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OVERVIEW

Providing civilians with medical attention in a city under siege involves ensuring access to
healthcare services and facilities for the general population during emergencies, disasters, and
everyday health needs. It encompasses various aspects such as emergency medical response,
primary healthcare provision, specialized treatment, and preventive care. Key components include
establishing healthcare infrastructure, training medical personnel, developing public health
programs, and fostering community engagement to address healthcare disparities and promote

overall well-being.



Assessment
& Triage

Documentation &
Report

Process Flowchart

Assigning - : Established Me
Medical Team CERERELIel dical Stations

Security Community | Evacuation
Measures Engagement Planning

Medical Supplies
Deployment

Communication
& coordination




BRAINSTORMING

Develop and deploy mobile medical units that can move to areas in need.
Establish clear evacuation plans for different scenarios.

Consider partnerships with transportation companies for emergency services.
Set up temporary shelters with integrated medical facilities.

Ensure these centers have sufficient medical supplies and personnel.
Implement safety protocols for both medical personnel and civilians.
Collaborate with local communities to identify and train volunteers.

Provide information and education on safety measures during crises

Utilize ambulances, helicopters, or other means of transportation for swift medical response.
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Affinity Diagram
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Ishikawa Chart

Cause-and-Effect Diagram
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Define

Provide civilians with medical health in a
city under siege

4

Measure

Once the problem is defined, relevant data is
collected to quantify the current state of the
process or system.

U

Analyze

In this phase, the collected data is analyzed
to identify root causes contributing to the
problem or variation in the process.

Various statistical and analytical tools are
used to understand the relationship
between inputs and outputs

Six Sigma DMAIC

Improve

* Strategies for resource allocation

* Emergency response protocols

* Partnerships with external organizations (finding our Champion)
* Develop a plan for implementation and a timeline for completion
* Put improvement initiatives into action

* Adjust strategies as needed to address any unforeseen challenges

L]

Control

* Standardization of Procedure
- * Training and Skill Maintenance
* Feedback Loops and Continuous Improvement

* Monitoring and Measurement System



Process Capability

* Process Capability is a measure of a process's ability to consistently produce output within
specified limits.

* |ts primary goal is to assess and ensure that a process can meet customer requirements and
expectations reliably.

* The main objective of assessing process capability is to understand the inherent variability of a
process and determine if it is capable of producing output that falls within predefined tolerance

limits.
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Quality Function Deployment

 QFD involves a structured approach to translating customer requirements (what the customer
wants) into specific technical requirements (how those wants can be met). The QFD matrix, also
known as the House of Quality, is a central tool in this process.

* The primary goal of the QFD matrix is to ensure that the product or service being developed
meets or exceeds customer expectations. It does this by establishing relationships between
customer requirements and the technical features or characteristics of the product or service

* The main objectives of the QFD matrix include:
- Customer Understanding
- Cross-functional Communication
- Prioritization

- Design Optimization



Quality Function Development (QFD Matrix)

Quality Function Deployment
(House of Quality)

+
+ +
+ + +
+ + +
Functional Requirements [How's)
: Training Creating Setting
1: low, 5: high 2 Establishing sl Stockpiling s Implementing B
. medical . SECUMNe L counzeling
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rating 4 units equipment ) coordination Srore
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1 = Timely medical assistance = 4 3 5 = 2 110
2 < Accessible medical facilities 3 3 5 4 3 3 72
3 = Lkilled medical personnel 4 = 3 3 2 3 85
4 < Adequate medical supplies 4 3 4 2 2 2 B0
5 = Safety and security during treatment = = 1 2 4 3 85
=1 3 Psychological support for trauma victims 3 1 1 1 2 g 24
Technical importance score 107 107 107 107 107 107 436
Importance % 25% 25% 25% 25% 25% 25% 125%
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Difficulty 3 3 2 5 4 1 1:very easy, 5overy difficult
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Design Of Experiment

* |s a structured method used to systematically vary input factors in a process or system to observe
and analyze their effects on the output.

