COMPETITION
When training at a high level, limits are pushed to deliver the body’s
best performance, which means that there is always a risk of getting
worn out or even injured. However, if the athlete has performed
preventative rehabilitation (prehab),, completed basic and build up
phases of training, and receives proper coaching from someone who
can provide feedback about how the body is managing, it becomes
easier to be confident about the capacity for athletic performance,
allowing the athlete to focus on the right things.

“For me, the screening and the support from
ElitRehab has been very valuable for spotting
my body’s weaknesses. I have gained a better
understanding of what I need to strengthen
in order to stay injury-free. I feel more in control
of my body and also more secure in my training.”
Martin Yttring

3. TRAINING PROGRAM
Based on what we found in the screening and running analysis, all
participants were given individual training programs and each had
a chance to work on improving body balance.
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Ericsson

Drones and haptic
augmented reality
As a part of Ericsson’s research on controlling devices remotely,
the company created a prototype system for controlling drones
using haptic augmented reality. The project turned into an exciting
demonstration and showcase for something that future network
technologies like 5G can enable. The project was shown at the Mobile
World Congress 2016 where it was also demonstrated live on stage by
Ericsson’s CEO.
The idea was to create digital guiding structures for controlling drones or
other devices; a kind of virtual jig that is anchored in the real world, which is
felt physically, remotely, through a control device. This practice, referred to
as, “haptic augmented reality,” can enable one to control a drone and perform
maneuvers that would be virtually impossible if flying freehand. For example, it
is extremely difficult to manually keep a drone in an exact fixed position relative
to another moving object. The ability to simultaneously control the drone and
another tool that is attached to the drone, such as a camera gimbal or a robot
arm, is essentially impossible for one single person to do.
The research project demonstrated how a drone could be used to inspect a wind
turbine blade, while it is rotating; by placing a virtual magnet on the blade and
flying the drone towards it to snap onto the magnet. While attached to the virtual
magnet the pilot can let go of the drone and focus on controlling a camera
instead. What makes this better than using the current techniques of combining
altitude meter, downwards cameras and GPS, is that the virtual magnet can be
attached to a moving object. The magnet could also be shaped, for example, as
a rail along which the drone can travel. The virtual object could also mimic many
other objects, shapes or materials.

“For positioning and tracking we used an Oqus 5+ motion
capture system from Qualisys, who also was an outstanding
technology partner for this project. Without them the project
would never have happened.”
Joakim Formo
Senior Researcher, Strategic Design at Ericsson
Haptic is a very interesting interaction design paradigm for augmented reality as
it taps into our fundamental experience of the physical world. The interaction is
therefore very easily understood without much cognitive effort. Plus, it is fun!
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Photo by Ericsson Strategic Design on flickr, available under a Creative Commons BY-SA 2.0 license.

TECHNOLOGY
The prototype system was designed
and developed in-house at Ericsson
Research, leveraging on a number of
available open source components. The
remote control and haptic feedback
algorithms were developed using the
Robot Operation System (ROS) and
CHAI3D.
The drones used were Crazyflie 2.0
from Bitcraze with induction modules for
charging. For positioning and tracking the
group used an Oqus 5+ motion capture
system from Qualisys. The haptic devices,
aka joysticks, were developed by the
open source project Woodenhaptics,
developed by researchers at KTH and
Stanford University.

SYSTEM SETUP
• Oqus 5+ cameras
SOFTWARE
• Qualisys Track Manager
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ABOUT
• Real-time interaction research
• Virtual vs. real world investigations
• High-performance computing
• Distributed gaming and social
environments
• Multi-person “walk-through” of virtual
buildings and environments
• Education and training in full-scale
virtual environments
• Artistic installations/performances
using multiscreen display and
a 128-speaker system
• Abstract data interaction and
exploration, including bioinformatics,
social networks, transportation,
security, biological and veterinary
science, and more.
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Virginia Tech’s Institute for Creativity, Arts, and Technology

“More than just a media lab…”
Virtual reality (VR) enables many interesting applications
through the use of motion capture such as virtual training
for military purposes, virtual stimuli generation for motor
control research, and virtual design.
Users at Virginia Tech’s Institute for Creativity, Arts, and
Technology (ICAT) took the application of virtual reality and
applied it to human studies in a facility which seemingly exists in
an alternate universe inside The Cube.
The Cube has been able to expose the public to VR Sciences
through its educational innovation by hosting events like the
Virginia Tech Science Festival, and by inviting its students and the
public to immerse themselves in a world of artistic discovery.
Unique in the world, the Cube is a $15 million, four-story
experimental space that allows researchers to collaboratively
explore and interact with fullscale virtual environments, from the
smallest subatomic particle to massive F5 tornadoes, in real time
and through natural movement.
Equipped and operated by the Institute for Creativity, Arts, and
Technology, the Cube is the only facility in the world to combine
these unique technologies in one location.

for sub-millimeter accuracy for biomechanical tracking and
character simulation.

SURROUND VISUALIZATION
The Cube’s newest addition, the Cyclorama, is a cylindrical
projection screen 32 feet in diameter and 16 feet tall that can
accommodate up to 40 people, allowing large audiences to
experience immersive visualizations without the need for headmounted displays.
IMMERSIVE AUDIO
With one of the most advanced sound systems in the world, the
Cube features 148 speakers, including five subwoofers, suspended
from all four levels, offering 360-degree audio capabilities to
deliver a fully immersive experience which can be controlled by
data streamed from Qualisys Track Manager
VIRTUAL REALITY
Create and experience simulated reality first hand and explore
virtual environments using head-mounted displays and tablet
interfaces. Unlike traditional virtual environments, the Cube
allows multi-person collaboration with data visualizations and
sonifications. Qualisys Track Manager streams location and
rotation data of head-mounted displays to rendering computers
for real-time virtual reality immersion.

MOTION CAPTURE
Record or stream the movement of objects or people, including
emotion and interactions, for visitors to naturally walk through
virtual environments. 24 Qualisys Oqus 500+ cameras allow
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NTNU

Underwater robotics
The research on swimming snake robots is an ongoing project
at the Centre for Autonomous Marine Operations and Systems
(NTNU AMOS). Swimming robot manipulators (also referred to as
underwater snake robots) have several promising applications for
underwater exploration, monitoring, surveillance, and inspection.
They therefore bring a promising prospective improving the efficiency and
maneuverability of modern-day underwater vehicles. For instance, these
mechanisms carry significant potential for the inspection of subsea oil and gas
installations. Several research results are obtained with regards to both the
theoretical study and experiments using Mamba, the underwater snake robot, in
order to validate the theoretical findings.
Additionally, experimental results are obtained for different path-following control
approaches, and which verify that the proposed control strategies successfully
steer the robot towards and along the desired path without considering current
effects. In order to make operational robot manipulators a reality in the future,
several control-related tasks should be investigated.
The group has been doing research on snake robotics for over 10 years and now
perform underwater experiments with its newest robot, Mamba. The Qualisys
camera system is used to capture the motion of the robot. The control loop is
closed by feeding the position from the underwater camera system into the
controllers in real-time using the LabVIEW plug-in supplied by Qualisys.

