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70% of US Manufacturing is performed by US :'S"inall Businesses

EILE] Many of these small manufacturers have razor thin margins of
M around 5% to 7%.

Projecting Capabilities to designers inexpensively and enable aid in
business development activities.
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STEM Product Designers in Startups & Mediufﬁ: Scale Companies

‘\‘ Finding the Right Manufacturer is important for mechanical
product designers who want quick turn around for prototypes.

Quotations from the Manufacturer can take anywhere from
1-2 weeks to be delivered and finalized.

Can a 7-yr child engage in Product Design ?
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Vision for Democratizing Manufacturing
Lower barriers to Design and Making of Product

N

Algorithms Assist Child To Algorithms Finalize a Personalized
Design Fully Functional Toy Toy Fire Truck. Parent orders Toy!

) ) ] Order instantly routed to
Child sketches his One-off Personalized toy available factori)(/es/machines

version of a firetruck delivered back to client. capable of fulfilling order
toy on an iPad. )

Other Examples

Personalized Medical Implant

Vintage Automobile
Components

Parts Catalog at DoD DLA

Often on-Demand, Need Very Limited Quantities, Specific Source

Requirements and Restrictions 6
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Not Possible

Personalization of Who Can Make What, and
Products is Expensive When and How much ?

Privacy Concerns &
Unavailable Data
Provenance

Trust and Reputation of
Service Providers

Technology
RYP
W . oo ook

*  Who, When, How much?

* Need Smart Interfaces « Computing Trust ? Reputation?
» Al driven design assistance

S
S

* Augment human creativity . o oo 1
with machine intelligence * Automatic Compilation 1] o=
of Job Instructions s i
- Self-Aware Machines I =
« Smart Controls in B) i
Distributed Factories il ==
nnn |
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Technology
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« Algorithms must be able * Find fabrication
to search through 100s service providers
of related and similar and relevant oo AL
parts for the child to auxiliary services |I |l =
consider. to make, verify, [ o
ship part. 1 i
ann | W
9
3D Product

Making 8D Product Model Data
FAIR'

Model Search
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Searching for 3D Product Models in Online Galleries
Reusable 3D Product Models in Design

GrabCAD.com & Thingiverse
100M+ individual parts;

Autodesk Fusion Gallery
10M+ part models

v NC STATE
. UNIVERSITY Example of 3D Product Data: LINK

Generating 3D Model Corpus : FabWave Repository

Reusable 3D Product Models in Design
> 110K+ >1TB Raw, . STEP, .STL > 40
3D CAD Parts File Content formats Part Categories

% NC STATE
" UNIVERSITY
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%L, /
Generating Model Corpus — NYU ABC Dataset '

https://deep-geometry.github.io/abc-dataset/

.

> 2M+ >10TB .STEP \[@]
3D CAD Parts File Content formats Part Categories

SOURCE: OnShape (PTC) Public 3D Model Content : Dr. Daniele Panozzo (NYU) 13
Data Preparation | /
Created 3D Model Template Categories — Manually ClaSSIerd 1200+ models to 10 categories pa

a“

Nuts
Screws

Large Prismatic
Pipes

Large Cylindrical Simple Gaskets

Gear-Like Parts Full-Face

Brackets
Gaskets

o
NS
-
L

14
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Searching for 3D Product Models — CAD2Vec

Using Geometric Deep Learning signatures to ‘find’ 3D Product Models

1. CAD INFUT

20 rendered
images of 3D CAD
with different [ j
viewing angles |
‘ !
12 to 80
images

> NC STATE
> UNIVERSITY

.
O - ’

l.
d CNN,
I

|

Transfer
Learning from
previous DL
Residual
Madels

Use for search : Numerical Vector

i, B
1 D

=

i N
Metadata:
* Density
* Volume
« Surface Area

[ !lﬂl a1
Compressed
Signature of 3D
Part Model

Angrish et. al., 2019

Results: OLD Shape Descriptor — Spherical Shape Harmonics (SPH)

Voxel Based and heavily dependent on resolution and ‘HAND’ Drawn

5 NC STATE

. UNIVERSITY
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Results: Computer Generated Numerical Signature
Multi-View CNN based Descriptor to Search Across >100K+ 3D models

y NC STATE
" UNIVERSITY
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Manual Annotation of 3D Model Datasets

A little army of 10 dedicated students (Mar 15t — May 15t 2020)
g |

© PUBLIEH AN

TS TO FABWAVE
Model | Processes | Feature | Settigs | About
Model | Processes

FW

Please Describe the Assembly / Part

Flle Name 38330181-1427-45b6-00¢6-deScs|

Select Part for Upload Waterial Category

Component Type Quantity Produced

Produet Clssification
Select Precision Leve!

