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1. Overview about ETERNITY NWE4 
The recent network-wide event (NWE4) held in Best (NL) at the PMS headquarters was a resounding 
success. The agenda, meticulously crafted with regard to topics and timing, was flawlessly executed. 
The event witnessed active participation from all the ESRs and representatives of the beneficiaries. 
Furthermore, to accommodate unavoidable constraints, the first two days of meetings were 
conducted in a hybrid format, enabling the involvement of one supervisor who couldn't attend in 
person.  

NWE4 marked a significant milestone, showcasing the professional growth of ESRs. Each ESR had 20 
minutes to present their research, followed by a 10-minute Q&A session. 

Compared to previous events, 5 more minutes were given to delve into the results, reflecting the 
maturity of the project one year to the end. 

Feedback from colleagues, supervisors, and partner organizations proved invaluable, fostering 
potential collaborations and advancing research development. 

Please note that the ESRs' presentations are not included in this document as they contain results 
slated for future publications. 

1.1. Day first 
After being welcomed to the Philips campus, the project coordinator provided an overview on the 
project development showing the achievements and the forecasting until the end of the project taking 
into account the DoA, the available resources and the strategy designed for its implementation. 

During this day 9 out of 14 ESRs introduced their ppts (from ESR1 up to ESR9). Nicolaas Noij, Clinical 
Marketing Specialist at Philips IGT-S Clinical Marketing & Education provided a lecture on the critical 
clinical care environment of angiographic X-ray labs in hospitals. This lecture provided the background 
insights as part of the ESR immersive training this NWE. 

Subsequently there was a visit to the Philips Customer Experience Center. Participants got a broad 
overview of the current challenges in healthcare and an overview of a wide variety of patient and care 
centric clinical solutions. These solutions ranged from small ultrasound probes connected to a tablet, 
enabling early access to direct care in remote areas or during transport, to large imaging systems as 
MRI, radiology and angiographic X-ray systems used in professional health care facilities. 

The on-site visit including challenges and innovation was much appreciated by the public.  

The evening ended with the social dinner in Eindhoven. 

1.2. Day second 
During the second day, the SB-MT meeting took place. The meeting was confidential and therefore 
its content is not shared in this public deliverable.  

There was no formal meeting of the ESR Council, as the ESRs had already met on two previous 
occasions on 22 November 2023 and 22 January 2024 to discuss the evolution of the project, the 
appointment of the new ESR representative in the SB-MT meeting. This choice ensured that the ESR 
representative attended the SB-MT meeting with the feedback already collected from the ESRs. 

The remaining 5 ESRs made their presentations and the day ended with a guided tour of Philips 
Historische Producten. The visit was enchanting, led by former Philips engineers retired for years who 
presented the different lines of exclusive products from the beginning of the 1900s to the present day. 

https://www.sbhp.nl/
https://www.sbhp.nl/
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1.3. Day third 
At the start of the third day, the immersive training kicked off with a recap of the trainings provided 
during the NWE1-NWE3. The three teams were provided with their challenge for the NWE4 training 
upfront the training, to enable them to focus on their team’s training objective. 

The theme of the immersive training was: business case. 

• Team1: From care to prevention 
- How to reduce the amount of hospital admissions (without missing out on cases that 
require timely intervention)? 
- What can be done to prevent EMD related anomalies during (planned) interventional 
procedures? 

• Team2: Quality of care 
- How can patient experience be improved and anxiety be reduced? 
- What EMD risks are to be foreseen related to less invasive procedures, what can be done to 
mitigate such risks? 

• Team3: Safe travel 
- How are patients moved into, through, and out of the hospital? Are all such movements 
optimal and necessary? 
- What EMD risks are to be foreseen and how to mitigate them? 

The training emphasized the increasing complexity in clinical care and the growing challenges for EMI 
risk management. It provided practical insights in how EMI risk management and is done in practice 
during the pre- and post-market phases of safety critical medical imaging systems. 

At the end of the morning participants got a tour through the Philips EMC Laboratories with a large 
10 meter semi-anechoic chamber, a 6-meter semi-anechoic chamber and two large Faraday test 
bays. 

In the afternoon the teams were set to work as start-up EMC consultancy firms consulted by the 
board of directors of “Global Care hospitals”, a fictive hospital chain. 