“During our experiments, the camera system from Qualisys
installed in the MC-lab or in the Flume Tank provided precise
real-time measurements of the position and orientation of
the robot using the reflective markers.”
Eleni Kelasidi
VISTA Post Doc researcher affiliated with the AMOS Center
at NTNU in Trondheim

20

SYSTEM SETUP
• 8 Oqus underwater cameras
SOFTWARE
• Qualisys Track Manager with LabVIEW
plug-in
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SYSTEM SETUP
• 9 Oqus 300 cameras
• 3 Oqus 310 cameras
• 3 Oqus 210C video cameras
• 16 ProReflex cameras
OTHER EQUIPMENT
• Kistler and AMTI force plates
• RSscan high-speed plantar
pressure plates
• Bertec split-belt instrumented
treadmill
• Noraxon wireless EMG
• 3 SMI Eye-tracking systems
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Ghent University

Biomechanics and motor control
The Biomechanics and Motor Control of Human
Movement research unit is embedded in the
Department of Movement and Sports Sciences at
Ghent University. It is co-managed by Professor Dirk
De Clercq, Professor Matthieu Lenoir, and Professor
Frederik Deconinck.
The unit consists of two closely collaborating research groups
that investigate the performance, training, and learning of motor
skills in daily life situations and in sports. The research is relevant
to individuals of all ages and physical abilities and involves both
laboratory and field testing.

ADVANCED ANALYSIS
The Biomechanics of Human Movement research group
performs advanced analysis of human movement by combining
kinematic and kinetic measurements, often in combination with
electromyography.
Through a better understanding of the neuromechanical interaction
of the moving body and the environment, the group aims to answer
research questions related to the optimization of learning processes
physical performance, and musculoskeletal loading.
The first line of research, locomotion biomechanics, focuses on the
modulation of impact loading in distance running, determinants
of gait transition, and player-shoe-surface interactions during
fast cutting maneuvers.

A third line of research is involved with developing efficient
exoskeletons that assist human walking in both able bodied and
impaired individuals, by conducting optimization experiments that
enable us to understand how the metabolic cost of walking can be
reduced.
Finally, a sports biomechanical analysis is performed in activities
such as elite high jumping.
The Motor Control of Human Movement research group seeks
to better understand processes involved in the development
and control of skillful human behavior. The research involves
the detailed study of motor competence in order to reveal the
intrinsic (individual) and extrinsic (environmental) factors that
explain differences in competence levels. In order to unravel the
mechanisms of human motor control and the role of sensory
information (visual, auditory, kinesthetic) The group studies
human movement and gaze patterns during various motor tasks
while manipulating sensory feedback. Target populations include
children with obesity, children with movement disorders, typically
developing children, and elite athletes.

“With our research evidence we aim to optimize
motor learning of complex skills, like riding a bike,
and to support elite sports clubs and federations
with structured talent identification.”
Davy Spiessens
Department of Movement and Sports Sciences

Secondly, locomotion-related injury risk factors are determined
and translated to broader intervention studies on primary
prevention of sports injuries.
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Aker Arctic

Icebreaking technology
Aker Arctic Technology, Inc. is an independent company specializing
in development, design, engineering, consulting, and testing services
for ice-going vessels, icebreakers, offshore marine structures, marine
transport solutions, and ports.
Aker Arctic’s past references include 60% of the world’s icebreakers, many
Arctic or Antarctic research vessels, and a large variety of cargo vessels and
concepts for offshore structures. In addition to the design work, Aker Arctic has
performed hundreds of model-scale and full-size tests and has also produced
hundreds of reports and studies of operating and transporting goods from the
Arctic environment in various challenging locations. A portfolio of ice-going ship
designs is available both for ship-owners and shipyards.

AKER ARCTIC AND QUALISYS
Aker Arctic operates a special test facility in Helsinki – the only privately-owned
ice model testing facility in the world. Ice model testing gives crucial information
about the performance and the operational capabilities of the ice-going vessels
and structures. Aker Arctic uses Qualisys Oqus cameras to track the position
and motions of the models iin order to gain precise test results in the difficult
environmental conditions of the ice model basin.
Additionally, the 6-DOF data of the model acquired by the Oqus camera system
can be used to emulate real-time GPS and gyrocompass signals in model scale in
order to provide position and altitude reference. A control computer uses these
signals to automatically adjust the propulsion of the model for a desired reaction.
This is essential for example in dynamic positioning tests.
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GANGLABO

The Clinical Gait
Lab Antwerp
The Clinical Gait Lab Antwerp is situated in a rehabilitation center
for disabled children. In our laboratory we focus on children with
cerebral palsy from 2 years to adolescence.
Objectivation of the pathological gait, as well as clinical assessment, gives
evidence for therapeutic interventions at the right moment: botulinum toxin
infiltration, surgery, orthosis, physical therapy.
Quantitative gait analysis documents the outcome of these interventions and
helps us to improve treatment in the future. Adequate treatment helps children
with cerebral palsy to maintain mobility and develop motor skills to the full.
Prevention and limitation of complications that come with cerebral palsy is also
an important topic. Gait analysis helps to achieve these goals.

“Our challenge is to get high quality
3D data even in very young children.
This requires a lot of patience,
flexibility, and professionalism.”
Sophie Timmermans
GANGLABO
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ABOUT
Thanks to the Unity3D plug-in, the
gaming application starts easily by
connecting Qualisys Track Manager to
the server and then allowing the players
to connect to QTM and receive the
correct rigid bodies.
The De VR Arcade Unity3D server
handles player networking and QTM
provides coordinates for the players’
headsets and weapons. This saved time
building the required code from scratch
and it meant there was no need to
worry about the complicated math
that goes into the calculations QTM
does for the user.
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De VR Arcade

Next-level virtual
reality gaming
At De VR Arcade in Amsterdam, developers wanted to build a
virtual reality (VR) experience that would be unlike any other. The
group gathered technologies from multiple vendors and combined
them into one unique experience. Their game, Apocalypse, lets
players walk around freely in a large environment. In that large
space, they face a relentless horde of zombies and fight their way
through the game.
The essential feature that makes it all work is the way players can actually walk
around in VR. Basic, consumer-grade VR does not offer a large area to walk
around in. Players lose their sense of immersion as soon as they feel the cord
of the headset, which makes them aware that there is no more space available.
When players walk around in Apocalypse, they can actually let themselves
believe they are somewhere else.
A great deal of the game’s functionality in the system depends upon Qualisys. By
using the Miqus camera system, players can be tracked in real-time and placed
into the virtual environment. The system allows players to bunch up when they
are scared and lets players run around to escape from the zombies avoiding any
technical problem that would otherwise exist.

