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Editorial

Medicines and medical devices are used for medical-
therapeutic 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 diffe-
rence: The proper main effect of drugs is based on pharmacolo-
gical or immunological action. Medical devices work on the con-
trary 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.

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 li-
mit the hazard a medical device may cause as far as possible be-
fore application. Therefore, the fundamental differences bet-
ween medicines and medical devices is pointed out by the tar-
geted 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.

Carola Tesche, Chefredakteurin
c.tesche@mgo-fachverlage.de

In a Nutshell

Innovative solutions
for medical devices  
from concept to series 
production
>  Medical microelectronics  

(design service, organic and 
 ceramic substrate manufacturing, 

semiconductor packaging, board 
assembly, test services)

> Batteries and battery packs  
for active implants

 Micro Systems Technologies 
 Neuhofstrasse 4, CH-6340 Baar, Switzerland  
Phone +41 (44) 804 63 00
info@mst.com

MST Group. Active around the globe, the  
Micro Systems Technologies (MST) Group 
consists of four technology companies 
with more than 1100 employees in three 
countries:
> DYCONEX AG (CH)
> LITRONIK Batterietechnologie GmbH (DE)
> Micro Systems Engineering GmbH (DE)
> Micro Systems Engineering, Inc. (USA)

www.mst.com@ www.med-eng.de/
m.med-eng.de
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Surgery in the
Micrometre Range
ESD-proof mini joysticks positi-
on high-precision eye lasers

Implantsmade fromSilicone
Rubber
In situ Cure Silicones Offer New
Possibilities for Implantable
Medical Devices

More Freedomof Movement
in the Patient

Robotics enable alternative
treatment options, which is why
it is are already established in a
wide range of medical applicati-

ons. This technology will have
an increasing impact on surgery

in the future as well.
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Me and the Machine
Does the human control the machine, or does the machine control the
human? This old question invariably comes tomindwhenwe’re thinking
about exoskeletons.

maxon motor ag
Brünigstrasse 220
CH-6072 Sachseln
Phone: +41 41 666 15 00
www.maxongroup.com
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Does the human control the machine, or does themachine control
the human?This old question invariably comes tomindwhenwe’re
thinking about exoskeletons.

Me and the Machine

Exoskeletons 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 pri-
marily 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 dif-
ferent exoskeleton systems, compete against each other on an
obstacle course during the Cybathlon in Switzerland. Team Va-
rileg Enhanced takes part in theCybathlon andhas set itself the
goal of mastering all obstacles on the course. Silvia Rohner:
“We want our pilot to succeed in the competition.“

Improvements still necessary

At the first Cybathlon in 2016, there already was a Team Vari-
leg from ETH Zurich. It had little to do with the current one,
however. The current exoskeletonwas 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 HSRUniversity of Applied Sci-
ences Rapperswil has been working on the completion of the
robotic system. The goal: Having the competition exo ready in

time for the Cybathlon. “There is still a lot of potential,“ says
Silvia Rohner. While the mechanics are excellent, the soft-
ware needs to be put in a future-proof architecture. The actu-
ator control also needs improvement. The team wants to fina-
lize 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 sincehis firstwalking attemptswith the exoske-
leton, saying: “I’m getting better and better at handling the
machine, and I’mconfident thatwe canmaster the challenges
of the Cybathlon.“ Themost 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.

Additional motor power

In order to save weight and keep the system simple, the tech-
nicians limited the Varileg Enhanced to two degrees of free-
dom. There are two brushless flat motors frommaxon on each
side to move the hips and knees. To keep the exoskeleton as

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

A view of the inside of the Varileg Enhanced exoskeleton: Twomaxon
EC 90 flat Power Upmotors drive the legs on each side.
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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 themotor. At up to 600W
of power, the motors of the Varileg Enhanced are twice as
strong as those of the predecessor model. This power is nee-
ded, 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
teams’ solutions and
get an idea of the
technologies used el-
sewhere in the
world.“

The Cybathlon is just around the corner

On May 2-3, 2020, the second Cybathlon event takes pla-
ce in Zurich. Again, people with physical disabilities com-
pete 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

UNDER PRESSURE

Workpieces up to approx. 50cm are usually mechanically and ma-
nually 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-

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.

In order to guarantee this
permanently, JAKOB recom-
mends (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 trans-
mitted 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

RAUMED HOME ICP

Medical technology manufacturer Raumedic has launched the
Raumed Home ICP, a new home-use device for intracranial pres-

sure (ICP) monitoring. Having recently received CE marking, the device is
well positioned to access the ICP monitoring devices market, which is esti-
mated 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

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

Aliyah Farouk, Medical Device Analyst at GlobalData, explains: “For neuro-
monitoring, 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 regis-
ter 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 consider-
ed 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 di-
rectly from the tissue of the brain is considered more accurate and with
lower incidence of infection and bleeding. www.globaldata.com

CONTACT

maxonmotor ag
Brünigstrasse 220
CH-6072 Sachseln
Phone: +41 41 666 15 00
www.maxongroup.com
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Integrable                                     Control Cabinet                   Outdoor IP67

NONSTOP POWER
 


  

Safe Power Failure Protection                           Made in Germany 

 Supercaps, LiFePO4, Li-Ion or Lead-Acid  batteries   
 Modular uninterruptible power supplies (UPS) 
 Preprogrammable for self-sufficient systems 
 High operational readiness (fast charging) 
 IPC Shutdown & Reboot function 
 USB / RS232 / HID / I2C interfaces
 Power fail signal via relay contact
 Battery management system
 Excellent service & support

www.bicker.de/dc-ups 

     +49 (0) 906-70595-0                     Visit us at embedded world 2020 Hall 2 / Booth 2-101

THE PERFECT MOTION

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.

This makes the ALAR tables ideal for both horizontal and vertical applications,
e.g. in aerospace technology or medical engineering. This means, for all appli-
cations 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 con-
sistency“, 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 iner-
tia and high mass, when fast acceler-
ations and particular uniform motion
are required at the same time for
high-precision testing and manufac-
turing 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 accu-
racy, 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-

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-vibrati-
on, 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.

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 brush-
less 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) aper-
tures 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. ALAR-
XP 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. ALAR-
XP 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

Aluminiumprofile enclosures are used inmany different
industries. Through their enclosure design they have
numerous positive characteristics, such as durability,

enormous stability, good heat dissipation and electrical con-
ductivity. With the new SMART-TERMINAL, OKW Gehäuse-
systeme offers an elegant, flexible and robust aluminium pro-
file 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.

Robustness and elegance

The SMART-TERMINAL range of enclosures has a robust enc-
losure body made of anodised, polished aluminium. The enc-
losures 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 im-
pact-resistant. It also offers optimum heat dissipation. The
top part includes a recessed area to protect membrane key-
pads/decor foils and flat lateral interface surfaces. There is
sufficient space here for operating elements, switches or dis-
plays. In order to close the enclosure from below, the flat bot-
tom profile is fixed using 6 stainless steel Torx screws. Protec-
tion from splashing and dust has also been provided. The as-

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 closedwith coversmade of high-qua-
lity UV-resistant ASA+PC-FR material in the colour lava. This
design provides particularly good accessibility during installa-
tion and assembly work. For the covers there are separate de-
signer 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 reces-
sed interface level and also conceal the connections. Alterna-
tively, mechanical processing of the aluminium body is pos-
sible, as it offers enough room, for example, for cablebushings
or for USB connectors and SD cards.

Ideal for display/touch solutions

The complete enclosures are available with profiles in the di-
mensions 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 42mm. The sizes were
designed for standard display and touch solutions from 4.3“
up to a maximum of 8“. The 200mmSMART-TERMINAL, for
example, is ideal for a 7“ touch solution, as there is a border
here of approx. 15mmaround the recess for gluing. The inside
of the enclosure has several mounting options on 2 assembly
levels. The displays and PCBs can thus be optionallymounted
face up or face down. In addition, the bottom part has two
grooves for attaching accessories.

Sophisticated extruded aluminium enclosures for central control units

Easy assembly

10
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Optional accessories are ideal for rounding off the range of
enclosures. For example, optimumoperation 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 twoplastic brackets and is simply pushed into
the existing groove in the bottom profile and automatically fi-
xed in place by the side covers. The black non-slip enclosure
feet includedwith 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 inc-
ludes awall bracket aswell 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 pa-
nels are available to close the sides of the enclosures. The pa-
nel ismounted 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

In order to allow the SMART-TERMINAL to meet customer-
specific requirements, there are different processing and fini-
shing technologies to choose from.Sincewehave our ownSer-
vice Center, the enclosures can bemodified to your liking. The
options include, among other things, mechanical machining

for interfaces, individual lettering and printing, or the manu-
facture and installation of digital printing foils. If you wish an
individual design, the designer seals and covers can, on re-
quest, be produced in a different colour. Customer-specific
profile lengths are also possible.

Product advantages in brief:

+ 3 basic enclosures in the profile lengths 160, 200 and 240
mm (overall enclosure length with end covers + 42 mm),
width 170mm, height 50mm.

+ Covers in lava (similar to anthracite)moulded in high-qua-
lity ASA+PC-FR plastic.

+ Designer seals made of TPVmaterial in volcano or green.

+ Recessed area in top for the installation/protection of dis-
plays, membrane keypads, operating elements.

+ Optional accessories: wall suspension element, case can-
ting kit, set of square-head nuts for PCBmounting.

+ 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.

All extruded aluminium
enclosures offer a highde-
gree of stability and good
heat dissipation, as well
as a high-quality appea-
rance thanks to a matt
anodised finish in con-
junction with attractive
end element plastic parts
plastic end panels.

Even the standard versi-
ons 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 reces-
sed areas for the installation of interfaces etc. A wide range of
accessories offers you the opportunity to equip the aluminium
enclosure with addi-
tional functions.

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

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

CONTACT

Odenwälder Kunststoffwerke
Gehäusesysteme GmbH
Friedrich-List-Str. 3
D-74722 Buchen
Phone: +49 6281 404 00
www.okw.com
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As a specialist for custom solutions Steinmeyer Mechatronik has
many years of expertise in the development of innovative positio-
ning systems for special applications.

Brilliantly Positioned

Basically, a positioning system consists of only four
main components: motor, ball screw drive, linear gui-
de and feedback system.But it’s not quite as simple as

it may seem at first glance. Becausemany different principles
and variants are available for each component.Which of these
is used in the end depends on numerous factors. Decisive va-
riables in choosing the components include the load to bemo-
ved, 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 compo-
nent, with the goal of achieving the optimal precision, speed
and cost effectiveness for the particular application.

Specialist for high-precision positioning systems

Steinmeyer Mechatronik has perfected the art of meeting
such challenges. Formore than 145 years the name has stood
for maximum quality and precision. The Dresden-based com-
pany has long earned a reputation worldwide as a leading ma-
nufacturer of high-precision positioning solutions for optical
and precision engineering systems. In addition to production
of standard products, the core competences include imple-
mentation of custom projects. In coordination with the custo-
mer the positioning experts develop innovative concepts that
are perfectly tailored to the individual application. Whether

the requirement is for a single working prototype, or projects
with quantities of dozens or several thousand items per year –
SteinmeyerMechatronik equips all productswith the required
controllers, tests them thoroughly according to customer cri-
teria, 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 Stein-
meyer 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.

A well-rounded application

The application required development of a motion unit for a
CT scanner that moves apertures weighing 1.2 kilograms du-
ring X-ray source rotation so that the X-ray beam can be adjus-
ted to the minimum radiation dose required. The positioning
unit is housed inside the ring tunnel (or gantry) and rotates du-
ring the CT scanning process in a continuous path around the
patient – at a speed of several times per second. The high ac-
celerations 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 ope-
rational and patient safety, as well as reliability and durabili-
ty,“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-

CT scanner aperture drive from Steinmeyer Mechatronik: Reliability and
durability combined with high precision and a deceptively simple design
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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 becomemore andmore robust, and therefore
more reliable“Matthes explains. As if to say:What is not there,
cannot break. The goal was to absolutely minimize compo-
nents and surface areas, with no compromises in quality and
performance. The spindle, for example, is “sandwiched“ in-
stead 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 toproblems is relatively easy. Theactual challenge is
in finding simple solutions,“ says Matthes. “This can be
achieved only as the result of expertise and many years of ex-
perience.“ The result is convincing: The combination of step-
per motor, ground ball screw, profile rail and incremental en-
coder performs the demanding task in CT scanners brilliantly
and has withstood the test of time in many thousand applica-
tions over more that 10 years.

Ground precision

Themain component of the compact unit, whichmeasures140
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: “Alt-
hough it costs a tidy sum, it is still less expensive than a com-
promise solution consisting of multiple components.“ The du-
rable high-precision ball screws are designed for extremely fine
adjustment to guarantee the high positioning accuracy re-
quired of the aperture drive (unidirectional = ±1.4 µm, bidirec-
tional unidirectional = ± 2.5 µm). It is advantageous that the
positioning specialists in Saxony have a direct line of communi-
cation with the leading manufacturer of high-precision ball
screws – the Steinmeyer company in Albstadt (Baden-Würt-
temberg), which is likewise part of the Steinmeyer Group.

And what was the reason for the stepper motor? “We needed
high torque, extreme reliability, and a low price – which makes

the stepper motor unbeatable,“ Matthes explains. Stepper mo-
tors are designed for precise operation also without sensors for
position feedback. To increase operational and patient safety,
however, the open-loopmode was abandoned in favor of an inc-
remental measuring system with an additional encoder. This
systemdetects the rotarymovement of themotor in order tomo-
nitor the degree and position of the apertures. Another advan-
tage: The encodermakes it possible to switch the steppermotor
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 require-
ments. 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 mo-
del, has now been expanded to include others for higher loads
or extended stroke. This high level of versatility is no coinci-
dence. From Development to Production, Assembly and Tes-
ting, the entire process takes place under one roof. “That ma-
kes 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 structu-
ral parts – and the engineering and delivery from a single sour-
ce. That clearly sets us apart from the competition.“ Compli-
ance with the high requirements for quality and absolute ope-
rational 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 Stein-
meyerMechatronik in developing solutions formedical positi-
oning systems. And it proves: Less can indeed be more. Be-
cause simplicity creates robustness and therefore reliability.

Author:
Christoph John
Konstruktionsleiter
Steinmeyer Mechatronik GmbH

The positioning unit is housed inside the ring tunnel andmoves the
apertures so that the Xray beam can be adjusted to theminimum radi-
ation dose required

CONTACT

Steinmeyer Mechantronik GmbH
Fritz-Schreiter-Str. 32
D-01259 Dresden
Phone: +49 351 88 58 50
www.steinmeyer-mechatronik.de
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ESD-proof mini joysticks fromMEGATRON position high-
precision eye lasers

Surgery in the
Micrometre Range

WaveLight GmbH of Erlangen has been manufactu-
ring 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. Tomeet 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.

The use of laser surgery to correct vision impairment is
meanwhile widespread.With the LASIKmethod, for example,
it is possible to correct individual defects of vision, elimina-
ting the need for wearing glasses or contact lenses. In thisme-
thod the refractive power of the cornea is adjusted in order to
focus the incident light rays on thepoint of clearest vision. The

LASIK method is today
considered a safe and re-
cognised procedure for
correcting defects of visi-
on. It has become the pre-
ferred method of treat-
ment worldwide, and is
even accepted by NASA
for treating astronauts.

In the modern LASIK me-
thod, a flap (an extremely
thin covering in the top la-
yer of the cornea) is first
created with a femtose-
cond laser.During this pro-
cedure, the WaveLight®

FS200 operates with ul-
tra-short pulses of one billionth of a second to achieve precise
and predictable results. In addition, the flap is adapted indivi-
dually 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-

per corneal tissue corresponding to the severity of vision impair-
ment, until the desired result is obtained. Afterwards, the cor-
neal 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 com-
parable systems on themarket, 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, sin-
ce it allows the surgeon tomove 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 diver-
se 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

The 812 series miniature joystick fromMEGATRON allows exact po-
sitioning of the femtosecond laser on the patient’s eye

The 812 series miniature joystick
fromMEGATRON, with its low in-
stallation depth, is the ideal soluti-
on for 1-, 2- and3-axis control tasks
in applications with limited space
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from the electronics specialist MEGATRON for many years al-
ready. The joystick is designed not only for comfortable and fa-
tigue-free handling, but also for operation with a high level of
dependability, precision and safety. WaveLight became aware
of theMEGATRON joysticks through the supplier of the opera-
ting 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 si-
milar 812 model for 3-axis control of the laser unit. The firm-
ware 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 – addi-
tionally allow very fine adjustment of the traversing speed.

