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SUPPORT MANUFACTURING MOVE TO INDUSTRY 4.0
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HELP BRIDGE MANUFACTURING INNOVATION GAP
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ROBOTIC MANUFACTURING MARKET SEGMENT REV AND CAGR

America  Source: HIS market Global source: RIA and

PR world robotics

OTHER 2018

INDUSTRIES Aut tive 14% CAGR
m All Other Industries ENMTNIGRS14% CAG

SEMICONDUCTORS/
LCD/ALED/PV

J—— " Metals 26%
CAGR

AND AUTOMOTIVE 4% |

RUBBER/ COMPONENTS

PLASTICS » Life Sciences 4% C

® Plastics 1% \
and Rubber 8% CAGHR ——

Semiconductor 5%
& Electronics 30% CAGR

» Food & 6%

CONSUMER Consumer Goods 13.1%
ELECTRONICS CAGR

METAL
PRODUCTS

FOOD/BEVERAGE/
PERSONAL CARE
ELECTRONIC .
30% CAGR iy LS’ » Automotive Component 14% CAGR

US vs Global Market Differences: Automotive (34% vs 65%),
Semi conductor & electronics (31% vs 5%,) Food (13% vs 6%)

* US sales- Auto (34%), Semi Conductor and Electronics (31%), Food Processing (13%)
* US CAGR- Food Processing (30%),Semi Conductor (30% )JMetals 26% Auto 14%
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: | Assert leadership in advanced . Deploy workers in a way that is
robotics manufacturing thru | : cost-competitive with low-wage
: achievement | workers abroad '
Strate g9 iC- - T
thrusts : | Lower the technical, operational, ' Aid in the creation sustenance
economic and regulatory barriers: | and societal understanding of
- hindering companies from . the value of manufacturing jobs

v adopting robotics technologies

' 1. Identify and invest in Key Enabling Technologies with large market lift
Tactics ..E 2. Educate, train and develop a workforce to use the robotic technology
3. Nurture and sustain a robotic manufacturing infrastructure and ecosystem



Transduce Understand Respond Control Actuate ROb' ot
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> .
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| Manufacturing Functions |

Robot fiKey enabling tech |

DEFINITION OF A MANUFACTURING ORGANIZATION

Supply chain

Fabrication

Warehousing

Shipping/Delivery

Communications for remote command control and data (IOT)

Unified information Management system (ERP)

BOM and Kitting development/ mgt

Work cell/Ordering

Work cell material receiving

Work cell pickup transport to warehouse

Purchasing /Ordering /Reordering

Work cell material QA/ inspection/rejection

Receiving / QA /inspection / Stocking

Stock return restocking / scrap

Picking / Kitting / reordering

Work cell Supply Delivery

Return/ QA / restocking

Warranty return receipt

Fabrication

Assembly Test

Work cell part / QA/inspect/reject rework /scrap

Reworked repaired material return to stock

Warranty repair

Equipment maintenance

Stock Inventory /data / tracking /ERP

Equipment Calibration metrology

Material data/ tracking / ERP

Product receipt/ QA/inspection/reject

Order consolidation

Order pick and package

Transport to shipping

Shipping instructions

Invoice, Bill of lading, Carne, Export
licensing inspection and verification

Vehicle loading

Transport

Stock return QA inspection /restock / scrap

Package delivery and verification

Warranty repaired units

Stock return QA inspect/restock/scrap

Warehouse inventory data/ tracking / ERP

Shipping data/ tracking / ERP

Id understand Pos/NAV/T
Pick and place transport
ARM / path planning  interoperate
Comms / Coordinate  reconfigure

Id understand ARM path planning

Pick and place  Comms / Coordinate

cooperate POS/NAV/T, transport

Drape /
Manipulate/fab

interoperate

reconfigure

Id understand  ARM / path planning

Pick and place  Pos/NAV/T transport
Interoperate Comms / Coordinate
Reconfigure

Id understand Pos/NAV/T
Pick and place transport
ARM / path planning  Interoperate
Comms / Coordinate  Reconfigure

A manutacturing businesses can be decomposed to its organizational segment. The
key processes for each segment are identified, and the key functions and enabling
technologyv can then be deduced