“It took us a while to find a system that could manage tracking
eight players precisely and reliably. Thankfully, Qualisys’
combination of a tried and tested motion capture system with
a ready-to-use Unity3D plug-in meant that we could have a
working solution without building a complicated custom system.
We had our game working with the Qualisys system in no time
and the performance is incredible!”
Nienke Cusell
PR and Hospitality Manager, De VR Arcade
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Rehazenter Luxembourg

Stationary and ambulatory care
The first mission of the Centre National de Rééducation
Fonctionnelle et de Réadaptation, Rehazenter, is to
deliver stationary and ambulatory care to disabled
people as well as functional re-education and
rehabilitation.
Within the Rehazenter, the Laboratoire d’Analyse du Mouvement
et de la Posture (LAMP) is dedicated to the quantitative evaluation
of movements, and more particularly walking. Through kinematic
analysis using force plates and electromyography, the diagnosis
can be refined and treatments evaluated.
The strength of the LAMP is based on its multidisciplinary team. It
is composed of two doctors in physical medicine and rehabilitation,
two physiotherapists, and two biomechanical engineers. This
combination of medical, paramedical, and biomechanical
engineering skills allows the LAMP to explore the complexity of
human movement with different and complementary perspectives
and, thus, carry out relevant explorations and interpretations.
The clinical activity of the lab relies on the achievement of clinical
gait analyses in neurologic and orthopedic patients with gait
abnormalities. More specifically, The team has developed expertise
in specific applications.
Finewire EMG explorations are regularly performed to investigate
the activity of deep muscles or to avoid crosstalk-related noise
when a precise measure is needed. One common application is
spasticity assessment during a movement.
Nerve blocks are also common in clinical activity. They are used to
emulate the effect of potential BTX-A injection or selective motor
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branch neurotomy. A CGA is then performed before and after
nerve block to highlight improvements or degradations in gait
pattern.
Ultrasound explorations are also used in both applications to
ensure a high quality and secured exploration achievement. But
ultrasound is also synchronized to our motion capture system to
define virtual markers based on ultrasound images.
The research activity of the lab is relevant to clinical practice,
aiming to improve measurements accuracy, to better understand
movement disorders and their consequences, and to evaluate
treatments or assistive devices. Currently, the research is mainly
directed towards the exploration of normal gait but also towards
the development and validation of musculoskeletal models. Several
clinical research projects have also been initiated to improve the
evaluation and treatment of motor impairments in stroke patients,
and to analyze the functional impact of new technologies for gait
rehabilitation regarding both cerebral and functional aspects.

“Our expertise is currently focused on gait deviations
related to the lower limbs during gait. Thanks to the
flexibility and the precision of our Qualisys system,
we are now developing a new clinical activity to
investigate the impact of foot impairments and their
related treatments on foot mobility during gait.”
Dr. Florent Moissenet
Mechanical Engineering, Rehabilitation Medicine PhD

SYSTEM SETUP
• 10 Oqus 3+ cameras
• 2 Oqus video cameras
• Noraxon wireless EMG probes
• AMTI 2 force plates
• Telemed ClarUS EXT-1M ultrasound
system
• Cosmed Quark spirometer
• Arsalis instrumented treadmill
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University of Jyväskylä

React and
engage with music
The JYU Music and Motion Lab at the University of Jyväskylä is a
multidisciplinary lab facility, dedicated mainly to movement research
of movement in music-related activities. Such activities range from
music making to listening and dancing to rehabilitative applications
in music therapy.
The group investigates how people spontaneously react to and engage with
music when they are asked to listen and move. Results prove that they have not
only embody various features of the music and musical structure itself, but that
factors such as emotions, mood, and personality play a role in shaping people’s
movements to music. Furthermore, synchronization – or beat attuning – abilities
differ among people.

TRAINING MOVEMENT WITH MUSIC
Recently, the lab has stated to explore how people may entrain their movements
to each other while dancing to different types of music. They look at the effects
of shared musical preferences, musical genre, personality, and trait empathy on
these interactions. The lab also studies movement in music performance. Studies
range from investigating how musicians convey expressivity and emotions via
how they play together with other musicians and synchronize their movements
to reach desired musical outcomes. Additionally, aspects of music therapy are
revealed through the exploration of the body and movement. An ongoing study
explores the effects of active music therapy and music making on rehabilitation
and recovery of motor function after a stroke.

“We use our Qualisys system to investigate music-related
movement in order to understand how people bodily respond
to and interact with music.”
Birgitta Burger
Postdoctoral researcher at Finnish Centre for Interdisciplinary Music Research

30

CAMERA SYSTEM
• 12 Qualisys Oqus 5+ cameras
• Qualisys Track Manager using the
OSC protocol
ADDITIONAL EQUIPMENT
• 4 Sony video cameras
• Professional sound recording
possibilities (Protools, Genelec
speaker system, various types of
microphones, etc.)
• Ergoneers Dikablis Essential
Eye Tracking Glasses
• Enobio 8 wireless EEG
• FirstBeat Bodyguard 2 (Heart
rate variability)
• NeXus 10 BioTrace Biofeedback,
Neurofeedback and Physiological
Monitoring (Skin Conductance,
EMG/EEG/EKG/EOG)
• MEGA EMG
• MATLAB for post-processing

Cardiff University

Combining brain activity and movements
The first system in the world that was able to measure
observation of head movements during a scan which can
both finger and arm movements outside an MRI scanner then be compensated for.
and on parts of the human body lying inside the bore
of the scanner, resides at Cardiff University School of
“We are developing functional and structural
Engineering in Wales” before closing the paragraph.
imaging techniques to determine markers of
joint degeneration and response to treatment
TM
The Oqus MRI system is designed for use inside an MRI room to
for osteoarthritis research. Our goal is to use MR
Imaging and motion capture to understand the
operate next to the scanner without causing any interference. The
displacement of the supporting structures in human
unique setup at Cardiff University, with cameras both in the front
joints under physiological loading and the effects
and back of the scanner room, gives the research groups more
of loading of the joints on pain and inflammation by
flexibility than the standard setup with cameras only in front of the
imaging the brain.”
scanner.
This setup means that, in addition to measurements outside of
the bore, it is now also possible to measure movements inside
the bore, such as knee or foot movement. The setup also enables

Dr. Cathy Holt
ARUKBBC, Cardiff School of Engineering, Cardiff University.

SYSTEM SETUP
• 8 Oqus MRITM cameras
MRI SYSTEM
• 3.5 Tesla MRI
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CAMERA SYSTEM
• 17 Oqus 7+ cameras
• Qualisys Track Manager
• MATLAB
• Simulink
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Norwegian Motion Laboratory

Motion compensation
Norwegian Motion Laboratory has been established
in collaboration with the Research Council of Norway,
the Norwegian Centre for Offshore Wind Energy
(NORCOWE), and the University of Agder (UiA) and
officially opened in 2013. The laboratory is located at
UiA, Campus Grimstad, Norway, approximately 3.5 hours
by car southwest of Oslo.

compensation accuracy, which is determined by calculating the
relative error of the position and orientation of the handled object
from reference values. With the motion capture system installed
in the Motion-Lab, which consists of 17 Oqus 700+ cameras
that provide the full coverage of the lab space, it is no longer a
demanding task anymore, as the complete 6DOF information
about the transferred payload is immediately available.

In the main part of the laboratory stands two six-legged robots,
referred to as hexapods or Steward platforms, which can simulate
wave motions and two vessels floating in seawater. Additionally,
the lab is equipped with an industrial robot that imitates a crane
installed on one of the vessels, laser trackers to measure position
and orientation of the handled objects, and a Qualisys motion
capture system.

Additionally, other types of experiments typically performed in the
laboratory include:

The fundamental research carried out in the Motion-Lab is
currently centered around the topics related to the so-called
vessel-to-vessel motion compensation, as part of the SFI Offshore
Mechatronics project. In marine applications, it is often necessary
to transfer loads between two ships, between a ship and a wind
turbine (fixed or floating), or lower a piece of equipment to
the seabed. Typically, these operations require a highly-skilled
operator who would be able to control the ship deck machinery
in a smooth and undisturbed way despite the presence of waveinduced movements.
Therefore, the goal is to study various strategies for removing the
sea motion from the handled object and to develop a framework
to help human personnel execute payload transfer operations in
harsh offshore conditions as safely and efficiently as possible. This
research can be carried out in the cozy interior of the lab before
performing the experiments in a real offshore environment.
One of the key challenges encountered during motion
compensation experiments is the assessment of the

•

Testing of active heave compensation (AHC) systems

•

Third-party assessment of accuracy of sensors used in
offshore environment, for example, light detection and ranging
systems (LIDARs), motion reference units (MRUs), etc.

