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• Systems Engineering requires a multidisciplinary approach:
– At all levels of the architecture
– Throughout the development lifecycle

• Smart
– Enables quantitative and qualitative analysis
– FMEA, Risk, Safety, Human Factors, PLM, Mechanical Engineering, Electrical 

Engineering, etc.
– Data driven rather than diagram driven or document driven

• Connected
– To virtual teams
– As part of an integrated tool chain
– Providing data when and where it is needed
– Supporting openness as well as security

• Standards-Based
– SysML, UML, UAF, DoDAF, OSLC, RAS, REST, etc.

THE FUTURE OF MBSE: SMART AND CONNECTED
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A holistic, multi-disciplinary and collaborative approach to designing and 
maintaining complex systems throughout the systems lifecycle.

CLOSED LOOP SYSTEMS ENGINEERING

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.



5

DIGITAL PRODUCT TRACEABILITY
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Requirements…..‘satisfied by’ System Functions…..’allocated to’ Logical Parts…

…’implemented by’ Physical Parts…..’sending & receiving’ real world data

Requirements Functions Logical Parts Physical Parts Product Data
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DEVELOPING A DIALYSIS MACHINE
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STAKEHOLDER IDENTIFICATION

bdd [Package] Actors [bdd]

Device
Engineer

Device
Manufacturer

Health
Professional

Doctor Dialysis Nurse

Patient

Lab
Technician

Device Online
Engineer

FDA

Medical
Supplier

Power
Company

Test LabTime
Transport
Company
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SYSTEM CONTEXT BREAKDOWN
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bdd [Package] Domain [bdd]

Dialysis Machine

«block»

Dialysis Domain

«block»

Diagnostic System

«block»

Blood Test Equipment

«block»

Support System

«block»

Dialysis Supplies

«block»

Patient Fistula
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Engineer
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SYSTEM CONTEXT
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SYSTEM TREATMENT USE CASES

Patient

Health
Professional

Time

Patient

Provide
Treatment

Power On
Machine

Power Off
Machine

Finish
TreatmentInitiate

Treatment

Adjust
Settings

Suspend
Treatment

Resume
Treatment

Update Status

Set Up Machine
Pre-Treatment

Check Machine
Pre-Treatment

Prepare
Post-Treatment

Machine

«include»

«extend»

uc [Package] Usage [Treatment]
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LIFECYCLE USE CASES

Doctor

Patient

Device
Engineer

Device Online
Engineer

Device
Manufacturer

FDA

Health
Professional

Prescribe
Treatment

Maintain
Medical Device

Commission
Medical Device

Develop
Medical Device

Setup Medical
Device at Location

Certify Medical
Device

Train Patient On
Medical Device

Perform Online
Diagnostics

Assist Patient with
Medical Device

Download
Log File

uc [Package] Lifecycle [Use Cases]

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.



12

FAULT CONDITION USE CASES

Patient

Power
Company

Device Online
Engineer

Device
Engineer

Power Loss

Power Spike

Blood Pump
Failure

Filter
Blockage

Blood Input
Line Blockage

Provide
Treatment

Perform Online
Diagnostics

«extend»

«extend»

«extend»

«extend»

«extend»

uc [Package] Fault Conditions [uc]
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LOGICAL DIALYSIS MACHINE LOGICAL SYSTEMS
bdd [Package] Components [Logical]

«block»

Power Supply

«block»

Display

«block»

User Input

«block»

Control System

«block»

Emergency Power

«block»

Alarm

«block»

Blood Filter

«block»

Battery

«block»

Blood Pump

«block»

Power Protection

«block»

Air Trap

«block»

Blood Monitor

«block»

Heparin System

«block»

Watchdog

«block»

Dialysis Machine

«block»

Waste System
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DIALYSIS LOGICAL ARCHITECTURE
ibd [Block] Logical Dialysis Machine [1]

«block»