The high precision of the joystick is required in
numerous applications

An important argument for themini joystick was its intuitive
operation. This is necessary for exact positioning of the laser
unit. Such precisionmakes the 812 series joystick ideal not
only for all imaging processes in medical technology, but al-
so for controlling cameras in security technology (monito-
ring cameras) in sports arenas, or for inspecting masks and
wafers in microchip production. The mini joystick can also
be used for the precise control ofmicroscope and coordinate
stages, as well as industrial laser systems for welding, cut-
ting and soldering.

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

The 812 series joystick features not only high repeat accuracy
and linearity tolerance of ±2 percent, but also boasts a low in-
stallation 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 ad-
vantage of this joystick is the large choice of handle options
offered byMEGATRON. This allows customisation for virtually
any application.

Requirements for ESD resistance have increased

Sincemedical instrumentsmust fulfil more stringent require-
ments for ESD resistance since 2019 (EU Standard
EN60601/1-2), WaveLight recently asked MEGATRON to re-
view the use of the joystick equipped with Hall effect sensors
for positioning of the laser. It turned out that it would not con-
form to the new standard. ESD resistance refers to the functio-
nal safety of a device in the event of electrostatic discharges,
which result in very low currents but temporarily very high vol-
tages. 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 joy-
stick technology

The812 seriesmini 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 Wa-
veLight replace the joystick with a version with a potentiome-
ter, in order to meet the new requirements. Due to their me-
chanical design, potentiometers are much less sensitive to
electrostatic discharges thanHall effect sensors.MEGATRON
also recommended this switch to themanufacturer and supp-
lier 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 effi-
ciency of the delivery process. “In the past, an external
supplier equipped the joysticks forWaveLight with a custom
cable prior to delivery“, reports MEGATRON Managing Di-
rector 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 ex-
perience with the customisation of electronic components. In
addition to joysticks, the company also offers force transdu-
cers, displacement and angular sensors, as well as precision
resistors andmanual adjusters, which are adapted on request
to the exact requirements of the application. In the case ofWa-
veLight, the 812 series mini joystick was the ideal solution.
Due to numerous mechanical options it can also be used for
many other applications.

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

CONTACT

MEGATRON Elektronik GmbH& Co. KG
Hermann-Oberth-Str. 7
D-85640 Putzbrunn
Phone: +49 89 46 09 40
www.megatron.de
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Photorealistic 3D
Visualization
Siemens Healthineers will make its photorealistic 3D vi-

sualization 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 radi-
ology software Syngo.via. Using a mixed-reality headset in-
stead of viewing the clinical images on a2Dmonitor whenpre-
paring for surgery, for example, gives surgeons a realistic 3D
overview of the surgical area. This could make it easier to se-
lect the right operating room (OR) strategy and thereby increa-
se the accuracy of the surgery. Thanks to the highperformance
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.

“Working with Microsoft allows expanding our position as a
leading innovator in medical imaging and digitalization in
healthcare even more and making Cinematic Rendering avai-
lable to a broader group of users. We firmly believe that a pho-
torealistic representation of clinical images can make com-
munication 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“

was tested in an evaluation study at ErlangenUniversity Hos-
pital. 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 suppor-
ted the anatomic interpretation process. The error rate drop-
ped 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 improve-
ments,“ says Christian Zapf.

“The newly announced Microsoft HoloLens 2 is a self-con-
tained holographic computer that enables heads-free, heads-
up interaction with digital models. It builds on the break-
through 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
HoloLens2creates transformative experiences across theme-
dical 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 worldmergeswith 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

From paper-style to 3D-printing

Displaying CT and MR images
on a mixed-reality headset
using real-time Cinematic Ren-
dering makes the job of coordi-
nating multidisciplinary teams
of physicians easier and could
help surgeons select the right
OR strategy and improve surgi-
cal accuracy.
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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 ma-
ny and varied: Using the HoloLens 2 application makes it
easier to discuss complex medical cases with referring physi-
cians if the anatomical situation is particularly challenging: in
a pediatric or trauma context, for example.

Multidisciplinarymedical 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 Holo-
Lens 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
canmake it easier to choose the best OR strategy and impro-
ve 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 under-
standing of the nature of their upcoming surgery, resulting in a
much more positive patient experience. For medical profes-
sionals in training, Cinematic Rendering offers amajor advan-
tage: Students and trainees in the medical professions will
have the opportunity to investigate specific anatomical fea-
tures and clinical conditions virtually, in a kind of “living ana-
tomy session“ that would otherwise not be available to them.

CONTACT

Siemens Healthcare GmbH
Henkestr. 127
D-91052 Erlangen
Phone: +49 0800 188 18 85
www.siemens-healthineers.com/de
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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

Today’s imaging systems save lives.Medical professionals
can now view systems within the human body in high re-
solution, enabling them to diagnose pathological chan-

ges 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 thera-
peutics. However, medical professionals face challenges con-
necting the images to healthcare processes more quickly and
more accurately for better patient care and outcomes. Leaders
in themedical imaging space require new technology providing
higher resolution images and faster image reconstruction,
while also enabling an improved user interface that incorpora-
tes 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 tomeet theneeds of this rapid-
ly changing industry, the adoption of commercially available,
data-centric communication technology will be paramount to
control costs and shorten time to market.

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, ult-
rasound, MRI and PET scans are computationally intensive.
GPUs allow parallel processing to break down complex com-
puting problems into many smaller tasks that run simultan-
eously, 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 formedical imagingR&D teams
to design, build andmaintain 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,

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 themedical imagingmarket, but
also provide a certifiable,medical grade offering. Imaging com-
panies 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-guidedminimally invasive surgery (MIS) is growing at a
rapid pace. Surgeons now perform procedures using a combi-
nation of real-time and archived images of a patient. Image-
guided surgery provides surgeons with greater control of the
surgical procedure, real-time feedback on the effect of the in-
tervention, and reduced tissue trauma and disruption in gai-
ning access to the anatomical structure. Procedures using CT,
MRI, and PET were developed for the treatment of brain tu-
mors, but now the practice has been expanded to include ad-
ditional imaging techniques and to treat additional modali-
ties.High-definition3D images and the ability to overlay diffe-
rent image types opens the door for a number of new
image-guidedminimally invasive surgical procedures that can
be performed with extreme precision.

Figure 1 - DDS Databus.
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We are moving from a world and a healthcare system that is
generally unconnected to one that is always connected, trans-
mitting huge amounts of data securely, reliably and in real
time. Data will be shared not only within each medical ima-
ging subsystem, but within a larger system of care. Non-inter-
operable 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-

ment based on Artificial Intelligence
(AI) and Machine Learning (ML). The
requirements of this type of system
mirror those of a stand-alonemedical
imaging system. However, now requi-
rements for performance, reliability
and security must scale throughout
the larger healthcare Industrial Inter-
net of Things (IIoT) system.

Development of Medical
Devices

Architecting and developing a medi-
cal imaging device isn’t easy, de-
velopment cycles range from four to
six years. Even by adopting the latest

technologies, device designers still run into challenges stri-
ving to meet next-generation product requirements, many of
which are related to connectivity.

The most significant technical challenges include perfor-
mance, as systems will need to transfer 4k Ultra HD
Images/Video (>40GB/s) with >10ms latency, as well as relia-
bility in an image-guidedminimally invasive surgery.

Figure 2 - Example Data-Centric Imaging Architecture.
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Interoperability, the ability to seamlessly communicate with
complementary medical devices, security, the need to meet
strict regulatory compliance, and scalabilitywithin thehealth-
care IIoT are also very important. Maintaining product design
cycle times, staying within budget, andminimizing long-term
cost of ownership are challenges facing medical imaging exe-
cutives as their teams address next-generation market needs.

Connectivity with DDS

The solution is to use commercial off-the-shelf (COTS) data-
centric connectivity framework to handle software integration
within the imaging devices, and to share data with other sys-
tems in a wider healthcare IoT. Data-centricity is an architec-
ture 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 de-
couples 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 ex-
change data.

An example of a data-centric technology is the Data Distribu-
tion 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 deli-
ver millions of messages per second tomany simultaneous re-
ceivers, while offering detailed Quality of Service (QoS) con-
trol, multicast, configurable reliability and pervasive redun-
dancy. It is the only technology that delivers the flexibility,
reliability and speednecessary to build complex, real-time ap-
plications, a perfect fit for medical imaging.

A data-centric DDS-based architecture can address the chal-
lenges of connected medical imaging. It provides perfor-
mance, DDS was constructed from the ground up for real-
time control of cyber physical systems over a network. Speci-
fic features like Zero Copy/Shared Memory, QoS, Flat Data,
andData Filtering allowDDS tomeet the latency and through-
put requirements specified of the most demanding imaging

applications. DDS is absolutely reli-
able and enables the use of redun-
dant paths and by design does not ha-
ve a single point of failure. Further-
more, DDS provides syntactic
interoperability allowing for a com-
mon communication protocol provi-
ding a foundation for healthcare IIoT
integration. DDS is a key piece of a
trusted security architecture by provi-
ding fine-grained security down to
the level of the data. And DDS-based
systems provide near-linear scalabili-
ty, automatic discovery that provides
plug-and-play functionality, and ena-

bles bridging to other technologies via Routing Service.

Conclusion

Toenable innovations in both interventional anddiagnostic ra-
diology, it is clear thatmedical imaging systems and their sub-
sequent subsystems will need to be interoperable and move
more data, in real time, reliably and securely. Utilizing a data-
centric system architecture based on standard connectivity
technology like Data Distribution Service allowsR&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 signifi-
cant benefit by providing a medical-grade DDS offering that
allowsmedical imagingmanufacturers to focus on implemen-
ting next-generation product features and leaving the connec-
tivity to the experts. This approachhas proven to save develop-
ment time and speed time to market.

Author:
David Niewolny
Director Healthcare Market
Real-Time Innovations

Author:
Reiner Duwe
Sales Manager EMEA
Real-Time Innovations

Figure 3 - Data-Centric Healthcare IIoT Architecture.
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More Freedomof
Movement in the Patient
From diagnosis to therapy – robotic assistance systems are al-
ready in use in many medical sectors. Lightweight robotics
and the latest new generations of computer-assistedminimal-
ly invasive surgical instruments are opening up amultitude of
potentials, as explained in an interviewwith JulianKlodmann.

MED: Lightweight robotics was founded at the German Aero-
spaceCenter (DLR) years ago,motivatedby 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 crea-
ted by researchers at the Institute for Robotics andMechatro-
nics at the DLR in collaboration with Dornier. The DLR develo-
ped 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 astro-
nauts to train on earth a lightweight and flexible robot was de-
veloped. So, although the development was driven by space
robotic requirements, the lightweight robot (LBR I) achieved
its breakthrough with terrestrial applications. At the same

time the LBR I also hadmany 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 inte-
grated 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
LBR2, showing a previously unmatched ratio of payload to to-
tal mass. This robot was able to manipulate a payload of 7 kg
at full speedwith adeadweight of just 18kg. Furthermore, the
integrated torque sensors enabled the LBR 2 to interact with
its environment sensitively. This led to the idea of putting the
LBR2 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 systemoffers
greater flexibility compared to standard industrial robots. Fi-
nally, 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 re-
duction 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

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

MiroSurge telesurgery system: The three MIRO robot arms can be at-
tached directly to the operating
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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 tor-
que sensors are considered in the control of the system. This
means that the system is critically dampedand the robot no lon-
ger 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 beha-
viour of the end effector can be defined on an application-spe-
cific basis by further cascaded control structures such as impe-
dance control. Examples include a definable Cartesian compli-
ance of the end effector in interaction with the environment or
the maintenance of Cartesian geometric constraints with a
definable dynamic behaviour.

MED: The surgeon’s objective is to perform operations without
any complications and with minimum trauma for the patient.
Robots can assist here, because theymakeminimally 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 instru-
ments 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 ergono-
mic 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

a hand-eye coordination which must be constantly relearned.
Surgical robots offer advantageshere, suchas theprototypical
MiroSurge telesurgery system developed by the DLR Institute
of Robotics and Mechatronics for minimally invasive medical
operations. The versatile,modularMiroSurge platformcombi-
nes 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 er-
gonomics 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 surgeonwill 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 sourcewhich allows irradiation treatment of a
tumour in a sub-millimetre range. Many surgeons consider ro-
botic 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 tech-
nology. This is why engineering scientists at the DLR are wor-
king on innovative diagnostic procedures and therapeutic so-
lutions 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 theTechnicalUniversityMunich.Experts havebeen
working for decades here on technologies that can be integra-
ted 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
fromall specialist disciplines, aswell as radiologists, informa-
tion 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 technolo-
gies and know-how in the field of medical robotics to compa-
nies, 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 andhospital staff and drive inno-
vative developments forward at a greater pace.

Master console of the MiroSurge system featuring a 3-D display and
two haptic input devices.
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MED:What other innovations could provide surgeons with fo-
cused support in future?

Julian Klodmann: In addition to opening upnew fields of applica-
tions for surgical robotics and further reducing of trauma for pa-
tients – in other words reductions in the size of the outer access

points – robotics can provide increasing support on the basis of
the systematic use of data-driven functions. To avoid overwhel-
ming surgeonswith 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 artifi-
cial 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.

MED: Thank you for
the interview, Mr.
Klodmann.

The interview was
conducted by
Carola Tesche

THE ROBOT THAT UNFOLDS INSIDE THE ABDOMEN

The start-up company NISI (HK) Limited is currently developing a mi-
niature surgical robot that can be inserted though natural openings

in the body and only unfolds inside the abdomen. To achieve this goal, the en-
gineers are pushing components to their limits and beyond. In the world of med-
tech, 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-

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-in-
vasive surgeries in the abdomi-
nal and pelvic area without le-
aving visible scars. “We want

to become the world’s leading expert in non-invasive surgical robotic technolo-
gy,“ 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 sys-
tem 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-

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-re-
solution 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

precision. Bringing surgical robots to the next level requires more than outstan-
ding 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 ext-
remely valuable for both sides.“

The prototypes of the NISI surgical robotic system currently use various brush-
less DC motors from the EC series, with diameters ranging from 4 to 8 millime-
ters, complemented by matching customized gearheads. Both partners are pu-
shing the precision drives to their limits, sometimes running them outside the
nominal specifications. However, the BLDC motors are customized for the spe-
cific 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 non-

invasive surgery without scars a commonplace reality. www.maxongroup.de

The laparoscopicMICA instruments provide greater freedom ofmove-
ment and dexterity inside the patient.

CONTACT

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

23



MEDengineering INTERNATIONAL/2020 www.med-eng.de

MED Devices OP-Equipment

Pi
ct
ur
e:
KO

N
TR

O
N
S&

T
AG

Robotic arm with Kontron computer supports endoscopic
surgeries

Better Visibility for
Surgeons

With its robotic armSoloassist II for surgeons in hospi-
tals, the German company AKTORmed GmbH from
Regensburgmakes it easier for surgeons toworkwith

endoscopes. About 15 years ago, the transition from manual
to robot-supported guidance of the surgical camera duringmi-
nimally invasive proceduresmeant a significant improvement
for the surgeon. The voice-controlled version, which was pre-
sented 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 require-
ments 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 compu-
ter, is used in the voice-controllable version.

