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Editorial

M

edicines and medical devices are used for medicaltherapeutic applications or diagnostic purposes. The
existence of the limping comparison of medicines and
medical devices cannot be completely argued away.
I wonder what the reason may be since there is a notable difference: The proper main effect of drugs is based on pharmacological or immunological action. Medical devices work on the contrary physically. Furthermore, on closer examination it becomes
clear, that drugs affect the whole body. At the same time the size
and severity of the reactions can differ heavily from one person
to another.

In a Nutshell

Conversely, medical devices are meeting specific functions.
Moreover, most of the patients only get in contact with medical
appliances on a superficial level. Additionally, experts are aware
of the potential sources of danger. Therefore, it is possible to limit the hazard a medical device may cause as far as possible before application. Therefore, the fundamental differences between medicines and medical devices is pointed out by the targeted development of certain functions being based on a deeper
understanding of the techniques.
In order to support engineers and the constructors of medical
devices we have compiled informative contributions with the
current edition of MED engineering International. An edition
that we enjoyed very much. I hope it will be the same for you.

@
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Does the human control the machine, or does the machine control the
human? This old question invariably comes to mind when we’re thinking
about exoskeletons.
maxon motor ag
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Phone: +41 41 666 15 00
www.maxongroup.com
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Does the human control the machine, or does the machine control
the human? This old question invariably comes to mind when we’re
thinking about exoskeletons.

Me and the Machine
E

xoskeletons are electromechanical aid systems that
enable paralyzed people to walk again. To Silvia Rohner,
project manager of the Varileg Enhanced team, it is
clear: “How well an exoskeleton works in practice depends primarily on the pilot.“ A paralyzed person needs to get used to the
robotic support and learn how to use it for best effect. “Some
people rely more on strength, others more on technique. Either
way, it takes a lot of training.“ In May 2020, we will see which
approach is best when pilots from all over the world, using different exoskeleton systems, compete against each other on an
obstacle course during the Cybathlon in Switzerland. Team Varileg Enhanced takes part in the Cybathlon and has set itself the
goal of mastering all obstacles on the course. Silvia Rohner:
“We want our pilot to succeed in the competition.“

Pilot Thomas Krieg at the CYBATHLON Experience together with
Weltklasse Zürich at Zurich main station.

Improvements still necessary
At the first Cybathlon in 2016, there already was a Team Varileg from ETH Zurich. It had little to do with the current one,
however. The current exoskeleton was developed new from the
ground up, as a student project that started in the summer of
2018 and ended in the summer of 2019. Since then, a mixed
team from ETH Zurich and the HSR University of Applied Sciences Rapperswil has been working on the completion of the
robotic system. The goal: Having the competition exo ready in
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time for the Cybathlon. “There is still a lot of potential,“ says
Silvia Rohner. While the mechanics are excellent, the software needs to be put in a future-proof architecture. The actuator control also needs improvement. The team wants to finalize these changes before the end of winter so that the pilots
can start training. One of them, Thomas Krieg, is a former
bobsledder and has a strong athletic ambition. He has made
great progress since his first walking attempts with the exoskeleton, saying: “I’m getting better and better at handling the
machine, and I’m confident that we can master the challenges
of the Cybathlon.“ The most difficult obstacle will probably be
the inclined plane. That’s because his exoskeleton lacks the
additional degree of freedom in the hip joint, so that the entire
weight will be on the crutches and Thomas’ arms.

Pictures: ©Stefan Schneller, ETH Zurich

A view of the inside of the Varileg Enhanced exoskeleton: Two maxon
EC 90 flat Power Up motors drive the legs on each side.

Additional motor power
In order to save weight and keep the system simple, the technicians limited the Varileg Enhanced to two degrees of freedom. There are two brushless flat motors from maxon on each
side to move the hips and knees. To keep the exoskeleton as
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narrow as possible at the hips, the motor and gearhead were
mounted in parallel, connected by a V-belt. At the knee joints,
the gearhead is installed directly on the motor. At up to 600 W
of power, the motors of the Varileg Enhanced are twice as
strong as those of the predecessor model. This power is needed, says Silvia Rohner. “When climbing stairs, very large
forces are generated. We don’t have a lot of reserves.“
There are many ways to build an exoskeleton. Time will tell how
successful the Varileg Enhanced team will be with its concept.
At any rate, Silvia Rohner is looking forward to the Cybathlon.
“It will be interesting
to see the other
CONTACT
teams’ solutions and
maxon motor ag
get an idea of the
Brünigstrasse 220
technologies used elCH-6072 Sachseln
sewhere in the
Phone: +41 41 666 15 00
www.maxongroup.com
world.“

The Cybathlon is just around the corner
On May 2-3, 2020, the second Cybathlon event takes place in Zurich. Again, people with physical disabilities compete on obstacle courses – supported by state-of-the-art
technical assistance systems. The teams and their pilots
compete in six disciplines: brain-computer interface (BCI)
race, functional electrical stimulation (FES) bike race,
powered arm prosthesis race, powered leg prosthesis race,
powered exoskeleton race, and powered wheelchair race.
maxon supports the event as a Presenting Partner and will
be on site. Among other things, the drive specialist will be
supporting the participating teams with technical advice.
For more information, please visit
cybathlon.com

— — — — — — — — — — — — — — — — — — — — — — — —
Workpieces up to approx. 50cm are usually mechanically and manually clamped with three- or four-jaw chucks, or automatically by
pneumatic or hydraulic. If, however, the workpieces to be machined are
larger, then planar disks are used. They also hold much larger parts safely
on site with jaw boxes and tensioning spindles. As a user, you have the
choice between 7 standard thread sizes from TR 50 to TR 200, with which,
due to the proven principle of force multiplication by means of wedge clam-

Medical technology manufacturer Raumedic has launched the
Raumed Home ICP, a new home-use device for intracranial pressure (ICP) monitoring. Having recently received CE marking, the device is
well positioned to access the ICP monitoring devices market, which is estimated to reach $181.9m by 2025, growing at a compound annual growth
rate (CAGR) of 2.4%. The launch of the Raumed Home ICP is expected to
disrupt the market, giving neurosurgeons better insights for therapy and

UNDER PRESSURE

RAUMED HOME ICP

ping system, clamping forces of up to 500 kN can be achieved. In addition,
self-locking is achieved in each tensioning position as well as a high degree
of stiffness. The power clamping spindles are equipped with an internal
switchover to switch between external and internal clamping. The MSP /
MSPD power clamping spindles from JAKOB Antriebstechnik convince by
their very high clamping forces, a large clamping range and easy operation
and assembly. This ensures maximum operational safety.

allowing hydrocephalus patients to lead a more active life, says GlobalData,
a leading data and analytics company. The product was developed for patients suffering from hydrocephalus, a condition in which excessive amounts
of cerebrospinal fluid (CSF) is accumulated in the brain.

In order to guarantee this
permanently, JAKOB recommends (depending on the
frequency of the clamping
cycles) a regular inspection
of the spindles once or twice a year. The JAKOB force measuring systems, such
as the hydraulic, autarkic force transducer HMD, are particularly simple. The
intelligent clamping claw FMS even allows a constant clamping force control
during the machining of the workpieces. The determined data can be transmitted wirelessly directly to a handheld display device or PC. If the clamping
forces deviate from the stated nominal values by approx. 25% - 30%, an
overhaul is recommended. Maintenance can be carried out directly by JAKOB.
Alternatively, JAKOB also offers training courses to certify participants as
operating or maintenance personnel.
www.jakobantriebstechnik.de
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Aliyah Farouk, Medical Device Analyst at GlobalData, explains: “For neuromonitoring, a telemetric catheter is implanted in the patient’s cranium in a
20-minute procedure, allowing ICP to be directly measured from the brain’s
tissue. A circular reader antenna is then placed above the catheter to register and store the ICP data. “During the measurement, the patient is able to
freely move in their home environment and select or store certain activities
or events on the handheld device, such as headaches, sleeping, eating, and
nausea, with the touch of a button.“
There are numerous ICP monitoring devices currently on the market. ICP
monitoring using an external ventricular drainage (EVD) device is considered the gold standard. This technique involves the surgical insertion of a
catheter into the ventricles of the brain, which allows ICP measurement and
CSF drainage. However, this method is not ideal for patients with small
ventricles or patients with brain swelling. Additionally, the long-term usage
of EVDs can increase the risk of intracranial infection. ICP monitoring directly from the tissue of the brain is considered more accurate and with
lower incidence of infection and bleeding.
www.globaldata.com

8

www.med-eng.de

MED Devices Motion Technology

Aerotech, the manufacturer of high-performance motion control
and positioning systems, presents the new ALAR-XP series. These
are two high-precision rotary tables with direct drive. Both the ALAR-250XP
(aperture diameter 250 mm) and the ALAR-325XP (aperture diameter 325
mm) offer extremely high torque and load capacity with excellent speed and
positioning accuracy. This results in clear efficiency advantages over worm
drives or direct drives with iron-core slot motors.

ve high speeds and acceleration as well as consistent, stable performance
with no backlash, hysteresis or wear over time. The rotary tables are driven
by motors without slot and without iron core. This results in a low-vibration, low-noise motion with virtually no cogging torque and exceptionally
uniform motion. ALAR tables are particularly suitable for applications
where outstanding contour motion, uniform scanning speeds and precise
incremental steps are required.

THE PERFECT MOTION
This makes the ALAR tables ideal for both horizontal and vertical applications,
e.g. in aerospace technology or medical engineering. This means, for all applications where demanding rotary motions, uniform scanning speeds and precise
incremental steps are required. “Our newly developed, directly driven rotary
tables from the ALAR series offer excellent angular positioning and speed consistency“, says Norbert Ludwig, Managing Director of Aerotech GmbH in Fürth.
Due to its extremely high torque, the
ALAR-XP is virtually predestined for
payloads with a high moment of inertia and high mass, when fast accelerations and particular uniform motion
are required at the same time for
high-precision testing and manufacturing processes.
Free from play, vibration and wear
There are also numerous advantages over worm drives: Since ALAR rotary tables
use torque motors with direct drive, they are free from play, vibration and wear.
And they can achieve much higher speeds and accelerations than, for example,
rotary tables with worm drive. In practice, this leads to improved system accuracy, repeatability and longevity and thus to higher throughput. “Whether fast
motion or aggressive vibration of payloads and test specimens – we create the
perfect motion with the ALAR-XP series. Users can produce, inspect or process
more parts more precisely in less time, resulting in lower operating costs and
higher profits“, says Norbert Ludwig.
Brushless direct drive motors without slot
All ALAR tables are directly driven by brushless motors without slot. Since
there are no worm gears, gears or clutches to move, ALAR tables can achie-

NONSTOP POWER
Safe Power Failure Protection










Extreme torque with highest precision
ALAR-XP rotary tables are based on Aerotech´s powerful BLMX series, which
delivers the highest power and torque of any commercially available brushless and ironless motor without slot. Conventional rotary tables for high
torques typically use either gear reductions or slotted iron core motors, but
these have both disadvantages with high-precision positioning at high and
uniform speed. “The ALAR-XP is a real game changer because users can
achieve high torques without compromising the quality of motion“, explains
Norbert Ludwig with satisfaction.
Flexible configuration for easy integration
ALAR-XP is offered with functions and options which allow easy integration
into multi-axis motion systems and subsystems. The tables are available
with 250 mm (500 kg axial payload) or 325 mm (600 kg axial payload) apertures and a variety of encoder options, including analogue 1-Vpp, digital
RS422 and absolute encoders. Continuous 360° motion is standard. The
motion range can optionally be restricted between 10° and 340°. There are
two motor options for each model, depending on the torque required. ALARXP tables can even be adapted for use in vacuum.
Wide range of possible applications
Applications for ALAR-XP tables can be found in the field of test systems for
single and multi-axis sensors, missile tracking systems, measurement of the
radiation characteristics of antennas, testing of gyroscopes, adjustment and
measurement of large optics as well as high-precision laser processing. ALARXP tables can also be configured as two-axis gimballed suspensions. The
large aperture diameter and the powerful direct drive motor make the ALAR-XP
a more powerful alternative to conventional rotary tables with worm drive or
direct drives with slotted iron core motors.
www.aerotech.com
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Aluminium profile enclosures for elegantly
robust display applications

SMART-TERMINAL
A

luminium profile enclosures are used in many different
industries. Through their enclosure design they have
numerous positive characteristics, such as durability,
enormous stability, good heat dissipation and electrical conductivity. With the new SMART-TERMINAL, OKW Gehäusesysteme offers an elegant, flexible and robust aluminium profile enclosure in its standard product programme. A uniform
profile cross-section with variable length design as well as
matching accessories allow a flexible variety of applications
as a table-top, desk-top or wall-mounted enclosure.

sembly kit contains not only the screws but also a round-cord
seal as well as sealing rings. On the open profile sides, the
SMART-TERMINALs are closed with covers made of high-quality UV-resistant ASA+PC-FR material in the colour lava. This
design provides particularly good accessibility during installation and assembly work. For the covers there are separate designer seals made of TPV material in the colours volcano or
green (RAL 6016). Interfaces such as plugs and connections
are also possible through the plastic parts. These have a recessed interface level and also conceal the connections. Alternatively, mechanical processing of the aluminium body is possible, as it offers enough room, for example, for cable bushings
or for USB connectors and SD cards.

Sophisticated extruded aluminium enclosures for central control units

Robustness and elegance
The SMART-TERMINAL range of enclosures has a robust enclosure body made of anodised, polished aluminium. The enclosures consist of a C-shaped base profile, a bottom profile as
well as end caps. The material selected for the basic body of
the SMART-TERMINAL makes it particularly scratch and impact-resistant. It also offers optimum heat dissipation. The
top part includes a recessed area to protect membrane keypads/decor foils and flat lateral interface surfaces. There is
sufficient space here for operating elements, switches or displays. In order to close the enclosure from below, the flat bottom profile is fixed using 6 stainless steel Torx screws. Protection from splashing and dust has also been provided. The as-
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The complete enclosures are available with profiles in the dimensions of 170 x 50 mm (width x height) and in the profile
lengths of 160 mm, 200 mm and 240 mm. With the covers,
the length of each version increases by 42 mm. The sizes were
designed for standard display and touch solutions from 4.3“
up to a maximum of 8“. The 200 mm SMART-TERMINAL, for
example, is ideal for a 7“ touch solution, as there is a border
here of approx. 15 mm around the recess for gluing. The inside
of the enclosure has several mounting options on 2 assembly
levels. The displays and PCBs can thus be optionally mounted
face up or face down. In addition, the bottom part has two
grooves for attaching accessories.

Easy assembly
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Ideal for display/touch solutions
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for interfaces, individual lettering and printing, or the manufacture and installation of digital printing foils. If you wish an
individual design, the designer seals and covers can, on request, be produced in a different colour. Customer-specific
profile lengths are also possible.
Product advantages in brief:

+
Side covers with recessed area for protecting cables, connectors,
switches etc.

Optional accessories are ideal for rounding off the range of
enclosures. For example, optimum operation is guaranteed by
an enclosure canting kit in landscape format. Thanks to the
12° inclination, data can easily be processed and analysed.
The kit contains two plastic brackets and is simply pushed into
the existing groove in the bottom profile and automatically fixed in place by the side covers. The black non-slip enclosure
feet included with the enclosure canting kit ensure safe use as
a desk-top version.

A wide variety of possible applications
However, a solution for wall mounting is also guaranteed. In
this case, the enclosure can simply be installed in landscape
format with the optional wall suspension element, which includes a wall bracket as well as a tongue and anti-slip pads. The
wall suspension element is simply screwed to the. Anti-slip
pads are then glued on to prevent the enclosure from being
pushed to the side. The SMART-TERMINAL is hung onto the
wall suspension element, the tongue on the lower rear side of
the enclosure is hooked into the centre and secured by a
screw. The housing is now correctly fixed in place and hangs
flat against the wall.
As alternatives to the covers made of plastic, aluminium panels are available to close the sides of the enclosures. The panel is mounted on the body of the enclosure using 4 screws. In
this version with end plates , the three profile lengths are each
4 mm longer (42 mm with plastic end covers). With a set of
square-head nuts, which is also available, PCB and mounting
plates can be attached to the bottom profile with M3 screws.
The square-head nuts can be positioned anywhere within the
T-grooves provided. The existing range of accessories makes
the SMART-TERMINAL into a versatile table-top, desk-top or
wall-mounted enclosure.

Individual finishing

+
+
+
+
+

3 basic enclosures in the profile lengths 160, 200 and 240
mm (overall enclosure length with end covers + 42 mm),
width 170 mm, height 50 mm.
Covers in lava (similar to anthracite) moulded in high-quality ASA+PC-FR plastic.
Designer seals made of TPV material in volcano or green.
Recessed area in top for the installation/protection of displays, membrane keypads, operating elements.
Optional accessories: wall suspension element, case canting kit, set of square-head nuts for PCB mounting.
Individual profile lengths to customer specification.

The Advantage of Profile Enclosures
OKW extruded aluminium enclosures are used particularly as
high-quality enclosure solutions for demanding applications.
Choose the enclosure whose design and size meets your own
special requirements. The extruded aluminium profiles are
available in special lengths on request.

3 basic enclosures in two colour
combinations; special profile
lengths and versions on demand

Even the standard versions of our enclosures will
convince you through their compatibility. Depending on the
enclosure type, this includes mounting options for displays,
printed circuit boards and components, recessed surfaces for
protecting membrane keyboards and labels as well as recessed areas for the installation of interfaces etc. A wide range of
accessories offers you the opportunity to equip the aluminium
enclosure with additional functions.
CONTACT
Odenwälder Kunststoffwerke
Gehäusesysteme GmbH
Friedrich-List-Str. 3
D-74722 Buchen
Phone: +49 6281 404 00
www.okw.com

In order to allow the SMART-TERMINAL to meet customerspecific requirements, there are different processing and finishing technologies to choose from. Since we have our own Service Center, the enclosures can be modified to your liking. The
options include, among other things, mechanical machining

www.med-eng.de

All extruded aluminium
enclosures offer a high degree of stability and good
heat dissipation, as well
as a high-quality appearance thanks to a matt
anodised finish in conjunction with attractive
end element plastic parts
plastic end panels.
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MED Devices Positioning Systems
As a specialist for custom solutions Steinmeyer Mechatronik has
many years of expertise in the development of innovative positioning systems for special applications.

Brilliantly Positioned
B

asically, a positioning system consists of only four
main components: motor, ball screw drive, linear guide and feedback system. But it’s not quite as simple as
it may seem at first glance. Because many different principles
and variants are available for each component. Which of these
is used in the end depends on numerous factors. Decisive variables in choosing the components include the load to be moved, the required accuracy, and the existing space. Aspects
such as ambient conditions and the desired cost also play a
role. The challenge is in choosing and combining each component, with the goal of achieving the optimal precision, speed
and cost effectiveness for the particular application.

the requirement is for a single working prototype, or projects
with quantities of dozens or several thousand items per year –
Steinmeyer Mechatronik equips all products with the required
controllers, tests them thoroughly according to customer criteria, and delivers the positioning systems fully assembled.
The secret of the company’s high level of innovation? Elger
Matthes of Development and Product Management at Steinmeyer Mechatronik sums up it as follows: “The important
thing is to rethink old problems, to determine whether there
might be an alternative to the established solutions. We can
achieve our goal only if we prefer the better solution over the
habitual one.“ A practical example of this way of thinking is
the aperture drive developed by Steinmeyer Mechatronik for a
customer in the field of medical technology.

CT scanner aperture drive from Steinmeyer Mechatronik: Reliability and
durability combined with high precision and a deceptively simple design

Specialist for high-precision positioning systems
Steinmeyer Mechatronik has perfected the art of meeting
such challenges. For more than 145 years the name has stood
for maximum quality and precision. The Dresden-based company has long earned a reputation worldwide as a leading manufacturer of high-precision positioning solutions for optical
and precision engineering systems. In addition to production
of standard products, the core competences include implementation of custom projects. In coordination with the customer the positioning experts develop innovative concepts that
are perfectly tailored to the individual application. Whether
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The application required development of a motion unit for a
CT scanner that moves apertures weighing 1.2 kilograms during X-ray source rotation so that the X-ray beam can be adjusted to the minimum radiation dose required. The positioning
unit is housed inside the ring tunnel (or gantry) and rotates during the CT scanning process in a continuous path around the
patient – at a speed of several times per second. The high accelerations generate tremendous forces on the apertures and
the drive, several times greater than the Earth’s gravitational
pull. Under such conditions, materials and designs can easily
reach their limits. “That means we had to find a solution that
can withstand the rotational vibrations and high accelerations
transverse to the direction of motion, while also fulfilling the
high requirements of medical technology with respect to operational and patient safety, as well as reliability and durability,“ Matthes recalls. “That required a very sturdy construction
with minimal possibilities for error.“

Ingeniously simple, simply ingenious
This was achieved by means of a well thought-out choice of
components, in combination with a deceptively simple de-
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A well-rounded application
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Picture: fotolia by Adobe ©zhu difeng

sign. “In a multi-stage process lasting several years we have
simplified – one can also say „perfected“ – the design to the
point that it has become more and more robust, and therefore
more reliable“ Matthes explains. As if to say: What is not there,
cannot break. The goal was to absolutely minimize components and surface areas, with no compromises in quality and
performance. The spindle, for example, is “sandwiched“ instead of being held by a conventional fixed/floating bearing
system. Also, in the end there was only one guide instead of
two. “That requires hard development work. Finding complex
solutions to problems is relatively easy. The actual challenge is
in finding simple solutions,“ says Matthes. “This can be
achieved only as the result of expertise and many years of experience.“ The result is convincing: The combination of stepper motor, ground ball screw, profile rail and incremental encoder performs the demanding task in CT scanners brilliantly
and has withstood the test of time in many thousand applications over more that 10 years.

The positioning unit is housed inside the ring tunnel and moves the
apertures so that the Xray beam can be adjusted to the minimum radiation dose required

Ground precision
The main component of the compact unit, which measures 140
mm in length, 80 mm in width and 25 mm in height, is the
ground ball screw drive. Together with a stepper motor, this
forms the drive system for the positioning unit. “Only with a
ground ball screw drive can we achieve the required precision,
reliability and rigidity,“ Elger Matthes explains, and adds: “Although it costs a tidy sum, it is still less expensive than a compromise solution consisting of multiple components.“ The durable high-precision ball screws are designed for extremely fine
adjustment to guarantee the high positioning accuracy required of the aperture drive (unidirectional = ± 1.4 µm, bidirectional unidirectional = ± 2.5 µm). It is advantageous that the
positioning specialists in Saxony have a direct line of communication with the leading manufacturer of high-precision ball
screws – the Steinmeyer company in Albstadt (Baden-Württemberg), which is likewise part of the Steinmeyer Group.

the stepper motor unbeatable,“ Matthes explains. Stepper motors are designed for precise operation also without sensors for
position feedback. To increase operational and patient safety,
however, the open-loop mode was abandoned in favor of an incremental measuring system with an additional encoder. This
system detects the rotary movement of the motor in order to monitor the degree and position of the apertures. Another advantage: The encoder makes it possible to switch the stepper motor
to servo mode, to achieve higher speeds and accelerations.

High-quality volume production for medical
technology
Continuous modifications and optimizations in production
made it possible to further improve the aperture drive over the
course of time and to adapt it to changing customer requirements. To name just one example, the requirements for speed
– due to reduced scanning time – have meanwhile doubled.
Also, the product line, which originally consisted of one model, has now been expanded to include others for higher loads
or extended stroke. This high level of versatility is no coincidence. From Development to Production, Assembly and Testing, the entire process takes place under one roof. “That makes it easier for us to respond to customer requirements and to
implement custom tailored solutions within a short time
frame,“ Matthes emphasizes. “Our customers receive both
the core components – namely the ball screw and the structural parts – and the engineering and delivery from a single source. That clearly sets us apart from the competition.“ Compliance with the high requirements for quality and absolute operational reliability is guaranteed, even in the case of
high-volume production of thousands of units.
Reliability and durability combined with high precision and a
deceptively simple design: The aperture drive for CT scanners
is exemplary for the professionalism and expertise of Steinmeyer Mechatronik in developing solutions for medical positioning systems. And it proves: Less can indeed be more. Because simplicity creates robustness and therefore reliability.

Author:
Christoph John
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And what was the reason for the stepper motor? “We needed
high torque, extreme reliability, and a low price – which makes
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ESD-proof mini joysticks from MEGATRON position highprecision eye lasers

Surgery in the
Micrometre Range
W

In the modern LASIK method, a flap (an extremely
thin covering in the top laThe 812 series miniature joystick
yer of the cornea) is first
from MEGATRON, with its low increated with a femtosestallation depth, is the ideal soluticond laser. During this proon for 1-, 2- and 3-axis control tasks
in applications with limited space
cedure, the WaveLight®
FS200 operates with ultra-short pulses of one billionth of a second to achieve precise
and predictable results. In addition, the flap is adapted individually to the patient’s eye. Afterwards, the corneal cap is folded
back – similar to a book cover. Now begins the actual correction
of the vision defect. An excimer laser is used to remove the dee-
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The 812 series miniature joystick from MEGATRON allows exact positioning of the femtosecond laser on the patient’s eye

per corneal tissue corresponding to the severity of vision impairment, until the desired result is obtained. Afterwards, the corneal cap is returned to its original shape.
To achieve the best results, the WaveLight® Refractive Suite
combines the WaveLight® FS200 femtosecond laser and the
WaveLight® EX500 excimer laser. The WaveNet™ computer
network enables connection of the two laser systems to the
WaveLight® diagnostic instruments.
The WaveLight® FS200 femtosecond laser differs from comparable systems on the market, for example due to its speed: it
needs only six seconds for a standard flap cut. In addition, the
WaveLight® FS200 is designed for exceptional flexibility, since it allows the surgeon to move the cutting pattern even when
the eye is docked. In addition to the flap cut, the WaveLight®
FS200 also enables corneal transplantations, as well as diverse cutting geometries for inserting implants.

812 series mini joystick successfully used in
WaveLight lasers for many years
For the exact positioning of the patient, operating table and
laser, WaveLight has used the 812 series miniature joystick
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The use of laser surgery to correct vision impairment is
meanwhile widespread. With the LASIK method, for example,
it is possible to correct individual defects of vision, eliminating the need for wearing glasses or contact lenses. In this method the refractive power of the cornea is adjusted in order to
focus the incident light rays on the point of clearest vision. The
LASIK method is today
considered a safe and recognised procedure for
correcting defects of vision. It has become the preferred method of treatment worldwide, and is
even accepted by NASA
for treating astronauts.

Picture: MEGATRON Elektronik GmbH & Co. KG

aveLight GmbH of Erlangen has been manufacturing high-precision eye laser systems for more than
20 years, and is the market leader in this field. For
positioning of these devices, the company has been using the
compact, intuitive 812 series joystick from MEGATRON for
years. To meet the increased requirements for ESD resistance,
the electronics specialists recommended that their customer
WaveLight replace the Hall effect sensors in the joystick with
a potentiometer.

MED Devices Positioning Systems

Picture: WaveLight/Alcon

Requirements for ESD resistance have increased

The Refractive Suite consists of the WaveLight® FS200 femtosecond
laser and the WaveLight® EX500 excimer laser

from the electronics specialist MEGATRON for many years already. The joystick is designed not only for comfortable and fatigue-free handling, but also for operation with a high level of
dependability, precision and safety. WaveLight became aware
of the MEGATRON joysticks through the supplier of the operating tables. The latter used the likewise very compact TRY10
for control of the tables.
WaveLight was very satisfied with the precision and handling
properties of the joystick and therefore decided to use the similar 812 model for 3-axis control of the laser unit. The firmware of the WaveLight® Refractive Suite converts the signals
from the joystick into the required motor speed. Mechanical
elements in the laser unit – such as spindles and gears – additionally allow very fine adjustment of the traversing speed.

