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Biomedical-Healthcare System 
Solutions 

Each Biomedical-Healthcare System strives to be a preeminent leader in clinical care, education, research 
and service. These are measured by objective evidence and established best practices….." 

Vision that guides Biomedical-Healthcare Systems 

"If	it	can	be	measured,	it	can	be	managed	[and	
improved]“		
Jack	Welch	
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“For	full	effec<veness,	all	the	work	needs	to	be	
integrated	into	a	unified	program	for	
performance.”		
Peter	Drucker	

Hoshin Kanri 

KPI’s   Metrics 

Balance Scorecard 

PROCESS OPTIMIZATION 

Lean & Six Sigma 

…are we there? 
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Issues to be Addressed 

•  Time to adoption 
•  Ensure regulatory, compliance, and risk 

management requirements are met 
•  Cost reduction 
•  Consistency across device design 
•  Others? 
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Vision – Enabling Excellence in Biomedical-
Healthcare System Engineering 
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MODELING EFFORTS 
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Domain 
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Requirements 
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Device Description 
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System 
Procurement 
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Method for Addition of Parametrics 



July 

Addressing Risk Up Front 
•  Risk tolerance typically lower in medical devices 
•  Risk management a key element in device 

clearance/approval. New Safety Assurance practices 
and documentation likely (Infusion Pumps). 

•  Device clearance/approval is tightly linked to 
compliance with standards and regulations 
–   ISO 14971 (Risk Management) 
–   IEC 62366 (Usability Engineering) 
–   ISO 62304 (Software Life Cycle) 
–   IEC 60601 (Electrical Safety) 
–   FDA Design Controls (Needs, Requirements, V&V, etc.)  
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Vision – Enabling Excellence in Biomedical-
Healthcare System Engineering 
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Integrated Clinical Environment (ICE) 
Medical Device Plug-and-Play Interoperability  

“Getting Connected for 
Safety” 
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ASTM F2671 Integrated Clinical Environment (ICE) 

Figure 1 from ASTM F2671 
–   Conceptual functional 
model showing the 
elements of ICE 
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Bring Standards Directly Into the Design/Development 
Environment:  Example  –  ASTM F2671 ICE (Interoperability) 

Transform information in standards into 
integrated model elements, configurations, 
and views which are directly traceable to 
use scenarios, requirements, architecture, 
verification, validation, risk management, 
safety assurance, and other information. 
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SysML Representation of the ASTM F2671 Integrated 
Clinical Environment (ICE) Model 
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Model-Driven	Safety	Analysis	of	
Closed-Loop	Medical	Systems	
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Overview 
•  Model of a patient controlled analgesia 

(PCA) pump 

•  Allows for model with a patient in the loop 

•  Create a model that incorporates this 
devices with higher level system 
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Patient Model 
•  Captures the patient nervous system and 

circulatory system response to the drug 

•  Mathematically modeled in python 

•  Linked to SysML parametric diagram using XMI 



July 

Patient Model 
•  [█​​𝐶 ↓1 @​​𝐶 ↓2 @​​𝐶 ↓3  ]=[█−( ​𝑘↓12 + ​𝑘↓13 

+ ​𝑘↓10 )&​𝑘↓21 &​𝑘↓31 @​𝑘↓12 &​−𝑘↓12 &0@​
𝑘↓13 &0&​−𝑘↓31  ][█​𝐶↓1 @​𝐶↓2 @​𝐶↓3  ]+[█​
1⁄​𝑉↓1  @0@0 ]𝐼 

•  𝑑𝑙=[█1&0&0 ][█​𝐶↓1 @​𝐶↓2 @​𝐶↓3  ]    
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DrugModel 
•  Represents the effects of the human system on 

the drug 

•  Mathematically modeled in python 

•  Linked to SysML parametric diagram using XMI 
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Drug Model 
•  ​​𝑘 ↓10 =0.152​𝑚𝑖𝑛↑−1 , ​​𝑘 ↓12 =0.207​
𝑚𝑖𝑛↑−1 , ​​𝑘 ↓13 =0.040​𝑚𝑖𝑛↑−1  

•  ​​𝑘 ↓21 =0.092​𝑚𝑖𝑛↑−1 , ​​𝑘 ↓31 =0.048​
𝑚𝑖𝑛↑−1 , ​​𝑉 ↓1 =12 𝑙𝑖𝑡𝑒𝑟𝑠     
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Model and Environment 
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PCA Pump verification 
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Moving	Forward	
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Vision – Enabling Excellence in Biomedical-
Healthcare System Engineering 
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Goals 
•  Guidelines for using the framework 

developed 
•  Expansion of library of components and 

methods 
•  Continue integration of ISO/IEC standards 

and compliance 
•  Others? 
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Our OMG Wiki Page (Public) 

http://www.omgwiki.org/MBSE/doku.php?
id=mbse:drugdelivery 
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Thank you 

24th Annual INCOSE International Symposium 


