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Human-centered Systems Engineering
* Mechanical — Human Factors - Industrial
* Model-based systems engineering
* Process improvement (Lean / Six Sigma) SYSTEMES
* Integrated facility design / 3P
* Equipment design & planning
* Production system flow
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Context enables effective design decisions for operational performance

Model-Based Systems Engineering enables Context
* Aerospace
« Health care delivery

Case Study in Context through MB SE Illustrates efficient:
* Problem identification and stakeholder needs
« Requirements development, elicitation, and revision
 Early validation for system model refinement
« Rapid prototyping and use testing
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Context .
IS critical.
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Model-Based Systems Engineering

The formalized application of modeling to

support system requirements, design, analysis,

verification and validation activities beginning in

the conceptual design phase and continuing

throughout development and later life cycle

phases. (INCOSE 2007)

https://www.sebokwi.org/wiki/Model-Based Systems Engineering (MBSE) (alossary) ey
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MBSE enables context
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Concept of Validation and

Hardware / Software

| Implementation >
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System Model — As An Integration Framework

5th Annual Systems
Engineering in Healthcare

Conference

MMay 1-2,I ?O:;;N

inospels. Svstern Model == The system model is

r;aigabnlity \ l' linked “upstream” to
ationale . o o o
Ext | 1. Structure : 2. Behavior AI:::D;S;S mission eﬁeCtlveneSS
xterna “ S e models, and
Requirements D clossd form

“downstream” to

D_[E"_ID_'L.E decomposed and

ST allocated sub-system

— :h-’j%: f""-:{_, : requirements and
: l T T é% associated designs.

y

System ==
Document& (|| o\
Specification v ' \ w wots Performance network It is also linked to
View & L N Vori g = Estimates - .
Viewpoints 3.Requirements 4. Parametrics Analysis Models verification tools (FEM’

CFD) which validate it’s

fidelity and utility for
f ‘ intended purpose.

Mechanical Electrical Software Testing
Design Design Design Methods &
Models Models Models Models

System Framework for Design (includes Discipline-Specific Models)

NAVAIR Public Release 2017-370. Distribution Statement A — “Approved for public release; distribution is unlimited”
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SE / MBSE In care delivery?
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| Vewon ] eatcan e peen
Thousands -10,000s 2-3

Minimal Several

Tens of years Weeks to months

$100 millions - billions $ 10,000s to $100,000s
Typical nhumber of top level Hundreds to thousands Tens

requirements (lower levels x 10)

Complexity Huge technical and political Small (few unknown unknowns)

o0 states One clinic or hospital; then
disseminated to others

Chart © 2018 Bohdan W. Oppenheim
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Stakeholder Needs
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Minneapolis MN req [Package] 4.2a Stakeholder Needs [ 4.2 Stakeholder Needs U
3
«requirements
Define Analyze: Ide: & Prioritizi mot;nmn!ﬁlllllund‘b " Patient Care
: Initial meetings uncovered some common failure modes
Background: . ) N L g d="25"
The Puget S‘I)Il!l‘l .\rlﬂjl]:‘xllcrnh‘l p:’]ll‘tl:lrm;l;l‘? n:l m:“—marc“-y?:m:rg:]:;"l:D" Text = "Provide high quality ©alocater
m""""’";‘ s "P:""sl:"h"l'mfs. © heal s“u"m g > Bﬂ:: W pafient care while improving = — — — — — — — — — — — — Bl
some entities performing below the Iargettnnlp ance rate of = . value for Drgan\zaﬁun" |
T T |
Objective / Goal: Team Members:
Achieve and sustain > 96% compliance |+ PSMC Clinical & Quality Improvement I I I
on Urinary Catheter Removal KPO core team | | | Jocat |
across allPSMC entities by CY 13. Identified Challenges: ! ! Pathologist | eloeater ,%
+ Removed before midnight POD2 and not documented until after midnight POD2 Lab Manager ;%
+ Not removed by midnight POD2 and no documented reason for maintaining the wrinary % «wallocatexn I M+ Lab Tech
catheter ; : . External Swheholders I i
Key Metrics: + Patient transferred between units and communication unclear during handoff N | |
+ Mouthly and Quarterly Urinary Catheter Removal core measure compliance data + Notall providers using automated order sefs (some continue on paper) | |
+ Detailed case data on failure modes ( providing opportunities for data driven + Removing catheter not on [CU checklist when patient transferred from ICU to unit Process Imfrovement Lead [
interventions) « Small population size for some entities | | | calocates
+ “Bright spots” (interventions that are driving high reliability) | |
_Improve |
Measure Optimize abstraction/sampling techniques for each entity. | | |
Sampling approaches Leverage when possible “bright spot” concepts performing well within the health system. |:g”EEg e | |
. Discussion revealed variability in sampling methods Order sets. Alerts and Feedback Loops. | | |
Current Year Data: Orcersets, Alerts and Feedhack LOOPS:
o 0 * Nurse driven protocolwith order sets—to remove w/i 24 hours arequirements | wrequirements arequirements «requirements
Trend of Urinary Cath Removal Core: Me“m“::ﬁ ‘Ps:qc + Some data sets have drop down menus to select why catheter not removed Create Product | Defects Productivity Employee burden
e +  Concurrent reviews 1d= | 1d="§" d="7"
960 REQUIREMENT * Direct education for nurses when catheters not removed Text = "Create a physical ~ T T|Text="Systemshal 'System shall Text = "System shall
* SBAR assessment of failures product to facilitate eliminate potential for increase productivity” decrease employee burden”
| Histology slide processing” defects”
e Stakeholder Needs
: «  Create a physical product to facilitate Histology slide processing T
- * System shall enable seamless flow of tissue samples | ederiveReqts
«  System shall decrease cycle time |
«  System shall eliminate down time
+  System shall increase productivity |
«  System shall eliminate potential for defects wrequirements
o «  System shall decrease employee burden Seamless Flow
12 Ferl2 Ma-12 A2 Mapl2 el2
Month ld="2"
Control: Achieving High Reliabili Text = "Solution shall
Improvement Verification & Future Stability: enable seamiess flow of
TBD tissue samples”
7 L3
/ A
wderiveRegts / \adarweﬂeqt»
4 A
! \
arequirements «reguirements
Cycle time Down time
Id d="4"

