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About JTC 1 ol

Joint Technical Committee of IEC and ISO

s “Standardization in the field of Information Technology”
= Consistent IT deliverables across IEC and IS0

* Building blocks for global markets that respond to the needs
of businesses, consumers, governments, other organizations

40 P-members and 62 O-members

Organized in 23 Subcommittees and 5 JTC 1 Working
Groups

More than 4500 active participants currently developing
around 500 standards; more than 3300 published



JTC 1 Focus -

Horizontal by design, JTC 1 develops information technology
standards that are applicable across domains

= Emphasis on inifiating new areas of work at the right time,
delivering high quality standards that respond to market trends

* Track record of acceptance by global markets

Work together with other IEC and IS0 TCs and other
arganizations that are utihzing information technology to develop

domain-specific standards
* More than 400 liaisons (JTC 1 and its SCs)
* 18 approved submitters of Publicly Available Specifications

= Emphasis on effective cooperation/collaboration



Technical areas

Coded character sets

Telecommunications and information
exchange between systems

Software and systems engineering

Cards and security devices for personal
identification

Programming languages
Digitally recorded media
Computer graphics, image processing

Interconnection of IT equipment (home
electronics)

IT security technigues
Office equipment (printing)

Coding of audio, picture, multimedia (JPEG,

MPEG)
Automatic |ID and data capture (RFID)
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Data management

Document description, processing
User interfaces

IT for learning, education, training
Biometrics

Cloud computing

IT Sustainability

IT governance

Internet of Things and Digital Twin
Artificial Intelligence

IT for smart cities

3D printing and scanning
Trustworthiness

Quantum Information Technology
Brain-Computer Interface
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ISO/IECJTC |
JTCTinfo.org

@ www.jtclinfo.org JTCINews@gmail.com
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https://www.youtube.com/channel/UCQ-ttI21gOwPkiZp-_-G3WA
https://www.instagram.com/jtc1news/

3D Printing Standardization
for Medical Devices

Center for Industry-University Collaboration,
e Graduate School of Engineering Science, Osaka University
JAPAN

3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Onli  ne Workshop)
2023-Dec.12

Kohel MURASE
? ISO/TC150 IWG1

IS_:(\) Standards Sectors About us

< Technical Committees

ISO/TC 150

Implants for surgery
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Graduate School of Engineering Science. Osaka University
Special Appoint Professor, Center for Industry-University Collaboration ;

Computational Engineering Laboratory for Medical Instruments and Devices
Member of JISME, JSCB

Convener of Joint ISO/TC150(Implant for Surgery) — 261(Additive Manufacturing)
‘Additive manufacturing in surgical implant applicat lons’ (TC150 JWG1)
Liaison Officer between ISO/TC106 (Dentistry) and ISO/TC206 (Fine Ceramics) :

(Implant for Surgery)

(Additive Manufacturing)

/ ISO /TC150 \ / ISO /TC261 \
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2. 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



Est.1971.

Standardization in the field of

implants for surgery and their required
instrumentation,

TECHNICAL COMMITTEES covering terminology,

specifications and methods of tests for all

I SO TC 1 0 types of implants, and for the materials both
basic and composite used in their

manufacture and application.

Implants for surgery gt

(Dentistry)
(Implants for surgery)

- ISO/TC 194 (Biological and clinical evaluation of medical
devices)
- ISO/TC 198 (Sterilization of health care products)
- ISO/TC 210 (Quality management and corresponding general
aspects for medical devices)
1 7 5 4 4 - ISO/TC 261 (Additive manufacturing)
- I[SO/TC 276 (Biotechnology)
Published ISO standards * ISO standards under Participating members - ASTM Fo4  (Medical devices)
of which 17 under the direct responsibility development - - ASTM F42  (Additive manufacturing)
of ISO/TC 150 of which 4 under the direct responsibility
of ISO/TC 150 and JTC 1/WG 12 !l

3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



~—Today'’s Topics

Needs in Orthopaedics with AM (Additive Manufacturing = 3D printing )
standardization.

Introduction of ISO TC 150/JWG1 (Joint Working group with 1ISO
TC261)

Scope and currently work in TC150/JWGL1 - ‘Additive manufacturing in
surgical implant applications’

4 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



—Avrtificial joint replacement _ “

Reported by Japanese Society for*RepIacement
P Arthroplasty*

= » 22,935 cases* for Hip joint replacement a year,
N\ » 25,892 cases* for Knee joint replacement a year,
o » About 130 cases a day !

3 times increasing for 5 years (2012 to 2017)
Increasing “revision surgery”
Increasing a variety of replacement

» Spine, Shoulder, etc...
Patient-Specified-Instrument (PSI : Custom-made)
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Additive Manufacturing is the key of medical
devices.

5 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



~—What's required in International standard?

After Medical operation, Medical implants works for 15~20 years .
=5x 10°~2 x 10’cycle works under 200 ~2,300N

(3~5 times of bodyweight)
Mechanical strength is very important for medical i mplants

Medical implants in human body needs mechanical durability .

We need the ‘Golden methods’ to estimate the performance of
each devices. = International Standard

6 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12
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Effective instruments for “quickly” / “accurate” operations.
Potential for use in minor areas (ankle / shoulder )

7 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



—Who is Stakeholder ?

Scanning

Doctor

Designer

Manufacturer

Patient

To standardization, which categories do we belong to?

8 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



—ISO/TC150 JWG1

2023-01-17 2023-02-08 2023-03-22 2023-05-08 2023-07-12

(14) (19) (14) (13) (9)
Member from Australia 1 1 1
Brazil 1 i | 1 1
France 1 1 1
Germany 3 2 6 3 1
Italy 1 1 1
Japan 1 2 2
Republic of Korea 2 2 1
United Kingdom 1 f | 1
United state 5 2 2 3 4
i N\
Stakeholder (A) Industry and commerce: Manufacturers, / 6 x . x 3
Suppliers, Trade associations
(B) Government: Government or ganizations,
3 3 2 3 3
Regulatory authorities
C )Consumers: Patients, Healthcare centers,
Surgeons
(D) Labour: Trade unions, Employees.
(E) Academic and research bodies: Academic " y 3 3 2
and research communities.
(F) Standards application: Testing facilities, 3 1 4 3 9
Accreditation bodies.
(G)Non-governmental organization;
Government independent organizations.
S YL AL

9 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12

Convenor:
» Kohei Murase (TC150)
» Lim Wonbong (TC261)

Manager :
Klaus Zeier (DIN)
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—Considerations for medical AM implants

Technical Considerations for In 2017, FDA(U.S.) announced ‘Technical

Additive Manufactured Medical consideration for AM Medical Devices’

Devices https://www.fda.gov/downloads/MedicalDevices/DeviceReg
- ulationandGuidance/GuidanceDocuments/UCM499809.pdf
Guidance for Industry and

Food and Drug Administration Staff For Medical use, we have to pass the (Very
severed )certifications from each country.

This guidance represents the current thinking of the Food and Drug Administration (FDA
or Agency) on this topic. It dees not establish any rights for any person and is not binding
on FDA or the public. You can use an alternative approach if it satisfies the requirements

of the applicable statutes and regulations. To discuss an alternative approach, contact the
FDA staff or Office responsible for this guidance as listed on the title page.

I. Introduction and Scope

FDA has developed this guidance to provide the Ageney’s initial thinking on technical
considerations specific to devices using additive manufacturing, the broad category of
manufacturing encompassing 3-dimensional (3D) printing. Additive manufacturing (AM) is
a process that builds an object by sequentially building 2-dimensional (2D) layers and joining
each to the layer below, allowing device manufacturers to rapidly produce alternative designs
without the need for retooling and to create complex devices built as a single picce. Rapid
technological advancements and increased availability of AM fabrication equipment are
encouraging inereased investment in the technology and its inereased use by the medical
device industry. The purpose of this guidance is to outline technical considerations
associated with AM processes, and recommendations for testing and characterization for
devices that include at least one additively manufactured component or additively fabricated
step.

10 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12




Scope of

11

O/TC150 JWG1 (9 items)

Qualifications of machine operators of AM Machines used in

surgical implant applications

e.g., powder bed fusion, stereolithography, fused filament fabrication, liquid-based
extrusion machines,

Calibration, Validation and Re-validation for acceptance of AM

Machines used in surgical implant applications,

e.g., powder bed fusion, stereolithography, fused filament fabrication, liquid-based
extrusion machines,

3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12




~—Scope of JWGL (cont.)

-2

Physical and mechanical test methods or considerations to
address risks associated with AM of surgical implants,

Addressing each of the above items also in the use or
Incorporation of biological, cellular, or tissue-based products in
AM.

Biological considerations of final devices taking into account
manufacturing residues, cleanliness, sterilization,
biocompatibility
Labeling considerations

Data Format, Security, Voxel modeling, etc.

3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12




—Scope of JWG1 (cont.)