The high precision of the joystick is required in
numerous applications
An important argument for the mini joystick was its intuitive
operation. This is necessary for exact positioning of the laser
unit. Such precision makes the 812 series joystick ideal not
only for all imaging processes in medical technology, but also for controlling cameras in security technology (monitoring cameras) in sports arenas, or for inspecting masks and
wafers in microchip production. The mini joystick can also
be used for the precise control of microscope and coordinate
stages, as well as industrial laser systems for welding, cutting and soldering.

Low installation height and large choice of
handle options enable optimal customisation

Since medical instruments must fulfil more stringent requirements for ESD resistance since 2019 (EU Standard
EN60601/1-2), WaveLight recently asked MEGATRON to review the use of the joystick equipped with Hall effect sensors
for positioning of the laser. It turned out that it would not conform to the new standard. ESD resistance refers to the functional safety of a device in the event of electrostatic discharges,
which result in very low currents but temporarily very high voltages. These voltages pose a risk, because they can impair the
proper function of the device and therefore jeopardise the
health of patients.

MEGATRON recommended a change in the joystick technology
The 812 series mini joystick is one of the few joysticks that are
available with both Hall effect sensors and potentiometers.
That is why the electronics specialist recommended that WaveLight replace the joystick with a version with a potentiometer, in order to meet the new requirements. Due to their mechanical design, potentiometers are much less sensitive to
electrostatic discharges than Hall effect sensors. MEGATRON
also recommended this switch to the manufacturer and supplier of the operating tables. Instead of the TRY10, they are now
likewise equipped with the potentiometer version of the 812
series mini joystick.

Extremely reliable and also economical solution
The product switch was accompanied by a boost in the efficiency of the delivery process. “In the past, an external
supplier equipped the joysticks for WaveLight with a custom
cable prior to delivery“, reports MEGATRON Managing Director Thomas Volkwein. “Customising of the joystick is now
performed within our company, which saves the customer
substantial costs.“
This was a logical step for MEGATRON, due to decades of experience with the customisation of electronic components. In
addition to joysticks, the company also offers force transducers, displacement and angular sensors, as well as precision
resistors and manual adjusters, which are adapted on request
to the exact requirements of the application. In the case of WaveLight, the 812 series mini joystick was the ideal solution.
Due to numerous mechanical options it can also be used for
many other applications.

The 812 series joystick features not only high repeat accuracy
and linearity tolerance of ±2 percent, but also boasts a low installation height (<26 mm). The compact design makes the
mini joystick ideal for use in 1-, 2- or 3-axis indoor control
tasks, where only very limited space is available. Another advantage of this joystick is the large choice of handle options
offered by MEGATRON. This allows customisation for virtually
any application.
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Photorealistic 3D
Visualization

“Working with Microsoft allows expanding our position as a
leading innovator in medical imaging and digitalization in
healthcare even more and making Cinematic Rendering available to a broader group of users. We firmly believe that a photorealistic representation of clinical images can make communication between physicians and patients easier, and that
it can also help with medical training,“ says Christian Zapf,
head of the Syngo Business Line at Siemens Healthineers.
The prototype application “Cinematic Rendering for Surgery“

Displaying CT and MR images
on a mixed-reality headset
using real-time Cinematic Rendering makes the job of coordinating multidisciplinary teams
of physicians easier and could
help surgeons select the right
OR strategy and improve surgical accuracy.

MEDengineering INTERNATIONAL/2020

Picture: Siemens Healthcare GmbH
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iemens Healthineers will make its photorealistic 3D visualization technology Cinematic Rendering available
as an app for the HoloLens 2, which was introduced by
Microsoft in February of 2019. This will expand the range of
applications for this technology, which is available by the radiology software Syngo.via. Using a mixed-reality headset instead of viewing the clinical images on a 2D monitor when preparing for surgery, for example, gives surgeons a realistic 3D
overview of the surgical area. This could make it easier to select the right operating room (OR) strategy and thereby increase the accuracy of the surgery. Thanks to the high performance
of the new, real-time Cinematic Rendering algorithm and its
photorealistic representation, the HoloLens 2 application is
extremely easy to learn and use interactively for a wide range
of purposes.

From paper-style to 3D-printing

was tested in an evaluation study at Erlangen University Hospital. The results show that Cinematic Rendering improves
surgeons“ efficiency and the results of surgical planning.
Participating surgeons compared CT images retrospectively
with the Cinematic Rendering equivalents to find out, to
what extent Cinematic Rendering results in faster and better
OR strategy. Cinematic Rendering 3D visualizations supported the anatomic interpretation process. The error rate dropped from 14.1 to 0.8 percent for surgeons in training and
from 11.1 percent to 0.8 percent for qualified surgeons.
“With the HoloLens 2, we expect even greater improvements,“ says Christian Zapf.
“The newly announced Microsoft HoloLens 2 is a self-contained holographic computer that enables heads-free, headsup interaction with digital models. It builds on the breakthrough innovation of HoloLens and is even more immersive,
more comfortable and delivers industry leading value right out
of the box with partners like Siemens Healthineers,“ said Alex
Kipman, Technical Fellow, AI and Mixed Reality, Microsoft.
“Their innovative Cinematic Rendering solution paired with
HoloLens 2 creates transformative experiences across the medical field and shows the true power of mixed reality to
improve collaboration and communication.“
HoloLens 2 users can have interactive 3D holograms displayed
in their immediate environment. The real world merges with the
virtual so that viewers perceive the photorealistic hologram as a
projection floating in the air. Visualizing Cinematic Rendering
images from CT and MR exams on the HoloLens 2 gives users
the extra benefit of being able to interact with the images by
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enlarging them, zooming in and out, rotating and slicing
through them using gestures, speech, or eye gaze. This all
happens in real time, with no delay at all, thanks to a newly
developed algorithm from Siemens Healthineers.
Opportunities for using the Cinematic Rendering app are many and varied: Using the HoloLens 2 application makes it
easier to discuss complex medical cases with referring physicians if the anatomical situation is particularly challenging: in
a pediatric or trauma context, for example.
Multidisciplinary medical teams comprising radiologists and
surgeons can work together more efficiently if they can view
the areas of the body they“re working on together using the
HoloLens 2 and interacting directly with each other on the
projection. Especially when planning difficult procedures in
interventional radiology and surgery, Cinematic Rendering
provides an exceptionally realistic and natural visualization
that helps physicians from non-radiological disciplines
understand MR or CT images of their patients. With HoloLens 2, other conceivable applications include establishing
the exact position of tumor tissue and blood vessels before
surgery and viewing the target organ from every angle. This
can make it easier to choose the best OR strategy and improve treatment accuracy.

Other areas of application include patient communication
and training for the next generation of medical professionals:
Thanks to the photorealistic visual language of the Cinematic
Rendering presentation, patients can more easily understand
what“s happening in their bodies. They“ll gain a better understanding of the nature of their upcoming surgery, resulting in a
much more positive patient experience. For medical professionals in training, Cinematic Rendering offers a major advantage: Students and trainees in the medical professions will
have the opportunity to investigate specific anatomical features and clinical conditions virtually, in a kind of “living anatomy session“ that would otherwise not be available to them.
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There are a number of forces shaping the future of medical imaging:
an increase in CPU performance, certifiable, off-the-shelf software,
image-guided surgery and the connection of all medical devices.

Life-Saving Images in
Real-Time

Data Transfer and Software Development
Since 2008, CPU performance has increased roughly 100x,
increasing demands on other technology components within a
system. Today’s high-performance CPUs enable data transfer
of >25 GB/sec, the equivalent of streaming 2000 HD videos,
requiring an internal communication protocol that can meet
that level of performance. The 3D images produced by CT, ultrasound, MRI and PET scans are computationally intensive.
GPUs allow parallel processing to break down complex computing problems into many smaller tasks that run simultaneously, speeding up diagnostics, lowering patient radiation
and improving image reconstruction time by over 100x versus
legacy quad core CPU based designs.
Until recently, it was common for medical imaging R&D teams
to design, build and maintain the vast majority of the software
within their systems. Much of this software was not a core
competency but rather an enabling technology like an RTOS,
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oday’s imaging systems save lives. Medical professionals
can now view systems within the human body in high resolution, enabling them to diagnose pathological changes while precisely targeting therapeutic procedures. From the
operating room to telemedicine, these imaging technologies
play a key role in the future of medical diagnostics and therapeutics. However, medical professionals face challenges connecting the images to healthcare processes more quickly and
more accurately for better patient care and outcomes. Leaders
in the medical imaging space require new technology providing
higher resolution images and faster image reconstruction,
while also enabling an improved user interface that incorporates multiple images and patient vitals. Digital transformation
initiatives require that these complex devices transfer images
and data throughout the entire healthcare ecosystem securely,
reliably and in real time. In order to meet the needs of this rapidly changing industry, the adoption of commercially available,
data-centric communication technology will be paramount to
control costs and shorten time to market.

Figure 1 - DDS Databus.

a communication protocol, or even a UI/UX. There are now a
number of options in each of these spaces that not only meet
the technical requirements of the medical imaging market, but
also provide a certifiable, medical grade offering. Imaging companies make use of these commercial offerings, increasing the
performance, security and reliability of their systems while
freeing up their development teams to focus on their core skills
– related to building and interpreting medical images.

MIS Surgery and Connected Healthcare
Image-guided minimally invasive surgery (MIS) is growing at a
rapid pace. Surgeons now perform procedures using a combination of real-time and archived images of a patient. Imageguided surgery provides surgeons with greater control of the
surgical procedure, real-time feedback on the effect of the intervention, and reduced tissue trauma and disruption in gaining access to the anatomical structure. Procedures using CT,
MRI, and PET were developed for the treatment of brain tumors, but now the practice has been expanded to include additional imaging techniques and to treat additional modalities. High-definition 3D images and the ability to overlay different image types opens the door for a number of new
image-guided minimally invasive surgical procedures that can
be performed with extreme precision.
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ment based on Artificial Intelligence
(AI) and Machine Learning (ML). The
requirements of this type of system
mirror those of a stand-alone medical
imaging system. However, now requirements for performance, reliability
and security must scale throughout
the larger healthcare Industrial Internet of Things (IIoT) system.

Development of Medical
Devices

Figure 2 - Example Data-Centric Imaging Architecture.

We are moving from a world and a healthcare system that is
generally unconnected to one that is always connected, transmitting huge amounts of data securely, reliably and in real
time. Data will be shared not only within each medical imaging subsystem, but within a larger system of care. Non-interoperable systems where data today is siloed and unreachable
will be replaced by interoperable healthcare IoT systems able
to share data, analyze, diagnose, and eventually provide treat-

Architecting and developing a medical imaging device isn’t easy, development cycles range from four to
six years. Even by adopting the latest
technologies, device designers still run into challenges striving to meet next-generation product requirements, many of
which are related to connectivity.
The most significant technical challenges include performance, as systems will need to transfer 4k Ultra HD
Images/Video (>40GB/s) with >10ms latency, as well as reliability in an image-guided minimally invasive surgery.
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Figure 3 - Data-Centric Healthcare IIoT Architecture.

Interoperability, the ability to seamlessly communicate with
complementary medical devices, security, the need to meet
strict regulatory compliance, and scalability within the healthcare IIoT are also very important. Maintaining product design
cycle times, staying within budget, and minimizing long-term
cost of ownership are challenges facing medical imaging executives as their teams address next-generation market needs.

Connectivity with DDS
The solution is to use commercial off-the-shelf (COTS) datacentric connectivity framework to handle software integration
within the imaging devices, and to share data with other systems in a wider healthcare IoT. Data-centricity is an architecture in which the interface between systems or subsystems is
the data itself. There are no artificial wrappers or blockers to
the interface, i.e. no messages. In data-centric systems, the
underlying infrastructure understands that data, which decouples applications from the data, removing much of the
complexity in application development. Data-centric systems
manage the data and provide rules on how the applications exchange data.

applications. DDS is absolutely reliable and enables the use of redundant paths and by design does not have a single point of failure. Furthermore, DDS provides syntactic
interoperability allowing for a common communication protocol providing a foundation for healthcare IIoT
integration. DDS is a key piece of a
trusted security architecture by providing fine-grained security down to
the level of the data. And DDS-based
systems provide near-linear scalability, automatic discovery that provides
plug-and-play functionality, and enables bridging to other technologies via Routing Service.

Conclusion
To enable innovations in both interventional and diagnostic radiology, it is clear that medical imaging systems and their subsequent subsystems will need to be interoperable and move
more data, in real time, reliably and securely. Utilizing a datacentric system architecture based on standard connectivity
technology like Data Distribution Service allows R&D teams to
meet strict design requirements without building their own
proprietary connectivity solution from scratch. Commercial
DDS offerings like RTI Connext DDS provide the most significant benefit by providing a medical-grade DDS offering that
allows medical imaging manufacturers to focus on implementing next-generation product features and leaving the connectivity to the experts. This approach has proven to save development time and speed time to market.
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An example of a data-centric technology is the Data Distribution Service (DDS) standard, which is an open, multi-vendor,
data-centric connectivity standard. It introduces the idea of a
databus, a shared global data space that can efficiently deliver millions of messages per second to many simultaneous receivers, while offering detailed Quality of Service (QoS) control, multicast, configurable reliability and pervasive redundancy. It is the only technology that delivers the flexibility,
reliability and speed necessary to build complex, real-time applications, a perfect fit for medical imaging.
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and Data Filtering allow DDS to meet the latency and throughput requirements specified of the most demanding imaging
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More Freedom of
Movement in the Patient
Pictures: DLR/Alexandra Beier

From diagnosis to therapy – robotic assistance systems are already in use in many medical sectors. Lightweight robotics
and the latest new generations of computer-assisted minimally invasive surgical instruments are opening up a multitude of
potentials, as explained in an interview with Julian Klodmann.

MED: Lightweight robotics was founded at the German Aerospace Center (DLR) years ago, motivated by space applications.
From the very start, terrestrial applications were not excluded.
What were the special features of the first robots and how did
earth-based applications achieve the breakthrough?

Julian Klodmann: The first telemanipulated robot system
capable of being controlled in space from the earth was created by researchers at the Institute for Robotics and Mechatronics at the DLR in collaboration with Dornier. The DLR developed an autonomous multi-sensor gripper for this system.
However, the robot arm used for the so-called ROTEX gripper
was not able to move its own weight on earth. To enable astronauts to train on earth a lightweight and flexible robot was developed. So, although the development was driven by space
robotic requirements, the lightweight robot (LBR I) achieved
its breakthrough with terrestrial applications. At the same

Robotics enable alternative
treatment options, which is
why it is are already established in a wide range of medical
applications. This technology
will have an increasing impact
on surgery in the future as well.

MiroSurge telesurgery system: The three MIRO robot arms can be attached directly to the operating

time the LBR I also had many features which are still common
to subsequent lightweight robots. Each joint was equipped
with a torque sensor. The kinematics was similar to that of the
human arm. In addition, the complete electronics was integrated into the robot arm and the weight was optimised using
the finite element method wherever possible. This provided
the basis for the successor to the first lightweight robot, the
LBR 2, showing a previously unmatched ratio of payload to total mass. This robot was able to manipulate a payload of 7 kg
at full speed with a dead weight of just 18 kg. Furthermore, the
integrated torque sensors enabled the LBR 2 to interact with
its environment sensitively. This led to the idea of putting the
LBR 2 to use in an industry-oriented environment. In addition,
thanks to its kinematic redundancy, which is achieved by the
integration of seven torque-controlled joints, the system offers
greater flexibility compared to standard industrial robots. Finally, the lightweight robot was in a position to carry out tasks
that the robots at the time were unable to handle.

MED: What special requirements did lightweight robotics have
to meet in order to qualify for use in the medical technology
sector?

Julian Klodmann: The fundamental technologies behind the
compact lightweight robots are the drives and sensors together
with specific control concepts. The basis is provided by high reduction gears such as the Harmonic Drive gear, for instance.
However, these gear boxes in combination with the lightweight
design lead to inherent elasticity. If the robot is pushed, for
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example, the lightweight components and elastic joints cause
oscillations. For the purpose of monitoring and compensating
for these oscillations, the joint torques measured by joint torque sensors are considered in the control of the system. This
means that the system is critically damped and the robot no longer oscillates. On the other hand, the high gear reduction ratio
results in very hardly backdrivable joints. For example, a motor
only needs to generate a small amount of torque to move a joint
on the output side. However, if you want to backdrive the robot
in the same way as a classical tripod, high torques need to be
generated according to the reduction ratio. This can only be
achieved with additional torque sensors and a suitable control
system. For this purpose, the control system scales down the
drive inertia and friction based on the torques measured on the
output side. This torque control ultimately provides the basis
for the control of the lightweight robots. Additionally, the behaviour of the end effector can be defined on an application-specific basis by further cascaded control structures such as impedance control. Examples include a definable Cartesian compliance of the end effector in interaction with the environment or
the maintenance of Cartesian geometric constraints with a
definable dynamic behaviour.

Master console of the MiroSurge system featuring a 3-D display and
two haptic input devices.

MED: The surgeon’s objective is to perform operations without
any complications and with minimum trauma for the patient.
Robots can assist here, because they make minimally invasive
procedures easier. How complicated is it for a surgeon to get
used to handling robot systems?

Julian Klodmann: Conventional laparoscopy alone is complex.
Here the lead surgeon has to guide the long slender instruments into the patient through a trocar beared in the incision,
while the assistant surgeon navigates the endoscope. For the
surgeon, the process of guiding the instruments is not ergonomic and intuitive. In order to handle the instruments inside of
the patient the surgeon has to move outside the patient in the
opposite direction. In addition, the operator can only see the
operating field on a display installed in the operating theatre.
This method of working demands not just good teamwork but
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a hand-eye coordination which must be constantly relearned.
Surgical robots offer advantages here, such as the prototypical
MiroSurge telesurgery system developed by the DLR Institute
of Robotics and Mechatronics for minimally invasive medical
operations. The versatile, modular MiroSurge platform combines a range of different robotic components, 3-D displays,
haptic input devices and laparoscopic instruments (MICA).
Such systems can assist the surgeon especially in terms of ergonomics and the ease of handling the instruments inside the
patient. Moreover, thanks to the miniaturised force/torque
sensors it should be possible to measure interaction forces
with the patient tissue in the future. Therefore the video
stream of the endoscope as well as the interaction forces will
be displayed to the surgeon, such that the surgeon will be able
to see and feel what is happening at the instruments at the
hand controllers.

MED: Surgery and engineering are growing closer together.
Does that automatically lead to wider acceptance of robotic
surgery?

Julian Klodmann: Robots are now used not just in laparoscopy
but in vascular surgery, neurosurgery and spinal surgery as
well, along with joint endoprosthetics and diagnostics. In the
operating theatre, for example, it is possible to run a C-arm
over a patient for surgical imaging. Other robot systems in turn
carry a radiation source which allows irradiation treatment of a
tumour in a sub-millimetre range. Many surgeons consider robotic surgery as a future tool to perform surgeries and are
therefore not only very open-minded about it, but oftentimes
want to be proactively involved in the development of the technology. This is why engineering scientists at the DLR are working on innovative diagnostic procedures and therapeutic solutions together with industrial and clinical partners such as
the MITI (Minimally-invasive Interdisciplinary Therapeutic
Intervention) research group at the University Hospital rechts
der Isar of the Technical University Munich. Experts have been
working for decades here on technologies that can be integrated effectively to the benefit of the patient into the medical
field. The CURAC scientific community (German Society for
Computer- and Robot-Assisted Surgery) also offers surgeons
from all specialist disciplines, as well as radiologists, information scientists and engineers an interdisciplinary community
for the discussion of new technologies and implementation
into applications. And finally, the MIRO Innovation Lab,
funded by the Helmholtz Association, a collaborative network
and broad research platform for medical robotics, should also
be mentioned. As part of the DLR Institute of Robotics and
Mechatronics, the Innovation Lab offers access to technologies and know-how in the field of medical robotics to companies, especially ones which have yet to further develop their
own expertise in the field. Ultimately the research groups all
have the same objective of using robotic applications: to help
provide patients with even gentler treatment in future, take
more pressure off physicians and hospital staff and drive innovative developments forward at a greater pace.
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The laparoscopic MICA instruments provide greater freedom of movement and dexterity inside the patient.

points – robotics can provide increasing support on the basis of
the systematic use of data-driven functions. To avoid overwhelming surgeons with floods of information it is necessary to collect
data from preceding operations on an interdisciplinary basis and
to make them meaningful. The basis for this can be provided by
the systematic use of data sciences, machine learning and artificial intelligence. It should soon be possible, for example, to tell
which action is currently being performed, such as tying a knot,
for instance. Using the force/torque sensors the robot system
could then indicate when a knot on a suture is secure and when
there is a threat of the stitching tearing. However, applications
such as these are still
in their infancy.
CONTACT

MED: Thank you for
MED: What other innovations could provide surgeons with focused support in future?

the interview, Mr.
Klodmann.

Julian Klodmann: In addition to opening up new fields of applica-

The interview was
conducted by
Carola Tesche

tions for surgical robotics and further reducing of trauma for patients – in other words reductions in the size of the outer access

German Aerospace Center (DLR)
Institute of Robotics and Mechatronics/MIRO Innovation Lab
Münchener Str. 20
82234 Wessling
GERMANY
Phone: +49 8153 28 36 28
www.miroinnovationlab.de

— — — — — — — — — — — — — — — — — — — — — — — —
The start-up company NISI (HK) Limited is currently developing a miniature surgical robot that can be inserted though natural openings
in the body and only unfolds inside the abdomen. To achieve this goal, the engineers are pushing components to their limits and beyond. In the world of medtech, there are many astonishing new developments these days. The world of
surgical robots could soon be disrupted: In summer 2018, the Hong Kong-based
startup NISI announced that they have successfully performed a series of gyne-

nefits: Less blood loss during surgery, less wound related complications, shorter
recovery time for the patient, and no visible scars. The robot itself has two small
arms that unfold inside the abdomen and can be controlled by the surgeon using
a control panel. The two robotic arms are directly controlled by micromotors from
maxon and have up to eight degrees of freedom. The system also has a high-resolution 2D and 3D camera and delivers haptic feedback, so that the surgeon is
able to feel what is happening at the other end and can work with even higher

THE ROBOT THAT UNFOLDS INSIDE THE ABDOMEN
cological operations on live pigs. This may not sound like anything special at
first, however: The essence is that the surgeons used a small robot that had
been inserted rectally. This is a world’s first in medical history, according to the
company.
NISI was founded in 2012 and
works with the universities of
Hong Kong and Cambridge to
develop a robotic system that
enables complex, minimal-invasive surgeries in the abdominal and pelvic area without leaving visible scars. “We want
to become the world’s leading expert in non-invasive surgical robotic technology,“ says Dr. Corinna Ockenfeld at NISI. The successful surgeries in the summer
of 2018 have given the medtech start-up a lot of momentum. Initial surgeries
on humans are planned for 2021. The idea behind the NISI’s novel surgical system is as follows: The surgical robot is inserted through a natural orifice, usually
the anus or the vagina. By doing so, only a small cut inside the body is necessary
to get multiple robotic instruments inside the abdomen. Current systems require
several incisions, one for each instrument. The new technology has obvious be-
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precision. Bringing surgical robots to the next level requires more than outstanding technicians and engineers: Quality components are a key element. NISI is
therefore testing various concepts and combinations of components. “We want
to push the boundaries of medical and robotic technology,“ says Dr. Corinna
Ockenfeld. With regard to the motors, this requires an extremely small size and
extremely high power density. “We are working closely with maxon and have a
weekly exchange of information. We really appreciate the support we’ve received
over the past years. The collaboration with maxon is highly productive and extremely valuable for both sides.“
The prototypes of the NISI surgical robotic system currently use various brushless DC motors from the EC series, with diameters ranging from 4 to 8 millimeters, complemented by matching customized gearheads. Both partners are pushing the precision drives to their limits, sometimes running them outside the
nominal specifications. However, the BLDC motors are customized for the specific needs. They require high power density, must fulfill extremely strict quality
standards and be sealed against body fluids. In the future, the drives will also
be biocompatible. The next steps are to make the entire system even smaller, to
make the motors even more dynamic, and to expand the working range of the
robot. Step by step, NISI is coming closer in fulfilling its vision of making noninvasive surgery without scars a commonplace reality. www.maxongroup.de
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Robotic arm with Kontron computer supports endoscopic
surgeries

Better Visibility for
Surgeons

More than seven million people underwent surgery in
Germany in 2017, as registered by the German Federal Statistical Office (October 2018). Since the 1980s, many surgeries
have been performed minimally invasive, such as the majority
of the around 200,000 hernia surgeries performed on men in
Germany. Minimally invasive procedures are also called „keyhole surgery“. This is because the instruments and the endoscope, a miniature camera with a diameter of 5 to 10 millimeters, are directed towards the surgical area via two tiny
incisions. The image is displayed on an external monitor and
indicates the surgeon's surgical area. In the clinic, this means
that many surgeries require the presence of a second doctor to
guide the camera during surgery, in addition to the surgeon.
Only in the case of very simple procedures is it sufficient for a
doctor to adjust the camera himself.

The big tremor: manual endoscope guidance
In the majority of minimally invasive procedures, the endoscope is still guided completely by hand. In practice, this has
substantial disadvantages, which are currently being reinforced by technological developments: High-resolution cameras
produce images in 4K or even 8K quality, even 3D images are
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W

ith its robotic arm Soloassist II for surgeons in hospitals, the German company AKTORmed GmbH from
Regensburg makes it easier for surgeons to work with
endoscopes. About 15 years ago, the transition from manual
to robot-supported guidance of the surgical camera during minimally invasive procedures meant a significant improvement
for the surgeon. The voice-controlled version, which was presented in 2017, made its use much easier once again.
However, the underlying software for speech recognition and
control of the robotic arm poses comparably high requirements on the hardware in regard to the processor, memory and
interfaces. While a simple microcontroller was sufficient for
the version controlled by the surgeon via joystick, a Kontron
motherboard, i.e. a full-featured embedded industrial computer, is used in the voice-controllable version.

The heart of the Soloassist is the Kontron Mini-ITX Board E38 with an
Intel Atom processor of the E3800 series. It has sufficient memory
space and numerous interfaces required in industry.

now possible. For many applications based on this, however,
people lack the necessary steady hand to hold the endoscope,
which weighs up to 600 grams, quietly in uncomfortable positions for minutes. Even the smallest tremulous movements are
amplified by the magnified reproduction on high-resolution
screens to such an extent that they make precise work more difficult than easier. In addition, movements of the entire body, for
example to facilitate access to the operating table for a
colleague, also set the hand holding the endoscope in motion
despite all efforts. In addition, communication problems often
make it difficult to work effectively and precisely with the endoscope if it is not quite clear between the surgeon and his
colleague in charge of the camera how far or in which direction
the camera should be moved.

Quiet in every operating position: the robot arm
The robot arm developed by AKTORmed, which guides the
endoscope, already brought considerable alleviation: It can
be guided flexibly with three degrees of freedom, manually
and fixed in the correct position. This means that it is possible to work with a steady image in a fixed position. The joystick
also simplified the guidance, so that in some cases a se-
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cond, endoscope-guiding physician
could be omitted altogether. This is an
advantage not to be underestimated in
the light of chronic lack of surgeons in
many clinics. AKTORmed's customers
include hospitals and clinics all over the
world. The company is a manufacture for
the development and distribution of medical devices, and was founded in 2005
in Regensburg, Germany. With at present 16 co-workers, mostly engineers,
electro technicians and mechatronic engineers, the robot arm SOLOASSIST is
manufactured and sold, as well as new
products being developed.