•

Dynamic drop tests of scaled-down lifeboats would benefit
from the additional source of measurement data that can be
used to improve sensory systems currently available on the
market, strengthen competitiveness of industrial partners, and
increase the safety of personnel during evacuation, escape,
and rescue operations.

“The Norwegian Motion Laboratory has a world-class
infrastructure for carrying out research and
development work in the fields of motion
compensation and, marine applications. The motion
capture system delivered by Qualisys has become a
cornerstone for accurate and reliable measurements
which are crucial to meet the needs of our
customers.”
Witold Pawlus
Technical Manager Motion-Lab
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University of Salford

Rehabilitation and human performance
University of Salford has invested in three, advanced
gait and human performance laboratories, all managed
by Dr. Richard Jones. Qualisys provided two of them,
namely the Clinical Gait Analysis and Research Facility
and the Gait and Human Performance Lab.
CLINICAL AND REHABILITATION RESEARCH
The research performed at the Clinical Gait Analysis and Research
Facility is relevant to the clinical practice of the allied health
professions and to the rehabilitation of gait related conditions.
Richard Jones’ work at the facility includes designing and
evaluating clinical measurement tools and performing exploratory
studies to understand patients’ problems such as rehabilitationrelated health behavior, the mechanisms of injury and the
relationships between impairment and activity limitation and
participation.
Other patient programs include clinical evaluation of rehabilitation
interventions such as patient education and self management
programs, assistive devices, footwear, prostheses and movement
retraining and exercise.

FUNDAMENTAL AND CLINICAL BIOMECHANICS
Fundamental and Clinical Biomechanics involves experimental
and computational approaches to better understand how the
neuromuscular skeletal system functions and how it is affected by
disease, aging, and injury to joints and tissues. Applied research
includes clinical biomechanical studies of gait and movement
disorders, research into sports, exercise and performance training,
and studies of physical therapy or assistive device approaches
to improving function and subsequently the quality of life of
individuals.
REHABILITATION TECHNOLOGIES
On the rehabilitation side, Salford conducts research and
development related to improved assistive technologies,
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particularly functional electrical stimulation (FES), prostheses,
orthoses, and rehabilitation robotics. Additionally, Jones explores
sensor technologies for improved assessment and characterization
of movement disorders, including the development and testing of
novel measurement technologies as well as novel approaches to
the interpretation of sensor data.

CLINICAL GAIT ANALYSIS AND RESEARCH FACILITY
The newest of the three laboratories is the Clinical Gait Analysis
and Research Laboratory that opened in September 2007. The
21 m x 7 m laboratory hosts the Salford Gait Analysis Service – a
well-established clinical gait laboratory that has been providing
quantitative gait analysis and consultation for the past seven
years. The service is offered to patients referred from the NHS and
private health care organizations around the UK.
THE GAIT AND HUMAN PERFORMANCE LAB
The Gait and Human Performance Lab is the principal gait and
human performance laboratory. The purpose-built laboratory
offers a large space (30 m x 12 m) within which a wide range of
activities can be supported. The lab can also be divided into three
separate sections to support parallel activities. The lab offers
human performance assessments to many elite athletes and teams
and is one of the best in the UK containing almost every type of
physiological and biomechanical equipment imaginable.

“Given the drive in the NHS for increased quality
assurance for all clinical practices and quantitative
diagnostic tests, the use of the Oqus system will
allow quantitative assessment of movement giving a
better understanding of the clinical problems being
addressed by clinicians”
Professor Richard Jones
Clinical Gait and Research Laboratory Manager.

SYSTEM SETUP
CLINICAL GAIT ANALYSIS
AND RESEARCH FACILITY
• 16 Oqus cameras
• 5 AMTI force plates
GAIT AND HUMAN PERFORMANCE LAB
• 10 ProReflex cameras
• 4 AMTI force plates
SHARED EQUIPMENT
• 16-channel Noraxon Telemyo G2T
EMG
• KinCom and Biodex Isokinetic Dynamometer
• Esaote AU5 Ultrasound
• Laveg Speed Gun
• Cycle and rowing ergometers
• Analox and Reflotron blood analysis

35

Spar buoy scale-prototype during testing in the wave
flume.

“The complete package, its
functionality and easy operation
make Qualisys’ mocap system an
excellent and outstanding tool in
our laboratory equipment. We are
able to capture long durations,
25 minutes at 100 Hz , as well as
synchronize the system with our
other data acquisition including
wave heights, forces, and pressures.”
“We are new to Qualisys’ mocap
system, but we already see lots
of potential for possible future
applications with the system.”
Christian Klinghammer
IH Cantabria.
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Cantabria Coastal and Ocean Basin

Improving
structures at sea
At their site in Santander, IH Cantabria performs tests measuring
hydrodynamic and wave-structure interaction.
These include sediment transport effects, the effects of tsunamis, as well as
wave current and wave wind interaction. In January 2011, IH Cantabria acquired
a new Qualisys system for use in their test facilities. Qualisys’ motion capture
system allows accurate tracking and analysis of motion in a variety of floating
structures. These range from basic floating single bodies to more complex, multibody, renewable energy prototypes. Qualisys provides IH Cantabria with a reliable,
shore based real-time 6DOF measurement system. By using lightweight reference
markers, the markers have minimal impact on how models move in the water.

TRACKING BUOYS
IH Cantabria has recently used their mocap system to track the 6 Dof motions of
a variety of spar buoys, whist in operational, survival, and towing configurations.
The idermar meteo buoy, stands 90 m in height above sea level and with a
draft of 40 m. It was finally deployed in the fall of 2011, in 55 m of water, three
kilometers off the coast of Santander. A self-powered spar buoy is used to
station metrological monitoring equipment. Wind profiles over a height of 20
to 90 m, temperature, air pressure, and other readings are transmitting back
to shore. Not only does this provide valuable metrological data, but it may
also be used to assess the suitability of sites for future offshore wind turbine
developments.
The screenshot, produced by QTM software, shows the motion of a model spar
buoy when tested in one of IH Cantabria’s wave flumes. Such data will help
designers ensure the survival and continued operation of similar structures
around the world.
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High-end Sound Research