DERIVATION OF 4 KEY TECHNICAL FOCUS AREAS THAT ENABLE
THE GROWTH IN FOR ROBOTIC MANUFACTURING

Functional and Physical decomposition of a
manufacturing environment to a manufacturing robot
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manufacturing business to a manufacturing robot
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FA-2 HUMAN-ROBOT INTERACTION

HOW ARM MAPPED MANUFACTURING ROBOT FUNCTIONS TO KEY
ENABLING TECHNOLOGIES ALIGNED WITH THEIR STRATEGY
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* Key functionality is mapped to 17 Key Enabling Technologies (KETs)
17 KETs are grouped to form 4 strategic technical Focus Areas FA’s.
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4.3 Smart,
flexible tooling
&end-effectors
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5.1 Self-
aware &
adaptive
systems

5.2
Machine

learning
& Al

5.3 5.4 Advisor
Distrib. Robot: Observe.
edge, & id, fault detect
cloud & training.

—— 7

FA-5 INTELLIGENT ROBOTIC SYSTEMS

4.4 Smart,
flexible
sensors &
integration

4.5 Automated
path planning
& robot
instruction
generation

4.6 Virtual
Modeling for
Reconfig-
urable, Agile,
&Flexi Robot

FA-4 RECONFIGURABLE,AGILE, AND FLEXIBLE ROBOTS




TIS Focus
Areas

TIS Focus Area Sub Categories
(Key Enabling technologies)

A

FA-1 FA-2 FA-3 FA-4 FA-5

RISK REDUCTION FOR HUMAN-ROBOT Interoperability RECONFIGURABLE, INTELLIGENT
TRANSITION TO THE INTERACTION AGILE, AND FLEXIBLE ROBOTIC
FACTORY FLOOR ROBOTICS SYSTEMS SYSTEMS

ARM INVESTMENT STRATEGIES FOCUSED ON DEVELOPING TECH IN THE MOST
URGENT AND IMPORTANT AREAS AS IDENTIFIED BY A BROAD INDUSTRY SURVEY

5.1 Self-aware and

.1 “Plug-and-play” 4.1 Agile and reconfigurable

.1 Methods and tools for 2.1 User-friendly

successful robotics interfaces for software and standards botic design adaptive systems
adoption and expansion programming, System Level) 4.2 Modular robotic desia .2 Machine

— operation, and 3 9 . - i
1.2 Methods ana tools for o 3.2°P aware 4.3 Smart, flexible tooling el
streamlining integration and standards (System Artificial

and end-effectors

Level)

4.4 Smart, flexible senso
95 Open source and and integration
open architecture »

.5 Automated path
planning and robot
astruction generation

2.2 Bi-directional atelligence

communication on the

2.3 Human-robot trust
and safety

1.3 Methods and tools for
assessing industrial
readiness of new
technology

.3 Distributed,
edge, and cloud
BeQpuUting

9721 Advisor Rob0
Observation,
identification,

software, methods, and
environments

1.4 Virtual modeling and

testing of robotics systems
Platform

3.4 Master Integration
4.6 Virtual Modeling for

Reconfigurable, Agile, and

fault detection,
and training.

Flexible Robot

1.5 Improving design and
N\ standards for robot safet .5 Metrics of
nteroperability

Most urgent and important Investment areas for robotic manufacturing o
Current Call opportunities for Investment in controls technology for robotic manufacturing
Investment in controls technology for robotic manufacturing that is aligned with strategy




Robot

Controls technology broadly penetrates the taxonomy
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| loT/0D |

Manufacturing Functions |

TAXONOMICAL ANALYSIS OF A ROBOTIC MANUFACTURING ORGANIZATION TO
IDENTIFY THE CONTROLS ELEMENT AND INTERFACES VIA THE PLANTS IT.

Supply chain

Fabrication

Communications for remote command control and data (IOT

Warehousing

Shipping/Delivery

Unified information Management system (ERP)

BOM and Kitting development/ mgt

Purchasing /Ordering /Reordering

Receiving / QA /inspection

Picking / Kitting

Work cell Supply Delivery

Return/ QA / restocking

Warranty return receipt

Work cell/Ordering | Work cell material receiving

Work cell material QA/ inspection/rejection I
l Stock return restocking / scrap I

| Work cell part / QA/inspect/reject rework /scrap l

| Reworked repaired material return to stock
\ Warranty repair l Equipment maintenance

Stock Inventory /data / tracking /ERP

Equipment Calibration metrology

Material data/ tracking / ERP

Robot fKey enabling tech |
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Pick and place transport

