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Business Challenges
To address industry 4.0 need to competitively develop modern products, which  
are increasingly becoming smart connected systems or “systems of systems”.

To establish a MBE (Model-based Engineering) framework & simulator for the 
digital enterprise that can be used to demonstrate best practice in developing 
modern products. 

To educate the next generation of engineers for industry 4.0
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Current challenges/Limitations (faced by Academia)
Lack of education (curriculum/certification) for industry 4.0, including MBSE, MBE 
(SDPD), Digital twin, and digital thread.

MBE (SDPD) skills not clearly articulated/defined by industry

Cost of infrastructure (both hardware and software)

Limited ability to deliver graduates with the required skills to support/drive the digital 
transformation

Limited ability to support the needs of industry for the digital transformation
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IPLI – Simulator & Infrastructure

IPLI SDPD Simulator facility (ET 
314C)

SDPD Educational facility (45 
workstations)

More than 30 
Software tools 
& 1,000’s of 
license seats

Dedicated 
Simulator

**NoMagic/Siemens

SDPD ecosystem (Digital twin + Digital thread)

- Access to Simulator: Testbed, Digital twin, modeling 
& simulation continuum, Assessment platform.

- Access to State-of-the-art tools
- Training/Workforce development
- Certificate/Certification
- Consulting
- Implementation (Industry case studies)
- Special projects
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Stakeholder
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• Michael & Susan Smith Emergency Department at Eskenazi Health, Indianapolis.

Eskenazi ED has:
– 90 bed capacity
– 16 bed clinical decision unit (CDU)
– 30+ physicians
– 120+ nurses

ED Unit:
– Registration
– Front Assessment
– Intake
– Low Acuity (LA)
– High Acuity (HA)
– Clinical Decision Unit (CDU)
– Shock Room
– Holding Area



Outline

 Stakeholder
 Stakeholder Needs
 Stakeholder Requirements
 System Decomposition
 System Architecture
 System Modeling and Simulation
 Verification and Validation
 Conclusion

www.incose.org/glrc2018



Stakeholder Needs
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• Quality health care delivery
• Eliminate/minimize LWBS (Left without being seen)
• Medical staff workload that limits/eliminates potential hazards/errors
• Real time visibility into resource utilization
• Optimum allocation of resources
• Below average LOS (Length of stay)
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Stakeholder Requirements

www.incose.org/glrc2018

• LWBS percent shall be less than 2%
• Average LOS shall be decreased by 20%
• Average time to room shall be less than 15 minutes
• Average time to doctor shall be less than 30 minutes
• Resource utilization shall be greater than 80%
• Hazards/errors shall be less than 0.1%
• Real time visibility of resource utilization shall be 100%
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System Decomposition

ED System Decomposition

System Boundary



System Decomposition
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ED Process Decomposition

Level 1

Level 2
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System Architecture
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Object-Process 
Methodology (OPM) 

Diagram

Level 1 Decomposition



System Architecture
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Task-Based Design Structure Matrix (DSM) 
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System Modeling and Simulation
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In a stochastic DES, the value associated with event is a 
random variable, that is its value has an associated 
probability. DES uses the probability theory including 
conditional probability as follows:

DES Model Inputs:
• Patients’ arrival data (Probability Distribution function or Time stamp)
• Processing time and routing data data (Probability Distribution functions)
• Resources data
• Work flow

Probability Distribution Types:
• Exponential – Patient arrival
• Gamma – Processing time
• Lognormal – Processing time
• Triangular – Processing time 

Discrete Event Simulation (DES)



DES Model Implementation – ED Process Review
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System Modeling and Simulation
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DES is used to simulate the 
ED process and predict the 
key performance outcomes. 
Two simulation models were 
implemented:

Model A: Models the ED 
process at the “black box” 
level. Used to estimate the 
high-level patient and room 
utilization data

Model B: Models the 
interactions between patients 
and clinicians at the treatment 
units. Used to estimate human 
resource utilization rates and 
perform trade analysis

Model A

Model B



DES Model Implementation – ED Process Review
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System Modeling and Simulation

Model B
Capturing 

more details 
inside each 
treatment 

room

Model A
Time-in motion 

“black-box”



Model Input

Input Source
Arrival data EMR System

Processing time (registration) Observation

Processing time (Intake, LA, 
HA, Shock)

Observation

Processing time (Holding unit) EMR System

Room assignment EMR System

Number of patients rooms Nursing Charts and ED Input

CT shifts and schedules Nursing and CT grid

RN shifts and schedules Nursing and CT grid

MD shifts and schedules Physicians’ grid

System Modeling and Simulation

 Duration: over 45 days
 ED Units observed: 

Registration, Intake, LA, HA 
and Shock room.