Specifications for materials used in AM of surgical
Implant applications,
- e.g.,virgin and reused powders/starting materials,

Process specifications and quality considerations
o including, e.g., design (standard or patient-matched from

medical imaging ), software workflow, printing/build, and
post-printing/build validation,

|dentification of risks

« including, e.g., variability in quality, geometry, surface finish,
tolerances, microstructure, chemistry,

13 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12,



~To estimate 3D quality of real
/Resolutlon of CT image \

_ | Slice thickness
Guleuetelted |+ X-ray Strength (kV)
» Specification of AM machine.
« Material specification
* Necessarily of metal-use for hole
and cutting space.
» Posture during Scanning

& -

Computer Modeling Guide

14 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12



—Currently work in JWG1

|dentified gaps with respect to AM in existing implant specific standards.

Provide a list of references to existing / currently developed relevant
standard documents in TC150, TC261, ASTM F04 and F42

JWG1 is working on ISO/CD 5092, “Additive manufacturing for medical —
General principles — Additive manufacturing of non-active implants”.

The RoV and comments of ISO/CD 5092 received on 2023-11-03 and the
next meeting will be held on January 2024.

We request participate YOU to discuss AM for medical use!!

15 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12




e

SSummary

Additive Manufacturing (3D Printing and Scanning) Is powerful tool to develop
the future medical devices (=Patient-Specified Instruments : PSI).

In medical application of AM, It is important to establish the international
standards for

Modeling,
Measurement (Scanning) ,
Material constitution , etc ...
Collaborate with many other fields (categories).

Collaborations of AM & computer modeling will grow up to ease / agree with

orthpaedics. [
L\@L@
e

Thank you for your attention!
murase.kohei.es@osaka-u.ac.jp

16 3D Printing and Scanning (ISO/IEC JTC 1/WG 12 - Online Workshop) - 2023-Dec.12




i Digital Twin projects
around 1SO/ TC184/ SC4/ JWG16
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loT

ISO/IEC TR 30172:2023 Use cases

ISO/IEC 30173:2023 Concepts and terminology
ISO/IEC 30186 Maturity model

30188 Reference architecture

JTC1 5C41)

WG6 Digital twin

Guidance for loT and Digital twin use cases

Similarity measure (2D)

( 3D shape descriptor
Extraction and transaction of data components

Correspondence Mmeasure

WG15: I1SO 23247 Digital twin framework for manufacturing
JWG16: ISO/TR 24464 Visualization elements of digital twins
SC5 WG13: 1SO 16400 Equipment behaviour catalogues for virtual production system

ISO TC184 |

Metaverse

JTC1 5C24

IEC 63278-1 ED1 Asset Administration Shell for industrial applications — Part 1: Asset
Administration Shell structure

IDTA

I[EC TC65 AAS _
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ISO/IEC JTC 1/SC 41

Internet of things and digital twin

ABOUT

OLICK 1 INKS



Undergoing Projects in WG6:
® [SO/IEC WD 30186 Digital twin — Maturity model and guidance for a maturity assessment
® ISO/IEC WD 30188 Digital Twin - Reference Architecture

® PWIJTCI1-SC41-6 Guidance for IoT and Digital Twin use cases

® PWITR JTCI-SC41-11 Digital Twin - Correspondence measure of DTw twinning

® PWI TR JTCI-SC41-16 Digital Twin — Extraction and transactions of data components

Published:

ISO/IEC TR 30172:2023 Internet of things (loT) - Digital twin -
Use cases

ISO/IEC 30173:2023 Digital twin - Concepts and terminology
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ISO/IEC AWI 30173

Digital twin — Concepts and terminology

General information

Status : Under development
Edition : 1

Technical Committee : ISO/IEC JTC 1/SC 41 Internet of things and digital
twin
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Differentiate human twins?
Correspondence measure

https://cmte.ieee.org/futuredirections/2017/09/27/can-we-have-a-digital-twin/



https://cmte.ieee.org/futuredirections/2017/09/27/can-we-have-a-digital-twin/

w= Euclidean distance _physical distance
' t:ﬂﬂzzf :;s::ti stations
5 similarity measures = Minkowski distance \_hybrid distance
Cosine Similarity j\_angle

https://dataaspirant.com/five-most-popular-similarity-measures-implementation-in- 7
python/



https://dataaspirant.com/five-most-popular-similarity-measures-implementation-in-python/

[Analyze & Report Quality

< Data
Inspection Report and Analysis [
Customer Tolerance
Requirements Standards _
Product
Development Needs L[ Define Product Quality Manufacturing
"l Requirements Processes Evaluatio

[ Determine Measurement
Product Model-| Requirements

PMI with Criticalities—»

Define Measurement
Measurement Scope Process -

n Results

Execute Measurement
- jh

A 4

Perform DME Program

Integrated metrology process with QIF standard



* courtesy of JAMA

Unwanted surface gaps of CAD models (PDQ)
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7 Unsupervised learning
B Supervised learning

Combined
+ Learning type exception

+ Learning architecture exception

[ Data-driven 3D shape descriptors ]

[ Deep ]

@llow

i [ Autoencoder-based ] [ Probabilistic models ]

DBN-based

Ev

10



Onion model of correspondence measure

Behawor 1

N

(performance)

Behav or 3

B ehawor
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ISO/TC 184

Automation systems
and integration

‘ SC5

WG 6 SC 1 o :
Oil & Gas Physical SC4 Interoperability, integration,
Interoperability Device Industrial and ar_ch|tectures for
enterprise systems and
Data _ .
MIMOSA Control automation applications
STEP-NC |
|
WG 2 ’ ‘ ‘ WG 23
WG 3 JWG 8 WG 11 WG 12 WG 13
Part _ . _ Vocabulary
Libraries Oil & Gas Manufacturing Express, Common | Data quality Validation
Management Implement, Resources
Data (Mandate) | Conformance (SMRL)

WG 24 | WG 22
CDD for data WG 21 Reference data
dictionaries WG 15 JWG 16 SMRL Validation

ontologies Digital STEP Model Validation
Manufacturing Visualization SMRL: STEP module and resource library

12



ISO/TC 184

Automation systems and integration

About
Secretariat: AFNOR

Committee Manager: Mr Skander Ben Yahia

Chairperson (until end 2023): M Patrick Lamboley

Creation date: 1983

Structure  Liaisons  Meetings

Reference 7
ISO/TC 184/SC 1
ISO/TC 184/SC 4

ISO/TC 184/SC 5

ISO/TC 184/AG 2 D

Title
Industrial cyber and physical device control
Industrial data

Interoperability, integration, and architectures for enterprise systems and automation
applications

Digital Twin



Published on 10 November 2020

S Ed.2 is in ballot process 2023

ISO/TR 24464:2020

Automation systems and integration — Industrial
data — Visualization elements of digital twins

BUY THIS

7tA|3} €10 DTwO| 7Hs&tnt? STANDARD

14
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25 < 25.040 < 25.040.40 ISO/TC184/SC4/WG15

ISO 23247-1:2021 =R

Automation systems and integration — Digital twin framework for
manufacturing — Part 1: Overview and general principles

Abstract [ Freview | Buy this standar

This document provides an overview and general principles of a digital twin

Format Language
framework for manufacturing including:

— terms and definitions; V' PDF +ePub English

— requirements of the digital twin framework for manufacturing. Paper English

15
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TC184 WG15

L

#®Digital Twin Framework for Manufacturing ISO 23247

e Part 1 — Overview
e Part 2 — Reference Architecture

e Part 3 — Data examples
e Part 4 — Network protocols

ISO/AWI 23247-5 Digital twin framework for manufacturing
Part 5: Digital thread for digital twin

ISO/AWI 23247-6 Digital twin framework for manufacturing
Part 6: Digital twin composition

m
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ISO TC/184/SC5/WG13: EBC

1ISO 16400 — Equipment behavior catalogues for virtual production system

Partl: Overview
Part2: Formal description of catalogue template

Part3: Guideline for construction of equipment instance model

Part4: Application method

Part5: Integration of EBC templates in production system design & operation

0)
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JTC 1/SC 24 Standards and Projects
for the Metaverse

ISO/IEC Workshop: Standards for the Metaverse

2023-06-26
Myeong Won Lee, JTC 1/SC 24 Chair

S0l (d]IEC

INFORMATION TECHNOLOGY STANDARDS

https://www.iec.ch/system/files/2023-06/presentations 0.pdf

18


https://www.iec.ch/system/files/2023-06/presentations_0.pdf

International Standards Conformity Where we make a Who News & Programmes Who we Q

@, Electro_tec_hnlcal development assessment difference benefits resources & initiatives are
Commission

Home / Standards development / Technical committees and subcommittees / TC 65 Dashboard

TC 65 Industrial-process measurement, control and automation

Scope Structure Projects/ Publications Documents Votes Meetings Collaboration Platform

Work programme > Project: IEC 63278-1 ED1 m
Detail Project
Committee Working Groups Project Leader Current FrestPub Stability IEC 63278-1 ED1
Status Date Date

Asset Administration Shell for industrial applications -

TC 65 WG 24 ﬂ;fmce']zgr BPUB 2024-01 2026 Part 1: Asset Administration Shell structure

Related documents:
SMB/7507A/INF

History ) 408 18
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The Asset
Administration Shell
(AAS) in action