PPicture: AKTORmed

Reliable voice control requires
computing power
The robot arm can be used even more flexibly if it can react directly to the operator's voice commands. This allows the
operating surgeon to steer the camera in
the required direction with just a few simple commands and thus having both
hands free for the surgery.

The voice controlled robotic arm Soloassist makes it easier for surgeons to work
with endoscopes.

In contrast to the joystick, however,
speech recognition and processing requires significantly more computing and memory power. The developers at
AKTORmed have therefore decided to rely
on an industrial PC that meets these requirements while also fulfilling the strict
criteria for devices in the surgery room. In
addition to the purely technical features,
AKTORmed also had other reasons for
choosing Kontron: Since innovation cycles in medical technology are long and
procurement projects can take several
years, the components of the Soloassist
must have a long-term availability of at
least seven to ten years. These product
cycles are offered by Kontron with regard
to its industrial boards. This requirement
alone meant that numerous board manufacturers were eliminated at an early stage
of the selection process. There was also a
need to be able to access a USB bus on the
board. This feature was also not available
from many of Kontron's competitors, so in
2015 the decision was finally taken in favor of Kontron. AKTORmed was also
Company Profile

Cicor – Your technology partner

Cicor Group
Switzerland
Gebenloostrasse 15
9552 Bronschhofen
info@ cicor.com
www.cicor.com

The Cicor Group is a globally active development and manufacturing partner with innovative technology solutions for the electronics
industry. With about 2100 employees at ten
production sites, Cicor offers highly complex
printed circuit boards, hybrid circuits and
printed electronics as well as comprehensive
electronic manufacturing services (EMS)
including microelectronic assembly and
plastic injection molding. Cicor supplies
customized products and services from design
to the finished product from one source.

Customized solutions
Cicor works together with its customers to
develop innovative products and offers solutions that meet the needs of the market, reflect
the latest trends and convince through their
application. Cicor’s broad portfolio of innovative technologies, services and global production capacities offers the right solution for even
the most demanding requirements, such as
high-tech and high-reliability applications.
Thanks to the focus on consistent quality and
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maximum traceability, rapid prototyping,
flexible choice of materials, miniaturization
and realization of potential savings as well as
the development and assembly services, Cicor
is a partner that is able to meet the requirements of medical technology using new ideas
and cutting-edge solutions. Cicor supports its
customers starting in the planning stage,
guaranteeing the ideal outsourcing solution,
tailored to the customer‘s specific needs. Cicor
is a partner over the entire product lifecycle,
from product development through series
production to after-sales service.
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convinced by the commitment of Kontron's sales partner Aaronn, who, together with Kontron, fully meets all service and
support requirements.

AKTORmed also benefits from Kontron's experience with demanding customers around the world. Since approvals for medical devices are usually complex, lengthy and different in
every country, AKTORmed can already access many of the necessary certifications, such as CE, confirmations, as well as
electromagnetic compatibility (EMC), electrical safety, and
radio-specific requirements from the U.S. Federal Communications Commission (FCC). Long-term availability also pays
off here, because if something were to change in the once approved component, a costly recertification would be necessary
for the next delivery.

The solo assistant in surgery in action.

Industrial Computer Motherboard at the heart
of the system
The motherboard used is the Kontron Mini-ITX Board E38
with Intel Atom® processor of the E3800 series, which has
sufficient memory and numerous interfaces required for industrial applications. A bootable flash memory is available for
the operating system, application data is stored via an SSD
storage. Until mid-2019, after three years in clinical use,
AKTORmed has not experienced a single failure of a motherboard. Not least because of this, this board differs significantly from the large range of boards for consumer products.
The high reliability also guarantees safety for the patient: The
robot arm is protected against uncontrolled movements by algorithms. This guarantees that the endoscope will not injure
the patient under any circumstances.
Robert Geiger, Managing Director, AKTORmed: „Availability, safety and reliability play a particularly important role in
medical technology; if a component does not function as it
should, this can have fatal consequences. Our decision to
rely on Kontron as an experienced supplier of industrial
computers was therefore absolutely the right one. The Soloassist runs reliably and error-free with Kontron's industrial
computers. The configuration services provided by Kontron
and its partner Aaronn allow us to fully concentrate on the
development of our robotic arm. Regarding international
sales, Kontron's experience on the world markets helps us to
quickly pass the necessary, often complex approval procedures for medical devices. With Kontron, we also see ourselves well equipped for the future when topics such as natural
language recognition or artificial intelligence for controlling
our robotic arm come into play.“
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The complete voice control software for Soloassist II now runs
smoothly under Windows 7 Embedded on the Kontron motherboard. Sales partner Aaronn adds its service offering to the reliable, secure and long-term available Kontron product:
Boards are delivered by Aaronn to AKTORmed ready for installation. Before they are installed, Aaronn adds RAM, a fan and
the SSD memory, then the software image is installed and
functional tests are carried out.
Stefan Lobmeier, Product Manager Motherboards & SBC at
Kontron: „Kontron specializes in industrial computers that
meet the reliability, security and availability requirements of
our demanding customers, especially in the healthcare sector.
Together with our partner Aaronn, we are able to provide our
customers with individual support and meet their specific requirements.“

The right partner for AI control
AKTORmed is working on convincing hospitals all over the
world of the advantages of the voice-controlled Soloassist II –
with Kontron always present in the background. Kontron will
also play a role in the further development of the robot arm.
AKTORmed is already thinking about artificial intelligence
applications: The endoscope could find the surgical area independently, for example an organ, and position itself. It is also
conceivable that machine learning could be used to store certain surgery sequences and that the robot arm could reposition
the endoscope itself.
With motherboards from Kontron, AKTORmed is well prepared for the future, and patients and doctors alike benefit from
the constant advances in embedded computer technology.

CONTACT
Kontron S&T AG
Lise-Meitner-Str. 3-5
D-86156 Augsburg
Phone: +49 821 408 60
www.kontron.com
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Partner ensures custom-fit delivery

MED Devices Operating Systems

Infrared Touch Screen
re-discovered

Pictures: HY-LINE Computer Components Vertirebs GmbH

I

nfrared technology for touchscreens has a long history.
The principle is simple: a light grid is mounted in the xand y-direction of the screen. If the light grid is interrupted, any penetrating object is detected and its position can be
evaluated. This technology is simple and robust, and has the
advantage of being separate from the display. It is used where
displays are exposed to extreme environmental conditions,
such as ambient temperatures or vandalism. Examples are ticket vending machines and ATMs. There you can concentrate
on the protection of the display surface and make it meet the
requirements, e.g. mount a thick pane of protective glass,
which can be replaced in case of damage.

However, there are some disadvantages. The diagonal size
increases the number of IR emitters and detector diodes as
well as the current consumption. Bright ambient light, such as
the direct sunlight at some times of the day, superimposes on
the useful signal and dazzles the photodiodes which receive
the signal. As the touch screen is mounted behind the front
panel, the display is located relatively deep in the housing,
making the edge areas difficult to read when viewed at an oblique angle. A new approach of the well-known technology
avoids these disadvantages and at the same time offers a modern operating concept.

Infrared laser with reflection
The technology, known as zForce, places the transmitter and
receiver side by side in an oblong enclosure that only needs
one side of the display to be mounted on. It does not detect the
interruption of a light curtain, but the reflection of the emitted
light by an object within sight.

Figure 1: Functional principle of the infrared touch screen

Infrared touchscreens? These
are the ugly touchscreens that
cannot be operated in sunlight,
with the thick frames that are
familiar from ticket vending
machines. Multitouch, gestures? They don't exist! But a new
technology takes up the wellknown principle of the light barrier and transfers it into the current HMI technology.
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Figure 2: Functional principle of the zForce touch screen

The recognition of multi-finger functions and gestures is done
by the built-in controller. This technology offers several advantages over PCAP touchscreens; activation does not have to be
carried out with a conductive object. It is insensitive to electromagnetic fields and bright ambient light.

System Integration
With infrared touchscreens, the sensor is mounted to the housing, but not necessarily glued to the display. Figure 3 shows a
cross-section through the construction. The display surface is
located behind the front panel, touch sensor and protective
glass far inside the device. To view the entire contents of the display, the user must stand in a straight line in front of the device.
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Figure 3: Cross section of an infrared touch screen system

Figure 4: Cross section through a zForce touchscreen system

There are several options for integrating the zForce sensor. It
can be mounted either flush with the housing or on the outside
of the housing (see Fig. 4). Debris such as dust and water above the display cannot impair its function. The display is
brought closer to the front of the device.

can also operate without a display. The costs scale well with
the size of the screen, since in contrast to the IR touch screen
only one dimension has to be covered. Even this is not a must:
With a selective touch area, for example, the on-screen menu
of a large screen can be operated in a lower corner without the
touch sensor having to cover the entire width of the screen.

Applications
zForce technology is ideal for use in harsh indoor and outdoor
environments where other touch principles fail. It can also be
used to retrofit existing systems. The wide temperature range
makes it easy to use in industrial environments. It can be operated with any object that reflects light, including protective
gloves, credit cards and pens. Even with wet or dirty hands or
long fingernails, operation is easy. Since the touch sensor is
mounted outside the display, the display can be protected
from environmental conditions without regard to the touch
screen. The touch sensor is insensitive to electromagnetic interference. It can therefore be used in commercial vehicles,
agricultural equipment and machines with large electric
drives. The functional principle allows the display surface to
be shielded against eavesdropping or not to be disturbed by
radiation in a sensitive environment. Of course, the protection
also works inwards: The display opening as an entrance gate
for electrical interference signals can be sealed. As a „smart
sensor“, e.g. on a worktop made of wood or stone, the sensor
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Other fields of application
Depending on the orientation of the laser, zForce can be used
as a touch screen, light barrier or proximity sensor. Figure 5
shows the differences. With the alignment rotated by 90°, the
sensor serves as a one-dimensional user interface. In contrast
to conventional proximity sensors, which evaluate the signal
strength as an indicator for the position of an object, here the
combination of transmitter and receiver signal determines the
position of an object.

Touch screen without touching
While the replacement of conventional touchscreens is obvious,
the zForce technology finds further areas of application. It is
ideal for monitors of imaging processes in medical technology.
The image quality such as contrast, coating, antireflection coating and parallax are retained because the optical properties of
the display surface are not affected. This is not the only advan-
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Figure 5: Use as light barrier (left) and
proximity sensor (right)

tage of not having to
touch the surface with
sterile gloves, but also in
public places where elevators are called, vending machines operated
and toilets flushed:
Germs have no chance to
spread! Even in the food
industry or restaurant
kitchen, devices can be
operated with „dirty“ fingers without touching
the surface and making
the screen underneath
unreadable.

When used as a light barrier, the technology can be used to detect the presence of (unwanted) objects and the system can
take appropriate action. As a proximity sensor, it can also be
installed in moving objects to avoid collisions with the environment, such as in vacuum cleaners or mowing robots.

Software Integration
The built-in controller presents itself as a USB HID (Human
Interface Device) and therefore works immediately with the
operating system of a corresponding host and replaces or complements the mouse functions as a single or multi-touch. Alternatively, it provides the information via I²C.

Comparison with other touch technologies
Compared to other technologies, zForce performs well. In particular, the lack of mounting to the underlying display enables
applications that cannot be realized with other touchscreens.
Fig. 6 shows the sensor in side view.

Figure 6: Sensor module, right opening for transmitter and receiver

on „invisible“ light, the sensor neither emits electromagnetic
radiation nor is its function impaired by fields present or interference pulses. Due to optical filters, the sensor is not influenced by ambient light from the sun or strong light sources. The
service life is high regardless of the number of operations.
Ergonomics
While the argument for PCAP is the flat, flush-fitting surface,
the zForce sensor scores with its suitability for special applications. It offers multitouch functions with the recognition of several fingers and gestures, and can be operated with all media, be it
thick gloves, credit cards or fingernails. This feature can also be
exploited to enable non-contact operation in sterile areas or with
dirty hands.

Bottom line
Although the majority of touchscreens today are based on the
PCAP principle, there are applications for which it is less suitable. The zForce technology offers the advantage of separate
mounting; the display surface is not influenced by the touch
screen. This allows it to be designed according to other criteria: For the rough use, for the operation with any object, where
an actual touch of the touch screen is not desired, or where the
image quality must not be influenced by an additional layer on
the display. Yes, not even a display is required! It may also be
the worktop in the kitchen.

Optics
Since the technology works without covering the display, the
display can be optimized here for the application. Optical parameters such as transparency, reflection and contrast are not
influenced by zForce.
Author:
Rudolf Sosnowsky
Leiter Technik
HY-LINE Computer Components Vertriebs GmbH

Integration
Since the direct assembly with the display is not necessary, a
monitor can be retrofitted with a retrofit kit. For notebook
users, there are ready-made modules that can upgrade it to a
touchscreen notebook.

CONTACT

Sturdiness
The touch sensor itself is resistant to conventional chemicals
used for cleaning or sterilisation in medical environments.
The vandalism, which is usually directed against the display,
can be made ineffective with a suitable cover glass. Since the
functional principle is not based on electromagnetic fields but
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HY-LINE Computer Components Vertriebs GmbH
Inselkammerstr. 10
D-82008 Unterhaching
Tel. +49 89 61 45
www.hy-line.de
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Medical Implants Turning
to Rechargeable Batteries
R

echargeable lithium-ion batteries now represent
roughly 15% of the total implantable market, but multiple factors have limited their usage. New technology
developments are increasingly overcoming these issues and a
shift towards „accountable care“ is making rechargeables
more popular.

Why primary batteries have been more prevalent
Historically, there are several reasons why non-rechargeable,
primary batteries have been preferred to rechargeables for
medical implants.

+

+
+

The initial cost of rechargeable lithium-ion implantable
batteries is higher than non-rechargeable options. This is
because they are more complex, and primary implantable
batteries have been produced in much higher volumes for
many years. Also, rechargeables require charging circuitry
and an external charger.
Rechargeable batteries require the patient to sit connected to an AC-powered charger for one to two hours every
two to seven days.
Rechargeables restrict how far below the skin surface an
implantable device can be located, typically to 6mm, because this limits the charging rate. This means they can-

In the medical industry, non-rechargeable batteries remain
the commonest choice for implanted devices. But when the
battery reaches the end of its
useful life, an invasive surgical
operation on the patient is required to replace it.

+

+

not be used for some applications.
Rechargeable batteries are not considered suitable for
life-sustaining applications, because patients may be unable to keep them charged due to a lost or broken charger,
or simply forgetting. Most of the implantable device market consists of cardiac products – pacemakers and ICDs –
with neurostimulation and implanted monitors making up
a small but growing portion.
Finally, there are commercial considerations. Around half
of sales for the device manufacturers (and the surgeons,
hospitals, and insurance companies) now come from device replacements, so there is no real incentive for them to
make the case for longer service life and less frequent replacement.

How accountable care affects battery choices
There is widespread agreement in the USA that the ballooning
costs of healthcare must be controlled. The Affordable Care
Act (ACA) of 2010 aimed to address this, with three main
goals: make affordable health insurance available to more
people, expand Medicaid to cover more low-income adults,
and support innovation to drive down healthcare costs .
ACA aims to reform payment methods. It incentivizes doctors,
hospitals and other healthcare providers to co-ordinate how
they deliver healthcare, to improve efficiency and lower costs.
In this „accountable care“ model, vertically-integrated
healthcare bodies take responsibility for long-term care of a
defined group of patients, which has driven a change in decision-making, away from the current short-term thinking that
prioritizes up-front cost. There is also a shift away from pure
financial considerations, to a more holistic view, taking into
account social welfare and productivity .
This shift from short-term to long-term may mean that a rechargeable battery is preferred to a non-rechargeable option,
because fewer replacement procedures are required over the
patient“s lifetime – so, long-term cost is lower, even if the initial cost is higher, and the patient has to endure fewer operations.
Within the industry, this direction favors rechargeable batteries in general, and lithium-ion batteries with a superior cyclelife performance, such as those from Quallion, in particular.
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Technology trends drive rechargeables uptake
A number of technological factors are beginning to shift the
market in favor of rechargeable implantable devices. Overall,
many of these factors contribute to lower „through-life“ costs,
for example with less frequent operations required for battery
replacement, and thus align well with the accountable care
model“s requirement to minimize lifetime costs.
Firstly, rechargeable batteries are smaller than the primary alternative. A primary battery capable of supporting a five to
eight-year service life is considerably larger than a lithium-ion
battery that will operate for two to seven days between charges
and provide a service life of ten years or more.
The trend throughout healthcare is miniaturization, driven by
the preference for minimally-invasive procedures, and the desire to reduce patient risk and hospital-stay durations. Since
the battery is often more than 50% of the volume of the entire
implanted device, this trend favors smaller rechargeable batteries. Electronics are becoming more compact which means
the battery, as a percentage of the total device volume, is increasing. Fortunately, electronics are also becoming more efficient, which translates to a decrease in power consumption
and lower battery capacity requirements for a given service
life.
Secondly, charging rates are an issue, but are improving, with
typically charging time for a patient likely to be reduced soon
from two hours to an hour, or even less.
Another trend is that new devices, such as fully-implanted
Ventricular Assist Devices (VADs), are demanding much
higher power from the battery. This means that the useful life
of a primary battery would be short, and that rechargeable batteries can be a better option.

Zero-Volt technology means batteries can be stored for long
periods in a deep discharged state with no permanent capacity
loss, helping device manufacturers and, ultimately, patients.
Zero-Volt also means that the charge can be completely removed when connecting batteries to volatile systems or implanting cells inside the human body.
Additionally, RF wireless communications can help overcome
non-compliance, with most implantable devices now including an RF communications capability. This enables them to
send data to a hospital or care provider, who can monitor the
battery“s state of charge (SOC). This means they can oversee
patient compliance to charging requirements and reduce the
number of appointments needed to check the device and its
battery.

Conclusion
Today, an accountable care approach should be the major influencing factor when designing a medical device and choosing its power source, as through-life cost and value to the patient are increasingly important to purchasers.
Rechargeable batteries are often the best option to minimize
through-life cost, and technology improvements have overcome many previous objections – for example, with Quallion’s
Zero-Volt technology, which can withstand non-compliance
with charging requirements.
Overall, device designers should evaluate the best choice of
component battery for each project, and make sure they are
not relying on outdated facts, or simply settling on using the
battery technology preferred in the past. Rechargeable batteries, with their ability to reduce through-life cost, are increasingly an attractive option to power implantable medical devices and should be considered for any new design.

Overcoming patient non-compliance
For implantable devices that are not life-sustaining, for example pain-relieving devices that stimulate the spinal cord, rechargeable batteries are an increasingly attractive option, but
patient non-compliance is still an issue.

Author
Kevin Schrantz
Director of Global Medical
Quallion® the medical battery division of EnerSys®

For most rechargeable batteries, completely discharging
them can damage the battery, and reduce its ability to hold
enough charge in the future. Therefore, the standard in the industry is that rechargeable devices must be replaced after two
occurrences of over-discharge caused by the patient failing to
charge them properly.

CONTACT
Quallion LLC
12744 San Fernando Rd
Suite 03-100, Sylmar, CA 91342
USA,
Phone: +1 818 83 32 00
https://medical.enersys.com

This problem of over-discharge has been overcome, at least on
a technological level, by Quallion Zero-Volt™ lithium-ion batteries, which can withstand repeated cases of patient noncompliance to charging requirements, without any permanent
decrease in their capacity due to low voltage.
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Ready for the Medical
Future
S

AMAPLAST conducted complementary experiments
with resorbable materials such as resomer L210S, LR
704, LR 706 S, LG 855 S, C209 and X206S. It has
been shown that the process also has only minor IV reductions
compared to traditional injection moulding.

Risk-based approach as the key to success
Based on a risk analysis and discussions with machine manufacturers, raw material suppliers and customers,
SAMAPLAST AG determined the critical input parameters
(key points) for the additive production of medical products at
the beginning of 2019 and initiated and implemented the following measures:

+
+
+
+
PCU test part made of various shore hardnesses

With regard to the material PCU, various materials such as
Bionate 80A, 75D, 65D, but also Corbthane 75D and Chronoflex 75D were qualified on the basis of the machine qualification (DQ, FAT, IQ, OQ) of Arburg Freeformer.

+
+
+

Since the end of 2018, after the
first tests on an existing PCU spine permanent implant with longterm strength tests and resorbable materials to reach with additive manufacturing the same
quality as with injection moulding regarding inherent viscosity
(IV), SAMAPLAST worked intensively on making AM fit for the
medical future.

Pictures: SAMAPLAST AG

+

Material validation of various raw materials based on a
DoE process (Design of Experiment) = expansion of process know-how
Optimisation of up- and downstream processes (incoming
goods inspections, maintenance, controlled conditions,
carrier materials ...)
Tests to remove the carrier material without leaving any residue
Rethinking process in the constructive design of the components, based on numerous geometry tests in combination
with various materials
Additive manufacturing as a cost-effective decision-making process with regard to material selection for the injection moulding process
2K components can easily be manufactured at low cost
Devices (e.g. assembly or testing devices) or instruments
can be manufactured quickly and cost-effectively from
bio-compatible material
Optimisation of the adhesion of the material to the construction panel versus residue-free detachment of the material from the construction panel

Net construction made of resomer X206S
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CT image cage made of resorbable material

Project progress at SAMAPLAST AG
SAMAPLAST AG continued to work on the projects launched
in 2018 in parallel with the processing of measures from the
risk analysis. For example, 2k tests with PCU implants based
on the excellent strength values from long-term studies have
been implemented with blunt, 45°, shanked and sheathed
connection variants. The long-term strength tests are in implementation.
At the same time, a large number of further tests and material validations were carried out and tested. The results are promising.

+
+
+
+

Basic experiments with MBS and SEBS to determine and
test the influence of the connection and processing
Mashes of resorbable materials to explore new construction
possibilities
Alternative support materials (e.g: Mowiflex) have been
tested
Material qualification of SEBS Mediprene Shore 35 has
been completed

An exciting approach is also the use of various tools to determine and confirm the correct and optimal design with regard
to the intended use of a medicinal product. SAMAPLAST AG
created various prototypes with Arburg Freeformer with various filling
structures (e.g. cage
made of absorbable material, SEBS pads with filling structures for prostheses) after the first deCage made of resorbable material
sign draft.

www.med-eng.de

The prototype was then checked and also confirmed for manufacturing precision using CT analyses. With this procedure it would be possible to provide proof of design verification
for a part manufactured using the additive process, which is
a requirement in the design phase of the FDA's Waterfall Design Process.

The future remains exciting
SAMAPLAST AG continues to work on expanding the existing
additive process into a validated prototyping process and as a
future manufacturing process for medicinal products, on exploiting new geometric possibilities for small series up to
batch sizes of 1 piece and on offering combinations from prototype projects to OEM projects for customers.
In addition, a PEEK printer was purchased and qualified for
this purpose. Also, a new clean room (ISO 8 in operation according to ISO 14644) was built and qualified for additive manufacturing, in which medicinal products and devices, but also
assemblies combined from purchased parts, injection moulded parts and AM products can be manufactured with low
microbiological contamination and according to the normative specifications.

CONTACT
SAMAPLAST AG
Neugrütstr. 3
CH-9430 St. Margrethen
www.samaplast.ch
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Which Benefits Can ISO13485:2016-Certified Suppliers
Offer Manufacturers?

Camera-Based Medical
Devices
I

t is rare for medical device manufacturers to develop and
manufacture all components of a medical device themselves. Individual components that require high technological expertise but whose in-house development involves too
much of an investment are often procured from external suppliers. This also applies to cameras. Ultimately, however, it is
the responsibility of the medical device manufacturer as the
product’s distributor to ensure that the device is safe for patients and users and fulfills its designated purpose.
Medical device manufacturers are thus caught between their
responsibility for patient safety and the necessity to procure
individual components from suppliers whose safety practices
they can only indirectly influence.

ISO13485: Medical products standard

Requirements for suppliers
According to the new standard, consistent compliance with
the QM system of the medical device manufacturer must also
be assured for those parts - such as cameras - that aren't created within the manufacturer’s own QM system but are contributed by external suppliers.
With the new ISO13485:2016 standard, medical device manufacturers face the task of reviewing their supplier management. There are two key aspects: For one, the system should
be as low-risk as possible. For another thing, it should be inexpensive and scalable so that it can also be implemented for several suppliers of that manufacturer. The following text presents three different scenarios that illustrate the medical device manufacturer and the QM system in cooperation with
various suppliers.

Pictures: Basler AG

Medical device manufacturers must employ a specific quality
management system that complies with certain requirements
regarding the development, production, distribution and service of the medical device. ISO13485 is the guiding standard
for these quality management systems. Only those who can
prove that they have implemented a functioning quality management system (QM system) according to ISO13485 may

designate a medical product with the CE marking, which entitles them to bring this product into the European market. The
currently valid version, released in March 2016, is
ISO13485:2016. The deadline for medical device manufacturers to implement the specifications of the new
ISO13485:2016 standard is currently March 31, 2019.

Fig. 1: Cooperation with suppliers that work according to ISO9001 brings lower costs but still increases risk and complexity.
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Fig. 2: If the supplier is also certified according to ISO13485:2016, the QM systems are synchronized. This provides the lowest risk, lowest
costs and lowest complexity.

Transferring the QM system
For the first option, the manufacturers transfer the relevant
processes of their own ISO13485:2016 QM system to the
supplier, and enter into a binding agreement to ensure the implementation of those defined processes.
Since manufacturers of medical devices typically have dozens
of suppliers, the effort required to continuously train all providers according to the manufacturer’s own processes and monitor them is so expensive that it may put the product’s profitability and thus its competitiveness into question for the manufacturer. To avoid the high effort and the costs required for
this type of quality assurance for the supplier, many manufacturers prefer suppliers with their own QM systems.

Suppliers with QM system according to ISO9001
In a second scenario, the medical device manufacturer works
with a supplier whose products are made and whose lifecycle
is overseen according to ISO9001. Here the ISO13485:2016
standard specifies that the manufacturer must enter into an
appropriate quality assurance agreement (QAA) with the
supplier. It should be noted, however, that the requirements of
the current ISO13485:2016 have moved beyond the regulations set by ISO9001.

For the client, the risk of this scenario is slightly higher than in
scenario 1, since the supplier partially works according to its
own processes that aren’t certified according to
ISO13485:2016, but also must partially implement
ISO13485 processes. Even in this scenario, the manufacturer
is thus required to monitor the supplier’s processes with annual supplier audits and document audits. In some respects this
scenario is less complex than the first one. However, due to the
supplier-specific QAA, it still entails a high expenditure for
each supplier on the part of the client and the system is only
scalable at high cost.

Suppliers with QM system according to
ISO13485
In the third scenario, the manufacturer procures products
from suppliers who themselves are certified according to
ISO13485:2016. What exactly does that mean?

+

+
+

+

The supplier itself operates in the ISO13485 environment
and is familiar with the requirements of this standard,
which it continuously proves in external audits. It has its
own processes complying with the standard, which the client can rely on without having to implement parts of its
own QM system at the supplier’s business.
The production process by which the goods are made is validated.
Detailed product change notifications give the medical
device manufacturer timely information about changes in
the procured components or may even require the manufacturer’s approval before they can be implemented.
Products can potentially even be traced back to the component level.

Fig. 3: The MED ace is a product line that is being produced, sold and
maintained across its lifecycle according to ISO13485:2016. It was
designed and developed specifically for installation in medical technology devices.

+

www.med-eng.de

35

The product is tested according to specific standardscompliant requirements before it leaves the production
site and is delivered to the medical device manufacturer.
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In this case, the manufacturer’s audit is limited to a document
check. However, if the manufacturer insists on a supplier audit, this can also be performed. By selecting ISO13485-certified suppliers, the manufacturer thus saves a significant
amount of time and expense.

system, a specific test protocol for cameras, product change
notifications and traceability. Thanks to its compliance with
ISO13485:2016, Basler AG is the preferred supplier in the
medicine & life sciences sector.