* The primary goal of DOE is to optimize processes, products, or systems by identifying the most
influential factors and their optimal settings while minimizing variability and reducing the number

of experiments required.
* The main objectives of the Design of Experiments include:
- Identifying important factors
- Optimizing process settings
- Minimizing variability

- Reducing the number of experiments



Run A
1 -1
2 1
3 -1
4 1
5 -1
6 1
T -1
8 1
TotSum
SumY+ 49 51
SumY- 17.20
AvgY+ 12.38
AvgY- 4.30
Effect 8.08
Var+ 6.137
Var- 4.803
F 0.783
Factors Doctors

Low Level Implemented

High Level None

Var. of Model

Var. of Effect
Student T (0.025;DF) =
C.l. Half Width =

Factor A
Signific. Yes
LwrLimit 272
UprLimit 1044

Factorial Experiments 243 (Three Replications/Treatment)

B
-1
-1
1
1
-1
-1
1
1

40.86
25.85
10.21

6.46

3.75
3118
7.622
2509

o.47
0.91

Design Of Experiment Analysis

Design of Experiments Analysis

c AB
1 1
1 1
-1 -1
1 1
1 1
1 -1
1 -1
1 1
5260 3703
1411 2068
1315 9.26
353 742
9.62 1.84
6.321 6618
4619 4322
073 0653
Transportation
Implemented
None
StdDv
StdDv
2473
2.361

Significant Factors & 95% Cl Limits:

B
Yes

1.38
6.11

c AB

Yes No
7.26 0452
11.98 420

AC

1
-1
1
-1
-1
1
-1
1

3211
34.60

8.03

8.65
{.62
5.181
5.759
1111

Communication
Implemented

AC
No

None

234
095

-2.98
1.74

Death Rates

No

BC

3206
3465
5.01
5.66
0.65
6.135
4.805
0.783

-3.01
1.71

ABC

-1

20.20
37 .51

7.30

0.38
-2.08
7471
J.469
0.464

ABC

No

4.44
028

Run Results
Y1 Y2 Y3 Avg. Var.
250 242 1.72 -1.066 5828
356 0.73 6.87 3.719 9446
1.71 0.75 0.72 0.580 1.499
10.95 11.64 13.50 12.037 1.705
10.52 412 8.61 7.750 10.778
1477 18.00 13.57 15.446 5237
11.19 12.09 10.00 11.093 1.107
19.71 15.02 20.19 18.310 8.161
66.52 58.42 7518 66.71 43.76
Factors Analyzed
Factor A: Doctors
Factor B: Trasnportation
Factor C: Communic ation
Response: Death Rate
Pareto Chart of Factors
12.00
10.00 —
8.00
6.00 +
400 + —
2.00 +— —
DOD T T 1 I I_I L u 1
200 1 2 3 4 5 5] 7
-4.00




Design Of Experiment Interpretation

All three of the main effects are statistically significant. Effect A, Doctors is statistically significant:
its Effect is 8.08; its 95% Confidence Interval is 5.72 to 10.44. Effect B, Transportation is also
statistically significant: its Effect is 3.75; its 95% Confidence Interval may allow an increase death
rate 1.39 to 6.11 over the desired 15%. Finally Effect C, Communication is also statistically
significant. Its 95% CI shows Communication allows an infection rate increase 7.26 to 11.98% over

15% desired. We can see that Transportation is the most helpful tool to keep the death rate at a

desired 15% level




Supply Chain

* The primary goal of a supply chain is to efficiently and effectively manage the flow of goods,
services, information, and finances from the point of origin to the point of consumption, to satisfy
customer demands while maximizing profitability.