AAS Guide
SPS 2023

AAS Guide SPS 2023

Download

https://industrialdigitaltwin.org/en/content-hub/downloads

Home

20
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Soonhung Han (88Z
# Current

e
= ICAD laboratory, Mechanical and Ocean Systems engineering, KAIST,
https://sites.google.com/view/icadlab/home

m Korea STEP center: ISO standard for exchange of engineering design www.kstep.or.kr
= Convener of JWG16 of ISO/TC184/SC4, https://committee.iso.org/home/tc184sc4

m |CT convergence network: Industry 4.0 in Korea, https://kicon.org/ r OFC|K|SIHAIH Y|
NICON i = TIL.t1

4 Study N o v

= PhD in Ship CAD, University of Michigan, USA
= MS in Ship Design, Newcastle upon Tyne, UK
= Naval Architecture, Seoul National University, Korea

# \Work

Ship and ocean research institute, www.kriso.re.kr
Society of CAD/CAM Engineers (Korea) www.cde.or.kr
Start up www.PartDB.com

Design committee for ships and ocean plants (Korea)
Society for e-business studies (Korea)

I'III" I PartDBco.ud

1 F SR EEI8
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https://sites.google.com/view/icadlab/home
http://www.kstep.or.kr/
https://committee.iso.org/home/tc184sc4
https://kicon.org/
http://www.kriso.re.kr/
http://www.cde.or.kr/
http://www.partdb.com/

ISO/TC 106/SG 9
Scanning & 3D Printing on
Digital Dentistry

12th, Dec. 2023

Seoul National University
School of Dentistry

WG 3 ILT project leader
WG 7 Secretary

Prof. Ji-Man Park
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Worklng group 3

Digitizing devices
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Consideration for intraoral scanner
: Arch distortion




Park JM, Shim JS. Measuring the Complete-arch Distortion of an Optical Dental Impression. J Vis Exp 2019 May;(147).




Test methods are developed & introduced bl iheagedus LAl il S i R




Intraoral scanners introduced at IDS 2019
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Annex A (Full arch) Annex B (Long edentulous ridge)
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Delivery of test objects (Feb-Mar 2023)




Delivery of test objects (Feb-Mar 2023
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Hands-on videos
for scanning






Hands-on videos

for measurement
(Geomagic Control X)






Hands-on videos

for measurement
(Gom Inspect)



i,
Pl
¥ oilm
. 4 o m wm m [
= — [— - )
= . & ' (==
—_— e e
! —
. i
-
—
T m—
P
i



Annex B (Long edentulous ridge)

Measurement

Measurement software
: Geomagic Control X or GOM Inspect

Four measurement points (a, b, c, d)
. reverse engineered at sphere centers

distance fromatob

distance from b to c

distance fromctod

distance from d to a

distance fromatoc

distance from b to d

ato

distance between point a and a plane defined by the three points b, ¢, and d

O N[OOI |PB|WIN|—

d to

distance between point d and a plane defined by the three points a, b, and ¢
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How-to-measure Video (Annex B)

s 1 T



Comments from Participants

Comments

1. Sphere Geometry Issues: Data Excludes Problematic Areas at Sphere Bottom (UK)
: Complete Sphere Scanning with each Scanner’s Full Functionality
2. Scanning Issues with Primescan: Difficulty Scanning Test Object (Japan)
: Primescan’s Robust Al Requires Complete Data for Scanning
. For Better Recognition, Scan Along Buccal Side of Alveolar Ridge (Canine to Molar Area)
3. Color & Recognition Issues with Primescan: Dark Color Causes Scanning Issues (Japan)
: Scan Initiated when a Skin-colored Object (Finger) was Included
: Scan Continued even After Removing Finger
: Primescan's performance issues, Not solely due to Color, But also its Strong Al algorithms in

Edentulous Areas



Annex C (Margin with sulcular fluid)

Measurement

Mzrginal
Toxh macgin 2 mpive

Measuring Liquid Distortion:

1. SW: Geomagic Control X or GOM Inspect

2. Determine depth from top to deepest sulcus.

3. Create section lines from top plane in scan data.

4. Gradually lower section plane, until the lowest point
(red arrow)

5. Measure shortest distance from point to top plane.

Key measurement items

distance between the deepest point and top

1 Arid plane without artificial saliva

2 | Wet 1/3 distance between the deepest point and top
plane when 1/3 submerged in artificial saliva

3 | Wet 2/3 distance between the deepest point and top

plane when 2/3 submerged in artificial saliva
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How-to-measure Video (Annex C)
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Key measurement items

Displacement at body part (dentin/

1| h1 |enamel): 1.5 mm deep translucent
resin on the upper step
Displacement at incisal part

2| h2 |(enamel): 3 mm deep translucent

resin on the lower step

Distortion Measurement Method:

« SW: Geomagic Control X or GOM Inspect

« Measure distortion of two conditions (h1, h2)

« Simulate difference between |IOS scan data and
actual surface position

Translucent Tooth Surface Measurement Process:

« Select mesh on top face of translucent layer.

» Create reverse-engineered dentin surface plane.

* Form body part surface with 1.5 mm deep
translucent resin.

 Measure distance between created planes to
calculate height difference between simulated
enamel-dentin and dentin-only part.

* Repeat process for incisal part with 3 mm deep
translucent resin
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Annex E (Margin line)

«  SW: Geomagic Control X or GOM Inspect

Key measurement items

1 | mg, |Sum of clearly discernable margin line length
at supra-gingival margin tooth

2 | mg, |Sum of clearly discernable margin line length
at equi-gingival margin tooth

3 | mg, |Sum of clearly discernable margin line length
at sub-gingival margin tooth

Create line at margin level

>

Delete polygon if margin line
encroaches certain portion

>

Keep polygon if margin line &
polygon outer edge line

overlaps ‘

Measure total length of kept
margin with remaining poly-
gons
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Comments from Participants
Comments (HongKong U)

1. Subjective Judgement in Measuring 'Sharp and Identifiable Margins' Causes Inconsistency

- Developing Automation Software with Clear Margin Criteria

Fig. 37 Measurement of the total length of sharp and identifiskle margins by

eveluation of polyzons forming the margin line in the 3D model. In the
above example, the portion of the margins in red circle was left because
it could be clearly distinguishad by the edge of the polyzon, while the
portion of the margins in yellow drcle was deleted because it appezared
as a polygon face. The distinguishment between these twec involvec
subjective judgements and was disputable.



Annex F (Arch distortion)

Measurement
The amount of distortion shall be measured using industrial 3D analysis software, such as

Geomagic Control X. Five measurement points (A, B, C, D, and E) shall be created. The following
are the measurement items;

Horizontal Angular
posterior inter-block width +ACE total arch convergence angle
anterior inter-block width <CBA Lt. anterior convergence angle
Lt. anterior circumferential length .CDE Rt. anterior convergence angle
Rt. anterior circumferential length Distortion
Lt. posterior circumferential length A- Lt. vertical distortion
Rt. posterior circumferential length E- Rt. vertical distortion




Annex F (Arch distortion)

Five points of test object are reverse-engineered by intersecting planes that make up the corners.
Examples of distances and angulations that need to be measured.

Method

Three planes forming the corners corresponding to points shall be obtained by reverse-engineering
and intersecting the three planes to set the measurement points. The perpendicular distance of the
posterior reference points at either side from the plane shall be defined by the rest of the three
reference points.



Annex G (Inlay, onlay, and crown preparation)

Measurement
The amount of distortion is measured using industrial 3D analysis software, such as Geomagic

Control X. The following are the measurement items;

Bamk 1 |

X

Bwld Bk 7 s 0

48

Boci 3 ook &

Inlay Crown
h1 height of block 1 h2 height of block 2
d1 onlay floor depth of block 1 w2 buccolingual width of block 2
w6 mesiodistal width of block 6 d2 lingual inlay base depth of block 2
h6 buccal base height of block 6 h3 height of block 3
h7 height of block 7 h4 height of block 4
w7 mesiodistal width of block 7 d4 recess depth of block 4
w8 buccolingual width of block 8 h5 height of block 5
ds8 distal groove depth of block 8 d5 groove depth of block 5



Annex G (Inlay, onlay, and crown preparation)

Block 8

Olack 1

Biloch 2 Blazk 3 Ak

Method
For height, measure the height of the plane at the base of the test object and the top plane of each

block. For depth, measure the depth from each block's top plane to the other planes of the block. For
width, measure each block's mesiodistal width or buccal lingual width.
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ISO TC 106 SC9/WG7
Virtual meeting 2020

Daehwan Shin, Ph.D.
Ji-Man Park, Ph.D.

ISO - DTR 5015
Dentistry — Accuracy of CAD/CAM 3D printed dental products
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Dental 3D printing materials are also competitively introduced.