More than seven million people underwent surgery in
Germany in 2017, as registered by theGermanFederal Statis-
tical Office (October 2018). Since the 1980s,many surgeries
have been performedminimally invasive, such as themajority
of the around 200,000 hernia surgeries performed on men in
Germany. Minimally invasive procedures are also called „key-
hole surgery“. This is because the instruments and the endo-
scope, aminiature camera with a diameter of 5 to 10millime-
ters, 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, thismeans
thatmany 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 endo-
scope is still guided completely by hand. In practice, this has
substantial disadvantages, which are currently being reinfor-
ced by technological developments: High-resolution cameras
produce images in 4K or even 8K quality, even 3D images are

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 posi-
tions for minutes. Even the smallest tremulous movements are
amplified by the magnified reproduction on high-resolution
screens to such an extent that theymake precise workmore dif-
ficult 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 endo-
scope 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 bemoved.

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. Thismeans that it is possib-
le toworkwith a steady image in a fixedposition. The joystick
also simplified the guidance, so that in some cases a se-

The heart of the Soloassist is the KontronMini-ITX Board E38with an
Intel Atom processor of the E3800 series. It has sufficient memory
space and numerous interfaces required in industry.
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Cicor Group
Switzerland 

Gebenloostrasse 15
9552 Bronschhofen

info@cicor.com
www.cicor.com

Cicor – Your technology partner
The Cicor Group is a globally active develop-
ment and manufacturing partner with innova-
tive 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 solu-
tions that meet the needs of the market, reflect 
the latest trends and convince through their 
application. Cicor’s broad portfolio of innova-
tive technologies, services and global produc-
tion 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 

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 require-
ments 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.

Company Profile

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 amanufacture for
the development and distribution of me-
dical devices, and was founded in 2005
in Regensburg, Germany. With at pre-
sent 16 co-workers, mostly engineers,
electro technicians andmechatronic en-
gineers, the robot arm SOLOASSIST is
manufactured and sold, as well as new
products being developed.

Reliable voice control requires
computing power

The robot arm can be used even more fle-
xibly if it can react directly to the opera-
tor's voice commands. This allows the
operating surgeon to steer the camera in
the required direction with just a few sim-
ple commands and thus having both
hands free for the surgery.

In contrast to the joystick, however,
speech recognition and processing requi-
res significantly more computing and me-
mory power. The developers at
AKTORmed have therefore decided to rely
on an industrial PC that meets these re-
quirements 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 cyc-
les 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 manu-
facturers were eliminated at an early stage
of the selection process. There was also a
need to be able to access aUSBbus on the
board. This feature was also not available
frommany of Kontron's competitors, so in
2015 the decision was finally taken in fa-
vor of Kontron. AKTORmed was also

The voice controlled robotic arm Soloas-
sist makes it easier for surgeons to work
with endoscopes.
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convinced by the commitment of Kontron's sales partner Aa-
ronn, who, together with Kontron, fully meets all service and
support requirements.

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 in-
dustrial applications. A bootable flashmemory 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 mother-
board. Not least because of this, this board differs significant-
ly 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 al-
gorithms. This guarantees that the endoscope will not injure
the patient under any circumstances.

Robert Geiger, Managing Director, AKTORmed: „Availabili-
ty, 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 Solo-
assist 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 worldmarkets helps us to
quickly pass the necessary, often complex approval proce-
dures for medical devices. With Kontron, we also see oursel-
ves well equipped for the future when topics such as natural
language recognition or artificial intelligence for controlling
our robotic arm come into play.“

AKTORmed also benefits from Kontron's experience with de-
manding customers around theworld. Since approvals forme-
dical devices are usually complex, lengthy and different in
every country, AKTORmed can already access many of the ne-
cessary certifications, such as CE, confirmations, as well as
electromagnetic compatibility (EMC), electrical safety, and
radio-specific requirements from the U.S. Federal Communi-
cations Commission (FCC). Long-term availability also pays
off here, because if something were to change in the once ap-
provedcomponent, a costly recertificationwouldbenecessary
for the next delivery.

Partner ensures custom-fit delivery

The complete voice control software for Soloassist II now runs
smoothly underWindows7Embeddedon theKontronmother-
board. Sales partner Aaronn adds its service offering to the re-
liable, secure and long-term available Kontron product:
Boards are delivered by Aaronn to AKTORmed ready for instal-
lation. 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 thehealthcare sector.
Together with our partner Aaronn, we are able to provide our
customers with individual support and meet their specific re-
quirements.“

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 inde-
pendently, for example an organ, and position itself. It is also
conceivable that machine learning could be used to store cer-
tain surgery sequences and that the robot armcould reposition
the endoscope itself.

With motherboards from Kontron, AKTORmed is well prepa-
red for the future, and patients and doctors alike benefit from
the constant advances in embedded computer technology.

The solo assistant in surgery in action.

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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Infrared Touch Screen
re-discovered
Infrared technology for touchscreens has a long history.

The principle is simple: a light grid is mounted in the x-
and y-direction of the screen. If the light grid is interrup-

ted, 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 ti-
cket 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 ob-
lique angle. A new approach of the well-known technology
avoids these disadvantages and at the same time offers a mo-
dern 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 bemounted on. It does not detect the
interruption of a light curtain, but the reflection of the emitted
light by an object within sight.

The recognition ofmulti-finger functions and gestures is done
by thebuilt-in controller. This technology offers several advan-
tages over PCAP touchscreens; activation does not have to be
carried out with a conductive object. It is insensitive to elec-
tromagnetic fields and bright ambient light.

System Integration

With infrared touchscreens, the sensor is mounted to the hou-
sing, 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 dis-
play, the user must stand in a straight line in front of the device.

Figure 1: Functional principle of the infrared touch screen

Figure 2: Functional principle of the zForce 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, gestu-
res? They don't exist! But a new
technology takes up the well-
knownprinciple of the light bar-
rier and transfers it into the cur-
rent HMI technology.
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There are several options for integrating the zForce sensor. It
can bemounted either flushwith the housing or on the outside
of the housing (see Fig. 4). Debris such as dust and water abo-
ve the display cannot impair its function. The display is
brought closer to the front of the device.

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 ope-
rated 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 in-
terference. 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

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 amust:
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.

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 coa-
ting and parallax are retained because the optical properties of
the display surface are not affected. This is not the only advan-

Figure 3: Cross section of an infrared touch screen system Figure 4: Cross section through a zForce touchscreen system
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tage of not having to
touch the surface with
sterile gloves, but also in
public places where ele-
vators are called, ven-
ding machines operated
and toilets flushed:
Germs have no chance to
spread! Even in the food
industry or restaurant
kitchen, devices can be
operatedwith „dirty“ fin-
gers without touching
the surface and making
the screen underneath
unreadable.

When used as a light barrier, the technology can be used to de-
tect 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 envi-
ronment, 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 systemof a corresponding host and replaces or com-
plements the mouse functions as a single or multi-touch. Al-
ternatively, it provides the information via I²C.

Comparison with other touch technologies

Compared to other technologies, zForce performs well. In par-
ticular, the lack ofmounting to the underlying display enables
applications that cannot be realized with other touchscreens.
Fig. 6 shows the sensor in side view.

Optics
Since the technology works without covering the display, the
display can be optimized here for the application. Optical pa-
rameters such as transparency, reflection and contrast are not
influenced by zForce.

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.

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

on „invisible“ light, the sensor neither emits electromagnetic
radiation nor is its function impaired by fields present or inter-
ference pulses. Due to optical filters, the sensor is not influen-
ced 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 applicati-
ons. It offersmultitouch functions with the recognition of sever-
al fingers and gestures, and can be operatedwith allmedia, be it
thick gloves, credit cards or fingernails. This feature can also be
exploited to enable non-contact operation in sterile areas orwith
dirty hands.

Bottom line

Although the majority of touchscreens today are based on the
PCAP principle, there are applications for which it is less sui-
table. 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 crite-
ria: 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 qualitymust 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.

Author:
Rudolf Sosnowsky
Leiter Technik
HY-LINE Computer Components Vertriebs GmbH

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

Figure 5:Use as light barrier (left) and
proximity sensor (right)

CONTACT

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
Rechargeable lithium-ion batteries now represent

roughly 15%of the total implantablemarket, butmul-
tiple 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 beenmore 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 connec-
ted 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, be-
cause this limits the charging rate. This means they can-

not be used for some applications.

+ Rechargeable batteries are not considered suitable for
life-sustaining applications, because patients may be un-
able to keep them charged due to a lost or broken charger,
or simply forgetting. Most of the implantable device mar-
ket consists of cardiac products – pacemakers and ICDs –
with neurostimulation and implantedmonitors 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 de-
vice replacements, so there is no real incentive for them to
make the case for longer service life and less frequent re-
placement.

How accountable care affects battery choices

There is widespread agreement in theUSA 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 paymentmethods. 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 deci-
sion-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 re-
chargeable 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 in-
itial cost is higher, and the patient has to endure fewer opera-
tions.

Within the industry, this direction favors rechargeable batte-
ries in general, and lithium-ion batteries with a superior cycle-
life performance, such as those from Quallion, in particular.

In themedical industry, non-re-
chargeable batteries remain
the commonest choice for im-
planted devices. But when the
battery reaches the end of its
useful life, an invasive surgical
operation on the patient is re-
quired to replace it.
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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 al-
ternative. 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 forminimally-invasive procedures, and the de-
sire to reduce patient risk and hospital-stay durations. Since
the battery is oftenmore than 50% of the volume of the entire
implanted device, this trend favors smaller rechargeable bat-
teries. Electronics are becoming more compact which means
the battery, as a percentage of the total device volume, is inc-
reasing. Fortunately, electronics are also becoming more effi-
cient, 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 bat-
teries can be a better option.

Overcoming patient non-compliance

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

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 in-
dustry is that rechargeable devicesmust be replaced after two
occurrences of over-discharge caused by the patient failing to
charge them properly.

This problem of over-discharge has been overcome, at least on
a technological level, by Quallion Zero-Volt™ lithium-ion bat-
teries, which can withstand repeated cases of patient non-
compliance to charging requirements, without any permanent
decrease in their capacity due to low voltage.

Zero-Volt technology means batteries can be stored for long
periods in adeepdischarged statewithnopermanent capacity
loss, helping device manufacturers and, ultimately, patients.
Zero-Volt also means that the charge can be completely remo-
ved when connecting batteries to volatile systems or implan-
ting cells inside the human body.

Additionally, RF wireless communications can help overcome
non-compliance, with most implantable devices now inclu-
ding 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 in-
fluencing factor when designing a medical device and choo-
sing its power source, as through-life cost and value to the pa-
tient are increasingly important to purchasers.

Rechargeable batteries are often the best option to minimize
through-life cost, and technology improvements have over-
comemany 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 batte-
ries, with their ability to reduce through-life cost, are increas-
ingly an attractive option to power implantable medical devi-
ces and should be considered for any new design.

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

CONTACT

Quallion LLC
12744 San Fernando Rd
Suite 03-100, Sylmar, CA 91342
USA,
Phone: +1 818 83 32 00
https://medical.enersys.com
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Ready for the Medical
Future
SAMAPLAST 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 onlyminor IV reductions
compared to traditional injection moulding.

With regard to the material PCU, various materials such as
Bionate 80A, 75D, 65D, but also Corbthane 75D and Chro-
noflex 75Dwere qualified on the basis of themachine qualifi-
cation (DQ, FAT, IQ, OQ) of Arburg Freeformer.

Risk-based approach as the key to success

Based on a risk analysis and discussions with machine manu-
facturers, raw material suppliers and customers,
SAMAPLAST AG determined the critical input parameters
(key points) for the additive production ofmedical products at
the beginning of 2019 and initiated and implemented the fol-
lowing measures:

+ Material validation of various raw materials based on a
DoE process (Design of Experiment) = expansion of pro-
cess know-how

+ Optimisation of up- and downstream processes (incoming
goods inspections, maintenance, controlled conditions,
carrier materials ...)

+ Tests to remove the carriermaterial without leaving any re-
sidue

+ Rethinking process in the constructive design of the compo-
nents, based on numerous geometry tests in combination
with various materials

+ Additive manufacturing as a cost-effective decision-ma-
king processwith regard tomaterial selection for the injec-
tion 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 const-
ruction panel versus residue-free detachment of themate-
rial from the construction panel

PCU test part made of various shore hardnesses

Net construction made of resomer X206S

Since the end of 2018, after the
first tests on an existing PCU spi-
ne permanent implant with long-
term strength tests and resor-
bable materials to reach with ad-
ditive manufacturing the same
quality as with injection moul-
ding regarding inherent viscosity
(IV), SAMAPLAST worked inten-
sively on making AM fit for the
medical future.
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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 im-
plementation.

At the same time, a large number of further tests andmaterial va-
lidations 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 deter-
mine and confirm the correct and optimal design with regard
to the intended use of a medicinal product. SAMAPLAST AG

created various prototy-
pes with Arburg Freefor-
mer with various filling
structures (e.g. cage
made of absorbablemate-
rial, SEBS pads with fil-
ling structures for pros-
theses) after the first de-
sign draft.

The prototype was then checked and also confirmed for ma-
nufacturing precision using CT analyses. With this procedu-
re 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'sWaterfall De-
sign 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 ex-
ploiting new geometric possibilities for small series up to
batch sizes of 1 piece and on offering combinations from pro-
totype projects to OEM projects for customers.

In addition, a PEEK printer was purchased and qualified for
this purpose. Also, a newclean room (ISO8 in operation accor-
ding to ISO 14644) was built and qualified for additivemanu-
facturing, in which medicinal products and devices, but also
assemblies combined from purchased parts, injection moul-
ded parts and AM products can be manufactured with low
microbiological contamination and according to the normati-
ve specifications.

CT image cagemade of resorbable material

Cage made of resorbable material

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-BasedMedical
Devices

It is rare for medical device manufacturers to develop and
manufacture all components of amedical device themsel-
ves. Individual components that require high technologi-

cal expertise but whose in-house development involves too
much of an investment are often procured from external sup-
pliers. 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 pati-
ents 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

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

designate a medical product with the CE marking, which ent-
itles them to bring this product into the Europeanmarket. The
currently valid version, released in March 2016, is
ISO13485:2016. The deadline for medical device manufac-
turers to implement the specifications of the new
ISO13485:2016 standard is currently March 31, 2019.

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 crea-
ted within the manufacturer’s own QM system but are contri-
buted by external suppliers.

With the new ISO13485:2016 standard, medical device ma-
nufacturers face the task of reviewing their supplier manage-
ment. There are two key aspects: For one, the system should
be as low-risk as possible. For another thing, it should be inex-
pensive and scalable so that it can also be implemented for se-
veral suppliers of that manufacturer. The following text pre-
sents three different scenarios that illustrate the medical de-
vice manufacturer and the QM system in cooperation with
various suppliers.

Fig. 1: Cooperation with suppliers that work according to ISO9001 brings lower costs but still increases risk and complexity.
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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 im-
plementation of those defined processes.

Sincemanufacturers ofmedical devices typically have dozens
of suppliers, the effort required to continuously train all provi-
ders according to the manufacturer’s own processes and mo-
nitor them is so expensive that it may put the product’s profi-
tability and thus its competitiveness into question for the ma-
nufacturer. To avoid the high effort and the costs required for
this type of quality assurance for the supplier, manymanufac-
turers 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 ISO13485:2016havemovedbeyond the regulati-
ons 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
ISO13485processes. Even in this scenario, themanufacturer
is thus required tomonitor the supplier’s processeswith annu-
al 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 complyingwith the standard, which the cli-
ent can rely on without having to implement parts of its
own QM system at the supplier’s business.

+ The production process bywhich the goods aremade is va-
lidated.

+ Detailed product change notifications give the medical
device manufacturer timely information about changes in
the procured components or may even require the manu-
facturer’s approval before they can be implemented.

+ Products can potentially even be traced back to the com-
ponent level.

+ The product is tested according to specific standards-
compliant requirements before it leaves the production
site and is delivered to the medical device manufacturer.

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.

Fig. 3: TheMED 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 tech-
nology devices.
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In this case, themanufacturer’s audit is limited to a document
check. However, if the manufacturer insists on a supplier au-
dit, this can also be performed. By selecting ISO13485-certi-
fied suppliers, the manufacturer thus saves a significant
amount of time and expense.

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 ulti-
mately guarantees the safety of its medical device.

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 came-
ras since 2018. TheMED ace product line is the first series-pro-
duced camera on the market that is being produced, sold and
maintained across its lifecycle according to ISO13485:2016.