At the same time it gets the assurance that its suppliers are
implementing processes which conform to the standard. This
makes it possible to efficiently establish a systematic supplier
management system as required by the standard, which ultimately guarantees the safety of its medical device.

Author:
Peter Behringer
Head of Product Management Medical
Basler AG

What is the advantage of Basler AG’s
ISO13485:2016 certification?
Basler AG has been certified according to ISO13485:2016 for
the development, production, sale and service of digital cameras since 2018. The MED ace product line is the first series-produced camera on the market that is being produced, sold and
maintained across its lifecycle according to ISO13485:2016.

CONTACT
Basler AG
An der Strusbek 60-62
D-22926 Auhrensburg
Phone: +49 4102 46 30
www.baslerweb.com

For the MED ace, Basler provides firmware developed for the
purpose, a validated production system, a risk management

— — — — — — — — — — — — — — — — — — — — — — — —

PRECISION ASPHERIC LENSES
AND TECHSPEC$ LS SERIES LINE SCAN LENSES
Edmund Optics (EO) continuously expands its product offering to reflect
market developments and customer needs. New products are added
each month to better serve the industry. This release features two recent
additions: Near-Infrared (NIR) Precision Aspheric Lenses and TECHSPEC
LS Series Line Scan Lenses.

The Near-Infrared (NIR) Precision Aspheric Lenses are designed and optimized to eliminate spherical aberration. These aspheres are polished
through a computer numerical controlled (CNC) process for high-precision performance across the NIR spectrum. Near-Infrared (NIR) Precision Aspheric Lenses are either available with low numerical aperture designs in order to maintain beam shape or with high numerical aperture
designs for applications that require light-gathering.
Edmund Optics’ TECHSPEC LS Series Line Scan Lenses are designed for
82 mm 16K line scan cameras with 5 μm pixels and 62,5 mm 12k line
scan cameras with 5 μm pixels. The lenses are designed with low distortions and are available with features for coaxial inline illumination or for
area scan sensors. The iris adjusts from f/2,9 to f/22 and is lockable and
the V-mount allows for easy adjustment and alignment. Their uniform,
high-resolution performance across the entire image makes these
TECHSPEC LS Series Line Scan Lenses ideal for applications such as
electronics, flat panel display, and semiconductor wafer inspection.
www.edmundoptics.eu
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In the U.S., more than 5 million central venous catheters (CVCs)
are inserted every year, which corresponds to 15 million days of
treatment with CVCs. In Germany, this figure is 4.8 million in intensive care
units alone. The use of these catheters is associated with some risks for the
patient: the possible complications range from injured vessels and nerves
to infections to pneumothoraxes, air embolisms and catheter sepsis, which
can be fatal. In addition, these secondary diseases drastically increase
health care costs. For this reason, efforts have long been made in medical
technology to use new manufacturing methods to realize catheter designs

to manufacture a 4FR thin-walled catheter that has a kink resistance comparable to that of a standard 5FR catheter with the same lumen size. Moreover,
the company has extensive experience in shaping catheter tips. It employs the
latest high frequency technology to design the tips in a way that reduces complications during insertion.
Market growth opens up high future potential for new design
“Within a project time of six to nine months, we succeeded in developing an
optimized micro-catheter design, which significantly improves the functional

OPTIMIZED DESIGN OF CENTRAL VENOUS CATHETERS
that allow minimizing these dangers.
For example, an international medical device company commissioned the
experienced medical technology manufacturer Flexan to design catheters
that facilitate insertion and positioning. To achieve this goal, the company
chose a special urethane material that enters the body rigid but then becomes softer. This polymer was subsequently used to overmold thin-walled
5FR triple-lumen, 4FR double-lumen, and 3FR single-lumen small diameter
PICCs. Flexan also designed and manufactured a 4FR catheter that has the
same lumen as conventional 5FR catheters but a 14 percent smaller diameter.

performance of peripherally inserted central venous catheters,“ says King. In
addition, the Flexan team designed an efficient process control plan and inspection methods to ensure reliable binding between all vital catheter components. “This successful project for the development of a thin-walled catheter has paved the way for using the changed design for future orders. The
potential is high as the global market for vascular access devices is expected
to grow at an average annual rate of nearly 6.5 percent by 2023,“ concludes
King.
www.flexan.com

Central venous catheters are
catheters that are inserted into
the upper or lower vena cava –
just before the right atrium of
the heart – via a large vein near
the heart. The application of a
CVC is actually a minimally invasive procedure, but it is still
possible, among other things, to perform a malpunction, perforate a vein or
damage nerves in the vicinity. This can cause complications that endanger
the patient's health and consequently cause an increase in treatment costs.
With new manufacturing technologies for central venous catheters, standardization of insertion techniques, and the use of ultrasound guidance,
however, complication rates in the U.S. have already been reduced from 11.8
to 4 – 7 percent in recent years.
Special material and newly designed catheter tip reduce risk
In order to further minimize these risks with its own products, an international
medical device company has commissioned Flexan“s experts to develop the critical manufacturing processes for a CVC with an optimized design that will
significantly facilitate the insertion and correct positioning of its products. In
support of the project, the U.S. contract manufacturer leveraged over two decades of specific PICC catheter design and manufacturing experience. For example, Flexan used a polyurethane material technology to fulfill the customer“s
requirements: “We were able to mold with a urethane material that is inserted
into the body in a rigid state, but immediately becomes softer there due to the
body temperature,“ says Eric King, V.P. and General Manager at Flexan.
For this project, Flexan was able to draw on a broad portfolio of processes, with
which biomedical components made of polymer can be adapted to the desired
application. For example, Flexan is able to design and manufacture thin-walled 4FR catheters that are 14 percent smaller in diameter than conventional
5FR catheters but still have the same lumen. The company has also been able
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Proportional Valve for Gases
•
•
•
•
•
•
•
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•

Type V PR M 016 / 020
2 ways normally closed (NC)
Proportional characteristic current – flow
Pressure range: 0-8 bar
Overload pressure: 16 bar
Flow: depending on size up to 200 l/min
For oxygen and neutral gases
High switching life time
Short actuating time
FDA compliant

www.magnet-schultz.com
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Complex application techniques and a wide variety of different
and specific application systems are used for infusing medication and nutritional components as well as for the transfusion of blood
and blood components in order to administer therapeutic substances to
patients both correctly and successfully. After all, the goal is for the
corresponding medication and nutritional components and/or blood products to find a correct and efficient way into the patient in order to

dogs. Wren and his colleague Richard Lower used a quill and pig’s blood
for the first blood transfusion on dogs (1665). After several attempts at
animal-to-human transfusions – many of which went wrong – blood
transfusions were banned for the second time. Once again, this topic
disappeared into oblivion for years. It was not until 1795 when the American doctor Philip Syng Physick substantiated human-to- human transfusion. But an outbreak of cholera (1831/32) represented a breakth-

USING TPE IN INFUSION THERAPY
achieve an optimal clinical result. Certified Actega DS compounds used
in medical technology and pharmaceuticals offer high potential benefits
in infusion therapy. During the compounding process, compatibility with
medication, nutritional elements and blood products as well as patient
and user safety are strictly observed. Highly-transparent PROVAMED®
TPE, specially compounded for the manufacture of drip chambers, are
distinguished by a well-balanced compressive force profile, optimized
adhesion, and outstanding solvent bondability. Currently, there are four
basic formulae available with varying property profiles in terms of mechanics and fluidity, on the basis of which other individual developments and application-oriented recipe modifications are possible.
Initial evidence of a blood transfusion dates back to 1492 when Pope
Innocent VII suffered a stroke and was given blood by his physician from
three young men by connecting their veins. But the process did not work
as both the pope and the three young men died. This led to an initial ban
and the concept of IV transfusion was not broached again for hundreds
of years. The German natural scientist Andreas Libavious touched on the
topic in his book titled Alchemia (1597) and described an imaginative
version of a blood infusion.
It is not known whether he ever actually performed it. In the early and
mid-1600s, many different scientists, including Robert Hooke, Robert
Boyle and Christopher Wren, conducted tests with opium infusions on

rough when it was acknowledged that the blood of dehydrated people
needed to be treated with lukewarm water and salt. The precursors to IV
sets, as they are now known, evolved from 1845 with the development of
syringes and needles.
Infusion systems or sets today comprise a mandrel for inserting into the
plug at the infusion holder, a drip chamber with ventilation, a transparent infusion line, a flow regulator for controlling speed and through
which the infusion fluid enters the body, and a connector for linking to
the access point, e.g. a peripheral vein catheter. The drip chamber ensures regulated dripping of the liquid administered by infusion. While
they were typically manufactured from PVC for years, there is now an
increasing tendency to rely on alternative materials.
Accordingly, TPE are a good choice. PROVAMED® TPE are distinguished
by a well-balanced flexibility and rigidity as well as being highly transparent – for perfect optical control of the drip process along with swift
and easy adjustment of the fluid level. They can be sterilized without
impairing material properties or the function of bonding materials between the drip chamber and tube, and display an outstanding degree of
solvent bondability with popular solvents such as tetrahydrofuran (THF),
methyl ethyl ketone (MEK), and even with cyclohexanone and other solvents. Furthermore, perfect adhesion is offered, particularly to polystyrene, ABS or PVC.
www.actega.com/ds

— — — — — — — — — — — — — — — — — — — — — — — —
Nexperia, the expert in discrete and MOSFET components and analog & logic ICs, announced the market’s fastest common mode
filter (choke)/ ESD protection combination. The new PCMFxUSB3BA/C features the industry’s widest differential passband of up to 10 GHz 3dB frequency and a very high surge robustness of up to 7.5 A 8/20 µs. It is designed to suppress common mode and single-ended noise while minimizing

level robustness exceeds the IEC 61000-4-2 level 4, suiting them for use
with sensitive SoCs. The solution also minimizes reflections when compared
to a discrete design. The integration of Nexperia’s TrEOS technology results
in low clamping and high robustness. PCMFxUSB3BA/C extends Nexperia’s
family of Common Mode Filters (PCMF devices), helping to optimize the
choice between differential pass-band and common-mode rejection at si-

COMMON MODE FILTERS WITH INTEGRATED ESD PROTECTION
FOR SUPER SPEED USB
the impact on the signal integrity of extremely fast data lines. Developed to
meet the requirements of Super
Speed USB applications, the new
devices provide effective 1, 2 & 3
line pair protection
(Tx +/-, Rx +/-, D +/-) and filtering.
Proven for 10 Gbps communications
line protection, the filter’s system-

gnal fundamentals and higher harmonics.
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Comments Stefan Seider, Product Manager, Nexperia: “Apart from their capability to reduce EMI, Common Mode Filters with ESD protection are also
very popular for their efficiency in protecting sensitive transceivers: They
add an impedance to the signal line pair, which is very small for differential
signals but shows significant attenuation of common mode noise as well as
single-ended transients such as ESD.“
www.nexperia.com
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SONOTEC – with over 20 years of experience in
developing ultrasonic sensor systems in medical
technologies

SONOTEC GmbH
Germany
Nauendorfer Str. 2
06112 Halle (Saale)
Phone +49 (0) 345 13317-0
Fax +49 (0) 345 13317-99
sonotec@ sonotec.de
www.sonotec.eu

As developer and manufacturer of ultrasonic
sensors and expert for the implementation of
sensors for bubble detection and fluid monitoring in medical devices, SONOTEC has
made a name for itself, gaining worldwide
industry reputation over the last two decades.
With the ISO 13485 certification standard, the
company meets the highest requirements for a
comprehensive quality management system to
design and manufacture medical products.
Over a long period of successfully completed
projects, SONOTEC has gained an excellent
reputation among manufacturers of dialysis
and transfusion devices, heart-lung machines,
blood separators, medical pumps and diagnostic systems. The intensive guidance – from
a very early stage in the product development
process, prototyping, support in verification
and its expertise in certification processes –
gives SONOTEC a lasting competitive edge.

SONOFLOW CO.56 Pro – The evolution in
combined FlowBubble measurement for
application in cardiopulmonary bypass
With the launch of the SONOFLOW CO.56 Pro,
SONOTEC is taking the line of medical grade
flow and bubble measurement to a new level.
The non-invasive hybrid flow and bubble
sensor captivates through its compact design
and integrated electronics, can be mounted
freely suspended, and offers the option of
multi-point measurement. In this way, up to
twelve independent sensors, even with different channel sizes, can be operated with just
one control unit. The built-in microcontroller
guarantees to control all processes whose data
is transferred via RS485-interface. The
sensors themselves operate to measure flow
rates on different tubes and shunts and
simultaneously detect air bubbles accidentally
caused to prevent from dangerous air embo-

SONOFLOW CO.56 Pro for combined flow-bubble
measurement in cardiopulmonary bypass
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lism. SONOFLOW CO.56 Pro sensors have
successfully been implemented into heartlung machines.
The SONOFLOW CO.56 Pro sensors easily
meet the latest EMC product standard IEC
60601-1-2 (Edition 4). In addition to Edition 4,
the sensors meet IEC 60601-1 (Edition 3) and
IEC 61157, the standard means for the
reporting of the acoustic output of medical
diagnostic ultrasonic equipment, and RoH’s
2011/65/EU.

Non-invasive SONOCHECK ABD05 air
bubble sensors with high-grade security
architecture guaranteeing patient safety
in hemodialysis
The SONOCHECK ABD05 air bubble sensors
are used in dialysis machines for hemodialysis. They are applied in the venous path of the
extracorporeal blood circulation to detect air
bubbles reliably, but to ignore harmless
microbubbles. An additional optional optical
sensor module acts as an initialization switch
to start the actual dialysis treatment after the
rinsing process. Since the acoustic transmission through the tube strongly depends on the
ambient conditions during treatment, the
sensor is programmed to constantly adapt to
these changes without compromising patient
safety. Bubbles are reliably detected from a
certain, predefined size onwards, with no
influences caused by the tube setting, ambient humidity, temperature change or a potential tubing shift. The built-in microcontroller
allows smart and dynamic adaption of the
ultrasonic properties, to ensure reproducible
results. A patented algorithm dynamically
adjusts the sensor to guarantee constant
bubble sensitivity. Thus, the sensor does not
need to be calibrated.
Within the SONOCHECK ABD05 security
architecture, redundancy has been deemed
unnecessary since all components meet the
high requirements of “fail safe” and run
extensive self-check routines during operation.
“Fail safe” ensures that there is no need for
the machine to actively trigger bubble simulations. This allows the sensor to keep performing without technically caused interruptions
and to react to error messages in less than 0.2
seconds. For this purpose, the sensor periodically sends measured values as status reports
as well as predefined messages for bubble
activity and error codes as alarm settings.
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New enterprise-class binary Mentor Embedded Linux solution is a
proven commercial distribution that reduces risk and accelerates
productivity for medical applications

New Enterprise Class
Embedded Linux Solution
W

ith the growth of internet of things (IoT) and other
smart devices, it is becoming increasingly complex
and expensive for manufacturers to develop embedded distributions and applications for these devices based on
the Linux® operating system. Siemens PLM Software today announced a new enterprise Mentor® Embedded Linux® (MEL) solution that provides electronics manufacturers secure, scalable
and configurable distributions for industrial, medical, aerospace and defense applications. This new MEL technology is a
configurable distribution that provides a robust operating system platform for embedded systems development and is a result of the continued integration of the recently acquired embedded systems design capabilities
from Mentor Graphics. The solution is
based on Debian, a broadly utilized,
enterprise class, open source Linux
operating system.

VDC Research. “Although many developers have gained experience with enterprise Linux, those traditional solutions cannot meet the performance requirements of most embedded
systems. The new Mentor Embedded Linux addresses this issue, providing an enterprise-class solution for those developers looking for a Linux development experience beyond that
for the platforms based on Yocto commonly used in the embedded market.“
The large number of pre-built and fully-tested binary packages integrated in the Siemens enterprise MEL solution provide all of the general features and parameters in the software

Pictures: Mentor Graphics Corporation

The new Siemens enterprise technology provides the stability, full features,
and ease-of-use benefits of an enterprise solution, and the performance,
customizability and footprint of an
embedded operating system. An internal team of embedded Linux experts
originally developed this robust solution for use on critical Siemens automation equipment. Now commercially
available, embedded developers can
utilize this proven solution and thereby mitigate the costs and risks of moving to Linux.
“As more engineering organizations
recognize the value of open source solutions, next generation embedded
systems are also redefining software
development needs,“ said Chris
Rommel, executive vice president of
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The new enterprise-class binary Mentor Embedded Linux solution offers portability across multiple processor architectures offers increased
development flexibility

platform so a large number of users can install it and use it
with ease. This can make standard implementation across organizations much easier and more efficient. The Siemens binary MEL solution also includes a stable kernel, a robust toolchain, both with broad community support. This community
support, combined with the commercial support and development power of Siemens, allows for increased development
productivity and agility.
“By combining the capabilities of an embedded Linux distribution with those from the Debian binary desktop Linux distribution, today“s developers – many of whom have honed
their skills in the Linux desktop development – can easily extend those same skills into fully featured embedded systems,“ said Simon George, director of system software and
SoC Solution Marketing, Xilinx. “We expect that Mentor“s binary Linux solution will simplify many tasks for those who are
developing with advanced SoCs such as Xilinx Zynq UltraScale+ MPSoC devices.“
Embedded developers can stay up to date with available security patches and product updates, enabling enterprise-class
standardization and maintenance. The new Linux solution
enables support for secure field updates, and application isolation. Customers can thereby realize the cost efficiencies related to remotely maintaining and updating their devices. This
solution is also multicore-enabled to consolidate multiple heterogeneous runtime environments using today“s most advanced processor architectures, leveraging the Mentor® Embedded Multicore Framework. This helps enable embedded developers to quickly build systems that integrate the Siemens
binary Linux, and the Nucleus® real-time operating system
(RTOS) on complex system-on-chip (SoC) processors.

www.med-eng.de

“Siemens is excited about the operating system that our Mentor colleagues have designed for us. It’s the first of its kind for
the embedded market, providing the robustness and ease of
use benefits of an enterprise operating system, with the footprint, security, real-time behavior, and development tools needed for embedded applications – a new compelling option for
embedded developers,“ says Steffen Peschmann, SIMATIC
IPC Product Manager. “At Siemens, we are currently working
on some new products made possible only with this unique
operating system. This flexible embedded operating system
will open up completely new possibilities for us.“
The enterprise-class MEL is cloud-enabled, supporting industry-standard cloud and IoT technologies such as XMPP, MQTT,
AMQP, CoAP, and RESTful API support. Development and analysis tools are included for configuration and optimization of
the operating system (OS) so customers can analyze the state
and operation of the embedded platform. The industry-proven
Sourcery™ Analyzer technology can generate time-series data
for OS/platform diagnostics and device profiling. In addition,
Siemens’ embedded team of experts can provide support, training, and professional services, from basic support and updates/upgrades to critical security defects patches, platform
extensions and customized training.

CONTACT
Mentor Graphics Corporation
8005 SW boeckman Road
USA-Wilsonville, OR 97070
www.mentor.com/embeddedsoftware/linux/based-on-debian
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Separation of Safety Critical and Non-Safety Critical Tasks in Medical Embedded Systems

Efficient Separation
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therefore, desirable that safety critical and non-safety critimbedded systems can be found in many medical applical software components can safely coexist on the same platcations such as MRI scanners, defibrillators and robotic
form. This goal can be achieved by partitioning the software
assisted surgery. Apart from the main functionality, meon the embedded system in a way that ensures that software
dical devices are more and more required to offer a likeable and
from lower safety levels cannot interfere with software on higeasy-going experience by supporting feature-rich graphical inher safety levels. Resulting from software partitioning, the
terfaces, data storage and networking communications. For this
safety related components are kept small and concise as well
reason, today’s device designers face the challenge of having to
as isolated from non-safety critical components (e.g. thirddevelop a system that provides both safety and feature-rich
party components that are used for realizing non-safety critifunctionalities. From a safety perspective, we can identify safecal functions).
ty critical functionalities, which carry out actions that can injure
or even kill a person in case of
failure, and non-safety critical
functionalities, which do not
represent a life-threat in case
of failure. The software system,
therefore, consists of numerous software components having different safety levels.
Modern medical embedded
systems usually have a similar
architecture and share some
or all the elements depicted in
Figure 1. From a safety point
of view, each system element
can suffer from failures (ranFigure 1: Example of a Typical Medical Device and its Interaction with the Environment.
dom or systematic). Different
elements, however, may have
Virtualization as a separation technique
a different criticality level. In order to avoid harm to people or
the environment, safety critical software is required to ensure
Recently, embedded systems have adopted hypervisors as virthe correct operation of safety critical elements and their
tualization technology in order to create software virtual mafunctional isolation from non-safety critical components.
chines (or partitions), where each partition is isolated and has
a set of virtual resources mapped to the available physical reMedical software has to be partitioned
sources. This article presents a methodology that guarantees
the separation of functionalities of different criticality levels
In the past, allocating functionalities to physically separated
by means of a hypervisor. Hypervisors enable functional sepahardware components has been presented as a valid solution
ration, fault containment and the execution of several indeto deal with the requirements for safety critical systems. Hopendent environments, thus allowing the coexistence of variwever, the complexity of current devices, the hardware area
ous execution environments on the same platform (e.g. realrestrictions as well as the features of modern processing plattime OS for safety critical tasks, general-purpose OS for
forms (e.g. symmetric multiprocessing and multicore procesnon-safety critical tasks).
sors) turn physical separation into an unrealistic solution. It is,
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mation message to the Diagnostics partition, which will then carry out further
checking. On the other hand, whenever a
failure is detected (e.g. missing confirmation of any of the Task partitions), the
system is brought to a safe state by the Diagnostics partition.

Figure 2: Type-1 Hypervisor with Paravirtualization

The strategy presented in this article uses a Type-1 hypervisor
with paravirtualization in order to separate functionalities of different criticality levels and achieve both spatial and temporal
isolation. Type-1 hypervisors, also called bare-metal hypervisors,
run directly on the native hardware (see Figure 2) and, in combination with paravirtualization, are highly suitable for embedded
systems due to their simplicity, high speed and reduced size. The
separation provided by a hypervisor can be complemented with
hardware mechanisms such as Memory
Management Units (MMU) to achieve
stronger spatial separation and a fixed cyclic scheduler for strong temporal isolation.

In this design, all safety functions rely on
the proper behaviour of the hypervisor, as
it is managing the system execution. This
creates a strong dependency on the hypervisor and therefore, there must exist a
safety chain to bring the system to a safe
state in case of a hypervisor failure. In our
proposal (see Figure 3), the diagnostics
partition reads out diagnostic information
about the hypervisor and refreshes an external hardware
watchdog when the hypervisor is functioning properly. On the
other hand, in case of hypervisor failure or a failure of the Diagnostics partition, the safety chain is broken, as the watchdog
will stop being refreshed. When the watchdog’s timer expires,
the system will immediately be brought to a safe state (e.g. by
de-energizing a set of safety relays), thus avoiding an undefined system behaviour and a resulting hazardous situation.

Develop a safety chain to deal
with failure
Software partitioning provides separation among software components but failures affecting single partitions or software
components such as OSes and the hypervisor are still to be taken care of. A common feature among medical devices is
that, in case of failure, they are brought to
a safe state, which is a state free from hazardous situations. A safe state can be reFigure 3: Safety Chain to bring the System to a Safe State in case of Hypervisor Failure
ached by means of a set of carefully deThis methodology has been successfully applied and offered posigned safety functions, which intend to achieve or maintain a
sitive results in terms of its applicability in the medical field. Furstate free from hazardous situations for an equipment under
thermore, this is a systematic approach for the separation of tasks
control.
and the integration of safety functions in a medical embedded
system by use of a hypervisor as virtualization technology. This
In the described architecture, the system is decomposed into
several Task partitions, which carry out various functions, incapproach can also be
complemented with
luding safety functions, and one Diagnostics partition, which
CONTACT
medical device-relahas system privileges and checks the status of all partitions
embeX GmbH
ted safety norms and
and of the hypervisor. In order to deal with failure situations,
Heinrich-von-Stephan-Str. 23
with aspects of the
each Task partition can execute several safety functions. TheD-79100 Freiburg im Breisgau
functional
safety
se safety functions control and mitigate failure situations
Tel. +49 761 479 79 90
www.embeX.de
norm IEC 61508.
such as control flow errors, OS errors and hardware faults. If
the Task partition is executed successfully, it sends a confir-
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Challenges in
Personalized Medicine
M

odern medicine has been able to drastically improve
the quality of life of the global population. Diseases
such as polio, syphilis, tuberculosis or the plague
have been almost eradicated and are successfully treatable or
curable. Personalized medicine takes the individual’s disease
pattern, the patient’s constitution and gender and the resulting implications for the therapies and medicines into account. The overall goal is to create a therapy tailored to the individual that can, if necessary, be adjusted and fine-tuned according to the disease progression.

Flow cytometers have received special attention with regard to
circulating tumor cells (CTCs) in the blood of cancer patients.
CTCs can be isolated from the patients’ blood and can therefore
be a minimally invasive alternative to potentially complex and
invasive traditional biopsies. These liquid biopsies have the potential to reduce the patients“ pain level, the overall risk and
the total costs. In cases where the position of the primary tumor
or the patient’s constitution does not allow for a traditional procedure, the CTCs can be used to gather the critical data required for a complete diagnosis.

Pictures: Sensirion AG

The combination of a plethora of modern technologies is required to enable such specialized treatments. As such, a tailored cancer therapy could be designed using flow cytometers,
DNA sequencing and organ-on-a-chip applications.

Flow cytometer for analysis and diagnosis
Flow cytometers are used for high throughput cell analysis. In
these devices, cells flow past an analysis unit (e.g. voltage or
fluorescence read-out) at high velocity. The recorded voltage
or light signal depends on the shape, structure, size and/or color of the cells. This way, cells with the desired properties can
be identified and isolated using cell sorter technology.

Measuring principle of a microthermal CMOSens Flowsensor

CTCs, which were found in a cancer patient’s blood for the
first time in 1869, typically originate from the primary tumor and are leaked into the blood stream or the lymphatic
system. CTCs can be found in a blood sample even at early
stages of the disease. At 1-10 CTCs per mL whole blood
compared to millions of white and billions of red blood
cells, their concentration is extremely low and highly sensitive flow cytometers and cell sorters are required to detect
and isolate them.

DNA sequencing and characterization

A milestone for modern medicine is personalized medicine. This novel discipline
does not target the broad population, but focuses on the
individual for the diagnosis
and beyond.

www.med-eng.de

Following detection and isolation of the CTCs, the next step is
the characterization. This characterization can and must go
down to the molecular level and even the DNA of a single tumor cell can be sequenced. Next Generation Sequencing
(NGS) is used to generate the data reliably and quickly.
NGS is able to record the nucleotide sequence of DNA with
significantly increased throughput compared to traditional sequencing methods such as Sanger sequencing. The DNA sequence can yield information about the type of tumor, the
CTC-specific mutations and thus enable a specific prognosis
on disease progression and help in therapy design. Combining
NGS and CTCs can therefore be a viable alternative to traditional invasive biopsies.
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and the extracellular matrix. In OOC lung cultures, for example, vacuum technology can be used to create movement patterns that closely resemble those of an in vivo lung. By combining several tissue types, it is even possible to create whole
human-on-a-chip models, allowing for accurate simulation
and evaluation of the metabolic and physiological effects of
therapies. The use of OOC thus not only advances the field of
personalized medicine, it also allows for a reduction in the
need for animal tests in research and development.

High precision through sensing

Integration on a single chip ensures that the sensitive analog sensor
signals can be amplified with high precision, digitalized and further
processed.