Wodel Type Soli Hodel

ke N Ifg Process Category
Part Description Addtional Processes
Whipedia Link

@ PUBLISH ANNOTATED PARTS TO FAB'

3

Fealure | Seftings | About

FW

Mass Production

Standard Tolerance

Model Properties / Part
Volume: 182075477 13
Area; 1662509271 in°2
Lengih: 800 in

Width : 2.50in

Height £.50 n

Cancel

Goal is 10,000 3D Models tagged at least twice

© PUBLISHANND RTS TO FABWAVE

Model | Processes | Featurs | Seftngs | About

FW

Select up to 3 features, then give a short description of
the selection if needed.

Selection 1 I select

Feature Category 1

Description ‘

Seiection 2 [ select

Feature Category 2

Description ‘

Scktons Iy seteet

Feature Category 3

Description ‘

Problem 2:

Finding Capable Manufacturing

Services

13
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o L <8 y.
Building an Open Knowledge Network Graph |,

Connecting 3D Model Design Data with Manufacturing Service$;Data ya
: A <
' User: M-OKN, Find me custom
User: M-OKN, find me material User: M-OKN, is e . .
e e PEEX sutociavable machining services for PEEK parts in
medical supplies product : . Y 3

m NY who have a track record of medical

M-OKN: Good
choices are PC

ISO and PEEK

MOKN

(pronounced as moken)

User: M-OKN, Awesome list. Can you
find 3D models of brackets and fixture
plates from the open source

User Edits 3D Model to specifications -
Saving Time and Effort building a fully
Featured 30 Model

What would it take to build these collaborative interactions?

Joint Embedding Named Entity An Updated List of
of 3D Model and Recognition (NER) Manufacturing
Text Data and for Domain Specific ] Service Capabilities
more... Knowledge across USA

Address Privacy Trust and

Concerns & Unavailable Reputation of

Data Provenance Service Providers

% NC STATE
" UNIVERSITY

14
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Collecting Manufacturing Services & Capabilities Raw Data

Across 22K+ small job manufacturers across the USA

Manufacturing
Taxonomy to

Obtained web Gathered text

Indexed Text on Converted to

Elastic-Search

URLs from webpages

Graph DB categorize

services

WelbCrawler me elasticsearch  @neoy)

<company S Business
capability Subclass of (Q4830453)
(Q1347367) (P279)

(Q192047)

+ Name
« Location
« Description

y NC STATE
" UNIVERSITY

‘Sub-Graph with 3300 nodes with 4500"

https://ku_rhu.io/starlyb/mokn-services

15



4/8/2020

¥

A Text based Domain Specific Services Search

22,000+ Manufacturing Service Companies in USA and a bit of Ca!na"d‘a\

Build Something Amazing

Filter by Gompany Status:
All @ Active only @ Customize

| Manufaciurer

0 Minority Ownership
Small & Disadvaniaged
Wornen Owned
Veteran Ovmed
Filter by Company Services type:
® AILO Customize
| Machining | x | Custom lnjection Molding

% Job Shop || = | Forging| [ | Forming| | x | Unknaun
Filter by Year Founded (or select range in histogram):

1200 180 1900 1950 2000

Network of American Metals, Plastics, Ceramics, Composite Manufacturers ——

Search any keyword of interest. (Adg double quotes for searching with more than 1 term as s (ex. “Tow forming’))
‘Searching 22,000+ manufacturers

suamT

Location Map Overview

United States

 Fersing Forming * JobShep ® Machining Unknown

Company Summary
Company Name
KA Metal Works, Inc

Location
Fresno, CA

Forming

Description

‘Welding and machine shop services. Materials handied include steel, stainless sieel and aluminum. Capabilfies include CNG machining, millng, tuming, grinding, sheet and plate forming, band saving, bundie cuting, mill