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

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.

PRECISION ASPHERIC LENSES
AND TECHSPEC$ LS SE-
RIES 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 op-
timized to eliminate spherical aberration. These aspheres are polished
through a computer numerical controlled (CNC) process for high-preci-
sion performance across the NIR spectrum. Near-Infrared (NIR) Precisi-
on Aspheric Lenses are either available with low numerical aperture de-
signs 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 distor-
tions 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

Author:
Peter Behringer
Head of Product Management Medical
Basler AG

CONTACT

Basler AG
An der Strusbek 60-62
D-22926 Auhrensburg
Phone: +49 4102 46 30
www.baslerweb.com
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Proportional Valve for Gases
• 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

OPTIMIZED DESIGN OF CENTRAL VENOUS CATHETERS

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

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 beco-
mes 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 diame-
ter.

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 in-
vasive 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, stan-
dardization 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 cri-
tical 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 dec-
ades of specific PICC catheter design and manufacturing experience. For exam-
ple, 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-wal-
led 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

to manufacture a 4FR thin-walled catheter that has a kink resistance compa-
rable 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 com-
plications 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

performance of peripherally inserted central venous catheters,“ says King. In
addition, the Flexan team designed an efficient process control plan and in-
spection methods to ensure reliable binding between all vital catheter com-
ponents. “This successful project for the development of a thin-walled cathe-
ter 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
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USING TPE IN INFUSION THERAPY

Complex application techniques and a wide variety of different
and specific application systems are used for infusing medi-

cation 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 pro-
ducts to find a correct and efficient way into the patient in order to

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 me-
chanics and fluidity, on the basis of which other individual develop-
ments 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

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 Ame-
rican doctor Philip Syng Physick substantiated human-to- human trans-
fusion. But an outbreak of cholera (1831/32) represented a breakth-

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 transpa-
rent 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 en-
sures 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 trans-
parent – 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 bet-
ween 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 sol-
vents. Furthermore, perfect adhesion is offered, particularly to polysty-
rene, ABS or PVC. www.actega.com/ds

COMMON MODE FILTERS WITH INTEGRATED ESD PROTECTION
FOR SUPER SPEED USB

Nexperia, the expert in discrete and MOSFET components and ana-
log & logic ICs, announced the market’s fastest common mode

filter (choke)/ ESD protection combination. The new PCMFxUSB3BA/C fea-
tures the industry’s widest differential passband of up to 10 GHz 3dB fre-
quency and a very high surge robustness of up to 7.5 A 8/20 µs. It is desig-
ned to suppress common mode and single-ended noise while minimizing

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-

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-

gnal fundamentals and higher harmonics.

Comments Stefan Seider, Product Manager, Nexperia: “Apart from their ca-
pability 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
As developer and manufacturer of ultrasonic 
sensors and expert for the implementation of 
sensors for bubble detection and fluid moni-
toring 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 diag-
nostic 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 differ-
ent 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-

lism. SONOFLOW CO.56 Pro sensors have 
successfully been implemented into heart-
lung 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 hemodialy-
sis. 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 transmis-
sion 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, ambi-
ent humidity, temperature change or a poten-
tial 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 simula-
tions. This allows the sensor to keep perform-
ing without technically caused interruptions 
and to react to error messages in less than 0.2 
seconds. For this purpose, the sensor periodi-
cally sends measured values as status reports 
as well as predefined messages for bubble 
activity and error codes as alarm settings. 

Company Profile

SONOFLOW CO.56 Pro for combined flow-bubble 
measurement in cardiopulmonary bypass
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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

With the growth of internet of things (IoT) and other
smart devices, it is becoming increasingly complex
and expensive for manufacturers to develop embed-

ded distributions and applications for these devices based on
the Linux® operating system. Siemens PLM Software today an-
nouncedanewenterpriseMentor®EmbeddedLinux® (MEL) so-
lution that provides electronicsmanufacturers secure, scalable
and configurable distributions for industrial, medical, aero-
space and defense applications. This new MEL technology is a
configurable distribution that provides a robust operating sys-
tem platform for embedded systems development and is a re-
sult of the continued integration of the recently acquired em-
bedded systems design capabilities
from Mentor Graphics. The solution is
based on Debian, a broadly utilized,
enterprise class, open source Linux
operating system.

ThenewSiemens enterprise technolo-
gy provides the stability, full features,
and ease-of-use benefits of an enter-
prise solution, and the performance,
customizability and footprint of an
embedded operating system. An inter-
nal team of embedded Linux experts
originally developed this robust soluti-
on for use on critical Siemens automa-
tion equipment. Now commercially
available, embedded developers can
utilize this proven solution and there-
by mitigate the costs and risks of mo-
ving to Linux.

“As more engineering organizations
recognize the value of open source so-
lutions, next generation embedded
systems are also redefining software
development needs,“ said Chris
Rommel, executive vice president of

VDCResearch. “Althoughmany developers have gained expe-
rience with enterprise Linux, those traditional solutions can-
not meet the performance requirements of most embedded
systems. The new Mentor Embedded Linux addresses this is-
sue, providing an enterprise-class solution for those develo-
pers looking for a Linux development experience beyond that
for the platforms based on Yocto commonly used in the em-
beddedmarket.“

The large number of pre-built and fully-tested binary pack-
ages integrated in the Siemens enterpriseMEL solution provi-
de all of the general features and parameters in the software
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platform so a large number of users can install it and use it
with ease. This can make standard implementation across or-
ganizations much easier and more efficient. The Siemens bi-
nary MEL solution also includes a stable kernel, a robust tool-
chain, both with broad community support. This community
support, combined with the commercial support and develop-
ment power of Siemens, allows for increased development
productivity and agility.

“By combining the capabilities of an embedded Linux distri-
bution with those from the Debian binary desktop Linux dis-
tribution, today“s developers – many of whom have honed
their skills in the Linux desktop development – can easily ex-
tend those same skills into fully featured embedded sys-
tems,“ said Simon George, director of system software and
SoCSolutionMarketing, Xilinx. “We expect thatMentor“s bi-
nary Linux solution will simplifymany tasks for those who are
developing with advanced SoCs such as Xilinx Zynq Ultra-
Scale+MPSoC devices.“

Embedded developers can stay up to date with available secu-
rity patches and product updates, enabling enterprise-class
standardization and maintenance. The new Linux solution
enables support for secure field updates, and application iso-
lation. Customers can thereby realize the cost efficiencies re-
lated to remotelymaintaining andupdating their devices. This
solution is also multicore-enabled to consolidate multiple he-
terogeneous runtimeenvironments using today“smost advan-
ced processor architectures, leveraging the Mentor® Embed-
dedMulticore Framework. This helps enable embedded deve-
lopers 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.

“Siemens is excited about the operating system that our Men-
tor 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 foot-
print, security, real-timebehavior, anddevelopment tools nee-
ded 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 indust-
ry-standard cloud and IoT technologies such as XMPP, MQTT,
AMQP, CoAP, and RESTful API support. Development and ana-
lysis 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, trai-
ning, and professional services, from basic support and up-
dates/upgrades to critical security defects patches, platform
extensions and customized training.

The new enterprise-class binary Mentor Embedded Linux solution offers portability across multiple processor architectures offers increased
development flexibility

CONTACT

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

Efficient Separation

Embedded systems can be found in many medical appli-
cations such as MRI scanners, defibrillators and robotic
assisted surgery. Apart from the main functionality, me-

dical devices are more andmore required to offer a likeable and
easy-going experience by supporting feature-rich graphical in-
terfaces, data storage and networking communications. For this
reason, today’s device designers face the challenge of having to
develop a system that provides both safety and feature-rich
functionalities. From a safety perspective, we can identify safe-
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 nume-
rous software components ha-
ving 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 (ran-
dom or systematic). Different
elements, however, may have
a different criticality level. In order to avoid harm to people or
the environment, safety critical software is required to ensure
the correct operation of safety critical elements and their
functional isolation from non-safety critical components.

Medical software has to be partitioned

In the past, allocating functionalities to physically separated
hardware components has been presented as a valid solution
to deal with the requirements for safety critical systems. Ho-
wever, the complexity of current devices, the hardware area
restrictions as well as the features of modern processing plat-
forms (e.g. symmetric multiprocessing and multicore proces-
sors) turnphysical separation into anunrealistic solution. It is,

therefore, desirable that safety critical and non-safety criti-
cal software components can safely coexist on the sameplat-
form. This goal can be achieved by partitioning the software
on the embedded system in a way that ensures that software
from lower safety levels cannot interferewith software onhig-
her safety levels. Resulting from software partitioning, the
safety related components are kept small and concise aswell
as isolated from non-safety critical components (e.g. third-
party components that are used for realizing non-safety criti-
cal functions).

Virtualization as a separation technique

Recently, embedded systems have adopted hypervisors as vir-
tualization technology in order to create software virtual ma-
chines (or partitions), where each partition is isolated and has
a set of virtual resources mapped to the available physical re-
sources. This article presents a methodology that guarantees
the separation of functionalities of different criticality levels
by means of a hypervisor. Hypervisors enable functional sepa-
ration, fault containment and the execution of several inde-
pendent environments, thus allowing the coexistence of vari-
ous execution environments on the same platform (e.g. real-
time OS for safety critical tasks, general-purpose OS for
non-safety critical tasks).

Figure 1: Example of a Typical Medical Device and its Interaction with the Environment.
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The strategy presented in this article uses a Type-1 hypervisor
with paravirtualization in order to separate functionalities of dif-
ferent criticality levels and achieve both spatial and temporal
isolation. Type-1hypervisors, also calledbare-metal hypervisors,
run directly on the native hardware (see Figure 2) and, in combi-
nation with paravirtualization, are highly suitable for embedded
systemsdue 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 cyc-
lic scheduler for strong temporal isolation.

Develop a safety chain to deal
with failure

Software partitioning provides separati-
on among software components but failu-
res affecting single partitions or software
components such as OSes and the hyper-
visor are still to be taken care of. A com-
mon feature among medical devices is
that, in case of failure, they are brought to
a safe state, which is a state free from ha-
zardous situations. A safe state can be re-
ached by means of a set of carefully de-
signed safety functions, which intend to achieve ormaintain a
state free from hazardous situations for an equipment under
control.

In the described architecture, the system is decomposed into
several Task partitions, which carry out various functions, inc-
luding safety functions, and one Diagnostics partition, which
has system privileges and checks the status of all partitions
and of the hypervisor. In order to deal with failure situations,
each Task partition can execute several safety functions. The-
se safety functions control and mitigate failure situations
such as control flow errors, OS errors and hardware faults. If
the Task partition is executed successfully, it sends a confir-

mation message to the Diagnostics parti-
tion, which will then carry out further
checking. On the other hand, whenever a
failure is detected (e.g. missing confir-
mation of any of the Task partitions), the
system is brought to a safe state by theDi-
agnostics partition.

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 hy-
pervisor 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 Diag-
nostics 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 undefi-
ned system behaviour and a resulting hazardous situation.

This methodology has been successfully applied and offered po-
sitive results in terms of its applicability in themedical field. Fur-
thermore, this is a systematic approach for the separation of tasks
and the integration of safety functions in a medical embedded
system by use of a hypervisor as virtualization technology. This
approach can also be
complemented with
medical device-rela-
ted safety norms and
with aspects of the
functional safety
norm IEC 61508.

Figure 2: Type-1 Hypervisor with Paravirtualization

Figure 3: Safety Chain to bring the System to a Safe State in case of Hypervisor Failure

CONTACT

embeX GmbH
Heinrich-von-Stephan-Str. 23
D-79100 Freiburg im Breisgau
Tel. +49 761 479 79 90
www.embeX.de
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Challenges in
Personalized Medicine
Modernmedicine 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. Personalizedmedicine takes the individual’s disease
pattern, the patient’s constitution and gender and the resul-
ting implications for the therapies and medicines into ac-
count. The overall goal is to create a therapy tailored to the in-
dividual that can, if necessary, be adjusted and fine-tuned ac-
cording to the disease progression.

The combination of a plethora of modern technologies is re-
quired to enable such specialized treatments. As such, a tailo-
red 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 co-
lor of the cells. This way, cells with the desired properties can
be identified and isolated using cell sorter technology.

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 po-
tential 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 pro-
cedure, the CTCs can be used to gather the critical data re-
quired for a complete diagnosis.

CTCs, which were found in a cancer patient’s blood for the
first time in 1869, typically originate from the primary tu-
mor 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 sensi-
tive flow cytometers and cell sorters are required to detect
and isolate them.

DNA sequencing and characterization

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 tu-
mor 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 se-
quencing methods such as Sanger sequencing. The DNA se-
quence 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 andCTCs can therefore be a viable alternative to traditio-
nal invasive biopsies.

Measuring principle of a microthermal CMOSens Flowsensor

Amilestone for modern medi-
cine is personalized medi-
cine. This novel discipline
does not target the broad po-
pulation, but focuses on the
individual for the diagnosis
and beyond.
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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 direc-
tions 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 me-
chanical 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

and the extracellular matrix. In OOC lung cultures, for exam-
ple, vacuum technology can be used to create movement pat-
terns that closely resemble those of an in vivo lung. By combi-
ning 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

The combination of these technologies and applications has
immense potential. The possibilities seem endless. But all of
the above applications struggle with similar hurdles. Parado-
xically, these partly arise from their common strength – their
high precision. In order to guarantee reliable and therefore ef-
fective results for patients, all internal processes and parame-
ters must be precisely defined, monitored and controlled.
These high requirements regarding precision and the some-
times 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 humi-
dity 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 10mm2, it is easily inte-
grated into even the smallest of medical devices such as so-
called point of care devices. Apart from the excellent biocom-
patibility – glass is the only wetted material – the microther-
mal measurement principle with its high precision and speed
at even the lowest flow rates makes the LPG10 a perfect solu-
tion for the above applications.

Author:
Dr. Moritz Kneipp
Product Manager Liquid Flow Sensors
Sensirion AG

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

Theminiature Flowsensor LPG10

CONTACT

Sensirion AG
Laubisruetistr. 50
CH-8712 Staefa ZH
Phone: +41 44 306 40 00
www.sensirion.com/de
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RFID brings dialysis concentrate safely to the patient

MaximumSafety for
Medical Processes

To err is human, or so people say to excuse a human er-
ror.Mistakes happen, we all know that. However, some
mistakes can have fatal consequences, especially

when it comes to themedical care of a patient. In such cases,
every effort shouldbemade to eliminatehumanerror through
the use of appropriate processes and technical aids. This ap-
plies 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 identi-
fication) plays a key role here.

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 transplantati-
on of a donor kidney,
during which time their
blood must by purified
by regular sessions of
dialysis. More than 160
different formulations
for dialysis concentra-
tes are currently avai-
lable in Germany alone.
Intermedt Medizin &
Technik GmbH produ-
ces almost all of them
as dry concentrates at
its site in Ostrhauder-
fehn. The dry concent-
rate is delivered to dia-
lysis centers where it is
mixed with osmotic wa-
ter tomatch the desired
dialysis concentrate.

Fully automatic on-site mixing

TheECOMixRevolution (Fig. 1) is the second-generation of an
advanced machine developed by Intermedt’s medical techni-
cians for the fully automatic production of dialysis concentra-
tes that are used to treat blood
directly in the dialysis unit.
These machines are manufac-
tured at the company’s German
site with a high degree of verti-
cal integration. The same ap-
plies to the dry concentrate,
which Intermedt mixes using
ingredients sourced from certi-
fied suppliers, according to the
specified pharmaceutical-qua-
lity formulations. Carefully de-
signed 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 ge-
neration of machines relied on
laser scanners and matching
codes. The advanced version
now uses a high-frequency
RFID system (see RFID techno-
logy box) from Contrinex. This
makes it possible to simplify the
process and document it con-
sistently, while also significant-
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 toFigure 1: The ECOMix Revolution

Figure 2: ContrinexRFID tags
and RFID read/write modules
ensure secure processes
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production. Based on these specificati-
ons, the dry concentrate is produced ac-
cording to the appropriate recipe and fil-
led into special containers, the ECO-
Carts. During filling, a high-frequency
RFID read/write module (type RLS-
1183-020, diameter 18 mm) writes in-
formation to an RFID tag (type RTP-
0090-020, diameter 9mm)which is per-
manently embedded in the container
(Fig. 2). The tag stores the recipe, but al-
so further information, such as howmuch
osmotic water should be added by the
user to obtain the final dialysis solution.