Cal Bt s i‘":::i:l'l F= RFOREn KL FREEPTRLWE = T
u

i Feaewfn

L FemAhas
PO O LR NTEE WYY

ST e P
Barr el ikt e ar e



Polyjet
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<

WDM
"Stratasys
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Importance of co-work between Material & Device parts

Material Device FHD projector
—_ — —_— |

AKX G jEShor

FHE Gl Wil

— ) = Baaent Fe B0
Wavelength
Refinement of filler particle size,
dispersion of particles Dispersion state Cun'ng o Pixel size

Particle size Axis movement
. : Viscoslt) ; ..
Light source
s ljwiﬁ "
Maximizing light sensitivity - i light source spectrum analysis

Development of high dispersion - Optimal Wavelerjgth selection
material technology Speed up material supply

Increase of interlayer bonding power : Securing large area uniformity through
ety pixel stitching
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i i [
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Physical property measurement of printed products according to printing conditions

Verification drawing for printing
condition

Microscopic image Standard specimen specification

[Printing condition]
. . al strength
Line width : 50,100,150,170um  Confirm printing entspecimen  Casting pattel
X 80 mm
Layer Thickness : 50,100um condition by line width 0178) (SO 15854)
Expose time : 4~10sec discrimination
UV Power : 10~60 performance

-Printing grid patterns of various line widths

-Check the expose time that shows optimal line width



Design of reference data




3D printed models

UV

DLP 1 DLP 2

. » .
%@P
Polyjet SLA “



Measurement protocol




Result of coordinate study

#35i

B FOM (Crestor Pro) [l DLF (D1-150.D0M) [ DLF (D1-150,MD)

B Polyjet (Eden 260v) [ SLA (Form2)




Surface texture of 3D printed models




Surface texture of 3D printed models

% FDMA DLP 1" DLP 2




SEM comparison of 3D printed models




Test Objects

e Test object one: All-in-one specimen
(crown/inlay/long distance evaluation)

e Test object two: Cross model with drill sleeves




Test object one: The six-cylinder specimen for long distance evaluation




Importance of evaluating light uniformity of
vat

Front

580-600 W600-620 WE20-640 W640-060 m6G0-680 mGAD-T00

Rear



Cross with base Cross without base
- horizontal setting - 45 degrees setting




Opinions from Japan

Accuracy Validation Print Benchmark print




Opinions from Germany

Denture base Drill sleeves

Impression tray

Bracket positioner

Crown & bridge (w/ different wall thickness)
Inlay & onlay

Dental cast

Aligner




Opinions from Korea
Crown restoration

Measurement areas

A: intaglio occlusal
B: intaglio lateral
C: margin

D: external lateral
E: external occlusal










Technical report —> Technical specification (Berlin 2022)
DTS discussed & began ILT (Sydney 2023)
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Test objects of DTS 5105 (Under ILT project, Project leader: Park JM)

(Annex B) Complete-arch dental

L ] model with single inlay and crown dies
(Annex A) Accuracy validation specimen = Y

(Annex C) Drill sleeve model

N (Annex D) Crown and bridge restorations
with fixed angles
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Mandate of the SYC on Bio-digital convergence

Systems level standardization activities in the domain of bio-digital convergence for the
IEC, including ISO/IEC JTC 1.

« Facilitate outreach and influence the work on bio-digital convergence with I1SO,
other SDOs, and industry consortia, in collaboration with relevant IEC entities and
thus facilitate the advancement and coordination of bio-digital convergence
standardization.

» |dentify and assess potential new forthcoming bio-digital convergence topics and
problematics that may become relevant to IEC activities and recommend to the

SMB an appropriate course of action to meet the needs of the global community.

https://www.iec.ch/dyn/www/f?p=103:186:401031034592075::::FSP ORG ID.,FSP LANG 1D:49793.25



https://www.iec.ch/dyn/www/f?p=103:186:401031034592075::::FSP_ORG_ID,FSP_LANG_ID:49793,25

Bio-digital Convergence

convergence of engineering,
nanotechnology, biotechnology,
information technology and cognitive
science

Note 1 to entry: convergence means the creative union of sciences, technologies, engineering and
peoples, focused on mutual benefit; this is a process requiring increasing integration across
traditionally separate disciplines, areas of relevance, and across multiple levels of abstraction and

organization.

[SOURCE: Modified from: M. C. Roco, W. S. Bainbridge, B. Tonn, and G. Whitesides, Eds., Convergence of Knowledge, Technology and Society: Beyond Convergence of
Nano-Bio-Info-Cognitive Technologies. Cham: Springer International Publishing, 2013. doi: 10.1007/978-3-319-02204-8.]




Bio-digital Convergence -

a ~20 years old concept!

Nano

Cogno

Info

[1] Roco, Mihail & Bainbridge, William (2003). Converging Technologies for Improving Human

Performance.

In the context of BioDigital
convergence,

‘The phrase “convergent technologies”
refers to the synergistic combination of
four major
“NBIC”(Nano-Bio-Info-Cogno)
provinces of science and technology,
each of which is currently progressing
at a rapid rate: (a) nanoscience and
nanotechnology; (b) biotechnology and
biomedicine, including genetic
engineering; (c) information
technology, including advanced
computing and communications; and,
(d) cognitive science, including
cognitive neuroscience.’ [1]

https://www.researchgate.net/publication/252444145 Converging_Technologies_for_Improving_Human_Perfor IEC

4 mance
Alsoin DOI : 10.1007/978-94-017-0359-8



https://www.researchgate.net/publication/252444145_Converging_Technologies_for_Improving_Human_Performance
https://www.researchgate.net/publication/252444145_Converging_Technologies_for_Improving_Human_Performance
http://dx.doi.org/10.1007/978-94-017-0359-8

IT has changed a lot in the last 20 years

Moore’s Law: The number of transistors on microchips doubles every two years SRy

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years. in Data
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.

Transistor count
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rch and data to make against the world's largest problems Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.



https://en.wikipedia.org/wiki/Moore%27s_law
https://techcrunch.com/2023/06/05/apple-announces-the-m2-ultra-with-up-to-192gb-of-memory/
https://techcrunch.com/2023/06/05/apple-announces-the-m2-ultra-with-up-to-192gb-of-memory/

Reverse Engineering of Life

Living Systems:

Environment and biologic

— Genomics system of systems:
Descriptive:
e Genomics Transcriptomics .
. 'Fl;rartlscriptomics RNA . I\Elletageno_mlcs
. roteomics . Proteomics  Exposomics
. II\EIIe_taboI?mlcs Proteins e Ecosystems
. igenetics : : . i
. Mri)c?obiomics Biochemical Metabolomics : (E;g?asyStem Evolution
Biological
Systems integration Phenotype
d Metagenomics https://en.wikipedia.org/wiki/Metabolomics
* Physiology
¢ L i fe -cy I e > G ‘ Ygxrzy'grr: . Bacteria and relati ives

* Epigenetics

* Developmental
biology

* Evolution



https://en.wikipedia.org/wiki/Metabolomics
https://civilaspirant.in/levels-of-organisation-in-ecology/
https://evolution.berkeley.edu/evolution-101/
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W
“"Genome: ~3x10° base ery
t:ofhplex programmln - ne actory to
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/986301/Human_Augmentation_SIP_access2.pdf

Human Augmentation Technologies

Phase 1. Recovering, repairing the existing impaired human physiological functions. Most
assistive technologies in this phase, e.g., rehabilitation exoskeleton, focuses on rehabilitation
scenarios in hospitals and at home.

Phase 2. Replicating, substituting human functions and organs. Power augmentation
Exoskeletons (rehabilitation exoskeleton excluded) and artificial organs are common examples
at Phase 2. External devices that supplement the daily life living, e.g., smart watches and VR
glasses, are also considered as typical use cases.

Phase 3. Enhancing, outperforming human capabilities. Applications aiming at exceeding
human abilities are performed using emerging technologies from biomechanical engineering to
genetic engineering

Source: Preliminary findings of IEC SEG 12/WG4

Global Human Augmentation Market- By Region (2019-2027)

WPVT LTS ~
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https://www.maximizemarketresearch.com/market-report/global-human-augmentation-market/66 366/
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https://cmte.ieee.org/futuredirections/2018/08/09/transhumanism-evolving-the-human-body-ii/
https://cmte.ieee.org/futuredirections/2018/08/09/transhumanism-evolving-the-human-body-ii/
https://www.maximizemarketresearch.com/market-report/global-human-augmentation-market/66366/
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3D powder bed printing (3D PBP)
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by Bruce Brown | May 23, 2018 | Enabling Tech, General News | 0 comments
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https://en.wikipedia.org/wiki/3D_bioprinting
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History and Status of the SyC BDC

Precursor - Standards Exploratory Group (SEG) 12:
Created in April 2021
7 Working Groups, 125 members
Report issued to SMB in May 2023
Technical Report to be published 1Q2024

SyC BDC
Created at the October 2023 IEC SMB Meeting
Chair and Secretariat assigned
Kick-Off Plenary in April 2024
SMB resolution inviting ISO for collaboration through a possible
joint structure IEC

17
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SEG 12 Structure & Topics

WG1 - Communications, Synthesis and Edition of Report
WG2 - Reverse Engineering of Living Systems

WG3 - Life systems and Bioengineering

WG4 - Human Augmentation Technologies

WGS5 - Agricultural Bioengineering

WG6 - Environmental Bioengineering

WG?7 - Biodigital Social, Risks and Ethical Aspects

AGS8 - Convener Advisory Group



SyC BDC

As an |IEC systems committee, the SyC BDC can have:

Vice- chair(s) (see52ofthe iec supplement

Workin g groupsS (cannot develop standards unless a project is specifically authorized by the SMB)

Joint Working Groups, Joint Project Teams it ec oriso cs or scs)

Reg istered (R) Members (Essentially enhanced liaisons with IEC or ISO TCs or SCs as well as other Standards

Developing Organizations - SDOs)

POOI(S) Of EXpertS (from NBs and R Members)

Open Forum(s) - open (like a SEG) to any self-nominated experts
Advisory Groups

For more details, see https://syc-se.iec.ch/home/what-a-system-committee-does/ and Annex SO of the IEC
Supplement.