* The objectives of a supply chain can vary depending on the specific industry, organization, and
market dynamics, but they generally include:

- Customer Satisfaction
- Cost Efficiency
- Responsiveness

- Reliability
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Part#l

Supply Chain

Distribution J

ltem No. of Rooms/Beds |No. of Medical Staff No. of Operations
Production Oto 12 0to 13 Oto 1l Week |Uniform
Inventory WMax o 10 B 1 3
Cost of Having a Doctor 2 4 4 2 4
Cost of Patient Overflow 6 7 B 3 2
Cost of Doctor Shortage 5 7 7 4 9
Random/Selection B* B* Distribution ] 5 ]
1L Avoid any shortages _I' B 7
7 4 | .I
] 2
9 3
10 5
Product Lewvel 1 2 3 4 5 & 7 8 9 10 Total
Mo. of Operations [1] Demand (11) 3 4 2 9 ] 7 4 2 3 5 48
Planned Receipt B B B B B B B B B B BD
Total Units 16 16 16 13 13 13 15 16 16 16 150
Having a Doctor ] B ] 5 5 5 7 ] ] B 70
Patient Qverflow 5 4 5] 0 o 1 4 5] 5 3 34
Doctor Shortage 0 0 0 0 0 0 0 0 0 0 0
Cost of Having a Doctor 32 32 32 20 20 20 28 32 32 32 280
Cost of Patient Overflow 30 24 36 0 o & 24 36 30 18 204
Cost of Doctor Shortage 0 o 0 0 o o 0 0 0 o 0
Mo. of Medical Staff 1 Production ] g ] ] g g g ] B g BO
Planned Receipt B B B B B B B B B B B0
Total Units 18 182 18 18 182 12 12 18 18 182 180
Having a Doctor 10 10 10 10 10 10 10 10 10 10 100
Patient Cverflow 0 o 0 0 o o 0 0 0 o 0
Doctor Shortage 0 0 0 0 0 0 0 0 0 0 0
Cost of Having a Doctor 40 40 40 40 40 4n 40 40 40 40 400
Cost of Patient Overflow 0 o 0 0 o o 0 0 0 o 0
Cost of Doctor Shortage 0 o 0 0 o o 0 0 0 o 0
Mo. of Rooms/Beds 2 Production B B B B B B B B B B BO
Planned Receipt B B B B B B B B B B BD
Total Units 17 17 17 17 17 17 17 17 17 17 170
Hawing a Doctor 9 9 9 9 9 9 9 9 9 9 90
Patient Cverflow 0 0 0 0 0 0 0 0 0 0 0
Doctor Shortage 0 0 0 0 0 0 0 0 0 0 0
Cost of Having a Doctor 18 18 18 18 18 12 18 18 18 18 180
Cost of Patient Overflow 0 o 0 0 o o 0 0 0 o 0
Cost of Doctor Shortage 0 o 0 0 o o 0 0 0 o 0
Total Cost of Having a Doctor B6O
Total Cost of Patient Overflow 204
Total Cost of Doctor Shortage 1]