To produce the dialysis solution, the
container with the dry concentrate is
connected to the user's ECOMix Revo-
lution System by means of special
quick couplings. One of the couplings
also contains anRFID read/writemodu-
le of the type RLS-1183-020 (Fig. 3).
This reads all relevant information from
theRFID tag andprovides theuserwith instructions for further
action. Normally, this means that the machine will display in-

formation about the contents of the
container, the amount of osmotic water
required and other details.

When the unexpected hap-
pens...

Usually, two to three different types of
concentrate are used in a dialysis unit.
After mixing with osmotic water, the fi-
nished concentrate is stored in 860-liter
tanks. Intermedt recommends two stora-
ge tanks for each type of dialysis solution
to ensure uninterrupted operation. If the
wrong dry concentrate is delivered by
mistake, themachine will recognize that
it does not have a suitable tank for the
coupling and refuse further processing,
thereby avoiding errors. Another potenti-
al source of error would be the reconnec-
tion of a previously connected RFID tag.
However, the machine will also recogni-
ze this and refuse to process the ECO-

Cart. Since a tag can only be read once, it is also possible to pre-
vent unauthorized producers from filling the containers.

Figure 3: The coupler of the ECOMix Revoluti-
on a RFID read/write module is inclouded
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Empty ECOCarts are returned to Intermedt for high-tempera-
ture cleaning, according to the relevant specifications. They
are then ready to be refilled and their RFID tags rewritten. Sin-
ce empty dry concentrate containers are always returned to
themanufacturer, 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 cus-
tomers 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 con-
tainers 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 ni-
ce side effect of the integrated system.“

Safe and robust

Since process security plays an important role in the applica-
tion described, an essential criterion for the selection of the
suitable RFID technology was an appropriate password con-
cept. SinceRFID tags and read/writemodules fromContrinex,
in both the HF and LF systems, offer standard user-defined
passwordprotection functions, theymeet the relevant data se-
curity requirements. The tags also have an IP67 enclosure ra-
ting in the Basic version and are heat resistant up to 110°C
(230°F). Thismeans that they can easily withstand the repea-
ted high-temperature cleaning of ECOCarts. A simple commu-
nication solution without an intermediate bus was also re-
quired 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

user’s systemviaRS485.Like all read/writemodules in theHF
system, those used here are also ISO/IEC 15693-compliant.
After a full evaluation of this RFID solution, the user was con-
vinced by its good price/performance ratio.

Proven in practice

Thismulti-patented system for the automatic, on-site produc-
tion 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 scan-
ner, RFID not only simplifies work by eliminating the interme-
diate scanning step, but alsomakes 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.“

PATENTED TECHNOLOGY ENHANCES AND SIMPLIFIES DESIGN

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 pow-
er 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

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%.

Using TDK-Lambda“s online Quick Product Finder will automatically opti-
mise the most suitable modules to generate the most cost-effective solution
for a customer requirement, and provides a choice of signals, leakage cur-

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 iso-
lation. With medical and industrial safety certifications, the QM series
addresses a wide range of applications, including BF rated medical equip-

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.

www.emea.lambda.tdk.com/de/qm

Author:
Dipl.-Ing. Norbert Matthes
Technical Sales Manager
Contrinex Sensor GmbH
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Noise immunity of power supplies according to
IEC 61000-4-4 und IEC61000-4-5

Electrical Phenomena
„Surge“ and „Burst“

Heart 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 un-

reliable, the entire system is paralyzed -which canhave theworst
conceivable consequences in medical technology. Examples
range from malfunctioning instruments and apparatus in the
midst of a complicated operation to a possible worst-case scena-
rio such as the unintentional cessation of life-supportmeasures.

It is therefore important, especially for medical power sup-
plies, 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 correspon-
ding interference immunity is regulated in the IEC 61000-4
standards. This article fundamentally describes the pheno-
mena 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.

Overvoltage and its impacts

“Overvoltage„ describes an electrical voltage which exceeds
the permissible tolerance range of an electrical system“s no-
minal voltage. For an electrical device, the phenomenon so-
metimes has a destructive effect of key significance: The ex-
cess 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.

But when does a so-called overvoltage actually occur? Within
the European AC voltage grid, the rated voltage according to
EN60038 is 230 Vwith a tolerance of +/- 10% in single-pha-
se systems. Thus, voltages ofmore than 253 V are to be consi-
dered as overvoltage in our power grid bydefinition. Suchover-
voltage 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.

While the protection of a device against permanent overvolta-
gewould be possible only with extreme effort and is also unne-
cessary because of the rare occurrence within a typical AC
grid, short-term overvoltage is quite more common than ex-
pected and requires appropriate safetymeasures. The overvol-
tage can occur both symmetrically between the electrical con-
ductors as well as asymmetrically between electrical conduc-
tors and earth.

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

1. Surge
2. Burst

Surge according to IEC 61000-4-5

The phenomenon of surge voltage is regulated in IEC 61000-
4-5. 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 ismade 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 in-
duced currents to the ground or earth systemof a complex nearby.

Surges occur more frequently than expected

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 im-
pact on our power grid. This number seems relatively low in
comparison to previous years: in 2015, for example, 550,000
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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.

Standard-compliant simulation of surges

In general, a surge is amomentary, 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 phenome-
non. The standard underlying pulse form for surges has a wave-
front duration of 1.2μswith apulse duration of 50μs (1.2/50μs)
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 re-
quires higher pulses of 1.2/50 μs for the voltage and 5/320 μs
for the current. These pulse forms represent the specific cha-
racteristics of a telecommunications network. Other stan-
dards also contain further pulse forms such as 10/1000 μs.
Medical applications and devices are typically located in buil-
dings and are therefore tested with a pulse definition of
1.2/50 μs and 8/20 μs for the power supply.

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 cor-
responding product standard of the electrical devices. In me-
dical technology, this means EMC safety standard IEC
60601-1-2 in its 4th edition. Electrical appliances of protec-
tion class II to be used in buildings must have an interference
immunity to surge of severity level 3. This also applies to me-
dical-electrical appliances, both in the hospital environment
and in the so-called home healthcare environment.

Since the surge can occur between supply lines as well as bet-
ween supply lines and earth, different types of input coupling
exist in addition to the different voltage peaks:

+ As far as surges between conductors are concerned, low
impedance and high energy can be assumed, also called
“differential mode„. The coupling impedance corre-
sponds to the generator“s internal resistance and is speci-
fied with 2Ω. The energy is transferred via an 18 μF coup-
ling capacitor.

+ “Common mode„ applies to pulse voltages between con-
ductors 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 iswhy other impedances are used. Fre-
quently one encounters values of 25 Ω or 42 Ω.

Protection against surges

There are different methods to protect devices against destruc-
tion by surge. The simplest way is tomatch the affected compo-
nents such as diodes and capacitors with the appropriate volta-
ge. 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 compo-
nents 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
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0,3

0,1
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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)
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4 4 2

X Special definition Special definition

Test severities for bursts: (IEC 61000-4-4)

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 per-
manently. Consequently, VDRs are used for AC supply lines.

Burst according to IEC 61000-4-4

Transient disturbances are caused by brief switching operati-
ons, such as the disruption of inductive loads or the bouncing
of relay contacts in apower supply grid aswell as in control and
signal lines. These disturbance variables are voltage peaks
which are coupled in lines in so-called “bursts“. Characteris-
tic are the high amplitude, the short rise time, the high repeti-
tion rate and the low energy of the transients.

Immunity test of bursts

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 specification5 kHz still dates back to a timewhen 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. Thedegree of severity to bemaintained
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 limi-
ted extent. In this case, a VDR is only of limited protective sui-
tability since the response timeof these varistors is too long. In
contrast, the use of fast suppressor diodes can serve as a pos-
sible solution.

Selection of adequate power supply

Purchasers and engineers should focus on compliance with
the IEC 61000-4-4 and IEC 61000-4-5 standards when se-
lecting 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 en-
forced 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 applicati-
ons, such as patientmonitoring systems or life-sustaining sys-
tems, 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 possib-
le interference immunity - at FRIWO, for example, with de-
signs of up to 6 kV surge resistance.

Authors:
Stefan Suttorp, Field Application Engineer Medical
Michael Brinkmeier, Head of Marketing
FRIWO Gerätebau GmbH

Pulse duration 
(burst)

Pulse

Brust

Brust period 300 ms

200µs at 5 kHz

10µs at 100 kHz

1/repetition rate

U

U

t

t15 ms
at 5 kHz

0,75 ms
at 100 kHz

Scheme: Burst (IEC61000-4-4)
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Beat-to-Beat detection algorithm for pulse rate variability analysis
from wrist photoplethysmography signals

Robust Beat-to-Beat
Detection Algorithm

Heart rate variability (HRV) from electrocardiograms
(ECG) is a well-known diagnostic method for the as-
sessment 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) replacesHRV. However, the unavailabili-
ty of robust detection algorithms for PPG signals has preven-
ted the medical market from providing clinical diagnosis
using PRV and frommeasuring biological information for well-
ness purposes, such as sleep stage, stress state, and fatigue.
This article provides a robust peak and onset detection algo-
rithm for beat-to-beat pulse interval analysis using PPG si-
gnals. We demonstrate our method through large data collec-
tion 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.

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 in-
terval has not yet been provided with these devices. HRV con-
sists of changes in the time intervals between consecutive
heartbeats called interbeat intervals extracted from an elect-
rocardiogram (ECG). HRV contains well-known biometric in-
formation 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 forwellness 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 re-
flected light by a photodiode.

Furthermore, PPG can provide relevant information about the
cardiovascular system, such as heart rate, arterial pressure, stiff-
ness index, pulse transit time, pulse wave velocity, cardiac out-
put, arterial compliance, and peripheral resistance. However,
the performance of PPG-based algorithms can be degraded by
poor blood perfusion, ambient light, and, most importantly, mo-
tion artifacts (MA). Many signal processing techniques, inclu-
ding the ADI motion rejection and frequency tracking algorithm,
have been proposed to remove theMAnoise 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 ac-
curately 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 parti-
ally, prevented researchers from fully conducting PRV analy-
sis usingPPG.Somepreviouswork onPRV ignores the fiducial
points, some reported using manual or empirical detection of
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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 algo-
rithm that uses a delineationmethod originally proposed for ar-
terial 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 algo-
rithms. Therefore, the data is preprocessed first before feeding
it to the beat-to-beat extraction model. The automatic delinea-
tor used in this work is a hybrid approach inwhich different pre-
processed 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 pro-
vides synchronized PPG and ECG signals. In terms of memory
footprint, this algorithm is light and can be used as an embed-
ded algorithm in the ADI watch platform. The algorithm is vali-
dated and compared with the beat-to-beat results from ECG si-
gnals 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-to-
beat algorithm for wrist PPG signals comprised of (i) prepro-
cessing, and (ii) high resolution beat-to-beat extractionmodu-
les. 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 andmotion artifact is well known. In or-

der to minimize the influence of these factors in the subse-
quent 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

ThePPG input data is processedusing awindowof 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 re-
quired 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. There-
fore, using a range that is a little higher for beat-to-beat esti-
mation allows us to include harmonics that emphasize the
beat times. Sudden spikes are removed from the filtered
signals using a median filter. Then, an AGCmodule 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 du-
rable PPGmeasuring process for HRV unavoidably introduces
another type of artifact, such as baseline wandering. Conse-
quently, 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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HighResolutionBeat-to-Beat ExtractionModule

Thebeat-to-beat extraction algorithmconsists of the following
modules:

+ Interpolation

+ Delineation

+ High resolution beat-to-beat extraction

+ Signal quality metric

The output of the preprocessingmodule is fed to an interpola-
tion block to increase the accuracy of the beat-to-beat extra-
ction 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 line-
arly 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 mor-
phology, 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 theoreti-
cally similar to the one shown in the papers “An Adaptive De-
lineator for Photoplethysmography Waveforms“ and “On an
Automatic Delineator for Arterial Blood PressureWaveforms,“
and it is adapted to the wrist PPG signals by using a pair of in-
flection and zero-crossing points from the first derivative of

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 tomake sure that the time-domain features
are preserved after filtering. Note that the onsets from the de-
rivative of the PPG waveform correspond to zero-crossing
points before a maximal inflection, while the systolic peak re-
lates 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.

Evaluation Results from the ADI Wrist Platform

Our PPG beat-to-beat algorithm results are compared to re-
sults from the Pan-Tompkins algorithm,20 which is a well-re-
cognized algorithm for ECG peak detection. Data was collec-
ted to evaluate our algorithmusing theADI Vital SignsMonito-
ring (VSM)wrist watch platform. TheADI VSM iOSapplication
was used to interface with the watch over a Bluetooth® con-
nection. 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 platformprovides synchronizedPPG
andECG 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.

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 Pan-
Tompkins algorithm. Any ECGpeak
that changed the beat duration by
more than20%was labeled an out-
lier. After removing these ECG
peaks, missing/extra peaks in the
PPG signal were identified by cor-
relating each ECG peak with a peak
in the PPG signal. A PPG peak was
correlated with an ECG peak if it is

Figure 2. PPG plots.

Figure 3. ADI platform and tool.
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within time proximity of the ECG peak. When a PPG peak can-
not be identified or too many peaks are identified within the
time proximity of an ECG peak, these were identified as out-
liers. 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 pre-
sents 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 actu-
al 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.

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

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 themetrics for the beat
to beat algorithm. As shown in the table, the coverage, sensiti-
vity, and positive predictivity are all above 83% with the ave-
rageRMSSDdifference below20ms for thewrist data as com-
pared to the results from the ECG signals.

A robust peak and onset detection algorithm for PRV analysis
fromwrist PPGsignalswasproposed. The algorithmusedmul-
tiple stages of preprocessing and suggested a hybrid delinea-
tion algorithm to detect the fiducial points of wrist PPG si-
gnals. The ADImultisensory 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 applyingmotion rejection algo-
rithms and on dealing with the missing beats issue in the
PRV analysis.

Authors:
Foroohar Foroozan
Jian Shu (James) Wu
Analog Devices, Inc.
MadhanMohan
Jasmin Infotech

Figure4. ECGandPPGsignalswith IBIs shownand the respective peaks
and onsets from the beat-to-beat algorithm on the raw PPG signals.

Metric Result

Coverage 83 %

Sensitivity 87 %

Positive Predictivity 98 %

Average PPG vs. ECG RM 12 ms

Table 1. Beat-to-Beat Metrics Results
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One Step Closer to a
Natural Leg
The amputation of a limb is accompanied by impaired

physical mobility, and those affected require a prosthe-
sis. Adam Baier, prosthetist at Blatchford Europe

GmbH, a subsidiary of Blatchford, explained what safe, func-
tional lower limbprostheseswith optimal energy return are ca-
pable of in an interview with our editorial staff.

MED: Mr Baier, Blatchford
was one of the first compa-
nies to use carbon as ama-
terial 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 non-
amputees. In the 1980s, for example, when a lot of wood and
leather were still used, an above-knee amputee required

around 300% more ener-
gy to move the artificial
leg. Today, the extra ener-
gy 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
is an ultra-light material
that is frequently used in
prosthetic technology, in
addition to carbon and plastic. Another material is steel. Ho-
wever, steel is very heavy,which iswhyhigh-strength titanium,
whichweighs less than steel, is oftenused instead.Prostheses
ultimately have to withstand loads from users of up to 150 kg.

MED:The amputee’smobility gra-
de is the basis for selecting a sui-
table prosthesis and is divided in-
to different categories. How are
these categories defined?

Adam Baier: Class 0 consists of
sedentary patients who cannot
actively use a prosthesis. Class 1
is for „indoor walkers’. These in-
dividuals are able to use a pros-
thesis for short distances on level
ground. Affected persons with
impaired mobility often use a
simple prosthesis. If patients are
able to walk slowly while overco-
ming small obstacles, they are as-
signed 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

Biomimetic microprocessor-con-
trolled carbon spring foot with
electronically controlled hydraulic
ankle joint.