Organ-on-a-chip technologies
The next step could lie in employing organ-on-a-chip (OOC)
technologies. OOCs are a high-tech iteration of cell cultures.
Traditional 2-dimensional cell cultures grown in petri dishes
have the drawback of being largely distinct from the in vivo
situation of tissues and organs. In order to get closer to the in
vivo state, 3-dimensional cell cultures have been developed.
In these 3-dimensional cultures, cells can grow in all directions and create a microenvironment that includes cell-cell
and cell-matrix interactions closely resembling those of real
organs. In order to create even more realistic models, the mechanical and chemical stresses and inputs also have to be
taken into account. Tissues such as the heart or lungs are clear
examples of organs that can only fulfill their purpose when in
motion. This tissue motion results in shear forces on the cells

The combination of these technologies and applications has
immense potential. The possibilities seem endless. But all of
the above applications struggle with similar hurdles. Paradoxically, these partly arise from their common strength – their
high precision. In order to guarantee reliable and therefore effective results for patients, all internal processes and parameters must be precisely defined, monitored and controlled.
These high requirements regarding precision and the sometimes miniscule sample volumes require advanced sensor
technologies to monitor and control processes.
Such sensor technology can be found in Sensirion’s product
portfolio. Sensirion is a leading supplier of environmental and
flow sensing solutions. In addition to CO2, PM2.5 and humidity and temperature sensors, differential pressure and liquid
and gas flow sensors complete the product portfolio. One
example of such a sensor solution is the liquid flow sensor
LPG10. With a footprint of just 10 x 10 mm2, it is easily integrated into even the smallest of medical devices such as socalled point of care devices. Apart from the excellent biocompatibility – glass is the only wetted material – the microthermal measurement principle with its high precision and speed
at even the lowest flow rates makes the LPG10 a perfect solution for the above applications.

Author:
Dr. Moritz Kneipp
Product Manager Liquid Flow Sensors
Sensirion AG
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The miniature Flowsensor LPG10
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RFID brings dialysis concentrate safely to the patient

Maximum Safety for
Medical Processes

Proper kidney function is vital for all humans. In simple
terms, these two organs filter excess water and toxins out of
the blood. The purified blood is returned to circulation while
toxins are excreted. In patients with chronic or acute kidney
failure, the kidneys can no longer purify the blood. These
people often wait many
years for transplantation of a donor kidney,
during which time their
blood must by purified
by regular sessions of
dialysis. More than 160
different formulations
for dialysis concentrates are currently available in Germany alone.
Intermedt Medizin &
Technik GmbH produces almost all of them
as dry concentrates at
its site in Ostrhauderfehn. The dry concentrate is delivered to dialysis centers where it is
mixed with osmotic water to match the desired
Figure 1: The ECOMix Revolution
dialysis concentrate.
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Fully automatic on-site mixing
The ECOMix Revolution (Fig. 1) is the second-generation of an
advanced machine developed by Intermedt’s medical technicians for the fully automatic production of dialysis concentrates that are used to treat blood
directly in the dialysis unit.
These machines are manufactured at the company’s German
site with a high degree of vertical integration. The same applies to the dry concentrate,
which Intermedt mixes using
ingredients sourced from certified suppliers, according to the
specified pharmaceutical-quality formulations. Carefully designed processes and reliable
documentation are necessary to
ensure that nothing goes wrong,
from ordering and delivery to
mixing with osmotic water and
ultimately to treatment of the
individual patient. The first generation of machines relied on
laser scanners and matching
codes. The advanced version
now uses a high-frequency
RFID system (see RFID technology box) from Contrinex. This
makes it possible to simplify the
Figure 2: Contrinex RFID tags
process and document it conand RFID read/write modules
sistently, while also significantensure secure processes
ly increasing process reliability.

Exchange information via RFID
When an order for dry concentrate is received, all the necessary
data is recorded in the manufacturer's system and forwarded to
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T

o err is human, or so people say to excuse a human error. Mistakes happen, we all know that. However, some
mistakes can have fatal consequences, especially
when it comes to the medical care of a patient. In such cases,
every effort should be made to eliminate human error through
the use of appropriate processes and technical aids. This applies particularly to the handling of dialysis concentrates. A
machine that produces such concentrates is now based on a
clever concept that not only makes processes safer, but also
makes the job easier for users. RFID (radio-frequency identification) plays a key role here.

MED Electronics Sensor Technology
formation about the contents of the
container, the amount of osmotic water
required and other details.

production. Based on these specifications, the dry concentrate is produced according to the appropriate recipe and filled into special containers, the ECOCarts. During filling, a high-frequency
RFID read/write module (type RLS1183-020, diameter 18 mm) writes information to an RFID tag (type RTP0090-020, diameter 9 mm) which is permanently embedded in the container
(Fig. 2). The tag stores the recipe, but also further information, such as how much
osmotic water should be added by the
user to obtain the final dialysis solution.

When the unexpected happens...

Usually, two to three different types of
concentrate are used in a dialysis unit.
After mixing with osmotic water, the finished concentrate is stored in 860-liter
tanks. Intermedt recommends two storage tanks for each type of dialysis solution
to ensure uninterrupted operation. If the
wrong dry concentrate is delivered by
mistake, the machine will recognize that
To produce the dialysis solution, the
it does not have a suitable tank for the
container with the dry concentrate is
coupling and refuse further processing,
connected to the user's ECOMix Revothereby avoiding errors. Another potentilution System by means of special
al source of error would be the reconnecquick couplings. One of the couplings
Figure
3:
The
coupler
of
the
ECOMix
Revolutition of a previously connected RFID tag.
also contains an RFID read/write moduon a RFID read/write module is inclouded
However, the machine will also recognile of the type RLS-1183-020 (Fig. 3).
ze this and refuse to process the ECOThis reads all relevant information from
Cart. Since a tag can only be read once, it is also possible to prethe RFID tag and provides the user with instructions for further
vent unauthorized producers from filling the containers.
action. Normally, this means that the machine will display in-
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Empty ECOCarts are returned to Intermedt for high-temperature cleaning, according to the relevant specifications. They
are then ready to be refilled and their RFID tags rewritten. Since empty dry concentrate containers are always returned to
the manufacturer, the latter’s tracking system can also see if a
container has been erroneously left in the user’s stock. Dipl.
Ing. Christoph Dumschat, Managing Director and founder of
Intermedt Medizin & Technik GmbH, explains: „Roughly
speaking, dry concentrate has a shelf life of one year. Our customers generally order eight to ten ECOCarts at a time and
consume them within about two months. When we receive
new orders, our system recognizes if any dry concentrate containers from previous batches have not yet been returned and
can tell us if they are approaching their expiry date. We can
then advise our customers to recheck their inventory and use
the dry concentrates that are already in stock first. This is a nice side effect of the integrated system.“

Safe and robust

user’s system via RS485. Like all read/write modules in the HF
system, those used here are also ISO/IEC 15693-compliant.
After a full evaluation of this RFID solution, the user was convinced by its good price/performance ratio.

Proven in practice
This multi-patented system for the automatic, on-site production of dialysis concentrates offers several advantages. Since
only the pure dry concentrate is transported and the required
water is added on site, CO2 emissions are around 80 percent
lower than they would be for ready-mixed solution. Also, in
comparison with the previous machine version’s laser scanner, RFID not only simplifies work by eliminating the intermediate scanning step, but also makes the process tamper-proof.
Christoph Dumschat is satisfied with the RFID system used:
„Initially, the decisive factors for us were the system features
and a good price-performance ratio. Now we can add the fact
that tags and read/write modules have proven to be extremely
reliable in everyday practice.“

Since process security plays an important role in the application described, an essential criterion for the selection of the
suitable RFID technology was an appropriate password concept. Since RFID tags and read/write modules from Contrinex,
in both the HF and LF systems, offer standard user-defined
password protection functions, they meet the relevant data security requirements. The tags also have an IP67 enclosure rating in the Basic version and are heat resistant up to 110°C
(230°F). This means that they can easily withstand the repeated high-temperature cleaning of ECOCarts. A simple communication solution without an intermediate bus was also required for integration into the Intermedt system. The selected
RFID system can be programmed via an RS485 interface.
Contrinex provides documentation on the use of the protocol
that allows easy integration of read/write modules into the

Author:
Dipl.-Ing. Norbert Matthes
Technical Sales Manager
Contrinex Sensor GmbH
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TDK Corporation announces the addition of the SA modules to the
550 to 2000W TDK-Lambda branded QM series of AC-DC modular
power supplies. The SA modules are available with 5V /15A, 12V /12.5A, 15V
/10A and 24V /6.25A outputs and offer a cost-effective solution for low power output requirements. The SA module“s patented loop control design uses
a digital controller and TDK-Lambda developed algorithms. Phase mode
control provides higher stability across a wider range of operating

rent and standby voltages. Upon entering the desired output voltages and
currents, the configurator will automatically produce a short 7-digit code for
easy order placement.
All models in the QM series feature low acoustic noise and full MOPPs isolation. With medical and industrial safety certifications, the QM series
addresses a wide range of applications, including BF rated medical equip-

PATENTED TECHNOLOGY ENHANCES AND SIMPLIFIES DESIGN
conditions. This enhances the output response to sudden load changes,
with a faster and improved recovery. The use of a digital controller enables
a reduction in component count of 40%.

ment, test and measurement, broadcast, communications and renewable
energy applications. The QM series is certified to IEC/EN/UL/CSA 60601-1,
ANSI/AAMI ES 60601-1, IEC/EN 61010-1 and IEC/EN/UL/CSA 60950-1 with
CE marking for the Low Voltage, EMC and RoHS Directives.

Using TDK-Lambda“s online Quick Product Finder will automatically optimise the most suitable modules to generate the most cost-effective solution
for a customer requirement, and provides a choice of signals, leakage cur-
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Noise immunity of power supplies according to
IEC 61000-4-4 und IEC61000-4-5

Electrical Phenomena
„ Surge“ and „ Burst“
H

eart failure - one of the worst incidents in medicine. If
the heart fails, everything fails. The same applies to the
power supply of an application: If its performance is unreliable, the entire system is paralyzed - which can have the worst
conceivable consequences in medical technology. Examples
range from malfunctioning instruments and apparatus in the
midst of a complicated operation to a possible worst-case scenario such as the unintentional cessation of life-support measures.

While the protection of a device against permanent overvoltage would be possible only with extreme effort and is also unnecessary because of the rare occurrence within a typical AC
grid, short-term overvoltage is quite more common than expected and requires appropriate safety measures. The overvoltage can occur both symmetrically between the electrical conductors as well as asymmetrically between electrical conductors and earth.

It is therefore important, especially for medical power supplies, to strive for the highest possible reliability and to guard
against any incidents. Two possible interference factors are
the phenomena „surge“ and „burst“, for which the corresponding interference immunity is regulated in the IEC 61000-4
standards. This article fundamentally describes the phenomena mentioned as well as the immunity to be complied with
according to the applicable standard, and gives some tips for
the practical implementation in engineering as well as for the
selection of a suitable power supply.

In general, one distinguishes two phenomena of short-time
overvoltage, which, in accordance with the corresponding
standards, should be examined more closely:

Overvoltage and its impacts
“Overvoltage„ describes an electrical voltage which exceeds
the permissible tolerance range of an electrical system“s nominal voltage. For an electrical device, the phenomenon sometimes has a destructive effect of key significance: The excess energy can destroy components of the electrical circuit
and can cause errors and equipment failures. It is therefore of
utmost importance to consider the immunity against possible
occurring overvoltage when engineering a power supply.

1. Surge
2. Burst

Surge according to IEC 61000-4-5
The phenomenon of surge voltage is regulated in IEC 610004-5. This standard describes the “Immunity test of electrical
and electronic equipment, devices and installations against
shockwaves (surge voltages and currents)„ and was adopted
in March 2015 in its current version.
In a power grid, short-term surge is caused by a wide variety of
events. A fundamental distinction is made between surge caused
by switching operations or system errors, and overvoltage caused
by lightning. The latter does not only apply to direct lightning
strike to a power grid, but also to indirect lightning strikes and induced currents to the ground or earth system of a complex nearby.

But when does a so-called overvoltage actually occur? Within
the European AC voltage grid, the rated voltage according to
EN 60038 is 230 V with a tolerance of +/- 10 % in single-phase systems. Thus, voltages of more than 253 V are to be considered as overvoltage in our power grid by definition. Such overvoltage can either occur permanently, for example because of
a faulty electrical installation, or for a short time, due to bolts
of lightning or switching operations.

Surges occur more frequently than expected
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49

Even the mere number of yearly lightning strikes illustrates
how often we encounter short-term surge voltage in a power
grid: last year, over 450,000 lightning flashes hit Germany,
which – depending on the location – had a corresponding impact on our power grid. This number seems relatively low in
comparison to previous years: in 2015, for example, 550,000
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Since the surge can occur between supply lines as well as between supply lines and earth, different types of input coupling
exist in addition to the different voltage peaks:
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The different test severity levels are now set by the peak value
of the open circuit voltage. IEC 61000-4-5 defines values for
four different severities. The degree of severity required for a
device depends on various factors and is specified in the corresponding product standard of the electrical devices. In medical technology, this means EMC safety standard IEC
60601-1-2 in its 4th edition. Electrical appliances of protection class II to be used in buildings must have an interference
immunity to surge of severity level 3. This also applies to medical-electrical appliances, both in the hospital environment
and in the so-called home healthcare environment.

+

T

0 to – 0,3

Pulse form for the open circuit voltage in power supply systems:
1.2/50 µs (IEC61000-4-5)
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Pulse form for short-circuit current in power supply systems: 8/20 µs
short-circuit current (IEC61000-4-5)

Standard-compliant simulation of surges
In general, a surge is a momentary, very high-energy pulse, which
the device must survive unscathed. To simulate such a surge, a
generator is used to simulate the pulse shape of the phenomenon. The standard underlying pulse form for surges has a wavefront duration of 1.2 μs with a pulse duration of 50 μs (1.2/50 μs)
for the no-load voltage and a wave-front duration of 8 μs with a
pulse duration of 20 μs (8/20 μs) for the short-circuit current.
Specifically for outdoor telecommunications, the standard requires higher pulses of 1.2/50 μs for the voltage and 5/320 μs
for the current. These pulse forms represent the specific characteristics of a telecommunications network. Other standards also contain further pulse forms such as 10/1000 μs.
Medical applications and devices are typically located in buildings and are therefore tested with a pulse definition of
1.2/50 μs and 8/20 μs for the power supply.
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As far as surges between conductors are concerned, low
impedance and high energy can be assumed, also called
“differential mode„. The coupling impedance corresponds to the generator“s internal resistance and is specified with 2 Ω. The energy is transferred via an 18 μF coupling capacitor.
“Common mode„ applies to pulse voltages between conductors and earth. In this case the impedance is higher
and reads 12 Ω (2 Ω generator internal resistance + 10 Ω
due to poorer conducting earth). The energy is transmitted
via a 9 μF coupling capacitor, but the voltage level is twice
as high as in the “differential mode“.
Communication lines have different impedances than
supply lines, which is why other impedances are used. Frequently one encounters values of 25 Ω or 42 Ω.

t

Protection against surges
0 to – 0,3

There are different methods to protect devices against destruction by surge. The simplest way is to match the affected components such as diodes and capacitors with the appropriate voltage. At higher test voltages, however, this is no longer possible,
which is why components are required which limit the voltage
within the device. This is done by using varistors (VDRs) or gas
discharge tubes which become conductive at a certain voltage
and convert the surplus energy into heat. Gas discharge tubes
are not permitted for every application. Since these components not only have a voltage-limiting effect, but short-circuit
the circuit when the breakdown voltage is reached, they may
only be used in DC circuits. They should not be used in AC
No-load voltage kV

Test
severity

lead – lead

lead – earth

1

-

0,5

2

0,5

1

3

1

2

4

2

4

X

Special definition

Special definition

Test severities for surges (IEC 61000-4-5)
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flashes were noted, in the stormy year 2007, a record level was
recorded with about 1.1 million flashes. Added to this are the
countless switching operations, which are currently increasing
due to a switch from centralized to decentralized power grid
(smart grid), as well as other influencing factors which can also
lead to high pressure on the power supply for a short time.

MED Elecctronics Power Electronics
supply lines, since a short-circuit in a supply line leads to a
long-lasting high current, which can also trigger the house“s
main fuse and shut down the power supply for all devices permanently. Consequently, VDRs are used for AC supply lines.

U

Pulse

200µs at 5 kHz

Burst according to IEC 61000-4-4

10µs at 100 kHz

U

Transient disturbances are caused by brief switching operations, such as the disruption of inductive loads or the bouncing
of relay contacts in a power supply grid as well as in control and
signal lines. These disturbance variables are voltage peaks
which are coupled in lines in so-called “bursts“. Characteristic are the high amplitude, the short rise time, the high repetition rate and the low energy of the transients.

Immunity test of bursts

Pulse duration
(burst)
15 ms
at 5 kHz
0,75 ms
at 100 kHz

t

Brust
Brust period 300 ms

Scheme: Burst (IEC61000-4-4)

Selection of adequate power supply

The handling of this phenomenon is fundamentally regulated
in the IEC 61000-4-4 standard: „Immunity test against fast
transient electrical disturbances/burst“. In its current version
of April 2013, the standard specifies the repetition rate to be
tested for the transients at 5 and/or 100 kHz, with the actual
value of the burst phenomenon being closer to 100 kHz. The
test specification 5 kHz still dates back to a time when the test
equipment was incapable of producing transients with such a
high repetition rate.
The coupling of the fast transients is carried out during the test
either by means of a coupling capacitor directly applied to the
supply lines, or indirectly via a capacitive coupling pliers to
control and signal lines. The degree of severity to be maintained
in the burst is ultimately determined in the respective product
standard of the device, for medical devices degree 3 applies.
In general, burst pulses are not as destructive as surge pulses.
However, they often lead to unwanted behavior of devices,
which can surface, for example, in form of flickering displays
or incorrect circuit measurements. At very high amplitudes, a
device can ultimately be destroyed. The general problem with
burst pulses is that they can only be filtered out to a very limited extent. In this case, a VDR is only of limited protective suitability since the response time of these varistors is too long. In
contrast, the use of fast suppressor diodes can serve as a possible solution.

Test
severity

t

1/repetition rate

Purchasers and engineers should focus on compliance with
the IEC 61000-4-4 and IEC 61000-4-5 standards when selecting the appropriate power supply for their application, to
protect their application from the destructive effects of the
phenomena “surge and burst“. These standards must be enforced by all standard medically approved power supplies in
accordance with IEC 60601-1-2, so users initially consider
themselves on the safe side.
However, especially for particularly safety-critical applications, such as patient monitoring systems or life-sustaining systems, the values required by the standard should rather be
considered pedestals. Here it is recommended to examine the
application and its corresponding safety precautions together
with a power supply expert in order to achieve the best possible interference immunity - at FRIWO, for example, with designs of up to 6 kV surge resistance.

Authors:
Stefan Suttorp, Field Application Engineer Medical
Michael Brinkmeier, Head of Marketing
FRIWO Gerätebau GmbH
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Test severities for bursts: (IEC 61000-4-4)
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Beat-to-Beat detection algorithm for pulse rate variability analysis
from wrist photoplethysmography signals

Robust Beat-to-Beat
Detection Algorithm
H

eart rate variability (HRV) from electrocardiograms
(ECG) is a well-known diagnostic method for the assessment of autonomic nervous function of the heart.
A more convenient approach to assess cardiac function is by
using photoplethysmography (PPG) waveforms where pulse
rate variability (PRV) replaces HRV. However, the unavailability of robust detection algorithms for PPG signals has prevented the medical market from providing clinical diagnosis
using PRV and from measuring biological information for wellness purposes, such as sleep stage, stress state, and fatigue.
This article provides a robust peak and onset detection algorithm for beat-to-beat pulse interval analysis using PPG signals. We demonstrate our method through large data collection with the Analog Devices, Inc. (ADI) multisensory watch
platform with high coverage, sensitivity, and low root mean
square of successive difference (RMSSD) as compared to the
beat-to-beat results from ECG signals.

Furthermore, PPG can provide relevant information about the
cardiovascular system, such as heart rate, arterial pressure, stiffness index, pulse transit time, pulse wave velocity, cardiac output, arterial compliance, and peripheral resistance. However,
the performance of PPG-based algorithms can be degraded by
poor blood perfusion, ambient light, and, most importantly, motion artifacts (MA). Many signal processing techniques, including the ADI motion rejection and frequency tracking algorithm,
have been proposed to remove the MA noise by using a three-axis
acceleration sensor placed close to the PPG sensor.
It is important to extract significant points such as systolic
peaks, onsets, and dicrotic notches from PPG waveforms accurately for PRV analysis. The onset of the PPG waveform is
due to the commencement of blood expulsion from the heart
to the aorta, while the dicrotic notch is the end of blood
ejection or the closure of the aortic valve. The unavailability of
robust detection algorithms for PPG signals has, at least partially, prevented researchers from fully conducting PRV analysis using PPG. Some previous work on PRV ignores the fiducial
points, some reported using manual or empirical detection of

Pictures: Analog Devices GmbH

Heart rate (HR) monitoring is a key feature in many existing
wearable and clinical devices but a function to measure the
continuous heart rate variability using a beat-to-beat pulse interval has not yet been provided with these devices. HRV consists of changes in the time intervals between consecutive
heartbeats called interbeat intervals extracted from an electrocardiogram (ECG). HRV contains well-known biometric information that reflects the sympathetic and parasympathetic
activities of the autonomic nervous system. Researchers have
widely used HRV as a tool to support clinical diagnosis and
measure biological information for wellness purposes, such as
sleep stage, stress state, and fatigue. Given the technical re-

quirements of ECG measurements, the signal may not always
be available in accident/catastrophe sites, battlefields, or
areas where ECG can cause electrical interference. Pulse rate
variability extracted from photoplethysmography signals
could be used as an alternative to HRV. The PPG signals are
obtained by illuminating human skin using an LED and by
measuring the intensity changes due to blood flow in the reflected light by a photodiode.

Figure 1. Flowchart of the proposed beat-to-beat extraction algorithm comprised of (i) preprocessing and (ii) high resolution B2B extraction.
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the systolic peaks, and some are based on nonvalidated time
window-based algorithms to obtain the pulse peak.
This article proposes a robust peak and onset detection algorithm that uses a delineation method originally proposed for arterial blood pressure (ABP) waveforms. It is important to note
that PPG signals using wrist-worn wearable devices contain
many motion artifacts, baseline fluctuations, reflected waves,
and other noise that can affect the behavior of detection algorithms. Therefore, the data is preprocessed first before feeding
it to the beat-to-beat extraction model. The automatic delineator used in this work is a hybrid approach in which different preprocessed signals from raw PPG and the first derivative of the
signals are used to extract both the peaks and onsets. We use a
large database collected using our ADI watch platform that provides synchronized PPG and ECG signals. In terms of memory
footprint, this algorithm is light and can be used as an embedded algorithm in the ADI watch platform. The algorithm is validated and compared with the beat-to-beat results from ECG signals using coverage, sensitivity, positive productivity, and the
root mean square of successive difference.

Beat-to-Beat Algorithm Based on the PPG
Morphology
In this section, we explain the details of the proposed beat-tobeat algorithm for wrist PPG signals comprised of (i) preprocessing, and (ii) high resolution beat-to-beat extraction modules. A block diagram of the algorithm is shown in Figure 1.

Preprocessing
The susceptibility of the PPG signal to poor blood perfusion of
the peripheral tissues and motion artifact is well known. In or-

der to minimize the influence of these factors in the subsequent phases of the PPG analysis for beat-to-beat estimation,
a preprocessing stage is required. This step is comprised of:

+

Framing and windowing

+

Band-pass filtering (0.4 Hz to 4 Hz)

+

Automatic gain control (AGC) to limit the signal level

+

Signal smoothing and baseline wandering removal

The PPG input data is processed using a window of T0 seconds
and further blocks are processed by moving the window with
mT0 (that is, m = 3/4) overlap. A band-pass filter is then required to remove both high frequency components (such as
power sources) of the PPG signals, as well as low frequency
components such as changes in capillary density and venous
blood volume, temperature variations, and so on. Figure 2a
and 2b show a PPG signal before and after filtering. The filter
has a cutoff frequency at 0.4 Hz and 4 Hz. The fundamental
frequency of the HR ranges between 0.4 Hz to 3 Hz. Therefore, using a range that is a little higher for beat-to-beat estimation allows us to include harmonics that emphasize the
beat times. Sudden spikes are removed from the filtered
signals using a median filter. Then, an AGC module limits the
signal level to ±V volts in order to verify the selected peaks by
checking the amplitude of the signal at a later stage. The durable PPG measuring process for HRV unavoidably introduces
another type of artifact, such as baseline wandering. Consequently, a low-pass finite impulse response (FIR) filter is used
to smooth the array of the PPG samples in the frame (shown in
Figure 2c), to remove the baseline wandering noise, and to get
a smoother signal for the delineation module.
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Figure 2. PPG plots.

the signal. Figure 2d plots both inflection and zero-crossing
points for PPG characterization. For the zero-crossing points,
the signal is processed with a zero phase distortion filter that
minimizes startup and ending transients by matching initial
conditions. This is to make sure that the time-domain features
are preserved after filtering. Note that the onsets from the derivative of the PPG waveform correspond to zero-crossing
points before a maximal inflection, while the systolic peak relates to zero-crossings after that inflection point. The signal
quality metric used for this beat-to-beat algorithm is clarity
and indicates the extent that a signal has a tone. This metric
was originally proposed in the Philip McLeod and Geoff Wyvill
article, “A Smarter Way to Find Pitch,“ where a normalized
squared difference function (a form of autocorrelation
function) is used for finding the periodicity of the signal. We
use this metric to decide when the beat-to-beat algorithm is
confident to report the peaks and onsets.

High Resolution Beat-to-Beat Extraction Module

Evaluation Results from the ADI Wrist Platform

The beat-to-beat extraction algorithm consists of the following
modules:

Our PPG beat-to-beat algorithm results are compared to results from the Pan-Tompkins algorithm,20 which is a well-recognized algorithm for ECG peak detection. Data was collected to evaluate our algorithm using the ADI Vital Signs Monitoring (VSM) wrist watch platform. The ADI VSM iOS application
was used to interface with the watch over a Bluetooth® connection. The ADI wrist watch includes a PPG sensor used to
collect PPG signal from the subject“s wrist. The ECG signal
was also collected
on the ADI wrist watch. Three ECG
electrodes were attached to the subject“s chest area. Wires
from these electrodes were connected to the ADI wrist watch
where the signals were processed and logged concurrently
with the PPG signal. This platform provides synchronized PPG
and ECG signals. Figure 3a shows the ADI wrist watch used for
data collection while Figure 3b shows the iOS app interface
and sample signals obtained from the platform.

+
+
+
+

Interpolation
Delineation
High resolution beat-to-beat extraction
Signal quality metric

The output of the preprocessing module is fed to an interpolation block to increase the accuracy of the beat-to-beat extraction algorithm. If a PPG segment from t0 to t is given in the
first frame with a beat-to-beat interval of b0 and b , we linearly interpolate the beat-to-beat interval values using n points
between the endpoints and then extract a high resolution
beat-to-beat (for example, 1 ms resolution) from b0 and b .
Next, the delineation module relies on both the signal morphology, as well as rhythmic information to extract the peaks
and onsets. Therefore, not only are the systolic peaks needed,
but also the onsets and dicrotic notches should be reported for
beat-to-beat detection. The proposed delineator is theoretically similar to the one shown in the papers “An Adaptive Delineator for Photoplethysmography Waveforms“ and “On an
Automatic Delineator for Arterial Blood Pressure Waveforms,“
and it is adapted to the wrist PPG signals by using a pair of inflection and zero-crossing points from the first derivative of

Figure 3. ADI platform and tool.
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Evaluation Metrics and Results
Before computing the beat-to-beat metrics, it is important to
have an outlier removal process that identifies missing/extra
peaks in the Pan-Tompkins algorithm outputs and our PPG
beat-to-beat algorithm outputs. Ignoring missing/extra peaks
causes abnormal beat durations that would lead to inaccurate
results. Missing/extra peaks in the ECG signal were identified
by looking at the successive beat
durations provided by the PanTompkins algorithm. Any ECG peak
that changed the beat duration by
more than 20% was labeled an outlier. After removing these ECG
peaks, missing/extra peaks in the
PPG signal were identified by correlating each ECG peak with a peak
in the PPG signal. A PPG peak was
correlated with an ECG peak if it is
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would be relevant across all populations. Data is collected on
27 subjects (male and female with different skin tones) each
for 2 minutes and 30 seconds. Subjects were asked to stand
for the first half and sit for the second half of the time. Table 1
presents the average results of each of the metrics for the beat
to beat algorithm. As shown in the table, the coverage, sensitivity, and positive predictivity are all above 83% with the average RMSSD difference below 20 ms for the wrist data as compared to the results from the ECG signals.

