N

N

Computer-aided design of ECG telemetry systems for
online cardiac monitoring
Yaél Kolasa, Jean-Philippe Georges, Thierry Bastogne

» To cite this version:

Yaél Kolasa, Jean-Philippe Georges, Thierry Bastogne. Computer-aided design of ECG telemetry
systems for online cardiac monitoring. Annual Meeting of Safety Pharmacology Society, SPS 2018,
Sep 2018, Washington DC, United States. hal-01925675

HAL Id: hal-01925675
https://hal.science/hal-01925675v1
Submitted on 17 Nov 2018

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01925675v1
https://hal.archives-ouvertes.fr

NQ)

COMPUTATIONAL SOLUTIONS FOR BIOPHARMA & NANOMEDICINE ‘ ’

A

(R

COMPUTER-AIDED DESIGN OF ECG TELEMETRY SYSTEMS

FOR ONLINE CARDIAC MONITORING

Y. KOLASA'2, J.-P. GEORGES?, T. BASTOGNE! 23
'CYBERNano, 2CRAN UL-CNRS UMR 7039, 3INRIA BIGS

Background. Telemetry is rapidly becoming standard practice for clinical studies. Remote monitoring may be
oerformed at multiple locations of subjects over Blue-tooth, WiFi or 3G cell phone networks. Nevertheless, the
accuracy and reliability of monitoring systems have still fo be improved for clinical acceptability. Main challenges
of wearable devices used in clinical frials have been identified in a very recent article (E. S. Izmailova et al., Clin.
Pharma. Thera., 2018). They include scientitic methodology as well as regulatory, legal, and operational hurdles.
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The objective is 1o propose an in silico-based method able to
prevent some of those issues during the design of clinical frials. To
illustrate its applicabllity, a study case Is developed in which we \
apply fthis proposed method 1o idenftity critical telecom-
munication parameters to control quality of transmitted ECG in
telemeftry systemes.
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Fig.1: Design of numerical experiments for the robustness analysis of sensors networks

Methods

Pareto Diagram of Additive Effects
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15 simulation parameters have been selected to fest therr
crificality and four quality attributes have been examined:
battery lifetfime, number of received packets, fransmission count
and ECG distortion. The methodology framework relies on the
Quality-by-Design  guidelines  (IC Q8-Q12). Its partial
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implementation was based on two consecufive sefs of u?; .%
simulations. In a first step, a screening design of numerical g S
experimentations (Plackett-Burman design) was carried out to =1 = R
identify the critical network parameters. In a second step, an £ & C 3
optimization campaign, based on a central composite design, 0 §
was implemented to identity the design space, I.e. the region of o )
interest in which all the telecommunication parameters have to - B
be kept fulfiling the quality specifications. Simulations were =
carried out in Omnet++ and the stafistical analysis in the software -
environment R. S -
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Results
Fig.2: Impacts of the 15 simulation parameters on Transmission Count

For the number of packets received, two critical parameters
were idenftified: message length and bit rate. For ECG distortion, S
the first two most crifical factors are background noise power
and energy detection of the radio receiver. For the battery
ifetime, preliminary results tend to show that background noise S
power and bit rate are crifical. For the transmission count, the bit
rate and the max queue size of the message are decisive. ~

; =

Conclusion
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This study demonstrates the relevance to use numerical
simulations fo design buf also check the compatibility of a s =
felemetry system with predefined specifications on quality of . e s e o s o
services In a given and constrained context. Such an approach

can be mplemented in the early steps of development and can
save of lot of fime and money by preven’ring malfunctions, Fig.3: Response surface of Transmission Count for the 2 most critical parameters. It clearly
SCraps and pos’reriori restructurations of the ’releme’rry networks. appears that the impact of log(BT) is much more significant than the one of mQS.
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