Microprocessor-controlled
hybrid knee joint with
electronically controlled
stance phase stabilisation
and swing phase control as
well as stance mode.

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

Blatchford, a companybased in
Basingstoke, UK, has been in-
volved in prosthetic technology
since 1890. The manufacturer
strives to improve the mobility
and thus the quality of life of lo-
wer limb amputees by develo-
ping safe, functional prosthe-
ses with an optimised energy
response.
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walking for an unlimited distance and duration
are considered Class 4.

MED: Blatchford places a very high priority on lo-
wer limbprosthetics.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
evenmakes it easier to get up froma chair. This is
a movement that persons without a disability ne-
ver think about – but which poses a challenge if
ankle joint mobility is absent.

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

AdamBaier: Biomimetics aims to mimic natural
human movements as closely as possible. Diffe-
rent 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 stre-
nuous and there is a high risk of losing your foo-
ting. This prosthetic foot is fittedwith electronics
that sense the incline and imitate the natural re-
sistance of muscles and natural ankle move-
ment. When the user walks up or down slopes,
the sensor adapts the hydraulic resistance de-
pending on the angle of inclination. This allows
users to benefit even more from the energy-sto-
ring properties of the carbon springwhenwalking
up slopes. When the user then walks downhill,
the energy is stored up again.With purelymecha-
nical components, on the other hand, users need
to actively brake the downhill movement, as they
otherwise accelerate and have to make compen-
satory movements. This sensor makes walking safer and less
strenuous.

MED: I’m assuming that Blatchford also offers knee prosthe-
ses that aremicroprocessor-controlled in addition to foot pros-
theses…

AdamBaier: Yes, there’s the „Orion 3“, which is a micropro-
cessor-controlled knee joint. Sensors in this prosthesis detect
themovement and speed of locomotion, enabling a reaction in

real time.When theprosthesis is in the stancepha-
se, 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 pneu-
matic force to initiate free swing-through of the ar-
tificial joint, and the integrated sensor ensures the
appropriate speed as required. The electronics ac-
tivate the stance phase before the heel is set down
again. This dynamic increases progressively with
the user’s spped. Stumble protection that is so im-
portant for the user is also provided, as the resis-
tance 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 addi-
tion, 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 ame-
chanical prosthesis wants to sit down, the sound side
has to bear the full weight of the body.

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

AdamBaier: The interactive „Linx“ systemwedeveloped
is the first system in the world in which both the electro-
nic footmodule and the electronic knee joint register and
exchange specific data on movement, activity, surroun-
dings and terrain. The two modules form a unit and
coordinate to send information to the microprocessor-
controlled support system. The result is that this inno-
vative 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, theBest 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 fasci-
nating look behind the scenes,
Mr. Baier.

The interview was
conducted by
Carola Tesche

CONTACT

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

57



MEDengineering INTERNATIONAL/2020 www.med-eng.de

MED Prosthetics Endo- and exoprostheses

Pi
ct
ur
es
:N

uS
il
Te
ch
no
lo
gy

LL
C

In situ Cure Silicones Offer New Possibilities for
Implantable Medical Devices

Implantsmade from
Silicone Rubber

Medical-grade silicone is a highly valued, versatile
biomaterial widely used for medical implants (Figu-
re 1). Often associated with applications such as

cardiovascular pacemakers, cochlear implants, hydrocepha-
lus 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 high-
precision molded parts; lu-
bricious coatings formedical
devices; soft silicone adhesi-
ves for wound care; soft tis-
sue implants; and even high-
strength tubing.

Device manufacturers often
choose silicone for its estab-
lished history of biocompati-
bility, unique physical proper-
ties and the ability to be al-
tered at the polymer level.
Silicone propertiesmay be tu-
ned to satisfy specific medi-
cal device requirements, gi-
ving silicone a reputation as a
high-technology biomaterial
that invites innovation. Howe-
ver, innovation in silicones is
expanding beyond the proper-
ties of the biomaterial itself.

Typically, silicone elasto-
mers are used to fabricate
components of devices, or

entire devices, which are then assembled, packaged and ste-
rilized prior to implantation via surgery. A new development in
silicone dispensing systems from Avantor’s NuSil� brand ma-
kes it possible for medical devicemanufacturers to create im-
plantable devices that can be in situ cured in the body rather
than cured outside the body and implanted.
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Figure 1. Medical-grade silicone is a highly valued, versatile biomaterial widely used throughout the body.
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The patented, NuSil double-cartridge dispensing system (Fi-
gure 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 invasi-
ve implantation procedures.

Sterilizing Silicone for Implants

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 pre-
fabricated with medical-grade silicones must be sterili-
zed—so an efficient and fully verifiable sterilization solution
is necessary.

The traditionalmethod 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 thera-
peutic 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 silico-
nes. Exposure to dry heat and autoclave conditionsmay dama-
ge the packaging or impact workability. Ethylene Oxide (EtO)
exposure is awidely usedmedical device sterilizationmethod.
With its patented design, the prefilled dispensing system can
be EtO sterilized, maintaining the integrity of both the uncu-
red implant grade silicone and its packaging. This allows me-
dical devicemanufacturers to offer novel solutions using pres-
terilized, uncuredmaterials for forming and in situ curing wit-
hin the body.

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:

+ Effective sterilization

+ No residual EtO post-sterilization

+ Minimal change to key siliconephysical properties suchas
rheology, durometer, modulus, work time and cure rate

Other key features of the packaging system include:

+ Disposable syringes available in a variety of sizes—5, 10,
50 and 75mL

+ One-step sterilization of silicone components and pack-
aging

+ Adaptable to a variety of injection technologies

+ Engineered for use in complete surgical kits

Customization of in situ cured silicone enables the material
properties to be “tuned“ in accordance with specific thera-
peutic requirements. For example, viscosity can be defined to
optimize delivery of in situ material to desired implant locati-
on. The cure time can be tuned so that the silicone cures in
situ at body temperature. Moreover, the final physical proper-
ties of thematerial can be precisely defined to provide the de-
sired performance, such as a specific level of hardness per-
haps for support, or softness if the device ismeant 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 health-
care industry. In conclusion, the development of a newpatent-
ed dual-cartridge prefilled dispensing system makes in situ
curing silicone a practical reality, offering the medical device
community the potential to explore new therapeutic approa-
ches that provide better outcomes to patients.

packaging solution for in situ curable silicones features adual-cartrid-
ge prefilled dispensing system.

CONTACT

NuSil
1050 Cindy Lane
Carpinteria, CA 93013 USA
Tel: +1 805 684 87 80
www.nusil.com
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Avoid testing chaos with deploy and destroy test environments

Software Development
for Medical Devices

Today’s DevTest teams are under pressure to deliver more
(and more innovative) software faster than ever before.
Andnow thatmost 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“?

Unfortunately, there’s no silver bullet. However, one essential
element is to have unrestrained access to a realistic test envi-
ronment (e.g., including the AUT/application under test and
all of its dependent components). Otherwise, you can’t accu-
rately and thoroughly validate the change impacts associated
with each user story, or be confident that the evolving applica-
tion 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 can-
didate during a Continuous Integration/Continuous Delivery
process, and identify high-risk release candidates early in the
delivery pipeline.

However, with today’s complex systems, this type of test envi-
ronment access is the exception rather than the rule. Testing
in production is one way to access a 100% realistic test envi-
ronment, but this approach is typically frowned upon for a
number of reasons.

Today, technology has advanced to the point where it’s possib-
le to make realistic simulated test environments available on
demand. With technologies like cloud (for elastic scalability),
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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.

What is Deploy and Destroy?

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 ser-
vices, 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 combi-
nation of both real components and simulated components
delivered via service virtualization.

A Deploy and Destroy environment is lightweight and cloud-
compatible so that when you need to scale (e.g., for perfor-
mance testing), you can do that on demand. A Deploy and De-
stroy environment is also disposable. It can be instantly provi-
sioned from a golden template, used and dirtied, then simply
destroyed. There’s no need to spend time resetting the envi-
ronment or test data to its original state. The exact same envi-
ronment 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 recor-
ding interactions with a live application, but it can also be ac-
complished by other means (from Swagger or other definiti-
ons, 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 virtuali-
zation assets, you can aggregate them into what we call an en-
vironment. From a core system blueprint, an environment de-
fines 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 vir-
tual 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 environmentswith container
technology such as Docker. This allows you to package the en-
vironments and deploy them onto running containers, making
complete test environments available in a matter of seconds.

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

Benefits of a Deploy and Destroy strategy

The „Deploy andDestroy“ approach providesmany benefits to
developers and test teams, such as

Early and continuous testing
Instant and simultaneous access of realistic, flexible test en-
vironments enables teams to execute a broad array of end-to-
end tests. The testing can begin as soon as each user story is
completed, andmyriaduser stories canbe validated simultan-
eously during Continuous Testing - each with the specific test
environment required for the associated tests.

Higher flexibility
Deploy and Destroy—in particular, service virtualization’s si-
mulation—allows the team to provision test environments
with more flexibility than staged test environments could pro-
vide. With a physical staged test environment, they cannot
feasibly manipulate the behavior or performance of many de-
pendent 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 conditi-
ons 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 con-
currency issues or outages, resiliency and failover, load balan-
cer issues, etc.

More realistic than the real test environment
Inmany cases a deploy and destroy environment ismore reali-
stic than a real, physic environmentwhich is usually characte-
rized by restrictions and limited performance.With service vir-
tualization testers get better control on the reaction of depen-
dent systems and applications. Report times like in
production environments can be achieved, which raises the fi-
delity of the test environment.

The use of service virtualization allows to compensatemistakes
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 alreadymasked / cleaned, there is no security const-
raints. Even if someone obtains unauthorized access or at-
tacks an asset, there is no need to fear, as it is not real and will
immediately be destroyed after testing.
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Greater consistency and accuracy
Deploy andDestroy ensures that all participants can coordina-
te their activities by access to the newest test objects / data
and virtual artefacts. With Deploy and Destroy, everyone is al-
ways on the samepage, 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 “dir-
tied“ test environments by using outdated test data, versus an
unauthorized version of a virtual asset, and so on.

Implementing a Deploy and Destroy strategy can quickly af-
fect 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 re-
lease candidates is minimized, agile and iterative develop-
ment methods are supported efficiently, and development-
and 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 tomarket and thus providing competiti-

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

Author:
Arthur Hicken
Parasoft Deutschland GmbH

CONTACT

Parasoft Deutschland GmbH
Unter den Linden 10
D-10117 Berlin
Tel. +49 30 700 14 03 57
www.parasoft.com
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Check-up Appointment
for Software Code
In February 2019, a USmedical specialist launched ama-

jor 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, thatwasnot the only recentmedical 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 ventila-
tor to unexpectedly switch off under certain circumstances.

Modern safety-critical medical devices are increasingly soft-
ware-based, which places more pressure on developers to en-
sure 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

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 IEC62304. These standards are generally a compi-
lation 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

order to receive certifica-
tion. However, it can often
be a challenge for manu-
factures to enforce quality
standards and ensure
compliance.

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.

Static Analysis in Practice

Static code analysers are most effective to the software de-
velopment process when teams implement its two compo-
nents: a desktop and a centralised server deployment.

The desktop deployment
is directly installed on
each developer's system.
Itworks in thebackground
while code is being writ-
ten. This enables the solu-
tion to analyse the code in
real time for errors, vulne-
rabilities, 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.

What’smore, 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 pre-
sent 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

IEC62304 lists the requirements for
the development of medical devices.

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

In today’s digital age, software
quality has become critical to
medical device development.
For that reason, developers rely
on static code analysis to ensu-
re that they produce high-quali-
ty code that is safe and secure,
reliable, and compliant.
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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 ad-
dressed by the respective developers.

In addition, static analysis can detect redundant code that
can never be executed in the first place. This can highlight de-
sign oversights as well as finding sections of code that would
unnecessarily compromise valuable resources in an embed-
ded system.

Avoid Common Pitfalls

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

Along with knowing how to effectively use a static code ana-
lyser, developers should also be aware of the tool’s limitati-
ons. For example, a static code analyser cannot verify whe-
ther the piece of software actually meets the system’s func-
tional requirements.

Highest Security for a Digitized Medical World

Thebenefits of using a static code analyser canbemeasured
and monitored throughout the project. Software develop-
ment teams can use the tool to create snapshots of the code
to accurately track its development over time. What’s more,
this feature canbeused to generate reports on thenumber of
errors present in the code or to show how the code complexi-
ty has decreased.

By regularly using static code analysis, everyone involved in
the software’s development — from developers to device ma-
nufacturers — is able to benefit from the higher code quality.
But, above all else, it is the patients that benefitmost of all, as
they can confidently rely on medical products that have the
highest possible level of safety.

Author:
Richard Bellairs
Product Marketing Manager
Perforce Software

CONTACT

Perforce Software UK Ltd.
West Forest Gate
Wellington Road
Wokingham
Berkshire RG40 2AT
Tel. +44 1189 77 10 20
www.perforce.com
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An example of a MISRA C++ rule violation.

Static code analysis is unable to detect that a function isn’t doing
what it is intended to.
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CodeMeter Certificate Vault, the new PKCS#11-compliant token
provider fromWibu-Systems, simplifies the use of digital certificates

Storing andManaging
CertificatesMade Easy

In the age of Industry 4.0, computers, machines, and mil-
lions of other devices have begun to communicate with
each other. One of the essential conditions tomake this di-

gital dialogue possible is that every machine or device can
trust and know just who exactly it is speaking with. Digital cer-
tificates guarantee these unique and reliably verifiable identi-
ties: 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 certi-
ficates should be as straightforward as possible. In particular,
the first commissioning of industrial machines and later ser-
vice andmaintenance need simple, but safemechanisms that
allow themachine operators to e.g. switch out componentswi-
thout any more hassle than they were used to in the analog
age. CodeMeter Certificate Vault is a great example to illustra-
te 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 ismeant for. At some point, the certificate
will expire, and the process needs to start over. With a labo-
rious process like this, it is easy to see why so few people
sign and encrypt their emails, why the digital health insur-
ance 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 ele-
ments, as the smart card chip onboard provides both secure
key storage and a crypto processor. They are available in awide
range of form factors, including USB sticks, secure memory
cards (SD, microSD, CF, CFast), or ASICs. CodeMeter Certifi-
cate 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 applica-
tions and ecosystems. CodeMeter Certificate Vault works as a
PKCS#11-compliant token provider, integrates as a Key Sto-
rage Provider (KSP) inMicrosoft’s Cryptographic API Next Ge-
neration (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.
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CodeMeter hardware, software, and cloud license containers meet all industry rerequirements
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CodeMeter License Central, Wibu-Systems licensing and ent-
itlement management solution, transfers the certificates and
keys securely onto the CmDongle. This allows certificates to
be created and assignedwithminimumeffort and in a fully au-
tomated and scalable process. Nobody can peek into, remove,
duplicate, or otherwise compromise the keys and certificates.
A separate cryptographic operation is executed with the secu-
rely stored private key each and every time a certificate is
used. The tool directly benefits the endusers, 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 inclu-
de a designated certification authority, like the CA of a compa-
ny’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 two-
factor authentication, are possible.

Certificates are created and rolled out by a central certificati-
on authority, like a corporate IT department’s established CA.
It produces the certificates, key pairs, and passwords and as-
signs them to the local CmDongles of its users. The assign-
ment and transmission process can happen automatically.

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 andcertificates created in a shared, but strictly protected

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 up-
date file that makes the transfer of the keys and certificates
secure, using a sequential process of request (CmRaC) and re-
sponse (CmRaU). It resembles the usual process for reques-
ting 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 al-
so be renewed or deleted in the samemanner – if need be, wi-
thout involving the user in any way. This makes the process an
ideal choice for remote devices in industrial settings, IoT devi-
ces, or just for email encryption or VPN certificates in corpora-
te networks.

HIGH PERFORMANCE POTENTI-
OMETRIC 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 unbea-
table and the sensor is relatively easy to operate in industrial environments.