Dialysis Machine

AT : Air Trap

AL : Alarm

BT : Battery

BF : Blood Filter BM : Blood Monitor

CS : Control System

DS : Display

UI : User Input

EP : Emergency Power PP : Power Protection

PS : Power Supply

BP : Blood Pump

WD : Watchdog

PC : Patient Fistula

HS : Heparin System WS : Waste System

Patient
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DIALYSIS PHYSICAL ARCHITECTURE
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bdd [Package] Physical Dialysis [bdd]

«block»

Dialysis Machine

«block»

Control System

«block»

Blood Pump

«block»

12 Inch Flat Panel

«block»

Alarm

«block»

Digital Gauges

«block»

Front Hanger

«block»

Inside Reservoir

«block»

Power Switch

«block»

Waste System

«block»

Watchdog

«block»

Automated Heparin

«block»

110 Power Supply

«block»

Pressure Sensor

«block»

Dialysate Pump

«block»

Dialyzer

1

1

CS
1

1

BP
1

1

12I
1

1

AL

1

1

WD

1

1

DG
1

1

FH
1

1

IR
1

1

PSw
1

1

WS
1

1

AH

1

1

PSp

1

1

Venous
1

1

DP

1

1

DZ
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SYSTEM FLOW ELEMENTS

bdd [Package] Physical Flows [Flow Elements]

«block»

Power

«block»

Blood

«block»

Bicarb

«block»

Patient Blood

«block»

Contaminated Blood

«block»

Pre-Dialysis Blood

«block»

Fluid Sample

«block»

Post-Dialysis Blood

«valueType (dataType)»

Litres/Minute

«block»

Processing Blood

«block»

Acid

«block»

Sterilized Water

«block»

Dialyzer

«block»

Patient Fluid

«block»

Waste Fluid
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SYSTEM COMPONENTS (BLOOD)

bdd [Package] Components [Blood]

«block»

proxyPorts
«ProxyPort» AH : Control
«ProxyPort» AL : Data
«ProxyPort» APS : Data
«ProxyPort» APS : Data
«ProxyPort» BP : Control
«ProxyPort» BPS : Data
«ProxyPort» DG : Display
«ProxyPort» DM : Wireless
«ProxyPort» DM : External Data
«ProxyPort» DP : Control
«ProxyPort» DPS : Data
«ProxyPort» DS : Control
«ProxyPort» DS : Display
«ProxyPort» DZ : Control
«ProxyPort» IR : Data
«ProxyPort» PSp : Data
«ProxyPort» VPS : Data
«ProxyPort» WD : Data
«ProxyPort» WS : Data

Control System

«block»

proxyPorts
«ProxyPort» AH : Pat Blood
«ProxyPort» APS : Data
«ProxyPort» CS : Control
«ProxyPort» DM : Pat Blood

Blood Pump

«block»

proxyPorts
«ProxyPort» CS : Data
«ProxyPort» DZ : Waste

Waste System

«block»

proxyPorts
«ProxyPort» CS : Data

Watchdog

«block»

proxyPorts
«ProxyPort» AH : Data
«ProxyPort» BP : Data
«ProxyPort» CS : Data
«ProxyPort» DZ : Data
«ProxyPort» DZ : Data

Pressure Sensor
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PHYSICAL COMPONENTS
bdd [Package] Components [physical]

«block»

Front Hanger

«block»

Chasis

«block»

Side Hanger

«block»

proxyPorts
«ProxyPort» CS : Data
«ProxyPort» DP : Dialysate

Inside Reservoir

«block»

Outside Reservoir

«block»

220 Power Supply

«block»

proxyPorts
«ProxyPort» BP : Pat Blood
«ProxyPort» BPS : Data
«ProxyPort» CS : Control
«ProxyPort» DZ : Pat Blood

Automated Heparin

«block»

Integrated Power Supply

«block»

X inch Dialyzer

«block»

Y inch Dialyzer

«block»

X mil Air Trap

«block»

Y mil Air Trap

«block»

X mil Filament Density

«block»

Y mil Filament Density

«block»

X mil Fistula

«block»

Y mil Fistula

«block»

proxyPorts
«ProxyPort» CS : Data

Alarm

«block»

proxyPorts
«ProxyPort» CS : Data
«ProxyPort» PSw : Control

110 Power Supply

«block»

proxyPorts
«ProxyPort» DZ : Dialysate
«ProxyPort» IR : Dialysate
«ProxyPort» S : Control