Website URL
hittpsiaawmu comihome

‘Want to Update Your Company Detais? Contact Us

https://mfgnetwork.herokuapp.com/

31

Solution to address Challenges

SEARCH ENGINE OPTIMIZATION (SEO) specific to Manufacturing,Domain

Services

iB

Accu-Tool

esaceutsoLnet

Quality

o-guipsn. 4 Jibshoacam <N

Apxs [\ Viewyourmodels-. @ Acmin ProAnguiar., @ REFORTER|NCStat.. {7 Log mtoCamvas b Quartitatve conc., [l Chis lbon ) Gi

2| <htn] cless="" leng="en-US">
1| <head>
4| meto cherset="UTF-8">
<titledhceu-Tocl | Precision CHC Yachine Shop (Apex, iC] - Accu-Tool | Precision CHC Fachine Shop (Apex, NC)¢/zitles

zed ith the Yoast SED plugin vi2.5.1 - https://yoast.conjucrcpress/plugins/sea/ -->

cescription” cantert:
range of industries."/>
¢ (meta rane="rofots" content="noindex, folLow'/>

| <mets property="cg:locale” conte -”;nT:S:: ;> FACEBOOK OPEN GRAPH
ety ent="vebsite” />

ceu-Tool | Precision ONC Machine Shop (Apex, 1C) - Accu-Tool | Precisian CHC Machine Shop (Apex, NC)" />

17| <meta
broad range cf irdustries.”
nane="tuitter:title" content="Accu-Tool. | Precision CUC Hachine Shop (Apex, NC) - Accu-Tool | Pracision O
cript type="zpelication/d¢json’
Shop (4pex, 1C)","fotentialAction" {"ftyp=": "Searchiczion’, "target":"https: //eccutocl.net/?s={search tera _string}", "query-:nput":"required neme=searchtern string"}},
{"Btype":"HetPege" ,"Gid" :"https: //accutool .net/#uebpage®, "url”:"https://accutool.ret/", "inLanguage”: "en-U5", "name"; "Accu-Tool
{"§id":"nttps://accutoe] .net /duebsite"}, “datedublished": "2018-82-21714:29:38-05:06" , "datelodified": "2020-81-38T12: 3
Salishury, NC (near Charlotte) that specializss in prototypes and low to nic-volune OEH production for a broad range o industries.”]]¢/script>

et S0 gl GOOGLE SCHEMA.ORG

hine Shop (Hpe, 1" />

“iielcone to Advanced Machining. Founded in 1985, ue are an ASS190C certified precision CNC machine shop loceted dn Salisbury, NC (near Charlstte) that spe

+ property="cg:description” content="delcone to Advanced Machining. Fourded ir 1965, ue are an ASSL0AC certified precision CIC machine shop located in Salisbury, MC (n

broad range of industries.” />
1) <mets property="cgzurl" content="https://accutool.net!" />

heme-graph yoast-schena-graph--nain'>{"fcontext": “hitps: //schena.o 5", “Bgraph [{"Btype”"Weksite", "fid" "https: //sccutoolnet/mbsize’,

Precision CNC Machine Shop (Apex, NC) - Accu-Toal | Precisis
09-05:00" ,"description” :"elcome to Advanced Machining. ounded in 198!

CAN WE GET MANUFACTURERS TO EMBED MANUFACTURING SPECIFIC
VOCABULARY THAT PROJECTS CAPABILITIES & MARKETS SERVED

32
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Analyzing Product Design & Manufacturing Con?ent on the Web
A0 y

DESIGN & MFG Ontolo :
Topic Modeling . gy “

(Named Entity
Resolution)

Structured

/ H Content

S

Graph
Engine

Manufacturing
Knowledge

Network Graph STUDENTS

Topic Learning

Documents
& Data

Profiles of
Manufacturers

Wiki pages (]

