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natural care for newborns with 
jaundice (jaunisse/ictericia)

Your software works 
when it matters



10% of  all 
newborns need 

Jaundice 
treatment



16
QALY

Every 2.3 seconds, a 

newborn needs jaundice 

treatment. Annually, 14 

million babies face the risk 

of neurological damage if 

untreated, with a severe 

drop in quality of life.
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The cause?

Bilirubin, a waste product of red 
blood cells, reaching its peak 
around three days after birth. 
Without phototherapy treatment, 
it leads to hyperbilirubinemia, 
and the risk of neurological 
damage is high.

Neuro-toxic 
bilirubin level
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Current situation… 

Newborns are undressed, 
blindfolded, and isolated in 
incubators or fiberoptic bags. 
Parents feel helpless and 
separated.

Beds fill up, and nurses struggle 
with staff shortages; 30% 
experience severe fatigue.

Even if babies aren’t sick, the 
healthcare systems spend 3 
billion annually due to inefficient 
jaundice treatments.

Phototherapy
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Bilihome’s Patented Technology 
for Zero Separation
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Garments 

CE (MDR) class I

Dual Light Pads 

CE (MDR) 

class IIa Q4 2025 

Bilihome offers the 
lightest and smallest 
wearable phototherapy, 
the only true mobile 
solution. 

• It is a specially designed 
organic romper.

• The flexible open mesh 
pads radiate blue light 
onto the skin, without 
shielding the eyes.

• The remote care app 
guides parents through 
the treatment.



Agenda
• Background Axini & Bilihome
• Software lifecycle management 

for Medical Device Technology
• Embedded testing with MBT

Who works in 
embedded?

Who works in a 
regulated industry?

Who only 
does GUI testing?



Medical device technology



Medical device technology
For the Jauni Wearable Phototherapy, we 
had to show compliance with: 

• EU Medical Device Regulation (MDR)

• ISO 13485 - QMS

• IEC 60601-1 - Main part on basic safety 
and essential performance of MD

• IEC 60601-1-2 - EMC

• IEC 60601-1-6 - Usability

• IEC 60601-1-11 - Homecare

• IEC 60601-2-50 – Phototherapy 
equipment

• IEC 62471 – Photobiological safety

• IEC 14971 - Risk management

• ISTA - Transport testing

• IEC 62304 - Software lifecycle
     



Software lifecycle management
IEC 62304 - Software lifecycle management:

• Emphasizing traceability, documentation, and risk-based processes to 
maintain regulatory compliance to ensure patient (and operator) 
safety.

• Classify software by safety impact (class A, B, or C) and mandates 
controls accordingly. 

• It requires:
• Planning (software development plan)
• Design and development (safety and security designs)
• Risk management (risk identification, FMEA, risk control measures)
• Verification and validation (reporting)
• Maintenance activities (all of the above)

• The higher the classification, the stricter the requirements for risk 
management, verification, and documentation.

• Whenever possible, implement hardware risk control measures     



Software lifecycle management

Jauni Wearable Phototherapy 
classifications:
• MDR: Class IIa
• Software safety: Class A

• Not immediately life-
threatening if software fails

• Multiple functional hardware 
safety measures implemented



Software lifecycle management

Class A
No injury or damage to health is possible

No risk to the patient’s health!

Fitness tracker   Diagnostic viewer (no interpretations)



Software lifecycle management

Class B
Non-serious injury is possible

Reversible or temporary harm, but not life-threatening!

  Blood pressure measurement Lung function diagnostics Infusion pump



Software lifecycle management

Class C
Death or serious injury is possible

Non-reversible injury or even death!
  

  Anesthesia device    Pacemaker



Software lifecycle management

What should be tested according 
Class A:
• Any software risks / risk control 

measures. In our case the detection 
of all self-test safety mechanisms.

• System-level testing to verify product 
requirements.

• Integration testing between 
subsystems is not mandatory.

• Module or unit testing is not required.



Software lifecycle management



SW Release challenge

IEC 62304 software development process



Why does Axini exist?

IEC 62304 software development process

Software release as a non-event



Software lifecycle management

Model Based Testing



Why not do it differently?
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Agentic Test Automation

A.I.