Part#2 (Redesign

Item Mo. of Rooms/Beds | No. of Medical Staff | No. of Operations
Production,/Sale 0to 12 O0to 13 0to 1l
Inventory Max o 10 B
Cost of Having a Doctor 2 4 4
Cost of Patient Overflow & 7 B
Cost of Doctor Shortage 5 7 7
Random/Selection B* 7* Distribution J
DISTRIBUTION: UNIFORM
Product Level 1 2 3 4 5 b 7 B8 9 10 Total
MNo. of Operations [1] Demand (11) 3 4 2 9 ] 7 4 2 3 5 48
Planned Receipt 7 7 7 7 7 7 7 7 7 7 70
Total Units 10 10 10 11 10 11 9 11 10 B 100
Having a Doctor 3 3 3 4 3 4 2 4 3 1 30
Patient Overflow 4 3 5 0 0 0 3 5 4 2 26
Daoctor Shortage 1 0 2 0 0 0 1 1 1 1 7
Cost of Having a Doctor 20 35 30 20 20 20 30 25 30 20 250
Cost of Patient Overflow 24 18 30 0 ] ] 18 30 24 12 156
Cost of Doctor Shortage F) ] 14 1] ] ] 7 ¥ F) ¥ 49
MNo. of Medical Staff 1 Production 0 7 7 7 7 7 7 7 7 7 B3
Planned Receipt ) ] & B ] ] & ] ] ] 54
Total Units 10 16 15 14 13 12 11 10 ] B 118
Having a Doctor 10 10 9 B 7 & 5 4 5 2 B4
Patient Overflow 0 0 0 0 0 0 0 0 0 0 0
Doctor Shortage 0 0 0 ] 0 0 0 0 0 0 0
Cost of Having a Doctor 15 18 16 10 12 10 B b 4 2 101
Cost of Patient Overflow 0 0 0 D 0 0 0 0 0 0 0
Cost of Doctor Shortage 0 0 0 D 0 0 0 0 0 0 0
MNao. of Rooms/Beds 2 Production 1] & & B 6 & & 6 6 6 54
Planned Receipt 0 B & B B B & B B B 54
Total Units 9 15 15 15 15 15 15 15 15 15 144
Having a Doctor 9 9 9 9 9 9 9 9 9 9 90
Patient Overflow ) o 0 ] ) ) 0 1] ) 1] 0
Doctor Shortage 0 0 0 ] 0 0 0 0 0 0 0
Cost of Having a Doctor 7 7 7 7 7 7 7 7 7 7 70
Cost of Patient Overflow ] o ] ] ] o ] ] ] ] ]
Cost of Doctor Shortage ] ] 0 0 ] ] 0 ] ] ] 0
Total Cost of Having a Doctor 421
Total Cost of Patient Overflow 156
Total Cost of Doctor Shortage 49
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Results
Part#l Part#2
Cost of Having a Doctor 860 421
Cost of Patient Overflow 204 156
Cost of Doctor Shortage V] 49
Total Cost 1,064 b626
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Value-Stream Mapping (VSM)

The primary purpose of Value Stream Mapping is to identify and eliminate waste in the process. By
visually mapping out the entire value stream

Objective

1.1dentifying Waste
2.Improving Efficiency

3.Visualizing Workflow



Implementing Steps in VSM

Identify the Value Stream
e Qutline the boundaries of the value stream

e Focus on Patient Needs

Map the Current State
* Emergency Response
* Triage

* Transportation

* Treatment

Identify Waste and Inefficiencies
* Analysis of Current State Map

* |dentification of Common Wastes in Healthcare



Implementing Steps in VSM

Implement and Monitor Changes

Key Considerations for Implementing VSM in Healthcare

Engage Stakeholders

Prioritize Improvement Opportunities

Monitor and Adjust Continuously

Promote Continuous Improvement

* Proposed Changes and Improvements
e Design of Future State VSM

* Expected Benefits of Future State Map



Current State VSM
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Future State VSM
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Gage R&R

The primary goal is to assess the measurement
system's capability and reliability.

The objective is to determine whether the variation
observed in the measurements is due to the actual
differences in the parts being measured

Our Gage R&R analysis focused on studying the
transportation response time by ‘3’ different
ambulance officers.

The Gage R&R values obtained here can be further
improved

Gage R&R
$Contribution

Source VarComp (of VarComp)

Total Gage R&R 0.09143 7.76
Repeatability 0.03997 3.39
Reproducibility 0.05146 4.37

Officer 0.05146 4,37

Part-To-Part 1.08645 92.24

Total Variation 1.17788 100.00

Study Var $%Study Var

Source StdDev (SD) (6 x SD) (%SV)

Total Gage R&R 0.30237 1.81423 27.86
Repeatability 0.19993 1.19960 18.42
Reproducibility 0.22684 1.36103 20.90

Officer 0. 22684 1.36103 20,90

lPart-To-Part 1.04233 6.25396 96.04)

Total Variation 1.08530 ©.51180 100.00



Gage R&R Result

Gage R&R (ANOVA) Report for Time

From the gage study we find that the officer 3 has
measurements skewed in respect to other

inspectors.

We find that officer 3 has a consistent lower

readings in comparison to other two officers.