Scene setting 

– After your Eternity experience, your team created an EMC expertise consultancy service. 
– A large hospital chain got negative in the news due to a couple of fatal accidents. 
– To make it worse, media attention gave the picture that they are out of control and even 

screwed up their WiFi router settings. 
– All attention brought the shares down and large investors withdrew their money, causing a  

cash-flow problem. 
– The board of directors read posts from the Eternity project and found out about the EMC 

consultancy start-ups. 
– The CFO told that would be the cheapest option to restore their reputation. 
– You are invited to the BoD to pitch your capabilities and learn about the hospital chain’s 

problems. 

Each team had an individual introduction at the BoD, where they were confronted with ‘reality’ of 
time-pressure, different stakeholder roles and interests, and provided with feedback on the 
introduction of their company and their competition. During the full afternoon, the teams could 
request further consultations with individual BoD members while they were trying to understand 
their customer concerns and come up with a business proposal. 
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The day ended with a dinner and social activity at the Eindhoven ice skate track, a first-time 
experience for most non-Dutch participants. 

1.4. Day Forth 
On day four the immersive training continued with a visit to the MRI test bays, followed by a visit to 
the IGT-S verification and validation test bays. 

The immersive training continued afterwards with two concrete technical MRI adverse event 
examples where EM insights was crucial to come to a solution. 

The teams continued to work on their business proposal to the BoD of “Global Care Hospitals”. This 
time they could request for consultation with any hospital staff role. On request they could get 
detailed insights in real documents like risk-management-files, complaint handling files etc. (under 
NDA) in preparation of their final offer. 

At the end of the immersive training the teams presented their offers to each other. 

As a closure to NWE4, the full team was invited to a 25-year employment anniversary reception of 
one of the supervisors. 

2. The Agenda (day1st-day4th) 
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3.  Excerpt from presentations 

 

 

Welcome to Philips Healthcare
Campus Best

© Koninklijke Philips N.V.

Welcome & Introduc�on
• Visitor badges:

– Always wear you visitor badge visible.
– Hand-in your visitor badge at the end of each

day when leaving the plant. You’ll get a new
one at the recep�on the next morning.

• Rules:
– No-smoking, except from designated smoking

areas/cabins.
– You are not allowed to roam around on your

own inside buildings, except from The Pavilion
and the Best Place.

– Coffee/thee machines may be used.
• Inside the labs

– No picture taking.
– Don’t touch machinery.
– Don’t touch absorbers or other equipment.

• Wi-Fi access:
Select: WLAN-PUB
Password: Innova�on&YOU
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© Koninklijke Philips N.V.

Welcome & introduc�on
• QR2 MRI labs

– Immersive training Thursday morning

• QA10 EMC Laboratories
– Immersive training Wednesday morning

• The Best place:
– Break-out rooms for ESRs

• QL1 IGT-S labs:
– Immersive training Thursday morning

• The Pavilion:
– Main venue for Eternity NWE4

• Nice ‘forest’ walking path

Rob Kleihorst / Mark van Helvoort
Image guided therapy systems (IGT -S) / Magne�c Resonance Imagning (PD-MRI)
February 26 -29, 2024 @ The Pavilion, Philips Campus Best

Eternity NWE4 immersive training
EMC for large medical systems
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© Koninklijke Philips N.V.

Immersive training challenge
• Team1: From care to preven�on

- How to reduce the amount of hospital admissions (without missing out on
cases that require �mely interven�on)?
- What can be done to prevent EMD related anomalies during (planned)
interven�onal procedures?

• Team2: Quality of care
- How can pa�ent experience be improved and anxiety be reduced?
- What EMD risks are to be foreseen related to less invasive procedures, what
can be done to mi�gate such risks?

• Team3: Safe travel
- How are pa�ents moved into, through, and out of the hospital? Are all such
movements op�mal and necessary?
- What EMD risks are to be foreseen and how to mi�gate them?

© Koninklijke Philips N.V.

Global Care hospitals – we care for your family !
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© Koninklijke Philips N.V.

Global Care hospitals – we care for your family !

• Helping you and your family is our priority
• Collabora�ve hospitals & out-pa�ent centers on 3

con�nents and 23 countries
• Staff you can trust your life on
• Flexible appointment systems
• Op�mized for shortest possible in-hospital stay
• World-class physicians, modern care-pathway and

state-of-the-art equipment

A Care Cycle can be seen as a set of process steps…

…which together deliver a full set of Care to a pa�ent with a medical condi�on

Prevention Diagnosis Treatment SurveillanceScreening Management

© Koninklijke Philips N.V.