19



https://syc-se.iec.ch/home/what-a-system-committee-does/
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SyC BDC - Future plans ...

Kick-off Plenary (virtual) in April 2024

Agree on a initial structure

Review and implement SEG 12 recommendations to the SMB
As requested by the SMB, come with recommendations for a
course of action on ethical issues

Do whatever is necessary to initiate standardization activities
(with IEC and ISO TCs) identified by IEC / SEG 12. This includes
the draft bio-digital vocabulary elaborated by SEG 12

etc...



21

SyC BDC - how to participate

- Nomination through a National Body
- Nomination through future liaisons or ‘R’ liaisons
- Joining (a) future(s) open forum(s)



xR =, S
N\ .



https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhorizons.gc.ca%2Fen%2F2020%2F02%2F11%2Fexploring-biodigital-convergence%2F&data=04%7C01%7Cfrancois.coallier%40etsmtl.ca%7Cb8795d06771f4881168308d923bf0590%7C70aae3b79f3b484d8f9549e8fbb783c0%7C0%7C1%7C637580125619610992%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000&sdata=LAVkcWwyt%2FW5AfWSfVT%2BG7k7CxXyiyj9Kaopn4T7ipU%3D&reserved=0

Brief Introduction of JTC 1/ WG 12

3D Printing and Scanning
JTC 1/WG 12 workshop, virtual

(2023-12-12, 1100-1400 UTC)

Kyu Won Shim, MD, PhD
Convenor of JTC 1/WG 12
Co-convenor of JTC 1/WG 12/AHG 3 3D scanning



Status of JTC 1/ WG 12

» Established at
» the 32" JTC 1 Plenary in Vladivostok, Russia in 2017 conditionally

« Activated from
= 2018-08-15 with the approval of NP 23510

« Officers
» WG 12 Convenor: Prof. Kyu-Won Shim
» WG 12 Secretary: Ms. Yaeseul Park

« Members

= 74 members from 11 NBs, 5 Liaisons and SIF facilitator (December 2023)



F2F Seoul Meeting for ISO/IECJTC 1 Study Group on 3D Printing and Scanning,
May 24 to 26, 2017




F2F Montreal Meeting for ISO/IECJTC 1 Study Group on 3D Printing and Scanning,
Ecole de technologie superieure, Department of Software and IT Engineering,
August 29to 31, 2017




Terms of Reference

Serve as a focus of and proponent for the JTC 1 standardization program on 3D Printing and Scanning

Develop ICT related foundational standards for 3D Printing and Scanning upon which other standards
can be developed

Develop other 3D Printing and Scanning standards that are built upon the foundational standards when
relevant ISO and IEC committees that could address these standards do not exist or are unable to
develop them

|dentify gaps and opportunities in 3D Printing and Scanning standardization

Develop and maintain liaisons with all relevant ISO and IEC committees as well as with external
organizations that have interests in 3D Printing and Scanning

Engage with 3D Printing and Scanning communities to raise awareness of JTC 1 standardization efforts
and provide an open platform for discussion and further cooperation

Develop and maintain a list of existing 3D Printing and Scanning standards produced and standards
development projects underway in ISO TCs, IEC TCs and JTC 1
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Subgroups (2)
AHG 1 on 4D Printing
AHG 3 on 3D scanning for 3D printing

Liaisons

ISO/TC 106, 150, 171/SC 2, 184/SC 1 and SC 4, 215, 261
JTC 1/SC 24, 29 and 42

Khronos Group

Collaborate with other committees

JTC 1/SC 41, 1ISO/TC 184/SC 4/JWG 16, IEC SyC Bio-Digital convergence and ISO/IEC JSEG 15 etc.



AHG 1 on 4D Printing

JTC 1/WG 12 agrees to reconstitute AHG 1 on 4D Printing with the following
Terms of Reference:
1) Continue to update the description of key concepts and terminology related to 4D Printing.

2) Assess the current state of standardization activities relevant to 4D Printing in other relevant ISO and IEC TCs,
in other SDOs and in consortia.

3) Identify and propose how JTC 1 could address ICT standardization needs of 4D Printing.

4) Provide a progress report to the 11th JTC 1/WG 12 Meeting including recommendations for further study and/or
potential NWIPs.

Membership in the AHG 1 is open to:

« JTC 1/WG 12 registered experts and Category C liaisons with JTC 1/WG 12;

« Appointed experts from JTC 1/SCs, JTC 1/WGs, relevant ISO and IEC TCs;

 Invited standards setting organizations that are engaged in 4D Printing standardization
as approved by the AHG.

JTC 1/WG 12 reappoints Mr. Adin Stern (I1S) as the Convenor with the following membership: Prof. Frangois
Coallier (CA), Dr. Byoung Nam Lee (KR), Mr. Dongyub Lee (KR), Prof. Hwanyong Lee (KR), Prof. Jumyung Um
(KR), Dr. Atsuhiko Onuma (JP), Prof. Kyu-won Shim (KR), and Prof. Yonghui Liu (CN).

JTC 1/WG 12 requests the AHG 1 Convenor to report the AHG 1 activity no later than 2024-01-15.
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AHG 3 on 3D Scanning for 3D printing

JTC 1/WG 12 agrees to reconstitute AHG 3 on 3D scanning for 3D printing with the following

Terms of Reference:

1) Investigate current market and technical status related to 3D scanning for 3D printing.

2) Investigate and assess the current status of standardization activities relevant to 3D scanning in other relevant ISO and IEC TCs, in other SDOs, and in consortia.
3) Investigate the future impact of new ICT technology (e.g. digital twin, metaverse) to JTC 1 with 3D scanning for 3D printing.

4) Provide gap analysis for standardization opportunities related to 3D scanning for 3D printing.

5) Identify and propose how JTC 1 could address ICT standardization needs of 3D scanning for 3D printing.

6) Propose, if appropriate, new work items related to 3D scanning and 3D replications (onestop continuous processing that started from 3D scanning to 3D printing).
7) Provide a progress report to the 12th JTC 1/WG 12 Meeting including recommendations for further study and/or potential NWIPs.

Membership in the AHG 3 is open to:

e JTC1/WG 12 registered experts and Category C liaisons with JTC 1/WG 12;

* Appointed experts from JTC 1/SCs, JTC 1/WGs, relevant ISO and IEC TCs;

JTC 1/WG 12 reappoints Prof. Kyu-won Shim (KR) and Dr. Jason Dowling (AU) as the Co-Convenors with the following membership: Dr. Byoung Nam Lee (KR), Mr. Jonghong
Jeon (KR), Mr. Dongyub Lee (KR), Prof. Hwanyong Lee (KR, JTC 1/SC 24 and Khronos Group), Prof. Jumyung Um (KR, ISO/TC 184), Prof. Ji-Man Park (KR, ISO/TC 106), Mr.
Yusuke Yasuda (JP), Adin Stern (IS), and Prof. Yonghui Liu (CN).

JTC 1/WG 12 requests the AHG 3 Co-Convenors to report the AHG 3 activity no later than 2024-01-15.



ICT Aspects of 3D Scanning

7.1 Data acquisition: 3D scanners use various technologies such as structured light, laser, or stereo vision to capture the
surface geometry of an object or a person. The data captured by the scanner is typically stored in a digital format and can
be processed, analyzed, and transmitted using ICT.

7.2 Data processing: After data acquisition, the raw data is typically processed using specialized software to create a 3D
model. This process involves a variety of tasks such as data alignment, registration, and meshing.

7.3 Data storage and management: The 3D models generated by scanning process can be large and complex, so they
require efficient storage and management. Cloud-based storage and remote access solutions can be used to store and
share 3D models, enabling collaboration among multiple users.

7.4 Data visualization: 3D models can be visualized using specialized software, and can be used to generate 2D images,
animations, and interactive simulations. This can be done locally or remotely and can be accessed by multiple users.

7.5 Remote access and control: With advancements in ICT, it is possible to remotely control and operate 3D scanners
and software, enabling remote data acquisition and processing. This can be useful for applications such as telemedicine
or remote monitoring.



Pertinent Standardization activities

3. Segmentation

3.1 Segmentation required

Dose it require a segmentation technique? If yes,
what kind of segmentation techniques are required?

