


A bat and a ball together cost $1.10.  The bat costs 
$1.00 more than the ball.  How much does the ball 
cost?

Ball  $0.10
Bat  $1.10
Total  $1.20

Ball  $0.05
Bat  $1.05
Total  $1.10



System 1
• Detect Object More Distant than Another
• Orient the Source of a Sudden Sound
• Complete the phrase “Bread and…”
• Detect Hostility in a Voice
• Answer 2 + 2

System 2
• Focus on the Clowns
• Look for Woman with White Hair
• Count number of letter “a” in a Page
• Fill out a Tax Form
• Compare two Washing Machines

Two Modes of Thinking









It’s Just a Lean Tool



40% 
Improvement 

in 
Throughput



11 People on 3 
Shifts

5 People on 1 
Shift



It’s Just a Lean Tool



“I’ve noticed that [AI Scientists] 
first ask us what data we have  
before asking what problems 

we want to solve.”  



The Integration of People, Things and Systems 
Together.  It’s ABCDEF

Analytics

Big Data

Computational Platform (Cloud, Edge, Fog based on embedded 
Intelligence)

Domain Knowledge (Manufacturing Tech)

Evidence

Feedback (SOPs to achieve closed-loop)



The Integration of People, Things and Systems 
Together.  It’s ABCDEF

Analytics

Big Data

Computational Platform (Cloud, Edge, Fog based on embedded 
Intelligence)

Domain Knowledge (Manufacturing Tech)

Evidence
Feedback (SOPs to achieve closed-loop)









Late Orders



Poor Training

Late Orders

Unskilled 
Maintenance



Poor Training

Late Orders

Expedites

Spoilage

Unskilled 
Maintenance

Lost 
Customer



Customer 
Rejects

Employee 
Attendance

Waiting for 
PartsPoor Training

Late Orders

Expedites

Spoilage

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Employee 
Attendance

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
RejectsLong BreaksPreventive 

Maintenance

Employee 
Attendance

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
RejectsLong BreaksPreventive 

Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
RejectsLong BreaksPreventive 

Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long BreaksPreventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long BreaksPreventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long BreaksPreventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long Breaks

Preventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
PartsPoor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long Breaks

Preventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
Parts

Poor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long Breaks

Preventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
Parts

Poor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long Breaks

Preventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
Parts

Poor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Customer 
Rejects

Long Breaks

Preventive 
Maintenance

Employee 
Attendance

Machine 
Downtime

Waiting for 
Parts

Poor Training

Late Orders

Expedites

Safety

Spoilage

Chemical 
Maintenance

Energy Cost

Unskilled 
Maintenance

Lost 
Customer

Work Order 
Compliance



Continuous 
Improvement 
Took Forever!



Smart 
Sensors Are 
Fixing This



Manufacturing Smart Sensors in Manufacturing

1

Vibration Sensors

• Monitor Health
• Detect Anomalies
• Predict Failures

• Schedule Maintenance
• Reduce Downtime
• Improve Productivity



Smart Sensors in Manufacturing

2

Proximity Sensors

• Detect Issues

• Make Realtime 
Adjustments

• Automatically Correct 
Misaligned Objects

1



Smart Sensors in Manufacturing

3

Light Sensors

• Detect Ambient Light

• Integrate with Motion 
Detection

• Automatically Adjust 
Artificial Lighting

• Significant Energy Savings

2

1



Smart Sensors in Manufacturing

4

Gas Sensors

• Continuously Monitor Air

• Detect Hazardous Gas

• Trigger Ventilation 
Adjustments

3

2

1



Smart Sensors in Manufacturing

5pH Sensors

• Adjust Chemical Process

• Improve Product Quality

4

3

2

1



• Status
• Mode
• Running program name / comments
• Spindle Speed
• Feed Rate
• # Produced
• Operation Time
• Cutting Time
• User Data
• Servo / Spindle Motor insulation
• Resistance
• Servo / Spindle Motor Temperature
• Total Spindle Rotations
• Fan Replacement  Information
• Number of Fan Rotations
• Battery Status
• Coolant Level

• AC Current
• Acceleration
• Air Flow
• Air Quality
• Air Velocity
• Carbon Monoxide
• Carbon Dioxide
• Humidity
• Interface Meters
• Light
• Motion
• Motor Power Draw
• Open / Closed Doors
• Pulse Counters
• Pressure
• Resistance
• Ultrasonic
• Temperature
• Three-Phase Current
• Vibration
• Water Leak
• Vehicle Detection
• Voltage Detection



The Cloud
External Data Centers

The Fog – Networks, Data Collectors, PLC’s

The Edge – Smart Sensors & Devices

Time
Bandwidth

• CAN COMMUNICATE
• EMBEDDED INTELLIGENCE



Size is decreasing.

We’ve Seen a Cost Reduction in Smart Sensors of Several 
orders of Magnitude in the last few years.  

Today the cost to buy sensors and connect to an IoT Platform 
is Less than $100!

Dr. John Carrier
Sloan School of Management

Massachusetts Institute of 
Technology



“By 2025 75 Billion devices will be connected to the 
internet.  It’s a $2.7 trillion market.”





We have sensors on EVERYTHING!  We gather data on 
EVERYTHING!

What do you do with the data?

Nothing yet, but I know on my next Continuous 
Improvement Project my first problem will be that we 
don’t have the data – now I know we’ll have the data!



Programming Languages Application Frameworks

GPU-accelerated Libraries Cloud Deployment
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Raw Material

Test Data
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Deviations
Corrective Actions
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Batch
Lot
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Transportation Production Inspection
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Dimensions
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Transportation Production Inspection Distribution Customer

Product Descriptions
Quantity

Size
Weight

Packaging
Receipt Date

Ship Date
Ship Location

Carrier
Tracking #
Condition

Damage
Safety Data

Certifications

Test Data
Specifications 
Defects
Deviations
Corrective Actions
Packaging
Labeling
Batch
Lot
Certifications
Documentation

Usage
Batch
Lot
Date
Time
Temperature
Pressure
Equipment
Personnel
In Process QC
Deviations
Adjustment

Shipping Schedules
Transport Mode
Carrier
Departure Time
Arrival Time
Temperature
Humidity
Routes
Incidents
Delays

Quantity
Supplier Info
Specifications
Batch #s
Expiration Dates
Delivery
Certifications
Compliance

2,217,600



Appoint a full-time, senior-
level Responsible AI lead in 
each department or agency 
critical to national security 

and each branch of the 
armed services. 



Just Start