Pewatron has developed a potentiometric, zirconia based oxygen sensor mo-
dule, 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

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 si-
gnal 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

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
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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

There are two parts of machine learning, training and in-
ferencing. 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 data-
base is used to train the model by evaluating the predictions
made and updating the model using a training algorithm. On-
ce the accuracy of themodelmeets 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 medi-
cal 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 aML 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 Pro-
grammable 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 convolutio-
nal neural networks, (CNN). CNNs offer a robust solution for
training and inferencing data across a wide range of applicati-
ons. To train a network requires an iterative process with nu-
merous examples. Just like when we were young, our minds
had no idea what a squirrel or dog was. But after reading bo-
oks, being shown by our parents, seeing these and being told
what theywere andother related experiences, ourmindsbeca-
me trained. The samemust 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

of the previous inference results. This iterative process conti-
nues 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 inferen-
ced 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 ap-
plications 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 appli-
cation such as an endoscope that implements a ML algorithm
would find it difficult to incorporate a high power GPU and the
accompanying circuitry. The spaceand thermal constraints alo-
ne 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/accu-
mulate blocks, contain ample internal memory and operate in
a parallel manner. An FPGA can be configured to optimally in-
ference 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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network. A well implemented quantization will result in
less than 1% of accuracy loss.

Withmany 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 invol-
ves 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 programanFPGA.Unfortunately,many FPGA inference im-
plementations require that the firmware bemodified.ML infe-
rence 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:

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

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

plug into an embedded PC is ideal. One FPGA basedML acce-
lerator (“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 sol-
vemany challenging data centric applications.Having these
networks trained most often by GPUs provides a challenge
for inferencing at the edge. FPGA based ML implementati-
ons are compellingwhen the solution addresses the challen-
ges of quantization, no retraining of the network and no
FPGA recoding.

CONTACT

Western Digital
5601 Great Oaks Pkwy
San Jose, CA 95119
USA
www.wd.com
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New composite materials for transmission components reduce
friction and wear

ANovel Approach to High
Performance Plastics

Components made of thermoplastics are mostly produ-
ced on the basis of standard compounds. This also ap-
plies to high performance plastics (HPP) such as

PEEK, a polymer used in applications that produce extremely
high operating temperatures. Thematerial developers at Freu-
denberg Sealing Technologies are taking a different approach
and have developedPEEK compounds that are precisely tailo-
red to the respective application. The resulting gear seals and
thrust washers are characterized by lower wear, lower friction
and lower temperature development.

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 po-
lymers that are processed with or without commercial fillers is

available for simple plastics and technical thermoplastics as
well as for HPPmaterials such as PEEK. Despite their availabi-
lity, however, these solutions have a significant disadvantage in
that material ingredients are not optimized to match specific
component and application needs and performance and relia-
bility can be compromised. In light of this situation, themateri-
als 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.

The newmaterials are based on precise knowledge of their ap-
plication. 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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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 as-
sembly of the component. The resulting HPP materials are
precisely tailored to address current and even future applica-
tion 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 compo-
nents. 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 sys-
temwear produced byQuantix 55-14 reduces hardness requi-
rements for shafts and lowers customers’ production costs.

Freudenberg’s Levitorq™ thrust washers also use Quantix 55-
14. The flat, disc-shaped components are used in torque con-
verters 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 ro-
tate, Freudenberg’s patented groove technology allows fluid to
pass under the washer. This creates a hydrodynamic lubrica-
ting film that lowers friction and reduces wear in the applica-
tion. If conditions prevent operation in the hydrodynamic ran-

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 rea-
dily available, standard HPPmaterials designed for applicati-
ons 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 tem-
perature at the interface of 35 °C.

“As these examples show, grabbing a product off the shelf
isn’t always thebest approach,“ saysDr. ChristophKlingshirn,
who is responsible for global plastics development at Freu-
denberg Sealing Technologies. “If materials expertise is com-
bined with application knowledge, this can lead to ever higher
performance plastics.“

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 de-
vice (SaMD) and in vitro diagnostic (IVD) medical products.

Primarily intended for medical device manufacturers, the ISO standard pro-
motes 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.

The ISO 14971 revision was aimed at clarifying the standard“s technical

requirements by including more detailed information on the steps manufac-
turers must take to meet those requirement. It also includes new and upda-
ted terminology to reflect the current market needs. The guidance has been
moved to the standard“s accompanying technical report ISO/TR 24971, Me-
dical devices – Guidance on the application of ISO 14971, which was revi-
sed 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 ha-
zards 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, Qua-
lity management and corresponding general aspects for medical devices,
and IEC/TC 62, Electrical equipment in medical practice, of the Internatio-
nal 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

CONTACT

Freudenberg Sealing Technologies GmbH& Co. KG
Höhnerweg 2-4
D-69469Weinheim
Phone: +49 620 18 00
www.fst.com
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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

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

nostics for human, dental and veterinarymedicine. These pro-
ducts are manufactured using various classic production
processes such as extrusion, injection molding and machi-

The patented technology with the two-component ring nozzle for the CO2 and the jacketed jet of compressed air ensures a consistent and uni-
form cleaning performance. It also reliably prevents the nozzle from icing up.
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ning, and increasingly also industrial 3D printing. In all of the-
se production processes, residues such as separating agents,
particles, fine burrs, dust or powder remain on the product sur-
face. Depending on the risk class in which the respectivemedical
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 pro-
ducts that do not pose a direct threat, filmic and/or particulate
contamination can have a negative effect on downstream proces-
ses, such as coating or painting, or falsify laboratory results. This
demonstrates the impact of parts cleaning on the safety, qua-
lity and functionality of products. Meeting the necessary pro-
duct-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 mol-
ded interconnect devices (MID).

Four effects guarantee clean surfaces

The modular quattroClean snow-jet technology from acp sys-
tems AG has proven to be an efficient, reliable and cost-effecti-
ve cleaning process. The cleaning medium used is liquid non-
corrosive carbon dioxide which has a practically unlimited shelf
life. Created as a by-product of chemicalmanufacturing proces-
ses 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, non-
toxic 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 ja-
cketed jet of compressed air and accelerated to supersonic

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 fourmechanisms
reliably and reproducibly removes particulate and filmic con-
tamination such as chips,micro burrs, dust, abrasion, separa-
ting agents and silicones, as well as traces of powder from
processes such as laser structuring. Furthermore, cleaning
with CO2 also has a bacteriostatic effect.

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 theproduct surfaceby the ae-
rodynamic force of the compressed air and removed together
with the sublimated carbon dioxide by an extraction unit in-
tegrated into the cleaning module. The cleaning process is so
gentle on materials that delicate and finely-structured surfa-
ces 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 traditi-
onal 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
sequenceduringwhich they are heated and cooled repeatedly. In
comparison, the cold and dry CO2 snow-jet cleaning process is
muchmore compact and investment and operating costs are sig-
nificantly 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 geomet-
ries. It is also used to remove contamination from structures in
additively-manufactured implants made of PEEK.

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

The quattroClean systemcanbeused in themanufacture ofmicroflui-
dic lab-on-chip products to remove ultra-fine burrs from plastic injec-
tion-molded parts and clean them at the same time.
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Cooling and cleaning in a single step

The high-performance plastic PEEK is also the starting mate-
rial for machined implants andmedical 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 re-
moved 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 plas-
tic have shown that simultaneous cooling can not only prevent
changes inmaterial properties from occurring but also the de-
structive deposition of particles on the grinding wheel.

Validated processes optimally adapted to the
application

Since the cleaning process is scalable, it can be easily adap-
ted in a space-savingway to different applications and compo-
nent 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 res-
pective component in pilot tests, which also takematerial pro-
perties and the type of contamination requiring removal into
account. The parameters can later be filed as part-specific
cleaning programs in the system controls.

The stability of the density of the snow jet is crucial to the clea-
ning performance and thus the quality of the cleaning pro-
cess. Thanks to an innovative sensor system, this key parame-

ter can be continuously monitored at each nozzle during clea-
ning. 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 detec-
ted immediately and only the parts cleaned in the defined pro-
cess 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 ma-
nufacturing 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 para-
meters can also be automatically recorded, stored and trans-
ferred to ahost computer for complete documentation and tra-
ceability. 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.

Tailored system concept

Manual, semi-automated and fully-automated quattroClean
systems are designed and built according to customer-spe-
cific requirements using components based on standard
modules. Stand-alone solutions are supplied, as well as sys-
tems integrated into production lines and connected pro-
duction environments.

Systems for use in clean environments are fitted with a specially-
designed unit for preparing the liquid carbon dioxide and com-
pressed air. The air feed system, extraction unit and other equip-
ment installed, such as automation and pick & place compo-
nents, always match the specifications of the respective
cleanroom class. Optimum flow conditions ensure that detached
contamination is carried away from the product quickly and reli-
ably. 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 connec-
tion 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 andmanufactu-
ring environments, medical products can be cleaned in a reliable
and efficientway - evenunder thenewMedicalDeviceRegulation
(MDR).

QuattroClean snow-jet cleaning is also used to clean plastic implants.

CONTACT

acp systems AG
Berblingerstr. 8
D-71254 Ditzingen
Phone: +49 7156 48 01 40
www.acp-systems.com
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Lancet Drums with
PIA meditec$
The economic production with ever more complex tech-

nical products is a permanently increasing challenge.
In addition, customer's productionmanagement is also

included in order to generate the best possible overall equip-
ment effectiveness (OEE) at a balanced price-performance ra-
tio. Furthermore, our experts assist clients with the mainte-
nance of the production line and for the training of employees
after the final acceptance of a system.

With the meditec® linear mounting system, specialists from
PIA Automation offer a system for various assembly tasks whi-
le 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 certi-
fied according to DINEN ISO14644-1. The institute conduc-
ted a total of eight series of measurements at 61 different
measuring points. According to their statement, PIA Automa-
tion has thus far been the only mechanical engineering com-
pany 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 gui-
delines GAMP-5.

An advantage of the longitudinal transfer system is the high
level of vertical integration. Thus, the system enables the con-
figuration 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
producedbymeans of this production line. The systemversion
was especially developed for the automatic assembly of phar-
maceutical and medical products and equips š 1152 lancets
/ min and produces 8640 quality parts / hr on lancet drums.

Themodularly expandable PIAmeditec® linear mounting sys-
tem 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 as-
sembly processes, including various units such as spiral con-
veyors or palletizing systems feeding the individual compo-
nents. The oval structure of the linear transfer system results
in an elliptical production process. This allows the individual
workpiece carrierswith a size of 65x150mmtobe transported
counterclockwise to the individual processing and testing sta-
tions. 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 cleanroomwith
an ISO cleanroom class 8. The individual workpiece carriers
are each equipped with eight lancet drums.

Themanufacturing process in detail

Themanufacture of the lancet drums equippedwith six lancets
begins with the mechanical feed of the drum bodies into the
nests of the workpiece carriers. The correct placement of the

The production line is designed according to the PIAmedical stan-
dard meditec® and corresponds to cleanroom class 8.

Automation specialists at PIA
Automation design complex as-
sembly and production proces-
ses. Each system is developed
according to customer require-
ments, working with existing
customer systems and the spe-
cific know-how of the custo-
mer's employees.
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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 ap-
plication of the paint layers can be vacuumed off at the station.

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 drumsleeves
can be checked.

In the following step, the deli-
very of the lancets with special-

ly manufactured cassettes takes place. Further, the isolation
and placement of the drum housing with the lancets continu-
es. Following, the isolated lancets can be divided into six parts
in a revolver. Thereafter, the turret filled with the lancets is po-
sitioned over the barrel housing to insert the lancets without
latching them.

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

Following, parts are turned180 ° so that thedrumhousing 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 illuminationby the automation experts al-
lows the ability to identify corresponding missing parts.

Next, component identification of quality parts is made. For
instance, an inkjet system with specified customer informati-
on such as an expiration date and a customer-defined batch
number is placed on the outside of the drumhousing. This sta-
tion 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. Alt-
hough a very high standard of quality already prevails in the
field of medical technology, PIA Automation offers its custo-
mers the option of quality testing as an intermediate step. He-
re, the operator can activate the mode 'Request QS parts' via
the HMI (HumanMachine 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 ignoredduring the entire process chain, this
element is removed at the penultimate station. Whether the re-
moval 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 bellmoves over theworkpiece carrier, ge-
nerates a blowing im-
pulse and sucks at
the same time. Follo-
wing this, the process
for manufacturing
the lancet magazines
can begin anew.

Lancet drum

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.

At the end of the process chain, the removal of flawed parts and the
cleaning of the workpiece carriers take place.

CONTACT

PIA Automation Amberg GmbH
Wernher-von-Braun-Straße 5
D-9224 Amberg
Tel. +49 9621 60 80
www.piagroup.com
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HSCmilling: Highly productive, high-volume production
for surgical instruments

Entering a Demanding
Market Niche

Surgical instruments are high-precision products that
are manufactured with great care, usually in small
quantities. The structures and equipment of manufac-

turers 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 pro-
ducts in large quantities. The key element is a two-spindlema-
chine from Schwäbische Werkzeugmaschinen GmbH (SW)
with very high repeat accuracy. An assessment report.

“The requirements are high and the competition is hard inma-
nufacturing of precision mechanical surgical instruments,“
confirms Frank Pauschert, Regional Sales Manager of SW,
SchwäbischeWerkzeugmaschinen GmbH inWaldmössingen,
Germany. His customers include a company in this sector that
has grown frommodest beginnings when it was founded in the
1980s to become a mid-sized enterprise with about 130 em-
ployees. Currently about1000different utensils aremanufac-
tured for awide range of surgical applications. All instruments
come complete and ready for use. The individual parts are

made of premium biocompatible materials such as stainless
steel and are manufactured in machining processes.

Despite the use of modern NC-controlled machine tools, ma-
nual operations make up a great deal of the manufacturing
process for these instruments because they consist of up to40
different components that must be refined, surface-treated
and assembledmeticulously by hand. In addition, they are of-
ten 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 manufactu-
ring 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 cus-
tomers, who often have great market power. This limits profita-
bility andwith it future growthpossibilities. To safeguard the fu-
ture in the long-term, a decision was made about two years ago
to enter an extremely challenging large-scale production pro-
ject: 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 stopp-
ingminor bleedingwith electrical pulses.Minute tubeswere al-
so integrated into each arm of the forceps throughwhich an irri-
gation fluid can be directed into the operating area. Despite its
straightforward appearance, the instrument requires very time-
consumingmanufacturing with numerousmechanical andma-
nual work cycles, all of which must meet strict quality require-
ments.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.

An elaborate drawer mechanism ensures controlled deposit on a con-
veyor belt.
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Amachining 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 inter-
face and reach speeds of up to17,500 rpmwith 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
forcepshalvesmade of aluminum. It has a custom-madeauto-
mation 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 cen-
ters 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 sys-
tem, it can do this around the clock, largely without super-
vision. The machine also features impressive repeat accuracy
and thus quality of manufactured parts. In addition, it signifi-
cantly surpasses the throughput performance of the otherma-
chining centers installed on site.

Development partnership in automation

SWwas chosen first of all because of the impressive producti-
vity 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 rawmaterial. The forceps halves are carved out of the secti-
ons 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-

cate tips of the forceps could be damaged. The forceps are re-
moved 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 individual-
ly on a transport drawer and moved by conveyor belt to the re-
moval station, where they are manually inserted in basket
racks for the next work cycles. “The joint development of auto-
mationwas very efficient thanks to theprofessionalismof both
teams,“ recalls Frank Pauschert.

Delivery and commissioning

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 systemwas placed in operati-
on at the operating site in June/July 2018. Since then there
have been tests as well as programming for a total of 18 pro-
duct 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
weekwith no human interaction other than supplyingmaterial
and removing finishedmilled 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 in-
dependently with it. With “life data“, an online service of SW,
the machine is continually connected online to SW, where es-
sential machine parameters are monitored nonstop. If pro-
blems come up, action is taken immediately. Good use has al-
ready been made of this service, as the machine operator was
supportedby remotediagnostics. “life help“ also turned out to
be very helpful: When problems occasionally came up, it pro-
vided quick and very competent consulting, and if a service
employee was needed at all, he was often on site for less than
anhour.Without this service there ismuch thatwouldnot have
worked, or would have takenmuch longer. An additional
BA 321 has already been delivered in August 2019.