4.1 3D reconstruction

What 3D (object) reconstruction methods are used?
(e.g. from point clouds, models, a set of 2D slices,
laser scans, photographs ...)

What 3D representation methods are used? (e.g.:
Raw data(point cloud, range image, polygon soup),

10.1 General
Description
- - — X
1. Object 1.1 Target object What is the Farfget o'bject for scanning? (e.g: human
body, car, building, city ...)
2.1 Scanning device What is the name of the scanning device?
) & (e.g: CT, MR, intra oral scanner ...)
2.9 Distance Scanning distance (e.g.: contact, short-range, mid-
range, long-range...)
2. Acquisition | 5 5 pevice Type Scanning device type (e.g: fixed, handheld, ...)
methods

2.4 Scan style

3D scanning method (e.g: LASER triangulation,
Structured light, Photogrammetry, Contact-based,
LASER pulse-based, ...)

2.5 Raw Data

Raw data format or type

4 3D model . Solids (Voxels, BSP tree, CSG, Sweep), Surfaces
generation 4.2 3D representation (Mesh, Subdivision, Parametric, Implicit), High-level
structures (Scene graph, Skeleton, Application
specific))
4.3 Format What kind of 3D model format is used?
4.4 Compression Is standardized compression technology used?
5.1 Registration Are registration techniques used?
5.2 Size/Scale What is the size and scale level?
5.3 Error range What is the acceptable range of error?
5.4 Level of Details What is the acceptable range of error?
5. Application Application category (e.g.: space experiments,

5.5 Application

construction industry and civil engineering, design
process, entertainment, 3D photography, Law
enforcement, reverse engineering, real estate,
virtual/remote tourism, cultural heritage, Medical

6. Standardization

6.1 Related Standards

CAD/CAM, quality assurance and industrial
metrology....)
List of related standards (finished and under

development)




Lialsons

Organization/Committee
ISO/TC 106
ISO/TC 150

ISO/TC 171/SC 2

ISO/TC 215

ISO/TC 261

ISO/TC 184/SC 1
ISO/TC 184/SC 4
ISO/IEC JTC 1/SC 24

ISO/IEC JTC 1/SC 29
ISO/IEC JTC 1/SC 42

Khronos Group

Dentistry
AM in surgical implant applications

Document file formats, EDMS systems and authenticity of information

Health informatics

Additive Manufacturing

Automation systems and integration — physical device control
Automation systems and integration — industrial data

Computer graphics, image processing and environmental data
representation
Coding of audio, picture, multimedia and hypermedia information

Artificial intelligence

3D graphics, Virtual and Augmented Reality, Parallel Computing, Machine
Learning, and Vision Processing



Current Activities
Projects

Published Standards (2)

ISO/IEC 23510:2021, Information technology — 3D printing and scanning — Framework for an Additive Manufacturing Service
Platform (AMSP)

ISO/IEC 3532-1:2023, Information technology — Medical image-based modelling for 3D printing — Part 1. General
requirements

Under development (5)

ISO/IEC FDIS 3532-2, Information technology — Medical image-based modelling for 3D printing — Part 2: Segmentation

ISO/IEC CD 8801, Information Technology — 3D Printing and Scanning — 3D scanned and labeled data Standard Operating
Procedure (SOP) for evaluation of modelling from 3D scanned data

ISO/IEC CD 8803, Information Technology — 3D Printing and Scanning — accuracy and precision evaluation process for modeling
from 3D scanned data

ISO/IEC CD 16466, Information Technology — 3D Printing and scanning — Assessment methods of 3D scanned data for 3D printing
model

ISO/IEC AWI 23955, Information Technology — 3D Printing and scanning — Technical requirements for product data protection of
Additive Manufacturing Service Platform (AMSP)



ISO/IEC 23510:2021, Information technology — 3D printing and scanning —
Framework for an Additive Manufacturing Service Platform (AMSP)
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2.3.3.7.2  Data Output from Imaging Sources

Patient-specific data can be acquired by a variety of medical imaging modalities, including CT scan, MRI,
and ultrasound. The Digital Imaging and Communications in Medicine (DICOM) standard is overseen by
the Medical Imaging & Technology Alliance (MITA), a division of the National Electrical Manufacturers
Association (NEMA). The DICOM standard applies to communication and management of medical
imaging information and related data. The standard facilitates interoperability of medical imaging
equipment by specifying protocols for network communication, syntax and semantics of commands,
media storage, and file format structure. DICOM is the standard used by all manufacturers of X-ray, CT
scan, and MRI imaging equipment. However, the ability to capture radiological output data varies
depending on the manufacturer.

Published Standards, etc.

e 3D Manufacturing Format (3MF)

e |SO/ASTM 52915:2020, Specification for additive manufacturing file format (AMF) Version 1.2

e |SO/ASTM TR 52916:2022, Additive manufacturing for medical — Data — Optimized medical
image data

e |SO/IEC 3532-1, Information technolo
1: General requirements

— Medical image-based modelling for 3D Printing — Part

In-Development Standards

e ISO/IEC CD 8803, Information Technology — 3D Printing and Scanning — Accuracy and precision

evaluation process for modeling from 3D scanned data (ISO/IECJTC 1)

e ISO/IEC AWI 16466, Information Technology — 3D Printing and Scanning — Assessment
methods of 3D scanned data for 3D printing model (ISO/IEC JTC 1)

e |SO/IEC DIS 3532-2, Information technolo
Part 2: Segmentation (ISO/IEC JTC 1)

— Medical image-based modelling for 3D Printing —

2.3.3.7.3  Data Acquisition for 3D Modeling: Imaging Protocols

The issue here is multifold:

e Diagnostic CT and MRI image data is routinely acquired for the CAD file or modelling application
used to create the 3D file for use in the additive manufacturing process. However, the metadata
that describes the accuracy, precision, and quality of the source files may not meet the needs of
3D printed patient-matched medical devices.

e Different imaging equipment has different installed protocols and many patient-matched
medical device manufacturers require specialized protocols.

e There is a clinical balance between image quality and patient exposure.

Published Standards

s |SO/ASTM TR 52916:2022, Additive manufacturing for medical — Data — Optimized medical
image data

e ISO/IEC 3532-1, Information technolo
1: General requirements

— Medical image-based modelling for 3D Printing — Part

In-Development Standards

e |SO/IEC DIS 3532-2, Information technology — Medical image-based modelling for 3D Printing —
Part 2: Segmentation (ISO/IEC JTC 1)

2.3.3.7.13 Quality, Verification, and Validation of Medical Product 3D Models

3D models are typically created for a region of interest (ROI). Image processing therefore entails
functions such as data segmentation (determining ROI), deleting (eliminating artifacts, noise, and non-
ROIs), smoothening, texturing (better visualization, surface finishing), and reducing post-processing
time. Models are transferred back and forth between image processing and graphic software to create
the best model.

Published Standards

. ISO/IEC- Information technology — Medical image-based modelling for 3D Printing — Part
1: General requirements

In-Development Standards

e ISO/IEC CD 8803, Information Technology — 3D Printing and Scanning — Accuracy and precision

rocess for modeling from 3D scanned data (ISO/IECJTC 1)

e ISO/IEC AWI 16466, Information Technology — 3D Printing and Scanning — Assessment
methods of 3D scanned data for 3D printing model (ISO/IEC JTC 1)

e ISO/IEC DIS 3532-2, Information technology — Medical image-based modelling for 3D Printing —
Part 2: Segmentation (ISO/IEC JTC 1)

evaluation

2.43.2 3D Image Quality Indicators (1Ql)
Published Standards

e ASME B89.4.23: 2020, X-Ray Computed Tomography (CT) Performance Evaluation provides

guidance for performance evaluation for users of the machine to assess.
e ASTM E1695-20el Standard Test Method for Measurement of Computed Tomography (CT)

System Performance
e ASTM E1441-19: Standard Guide for Computed Tomography (CT)

In-Development Standards

e ASTM WK84836 New Practice for Standard Practice for Visual Determination of Computed

Tomographic (CT) Image Quality (in development in E07.01)
e ISO/IEC CD 8803, Information Technology — 3D Printing and Scanning — Accuracy and precision

evaluation process for modeling from 3D scanned data (ISO/IECJTC 1)
¢ ISO/IEC AWI 16466, Information Technology — 3D Printing and Scanning — Assessment
methods of 3D scanned data for 3D printing model (ISO/IEC JTC 1)

2.6 Data

2.6.1 Introduction

As a digital production process, the formatting, extraction, transfer, integration, security and
interoperability of data is critical along the entire additive manufacturing value chain. Data will impact
the design, testing, validation, qualification, and quality assurance of parts and systems in nearly all
industry sectors. Standards which support data management will help inform decision making in AM
production. The following links provide more background regarding how data and data management
support AM:

e Data Driven Decision Support for Additive Manufacturing

s A Collaborative Data Management System for Additive Manufacturing2®

standards, for example under ASTM F42.08 and in cooperation with 1SO have published |SO/ASTM
52950:2021, Additive manufacturing -- General principles -- Overview of data processing. This section

may also include domain specific data needs, such as:

. ISO/IEC- Information technology — Medical image-based modelling for 3D Printing — Part
1: General requirements (ISO/IEC JTC 1) deals with image data processing throughout the full

lifecycle of 3D printing.
e |SO/IEC 27000:2018, Information technology — Security technigues — Information security

management systems — Overview and vocabulary

2.6.9.2 Medical AM Quality Management Systems

The FDA is proposing to expand regulation of hospitals and other "point of care" medical facilities
conducting additive manufacturing of medical devices to include individual, patient specific medical
devices. This will require point of care facilities to comply with FDA guidance governing manufactured
medical devices. A critical requirement within this regulatory "framework" is the creation and use of a
juality management system (QMS) that will facilitate validation of each medical device's quality by the

Published Standards

e |SO/ASTM TR 52916:2022, Additive manufacturing for medical — Data — Optimized medical
image data

e |SO/ASTM 52915:2020, Specification for additive manufacturing file format (AMF) Version
1.2

e |SO/IEC 3532-1, Information technology — Medical image-based modelling for 3D Printing —

Part 1: General requirements

In-Development Standards

e |EEE P3333.2.3™, Standard for Three-Dimensional (3D) Medical Data Management
* |SO/IEC CD 8803, Information Technology — 3D Printing and Scanning — Accuracy and

precision evaluation process for modeling from 3D scanned data (ISO/IEC JTC 1/WG12)

® |SO/IEC AWI 16466, Information Technology — 3D Printing and Scanning — Assessment
methods of 3D scanned data for 3D printing model (ISO/IEC JTC 1/WG12)

* |SO/IEC DIS 3532-2, Information technology — Medical image-based modelling for 3D
Printing — Part 2: Segmentation (ISO/IEC JTC 1/WG12)




Challenges and Opportunities

3D Printing and 3D Scanning are two distinct industries with significant overlap.

These industries are growing rapidly, are being utilized in an increasing array of applications, and are
facing many significant challenges.

There is a risk that a large number of collaborator/partners in the same industry can act as a competitor
INn some situation. It is necessary to communicate and discuss closely at all times so that the
cooperative relationship is maintained well.

« |SO/TC 261/WG 4 addresses ‘Data and design’, it does not fully cater to ICT standards.

« |ISO/TC 150/JWG 1 focuses on medical 3D printing, but it does not encompass the ICT perspective
of data processing and the implant design process itself.

Maintaining a healthy relationship with both ISO/TC 150/JWG 1 and ISO/TC 261, despite their
competitive and cooperative dynamics, is indeed crucial.

We should carry out 'open communication, mutual respect, collaboration, conflict resolution and
shared goals'.

Many existing groups are already working on underlying technologies and standards, which will provide
an opportunity to work closely together to accomplish the needs of the industry and the start-up.



Plan and Strategy

3D Printing and 3D Scanning are inherently cyber-physical systems.
As such, many standardization opportunities cannot be addressed from a strictly ICT point-of-view.

Collaboration with other standards bodies with complementary areas of expertise will be required
In many cases. For each opportunity, the following approaches will be considered:

1. If the standardization opportunity is clearly a foundational ICT enabler for 3D printing or 3D
scanning, then WG 12 will take the initiative and lead in developing that standard. Examples
include but are not limited to underlying broadly applicable file formats, protocols, or cyber-
security mechanisms.

2. If the standardization opportunity requires both ICT expertise and domain expertise in another
area, then WG 12 will investigate collaborative development opportunities with other entities
within ISO and/or IEC, and externally with other appropriate standards bodies. Examples
include but are not limited to, specific applications of file formats and protocols, information
management policies, data quality standards.

For those 3D printing and scanning related standardization activities with significant ICT concerns
currently underway, WG 12 will seek a collaborative arrangement with the standards bodies
responsible for the work.
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Market and Technology

* 3D Printing Medical Devices Market is estimated to reach $2.77 billion by
2025; growing at a CAGR of 16.8% between 2017 and 2025.
(@profsharemarketresearch)

Global 3D Printing Medical Devices Market

Revenue in billion USD




Market and Technology

* By 2021, IDC expects ’% IDC Top Use Case Based on 5 Year CAGR (2016 -
worldwide spending to be 2021) (Value (Constant Annual))

nearly $20.0 billion with a five-
year compound annual growth
rate (CAGR) of 20.5%.

* The two use cases of 3D
printing that will see the
fastest spending growth —
tissue/organ/bone (56.6%
CAGR) and dental objects
(36.9% CAGR) — will also be

driven by healthcare provider @ Tissue/Organ/Bone @ Dental Objects
Spend | ng @ Replicas and Novelty Molds
@ Architectural Designs/Models Others

Source: IDC Worldwide Semiannual 3D Printing Spending Guide, 2017H1



F2F Seoul Meeting for ISO/IEC JTC 1 Study Group on 3D Printing and
Scanning, 24 ~ 26 May, 2017
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3D implant Workflow
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1 Scope

This document specifies the requirements for medical
image-based modelling for 3D printing for medical
applications. It concerns accurate 3D data modelling in
the medical field using medical image data generated
from computed tomography (CT) devices. It also
specifies the principal considerations for the general
procedures of medical image-based modelling. It
excludes soft tissue modelling from magnetic
resonance image (MRI).

. ISO/IEC 3532-1:2023 touching on CT Scan Data through
to image optimization, and with the Point Cloud XYZ
format and DICOM data.

ISO/IEC 3532-1:2023 is applicable to NDT or related
technology based on CT.

4 Overview of image processing for the medical industry
4.1 Process flow

4.1.1 3D printing process for medical applications

In general, the medical 3D printing processing flow can be divided into eight phases, as shown in
Figure 1.

1) Image acquisition phase
In the image acquisition phase, medical images are acquired from medical imaging devices such as CT.
2) Segmentation phase

In the segmentation phase, the acquired medical images are segmented to fit the design purpose and
are processed to be divided (segmented) to extract a subset that would represent the part(s) of the
anatomy under consideration.

3) 3D modelling phase

In the 3D modelling phase, the segmented data representing the human tissue is converted
(reconstructed) into a 3D model optimized for 3D printing.

4) 3D printing phase

In the 3D printing phase, 3D printing is performed using the 3D model designed. For this phase 3D
model is processed for 3D printing by slicing, assigning build parameters, being oriented and placed
within the build space, and can have support structures generated.

5) Post-processing phase
In the post-processing phase, the 3D printed part is post-processed to become fit for actual medical use.
6) Quality control (QC) phase

In the QC phase, the 3D printed part is finally verified to meet all requirements (user/design/quality/
risk).

7) Clinical application and review phase

In the clinical application and review phase, the 3D printed part is reviewed as applicable to clinical
application by the healthcare practitioner.

8) Post-market phase

In the post-marketing stage, the 3D printed partis managed based on the post-sale market management
policy according to product life cycle issues such as tracking management/recall.
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Market and Technology

Errors in modeling tasks determine overall

Total Error/Inaccuracy
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Annex A
(informative)

CT scanning conditions for orbital bone segmentation

High-quality CT scanning is one of the key preconditions in obtaining accurate human bone
segmentation. Table A.1 shows the CT scanning parameters and conditions for segmentation of the
orbital bone and how to acquire the medical image data. These CT scan conditions are the minimum
recommendations considered for the most difficult orbital bone segmentation and, in the cases of other
human bones. can be adjusted to appropriate values.

Table A.1 — CT scanning conditions (minimum recommendations)

Term

Condition

Basic conditions

Region of interest

For orbital bone, the whole head
can be scanned, and an optimal ROI
can be extracted ‘from 1 cm above
the supraorbital foramen to
infraorbital foramen’.

Bony position

Supine position

Image resolution

Atleast 512 x 512

Scanning conidtions

Tube voltage 80 kV to 120 kV (100 kV
recommended)

Tube current 250 mA to 400 mA (CT-AEC
recommended)

Scan slice thickness

Below 1,0 mm

Scan (rotation) time

0,5stol1,5s

Reconstructing conditions

Fov

100 mm to 150 mm

Slice thickness

Below 1,25 mm

Slice spacing

Below 1,0 mm

Reconstruction kernel

Standard

Qutput format

DICOM (Digital Imaging and
Communications in Medicine)
format, as most medical 3D
modeling software is compatible
with the DICOM format.

NOTE IS0 19233-1recommends CT scanning conditions for the orthopedic joint prosthesis [21].




Medical Applications of Additive Manufacturing/3D Printing<

General

Anatomical Modeling:

Surgical Planning

Personalized/Precision
Prosthetics -

Permanent Implants:

Active & Wearable Devices

Bioprinting/Tissue
Fabrication:

Brief
Description:

Non-personalized, instruments or
prototypes«

Patient-matched anatomical
models from medical imaging
studies (CT/MRI)<

Templates, guides, and models
after preparing a patient-specific
surgical plan in a software

environment [The 3D printed items are
brought inte cperating room.