Dialysate Pump

«block»

proxyPorts
«ProxyPort» AH : Pat Blood
«ProxyPort» CS : Control
«ProxyPort» DM : Pat Blood
«ProxyPort» DP : Dialysate
«ProxyPort» DPS : Data
«ProxyPort» VPS : Data
«ProxyPort» WS : Waste

Dialyzer

«block»

Integrated Display
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UI COMPONENTS

bdd [Package] Components [UI]

«block»

proxyPorts
«ProxyPort» CS : Control
«ProxyPort» CS : Display

12 Inch Flat Panel

«block»

8 Inch Flat Panel

«block»

Analog Gauges

«block»

Keyboard

«block»

proxyPorts
«ProxyPort» CS : Display

Digital Gauges

«block»

Smart Connected Gauges

«block»

proxyPorts
«ProxyPort» PsP : Control

Power Switch

«block»

Catheter X mil

«block»

Catheter Y mil

«block»

Fistula X mil

«block»

Fistula Y mil
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DATA FLOW ELEMENTS
bdd [Package] Data [1]

«block»

Display Data

«block»

User Command

«block»

Pressure Data

«block»

Power Data

«block»

Status

«block»

Pump Control

«block»

Alarm

«block»

Config Data

«block»

System Status

«block»

Watchdog Control

«block»

Power Control

«block»

Heparin Control

«block»

Dialyzer Control
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SYSTEM INTERFACES

bdd [Package] Physical Interfaces [IF]

«interfaceBlock»

Power

«interfaceBlock»

Control

«interfaceBlock»

Pat Blood

«interfaceBlock»

Wireless

«interfaceBlock»

Waste

«interfaceBlock»

Heparin

«interfaceBlock»

Data

«interfaceBlock»

Display

«interfaceBlock»

External Data

«interfaceBlock»

Dialysate

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.



22

DIALYSIS MACHINE CONTROL SYSTEMS
ibd [Block] Dialysis Machine [Ctrl]

«block»

Dialysis Machine

CS : Control System

DG : Display

AL : Data

AH : Control

BP : Control

DM : External Data

DM : Wireless

WD : DataDS : Display

WS : Data
PSp : Data

DP : Control

VPS : Data

DZ : Control

IR : Data

APS : Data

BPS : Data

DPS : Data

DS : ControlAPS : Data

BP : Blood Pump

CS : Control

12I : 12 Inch Flat Panel

CS : Display
CS : Control

AL : Alarm

CS : Data

WD : Watchdog

CS : Data

DG : Digital Gauges

CS : Display

IR : Inside Reservoir
CS : Data

PSw : Power Switch
PsP : Control

WS : Waste System

CS : Data

AH : Automated Heparin

CS : Control

PSp : 110 Power Supply

PSw : Control

CS : Data

Venous : Pressure Sensor

CS : Data

CS : External Data

CS : Wireless DP : Dialysate Pump
S : Control

DZ : Dialyzer

CS : Control

Arterial : Pressure Sensor
CS : Data

Blood : Pressure SensorCS : Data

Dialysate : Pressure SensorCS : Data

CS-DG:DD : Display Data

CS-AL:AL : Alarm

CS-AH:HC : Heparin Control

CS-BP:PC : Pump Control

CS-WD:SS : System Status

WD-CS:WC : Watchdog Control

CS-12I:DS : Display Data

WS-CS:ST : Status

PSw-PSp:PwC : Power Control

PsP-CS:PD : Power Data

CS-DP:PC : Pump Control

VPS-CS:PD : Pressure Data

CS-DZ:DC : Dialyzer Control

DZ-CS:ST : Status

IR-CS:ST : Status

APS-CS:PD : Pressure Data

BPS-CS:PD : Pressure Data

DPS-CS:PD : Pressure Data

12I-CS:UC : User Command
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DIALYSIS PHYSICAL FLOWS
ibd [Block] Dialysis Machine [Flow]

«block»