Note: for more rigorous use of SysML e e o
in care delivery, see Malins (2018).

o 3
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req [Package] 4.2b Regs[ 4.2 Regs lJ req [Package] 4.3 System [ 4.3 Syst 1]
urequwrer_nent» areguirements E:ror-aroaﬁ:g
Cycle time Defects
— — 1d="32"
lg="% ld="§ Text = "System shall
Text = "System shall Text = "System shall mitigate chance of operator
decrease cycle time” eliminate potential for mismatching groups of
defects” slides and blocks™
N S S
T T .~ 1 | eemememmmm e e m e mmmm- = | e e e e e - -
| | |
r— - - - = | 77777 — | 7777777 B omeme g omiges I S I
| ederiveReqts | wderiveRegts l wderiveRegts | ederiveReats ‘ aderiveRegts | «deriveReqts | «deriveReats | «derveReqts | ederveReats | ederveReqts
' I ! | 1 I : | : |
erequirements wrequirements areguirements arequirements wrequirements ! 1 !
Block Capacity Slide Capacity Error-proofing Cooling Hydration erequirements «fequirements erequirements erequirements erequrements
Segregation Access Restriction Shde row spacing Slide column spacing Block and slide
Id ="30" ld="31" Id="32" ld ="33" ld="34" lla="10" 1a="16" d="17 =18 visibility
Text = "System shall hold 5 Text = "System shall hold 10 | |Text = "System shall Text = "System shall keep Text = "System shall keep Text = “System shall Text = "Systemshallrestrict | | Text = “Siide rows shall be Text = “Siide colurms with Ig="21"
blocks' slides for every bleck” mitigate chance of operator stored block paraffin active face of stored block segregate between operator access 10 only one spaced so that siides can |segregators shall be Text = “System shall ensure
mismatching groups of temperature at close to the paraffin in contact with separate groups of blocks block and its associated safely be picked and placed spaced a minimum of 32 ready visibility by technician
slides and blocks" temperature of frozen water" liquid water" and slides” |slides at a time” by a technician with large 'mm on center, plus the of unique identifiers on
A fingers” [thickness of two segregators™ blocks and slides”
«requirements «requrements «requirements
arequirements ‘m‘nm Cydle time Employee burden Coet
wrequirements fom e T 1d="3 Id="7 Id="27"
Ei burde =
Create Product = 'Iﬂpw e 'l?m = "System shall Text = “System shall Text = “System shall Text = “Physical prototypes
FEZE Id="7" ) N decrease cycle time” decrease employee burden” shall cost less than $2,500
n eliminate down time'
. . Text = "System shall each to manufacture™
Text = "Create a physical e 1 burden"
product to facilitate ecrease employee burden v . v
Histology slide processing” % | \ |
T T T ! | s =———- ! ! !
oo e e ‘ | B} . | ederiveRegts | ederiveReqts | edeciveReqts | ederiveReqts | ederiveReqts
| aderiveRegty | ederiveReqts ‘ «deriveRegts | ederiveRegts | | | | |
| e ST 3 | |
| |
1 Il N requrement rements
«requirements wrequirements arequirements :raqulrame_nt: «requirements erequirements s o il
Cost Carousel Ergonomics Load/Unload ice Viability
1d="27" 1d="28" 1d="20" s o= la=c20 !I?e:l.?&/s(am shailfitin 'rdoiu??smem shall be
Tod = Pyseatohoes [ To= cresos B e T Snsstis | [Tl s i et | [sekzaiosmmmir
shall cost less than $2,500 CarouseHype solution” Rectangular-ty pe solution” a = and unload of blocks and viabisty of ice for as long a reducing usability of other by additive manufacturing
each to manufacture” users, nor create risk of stides” cidiion s Hiseibie components”™ and minor modifications to
repetitive injury” p— bought-out items™
P &
/ \
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System Architecture