We also find that there is a variability between the

response time of each officer.

l“
E%E |

A

Person * Officer Interaction

Reported by:
Gage name: Tolerance:
Date of study: Misc:
Components of Variation
o B % Contribution 2
B % Study Var
g 5% 0 6\_
&
Gage R&R Repeat Reprod Part-to-Pant
R Chart by Officer
. A 8 e
Pt - ‘ UCL=0.880 2
& 05 ﬁ ," \.\ f'\ | ,‘.
'é e . s ";' %) "l_‘ ;.“Q "94_“ Y | R=0342 0
Aopl v g et O ¥ ¢ |iau
AE RG0A AL AL RRS0A AR LAIN GBS BD
-2
Person
Xbar Chart by Officer
A B c
2 T T
51
i Tt a vl T T
| v | - N\
3 b '.‘ © o L g ¢

-2 A 1
AT RS VAR ALIRSCA DARALRNSRARRD

Person

J

Time by Person

Officer

p
N AN
N o * .

A
< i/_,'
4 5 6 7
Person
Time by Officer

/
Ll



Acceptance Sampling

Acceptance sampling in quality control is a statistical method used to evaluate the quality of a batch or lot of products or
materials by inspecting only a sample from the batch rather than examining the entire lot. The purpose is to make

decisions about whether to accept or reject the entire batch based on the quality of the sample.

GOAL

Sampling: Randomly selecting a sample from the batch

Inspection: Inspecting the sample for defects

Decision Making: Using statistical methods to analyze the sample data and make a decision

Risk Management: Considering the risks associated with accepting or rejecting a batch

Cost-Effectiveness: Balancing the costs associated with inspection and potential risks of accepting or rejecting a batch



Acceptance Sampling

No of itemsin alot N 50,000,000 50,000,000 50,000,000
Sample size n 10,000 100,000 1,000,000

Prop defective in alot P 0.005 0.00025 0.000001
Damage cost A 1,000 1,000,000 10,000,000,000
Inspection cost I 10 10 10

Prob that lot will be accepted Pa 0.95 0.95 0.95
No inspection 250,000,000 12,500,000,000 500,000,000,000
Sampling 262,547,500 11,877,200,000 465,534,500,000

100% Inspection




SPC Charts

A statistical process control chart plots the performance of a
process over time and shows the control limits that the
results fall within.

We can then determine if the process is stable and ‘in-
control’ or not.

For our project we focused on the time it takes to reach an
injured civilian

We studied the time taken by the ambulance to reach the
destination and analyzed the control charts developed from
the data.
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SPC Charts

Xbar-R Chart of N1
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* These charts represent the time taken from the
ambulance hub to the injured civilian’s location.

*  While the first two tests did not fail, the third test
showed both the average and the variation of the
process were not stable or in control.

e Further tests seek to analyze the time response of
ambulances from 3 different hub locations around the
city.
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Reliability Analysis (FMEA)

Process Step Failure Mode Severity 1-10 | Occurrence 1-10 Improvement
10 = most severe | 10 = highest prob Action
of occurrence
Assessment and Planning Incomplete 7 8 56 Establishment of
Information Redundant
Communication
Channels
Triage and Prioritization Lack of Training 9 6 54 Standardized
Triage Training
Resource Mobilization Shortages of 10 8 80 Establishment of
Critical Rapid Response
Resources Teams
Communication and Lack of 8 7 56 Establishment of
Coordination Information unified
Sharing Command
Structure
Security and Safety Inadequate 6 5 35 Threat
Security Assessments and

Measures Risk Mitigation



CONCLUSION

Providing civilians with adequate medical attention is essential for safeguarding
public health and well-being in a city under siege. Timely access to medical care can
significantly reduce mortality rates and mitigate the impact of health emergencies.

Using the tools provided in the class we were able to take a quality engineering

approach to analyze, measure, and improve our methods of providing medical

assistance. This helped us reduce the casualty rate in the city under siege.



Thank You!
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