Dialysis Machine

BP : Blood Pump
DM : Pat Blood

AH : Pat Blood

APS : Data

IR : Inside Reservoir

DP : Dialysate

WS : Waste System

DZ : Waste

AH : Automated Heparin

BP : Pat Blood

DZ : Pat Blood

BPS : Data

BP : Pat Blood

DZ : Dialyzer

DM : Pat Blood

WS : Waste

DP : Dialysate

AH : Pat Blood

DPS : Data

VPS : Data

DP : Dialysate Pump

IR : Dialysate

DZ : Dialysate

DZ : Pat Blood

Arterial : Pressure Sensor

BP : Data

Blood : Pressure Sensor

AH : Data

Dialysate : Pressure Sensor
DZ : Data

Venous : Pressure Sensor
DZ : Data

PT-BP:PB : Patient Blood

DZ-PT:PsB : Post-Dialysis Blood

DZ-WS:WF : Waste Fluid

IR-DP:DS : Dialyzer

DP-DZ:DS : Dialyzer

BP-AH:PB : Patient Blood

AH-DZ:PrB : Pre-Dialysis Blood

BP-APS:PD : Pressure Data

DZ-DPS:PD : Pressure Data

AH-BPS:PD : Pressure Data

DZ-VPS:PD : Pressure Data
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SYSTEM INTERACTIONS

Description BP:Pat Blood BP:Blood Pump AH:Automated Heparin DZ:Dialyzer WS:Waste System IR:Inside ReservoirDP:Dialysate PumpDZ:Pat Blood WD:WatchdogCS:Control System

par

Input Blood
PT-BP:PB : Patient Blood

Blood to 
Pump BP-AH:PB : Patient Blood

Heparin 
Input

AH-DZ:PrB : Pre-Dialysis Blood

Replace 
Blood

DZ-PT:PsB : Post-Dialysis Blood

Output
DZ-WS:WF : Waste Fluid

Update 
Status

DZ-CS:ST : Status

also par

Dialyzer 
Flow

IR-DP:DS : Dialyzer

Dialyzer 
Input

DP-DZ:DS : Dialyzer

also par

Status CS-WD:SS : System Status

Control
WD-CS:WC : Watchdog Control

end par
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SYSTEM REQUIREMENTS (EXTRACT)

req [Package] Requirements [req]

«requirement»

txt
The System shall provide online diagnostic capabilities.

Req 1.0

«requirement»

txt
The System shall keep a log file of system events.

Req 1.1

«requirement»

txt
System online diagnostic capabilities shall be available when the system is providing treatment.

Req 1.2

«requirement»

txt
The log file shall be downloadable when the system is providing treatment.

Req 1.1.2

«requirement»

txt
System online diagnostic capabilities shall be available when the system is in fault mode.

Req 1.3

«requirement»

txt
The log file shall be downloadable when the system is in fault mode.

Req 1.1.1
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SYSTEM OPERATIONAL STATES

Powered Off

Powering Up

do : System Test

Powering Off

do : Power Off

Fault State

Treating Patient

Providing Treatment

Processing

do : Provide Treatment

System Monitor

Diagnosing Fault

do : Download Log File

do : Online Diagnostics

System Test

after( 5ms )/System Test

Standby

do : Set Parameters

Operational

Checks Passed

Evaluating Fault

do : Online Diagnostics

do : Download Log File

Logical Dialysis Machine

/

Power On/

/

[O K ] /

Power Off/

[Complete]/

[No ] /

Fault Event/

/

Set Ac tive/Pause/

/

/
[Abnormal]/

Enable Diagnosis/ [Recovered]/

System OK/

C anc el/

Power Off/

Req 1.1.1Req 1.1.1

Req 1.1.2Req 1.1.2

Req 1.2Req 1.2
Req 1.3Req 1.3

«satisfy»

«satisfy»

«satisfy»

«satisfy»
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REQUIREMENTS TRACEABILITY

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.
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VV
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bdd [Package] Automotive Drivetrain Example [1]

«block»
«component»

proxyPorts
«ProxyPort»  : Diesel Spline Hole
«ProxyPort»  : Diesel Bolt

references
«BlockProperty»  : Alternator
«BlockProperty»  : Electronic Control Unit
«BlockProperty»  : Clutch