Figure 4. ECG and PPG signals with IBIs shown and the respective peaks
and onsets from the beat-to-beat algorithm on the raw PPG signals.

within time proximity of the ECG peak. When a PPG peak cannot be identified or too many peaks are identified within the
time proximity of an ECG peak, these were identified as outliers. The abnormal beat durations that these missing/extra
PPG beats would cause are ignored as outliers during metrics
calculations.A number of metrics are computed using the
beat-to-beat values from our proposed algorithm and from the
Pan-Tompkins algorithm. These metrics are: (i) coverage
(Equation 1); (ii) Sensitivity or Se (Equation 2); (iii) positive
predictivity or P+ (Equation 3); and (iv) root mean square of
successive differences or RMSSD (Equation 4). Figure 4 presents a visual representation of some of the values used for the
metrics calculations.
Where TP (true positive) is the number of heart beats correctly
identified by thPPG B2B algorithm, FP (false positive) is the
number of PPG heart beats that did not correspond to an actual heart beat in the ECG, and FN (false negative) is the number
of heart beats that the PPG beat-to- beat algorithm missed.
The interbeat interval (IBI) is the time between successive
ECG peaks, PPG peaks, or PPG onsets.

Metric

Result

Coverage

83 %

Sensitivity

87 %

Positive Predictivity

98 %

Average PPG vs. ECG RM

12 ms

Table 1. Beat-to-Beat Metrics Results

A robust peak and onset detection algorithm for PRV analysis
from wrist PPG signals was proposed. The algorithm used multiple stages of preprocessing and suggested a hybrid delineation algorithm to detect the fiducial points of wrist PPG signals. The ADI multisensory watch was used as our evaluation
platform to test the proposed algorithm. The results showed
strong correlations and concordance with respect to the ECG
HRV. Future work will focus on applying motion rejection algorithms and on dealing with the missing beats issue in the
PRV analysis.
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In order to evaluate our algorithm, PPG and ECG signals are
collected simultaneously for each subject. Data was collected
on a large number of subjects of different ages, skin tones, and
body types. This was to ensure that our evaluation results
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One Step Closer to a
Natural Leg
T

he amputation of a limb is accompanied by impaired
physical mobility, and those affected require a prosthesis. Adam Baier, prosthetist at Blatchford Europe
GmbH, a subsidiary of Blatchford, explained what safe, functional lower limb prostheses with optimal energy return are capable of in an interview with our editorial staff.

MED: Mr Baier, Blatchford
was one of the first companies to use carbon as a material in the fabrication of
prostheses back in the
1980s. What was the key
factor for this step?

Adam Baier: Carbon is a
very lightweight, yet
strong material and has
the capacity to store and
return
energy.
Even
though it’s lighter than a
natural leg, prosthesis
users still use more energy to move the prosthesis than nonamputees. In the 1980s, for example, when a lot of wood and
leather were still used, an above-knee amputee required
Biomimetic microprocessor-controlled carbon spring foot with
electronically controlled hydraulic
ankle joint.

around 300% more energy to move the artificial
leg. Today, the extra energy required is around
100%, depending on the
amputation level, which
represents a considerable
reduction.

MED: Aside from carbon,
what materials are used in
prosthetics?

Adam Baier: Aluminium

Certified Prosthetist & Technical
Manager Blatchford Europe GmbH
Adam Baier spoke about the latest
developments in prosthetics

is an ultra-light material
that is frequently used in
prosthetic technology, in
addition to carbon and plastic. Another material is steel. However, steel is very heavy, which is why high-strength titanium,
which weighs less than steel, is often used instead. Prostheses
ultimately have to withstand loads from users of up to 150 kg.

MED: The amputee’s mobility grade is the basis for selecting a suitable prosthesis and is divided into different categories. How are
these categories defined?

Blatchford, a company based in
Basingstoke, UK, has been involved in prosthetic technology
since 1890. The manufacturer
strives to improve the mobility
and thus the quality of life of lower limb amputees by developing safe, functional prostheses with an optimised energy
response.

MEDengineering INTERNATIONAL/2020

sedentary patients who cannot
actively use a prosthesis. Class 1
is for „indoor walkers’. These individuals are able to use a prosthesis for short distances on level
ground. Affected persons with
impaired mobility often use a
simple prosthesis. If patients are
able to walk slowly while overcoming small obstacles, they are assigned to Class 2. Persons who
are capable of walking at varying
speeds on different surfaces are
considered „unrestricted outdoor
walkers’ and are assigned to Class
3. Persons with particularly high
function levels who are capable of
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Adam Baier: Class 0 consists of

Microprocessor-controlled
hybrid knee joint with
electronically controlled
stance phase stabilisation
and swing phase control as
well as stance mode.
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walking for an unlimited distance and duration
are considered Class 4.

MED: Blatchford places a very high priority on lower limb prosthetics. What are the distinguishing
features of the company’s specially developed
prosthetic technology?

Adam Baier: Studies have shown that the ankle
joint of a non-amputee has to withstand high
stress both when walking on level ground and
uphill. In order to offer both moderately and very
active users more natural ankle joint control
when walking on slopes and climbing stairs, we
developed the „Echelon“, an award-winning
hydraulic ankle-foot prosthesis. The movable
ankle joint adapts to the ground or a slope and
even makes it easier to get up from a chair. This is
a movement that persons without a disability never think about – but which poses a challenge if
ankle joint mobility is absent.

real time. When the prosthesis is in the stance phase, the electronics prevent it from collapsing. This
means the user is always supported. When the
prosthesis is subjected to a load on the forefoot, the
hydraulic system is deactivated. This leads to what
is termed as toe-off: as soon as the user switches
from standing to walking. This impulse uses pneumatic force to initiate free swing-through of the artificial joint, and the integrated sensor ensures the
appropriate speed as required. The electronics activate the stance phase before the heel is set down
again. This dynamic increases progressively with
the user’s spped. Stumble protection that is so important for the user is also provided, as the resistance is increased as soon as uncontrolled loading
of the prosthesis is detected. This allows users to
catch themselves if there is a risk of falling. In addition, users can load the prosthesis like a sound leg for
descending stairs step-over-step or when sitting
down. This relieves the sound leg. When a user of a mechanical prosthesis wants to sit down, the sound side
has to bear the full weight of the body.

MED: You also mentioned biomimetics in this
context. What exactly does this term mean?

MED: We’ve talked about prostheses for the foot and the
ankle joint. What about an integrated mobility system?

Adam Baier: Biomimetics aims to mimic natural
AdamBaier: The interactive „Linx“ system we developed

human movements as closely as possible. Different versions of hydraulic ankle joints are based
on this principle. One example is the „Elan“, a
microprocessor-controlled hydraulic ankle-foot
prosthesis. With conventional prosthetic feet,
walking up and down slopes is often very strenuous and there is a high risk of losing your footing. This prosthetic foot is fitted with electronics
that sense the incline and imitate the natural resistance of muscles and natural ankle movement. When the user walks up or down slopes,
the sensor adapts the hydraulic resistance depending on the angle of inclination. This allows
users to benefit even more from the energy-storing properties of the carbon spring when walking
up slopes. When the user then walks downhill,
the energy is stored up again. With purely mechanical components, on the other hand, users need
to actively brake the downhill movement, as they
otherwise accelerate and have to make compensatory movements. This sensor makes walking safer and less
strenuous.

MED: I’m assuming that Blatchford also offers knee prostheses that are microprocessor-controlled in addition to foot prostheses …

is the first system in the world in which both the electronic foot module and the electronic knee joint register and
exchange specific data on movement, activity, surroundings and terrain. The two modules form a unit and
coordinate to send information to the microprocessorcontrolled support system. The result is that this innovative leg prosthesis brings users a step closer to the
walking experience they had with their natural leg.
Blatchford has won several awards for this intelligent
development. A few examples are the gold Medical
Device Excellence Award in the Rehabilitation and
Assistive Technology Products category, the Best in
Show Award 2017, the MacRobert Award of the
Royal Academy of Engineering and the German
Design Award, both in 2016.

MED: Thank you for the fascinating look behind the scenes,
Mr. Baier.

The interview was
conducted by
Carola Tesche

Adam Baier: Yes, there’s the „Orion 3“, which is a microprocessor-controlled knee joint. Sensors in this prosthesis detect
the movement and speed of locomotion, enabling a reaction in

www.med-eng.de

57

CONTACT
Blatchford Europe GmbH
Fritz-Hornschuch-Str. 9
95326 Kulmbach, Germany
Tel. +49 9221 87 80 80
www.blatchford.de

MEDengineering INTERNATIONAL/2020

MED Prosthetics Endo- and exoprostheses

In situ Cure Silicones Offer New Possibilities for
Implantable Medical Devices

Implants made from
Silicone Rubber
entire devices, which are then assembled, packaged and sterilized prior to implantation via surgery. A new development in
silicone dispensing systems from Avantor’s NuSil brand makes it possible for medical device manufacturers to create implantable devices that can be in situ cured in the body rather
than cured outside the body and implanted.

Device manufacturers often
choose silicone for its established history of biocompatibility, unique physical properties and the ability to be altered at the polymer level.
Silicone properties may be tuned to satisfy specific medical device requirements, giving silicone a reputation as a
high-technology biomaterial
that invites innovation. However, innovation in silicones is
expanding beyond the properties of the biomaterial itself.
Typically, silicone elastomers are used to fabricate
Figure 1. Medical-grade silicone is a highly valued, versatile biomaterial widely used throughout the body.
components of devices, or

MEDengineering INTERNATIONAL/2020

58

www.med-eng.de

Pictures: NuSil Technology LLC

M

edical-grade silicone is a highly valued, versatile
biomaterial widely used for medical implants (Figure 1). Often associated with applications such as
cardiovascular pacemakers, cochlear implants, hydrocephalus shunts, implantable infusion pumps and even intraocular
lenses, silicone provides a diverse range of characteristics
that make it beneficial, with
properties ranging from very
sticky to very slippery, and
from soft and pliable to stiff
or rigid. Consequently, it is
very attractive for different
medical uses such as highprecision molded parts; lubricious coatings for medical
devices; soft silicone adhesives for wound care; soft tissue implants; and even highstrength tubing.

MED Prosthetics Endo- and exoprostheses
The patented, NuSil double-cartridge dispensing system (Figure 2) enables silicones to be sterilized in the uncured form,
new opportunities for silicone-based medical devices. Curing
in the body allows a custom fit of the implanted for less invasive implantation procedures.

+

Effective sterilization

+

No residual EtO post-sterilization

+

Minimal change to key silicone physical properties such as
rheology, durometer, modulus, work time and cure rate

Other key features of the packaging system include:

+
+
packaging solution for in situ curable silicones features a dual-cartridge prefilled dispensing system.

Disposable syringes available in a variety of sizes — 5, 10,
50 and 75 mL
One-step sterilization of silicone components and packaging

+

Adaptable to a variety of injection technologies

Sterilizing Silicone for Implants

+

Engineered for use in complete surgical kits

When reviewing the potential for versatility and usefulness of
in situ cured silicone materials for implants, a key factor to
consider is sterilization. In order to be implanted, devices prefabricated with medical-grade silicones must be sterilized—so an efficient and fully verifiable sterilization solution
is necessary.

Customization of in situ cured silicone enables the material
properties to be “tuned“ in accordance with specific therapeutic requirements. For example, viscosity can be defined to
optimize delivery of in situ material to desired implant location. The cure time can be tuned so that the silicone cures in
situ at body temperature. Moreover, the final physical properties of the material can be precisely defined to provide the desired performance, such as a specific level of hardness perhaps for support, or softness if the device is meant to cushion.
The NuSil medical-grade silicones used with the in situ cure
dispensing system are specifically designed, manufactured
and purified to meet the strictest requirements of the healthcare industry. In conclusion, the development of a new patented dual-cartridge prefilled dispensing system makes in situ
curing silicone a practical reality, offering the medical device
community the potential to explore new therapeutic approaches that provide better outcomes to patients.

The traditional method for producing silicone implant devices
uses a multi-step process. Although methods vary between
manufacturers, most implants are molded and assembled,
then placed along with other devices used for a specific therapeutic application into a single package or tray, which is then
sealed and sterilized before it is delivered for use.
Traditional methods for sterilizing cured silicones, such as
gamma and electron-beam irradiation, can negatively affect
the desired properties when used to sterilize uncured silicones. Exposure to dry heat and autoclave conditions may damage the packaging or impact workability. Ethylene Oxide (EtO)
exposure is a widely used medical device sterilization method.
With its patented design, the prefilled dispensing system can
be EtO sterilized, maintaining the integrity of both the uncured implant grade silicone and its packaging. This allows medical device manufacturers to offer novel solutions using presterilized, uncured materials for forming and in situ curing within the body.

CONTACT
NuSil
1050 Cindy Lane
Carpinteria, CA 93013 USA
Tel: +1 805 684 87 80
www.nusil.com

Patented Two-Part Silicone Dispensing Solution
The innovative packaging solution for in situ curable silicones
features a double-cartridge prefilled dispensing system. Each
cartridge has a gas-permeable plunger seal that allows EtO
sterilant gas to permeate through the plunger seal to sterilize
the contents of the cartridge.
With the two-part dispensing design, sterilization verification
demonstrated:
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Avoid testing chaos with deploy and destroy test environments

Software Development
for Medical Devices
T

oday’s DevTest teams are under pressure to deliver more
(and more innovative) software faster than ever before.
And now that most organizations are relying on software as
a primary interface to the customer, compromising on quality to
accelerate a release is not an option. This also applies to security
relevant application areas, and as such also for medical device
software. How can DevTest teams deliver “quality at speed“?

However, with today’s complex systems, this type of test environment access is the exception rather than the rule. Testing
in production is one way to access a 100% realistic test environment, but this approach is typically frowned upon for a
number of reasons.
Today, technology has advanced to the point where it’s possible to make realistic simulated test environments available on
demand. With technologies like cloud (for elastic scalability),

Pictures: Parasoft Deutschland GmbH

Unfortunately, there’s no silver bullet. However, one essential
element is to have unrestrained access to a realistic test environment (e.g., including the AUT/application under test and
all of its dependent components). Otherwise, you can’t accurately and thoroughly validate the change impacts associated
with each user story, or be confident that the evolving application doesn’t degrade the overall user experience. Access to a

complete test environment not only helps you achieve greater
velocity, it also enables you to assess the risk of a release candidate during a Continuous Integration/Continuous Delivery
process, and identify high-risk release candidates early in the
delivery pipeline.

A “Deploy+Destroy“ strategy can be implemented in simple steps and a has quick positive effect on the business of development and testing
organizations.
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containers (for rapid deployment), and service virtualization
(to simulate and access dependencies), there’s no reason why
a complete, realistic test environment should be out of reach.
This is where a “Deploy and Destroy“ strategy comes in.

This shows one way that you can use containers to enable the
Deploy and Destroy.

What is Deploy and Destroy?

The „Deploy and Destroy“ approach provides many benefits to
developers and test teams, such as

Essentially, Deploy and Destroy is the ability to rapidly deploy
a complete test environment in less than 10 minutes. The
most realistic dependent components (APIs, third-party services, databases, applications, and other endpoints) that are
available at that specific point in time are aggregated from a
central repository and then provisioned automatically. The
most realistic set of dependent components’ is often a combination of both real components and simulated components
delivered via service virtualization.
A Deploy and Destroy environment is lightweight and cloudcompatible so that when you need to scale (e.g., for performance testing), you can do that on demand. A Deploy and Destroy environment is also disposable. It can be instantly provisioned from a golden template, used and dirtied, then simply
destroyed. There’s no need to spend time resetting the environment or test data to its original state. The exact same environment can be instantly spun up whenever it’s needed (e.g.,
for reproducing or verifying defects).

A technical look at deploy and destroy
The first step in Deploy and Destroy is building up a library of
service virtualization assets. This is typically done by recording interactions with a live application, but it can also be accomplished by other means (from Swagger or other definitions, from traffic files, and so on). If desired, you can extend
and enhance these assets with additional data, performance
profiles, response logic, etc.
Once you’ve established a foundational set of service virtualization assets, you can aggregate them into what we call an environment. From a core system blueprint, an environment defines what states each of the AUT’s dependencies can adopt.
For instance, one of the environment’s third-party services
might be represented by 10 different virtual versions of that
service, each with different combinations of performance and
data profiles, as well as the real version of that same service.
Environments with any combination of these dependency
configurations can then be provisioned on demand (e.g., a virtual API simulating network congestion and error responses
and a real database and a virtual mainframe that’s returning
positive responses).
To further streamline and accelerate the provisioning process,
you’ll want to pair the deployable environments with container
technology such as Docker. This allows you to package the environments and deploy them onto running containers, making
complete test environments available in a matter of seconds.
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Benefits of a Deploy and Destroy strategy

Early and continuous testing
Instant and simultaneous access of realistic, flexible test environments enables teams to execute a broad array of end-toend tests. The testing can begin as soon as each user story is
completed, and myriad user stories can be validated simultaneously during Continuous Testing - each with the specific test
environment required for the associated tests.
Higher flexibility
Deploy and Destroy—in particular, service virtualization’s simulation—allows the team to provision test environments
with more flexibility than staged test environments could provide. With a physical staged test environment, they cannot
feasibly manipulate the behavior or performance of many dependent applications (for example, mainframes or ERPs).
They would have to deal with hardware, configuration settings
associated with the allocation of memory or the allocation of
VM configuration resources, etc. With service virtualization
this is no longer needed, but they can easily produce conditions which couldn’t be configured in a production or physical
test environment. This broadens the test horizon enormously
and also enables the testing of extreme cases such as for concurrency issues or outages, resiliency and failover, load balancer issues, etc.
More realistic than the real test environment
In many cases a deploy and destroy environment is more realistic than a real, physic environment which is usually characterized by restrictions and limited performance. With service virtualization testers get better control on the reaction of dependent systems and applications. Report times like in
production environments can be achieved, which raises the fidelity of the test environment.
The use of service virtualization allows to compensate mistakes
and failures in real test environments, i.e. if tests need to be
carried out but the dependent components are not available at
that moment. A Deploy and Destroy environment compensates
this automatically by redirecting the traffic to simulated end
points and thus enables the implementation or continuation of
the tests, as if the real systems or application were available.
Data security and privacy
As the simulated environment allows access to data sets
which are already masked / cleaned, there is no security constraints. Even if someone obtains unauthorized access or attacks an asset, there is no need to fear, as it is not real and will
immediately be destroyed after testing.

61

MEDengineering INTERNATIONAL/2020

»

MED Software Engineering Tool

A Deploy+Destroy environment offers many advantages for developers, testers and for the management.

Greater consistency and accuracy
Deploy and Destroy ensures that all participants can coordinate their activities by access to the newest test objects / data
and virtual artefacts. With Deploy and Destroy, everyone is always on the same page, accessing the latest and greatest data,
virtual assets, test assets, etc. Each time a test environment is
provisioned, it is created from scratch using the master set of
data, virtual assets, test artifacts, etc. stored in the repository.
This makes it impossible for tests to be executed against “dirtied“ test environments by using outdated test data, versus an
unauthorized version of a virtual asset, and so on.

ve advantages, Deploy and Destroy is a potential strategy for
organizations to distinguish from competitors and secure their
own financial success.

Author:
Arthur Hicken
Parasoft Deutschland GmbH

CONTACT

Implementing a Deploy and Destroy strategy can quickly affect the business of development and test organizations.
Costs and latency caused by access to depending systems or
databases can be reduced or eliminated. Also, the risk of release candidates is minimized, agile and iterative development methods are supported efficiently, and developmentand testing cycles shortened. Service Virtualization becomes
more and more important to reduce bottlenecks in the test
phase, especially in times of shortened development cycles
when developers need to deliver fast and accurate products.
Accelerating the time to market and thus providing competiti-
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Check-up Appointment
for Software Code
I

order to receive certification. However, it can often
be a challenge for manufactures to enforce quality
standards and ensure
compliance.

n February 2019, a US medical specialist launched a major recall for several types of their pacemakers that were at
risk for sudden failure. The cause for the vulnerability was
found to be an error in the device’s software programming.
Unfortunately, that was not the only recent medical device recall.
In 2017, another vendor was forced to remove a ventilator off the
market due to a dangerous bug. The bug could cause the ventilator to unexpectedly switch off under certain circumstances.
Modern safety-critical medical devices are increasingly software-based, which places more pressure on developers to ensure that their code is safe, secure, and reliable. Because if a
software failure does occur, it could endanger the health or
lives of the patients that rely on those devices.

Certifications Require Diligent Development

Pictures: Perforce Software UK Ltd.

Medical device developers have to be extremely diligent when
developing their products to ensure that they meet industry
certifications and are compliant with industry regulations —
especially IEC 62304. These standards are generally a compilation of important coding rules that ensure that the source
code is high quality. In addition, software components must
often comply with coding standards — such as MISRA — in

In today’s digital age, software
quality has become critical to
medical device development.
For that reason, developers rely
on static code analysis to ensure that they produce high-quality code that is safe and secure,
reliable, and compliant.

In many cases, it can feel
like a distraction from the
actual development task.
For that reason, static code analysis has become central to the
development process. Static code analysers examine the code
for defects and vulnerabilities to help ensure that the code is
safe, secure, and reliable.
IEC 62304 lists the requirements for
the development of medical devices.

Static Analysis in Practice
Static code analysers are most effective to the software development process when teams implement its two components: a desktop and a centralised server deployment.
The desktop deployment
is directly installed on
each developer's system.
It works in the background
while code is being written. This enables the solution to analyse the code in
real time for errors, vulnerabilities, and defects to
help ensure compliance.
The immediate feedback
also trains developers to
produce higher quality
code, which is beneficial
for ensuring compliance
and increasing efficiency.

With static code analysis, software
code can be checked while it’s
being written.

What’s more, developers are able to quickly address errors that
have been identified, which saves manufacturers time and
money. This is especially beneficial, as the longer a bug is present in the code, the more expensive it will be to trace it
through each of the process stages and fix it.
Meanwhile, server deployment generally runs overnight to
examine the project as a whole. This involves the solution
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An example of a MISRA C++ rule violation.

simulating the execution of each branch of the code without
actually creating a running program. It does this by creating a
behavioural model of the software to track the variables with
the values that they would receive at runtime. This is called
„data flow analysis“. Any detected errors or issues that are
identified by the server deployment are flagged to be addressed by the respective developers.
In addition, static analysis can detect redundant code that
can never be executed in the first place. This can highlight design oversights as well as finding sections of code that would
unnecessarily compromise valuable resources in an embedded system.

Highest Security for a Digitized Medical World
The benefits of using a static code analyser can be measured
and monitored throughout the project. Software development teams can use the tool to create snapshots of the code
to accurately track its development over time. What’s more,
this feature can be used to generate reports on the number of
errors present in the code or to show how the code complexity has decreased.
By regularly using static code analysis, everyone involved in
the software’s development — from developers to device manufacturers — is able to benefit from the higher code quality.
But, above all else, it is the patients that benefit most of all, as
they can confidently rely on medical products that have the
highest possible level of safety.

Static code analysis is unable to detect that a function isn’t doing
what it is intended to.

Avoid Common Pitfalls

Author:
Richard Bellairs
Product Marketing Manager
Perforce Software

To effectively integrate a static code analyser into a software
development process, a development team must complete a
comprehensive training. Because without a basic understanding of how the tool works, it can be difficult for developers to
interpret the results correctly and properly address the errors.

CONTACT
Perforce Software UK Ltd.
West Forest Gate
Wellington Road
Wokingham
Berkshire RG40 2AT
Tel. +44 1189 77 10 20
www.perforce.com

Along with knowing how to effectively use a static code analyser, developers should also be aware of the tool’s limitations. For example, a static code analyser cannot verify whether the piece of software actually meets the system’s functional requirements.

MEDengineering INTERNATIONAL/2020

64

www.med-eng.de

MED Software Functional Safety
CodeMeter Certificate Vault, the new PKCS#11-compliant token
provider from Wibu-Systems, simplifies the use of digital certificates

Storing and Managing
Certificates Made Easy
I

n the age of Industry 4.0, computers, machines, and millions of other devices have begun to communicate with
each other. One of the essential conditions to make this digital dialogue possible is that every machine or device can
trust and know just who exactly it is speaking with. Digital certificates guarantee these unique and reliably verifiable identities: Every device possesses a key pair for their certificate; one
private key that must never be disclosed and one public key.
There must also be a means for checking the validity of their
certificates, and the x.509 format has established itself as the
virtual industry standard for this purpose.
As more and more machines and devices have started to join
the Industrial Internet of Things (IIoT), the old processes for
managing certificates have become too cumbersome. There
needs to be reliable, safe storage for the keys, and using certificates should be as straightforward as possible. In particular,
the first commissioning of industrial machines and later service and maintenance need simple, but safe mechanisms that
allow the machine operators to e.g. switch out components without any more hassle than they were used to in the analog
age. CodeMeter Certificate Vault is a great example to illustrate how this can be achieved.

The Certification Process
In the archetypal process, an entity (man or machine) that
needs a certificate first creates a key pair, ideally in a hardware
secure element. The entity then sends a signed certificate

request to a higher certification authority (also known as
CA). That CA then checks the request and creates, signs,
and returns a certificate, which the requesting entity loads
onto the device it is meant for. At some point, the certificate
will expire, and the process needs to start over. With a laborious process like this, it is easy to see why so few people
sign and encrypt their emails, why the digital health insurance card is such a complex beast, and why certificates
tend to be a nuisance at best for anybody not involved in the
cryptography scene.

The Technology
CodeMeter Certificate Vault was developed by Wibu-Systems
on the strength of its CodeMeter technology. CmDongles, the
company’s proprietary protection hardware, act as secure elements, as the smart card chip onboard provides both secure
key storage and a crypto processor. They are available in a wide
range of form factors, including USB sticks, secure memory
cards (SD, microSD, CF, CFast), or ASICs. CodeMeter Certificate Vault places the certificates in the protected smart card
chip and provides the standard CodeMeter API interfaces to
link the new solution up with the client’s established applications and ecosystems. CodeMeter Certificate Vault works as a
PKCS#11-compliant token provider, integrates as a Key Storage Provider (KSP) in Microsoft’s Cryptographic API Next Generation (CNG), and can also be used with the OpenSSL API
e.g. to keep and work with the keys for TLS certificates or OPC
UA installations.