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

CONTACT

SchwäbischeWerkzeugmaschinen 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 pre-
viously defined specifications. But formedical technology, precise
adherence to the parameters is of even greater importance.

Cheaper is alwaysmore
expensive in the long run

Both 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 pro-
ducts. Scrimping on the purchase price of the measuring de-
vice can quickly result in hidden costs that turn out to be far
higher than any initial savings.

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-basedmeasurementmethodsmake it
possible to display the laser’s beamprofile as well. The applica-
tion 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 instru-
ments is their accuracy. A distinction ismade here between ab-
solute accuracy, which indicates the deviation from the true va-
lue, and repeatability, which compares values determined un-
der the same conditions in successive measurements.

Power measurement

Let's first take a look at energy and powermeasurement. 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 unne-
cessarily increasing the price of the laser source. This fact can
only be checked with measuring instruments that deliver re-
sults 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 pow-
er 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-

cally, calibrating the sensor to onewavelength would then suf-
fice. In practice, however, the absorption behavior of the coa-
ting is different at different wavelengths. So, in order to achie-
ve high absolute accuracy, the sensor needs to be calibrated to
several wavelengths. This is howMKS Instruments attains ab-
solute 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 in-
dividual OEM calibration that takes into account the users
exact operating conditions. Based on the measurement re-
sults of precisely calibratedOphir sensors,manufacturers can
optimally specify the laser power and reduce the safety mar-
gins to a minimum.

An important but rarely discussed quality criterion is the sen-
sor’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 themanufacturer of lasers or laser systemsmust build
in – at great cost. With high-quality Ophir sensors, the stan-
dard deviations are well below 1%, when used in the same
measuring environment in the per mil range. Particularly for

Ophir offers a wide range of sensors and display devices for power and
energy measurement
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companies that, for example, use several sensors in parallel in
a production process, the differences in accuracy show them-
selves very quickly. At first glance, cheaper solutions often
entail high follow-up costs. Consider for example the high-re-
solution thermal Ophir Sensor 3A: It has a 9.5mm aperture
and is suitable for measurements ranging from 10µW to 3W
and from20µJ to 2J. Themarket comparison in the power ran-
ge up to 3W shows that the acquisition costs of this sensor are
above the average market price. And not without reason: In-
deed, 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 ac-
curacy 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.

Analyzing beam profiles – clearly and precisely

Numerous applications in medical technology require more
than just knowing the overall power or energy of a laser beam.
Manymore parameters play a role, such as power distribution,

power density or focal
shift. Measurement is
performed by camera-
based technologies
using conventional
CCD or CMOS came-
ras that are intelli-
gently combined with
optical components
and powerful soft-
ware. Here, too, the
measurements show

clear differences in quality, in terms of both absolute measu-
rement results and reproducibility. In addition to the type of

camera chosen by the instrument’s manufacturer, the soft-
ware algorithms and optical components implemented exert a
major influence on this. A high-quality, camera-basedmeasu-
ring instrument even allows the measurement of tunable la-
sers, 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, derma-
tology, the camera resolution must be correspondingly high.
Otherwise, the power peaks are simply not displayed.

In summary

Measuring laser beams in medical applications is beyond ques-
tion: It is absolutely essential to measure power, energy and/or
beam profile along the entire value chain, starting with the laser
sourcemanufacturer 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 aper-
ture size in relation to the beam size and the operating tempera-
ture of the sensor.However, qualitative aspectsmust alsobecon-
sidered, as they can impact the quality of the end product and/or
the success of the therapy on the patient. If one tries to savemo-
ney on the quality of themeasuring devices, this can eithermean
forfeiting any optimization potential or require a significantly
higher effort in terms of time and cost to achieve the same laser
beam quality.

Author:
Christian Dini
Director Global Business Development
Ophir Spiricon Europe (MKS Instruments)

Measuring laser beams inmedical appli-
cations is beyond question

CONTACT

Ophir Spiricon Europe (MKS Instruments)
Guerickeweg 7
D-64291 Darmstadt
Tel. +49 6151 70 83 99
www.ophiropt.com
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AdditiveManufacturing of
Medical Products
Combining 3D printing with the usage of high-perfor-

mance polymers, the technology is perfectly suited to
themanufacture ofmedical devices such as implants or

surgical guides as well as functional parts in amedical context.

Obstacles for medical applications

The medical industry is filled with strictly defined production
processes, certifiedmaterials and regulations, amongst many
other things, for good reasons. Launching a new manufactu-
ring technology into themarketmeans high development time
and cost. 3D printing for clinic therefore is a rare but deman-
ding technology, offering advantages such as material saving,
design freedom and individualisation.

The company Apium Additive Technologies GmbH based in
Germany, was founded to develop a machine for processing
the high-performance polymer PEEKwith the Fused Filament
Fabrication (FFF) method. With this technology, a polymer in
the shapeof a filament is fed into aprint nozzle inside theprint
head, where it gets molten. The nozzle then draws the outline
of a parts bottom layer and fills it withmaterial. 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

with amaximum service temperature of 250 °C, whichmakes
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 aci-
dic and basic environments. However, the distinguished pro-
pertiesmake it difficult to process the polymer.With amelting
point of 341 °C and a glass transition temperature of 150 °C,
an excellent temperature management is necessary. The Api-
um FFF 3D printers are designed for such requirements and
with the integratedAdaptiveHeatingSystem,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 150mm.What sounds small, is the solution of
distributing the necessary heat homogeneously while prin-
ting. For high performance polymers such as PEEK, the tem-
perature 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 vacuumclea-
ner on a floor of the size of a football field – once the robot is
donewith one corner, other corners will be dusty again. To avo-
id a layer cooling down too fast, the Print Head stays above the

Printed PEEK cheekbone

Besides the design freedom
and flexibility of the process of
Additive Manufacturing (AM),
but also the cost and material
savings compared to conventio-
nal manufacturing methods
such as CNC milling, 3D prin-
ting is themost valuable tool for
the production of specialized,
customized parts in small
quantities.
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printing part. With the chosen size and the energy consumpti-
on of the printer, PEEK is preferably printed in its semi-crys-
talline 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, over-
hangs, 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
thedensity and the strength and stiffness of thepart. Also, one
part can be printed within short time, allowing fast changes in
the design and having a physical, robust sample in hand wit-
hin a few hours.

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

The company itself used their machine to develop the Advan-
cedExtruder for their new generation printers. In the use case,
Apium could show the efficiency of 3D printing regardingma-
terial costs and time consumption in comparison with milled
prototyping. The Advanced Extruder went through four iterati-
on steps and 3D printing the prototypes took 13 days in total,
while milling each of the four steps would take 10 days, res-
pectively. 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 pro-
duction. A coupling hub previously manufactured of stainless
steel (316L), has then been produced out of Carbonfiber
Reinforced PEEK with an Apium P220machine. 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

Apiumengineered industrial 3Dprinters for processingPEEK,
before using the gained experience and technical know-how to
develop the ApiumM220 for printing PEEK parts for medical
applications. This machine comes with several features im-
plemented in the Quality Control System, for example closed-
loop motors, an automated door lock while printing, full prin-
ting reports, a Damage Control System while printing and an
integrated camera. Apium contributes one of their M220ma-
chines 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 prin-
ting implants and other medical parts. At themoment, Apium
is not only looking for industrial partners, but is also interested
in collaborating with research groups to identify needs and re-
quirements in the medical sector.

Author:
Michaela Lücker
M.Sc. Apium Additive Technologies GmbH

By 3D-printing even themost complicated implants can bemanufac-
tured patient-specific

CONTACT

Apium Additive Technologies
GmbH
Siemensallee 84
D-76187 Karlsruhe
www.apiumtec.com

81



MEDengineering INTERNATIONAL/2020 www.med-eng.de

MED Production 3DPrinting

Pi
ct
ur
es
:M

at
er
ia
lis
e
G
m
bH

The close interaction between digital planning software, biomedi-
cal user competence and suitable hardware plays a crucial role in
successful patient care.

3DPrinting in
Medicine

Accompanied 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. AdditiveManufacturing –
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 fo-
recasts, the market value of Medical 3D Printing will amount
to just under $1.5 billion in 2026.

Even today, 3DPrinting is used in various areas of research, pa-
tient care and quality control. The spectrum ranges from anato-
mical models for visualization and haptic preparation for sur-
gery, to patient-specific resection templates that are temporari-
ly 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 sub-
jects in orthopedics, cranio-maxillofacial and cardiac surgery.

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

Planning and Preparation of 3D Printing

Software is the key part in theprocess of preparing andproces-
sing anatomical data. Radiological raw data in DICOM format
is segmented using software, i.e. filters are set based on grays-
cales and anatomical information, which subsequently define
a volume ormask that overlays the anatomical data. Thismask
serves as a print object and can be adapted, refined or modi-
fied 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

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

The softwareMimics Innovation Suite also offers the fusion of
image data fromdifferent radiologicalmodalities, e.g. in order
to combine the geometric accuracy of CT data with the anato-
mical 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. De-
signmodules are also available in the software sector. The de-
signmodule is used to create patient-specific plates, implants
and resection templates. This individual design option opens
upnewand state-of-the-art possibilities for highly specific pa-
tient care. Finally, material properties can be assigned to ana-
tomical 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.

Heart model with respiratory tract, 2-colored and flexible
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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 themetal
sector. Depending on the area of application of the print ob-
ject, a printing processmust be selected thatmeets the requi-
rements 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
qualitymanagement and the associated liability issue is resol-
ved by the clinic or outsourced to third parties.

Materials

In contrast to industrial additive manufacturing, bio-compa-
tible materials are predominantly used in Medical 3D Prin-
ting. 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 fore-
ground. 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.

Heart model in laser sintering process

The anatomical models differ in their field of application. If
the anatomicalmodel is only used for teaching purposes, then
generic anatomy is sufficient. In the event that themodel is to

be consulted in patient-
specific diagnostic ques-
tions, the individual ana-
tomy and accuracy are of
particular importance. As
soon as the 3D-printed
product is used on the pa-
tient in a sterile environ-
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 mana-
gers. In addition to this potential area of conflict, the Medical
Device Regulation (MDR) was fundamentally updated and re-
vised at theEuropean level in 2017. The influence of theMDR
2017 cannot be fully foreseen today, yet it is currently having
an impact on 3D printing, the associated documentation re-
quirements and approval regulations, which are of particular
importance in the field of medical technology due to the res-
ponsibility towards patients.

Authors:
Katharina Mayer
Martin Herzmann
Materialise GmbH

Stereolithographic model of a skull in clinical use

PolyJet models of liver and kidney to visualize vascular supply

Laser-sintered heart model

CONTACT

Materialise GmbH
Friedrichshafener Str. 3
D-82205 Gilching
Phone: +49 8105 77 85 90
www.materialise.com/de

83



MEDengineering INTERNATIONAL/2020 www.med-eng.de

MED Standards Certification

Pi
ct
ur
es
:C

R
IT
IC
AL

M
AN

U
FA

CT
U
R
IN
G
,S

.A
.

The production of increasingly sophisticated and complicated de-
vices demands a change – and one of the first thing to go should be
burdensome paper records.

The FDAwants you to shift
fromPaper to Knowledge

Regulatory Authorities clearing theway for a newera of di-
gitalization. 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.

Some of the new devices being introduced by the MedTech in-
dustry are remarkable. Designed to improve patient outcomes
andwithmany completely customized to individual needs, they
incorporate intricately engineered innovations and sophistica-
ted 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 proac-
tive andpredictive process enhancements for improvedquality.
So, how is the industry changing? A move towards smart ma-
nufacturing 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 de-
mands, and increase opportunities for future innovations.One
of themost fundamental benefits this delivers, however, is the
complete removal of paper records along with the huge over-
head and risks they incur.

Moving away from a straight line for continuous
process improvement

Industry 4.0 is modelled on the use of smart devices, with in-
telligence distributed throughout the shop floor and even bey-
ond to other factories. It uses technologies including the In-
dustrial Internet of Things (IIoT); low cost, miniaturised sen-
sors, and Big Data analytics. By adding intelligence to
products andmaterials, termed in Industry 4.0 as “cyber-phy-
sical systems“ (CPS), these cancommunicate directlywith in-
telligent machines, or “cyber-physical process systems“
(CPPS). Both the CPS and CPPS are intelligent, aware, con-
nected and responsive. In this scenario, rather than having fi-
xed process lines, the whole shop floor starts to become a dy-
namic marketplace, where the CPS request services from the

CPPS and negotiate the optimumway through the production
processes they need. This enables the economical production
of personalized or high-mix products and provides the Med-
Tech industry with a new level of agility to respond to innovate
and respond to newmedical advances.

With a smart shop floor, real-timedata and analysismean that any
potential production issue can be resolved before it becomes a
quality issue. In otherwords, quality is built in throughout thema-
nufacturing process instead of being inspected in at the end. It is
this continuous process improvement that is appealing to regula-
tors such as the FDA. In its “Case for Quality“, the FDA is striving
to elevate the focus of all medical device stakeholders from base-
line regulatory compliance to sustained predictive practices that
advancemedical device product quality and safety.

A Swarm of Big Data

Smart manufacturing generates huge amounts of data from
disparate sources. To enable continuous improvement of devi-
ces and processes, these need to be collected and analysed to
gain strategic insight into preventing errors andwhere to focus
resources for better results. A new breed of modern MES
needs to handle the volumes of data created and support ad-
vanced 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.

A new era of digitalization is set to clear the path to compliance.
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Why paper must die out

Why is the drive to remove paper from manufacturing proces-
ses particularly important to the MedTech industry? The ans-
wer simply lies in the fact that the levels of responsiveness
needed to avoid quality issues and improve production proc-
esses cannot be handled with cumbersome, manual paper re-
cords. Information needs to be real-time, quickly analysed
and turned into swift action. Achieving this, also offers the po-
tential reward of reduced audits and certainly less painful re-
gulatory 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
inMES take compliance to whole new level. The system provi-
des inherent traceability, not only of the entire shop floor but
also into thewider supply chain, removing the possibility of er-
roneous data entry and risk of regulatory action.

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 detai-
ling themonpaper after theyhappen,makes the overallmanu-
facturing 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 conti-
nually available and searchable in the form of electronic De-
vice History Records (eDHR). Having this total information re-
adily available removes the need to search throughmountains
of paper records, whichmay even be stored offsite, should do-
cumented evidence be required to show that specific manu-
facturing 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 confi-
dence that systems are and will remain in control.

Asmedical devices becomemore 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 immedia-
tely identify variations in processes and enable corrections to be

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 theMedTech Industry and represent a revolution in theway
medical devices are manufactured. Indeed, if businesses
wish to compete and innovate into the future, they cannot ig-
nore 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, line-
ar production lines, anMES for Industry 4.0needs 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 trans-
fer that suits individual business needs. In this sense, the truly
modernMES is not only a backbone for a smartmanufacturing
model, but also a pathway to the future. The ability and flexi-
bility to integrate old and new equipment is a vital strategy to
making Industry 4.0 a reality. Modules such as Critical Manu-
facturing’s “Connect IoT“ have been specifically designed to
offer this functionality and clear the way for the future. Loo-
king forward, the MES also needs to be flexible to adapt to
changing business needs. A Cloud aware platform and inhe-
rent 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 pa-
tients they support. As medical devices become increasingly
complex, the need to build quality into processes through im-
proved control and responsiveness becomes increasingly
clear. Smartmanufacturing 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 produc-
tion 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 en-
hancements to processing systems. The technology to imple-
ment the future of MedTech manufacturing is here today and
ready to help the industry to an even brighter future.

SophisticatedMedTech production requires modern systems to opti-
mize efficiency

CONTACT

CRITICALMANUFACTURING, S.A.
RUA ENGº FREDERICO ULRICH, Nº 2650
PT-4470-605MOREIRA DAMAIA

www.CRITICALMANUFACTURING.COM
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