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v'  Cyber-Physical Systems-Digital Twin
v' Medical Ventilator as Response to CoVID-19
v' Controllable Parameters: Technological Challenges
v Virtual Reality Platform
v" Monitoring and Control of Medical ventilator in Cyber mode
v Conclusions
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Mechanization,
water power, steam
power

Mass production,

assembly line,
electricity

Process modelling of a medical ventilator using CPS

SMART FACTORY
Factory Of The Future

Computer and Cyber Physical
automation Systems

‘Are we there yet?
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4T"' INDUSTRIAL REVOLUTION: CYBER-PHYSICAL SYSTEMS

The radical shift from traditional
products towards  Cyber-Physical
systems (CPS) leads to a growing
accumulation of physical products with
large amount of directly related digital
contents.

Industry 1.0 > Industry 4.0

a _‘97
Mechanization,
Water Power,
Steam Power

Cyber Physical
Systems

A core challenge of research associated

INDUSTRlAL with 4t industrial revolution and CPS
R is to bridge the gap between the
EVOLUTION physical and digital world.
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CYBER-PHYSICAL:DIGITAL TWIN CONCEPT

Digital twin is part of Industrie

Fleet Aggregate 4.0. and involves the creation of
Operational Data 5 .
History a virtual representation of an
Maintenance Q Q Q e
Physical Asset History Digital Twin existing physical system in
Real Time ' cyber-space.
Operational Data o PP il v
e :
o S It acts as an effective test-bed
FMEA . .
for implementing advanced
CAD Model Physics Be 1 Model . o ege o
o  SIERICR OB strategies(data fusion, artificial
FEA Model + Machine Learning

intelligence) to achieve real

time control, monitoring and
lllustration of digital twin concept optimization.
(Source: Siemens)
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A core challenge associated with

medical ventilators procured is
maintenance and troubleshooting
of the control systems due the gap
between technologies used by the
manufacturers.

Process modelling of a medical ventilator using CPS

MEDICAL VENTILATOR AS A RESPONSE TO COVID-19

Early this year, public and private
hospitals procured a number of
medical ventilators from various
manufacturers as one the responses
to COVID-19 pandemic.
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Currently the cost of
maintaining a standard
intensive care unit (ICU)
ventilator skyrocketed with
over 200% leading unsuccessful
fight against COVID19 and other
acute respiratory diseases

(ARDs). * Q
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“* Inspiratory flow rate (L/Min): 40-80
** Plateau pressure ((cmH,0): 15-35
+» Tidal volume (ml): 200 — 800

*» Respiratory rates (BMP): 10-30

** Inhalation/exhalation (l: E) ratio: 1:1 — 1:4

** Positive end-expiratory pressure ((PEEP)-cmH,0): 5-20
“* Oxygen/Air mixing ratio (FIO2): 0:1 (21<x<100)

“» Air supply temperature (°C): 36-37

“* Air humidity range (%): 30-60

“* Power consumption: Low power consumption and

ability to run on 24V DC

“»* Power backup rechargeable battery:4-6 Hours
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Regulator valves driven by:

* Programmable Logic Controller
(Versatile)

= Micro-Controllers (Embedded systems)

SIEMENS SIMATIC HMI

DEKUT MV1-2020 [E‘ PC_CMV - _I
Peak PIP o Fréssurel  1f.5°cmH20 \ Frequency o
22.3 cmH... 1 12 bpm ‘
Target Target n
22,2 cmH... Flow rate: 2004 L/min 15 cmH20 I
PEEP PEEP
5.3 emH20 . e A 5 cmH20
Fi02 " FiO2
Volume: 2 ‘
Plateau
17.7 cmH... 0 .
op
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Generally, the intended benefit of
using VR is not only for design
reviews but also for other engineering
tasks to achieve cost savings and to
improve and/or accelerate related
processes like Virtual Commissioning

A large number of
approaches can be found in
academic literature with the
aim to support several
engineering applications by
means of VR
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ASSEMBLING MEDICAL VENTILATOR IN CYBER MODE

Virtual Reality (VR) may
contribute to this
endeavor, since this
technology is inherently
suitable to visualize
medical ventilator and
allows intuitive user
interactions  within a
highly immersive virtual
environment.
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MONITORING AND CONTROL OF CYBER MEDICAL VENTILATOR

) o A .
iy | 4 L The ventilator features two control

| modes:

=

v" Volume controllers (VC-CMV)
v" Pressure controlled (PV-CMV).

In both Cyber and Physical Medical
Ventilator:

» Tidal volume of 200~800mmHg
BPM of 10~30

= Flow rate of 4~50l/min

" FiO2 of 21~100%

= Peak pressure of 60 cmHZ20.
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_CYBER LAB FOR MONITORING MEDICAL VEN
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CONCLUSION

v' Modeling of Low cost Physical Medical Ventilator was done

v' Modelling of Virtual Medical Ventilator was Achieved

v' Assembling of Medical Ventilator in Virtual Reality Platform was Tested

v’ Controllable Parameters was Integrate in both Physical and Cyber Medical Ventilator

v Monitoring and Control of Cyber-Physical System was Achieved
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Website: https://siemens.dkut.ac.ke/

SIEMENS

Training Centre at Dedan Kimathi University of Technology

Program Overview Level Information Events Facilities Advert Project Downloads Application Form

DeKUT SIEMENS Training Centre (DeSTC) receives a donation from SIEMENS AG-Germany