Integrated
sound and kinematics
Qualisys has developed a motion capture solution tailored to the
music-research industry where it is used to help increase the
understanding of the relationship between music and movement.
The study of music-related body motion and gestures poses specific require
ments on the motion capture system used with regard to the integration of the
system itself and the surrounding equipment. Synchronization and data inter
change amongst the different systems are of particular importance.
The Qualisys Integrated Sound and Kinematics solution is based on the Oqus
cameras and Qualisys Track Manager (QTM) with integrated support for Open
Sound Control (OSC).
An Oqus-based system is particularly well suited for applications like these,
when the sampling of different data streams need to be fully synchronized. Oqus
cameras namely have the ability to receive a hardware synchronization signal in
a wide range of frequencies and have their image capturing syncronized to that
external source, for instance a 96 kHz clock source.
In addition to receiving a sync signal, an Oqus system can also control external
equipment, independent of the motion capture frequency. For instance, the Oqus
system captures at 500 Hz and sends out a signal of 44 kHz from one of the
cameras to an A/D board to control the sampling of analog data. At the same
time, a different camera in your system can output a 30 Hz signal to a color video
camera to record a video stream. The data is neatly synchronized to that external
96 kHz clock source, not only at the beginning of a capture but throughout
entire capture sequences, no matter how long they are.
Finally, the system can be genlocked to a standard broadcast reference such
as a black-burst signal or HDTV tri-level sync. In addition to the fundamental
requirement of collecting synchronized data, it is also vital to have a tightly
integrated data processing solution. QTM has native support for streaming
data over OSC which has become industry standard for communication between
computers, sound synthesizers, and other multimedia devices. The stream of
identified 3D, 6DOF and/or analog data is packaged in OSC messages for transport
over UDP/ IP to an OSC-aware software such as Max/ MSP/Jitter.
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SYSTEM KEY FEATURES
• Plays back synchronized motion
capture, analog and sound data
• Streams 3D, 6DOF and/or analog
data packaged in OSC messages
• Transports over UDP/IP to sound
processing software such as Max
or to other external processing
software such as MATLAB
• Genlocks to a black-burst signal or
HDTV tri-level sync
• Uses Motu or similar equipment to
generate a stable sync
• Synchronizes with color video
cameras up to 200 fps

Canadian Sports Institute of Ontario

Paralympic preparation
The Canadian Sport Institute Ontario (CSIO) is part of a
nationwide network of Sport Institutes that support high
performance athletes achieve podium performances.
CSIO is located at the Toronto Pan Am Sports Centre,
the largest legacy facility from the Toronto 215 Pan/
Parapan Am games, and features a sport lab, a sport
performance kitchen, an altitude chamber, and a 450
square meter strength and conditioning space including
two motion capture areas.
The primary motion capture space consists of eight Qualisys
cameras fixed to an overhead truss system, synchronized with
four AMTI force plates embedded in a 200 m track. This setup
allows for capture of athletes’ sprinting, running, walking, jumping
techniques, and more. The secondary motion capture space
includes six Qualisys cameras and surrounds a custom-built
wheelchair ergometer. Software synchronized with force-sensing
hand rims, detailed assessments of wheelchair athletes’ push
performance can be completed.

these spaces are used by biomechanists and researchers to assess
performance and physical demands of sport. Some of the projects
that have been performed at CSIO include measuring the way
in which wheelchair installation affects effectiveness and upper
extremity joint loading of straight line pushing, Bilateral symmetry
of maximal counter-movement jumps in elite athletes, and
determining the efficacy of a novel Volume of Action measurement
in discriminating between classifications in wheelchair basketball.

“Beyond research, real-time motion, video and force
data are integrated using these technologies into
the daily training environment to provide real-time
feedback to coaches, athletes, and sport scientists
in preparation for the 2016 Rio Olympics and
Paralympics.”
Lindsay Musalem
CSIO Sport Biomechanist

The sport lab features two mobile high speed Qualisys cameras
that capture synchronized video for kinematic analyses. All of
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“The use of the 3D motion system
in the Volodalen Swiss Sport Lab
has considerably improved the
assessment of the global movement
pattern of individuals. Thanks to
Qualisys and Trinoma, our scientific
hypothesis can be tested with
relatively high confidence in the
data given by the mocap system.”
Thibault Lussiana
Volodalen

SYSTEM SETUP
• 8 Oqus 5+ cameras
• Qualisys Track Manager Software
• Qualisys Running and Golf Project
Automation Framework (PAF)
modules
• Visual 3D software
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Volodalen

Volodalen SportLab
The chocolate, cheese and mountains are all great
reasons to visit Switzerland. Another is to visit Volodalen
Sportlab, through which a clever mix of knowledge and
technology meets the needs of athletes and sports
professionals.
FOR SPORT
The Lab appears as a light and welcoming room on the ground
floor of a small building. On one side there are exercise bikes and a
weightlifting bench, in the middle is a treadmill and surrounding is all
are Qualisys cameras.
Cyrille Grindre is the founder of Volodalen and also a doctor of
biomechanics, who has written several weighty tomes on running.
Volodalen organizes trials, coaching and exertion tests, trains athletes,
and carries out research and development in the field of movement
sciences.

UNDERSTANDING THE BODY
At Volodalen, athletes can learn to understand their bodies in
terms of mobility. The Qualisys system put in place by Trinoma
enables movement to be analyzed to work out each person’s
motor habits.
Studying how a person runs connects to the person’s everyday
movements, such as how to pick up an object. There are two types
of runners, aerial and terrestrial, both of which have their own
advantages and disadvantages. Volodalen’s belief is that there is
no single ‘right way’ to do things, but rather several,

Thibault Lussiana, also a doctor of biomechanics, takes over to
also runs Volodalen and performs many of the tests hosted at
Volodalen. A test starts by placing 35 markers at strategic points
on the body. They will then be caught by eight cameras that will
transmit a 3D view of the movement onto the screen in front of the
treadmill.
Recording an athlete’s movement means that their stride can
be analyzed alongside other tests that are performed to obtain
information, such as VO2 max or MAS. After just one short session
on the treadmill, one can leave with a huge volume of information
enabling them to understand themselves in greater detail.

DATA COLLECTION
The objective data collected by the Qualisys system is compared
with the coach’s subjective view. The resulting discussion leads
to the creation of adapted and innovative training. Moreover, the
method is not just limited to running. It can be applied to all kinds
of sporting disciplines such as golf, cycling and football.
FROM FIGURES TO PERFORMANCE
Volodalen was able to count on Trinoma from the beginning of the
project. The equipment was set up geared towards the constraints
of the activity, and this, combined with the support provided
throughout its use, enables movement to be easily quantified.
This system can, therefore, provide athletes with a road map to
improving their abilities.
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New York University

MRI shielded mocap
At New York University in the Brain Imaging Center,
to install a Three-camera Oqus MRI™ system.
The system is primarily used by researchers from the Curtis Lab, headed
by Clayton Curtis, Ph.D. The Curtis Lab, part of NYU’s department of psychology,
uses functional magnetic resonance imaging (fMRI) and eye-tracking to study
how incoming sensory information is used, along with internal goals, to select
the best choice of action. fMRI is similar to clinical MRI, but instead of making
pictures of the anatomy of the brain, fMRI researchers measure and characterize
brain function. The new, real-time motion capture system will add a third
dimension to NYU’s research by making biomechanical data, collected from tiny,
retro-reflective markers attached to the subject’s hands, available synchronously
to MRI and eye tracking.
Equipment used in conjunction with an MRI scanner may not cause any
electromagnetic interference (EMI) as that can result in artifacts and loss in the
MRI image quality. Oqus MRI™ is modified to be completely shielded – in effect
creating a Faraday cage. Cables are shielded too and the camera power supply is
placed outside of the scanner room and fed through a filter panel. This means that
any emitted noise from the supply will not interfere with the scanner.
Although most modern MRI scanners have a very rapid drop off in magnetic field
strength close to the scanner itself, materials used inside an MRI room should
be non-metallic to the extent possible. Oqus MRI™ is purpose-built and differs
from a regular motion capture camera by having had most of its metallic parts
replaced. The housing is made out of die-cast aluminum. Steel fasteners are
replaced by brass screws and the calibration L-frame and wand are completely
non-metallic.
Recent noise tests performed by a user at the Behavioral Brain Sciences Center
at the University of Birmingham, confirm that the system really has little or no
effect on scanner performance. An Oqus MRI ™ running at 250 Hz showed a SNR
(signal-to-noise-ratio) figure of 106. Average SNR is around 105 with about +/- 10
variations. Images were also visually inspected for artifacts and they all appeared
clean.
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“The Qualisys motion capture
system will allow us to examine the
neuroscience of the human motor
system under naturalistic conditions
and in a more quantitative way than
ever before”
Trenton Jerde
Postdoctoral researcher in the Curtis Lab
at NYU
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Heel-strike to toe-off: high-resolution images with
Oqus High Speed Video
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New Balance