ARM / path planning o»
|
@\ reconfigure
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Id understand ARM path planning Prape /

m‘ anipulate/fab
o~ Interoperate
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Pick and plaa

ooperate

reconfigure

Work cell pickup transport to warehouse

Product receip

/ QA/inspection/reject

Order consolidation

Stock return QA inspection /restock / scrap

Order pick and package I

Transport to shipping

Warranty repaired units

Warehouse inventory data/ tracking / ERP

Shipping instructions

Invoice, Bill of lading, Carne, Export
licensing inspection and verification

Vehicle loading

Transport

Package delivery and verification
Stock return QA inspect/restock/scrap

Shipping data/ tracking / ERP

Id understand ARM

path planning ‘»
Rordinate 2

Pick and place

Reconfigure

Id understand

Pick and place

Comms / Coordinate

)

transport

LARM / path planning

Reconfigure

IT — down loads from servers (drawings, documentation, g-files, etc) Remote monitoring equip. Internal WAN




} Robot
Actions

Manipulate

Communication
transmit receive

| Robot
Actuator Objects

Transduce Understand Respond Control

e
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S — — . . .
_g S ~| lie s Lisle Sequence Obj track Plan robot path Lanoidance e overwatch
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=
v roperate
& CARM | interoperate LOOPErate ¥ pPOS/NAV/T, transpor 0 Interoperate  Comms / Coordinate
-] reconfigure :
'§ ordinate  reconfigure & Reconfigure
&

Arms le Transmit receive
obility bases ITI/F
End effectors Power
d understand 0s/NAV/T
Pick and place transport
RM / path plannin Interoperate
Comms / Coordinate  Reconfigure

Supply chain Robot

Fabrication Robot

Warehousing robot

Shipping/Delivery Robot

Edge / embedded Al and deep learning applies to numerous elements of manufacturing robots



TAXONOMICAL ANALYSIS OF A ROBOTIC MANUFACTURING ORGANIZATION IS USED

TO IDENTIFY OPPORTUNITIES FOR APPLYING Al AND DEEP LEARNING

Supply chain Fabrication “ Warehousing

Communications for remote command control and data (10T)

| lot/0D |

Unified information Management system (ERP)

i g/Delivery

BOM and Kitting development/ mgt Work cell/Ordering | Work cell material receiving Work cell pickup transper se

Purchasing /Ordering /Reordering Work cell material QA/ inspection/rejection I Product reeei A ection/reject
Receiving / QA /inspection / Stocking Stock return restocking / scrap Order idation

‘II rder pick and package
e T Y] i | Er—
oyt
D

Picking / Kitting / reordering

Work cell Supply Delivery

Return/ QA / restocking

Reworked repaired material

- Stock return QA inspection /restock / scrap

Manufacturing Functions

Shipping instructions

Invoice, Bill of lading, Carne, Export
licensing inspection and verification

Vehicle loading

Transport

Package delivery and verification

Warranty return receipt Warranty repaired units

Stock Inventory /data / tracking /ERP

- Cas

— g
Id understand QMhb @l ARM path planning rape / Id understand @ ARM / path planning

Warehouse inventory data/ tracking / ERP

- - : anipulate/fab
fubiCk and place .‘m Pick and plac®) Comms / Coordinate pulate/ ick and pla 0s/NAV/T transport
| < . > T roperate :
ARV g8l BRI interoperate D) faaoPerate_QLPOS/NAV/T, transpor) Interoperate  Comms / coordinate
\ reconfigure :
Co / oordinate  reconfigure : Reconfigure

Robot fKey enabling tech

Stock return QA inspect/restock/scrap

d understand
Pick and place
RM / path plannin

Comms / Coordinate

Shipping data/ tracking / ERP

0s/NAV/T
transport
Interoperate

Reconfigure

‘ |

1, Mgt reports, (Gemba, PM) 3) User, maintenance, and repair training
2) OA inspection. 4) Edae vision and motion control.