CodeMeter hardware, software, and cloud license containers meet all industry rerequirements

www.med-eng.de

65

MEDengineering INTERNATIONAL/2020

»

MED Software Functional Safety
CodeMeter License Central, Wibu-Systems licensing and entitlement management solution, transfers the certificates and
keys securely onto the CmDongle. This allows certificates to
be created and assigned with minimum effort and in a fully automated and scalable process. Nobody can peek into, remove,
duplicate, or otherwise compromise the keys and certificates.
A separate cryptographic operation is executed with the securely stored private key each and every time a certificate is
used. The tool directly benefits the end users, because they no
longer have to worry about the complex issue of requesting,
updating, or storing signed certificates. The entire creation
and management process is handled centrally and can include a designated certification authority, like the CA of a company’s internal IT department. The CA confirms that the public
key belonging to a certificate is valid and indeed goes with the
machine or device in question.
CodeMeter Certificate Vault streamlines the entire process.
The standard interfaces, like PKCS#11, KSP, and OpenSSL,
remain in place on the user’s side and can be used by every
application to access certificates and keys on the CmDongle.
The necessary cryptographic operations also happen on the
dongle, and additional features, like optional PINs for twofactor authentication, are possible.
Certificates are created and rolled out by a central certification authority, like a corporate IT department’s established CA.
It produces the certificates, key pairs, and passwords and assigns them to the local CmDongles of its users. The assignment and transmission process can happen automatically.

environment, the CodeMeter Certificate Vault admin tool or
CodeMeter License Central can turn them into special update
files (WibuCmRaU), secured with cutting-edge encryption
and only accessible by the assigned CmDongle. It is this update file that makes the transfer of the keys and certificates
secure, using a sequential process of request (CmRaC) and response (CmRaU). It resembles the usual process for requesting certificates, with the difference being that certificates
and their key pairs are safely stashed away in the CodeMeter
process. This allows a much simpler workflow, and it makes
CodeMeter’s other special capabilities available, such as
time-bound certificates that rely on the internal, tamper-proof
virtual clock of CmDongles.
Once loaded onto the dongle, the certificates are available for
the standard interfaces mentioned above. Certificates can also be renewed or deleted in the same manner – if need be, without involving the user in any way. This makes the process an
ideal choice for remote devices in industrial settings, IoT devices, or just for email encryption or VPN certificates in corporate networks.

Author:
Marco Blume
Product Manager Embedded
WIBU-SYSTEMS AG

CONTACT
WIBU-SYSTEMS AG
Rueppurrer Strasse 52-54
D-76137 Karlsruhe
Tel. +49 721 93 17 20
www.wibu.com

The procedure seems to go against the standard practice for
certificate management, as private keys should never be able
to leave their safe home on the user’s dongle. However, with
keys and certificates created in a shared, but strictly protected

— — — — — — — — — — — — — — — — — — — — — — — —

HIGH PERFORMANCE POTENTIOMETRIC ZIRCONIA OXYGEN
OEM MODULE
Zirconia based potentiometric oxygen sensors are known for their
large dynamic range and very high resolution, and is generally
considered the best choice of sensor among any oxygen sensing technology
when the main operating measurement range is 10.000 ppm and lower. The
principle of measuring against a known reference (i.e. mostly air) is unbeatable and the sensor is relatively easy to operate in industrial environments.
Pewatron has developed a potentiometric, zirconia based oxygen sensor module, which is can be manufactured in high volumes and where the sensor
is only heated to about 500°C. The low operational temperature of the sensor
in comparison with other potentiometric oxygen sensors not only is a benefit

MEDengineering INTERNATIONAL/2020

because of the lower generated heat from the sensor in the application, but
it also allows for a small and compact design of the sensor head. The A19-N
sensor head can easily be adapted (screw-mounted) into the application
without too much concern about the interface materials for tightening.
The PZA-MC25 standard module has many features – some of which are
mandatory for the operation of the sensor and some of which are helpful to
the customer in integrating the OEM module and a given machine interface.
The PZA electronics controls the temperature of the sensor and prevents
overheating and temperature shocks that can otherwise be harmful to the
sensor. The PZA built-in controller handles the signal conditioning and signal conversion. The output signal from the PZA electronics is 4-20 mA and
up to two alarm levels can be set in the electronics. In addition, the PZA
electronics has a switch, so that two measurement ranges can be covered
with only one module.
www.pewatron.com
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Machine learning, (ML) is a method often used for finding patterns
from analyzing data. The technique uses extremely large data sets as
a means to “teach“ computers to perform complex tasks.

Machine Learning
Introduction
T

here are two parts of machine learning, training and inferencing. Machine learning is based on the concept of
inferring the model of a system by training it with data
instead of using physical models. Figure 1 depicts the typical
machine learning setup. A large representative training database is used to train the model by evaluating the predictions
made and updating the model using a training algorithm. Once the accuracy of the model meets some pre-defined criteria,
the trained model can be deployed for inference. Inference is
the implementation of the machine learning algorithm for the
particular application, such as pattern recognition for a medical condition.
For many medical edge applications, there exists constraints
such as power, form factor, legal and physical size. As we shall
see, the training of a ML network is normally done in the cloud
or with a high powered graphics processing unit, (GPU). In
contrast, inferencing a ML network for a medical edge device
often cannot use the cloud or a high powered GPU. Field Programmable Gate Arrays, (FPGAs) can be used to inference for
constrained medical applications. Let’s explain ML further,
discuss the challenges of FPGAs in ML and understand the
key technical issues.

Training
Machine learning algorithms are often built using convolutional neural networks, (CNN). CNNs offer a robust solution for
training and inferencing data across a wide range of applications. To train a network requires an iterative process with numerous examples. Just like when we were young, our minds
had no idea what a squirrel or dog was. But after reading books, being shown by our parents, seeing these and being told
what they were and other related experiences, our minds became trained. The same must be done for an effective CNN.
The training data is a representative set of the type of inputs
that the CNN would see when implemented in the field. The
network is updated with repeated data inputs and evaluation
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of the previous inference results. This iterative process continues until the accuracy of the CNN meets a specific criteria.
Thanks to the processing power of modern GPUs, large data
sets can be used to train networks. Often these GPUs reside in
the cloud to provide the needed processing so you can arrive at
a machine learning algorithm that can be inferenced.

Inferencing
Once a CNN or ML network has been trained, it can be inferenced or deployed. If your application can support running in the
cloud or by using a powerful GPU, then the inferencing should
be straightforward. However, there are many medical edge applications that cannot support the infrastructure to the cloud or
a high powered local GPU. For example, some states ban the
patient’s information from being stored in the cloud. An application such as an endoscope that implements a ML algorithm
would find it difficult to incorporate a high power GPU and the
accompanying circuitry. The space and thermal constraints alone could make it impossible. For many edge applications like
this, finding a capable solution can be very challenging.

FPGA Implementation Option for ML
One alternative to GPUs for edge applications can be to utilize
FPGAs. FPGAs incorporate a large number of multiply/accumulate blocks, contain ample internal memory and operate in
a parallel manner. An FPGA can be configured to optimally inference CNNs or ML networks, but there are three challenges
that have to be overcome. Converting floating point to fixed
point quantization, modification of the trained network, and
programming the firmware in the FPGA.
Trained networks on GPUs are implemented with floating
point arithmetic. When the network is converted to an FPGA,
the floating point data needs to be compressed to fixed point.
This is done with a technique called quantization. There
are many quantization techniques that can be used. The
key is to minimize the loss of precision from the original
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Typical machine learning setup

network. A well implemented quantization will result in
less than 1% of accuracy loss.
With many FPGA implementations, the trained networks have
to be modified. This is a huge obstacle because most training
takes significant effort and time. Retraining a network involves significant investments in time and resources. Having an
FPGA implementation that does not require any modification
to a trained network is extremely valuable.
Verilog is the language used to configure and program an
FPGA. Most ML engineers have no idea what Verilog is or how
to program an FPGA. Unfortunately, many FPGA inference implementations require that the firmware be modified. ML inference implementations which do not require the FPGA to be
reprogrammed are very desirable because they do not require
FPGA coding experience and enable quicker time to market.
To recap, the best FPGA implementations of a ML network
should:

plug into an embedded PC is ideal. One FPGA based ML accelerator (“MLA“) demo is from Western Digital. See figure 2.
The demo was designed in collaboration with Mipsology. The
MLA demo design from Western Digital offers a compelling
implementation. The MLA does not require any retraining of
the network and there is no reprogramming required for the
FPGA. To integrate the solution requires one single Linux®
command after the PCIe driver is installed. In addition, the
form factor fits into a U.2 SSD slot. Given that many medical
edge designs have embedded PCs, this MLA demo offers
seamless deployment in a low power, small form factor.
In summary, ML is being quickly and broadly adopted to solve many challenging data centric applications. Having these
networks trained most often by GPUs provides a challenge
for inferencing at the edge. FPGA based ML implementations are compelling when the solution addresses the challenges of quantization, no retraining of the network and no
FPGA recoding.

1. Have minimal accuracy loss from quantization
2. Require no retraining of the network
3. Not need to reprogram the FPGA

CONTACT
Western Digital
5601 Great Oaks Pkwy
San Jose, CA 95119
USA
www.wd.com

Example Inference Implementation
If an FPGA based ML medical device was designed to detect
broken bones or look for abnormal cells, it would likely have an
embedded PC. Finding a FPGA based ML solution which can
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New composite materials for transmission components reduce
friction and wear

A Novel Approach to High
Performance Plastics
C

available for simple plastics and technical thermoplastics as
well as for HPP materials such as PEEK. Despite their availability, however, these solutions have a significant disadvantage in
that material ingredients are not optimized to match specific
component and application needs and performance and reliability can be compromised. In light of this situation, the materials researchers at Freudenberg Sealing Technologies have
spent several years developing special filler packages for new
HPP materials that focus on applications for sealing rings and
thrust washers used in automatic transmissions.

Off-the shelf material solutions can offer advantages: they are
standardized, usually readily available and have already proven
themselves in many applications. A standard range of base polymers that are processed with or without commercial fillers is

The new materials are based on precise knowledge of their application. To optimize the material properties, the experts at
Freudenberg Sealing Technologies enrich the base polymer
with various ingredients. Fillers such as graphite or glass and
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omponents made of thermoplastics are mostly produced on the basis of standard compounds. This also applies to high performance plastics (HPP) such as
PEEK, a polymer used in applications that produce extremely
high operating temperatures. The material developers at Freudenberg Sealing Technologies are taking a different approach
and have developed PEEK compounds that are precisely tailored to the respective application. The resulting gear seals and
thrust washers are characterized by lower wear, lower friction
and lower temperature development.
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carbon fibers, for example, can reinforce the material, reduce
friction and wear, or produce conductivity. Additives such as
pigments, waxes and stabilizers influence crystallization and
flow behavior, while different colors enable the correct assembly of the component. The resulting HPP materials are
precisely tailored to address current and even future application challenges.
One example is the new material Quantix 55-14, which was
developed on the basis of the high performance polymer
PEEK. This material is also known as “Low Hardness PEEK“
and reduces wear when it comes in contact with steel components. The engineers at Freudenberg Sealing Technologies in
Findlay, Ohio, used the material to manufacture sealing rings
that function as hydraulic rotary feedthroughs that contain the
oil between the clutch and the interior of the transmission
shaft in automatic transmissions. The lower incidence of system wear produced by Quantix 55-14 reduces hardness requirements for shafts and lowers customers’ production costs.

ge, the importance of the material’s very low, dry friction will
increase durability.
Material experts at Freudenberg Sealing Technologies have
conducted comparative wear and friction testing on thrust
washers made from Quantix 55-14 and those made from readily available, standard HPP materials designed for applications that require low friction and wear. Thrust washers made
from Quantix 55-14 demonstrate a 95 percent reduction in
wear, a 55 percent reduction in friction and a decrease in temperature at the interface of 35 °C.
“As these examples show, grabbing a product off the shelf
isn’t always the best approach,“ says Dr. Christoph Klingshirn,
who is responsible for global plastics development at Freudenberg Sealing Technologies. “If materials expertise is combined with application knowledge, this can lead to ever higher
performance plastics.“

Freudenberg’s Levitorq™ thrust washers also use Quantix 5514. The flat, disc-shaped components are used in torque converters and automatic transmissions where they absorb axial
forces from rotating components. Friction needs to be as low
as possible in these applications. When the shaft starts to rotate, Freudenberg’s patented groove technology allows fluid to
pass under the washer. This creates a hydrodynamic lubricating film that lowers friction and reduces wear in the application. If conditions prevent operation in the hydrodynamic ran-

CONTACT
Freudenberg Sealing Technologies GmbH & Co. KG
Höhnerweg 2-4
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www.fst.com
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REVISED INTERNATIONAL
STANDARD WILL IMPROVE
SAFETY OF MEDICAL DEVICES.
Virtually no medical procedure is without risk, but there are many
ways to minimize it. One such way is through applying sound risk
management processes to medical devices. The International Standard to
do just that has now been updated.
ISO 14971, Medical devices – Application of risk management to medical
devices, specifies the terminology, principles and process for managing the
risks associated with medical devices, including software as a medical device (SaMD) and in vitro diagnostic (IVD) medical products.
Primarily intended for medical device manufacturers, the ISO standard promotes the safety of devices and equipment used for medical purposes. It
covers the risks of injury related to the health of patients, the operator and
other persons, as well as potential damage to property, equipment and the
environment. The standard was updated to better align with changes in
medical device regulations around the world.

requirements by including more detailed information on the steps manufacturers must take to meet those requirement. It also includes new and updated terminology to reflect the current market needs. The guidance has been
moved to the standard“s accompanying technical report ISO/TR 24971, Medical devices – Guidance on the application of ISO 14971, which was revised in parallel.
Peter Linders, Chair of the ISO technical committee that developed the
documents, said it is a manufacturer“s responsibility to reduce the risks
of medical devices. “ISO 14971 helps manufacturers to identify the hazards and estimate the risks associated with a medical device, enabling
them to control those risks and monitor the effectiveness of the controls
they put in place.“
ISO 14971 was developed jointly by technical committees ISO/TC 210, Quality management and corresponding general aspects for medical devices,
and IEC/TC 62, Electrical equipment in medical practice, of the International Electrotechnical Commission (IEC), with the active involvement of many
regulators from around the world. It can be purchased from your national
ISO member or through the ISO Store.
www.iso.org

The ISO 14971 revision was aimed at clarifying the standard“s technical
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The QuattroClean dry snow-jet technology enables contamination
and ultra-fine burrs to be removed reproducibly and cost-efficiently
in a validated process – even suitable for highly-complex geometries.

Reliable and Efficient Dry
Cleaning Process
P

nostics for human, dental and veterinary medicine. These products are manufactured using various classic production
processes such as extrusion, injection molding and machi-

Pictures: acp systems AG

lastics are not only utilized to manufacture housings
for medical devices but they are also used for instruments, implants and aids, as well as laboratory diag-

The patented technology with the two-component ring nozzle for the CO2 and the jacketed jet of compressed air ensures a consistent and uniform cleaning performance. It also reliably prevents the nozzle from icing up.
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speed. The patented technology guarantees a consistent and
uniform cleaning performance even in automated applications.
The easily-focused jet of snow and compressed air impacts on
the surface to be cleaned at a temperature of minus 78.5°C,
triggering a combination of thermal, mechanical, sublimation
and solvent effects. The interaction of these four mechanisms
reliably and reproducibly removes particulate and filmic contamination such as chips, micro burrs, dust, abrasion, separating agents and silicones, as well as traces of powder from
processes such as laser structuring. Furthermore, cleaning
with CO2 also has a bacteriostatic effect.

Simultaneous cooling and cleaning with CO2 during machining processes can significantly reduce chip formation with PEEK and also
enable much higher cutting speeds.

ning, and increasingly also industrial 3D printing. In all of these production processes, residues such as separating agents,
particles, fine burrs, dust or powder remain on the product surface. Depending on the risk class in which the respective medical
product is classified, these impurities can cause harm to patients
in different ways - even if they have been sterilized together with
the product. But even with plastic housings or diagnostics products that do not pose a direct threat, filmic and/or particulate
contamination can have a negative effect on downstream processes, such as coating or painting, or falsify laboratory results. This
demonstrates the impact of parts cleaning on the safety, quality and functionality of products. Meeting the necessary product-specific cleanliness requirements is a must, as is also
ensuring biological compatibility. The properties and surfaces
of the product may not be impaired in any way.
This is where a conventional wet-chemical final cleaning step
with aqueous media often reaches its limits - especially when
it comes to parts with complex geometries, delicate contours
and fine structures, as well as mechatronic systems with molded interconnect devices (MID).

During the cleaning step, the crystalline carbon dioxide is
completely transformed from a solid to a gaseous state, with
the result that the cleaned material dries instantly. Detached
impurities are carried away from the product surface by the aerodynamic force of the compressed air and removed together
with the sublimated carbon dioxide by an extraction unit integrated into the cleaning module. The cleaning process is so
gentle on materials that delicate and finely-structured surfaces can be treated, as well as filigree structures such as those
found on additively manufactured parts.

Proven for a wide variety of tasks
The QuattroClean technology is used for numerous applications
in the medical industry, among other to clean plastic housings
before coating and painting. The technology replaces the traditional wet-chemical cleaning process, which needs not only a lot
of production space but also has a high energy requirement. This
is because the plastic parts are subjected to a multi-stage work
sequence during which they are heated and cooled repeatedly. In
comparison, the cold and dry CO2 snow-jet cleaning process is
much more compact and investment and operating costs are significantly lower. In the manufacture of microfluidic lab-on-chip
systems, the process is implemented to remove ultra-fine burrs
and clean plastic injection-molded parts with complex geometries. It is also used to remove contamination from structures in
additively-manufactured implants made of PEEK.

Four effects guarantee clean surfaces
The modular quattroClean snow-jet technology from acp systems AG has proven to be an efficient, reliable and cost-effective cleaning process. The cleaning medium used is liquid noncorrosive carbon dioxide which has a practically unlimited shelf
life. Created as a by-product of chemical manufacturing processes and biogas energy generation, it is environmentally neutral.
The heart of the cleaning system is a wear-free two-component
ring nozzle. The carbon dioxide, which is non-flammable, nontoxic and prepared specially for medical applications, is fed
through this. On exiting the nozzle, the carbon dioxide expands
to form fine CO2 snow, which is then bundled by a separate jacketed jet of compressed air and accelerated to supersonic
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The quattroClean system can be used in the manufacture of microfluidic lab-on-chip products to remove ultra-fine burrs from plastic injection-molded parts and clean them at the same time.
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ter can be continuously monitored at each nozzle during cleaning. The sensor system compares the measured values with
the cleaning window determined for the part in the pilot tests.
If the snow jet is irregular, too weak or too strong, this is detected immediately and only the parts cleaned in the defined process window leave the cleaning station. At the same time, the
value measured at the nozzle for the respective part can be
sent to a higher-level computer where all product-related manufacturing data are stored. This not only allows the user to
verify whether the cleaning took place in the defined window,
but also to determine the exact value. All other process parameters can also be automatically recorded, stored and transferred to a host computer for complete documentation and traceability. This not only contributes to a high level of process
reliability, but also simplifies any validation procedure for the
process should this be required by a designated authority.
QuattroClean snow-jet cleaning is also used to clean plastic implants.

Cooling and cleaning in a single step
The high-performance plastic PEEK is also the starting material for machined implants and medical components. In order
to reduce the amount of chips produced when dry machining
this material and minimize the subsequent deburring work,
the acp technology is used to selectively cool parts during the
machining process. This counteracts the formation of chips so
effectively that manual deburring under the microscope is no
longer necessary. Any chips still produced are immediately removed by the cleaning effect. In addition, selective cooling
with the quattroClean system enables much higher cutting
speeds, resulting in a major boost in productivity.
Cooling with CO2 snow also has the potential to open up new
applications involving PEEK. Initial grinding tests on the plastic have shown that simultaneous cooling can not only prevent
changes in material properties from occurring but also the destructive deposition of particles on the grinding wheel.

Validated processes optimally adapted to the
application
Since the cleaning process is scalable, it can be easily adapted in a space-saving way to different applications and component geometries for full-surface or partial cleaning. Processes
are developed at the acp systems technical center. All process
parameters, such as the volume flows for compressed air and
carbon dioxide, the number of nozzles and the area and length
of time the jet is applied to, are precisely tailored to the respective component in pilot tests, which also take material properties and the type of contamination requiring removal into
account. The parameters can later be filed as part-specific
cleaning programs in the system controls.

Tailored system concept
Manual, semi-automated and fully-automated quattroClean
systems are designed and built according to customer-specific requirements using components based on standard
modules. Stand-alone solutions are supplied, as well as systems integrated into production lines and connected production environments.
Systems for use in clean environments are fitted with a speciallydesigned unit for preparing the liquid carbon dioxide and compressed air. The air feed system, extraction unit and other equipment installed, such as automation and pick & place components, always match the specifications of the respective
cleanroom class. Optimum flow conditions ensure that detached
contamination is carried away from the product quickly and reliably. To adapt the cleaning system to customer requirements and
the space available, different solutions are implemented. These
may take the form of a Clean Machine or be designed for connection to or integration into a cleanroom.
Thanks to the system“s wide range of application and the ability
to tailor it precisely to component specifications and manufacturing environments, medical products can be cleaned in a reliable
and efficient way - even under the new Medical Device Regulation
(MDR).

CONTACT
acp systems AG
Berblingerstr. 8
D-71254 Ditzingen
Phone: +49 7156 48 01 40
www.acp-systems.com

The stability of the density of the snow jet is crucial to the cleaning performance and thus the quality of the cleaning process. Thanks to an innovative sensor system, this key parame-
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Lancet Drums with
PIA meditec$

With the meditec® linear mounting system, specialists from
PIA Automation offer a system for various assembly tasks while meeting the highest hygiene requirements. Developed over
ten years ago, PIA experts have created a design including the
cleanroom suitability of the longitudinal transfer system and
had it specially tested by the Stuttgart Fraunhofer Institute for
Production Engineering and Automation IPA 2009 and certified according to DIN EN ISO 14644-1. The institute conducted a total of eight series of measurements at 61 different
measuring points. According to their statement, PIA Automation has thus far been the only mechanical engineering company to investigate the cleanroom suitability of an assembly
system for the medical and pharmaceutical industry up to the
ISO cleanroom class 6. Further, the documentation and the
qualification of the system is also in compliance with the guidelines GAMP-5.

Automation specialists at PIA
Automation design complex assembly and production processes. Each system is developed
according to customer requirements, working with existing
customer systems and the specific know-how of the customer's employees.

An advantage of the longitudinal transfer system is the high
level of vertical integration. Thus, the system enables the configuration of complex assemblies with variable processing
times of up to 200 cycles / min. For example, lancet drums
within lancing devices for blood glucose measurement can be
produced by means of this production line. The system version
was especially developed for the automatic assembly of pharmaceutical and medical products and equips š 1152 lancets
/ min and produces 8640 quality parts / hr on lancet drums.

Pictures: PIA Automation Amberg GmbH

T

he economic production with ever more complex technical products is a permanently increasing challenge.
In addition, customer's production management is also
included in order to generate the best possible overall equipment effectiveness (OEE) at a balanced price-performance ratio. Furthermore, our experts assist clients with the maintenance of the production line and for the training of employees
after the final acceptance of a system.

The production line is designed according to the PIA medical standard meditec® and corresponds to cleanroom class 8.

The modularly expandable PIA meditec® linear mounting system is suitable for components up to a size of 60x160 mm.
The system is based on synchronized toothed belt feeders for
workpiece carrier circulating systems with cam-controlled assembly processes, including various units such as spiral conveyors or palletizing systems feeding the individual components. The oval structure of the linear transfer system results
in an elliptical production process. This allows the individual
workpiece carriers with a size of 65x150 mm to be transported
counterclockwise to the individual processing and testing stations. For the production of the lancet drums, 46 workpiece
pallets equipped with eight nests each and two rows of nests
pass through a total of 19 process stations in a cleanroom with
an ISO cleanroom class 8. The individual workpiece carriers
are each equipped with eight lancet drums.

The manufacturing process in detail
The manufacture of the lancet drums equipped with six lancets
begins with the mechanical feed of the drum bodies into the
nests of the workpiece carriers. The correct placement of the

MEDengineering INTERNATIONAL/2020

74

www.med-eng.de

MED Production Contract Manufacturing
nest row is checked at the next station. Subsequently, an inkjet
system is used to apply a red color bar to the drums according to
the customer's requirements. Based on this marking, the user
can later recognize whether he has already used the lancet
drum or inserted it into the lancing device. At the same time,
the solvent vapors and any color particles resulting from the application of the paint layers can be vacuumed off at the station.

Following, parts are turned 180 ° so that the drum housing and
sterile protection face upwards. This is necessary in order to
be able to subject the sterile protection to puncture by means
of a camera with precise optical control. At the same time, a
specially developed illumination by the automation experts allows the ability to identify corresponding missing parts.

The feeding of the drum sleeves
and insertion into the nest row
takes place at the next station
via a rail. After a height check, a
cam-controlled pick-and-place
unit places the drums of nest
row 1 into the drum sleeves that
are already in nest row 2.
Thanks to awareness and height
control confirmation of the
parts, the correct insertion of
the drums into the drum sleeves
can be checked.
In the following step, the delivery of the lancets with specially manufactured cassettes takes place. Further, the isolation
and placement of the drum housing with the lancets continues. Following, the isolated lancets can be divided into six parts
in a revolver. Thereafter, the turret filled with the lancets is positioned over the barrel housing to insert the lancets without
latching them.
Lancet drum

The locking of the inserted lancets in the final position (end
position) happens at the next station. By means of optical control it is subsequently checked whether the magazines were
completely filled with lancets and equipped with correctly
mounted drum sleeves. Flawed parts are identified and removed by a gripper at the next station.

For quality part removal the good parts are led over the slide into a tub.
The output of quality parts can be carried out separately.
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At the end of the process chain, the removal of flawed parts and the
cleaning of the workpiece carriers take place.

Next, component identification of quality parts is made. For
instance, an inkjet system with specified customer information such as an expiration date and a customer-defined batch
number is placed on the outside of the drum housing. This station is also equipped with a suction device to extract solvents
and paint particles. In addition, the component identification
is checked with a camera system. In this process the quality
parts are removed and land in a separate bin. In the next step,
additional quality patterns can be outputted separately. Although a very high standard of quality already prevails in the
field of medical technology, PIA Automation offers its customers the option of quality testing as an intermediate step. Here, the operator can activate the mode 'Request QS parts' via
the HMI (Human Machine Interface). A gripper then forwards
the quality parts into a separate QS drawer.
If, in accordance with customer specifications, a component
marked as flawed is ignored during the entire process chain, this
element is removed at the penultimate station. Whether the removal of the parts is done correctly and the workpiece carrier is
thus completely emptied, is checked at the last station by
means of a blank check. Finally, at the end of the process chain,
unwanted particles present on the workpiece carrier are sucked
off. For this purpose, a bell moves over the workpiece carrier, generates a blowing impulse and sucks at
CONTACT
the same time. FolloPIA Automation Amberg GmbH
wing this, the process
Wernher-von-Braun-Straße 5
for
manufacturing
D-9224 Amberg
the lancet magazines
Tel. +49 9621 60 80
www.piagroup.com
can begin anew.
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HSC milling: Highly productive, high-volume production
for surgical instruments

Entering a Demanding
Market Niche

“The requirements are high and the competition is hard in manufacturing of precision mechanical surgical instruments,“
confirms Frank Pauschert, Regional Sales Manager of SW,
Schwäbische Werkzeugmaschinen GmbH in Waldmössingen,
Germany. His customers include a company in this sector that
has grown from modest beginnings when it was founded in the
1980s to become a mid-sized enterprise with about 130 employees. Currently about 1000 different utensils are manufactured for a wide range of surgical applications. All instruments
come complete and ready for use. The individual parts are

An elaborate drawer mechanism ensures controlled deposit on a conveyor belt.
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made of premium biocompatible materials such as stainless
steel and are manufactured in machining processes.
Despite the use of modern NC-controlled machine tools, manual operations make up a great deal of the manufacturing
process for these instruments because they consist of up to 40
different components that must be refined, surface-treated
and assembled meticulously by hand. In addition, they are often manufactured with numerous variants. This necessitates
small batch sizes and because of that, a prime requirement of
the relevant manufacturing systems is very flexible retooling.
Due to the extraordinary diversity of variants, there is also no
way to work from stock, thereby lowering costs by manufacturing in larger batches.