Designing the ultimate sneaker
New Balance’s corporate objective seems pretty
straight-forward – “to equip the elite and everyday
athletes with footwear, apparel, and accessories that
provide the best performance, fit, quality, and comfort.”
The question is – how do they do it?
Part of the equation is found in Lawrence, MA, where Trampas
TenBroek, manager of Sports Research within the Advanced
Products Group, heads the Sports Research Lab located within
one of New Balance’s five New England manufacturing plants. Add
to the equation a state-of-the-art motion capture system, highend pressure analysis equipment, a 35 meter long runway with
an embedded glass top force plate, a “smash-lab” for mechanical
testing, and a team of professionals from some of the best
universities in the country and you are getting close to an answer.
In this ultra-modern environment, engineers and biomechanists
study elite athletes and their New Balance footwear to find out
exactly what happens to the body and shoe when performing
a dynamic movement. Raw data is transformed into readable
information and ultimately results in the perfect shoe.
The motion capture equipment comprises an eight-camera
Oqus 500 system from Qualisys. Six of them are placed around
a treadmill or a force plate where they record and calculate the
3D co-ordinates of markers attached to a runner’s leg to give the
researchers precise information about angles, movements, and
forces. The other two cameras are Oqus HSV, Qualisys high-speed
video cameras, capable of recording high-speed video images of
up to 10 000 frames per second.

One camera captures every split second of a landing – from heelstrike to toe-off – whilst the other takes high-speed images of the
sole at it sits underneath a Kistler glass top force plate embedded
into the runway.
Although setting up a lab and optimizing it to get good, consistent
data, can be quite a daunting task, Trampas TenBroek says
that they have been greatly helped by some features within the
Oqus system. He brings up the common problems of unwanted
reflections and says that the automatic masking function, has
made a big difference to help getting rid of unwanted reflections.
“We have a very beautiful wooden floor that is extremely glossy.
We also have many large windows which occasionally bombard
us with sunlight even with the shades drawn. Using the automatic
masking in QTM allows us to capture excellent data when there
is sunlight and camera infrared light bouncing off of the floor and
into other cameras,” TenBroek explains.
Lab-setup may also have been helped by the fact that TenBroek
is a bit of a “Qualisys-veteran” – a user who knows the systems
like the back of his hand. “I used a MacReflex system at Arizona
State University, a ProReflex, and then an Oqus-system at UmassAmherst,” says Trampas TenBroek and continues “the decision to
go for Qualisys was largely due to my familiarity of the system”.

“For designers and engineers to be able to see the
shoe clearly each millisecond during a very dynamic
movement is invaluable.”
Trampas TenBroek
Senior Manager Sports Research and Performance Validation

“We utilize the ability to capture high speed video often. For
designers and engineers to be able to see the shoe clearly each
millisecond during a very dynamic movement is invaluable,” says
Trampas TenBroek.
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M3 Lab

Ahoy! Eyes in the boat!
Can training in virtual, multi-modal environments help
athletes learn a complex motor task such as a rowing
stroke or a golf swing easier? What is the best way to
present feedback for motor learning? What influence do
motivational factors have on motor learning?
These are questions that occupy the minds of researchers
in the Multi-Modal Motion Synthesis Laboratory the M3 Lab,
part of the Sensory Motor Systems Lab at the ETH in Zurich,
Switzerland. Answers are found in a controlled research
environment that comprises a variety of display, recording, and
tracking technologies. When combined they create a multi-modal,
user-cooperative system for sport applications. The M3 Rowing
Simulator was the first application that was implemented in which
the sensitive dynamics of rowing combined with haptic, visual,
and acoustic feedback provides a challenging background for
a sports simulation scenario. Qualisys is proud to be part of this
exciting and almost futuristic journey, to bring sports and general
movement training to a new level.

a cheering audience or water splashing. A ten-camera Oqus 300
motion tracking system monitors the orientation and position of
various segments or single markers of the rower.

LOW-LATENCY REAL-TIME SYSTEM
In today’s consumer-driven market we are spoiled with choices
and the decision-making process is often a difficult and lengthy
one. In order not to be side-tracked during this process, consumers
should have a very clear picture in mind of what goals they want to
bring to reality with their new purchase – long and short-term.
Peter Wolf, Senior Researcher at the Sensory-Motor Systems
Lab, knew one thing for certain when he started looking for new
technology for the M3 Lab – it had to meet and preferably exceed
his criteria for low latency in a real-time system.
Qualisys recognized, early on, the importance of the real-time
performance / low latency combination and, therefore, foresaw a
number of features to natively optimize the real-time performance.
Once the Oqus system was installed at ETH, the lab performed a
series of latency tests to quantify the performance.

VISUAL, ACOUSTIC, AND HAPTIC FEEDBACK
The M³ Lab differs from other so-called cave environments that
usually comprise only visual and auditory modalities, by adding a
third modality addressing the user’s haptic senses. This is brought to
reality thanks to the Reactive Rope Robot (r³) that connects multiple
ropes to an end-effector. In the rowing-simulation, the rope robot
is attached to the oar blade where it generates forces to simulate
water resistance.

LATENCY DETERMINATION TEST
ETH measured movements simultaneously using an incremental
wire potentiometer (0.25 mm resolution, sampling at 1000 Hz)
and a ten-camera Oqus-300 system running at 200 Hz. The wire
potentiometer was directly linked to an xPC target; latency was
assumed to be negligible.

The M³ Lab system further consists of a visual display surrounding
the viewer with 3D visual information such as a river scenario. A
sound system exposes the user to virtual sound sources such as

Marker positions were also received at the xPC target via UDP
from a computer running Qualisys Track Manager, 2.1. Both data
streams were sent from the xPC target to a host computer where
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latency was quantified. The monitored movement was based
on the sliding of a seat in a rowing boat, repetitively performed
forward and backward over a distance of 0.6 m at about 1.6 Hz.
Movement was performed along one axis of the global coordinate
system defined for motion capture, thus, the related coordinates
of the tracked object representing the seat’s movement (with
markers placed on it) was compared to the potentiometer also
measuring the seat’s movement. The experiments were repeated
with additional, static objects that were also tracked.
At the host computer at the end of the chain, data from the
Qualisys system running at 200 Hz was received every 5 ms (4
to 6 ms, 5th to 95th percentile). Latency of the motion capture
system was determined also at the host computer. Depending on
the number of supplementary static objects, latency varied from
six to seven milliseconds. This equates to just a fraction over a one
frame delay in real-time data capture to process and display of
data.