Immersive training challenge: Business case

• Scene se�ng
– A�er your Eternity experience, your team created an

EMC exper�se consultancy service.
– A large hospital chain got nega�ve in the news due

to a couple of fatal accidents.
– To make it worse,media a�en�on gave the picture

that they areout of control and even screwed up
their WiFi router se�ngs.

– All a�en�on brought the shares down and large
investors withdrew their money, causing acash-flow
problem.

• The board of directors read posts from the
Eternity project and found out about the EMC
consultancy start-ups.
– The CFO told that would be thecheapest op�on to

restore their reputa�on.
– You are invited to theBoD to pitch yourcapabili�es

and learn about the hospital chain’sproblems.
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Rob Kleihorst / Mark van Helvoort
Image guided therapy systems (IGT -S) / Magne�c Resonance Imagning (PD-MRI)
February 26 -29, 2024 @ The Pavilion, Philips Campus Best

Eternity NWE4 immersive training
EMC for large medical systems

© Koninklijke Philips N.V.7

3. Equipment and systems
are ge�ng more connected

2. EM environments are
becoming less predictable

1. Clinical procedures are
becoming more complex

Consequence: Passing regulatory prescribed EMC tests does no longer imply a
medical device is safe and effec�ve in its intended use environment!
Mi�ga�on: system thinking and risk-based Design for EMC (DfEMC)

Result: Managing EMI risks is
ge�ng increasingly complex
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© Koninklijke Philips N.V.

1. Clinical procedure complexity
Medical procedures are ge�ng more complex due to several factors:
• Advancements in Technology:

Technology advances, new procedures are developed which require specialized skills and knowledge. Medical procedures
today o�en involve the use of advanced imaging techniques, computer-assisted naviga�on, and robo�c systems, which
require specialized training.

• Increasing Complexity of Medical Condi�ons:
As the popula�on ages, there are more complex medical condi�ons that require advanced treatments. Chronic diseases like
heart disease, cancer, diabetes, and neurological disorders require complex treatments that may involve mul�ple procedures
and therapies.

• Mul�-Disciplinary Care:
Many medical condi�ons require a team of healthcare professionals to work together to provide comprehensive care. This
requires coordina�on and communica�on between different specialists, adding complexity to the treatment process.

• Increased Regula�on:
As the pa�ent safety and quality of care are cri�cal in medical prac�ce, regula�ons such as MDR, FDA, and NMPA promote
stricter guideline and policies. Adhering to these regula�ons entails more detailed processes and procedures, increasing the
complexity of healthcare.

• Pa�ent Expecta�ons:
Pa�ents have become more informed and are expec�ng more personalized, advanced treatments. The expecta�ons of
pa�ents have led to the development of newer and more advanced medical procedures, raising the bar and making
treatments even more complex.

© Koninklijke Philips N.V.

2. EM environment complexity
EM environments are ge�ng more complex due to several reasons:
• Increasing Number of Electronic Devices:

As more and more electronic devices are being developed and u�lized in various fields, the electromagne�c environment is
becoming more complex. Each device generates its own electromagne�c field, and the interac�ons between these fields can
result in unpredictable outcomes.

• Higher Frequencies / lower voltages:
The opera�ng frequencies of electronic devices are increasing and opera�ng voltages are decreasing which makes the
electromagne�c environment more complex. High-frequency electromagne�c waves interact in non-linear ways, making it
more challenging to predict the behavior of the electromagne�c environment.

• Use of Wireless Technologies:
The increasing use of wireless technologies such as Wi-Fi, Bluetooth, and 5G, adds complexity to the electromagne�c
environment. Wireless devices emit high-frequency radio waves which can be absorbed, reflected or diffracted by various
objects and may interfere with each other.

• Electrifica�on of Transporta�on:
The trend towards electrifica�on of transporta�on such as electric vehicles, trains, and planes, is contribu�ng to the
complexity of EM environments. Electrified transporta�on systems generate significant amounts of electromagne�c fields that
can affect other electronic systems around them.

• Adap�ng to New Regula�ons:
New regula�ons such as ITU, RED, and FCC emission standards, safety standards, and compliance requirements are being
developed and updated to ensure a safer and more secure electromagne�c environment. Compliance with these regula�ons
requires addi�onal tes�ng, equipment, and procedures, adding complexity to EM environments.
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© Koninklijke Philips N.V.

3. Connected equipment & systems
With the increasing interconnectedness of systems and equipment, there are several risks associated with this:
• Cybersecurity Risks:

The more interconnected systems become, the more vulnerable they are to cyber a�acks and data breaches. Cybercriminals
can exploit vulnerabili�es in these systems, steal sensi�ve data, and cause physical damage, also using EM techniques.