bdd [Package] 4.4 Functional Architecture [ 4.4 Functional Architecture ],J

cooling Systeml

Histology Slide Sorter

«blocks

'

I

slide Suppurtl

access Control System

segregation Systeml

hydration Systeml

How Systems Engineering Can Reduce Cost & Improve Quality

xblocks xblocks sblocks wblocks xblocks
Cooling System Slide Support Access Control System Segregation System Hydration System
bdd [Model] 4.5 Physical Architecture - Carousel[ 4.5 Physical Architecture - Carousel ]J_J bdd [Medel] 4.5 Physical Architecture - Rectangular[ 4.5 Physical Architecture - Rectangular ]J
wblocks sblocks
Carousel Rectangular
base Assembly COover . )
- i cls base Agsembhy ice ice Tray cover Assembhy
Base Assembly Cover wblocks wblocks xblocks xblocks
! ' Base Assembly Ice Ice Tray Cover Assembly
turntable ice ice Trayl hasel slide Rack separator slide Rack |1 separator |9 endplate [2 cover |9 way L'..* coverEnd |2
wblocks wblocks ublocks wblocks ublocks wblocks wblocks wblocks wblocks wblocks wblocks wblocks
Turntable lce lce Tray Base Slide Rack Separator Slide Rack Separator Endplate Cover Way CoverEnd

2
!
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Requirement Elicitation

grequirements
Slide row spacing

Id="17"

Text = "Slide rows shall be
spaced so that slides can
safely be picked and placed
by a technician with large
fingers”
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Coverage for Test

External Requirements

[E Stakenholder needs ’

Analysis & Simulation

\
System Docs & Specs
Mechanical Electrical Design Software Design
[ slide rack 1"
B Slide rack 7/8" > SlideRackTest
[E) Slide rack 3/4" /
B Slide rack 5/8"

Governance and Project Management
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Traceabillity for Test

' B HISTO-MD-1 1

B Diagrams
HistoProject
# Relations
=1 4.1 Project Context
1 4 2a Stakeholder Needs
= 4.2b Stakeholder Reqgs
= 4.3 System Requirements
Z Relations
4.3 System Requirements
[& 4.3 System Requirements
E Access Restriction
E Block and slide identification visibili...
H Ice Viability
& Load/Unload
& Realization
HE Segregation
E Slide column spacing

m a <Quick Filter= n

& Workspace integration
1 4.4 Functional Architecture
= Analysis-Model
£ Unit Imports
4.5 Physical Architecture - Carousel
4.5 Physical Architecture - Rectangular
= Author:.CMR10. Created:10/1/2012 3:10 PM .

" W] SlideRackTest
@ (front matter)

e October 23, 2017

From: Chris Meeker (for KPO), 0 HYPERL. .
Histology Moonshine project — slide spa. .
We need to assess the appropriate spaci. ..
There are four prototype slide racks th...
Each rack has 9 slots for slides

Each rack is 6" wide, to accommodate 2.
Requests:

Please try each rack underneath the sli._
Support the rack underneath (using the ...
Load several slides into the rack, thro...
Try removing and replacing a slide (or ...
Repeat the process for each of the new ...
Decide what you think the best spacing ...
Caontact Chris (above) with any question ...

@ Notes:
@ Each slot in the new prototype slide ra_ .

SPEC 1

Description

Decide which spacing is preferable by technicians with various hand size.