 Data collected for a total of 
126 patients

Observation Data Collection



System Modeling and Simulation
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Input Data

Input Value
Patient Processing Times Inside Each Unit

Intake Gamma (alpha = 4.86, beta = 19:17.31)
LA Gamma (alpha = 3.47, beta = 37:37.7)
HA Gamma (alpha = 7.17, beta = 22:35.77)

Shock Gamma (alpha = 2.19, beta = 43:30.6)
Check-in Constant (10:00, 5:00, 1:00, 1:00, 1:00)

Holding Log-norm (alpha = 22138.06, beta = 
961.98)



Input Data Analysis - Resource Availability

Rooms Availability Nurses Availability
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Model Output
• Patient Throughput.
• Average LOS.
• LOS for different days of the week and different times of the day.
• LOS for each discharged patient.
• Time to room.
• Time to doctor.
• Room utilization.
• Room idle time.
• Human resource utilization.

System Modeling and Simulation



Model A Results – Room Utilization
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Intake HALA
Patient occupancy = 67.71%
Non-operating time = 29.92%
Idle time = 2.36%
Pod to room ratio = 1/3 

Patient occupancy = 79.64%
Non-operating time = 0%
Idle time = 20.36%
Pod to room ratio = 1/6

Patient occupancy = 84.44%
Non-operating time = 4.17%
Idle time = 11.39%
Pod to room ratio = 1/4



Model B Results – Human Resources Utilization
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HR Utilization Rate (Inside 
Patients’ Rooms)

INT CT 48.9%
INTAKE RN 44.01%

LA CT 20.82%
LA RN 40.35%
HA CT 16.31%
HA RN 36.94%

Shock RN 32.23%
INT_LA PHYS 75.16%

HA_SHOCK PHYS 79.59%
F. Track PHYS 37.18%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%
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Model Animation
Tecnomatix 2D Simulation

System Modeling and Simulation



Tecnomatix 3D Simulation

3D simulation shows 
the flow process at 
treatment units. The 
care technician 
guides the patient to 
his room, then the 
nurse and the 
physician serve the 
patient inside his 
room

Model Animation
System Modeling and Simulation



Design of Experiments Approach for Resource Allocation 
Optimization

Objective: To minimize the average LOS, Time to room, Time to doctor by optimizing 
resource allocation using two different methods:
1. Optimization of existing ED resource (added cost = 0).
2. Allocating more staff to the ED.
Design Variables: 
1. Human Resources Availability and Shifts
2. Allocation of ED rooms.
Constraints:
• Addional Staffing Budget shall be <= $1,000,000 (based on ED Estimation)
• Improvement in performance measures shall be => 10% of the current
• Patients’ LOS shall not be less than two hours to retain its clinical value
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What If Scenarios – Senstivity on HA/Shock Physicians
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Exp. No. Added HRs Added 
Cost

1 (Current
State) 0 0

2 +1 physician $240,000

3 +2
physicians $480,000

4 +3 
physicians $720,000

5 +4 
physicians $960,000

6 +5 
physicians

$1,200,00
0



What If Scenarios – Senstivity on Intake/LA Physicians
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Exp. No. Added HRs Added 
Cost

1 (Current
State) 0 0

2 +1 physician $240,000

3 +2 physicians $480,000

4 +3 physicians $720,000

5 +4 physicians $960,000

6 +5 physicians $1,200,000



What If Scenarios – Combination

www.incose.org/glrc2018

Optimum Scenario
Cost: $960,000
% Improvement in 
LOS: 25.5% 
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Verification

Validation
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1. Inspection of simulation logic using walk-
throughs and slow runs (inspection).

2. Performing consistency checks on model 
outputs (demonstration).

3. Examination of the change in model’s output in 
response to different conditions (analysis).

4. Testing the variation in model’s output using 
multiple simulation runs (analysis).

1. Comparing model’s output behavior with Epic 
and Picasso data.

2. Validation by observing the real system.
3. Validation with ED and Simulation Experts.

Model is 
right

Right 
model is 
built

Robert G. Sargent, 2005

System Verification and Validation



Model Verification – Extreme Condition Testing (Model B)

Number of patients arriving to the ED was doubled on 2/1/2014 for three 
hours between 9 AM and 12 PM using Model B.
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Model Verification – Extreme Condition Testing (Model B)

Number of patients arriving to the ED was tripled on 2/1/2014 for three 
hours between 9 AM and noon using Model B.
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Model Validation – Output Behavior Comparison (Model B)
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Model Validation – Output Behavior Comparison (Model B)
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Model Validation – Output Behavior Comparison (Model B)
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Conclusion

A system engineering (SE) driven approach to health care delivery representation was 
proposed

The SE approach was successfully implemented to drive the modelling of ED process 
at a mid-size Emergency Department, namely Eskenazi

A two level fidelity modeling was used to capture patient flow as well as resource 
utilization

DES was used to create the higher fidelity simulation model, and predict LOS, room 
utilization, staff utilization, etc.

What-if scenarios were conducted to explore more optimal solutions through resource 
re-allocation

www.incose.org/glrc2018
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Thank you

Open for Discussion…….
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