Automotive Drivetrain Example::Components::Diesel Engine

«block»

proxyPorts
«ProxyPort»  : Gas Engine Spline Hole
«ProxyPort»  : Gas Engine Bolt

references
«BlockProperty»  : Alternator
«BlockProperty»  : Electronic Control Unit
«BlockProperty»  : Clutch

Automotive Drivetrain Example::Components::Gasoline Engine

«block»
«component»

references
«BlockProperty»  : Clutch
«BlockProperty»  : 6 gears Gearbox
«BlockProperty»  : Internal Combustion Engine
«BlockProperty»  : Internal Combustion Engine

Automotive Drivetrain Example::Components::Electronic Control Unit

«block»
«component»

references
«BlockProperty»  : Alternator
«BlockProperty»  : Electronic Control Unit
«BlockProperty»  : Clutch

Automotive Drivetrain Example::Power Plant::Internal Combustion Engine

Fast

V

Efficient

V
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VARIANT MODELING

• Variant Diagram
Variation on all Diagrams
Simple Notation

Variation Point

Variant

Variability Dependency

Mandatory/Optional

Requires Dependency

Excludes Dependency

Artifact Dependency

Alternate Choice

OVM
PALUNO, The Ruhr Institute of Software Technology
Software Product Line Engineering (Pohl et al - Springer 2005)

VP

V V

Diesel Engine Gasoline Engine

Engine

VP

Efficient

V

Fast

V
1..1
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29

SYSTEM VARIABILITY

VP

VP

VP

VP

V V

V V

V V V

V V

12 Inch Flat Panel 8 Inch Flat Panel X mil Filament DensityY mil Filament Density

Integrated Display

Display

VP

Panel
Size

VP

Dialyzer
Size

VP

Dialyzer
Filament
Density

VP

Integrated
Display

V

Flat Panel

V

12 Inch Flat
Panel

V

8 Inch Flat
Panel

V

Small

V

Medium

V

Large

V

Low Flow

V

High Flow

V

«requires»

«requires»

«requires»

«requires»

1..1

1..1

1..1

1..1

var Dialysis Variant Diagram [1]
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SYSTEM VARIABILITY

VPVP
VP

V V VV V V V

Analog Gauges

Digital Gauges Inside Reservoir

Outside Reservoir

220 Power Supply

110 Power Supply

Smart Connected Gauges

Gauges

VP

Voltage

VP

Reservoir

VP

Analog
Gauges

V

Digital
Gauges

V

Smart
Connected

Gauges

V

110 Volt

V

220 Volt

V

Inside
Reservoir

V

Outside
Reservoir

V

1..1
1..1

1..1

var Dialysis Variant Diagram [2]
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VARIANT SELECTION

• Variant Selector
Browser User Interface
External Variation Points Only
Jump to Next Decision/Problem
Progress Bar

• Decision Set Editor
Variant Debug
External & Internal 

Variation Points
Jump to Next Decision/Problem

Both Edit the Same Decision Sets

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.
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PRODUCT MODEL CREATION

• Auto-Create Product Models

Applies Variability Decisions

Unnecessary Variation Points, Variants & Base Model Artefacts Removed

• Creates New Product Model Branch, Original Product Line Model Retained

• Product Model suitable for Trade Studies, Simulation, Documentation & Generation

Decision Set

Product Line 
Model 

Product Model 

VP

V V

Diesel Engine Gasoline Engine

Engine

VP

Efficient

V

Fast

V
1..1
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MODEL- BASED PRODUCT LINE ENGINEERING

Product ModelProduct Line Super-system Model

Sub-System 2Sub-System 1

Asset Library

Asset 1
(Sub-System Model)

Asset 2
(Sub-System Model)

Asset 3
(Sub-System Model)

Asset 4
(Sub-System NO Model)

Sub-System 2

Asset 1 Asset 2 Asset 3 Asset 4

Product Line

Models

Links via Assets

Sub-system 

Product Line

Models

etc.