1-2 May, 2019 Twij #hwesec
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Requirement Refine

«requirement» B
Slide row spacing
id="17" Id
Text = "Slide rows shall be Te
spaced so that slides can 3
safely be picked and placed St
by a technician with large m
fingers” th
m«reﬁne»
l
«requir‘ement»
Slide row spacing
dimension

Id ="36"

Text = "The slide row
spacing shall be 19mm on
center.”
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Linkage to 3D models

Carousel ~ 7

L Rectangular Tray Assy /.7

External Requirements Analysis & Simulation
System Docs & Specs
Mechanical Desig’ /1 Electrical Design Software Design Testing

Governance and Project Management

How Systems Engineering Can Reduce Cost & Improve Quality

' @ Stakeholder needs

@ (front matter)
@ Specifications
s SPEC_1
s SPEC_2
# SPEC_3
e SPEC_4
e SPEC_5
s SPEC_6
® SPEC_7

m a <Quick Filter> u

B HISTO-MD-1 1
& Diagrams
Ea HistoProject
# Relations
£31 4.1 Project Context
£34.2a Stakeholder Needs
# Relations
% 4 2 Stakeholder Needs
[= 4.2 Stakeholder Needs
H Create Product
E Cycle time
Ol Defects
E Down time
H Employee burden
H Patient Care
& Productivity
E Seamless Flow
3 4.2b Stakeholder Regs
£31 4.3 System Requirements
£3 4.4 Functional Architecture
E3 Analysis-Model
Ea Unit Imports
Ea 4.5 Physical Architecture - Carousel
4.5 Physical Architecture - Rectangular
# Relations
By 4.5 Physical Architecture - Rectangular
[T Base Assembly
= endplate : Endplate

= separator P
= slide Rack - Slide Rack
= Cover

[ Cover Assembly

& CoverEnd
= Endplate

®lce

= Ice Tray
[ Rectangular

[ Separator

[# Slide Rack

= Way
= Author:CMR10. Created:10/1/2012 3:10 PM..

1-2 May, 2019 Twi

@ Carousel A1
Slidetray A.1 (CS slidetray.1)
Carousel cover A1 (v2 CS cover.1)
1413T170_LIGHT DUTY PLASTIC TURNTABLE_1...
Slide assy A.1 (v2 CS slide assy.2)
34085A140_BALL-NOSE SPRING PLUNGER WITH..
Carousel base A1 (v2 CS base.1)
Slide assy A1 (v2 CS slide assy.1)
Icetray A1 (CS icetray.1)

@ Rectangular Tray Assy A 1

CaseofSlideCassette A 1 (Physical Produ..

@ RectCoverAssy A.1 (Physical Product0000..

Rectcover A1 (rectcover.4)

Rectcover A.1 (rectcover.8)

Rectcover A.1 (rectcover.8)

Rectcover A1 (rectcover.10)

RectCover Endcap A 1 (Physical Product0..

RectCover Way A.1 (Physical Product0000...

RectCover Endcap A.1 (RectCover Endcap...

Rectcover A.1 (rectcover 11)

Rectcover A.1 (rectcover.9)

Rectcover A.1 (rectcover.7)

Rectcover A.1 (rectcover.5)

Rectcover A.1 (rectcover.3)
CaseofSlideCassette A 1 (CaseofSlideCas.
CaseofSlideCassette A 1 (CaseofSlideCas.
CaseofSlideCassette A 1 (CaseofSlideCas.

@ CaseofSlideCassette A 1 (CaseofSlideCas...
RectlceTray A.1 (recticetray. 1)
@ Slide tray v2 A1 (Slide tray v2.1)

e 3
g \
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CasrofSlileCasette A1 (Casrol
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Conceptual Design — Version 1

@ 3DEXPERIENCE

VMH-Carousel Assy v2 A.1 CSv2 A.1

™

V2CS icetray A1 (CS icetray. 1)

FP—
&

V2CS slidetray A1 (CS slidetray.1)

@

v2 CS slide assy AT (v2 CS slide assy.1):
=

v2 CS slide assy A1 (v2 CS slide assy.2)

A A A
e

s

| 4
([ ssembly | productEdition Newpesity  Toos  Touch |
L8 e @ # & b I>
| e S L
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System Model — Version 2
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* Minimal infrastructure; rapid deployment; ready accessibility through
Cloud, iPad, AR, VR for ease of stakeholder engagement

* Rapid, iterative concept development
* Requirements definition, elicitation and conflict resolution

« Early validation, through efficient collaboration on models with end-
users and other stakeholders

 Early and valuable human factors models

 Stakeholder engagement

« “Seeing our ideas represented in the lifelike 3D models makes this process so
much more real’
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* Oppenheim, B., 2018. A Study of the Potential of Systems
Engineering in Healthcare. INCOSE I/S 2018.

* NAVAIR Public Release 2017-370. Accessed from Capabillity

Based Acquisition Overview,

http://www.paxpartnership.org/docs/SE%20Transformation%200verview%20%28Industry
%20Day%29%20V39%20David%20Cohen.pdf

« Malins, R., 2018. Case Study: Application of DoD Architecture
~ramework to Characterizing a Hospital Emergency

Department as the Intended Use Environment for Medical
Devices. INCOSE 1I/S 2018.
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