“We appreciate that Qualisys deals with our
research-specific demands by optimizing data
processing and implementing communication
protocols that minimize latency during data
streaming.”
Peter Wolf
Senior Researcher, Sensory-Motor Systems Lab

Sketch of the M³ Lab showing the
concept of the rope robot, the camera
setup, and the screens projecting visual
feedback. The lab is configured so that
it can be used for rowing simulation one
minute and soccer simulation the next.
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“The use of the mocap system in
the Lab has steadily increased, and
currently a range of projects now
use the system. For example, some
projects use mocap to build virtual
language users, in order to explore
gesture-speech integration. Other
projects have used the system to
examine the movements of patients
with knee injuries. All in all, we are
very pleased with the performance
of the system and the responsive
support we get from Qualisys.”
Henrik Garde
Programmer at Lund University Humanities
Lab
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Lund University Humanities Lab

Gesture-speech integration
The Humanities Lab is an interdisciplinary research and training
facility mainly for researchers, teachers, and students across the
joint faculties of Humanities and Theology.
The Lab hosts technology, methodological know-how, archiving expertise, and a
wide range of research projects. Lab activities are centered around humanities
with research targeting issues of communication, culture, cognition and learning,
however many projects are interdisciplinary and conducted in collaboration with
the social sciences, medicine, the natural sciences, engineering, and e-Science.
The group has partners and collaborators locally (Lund University), nationally
and internationally. The Lab is a vibrant and dynamic environment enabling
scholars in the humanities to combine traditional and novel methods, and to
interact with other disciplines in order to meet the scientific challenges ahead
with the ability to understand, explain and improve the human condition.

A MULTI-USE SYSTEM
The Qualisys system is used in the Lab in a variety of setups – from researchers
studying body language and gestures to teams who enhance the movement
of digital characters in virtual environments. It has also been used for studying
intangible heritage in terms of craftsmanship of different kinds.
The current setup consists of eight high-speed infrared cameras (Oqus5+), one
video camera (Oqus 210c), and one recording computer. The system is able to
record movements at a very high speed. The video camera is synchronized with
the mocap cameras so the resulting video can have an overlay of the markers. The
software used is Qualisys Track Manager for recording and some post processing,
Blender or MotionBuilder for applying the data to virtual characters and other
software engines, such as Python, C# or Unity 3D for analyzing and visualizing the
data files.
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Mittuniversitetet

Environment for sport-based research
The Swedish Winter Sports Research Centre (SWSRC)
is one of Sweden’s leading environments for sportsbased research. Nationellt vintersportcentrum (NVC)
is a research center that is part of the Department of
Health Sciences (HLV) at Mid Sweden University and
Campus Östersund.
SWSRC is an Olympic test and training center for winter sports
in Sweden where the foundation is strong research into sports,
performance, and health. The research at SWSRC integrates
physiology and biomechanics with the aim of achieving a more
inclusive understanding of factors that influence performance.
Leading companies in the sports and outdoors sectors are using
the SWSRC for R&D when developing new products. The SWSRC
also facilitates a student laboratory with links to a range of degrees
and courses at Mid Sweden University.

ACCURATE AND IN-DEPTH ANALYSES
11 Oqus cameras are mounted in the Optimisation Lab at the
SWSRC to facilitate fast and easy kinematic measurements. In
addition to the motion capture system, multiple different systems
are used collect kinetic and physiological data, such as Kistler
force plates, Novel and MotiCon pressure insoles, Teckscan
pressure sensors, a noraxon 16-channel EMG system, as well as
both stationary and portable spiroergometry systems.
The combination of different systems allows for accurate and indepth analyses of different sports where the fields of biomechanics
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and physiology are integrated. The laboratory setup is also used
for clinical biomechanical research and since 2015, para-sports and
customization of para-sports equipment are two large research
areas at the SWSRC.

MANY OUTDOOR PROJECTS
The SWSRC is a meeting-point for athletes, coaches, sports
federations, researchers and sports manufacturers, which
generates innovative and relevant questions at the forefront
on international research. Due to the development of the Oqus
cameras, many projects are being performed outside in the field,
studying sports like skicross, ice hockey and cross-country skiing.
This allows researchers and coaches to analyze athletes when
they perform their different sports in the right environment, which
increases the relevance and the applicability of the results. The
data is used to analyze and optimize athletic performance and
sports equipment. The possibility to collect kinematics in the
field is important in order to properly study the behavior of sports
equipment and how it affects technique and athletic performance.
The possibility to collect kinematics and kinetics in the laboratory
as well as out in the field generates new research possibilities
as there are several sports which are difficult to analyze inside a
laboratory, specifically skicross and running on uneven ground.
This allows the Centre to work even more closely with coaches
and athletes having the possibility to move the laboratory out to
the field where the different sports take place.

“The high accuracy and the mobility
of the Qualysis system are really
important for me as most of our
projects involve customized test
setups, either inside the laboratory
or outside in the field.”
Mikael Swarén
Mittuniversitetet
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SYSTEM
• 18 Oqus 7+ cameras
• Qualisys Track Manager with QHorse
Software
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Utrecht University – Faculty of veterinary medicine

Modern sensor technology
and smart computers
With the current developments in information
technology, Utrecht University’s Equine Clinic
(UKP) wanted to switch from subjective to objective
measurements. The question was: how could
technology help to achieve that goal?

plates into mobile measuring units based on modern inertial
measurement units (IMU); a smartphone is in fact already an
IMU with which you can measure the accelerations, angles, and
direction of a smartphone wearing object (that is why the screen
rotates as you move it).

Until now, scientists have only been able to evaluate the movement
of horses visually, which is inherently subjective. The human eye is
only capable of registering images with a frequency of 20 Hz. This
makes the human capacity for assessment insufficient in order to
arrive at a consistent and objective evaluation of the functioning
of the horse’s locomotor system, especially when diagnosing
lameness – much less when predicting a horse’s performance.

SMART, WEARABLE, AND REAL-TIME FEEDBACK
The University Equine Clinic has recently started two projects to
this end. In the EquiMoves® project (www.equimoves.nl), the UKP
examines the scientific application for developing a practical field
app based on inertial measurement units (IMUs) for businesses,
such as an equine veterinary practice (business to business;
powered by a STW Valorisation Grant). This involves attaching
sensors to the horse’s limbs and body. The inertial sensors used
have measurement frequencies of up to 1000 Hz; more than 50
times faster than the human eye.

“I foresee a time when we will measure every horse
that is admitted to the clinic, thus contributing to
preventing injuries and increasing animal welfare.”
Willem Back
Professor at the Division of Surgery and Orthopaedics,
Department of Equine Sciences, Utrecht University
Modern sensor technology and smart computer applications
can translate automatically recorded signals from the horse
into objective, factual and therefore relevant information. This is
extremely practical for both the ‘learning’ students as well as the
‘practicing’ veterinarian.

The Rhaebus® project (www.rhaebus.com) has developed a mobile
movement registration system for horses using a smartphone app
for the consumer market (business to consumer; powered by a
STW Demonstrator Grant). It can be used at home to evaluate the
effects of treatment for lameness and to monitor the effects of
training on competitive horses.
Both projects present practical solutions for veterinarians,
trainers, owners and insurers, but also for equestrian and breeding
organizations.