V V V

V V

V V

V

VP

V

Decision Set

V

VP

V

Decision Set

V

VP

V

Decision Set

• Integrated MBSE, Modular Design & Variability Modeling  = Model-
based Product Line Engineering

• Uses the OMG Reusable Asset Specification (RAS)
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MBSE, ALM & PLM DIGITAL PRODUCT TRACEABILITY

Functional Model Structural ModelRequirements
Model

Req1

Req2

Req2.1

Req2.2

Req3

Req3.1

Req4

Func1

Func1.1

Sequence1

Sequence2

Sequence3

Func2

Actor1 Block2

Block1

Block3

Port1 Port2

Connector1

Product Structure
(eBOM)

Software 
Executables

Parts, End 
Items, 
Configurable 
Modules

In
te

g
ri
ty

Li
fe

c
y
c

le
 M

a
n

a
g

e
r

Func3

In
te

g
ri
ty

 M
o

d
e

le
r 

S
y
st

e
m

 M
o

d
e

l

(S
y
sM

L)
P

LM

REST/OSLC Links

Variability Model

Decision
Set

Variation
Point

Variant

Option

Choice

Choice

Variant
Selection

Options &
Variants

W
in

d
c

h
ill

A
LM

Requirements

Req1

Req2

Req2.1

Req2.2

Req3

Req3.1

Req4
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SELECTING THE SYSML TO WINDCHILL TRACE ELEMENTS

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.



3636

SYSTEM VARIABILITY
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EXPORT LOG
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WINDCHILL BOM OF SYSML ELEMENTS
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WINDCHILL TO MODELER LINKS
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WINDCHILL TO REQUIREMENTS LINKS IN ILM

Copyright © 2018 by Matthew Hause, PTC. Permission granted to INCOSE to publish and use.
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Parts

other

INTEGRITY MODELER – MBSE TRACE HUB

External Traces & Model Surrogates with Visual Model Trace Links

OSLC and/or URL

Parts

other

Blocks

Integrity Modeler

Local or Surrogate

OVM

Requirements
Local or Surrogate

Functions
SysML

Parts

Windchill

PDMLink

DOORS

Requirements

Integrity

Lifecycle
Manager

Requirements

Use Cases
SysML
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• Integrity Modeler 8.5 provides a range 
of new capabilities that enable 
product engineering toolchain and 
system of record integrations

• By integrating the entire toolchain 
and supporting end-to-end product 
development processes, Integrity 
Modeler 8.5 is able to perform the role 
of an information, or MBSE hub.

INTEGRITY MODELER – MBSE TRACE HUB

ALM PLM

MBSE

CADIoT

This ensures product development data across the systems engineering, 
product engineering and software engineering domains is connected 
and product development engineers can easily view all the relevant 
and related information they need regardless of the system in which it 
resides.
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WHAT IF YOU COULD CREATE AND USE AUGMENTED REALITY 
EXPERIENCES IN LESS THAN A MINUTE? … WITH YOUR ENGINEERING 
DATA? 
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AN 
AUGMENTED 
REALITY VIEW 

OF THE 
DIALYSIS 

MACHINE
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• Integrity Modeler & SySim integration with 
Phoenix Integration’s Model Center

– Simulation Units linked to Blocks

• Model Center Simulation Units

• Model Center Simulation Workflows

• Access to 200+ Simulation Tools

– SySim Co-simulation

• Model-drive, multi-scenario simulation

• Visual simulation

• Live or Batch Parameter Input

INTEGRITY MODELER 9.0 (1)

Co-simulation with 3rd Party Tools

Company Confidential - Forward looking information is subject to change without notice

Simulation Tools

Planned for Sept 2018
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QUESTIONS AND ANSWERS

DescriptionDescription You

:Attendee

Me

:Speaker

loop1

You

:Attendee

Me

:Speaker

loop1 while open questions exist

Question1.1

end loop

while open questions exist

Question1.1
Question

Answer1.1.1
Question

Answer1.1.1
AnswerAnswer

end loop

{Speech Time}{Speech Time}
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#hwgsec

Thank you for attending!
Share your experiences at #HWGSEC
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