• Compa�bility Issues:
Interconnected systems can suffer from compa�bility issues, leading to down�me, reduced produc�vity, and even system
failure. A malfunc�on in one system can also result in cascading errors that affect other connected systems.

• Lack of Control:
The more interconnected systems become, the more challenging it is for organiza�ons to maintain control over their systems.
With more data flowing through connected systems, it can be challenging for organiza�ons to track and manage sensi�ve data.

• Complexity:
The complexity of interconnected systems can be a significant risk factor, making it difficult to maintain and troubleshoot
problems when they arise. Interconnected systems o�en require specialized exper�se and resources to manage.

• Opera�onal Risk:
Using integrated systems introduces the possibility of new and unexpected opera�onal risks, and the poten�al for catastrophic
failures that can lead to significant harm or loss of life.

• Maintenance:
With the introduc�on of more connected equipment, it adds complexity to the equipment maintenance which creates a
problem for technicians who are not trained to repair complex machines.

• Human Error:
The risk of human error also increases with the addi�on of more interconnected systems. Mistakes in se�ngs or configura�ons
can cause significant harm to the connected equipment or systems.

© Koninklijke Philips N.V.

Strategic objec�ves
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© Koninklijke Philips N.V.

From rule-based to risk-based EMC
(IEC vision on the future of safety)

© Koninklijke Philips N.V.

From rule-based to risk-based EMC
(know EMD, minimize & respond to EMI)
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No!
EM fields are well understood and
all phenomena are fully calculable
using 4 coupled equa�ons …

Is EMC black magic?

© Koninklijke Philips N.V.

No! EM fields are well understood and all phenomena are fully calculable

Calculated fields can be visualized

Then why is it perceived as being so difficult ……?

Is EMC black magic?
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© Koninklijke Philips N.V.

It requires prac�ce
• You need to keep an eye on ALL balls at the same �me
• The balls change color, size and posi�on over �me
• Gravity pulls in all three dimensions
• Some balls are magne�c and a�ract (+ and– poles)
• Some balls are electric and repel (++ or– – charge)
• Some�mes Magica comes too close and kicks a ball

Because it’s a juggling act …

© Koninklijke Philips N.V.

Risk
Management

plan

Risk
Analysis

Risk
Evalua�on

Risk
control

Overall
residual risk
evalua�on

Risk
Management

Report

Post Market
ac�vi�es, incl.

PMS

RMR

RMP

Recurrent EMC Compliance cycles
• Learn from earlier cycles
• Learn from complaint data
• Learn from research
• Maintain state-of-the-art

Risk Management
ISO 14971

Increasing complexity in the medical domain requires con�nuous investments in
learning and educa�ng EMC engineers on SYSTEM THINKING AND EMC RISK CONTROL
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Global Care Complaint:
MRI Power Supply

 MMS exchanged MRI power supplies

 Power supplies were fully tested at
premises and conform spec

 Global Care accuses MMS of delivering
faulty power supplies

QUESTIONS (GROUP DISCUSSION)
10 minutes

 Do you agree with MMS?

 Did they overlook something?

 What would you investigate?
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Copper shielding?
Kaden (1959) Analytic approximation

𝐵𝑟(𝑟
𝐵0 max

=
𝑟0 + 𝑑 2

𝑟2 𝑊 for 𝑟 ≥ 𝑟0 + 𝑑

𝑊 =
1
2 𝑄

𝑘𝑟0
𝜇𝑟

−
𝜇𝑟
𝑘𝑟0
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1
2
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+
𝜇𝑟
𝑘𝑟0

sinh 𝑘𝑑

x

y
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Inner
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σ,µB0e-jωt

where d is the thickness,
r the outer radius,
k = (1+j)/ δ
with the skin depth
δ = 2/𝜔𝜎𝜇0𝜇𝑟 .

QUESTIONS (GROUP DISCUSSION)
?? minutes

 Is shielding with copper boxes possible?

 If yes, what is the minimum and maximum thickness of the copper
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Copper shielding?

 Rigorous approach

 Applicable to electric (𝑬) and magnetic fields (𝑩)

 Starting with Maxwell equations

 Leading to Helmholtz equation

 Where the proper solution is based on a combination of Bessel functions of the first
and third kind:
𝐽_𝑛 and 𝐻_𝑛^((2) )

 Thus slightly different than the previous section

 But first some results
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4. Some pictures 
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