USING PROJECT CALLS TO DRIVE GROWTH

IL’ Call for Proposals issued 3 times/year; Technology(2) and EWD(1) teams

Proposal Submission

\/ Simple process: Peer Review and Selection

Must be a member to lead or participate in a project

+,o Project topics address challenges as defined by member consortium and
industry need




CURRENTLY SPENDING $27M TO 21 PROJECTS (11 IN CONTROLS)

Robot Assistant iWired: intelligent Robot-Assisted Teach-Bot Apprentice Edu. and }
for Composite Wire harness Wire-Harness Training System (MIT)
Manufacturing Robotically Installation Innovative Seafood

assembled (UTRC) L. Handline Cobot
RPI)(GE (QinetiQ)(MIT) ) g

Vision-based Cleaning of Complex

Structures with a Lightweight
Compliant Arm (NREC)(Airbus)

( Collaborative SMART-Sma

4 Northeastern, Asceng
Manufacturing & Robotic Training 5 3 / CT Apprenticeship Program;
q (CMU Robotics Academy) Robotics and Automation
[ Robotics Technician Apprenticeship (UConn)

L Program ( Catalyst Connection)
Mixed Multi-angle Robotic IR
Cam Control of Thermo-

Passive Object Tracking
via Multi-Spectra Robotic
Sensor Fusion Package &

Semantic Segmentation

(Princeton)(Siemens)

mechanical Surface Processes

Robotic Assistants for Composite
Layup (USC)(Lockheed

4 )

CCAM Apprenticeship
Academy Workforce
._ Development Ecosystem Va )

1 1 [ Smart Companion Robot )
for Automotive Assembly
J (Clemson BMW) )

Robotic Sanding and Finishing
(Lockheed)(USC)

~

Advanced Robotic Grinding System for
Metal Parts (Texas A&M)(Arconic)

[ Revitalizing Apprenticeships for
SMMs (Clemson)g@

@ Grinding finishing additive/subtractive manufacturing @ Draping composites/textiles; buildup, & handling
O Assembly COBOT / IOT- IT file down loads and ERP OFood Inspection or Processing COB tied to 10T
® Edu Workforce Dev @) ® Assemble fetch COBOT (Auto. heavv Eauip /7 10T)

.




INDUSTRY WAS SURVEYED (11/2018) TO ID THE MOST URGENT AND IMPORTANT
KEY ENABLING TECHNOLOGIES FOR ROBOTIC MANUFACTURING

ARM Community Pia Ss

", \\
Manufacturing organizations / iy \
INVEST HERE! .FZ\_‘3

Startups to Large Corporations

Aerospace to textile
Food processing to automotive

P4 1 ,'
Defense and Commercial processes . )

' 0 H3

,-

L ]

\ -u F}:(
s

S %3 3 -’

Services organizations
Universities
Government agencies

. Uy

Importance
e

Not for Profit Institutes,

Methodology: ¢

TIS was developed and defined via a broad collaborative . ) ’ 33 35
ARMWteam velop ! v v Ur gency

The TIS was reviewed revised and finalized by over 2/3 of Plug and play hardware and standards Master Integration Platform
the ARM community s

The Focus Areas and Sub categories were rated by the o ® o | <
community for urgency and importance s ®

The results were analyzed s

The highest scouring sub categories were chosen for the call

Funding the development of the most urgent and important technologies to TRL level 7.
IP brought into ARM is owned by the member. IP developed by ARM funds is shared.
IP developed to mature to TRL 9 level is owned by the developers



ARM is creating a Robotic Manufacturing innovation Market

RO LRI Robotic Common

Manufacturing

Technical Investment Strategy (TIS)

Strategic

Manufacturing technology grouping

Organizational and technologies grouping
Functional Taxonomy KETs

Member technical review and
finalization of the TIS

Member urgent/important
prioritization of Investment focus
areas sub components (KET’s)

Technical membership input for investment focus an sub focus areas De-risking
Focus Areas

Business focused membership input for technical investment strategy

Call Topic areas

Market Segment Qualification Analysis ::
¥
Member ship quad charts White papers and Proposals Process summary
3 1) Develop a roadmap and
investment strategy

Proposal scouring and selection

_ ¢ 2) Call for development
Proposal execution and management proposals

>

4

3) Propose, evaluate, select
CDIP .
' and manage investments
CDIP Repository 4) Build on success

CDIP stacking and the ARM repository allows members to forward deploy CDIP
into other companies products pre launch to generate a royalty stream post launch



CALL 19-02 BIDDING IS ENCOURAGED
JOIN ARM! FORM A TEAM!

ARNMTEC. 1502 Cak for Techaology Projects
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