Agents on Axini platform System

An agent automates the test automation:
• Automated test-case generation, including test-data.
• Automated test-case execution.
• Automated test-case evaluation.
• Automated reporting/dashboarding

test



Meet your agents
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General agents
• Computation and business rules
• Communication protocol and API
• GUIs
• ... Specialized agents

• Insurance tester 
• Output tester (documents, XMLs, etc)
• Webapp GUI tester (portals)
• Disbursement tester (excasso)
• Pension testers

• FTK, SPR
• UPO, URM, …

• Webservice tester (JSON, XML etc)



How to test the Jauni?
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Garments 

CE (MDR) class I

Dual Light Pads 

CE (MDR) 

class IIa Q4 2025 



Implementation
• Yellow Box software is 

implemented using 
MicroPython

• Runs on a dedicated 
STMprocessor

• User Interface on a 
TFTtouchscreen

• Some additional requirements: 
cybersecurity due to Wifi + BLE



Software architecture and design
Most relevant for testing:

• Self-test and sanity 
check

• Heartbeats

• Treatment activation, 
deactivation, pausing, 
and resuming

• Hardware faults

• Happy and erroneous 
behavior

Less important:

• Downloading log files

• Wifi
   

  



Software verification

Verification method and level:
• Unit testing by developers.
• Individual testing on functional safety 

aspects. Non-repetitively executed.
• Integration tests between Yellow Box and 

Pads by means of Model Based Testing.
• System level testing to verify the overall 

product safety. Final test executed prior to 
a new SW release.



Software architecture and design



Software architecture and design

Model Based Testing



Model based testing



MBT



MBT



MBT



Why model based testing for Bilihome?
• Lots of fun while designing your application. Documentation has a 

stuffy appearance. What if your test results can be generated?
• Testing starts right away, and any improvement can be tested 

(First Time Right).
• Fail Hard - Fail Fast - Fail Often
• Provides early feedback on the design 

of your software.
• Includes architects, software 

designers, coding and testers in a 
single approach.

• Improves team cooperation. 



Why model based testing for Bilihome?
• Modelling starts with your requirements definition and 

creates a testable model throughout the full software 
development and maintenance lifecycle.

• Tests are in line with the latest software designs.
• Documentation is in line with the software designs.
• Testing implemented at any interfaceable level.
• Direct and quick feedback.
• Tests happy flow and bad weather scenarios.
• Tests your artifacts.
• The more complex the software, the better MBT will become
• Integrates at all levels, system, integration, and unit level 

testing.



Our ‘lessons learned’

Testing showed us several anomalies in our released software, without 
actually knowing it.
Added corner case testing (AI-initiated).
Automated testing.
Enhanced our product safety and usability.
Started way too late for this release, so we had to do the modelling and 
testing retrospectively. For the next release we start with modeling.



Recommendations
• Take testing and test models into account asap, but at least during the 

design phase.
• MBT can be applied to any level within the software as long as it can be 

interfaced. This thereby ensures clear software boundaries within your 
designs.

• MBT software testing is acceptable to the Notified Body.
• No need to integrate hardware, allowing easy initiation of a test case 

simulating broken hardware.
• Incorporate continuous testing in your development process in early 

stages and integrate it with your CI/CD process.



Ronald van Doorn
r.vandoorn@bilihome.org

Machiel van der Bijl
machiel.van.der.bijl@axini.com



Axini MDD/MBT in a nutshell
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Axini navigation metaphor
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Google maps derives routes based on the 
map. In a similar fashion, Axini derives test-
cases and test-data based on the behavior 
specification (the model).

• Google maps computes routes. 
• Google maps dynamically adapts routes.
• Routes are up to date after an update of 

the map.



40



41

Agentic Test Automation

A.I.

Model Agent Adapter

An agent automates the test automation:
• Automated test-case generation, including test-data.
• Automated test-case execution.
• Automated test-case evaluation.
• Automated reporting/dashboarding
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Specification
Model

Agent

AdapterHeterogeneous testing

Dezyne
components

Manual code
components

external
components

(sub) system

Interface(s)

Interface(s)

Model check

Unit test
+ MBT

MBT
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Test tool comparison
Process Agent BDD Manual

Design
Make specification

Make model

Test

Make test

Predict outcome

Script test

Execute test

Evaluate outcome

Manual step

Automated
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