The challenge was to translate the scientific knowledge acquired
through the clinic’s own ‘gold standard’ limb movement and limb
loading measuring systems using QHorse and force and pressure
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University of Waikato (UoW)

The Oqus Sun Filter at use in Waikato
The team at University of Waikato (UoW) Adams Centre
for High Performance was the first to benefit from the
new Oqus Sun Filter, which shades the appearance
of the sun’s extreme sunlight by eliminating certain
frequencies of infrared light it emits. The result is a
noise-free image executed without reducing capture
frequency.
Dr. Kim Hébert-Losier and her team took on the task of running
through a series of tests to prove the efficiency of the Sun Filter. The
Centre has recently expanded into a marvelous performance facility,
as she and the staff members exhibit their expertise and range of
knowledge in human movement in elite athletics.
The University of Waikato Adams Centre for High Performance
is New Zealand’s newest cutting-edge, high-performance sport
facility. It provides a world class environment in the Bay of Plenty
Region for the nation’s top athletes. The centre opened in April
2016 through innovation and partnership between Tauranga City
Council, Bay Venues, and the University of Waikato.
The UoW team runs a state-of-the-art sports science laboratory
complete with a new eight-camera Qualisys Oqus 7+ camera system,
16-channel Delsys TrignoTM EMG and IMU system, 15-m Optojump
Infrared system, timing lights, force plates, and high-speed video
cameras.
The centre also houses one of New Zealand’s only environmental
chambers with atmospheric, heat, and humidity capabilities.
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The UoW sport science laboratory acts as an education and
research hub working closely with coaches, athletes, sport
organizations, and industry partners to answer real-world
questions and provide end-users with practical solutions and
outcomes.
The Qualisys Oqus7+ system and its outdoor capabilities play a
central role in bringing the laboratory to the field, testing athletes
in a more eco-valid environment. Some of UoW research projects
involve work with rugby, triathlon, running, track cycling, and track
and field.
The UoW Adams Centre for High Performance also includes a 650
square meter gym, recovery pools, lecture rooms, athletes lounge,
fully-equipped kitchen, and sports medicine services. The centre is
home to New Zealand Rugby 7s and Bay of Plenty Rugby, and acts
a training center for several sports team and athletes, including
Northern Districts Cricket and New Zealand Speed Development
Academy.
The main Sports Science team currently includes Dr. Kim HébertLosier (biomechanics), Dr. Martyn Beaven (physiology and
biochemistry), Dr. Stacy Sims (physiology and nutrition), and Dr.
Daniel Travis McMaster (strength and conditioning), who work in
close collaboration to advance knowledge in sport science and
translate research into evidence-based practice.

“I was extremely impressed by the
outdoor capabilities and the high
sampling frequency of the system
with several National Sporting
Organizations having already
expressed interest in using the
system.”
Dr. Kim Hébert-Losier
The University of Waikato, New Zealand
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SYSTEM SETUP
• 31 Oqus cameras
• Noraxon EMG
• Oqus 210 color video camera
OTHER EQUIPMENT
The theater is also fitted with a number
of measurement technologies that can
be used to record a variety of responses:
• Wireless EEG System
• Wireless Biomonitors - ECG
• Respiration
• Gavanic Skin Response (GSR)
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LIVELab

LIVELab at
McMaster University
The LIVE (Large Interactive Virtual Environment) Lab is a unique
106-seat Research Performance Hall located at McMaster
University in Hamilton, Ontario, Canada. It is designed to investigate
the experience of music, dance, multimedia presentations, and
human interaction.
SETTING THE STAGE FOR BIOMECHANICS
The theater is acoustically isolated and is one of the quietest spaces of its
size anywhere in the world. Complete control of the acoustic environment is
accomplished using a Meyer Constellation sound system. At the push of a
button, the sonic environment can instantly change from a small classroom to
large cathedral. These changes can have a large eect on the experience of both
the performers and audience.
The Qualisys system consists of 32 cameras set up to capture both members
of the audience and performers on stage. The stage can also be used as a
standalone motion capture area, with all 32 cameras capturing precise motion
details. Both the theater and the adjoining dance studio have allowed the group
to study dance and movement.

MEASURING THEATRICAL PERFORMANCE
Some of the projects that have been possible with the use of motion capture
include: how the head movements of fans at a rock concert influence other
audience members sitting nearby; leader-follower coordination dynamics
in string quartets; how musical expression is conveyed through musicians’
movements; and facial expressions of emotion during acting. Researchers have
also used the motion capture in the LIVELab to track fine movements during
synchronized drumming.

“The lab’s innovative combination of technologies has been
used to study everything from acting to Parkinson’s disease to
hearing aid technology. In addition to research, the lab has been
used as a space to host concerts that include unique uses of
technologies including motion caption, ranging from opera to
electronic.”
J.J Booth
Research/Administrative Assistant at the LIVELab
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Virginia Tech

Defining motion at the
Granata Biomechanics Lab
The Kevin P. Granata Biomechanics Lab(Granata Lab)
at Virginia Tech has been directed by Dr. Robin Queen
since 2015. Currently, the Granata Lab consists of two
spaces: the Granata Biomechanics Lab and the Granata
Treadmill Lab, both of which are located in Norris Hall
on the Virginia Tech Blacksburg campus. Dr. Queen
and her team investigate a wide array of biomechanics
issues, including injury prevention and recovery as well
as athletic performance.

being completed in the Granata Biomechanics Lab, the team also
focuses on understanding enhancing sports performance through
a variety of biomechanical and functional assessments. Through
this work, lab staff members are able to provide the player, coach,
and medical staff with information that is not otherwise available
during traditional athletic assessment. This data allows for better
planning and training for both healthy athletes as well as those
rehabilitating from an injury.

GRANATA BIOMECHANICS LAB
The Granata Biomechanics Lab uses a state-of-the-art motion
capture system to monitor three-dimensional kinematics. This
system is comprised of ten Oqus 7+ cameras and digitally
integrated with four embedded AMTI BP600600 force plates, a
Delysis EMG system, and a Pedar in-shoe pressure measurement
system. Through the integration of these various technologies,
the lab is able to explore multiple research questions related to
functional outcomes following injury and surgical intervention as
well as defining optimal motion in healthy control subjects to serve
as a benchmark for its intervention studies.

GRANATA TREADMILL LAB
The Granata Treadmill Lab opened in January of 2017 as an
additional resource for the Granata Biomechanics Lab as well as
other members of the Virginia Tech Biomechanics community
who were in needs of an instrumented treadmill for research
projects. Dr. Queen and a collaborator, Dr. Alan Asbeck, were
awarded an NSF MRI (Major Research Instrumentation) Award
for the purchase of an AMTI fore-aft split-belt treadmill, which
is the cornerstone of the Granata Treadmill Lab. In addition to
the treadmill, an eight camera Miqus system has been installed
and digitally integrated for the collection of walking and running
kinematics and kinetics.

The Oqus 7+ cameras are used in conjunction with the QTM and
Visual3D software to allow for real-time data collection and the
display of specific outcome measures that can be used to drive
visual biofeedback applications. Reports are sent to participants
and patients within 24 to 48 hours following their assessment.
In addition to the injury prevention and functional return projects

Similar to the Granata Biomechanics Lab, the Granata Treadmill
Lab utilizes the QTM software as well as Visual3D and custom
MATLAB code to complete research projects and clinical
assessments in a variety of populations. The Qualysis Running PAF
is also used for all clinical running assessments that are completed
in the Granata Treadmill Lab.
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“We come up with measures about
how they move, not just strength
and mobility, but really look at them
when they are on the field doing the
activity they do, and define it.”
Dr Robin Queen
Director, Kevin P. Granata
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www.qualisys.com
sales@qualisys.com
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