Unstructured web sources
of manufacturing content

More than 3,000 manufacturing words /
> 1
Manufacturing texbook words for tagging ¥ & ~ A m m
File Edit View Insert Format Data Tools Add-ons Help Last edit was made yesterday at 10:19 PM by Suriyaprakash Alagesan b
-~/ P $ % .0 .00 123v Default(ar. v 10 v B I & A & M E il 13-y o BRAW Y -3 ~
Application
A B € D E F G H ! =
1 |8No Verifiec Words Category Alternate Reference Link Wikidata Link 1 Wikidata Link 2 Wikidata Blank link Comments by
2 2358 Platinum Material ~  https://en.wikipedia.org/wikil https:/www.wikidata.org/wiki/Q880
3 2359 [ Playback robot Machine Tool ~  https://encyclopedia?.thefreedictionary.com/playbacl https://www.wikidata.ora/wiki/Q56420093 0
4 2360 D Plexiglass Material ¥ hitps://en.wikipedia.org/wiki https://www.wikidata.ora/wikilQ146123
5 2361 [ Plowing Application| https://www.merriam-webste https://www.wikidata.org/wiki/Q11218006
6 2362 D Plug gages Application \ttps://www.thomasnet.com NA
7 2363 D Plugs for tube forming Material ittps://www.thefabricator.co https://www.wikidata.orc https:/www.wikidata.org/wiki/Q6748189
8 2364 [ Plunge grinding . ittps://en.wikipedia.ora/wiki/Cylindrical grinder#Plur https://www.wikidata.ora/wiki/Q57256340
: Manufacturing Process : g
9 2365 [] Pneumatic gages \ttps://iwww.automationdirec NA
10 2366 [] Point cloud Machine Tool ittps://en.wikipedia.ora/wiki https:/www.wikidata.orq/wiki/Q1899648
1 2367 D Point to point Engineering Features Ittps://en.wikipedia.org/wiki https:/www.wikidata.org/wiki/Q681349
12 2368 [] Pointto point control Mechanical Properties ittp://the-vms.com/1CNCCAM systems/2cnc _contre hitps:/www.wikidata.org/wiki/Q59269965
13 2369 D Pointing ittp://merajengineering.com https:/www.wikidata.orc https://www.wikidata.org/wiki/Q7208378
Process Characterization
14 2370 D Poissons ratio \ttps://en.wikipedia.org/wikis https:/www.wikidata.org/wiki/Q190453
15 | 2371 [J Polarity Process Parameters \ttps://en.wikipedia.ora/wiki https://www wikidata.orc hitps:/fwww.wikidata.ora/wikilQ1804892
16 2372 D Polishing Equipment/Devices Ittps://en.wikipedia.org/wiki: https:/www.wikidata.orc https://www.wikidata.org/wiki’Q611639
7 2373 O Polyamides Enabling Technology ittps://en.wikipedia.org/wiki https://www.wikidata.org/wiki/Q145273
18 2374 D Polyblends Concept/Principles ittps://en.wiktionary.ora/wiki https:/www.wikidata.org/wiki/Q733193 =
19 2375 D Polybutadiene . Ittps://en.wikipedia.org/wikii https://www.wikidata.ora/wiki/Q143668 =
Manufacturing Standards I | 3 4

17
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> [ ]
# A de
- ) - - L \ =¥y y
Link Manufacturing Text to data / DBpedia
GOAL: Use DNN to Analyze More than 5M+ Manufacturing Resealr,eH Abstrgcts/Blogs/Articles
Text Skip gram Word Embeddings
INPUT PROJECTION COUTPUT DEE
Saru::.t casting
A e :as.tlﬂ_g;’,,.
._,r wil-1)
— :j':'--’ —>
wit)  E— i
N lupes &, A Knurling
\."1 wt+2)
. MHauddern
(es) . |
T Y {(er) -
S il " .y
- hrT e 4 _..4-
Wil A N —
(e —r—fes) L L
Knowledge Graph Relation Extraction Entity Extraction (NER)  Neural Network (BiLSTM+CRF) 35
] ]
»

Community Help

With Government Labs
With Industry R & D
With Small Manufacturers

A Manufacturing
specific Named
Entity
Recognition
(NER)

KNOWLEDGE
GRAPH
ANALYTICS

MANUFACTURING
ONTOLOGY

d
£
Lr
L
IDL
4 b i 3
: > L i

Manufacturing
Extension
Partnership
(MEP)

Software &
Infrastructure

Assistance

18
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Collaborative Al for
Personalized Products

Service Marketplaces

Automated Production with
L ocal Distributed Production

=)

Thank you

Feedback and Comments are always welcome

Grant Acknowledgment (over last 3yrs) E: bstarly@ncsu.edu
NSF ENG CMMI #1547105 — Cybermanufacturing

DoD DMDII 15-16-08 — Connected Machines

NSF OAC CESER #1812687 — FabWave Repository

NSF CISE CNS #1764025 — Smart Marketplaces (w. Pl: Kemafor Ogan)

NSF ENG ERC #1840363 — Design by Anyone and Build Anywhere (Planning Grant)

NSF OIA #1937043 — Phase | - Open Knowledge Graph in Manufacturing

DIME Lab Team