A challenging one-time product
Since the manufacturer has not previously produced any of its
own products, it is constantly compared with the numerous
competitor products already available in terms of price by customers, who often have great market power. This limits profitability and with it future growth possibilities. To safeguard the future in the long-term, a decision was made about two years ago
to enter an extremely challenging large-scale production project: manufacturing of a one-time tool for neurosurgery that is
used so often that hundreds of thousands of units are needed
annually. It is a type of forceps made of aluminum that can be
used to grasp tissue components while at the same time stopping minor bleeding with electrical pulses. Minute tubes were also integrated into each arm of the forceps through which an irrigation fluid can be directed into the operating area. Despite its
straightforward appearance, the instrument requires very timeconsuming manufacturing with numerous mechanical and manual work cycles, all of which must meet strict quality requirements. Many of these work cycles have to be carried out under a
microscope. Setting up the process chain requires extensive
development efforts as well as investments in machines and
special equipment. Additional employees are currently being
hired and qualified for this purpose.
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Pictures: Schwäbische Werkzeugmaschinen GmbH

S

urgical instruments are high-precision products that
are manufactured with great care, usually in small
quantities. The structures and equipment of manufacturers specializing in these products are therefore designed
above all for a high level of flexibility in retooling. A separate
process chain should accordingly be set up for one-time products in large quantities. The key element is a two-spindle machine from Schwäbische Werkzeugmaschinen GmbH (SW)
with very high repeat accuracy. An assessment report.
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cate tips of the forceps could be damaged. The forceps are removed by special adapters loaded into the spindles from the
tool magazine. They are used to hold the forceps parts and
break off remaining burrs. Then they are deposited individually on a transport drawer and moved by conveyor belt to the removal station, where they are manually inserted in basket
racks for the next work cycles. “The joint development of automation was very efficient thanks to the professionalism of both
teams,“ recalls Frank Pauschert.

Delivery and commissioning
The automation unit consists of a supply unit for the press-drawn sections and a drawer for depositing parts after they are separated.

A machining center with the power of a sports car
The starting point and key element of the process chain is an
automated dual-spindle BA 321 machining center from SW.
The system has a working area of 300 x 500 x 375 mm per
spindle. The spindles are equipped with an HSK A63 interface and reach speeds of up to 17,500 rpm with a chip-to-chip
time of 2.5 s. The tool change system has a capacity of from
2 x 20 to maximum 2 x 60 slots. This system is used to mill
forceps halves made of aluminum. It has a custom-made automation unit for supplying material and removing milled parts.
It is only intended for a limited range of parts, but within that
range achieves productivity far beyond any other milling centers in the plant. With its horizontal, dual-spindle design, the
new machining center delivers two completely milled forceps
halves in just three minutes. Thanks to the automation system, it can do this around the clock, largely without supervision. The machine also features impressive repeat accuracy
and thus quality of manufactured parts. In addition, it significantly surpasses the throughput performance of the other machining centers installed on site.

Development partnership in automation
SW was chosen first of all because of the impressive productivity of the double spindle concept. Another aspect was their
impeccable references as well as the relative proximity, which
would mean short response and travel times both during the
joint development phase to come and also for any service calls
that might be needed. The initial contacts in the summer of
2017 led to a partnership-based collaboration during which
the possibilities for automation of machining processes was
clarified. This was followed by joint design and development
of a special machine based on the model BA 321. Special
press-drawn sections in three different dimensions are used
as raw material. The forceps halves are carved out of the sections and are not separated by sawing until the last work cycle.
This neatly sidesteps clamping problems with the extremely
slender and delicate forceps halves from the outset. The final
saw cut is made so that a minimal amount of burr remains to
prevent the pieces from falling down. Otherwise the very deli-
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Joint development and project planning as well as setup and
trials up to acceptance lasted until June 2018. The necessary
tools were implemented during this phase and an initial NC
program was created based on customer requirements. After
acceptance was completed, the system was placed in operation at the operating site in June/July 2018. Since then there
have been tests as well as programming for a total of 18 product variants. The actual ramp-up began in November 2018.
Production has already been running in 24/6 operation since
March 2019, with the system sometimes running for up to a
week with no human interaction other than supplying material
and removing finished milled parts.

Satisfied with quality, support and service
Thanks to “life startUp“ production monitoring in the first
week after commissioning, the employees became familiar
with operating the machine quickly and were able to work independently with it. With “life data“, an online service of SW,
the machine is continually connected online to SW, where essential machine parameters are monitored nonstop. If problems come up, action is taken immediately. Good use has already been made of this service, as the machine operator was
supported by remote diagnostics. “life help“ also turned out to
be very helpful: When problems occasionally came up, it provided quick and very competent consulting, and if a service
employee was needed at all, he was often on site for less than
an hour. Without this service there is much that would not have
worked, or would have taken much longer. An additional
BA 321 has already been delivered in August 2019.

CONTACT
Schwäbische Werkzeugmaschinen GmbH
Seedorfer Strasse 91
D-78713 Schramberg-Waldmössingen
Phone: +49 7402 7 40
www.sw-machines.de
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For any application, a focused laser beam should live up to previously defined specifications. But for medical technology, precise
adherence to the parameters is of even greater importance.

Cheaper is always more
expensive in the long run
B

Measurement technology for lasers is basically divided into two
areas. On the one hand, we have the pure measurement of a
laser beam’s power or energy with the help of sensors. But on
the other: Camera- or slit-based measurement methods make it
possible to display the laser’s beam profile as well. The application at hand should be the deciding factor for which parameters
need to be determined and which technology should be used.
An essential feature for comparing different measuring instruments is their accuracy. A distinction is made here between absolute accuracy, which indicates the deviation from the true value, and repeatability, which compares values determined under the same conditions in successive measurements.

Power measurement
Let's first take a look at energy and power measurement. Laser
power is still an expensive commodity, even though the prices
per W have fallen significantly in recent years. When a new
laser is developed, the aim is to achieve the specified power as
accurately as possible. The power should neither be too low,
nor should there be too many reserves built in, to avoid unnecessarily increasing the price of the laser source. This fact can
only be checked with measuring instruments that deliver results that are simultaneously precise and repeatable. Here,
the prices make a clear difference, in terms of both absolute
accuracy and reproducibility. The absolute accuracy of a power sensor depends essentially on its sensor technology, on the
optical qualities (e.g. homogeneity and spectral behavior) of
the coating of the absorber, and how well the calibration is
matched to it. The ideal coating would be spectrally flat and
would provide the same values at each wavelength; theoreti-
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oth for regulatory and ethical reasons, the laser beam
must be carefully tested throughout the entire value
chain: from the development of the laser source to its
application on the patient and/or production of medical products. Scrimping on the purchase price of the measuring device can quickly result in hidden costs that turn out to be far
higher than any initial savings.

Ophir offers a wide range of sensors and display devices for power and
energy measurement

cally, calibrating the sensor to one wavelength would then suffice. In practice, however, the absorption behavior of the coating is different at different wavelengths. So, in order to achieve high absolute accuracy, the sensor needs to be calibrated to
several wavelengths. This is how MKS Instruments attains absolute accuracies of ± 3—5% for its Ophir sensors (depending
on sensor type), based on a NIST or PTB certified standard.
Even this value can be improved upon by up to 1% with an individual OEM calibration that takes into account the users
exact operating conditions. Based on the measurement results of precisely calibrated Ophir sensors, manufacturers can
optimally specify the laser power and reduce the safety margins to a minimum.
An important but rarely discussed quality criterion is the sensor’s repeatability from one measurement to the next, or the
comparability of several sensors of the same type. Here, too,
the higher the measuring device’s tolerances, the more safety
buffers the manufacturer of lasers or laser systems must build
in – at great cost. With high-quality Ophir sensors, the standard deviations are well below 1%, when used in the same
measuring environment in the per mil range. Particularly for
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The beam profile – in 2D (left) or 3D (right) – shows at first glance whether the beam deviates from the given definitions .

companies that, for example, use several sensors in parallel in
a production process, the differences in accuracy show themselves very quickly. At first glance, cheaper solutions often
entail high follow-up costs. Consider for example the high-resolution thermal Ophir Sensor 3A: It has a 9.5mm aperture
and is suitable for measurements ranging from 10µW to 3W
and from 20µJ to 2J. The market comparison in the power range up to 3W shows that the acquisition costs of this sensor are
above the average market price. And not without reason: Indeed, the Ophir 3A measures the laser beam with one sensor
and the environmental influences in the housing with another
concealed sensor. The instrument thus achieves a repeat accuracy of almost 100%. This quickly pays off for the user: For
example, with ultra-short pulse lasers such as those used in
ophthalmology, the series scattering from one laser to the next
can be nearly eliminated.

camera chosen by the instrument’s manufacturer, the software algorithms and optical components implemented exert a
major influence on this. A high-quality, camera-based measuring instrument even allows the measurement of tunable lasers, which can be adjusted from UV to IR – and still delivers
reliable results. This, in turn, results in direct cost savings for
the user, as only one measurement setup is needed for wide
spectral ranges. The camera resolution should also be taken
into account: If a laser system requires special beam shaping,
the manufacturer must know the energy distribution within
the beam. For example, if a homogeneous energy distribution
in the laser beam is required for an application in, say, dermatology, the camera resolution must be correspondingly high.
Otherwise, the power peaks are simply not displayed.

Analyzing beam profiles – clearly and precisely

Measuring laser beams in medical applications is beyond question: It is absolutely essential to measure power, energy and/or
beam profile along the entire value chain, starting with the laser
source manufacturer through to the end user of the laser system,
whether in medical production or patient settings. It is certainly
worth one’s time to be very exacting when selecting a measuring
instrument. Quantitative criteria must be taken into account,
including the power and energy range to be measured, the aperture size in relation to the beam size and the operating temperature of the sensor. However, qualitative aspects must also be considered, as they can impact the quality of the end product and/or
the success of the therapy on the patient. If one tries to save money on the quality of the measuring devices, this can either mean
forfeiting any optimization potential or require a significantly
higher effort in terms of time and cost to achieve the same laser
beam quality.

Numerous applications in medical technology require more
than just knowing the overall power or energy of a laser beam.
Many more parameters play a role, such as power distribution,
power density or focal
shift. Measurement is
performed by camerabased technologies
using conventional
CCD or CMOS cameras that are intelligently combined with
optical components
Measuring laser beams in medical appliand powerful softcations is beyond question
ware. Here, too, the
measurements show
clear differences in quality, in terms of both absolute measurement results and reproducibility. In addition to the type of

In summary
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Additive Manufacturing of
Medical Products
C

ombining 3D printing with the usage of high-performance polymers, the technology is perfectly suited to
the manufacture of medical devices such as implants or
surgical guides as well as functional parts in a medical context.
Pictures: Apium Additive Technologies GmbH

Obstacles for medical applications
The medical industry is filled with strictly defined production
processes, certified materials and regulations, amongst many
other things, for good reasons. Launching a new manufacturing technology into the market means high development time
and cost. 3D printing for clinic therefore is a rare but demanding technology, offering advantages such as material saving,
design freedom and individualisation.
Printed PEEK cheekbone

The company Apium Additive Technologies GmbH based in
Germany, was founded to develop a machine for processing
the high-performance polymer PEEK with the Fused Filament
Fabrication (FFF) method. With this technology, a polymer in
the shape of a filament is fed into a print nozzle inside the print
head, where it gets molten. The nozzle then draws the outline
of a parts bottom layer and fills it with material. Once the layer
is completed, the print bed shifts down and the nozzle starts
all over again. In this way, a 3D part is printed layer by layer.
PEEK (Polyether ether ketone) is a biocompatible polymer

Besides the design freedom
and flexibility of the process of
Additive Manufacturing (AM),
but also the cost and material
savings compared to conventional manufacturing methods
such as CNC milling, 3D printing is the most valuable tool for
the production of specialized,
customized parts in small
quantities.
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with a maximum service temperature of 250 °C, which makes
it not only interesting for the usage in functional industry
parts, where high temperatures apply. Its E-modulus (4.2
GPa) is double the E-modulus of standard ABS and exceeds
the flexural strength of ABS from 74 MPa to 175 MPa (see
sources). PEEK, as an inert polymer, can be used in most acidic and basic environments. However, the distinguished properties make it difficult to process the polymer. With a melting
point of 341 °C and a glass transition temperature of 150 °C,
an excellent temperature management is necessary. The Apium FFF 3D printers are designed for such requirements and
with the integrated Adaptive Heating System, which reads and
controls the temperatures for each layer, a layer bonding is
possible in the first place.

Processing PEEK for industrial applications
The Apium P220 printer is capable of producing parts with a
minimum resolution of 0.05 mm in height and 0.5 mm (0.3
mm if using a smaller nozzle) in width and has a print volume
of 205 x 155 x 150 mm. What sounds small, is the solution of
distributing the necessary heat homogeneously while printing. For high performance polymers such as PEEK, the temperature around a layer must be high enough, therefore just
melting the polymer is not enough. Also, the heat must be
spread all over the layer printed on, resulting in the print head
not being too flexible to travel. Imagine a robotic vacuum cleaner on a floor of the size of a football field – once the robot is
done with one corner, other corners will be dusty again. To avoid a layer cooling down too fast, the Print Head stays above the
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printing part. With the chosen size and the energy consumption of the printer, PEEK is preferably printed in its semi-crystalline condition.
To understand the advantages of 3D printing, one has to be
aware of the technology behind. With FFF 3D printing, it is
possible to design parts with holes, cavities, bridges, overhangs, dead ends and even threads – and the infill of the part
can be varied, too. A part does not have to be fully dense, but
the infill grade as well as the infill pattern can be defined. This
does not only facilitate the design of parts regarding geometry
and architectural freedom, but also allows the designer to vary
the density and the strength and stiffness of the part. Also, one
part can be printed within short time, allowing fast changes in
the design and having a physical, robust sample in hand within a few hours.

The company itself used their machine to develop the Advanced Extruder for their new generation printers. In the use case,
Apium could show the efficiency of 3D printing regarding material costs and time consumption in comparison with milled
prototyping. The Advanced Extruder went through four iteration steps and 3D printing the prototypes took 13 days in total,
while milling each of the four steps would take 10 days, respectively. With printing, Apium saved 54 % of manufacturing
costs else spent on milling the prototypes. In another case
study, Apium could prove the value of AM for small-series production. A coupling hub previously manufactured of stainless
steel (316L), has then been produced out of Carbonfiber
Reinforced PEEK with an Apium P220 machine. Not only did
they reduce the cost per part by 72 %, but they also exceeded
the required pull-out torque almost by a factor of five.

Transformation towards medical applications
Apium engineered industrial 3D printers for processing PEEK,
before using the gained experience and technical know-how to
develop the Apium M220 for printing PEEK parts for medical
applications. This machine comes with several features implemented in the Quality Control System, for example closedloop motors, an automated door lock while printing, full printing reports, a Damage Control System while printing and an
integrated camera. Apium contributes one of their M220 machines to a Clinical Trial with Medizinische Universität Graz,
where the whole process chain from patient CT to physical
implant is created, tested and validated for the first time for
FFF 3D printing in Europe. Their goal is to prove 3D printing
high performance polymers is a future tool of choice for printing implants and other medical parts. At the moment, Apium
is not only looking for industrial partners, but is also interested
in collaborating with research groups to identify needs and requirements in the medical sector.

Author:
Michaela Lücker
M.Sc. Apium Additive Technologies GmbH
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Apium Additive Technologies
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www.apiumtec.com

By 3D-printing even the most complicated implants can be manufactured patient-specific

Another requirement for functional components is a certain
tolerance and, linked to it, the surface quality. The tolerances
of a printed part on an Apium machine are 10 µm horizontally
and 3 µm vertically, while the top layer will have a little roughness, typical for 3D printed parts.

www.med-eng.de

81

MEDengineering INTERNATIONAL/2020

MED Production 3D Printing
The close interaction between digital planning software, biomedical user competence and suitable hardware plays a crucial role in
successful patient care.

3D Printing in
Medicine
A

ccompanied by the buzzwords „Industry 4.0“ and
„disruptive technologies,“ Additive Manufacturing
has been experiencing a boom for some years now,
which in part is tantamount to hype. Additive Manufacturing –
also colloquially known as 3D Printing – is a technology that
was created more than 25 years ago and has since found its
way into more and more areas of life. Medical technology as a
growth market has also adapted 3D printing. According to forecasts, the market value of Medical 3D Printing will amount
to just under $1.5 billion in 2026.

software, various options are available. Examples include the
smoothing of surfaces, definition of wall thickness, physical
connection of two independently positioned masks, or positioning of cut planes and thus the possibility of viewing the anatomy from the inside.

The market for 3D printed medical devices has seen doubledigit growth in recent years and is projected to continue to
grow. Decisive for a broad acceptance of 3D printing in medical technology are upstream software tools to carry out analyses, visualization and design.

Planning and Preparation of 3D Printing
Software is the key part in the process of preparing and processing anatomical data. Radiological raw data in DICOM format
is segmented using software, i.e. filters are set based on grayscales and anatomical information, which subsequently define
a volume or mask that overlays the anatomical data. This mask
serves as a print object and can be adapted, refined or modified according to requirements. In this segmentation process,
anatomical accuracy is critical to the printed result. This first
step in data processing is therefore important and requires
both anatomical and software expertise. After segmentation,
the masks can be post-processed digitally. Depending on the

MEDengineering INTERNATIONAL/2020

Pictures: Materialise GmbH

Even today, 3D Printing is used in various areas of research, patient care and quality control. The spectrum ranges from anatomical models for visualization and haptic preparation for surgery, to patient-specific resection templates that are temporarily inserted into the body and implants made of titanium alloys
designed for permanent use in the human body. The clinical
spectrum ranges from radiology and cardiology to surgical subjects in orthopedics, cranio-maxillofacial and cardiac surgery.
Heart model with respiratory tract, 2-colored and flexible

The software Mimics Innovation Suite also offers the fusion of
image data from different radiological modalities, e.g. in order
to combine the geometric accuracy of CT data with the anatomical information of MRI data. In addition, analysis modules
are available for measuring volumes or distances, simulating
movements and surgical procedures, defining transparencies
and determining polychromatism in the printing process. Design modules are also available in the software sector. The design module is used to create patient-specific plates, implants
and resection templates. This individual design option opens
up new and state-of-the-art possibilities for highly specific patient care. Finally, material properties can be assigned to anatomical masks, patient-specific implants and other defined
objects in order to check stress and stability in a subsequent
FEA (Finite Element Analysis). In the end, the data is saved as
an STL file and thus prepared for data export to other software
programs or to the printer.
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Use in the Medical Environment
A variety of 3D printers are available today. Prices vary from
less than EUR 3,000 in the consumer sector for plastics to
well over EUR 700,000 for industrial 3D printing in the metal
sector. Depending on the area of application of the print object, a printing process must be selected that meets the requirements on the clinical side. More and more clinics are now
opting for an in-house printer. However, the majority of 3D
printers are still operated by service providers for hospitals, in
order to remain flexible in the area of materials as well as to
avoid having to map the costs for maintenance, operation and
technological innovations internally. In addition, the issue of
quality management and the associated liability issue is resolved by the clinic or outsourced to third parties.

Materials
In contrast to industrial additive manufacturing, bio-compatible materials are predominantly used in Medical 3D Printing. Widely used bio-compatible materials today include:

+

Titanium (Ti6Al4V)

+

Polyether ether ketone (PEEK)

+

Polylactides (PLA)

+

Polyamides (PA)

In the field of application of anatomical models (Fig. 3), there
are also other materials that bring physical properties such as
elasticity, transparency and polychromatism into the foreground. The materials of anatomical models are usually not
sterilized, and they serve the clinical user primarily to prepare
and plan the procedure or to inform colleagues and patients.

Application Examples
The range of possible applications of 3D Printing in medicine
can essentially be classified into three categories.

Stereolithographic model of a skull in clinical use

Heart model in laser sintering process
The anatomical models differ in their field of application. If
the anatomical model is only used for teaching purposes, then
generic anatomy is sufficient. In the event that the model is to
be consulted in patientspecific diagnostic questions, the individual anatomy and accuracy are of
particular importance. As
soon as the 3D-printed
product is used on the patient in a sterile environLaser-sintered heart model
ment, a distinction is
made between temporarily used products and permanently
implanted products.

Today's Challenges
The technical and extremely innovative field of 3D Printing
encounters a highly regulated environment in the medical
market. In addition, at least three very differently positioned
knowledge carriers contribute to the success of Medical 3D
Printing with implants: doctors, engineers and quality managers. In addition to this potential area of conflict, the Medical
Device Regulation (MDR) was fundamentally updated and revised at the European level in 2017. The influence of the MDR
2017 cannot be fully foreseen today, yet it is currently having
an impact on 3D printing, the associated documentation requirements and approval regulations, which are of particular
importance in the field of medical technology due to the responsibility towards patients.

CONTACT

PolyJet models of liver and kidney to visualize vascular supply
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MED Standards Certification
The production of increasingly sophisticated and complicated devices demands a change – and one of the first thing to go should be
burdensome paper records.

The FDA wants you to shift
from Paper to Knowledge
Some of the new devices being introduced by the MedTech industry are remarkable. Designed to improve patient outcomes
and with many completely customized to individual needs, they
incorporate intricately engineered innovations and sophisticated technology. With such state-of-the-art technology, why on
earth would you rely on antiquated paper-based device history
records records and manual reviews of processing data? Such
methods are retrospective, more time-intensive, expensive,
more prone to human error and prevent the potential for proactive and predictive process enhancements for improved quality.
So, how is the industry changing? A move towards smart manufacturing techniques, commonly referred to as “Industry
4.0“, will help the industry deal with the need to continually
improve, enhance quality, control costs, meet compliance demands, and increase opportunities for future innovations. One
of the most fundamental benefits this delivers, however, is the
complete removal of paper records along with the huge overhead and risks they incur.

Moving away from a straight line for continuous
process improvement

CPPS and negotiate the optimum way through the production
processes they need. This enables the economical production
of personalized or high-mix products and provides the MedTech industry with a new level of agility to respond to innovate
and respond to new medical advances.
With a smart shop floor, real-time data and analysis mean that any
potential production issue can be resolved before it becomes a
quality issue. In other words, quality is built in throughout the manufacturing process instead of being inspected in at the end. It is
this continuous process improvement that is appealing to regulators such as the FDA. In its “Case for Quality“, the FDA is striving
to elevate the focus of all medical device stakeholders from baseline regulatory compliance to sustained predictive practices that
advance medical device product quality and safety.
Pictures: CRITICAL MANUFACTURING, S.A.

R

egulatory Authorities clearing the way for a new era of digitalization. The lynchpin in this regulatory revolution is
a new breed of Manufacturing Execution System (MES)
that is proving to be the backbone of smart manufacturing.

A new era of digitalization is set to clear the path to compliance.

Industry 4.0 is modelled on the use of smart devices, with intelligence distributed throughout the shop floor and even beyond to other factories. It uses technologies including the Industrial Internet of Things (IIoT); low cost, miniaturised sensors, and Big Data analytics. By adding intelligence to
products and materials, termed in Industry 4.0 as “cyber-physical systems“ (CPS), these can communicate directly with intelligent machines, or “cyber-physical process systems“
(CPPS). Both the CPS and CPPS are intelligent, aware, connected and responsive. In this scenario, rather than having fixed process lines, the whole shop floor starts to become a dynamic marketplace, where the CPS request services from the

A Swarm of Big Data

MEDengineering INTERNATIONAL/2020

84

Smart manufacturing generates huge amounts of data from
disparate sources. To enable continuous improvement of devices and processes, these need to be collected and analysed to
gain strategic insight into preventing errors and where to focus
resources for better results. A new breed of modern MES
needs to handle the volumes of data created and support advanced analytics to turn it into real, actionable information
which will enable rapid decision making, improve quality and
provide complete visibility of real-time product and process
data across internal and external steps.

www.med-eng.de

MED Standards Certification
Why paper must die out
Why is the drive to remove paper from manufacturing processes particularly important to the MedTech industry? The answer simply lies in the fact that the levels of responsiveness
needed to avoid quality issues and improve production processes cannot be handled with cumbersome, manual paper records. Information needs to be real-time, quickly analysed
and turned into swift action. Achieving this, also offers the potential reward of reduced audits and certainly less painful regulatory compliance. Indeed, the FDA’s aim is that, rather
than compliance being a burden on the business, it is simply
the by-product of superior processes.The latest developments
in MES take compliance to whole new level. The system provides inherent traceability, not only of the entire shop floor but
also into the wider supply chain, removing the possibility of erroneous data entry and risk of regulatory action.

Sophisticated MedTech production requires modern systems to optimize efficiency

As well as recording information, however, advanced control
capability means it can also instantly adjust processes or alert
the operator, thereby significantly reducing the opportunity
for errors. Dealing with issues a they arise as opposed to detailing them on paper after they happen, makes the overall manufacturing more robust and is the essence of building quality
into the production process.Implementing a future-ready
MES across the entire manufacturing network means quality
controls cannot be bypassed and all processing data is continually available and searchable in the form of electronic Device History Records (eDHR). Having this total information readily available removes the need to search through mountains
of paper records, which may even be stored offsite, should documented evidence be required to show that specific manufacturing processes are in control. This not only reduces the
time and resources taken to deal with a request, but also the
amount of time an inspector is on site and their level of confidence that systems are and will remain in control.

implemented during processing, instead of having to carry out
retrospective re-work or, even worse, have a defective product
make it into the field. This benefit is supported by the analysis of
FDA data which suggests that 54% of medical device recalls
could have been prevented by MES over recent years.

The old and the new
The benefits presented by Industry 4.0 are ground-breaking
for the MedTech Industry and represent a revolution in the way
medical devices are manufactured. Indeed, if businesses
wish to compete and innovate into the future, they cannot ignore the possibilities Industry 4.0 offers, or they risk being left
behind. Let’s be clear, though, this is a big change, and one
that needs careful planning.
Unlike traditional, centralized MES solutions with fixed, linear production lines, an MES for Industry 4.0 needs to be based
on decentralized logic to handle the distributed intelligence
across the plant floor. It also, however, needs to support legacy
production systems to enable a phased and structured transfer that suits individual business needs. In this sense, the truly
modern MES is not only a backbone for a smart manufacturing
model, but also a pathway to the future. The ability and flexibility to integrate old and new equipment is a vital strategy to
making Industry 4.0 a reality. Modules such as Critical Manufacturing’s “Connect IoT“ have been specifically designed to
offer this functionality and clear the way for the future. Looking forward, the MES also needs to be flexible to adapt to
changing business needs. A Cloud aware platform and inherent scalability will help to future-proof the system.

Summary
The FDA want MedTech companies to shift from paper to
knowledge because this will help both the industry and the patients they support. As medical devices become increasingly
complex, the need to build quality into processes through improved control and responsiveness becomes increasingly
clear. Smart manufacturing offers a way to achieve this, with a
future-ready MES at its heart. On top of the need for a more
robust way to integrate quality into systems, modern production systems offer benefits in terms of reduced cost, increased
efficiency and the ability to free valuable resources away from
compliance related tasks to innovation and even greater enhancements to processing systems. The technology to implement the future of MedTech manufacturing is here today and
ready to help the industry to an even brighter future.

CONTACT

As medical devices become more sophisticated, manufacturers
are also having to increase testing to prevent defects leaving the
factory. To try and achieve this with manual processes adds
heavy costs and inefficiencies. However, because the MES is
continuously analysing real-time data streams, it can immediately identify variations in processes and enable corrections to be
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