Patient-matched prosthetics or
orthotics«

“Off-the-shelf (ability to create fine
details easily, such as porous
structures/surfaces) and patient-
matched implants <

Devices that include electronics or
other active element <

3D printing of materials that
incorporate living cells or of living
cellss

Examples of

Simple instruments: plastic or metal

Specialized metal/other instruments
for hospital/surgical use (e.g. plate
bending)

Testing pieces built with new
materials

Prototypes for iterative design

e Models for surgical preparation,
training, and simulation (e.g.
pediatric cardio, conjoined twins)

e Models for teaching or training
purposes [ “off-the-shelf* models)

& Models for communicating with
patient, parents, and colleagues
({e.g. scoliosis madel)

& Simulation/Demo models to test fit
and fixation of a device (e.g. stent

¢ Guides that mark without cutting or
injection; Examples:

a. Surgical marking guides

b. Implant placement guides
(i.e. guiding placement of “off-
the-shelf” total joint replacemeant
compenents for total hip, knee
and shoulder surgery) *

c. Radiation shields

d. Imaging frames:

= Patient-Matched Prosthetics/
Orthoticse

a. Direct Contact with Non-
Mucosal Surface [e.g.
glasses, body braces, hearing
aids, casts, prosthetic limbs and
attachments, etc. )

b. Direct Contact with
Mucosal Surface (i.e. dental
and orthodontic applications)™

* Serialized Implants

a. Metallic Implants (e.g.
titanium, titanium alloys, cobalt
chrome alloy)

PEEK/PEKK Implants:
c. Temporary or Permanent
Implantss
* Patient-Matched Reconstructive
Implants¢
a.  Small Quantity Cases (eg.

* Wearable sensors:

* Lab on a chip

* Microfluidics

* Electronics for active devices<’

* Tissues or scaffolds used for
regenerative engineering, drug
delivery, drug discovery,
toxicology, tissue engineering,
etc.

+ Organ on a chip

* Tissue and bone scaffolds<’

What is 3D process<’ deployment, implant sizing) » Assistive device: limb salvage, oncology cases)*
Printed- ® Cutting/Drilling guides for surgical b. “Everyday” types of
injection/instrumentation; implants (e knee
Examples:: replacements)
a. Guiding osteotomies in the c. Temporary (or Removable)
bone « Implants (i.e. nasal stentsy
b.  Surgical saw guides a. Permanent Implants: Non-
c.  Surgical drill guide+’ Dissolvable (eg knee/bone
implants) or Dissolvable
Implants (eg. tracheal implant)*
Al All, with emphasis on peoint-of-care<’ | All& Al Service and device manufacturers<’ | All< Point-of-Cares
Where
- 3D Printing® - 3D Printing/Additive - 3D Printings - 3D Printing® - Additive Manufacturing (DMLS, - 3D Printing* - 3D Printing®
- Materials+ Manufacturing: - Biocompatibility: - Design Software: EBM, 5LS)¢ - Materials: - Materials<!
- Image Processing Softwares - Design Software: - Digitizing Anatomy: - Materials< - Telemetrics<’
Technology: - Materials< - Materialss - Manufacturing Workflows:
- Surgical Planning Softwares - Materials
- Templating®’ - Scanning®’
- Aging: - Cleaning and Sterilization - Cleaning and Sterilization
- Cleaning and Sterilization: - Colors - Material Properties:
Standards: - Material Propertiess - Imaging: - Porous Material Evaluation<’
- Re-Use«’ - Material Properties<’
- Material Propertiess - Automation of Software - Biocompatibility ¢ - Automation of Design¢ - Biocompatibility 1 - Biocompatibility«'
- Repetitive Uses - Biocompatibility: (including the debris from | - Biocompatibility: - Build Orientation+ - Cell Survival
- Foreseeable Misuse+ - Cleaning and Sterilization: drilling/cutting) - Build Orientations - Cleaning and Sterilization - Materials:
(e.g. device which was - Model Accuracy - Efficiency: - Foreseeable Misuses {including cleaning pores) - Point of Care Issues
designed as a holding aid - Multi-Materials: - Foreseeable Misuse: - Model Accuracys - Part Strength: - Sterility«?
is bent or stuck with a - Point of Care Issues<? - Proving it Matters - Part Strengths - Point of Care Issues
Issues of mallet during use, or}’ (Reimbursement)< - Secondary Post Processing: - Process Contrals
Importance: - Shelf Life«! - Secondary Post-Processings

- Workflows and Efficiency<’

- Shelf Lifes

- Speed and Relation to Cost
- Validations:

- Verification and Inspections’

©SME Medical Additive Manufacturing/3D Printing Workgroup+




The role of JTC /WG 12

* This utilization of 3D printing in the medical field has led to numerous advancements,
including the production of customized medical devices, surgical models, prosthetics, and
even tissue and organ printing.

* These technologies have the potential to revolutionize healthcare by enabling personalized
treatments and improving patient outcomes.

» "Medical applications of 3D printing" refers to the extensive use of 3D printing technology in
the field of healthcare and medicine. The market share for these applications is substantial,
accounting for over 35-45% of the overall market.

* Therefore, it is crucial to explore common technological elements that can be applied from an
Information and Communication Technology (ICT) perspective.

* Furthermore, any technology standards derived from this exploration should be designed to
be applicable in both medical and non-medical contexts, as suggested by JTC 1/AG 21.



The role of JTC /WG 12

« JTC 1/AG 21 is known for its role in standardizing 3D printing and scanning across various
fields in a horizontal and versatile manner. The specific group responsible for this role is “JTC
1/WG 12," which promotes international standardization for 3D printing and scanning, defines
standardized procedures and terminology, and supports the broader utilization of 3D printing
and scanning technology across various application areas.

« From an ICT perspective, ISO/IEC 3532-1:2023 outlines the process of creating the most
commonly used 3D model, a standard deemed essential for 3D printing.

* ISO/IEC 3532 series were designed to include horizontal details about the needs of each
related TCs since JTC 1/SG 3, with the concept and basic needs originating from the medical
industry.



Nondestructive, 3D Scanning of Internal and External Geometries
Benefits of CT Scanning:

¢ Non-destructive inspection of your parts; line of sight or visual access -
CAD file Comparison CAD / CT Scan

to any surface is not required for CT scanning, yet 100% of the surface - Ideal Design - Visualisation of dimensional defects
datais captured Your object, material or system will not be + >
compromised or impaired, so its future usefulness is kept intact

e CT Scanning can provide accuracy on small parts of +/-0.010mm andon
larger parts of +/-0.025mm (depending on size of part)

e Parts with small, complex, and fine geometry from the medical and

electronics industries benefit especially from this technology, since

they are very difficult to measure using even the most advanced, laser-
based scanning or CMM technologies Manufacturing
e Customizable two- and three-dimensional inspections of small- to
medium-sized objects generate 3D XYZ scan data in standard file
format outputs for inspection and reverse engineering applications.
e CT scanning helps you capture all surfaces, both external and internal,
of complex and free-form parts without damage to the object.

Nondestructive, 3D Scanning of Internal
and External Geometries | Laser Design

3Ddata
- Dimensional measurements

Real part



https://www.laserdesign.com/micro/CT-Scanning
https://www.laserdesign.com/micro/CT-Scanning

Nondestructive, 3D Scanning of Internal and External Geometries

Nondestructive, 3D Scanning of
Internal and External Geometries |

CT Scanning Photo Gallery

Laser Design

The Laser Design 3D Scanning Team has been busy! Besides a busy lab (that
is also ITAR certified) we've also been to the World Trade Center, the new
U.S. Bank Stadium, Space Needle, Miami Airport, ships in Korea, the Mirage
volcano and more! We have the experience and know-how to tackle your

next project whether it’s a small hearing aid or an entire ship! Check out our
gallery of CT scanned photos.
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Nondestructive, 3D Scanning of Internal and External Geometries

CTScanning Case Studies

W)Tl

4 Easy Steps to NURBS Case Study - Using Case Study - CT Merit Medical Gains Just what the Doctor Verifying Assemblies
Surface Modeling in EasyTom CT Scanner Scanning Baseballs R&D Efficiencies with Ordered: Innovative Using CT Scans and
Geomagic Design X and Volume Graphics 3D Scanning Medical Applications of Geomagic

Analysis Software for Non-Contact 3D
Defect Detection Scanning

Laser Design adds Application Story -
EasyTom Industrial CT Medical Device 3D CT ) )
Scanner to Services Scanning Nondestructive, 3D Scanning of Internal
Division

and External Geometries | Laser Design
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Nondestructive, 3D Scanning of Internal and External Geometries

» CT scanner captures all surfaces, both external and internal, of complex free-form parts and
assemblies without harming the object. Parts made of plastic, ceramics or composite
materials, as well as magnesium, aluminum and steel, can be measured and efficiently
evaluated. A very long service life is enabled by the open X-ray tube technology and it has a
measurement range of 11.8" x 13.8" (300 mm x 350 mm). The CT system can also be
equipped with a higher resolution detector to make very fine part structures visible, and the
enlarged detailed view can be measured with extremely high accuracy.

* Processing the CT scan data through Volume Graphics, the 3D model is then loaded into
Geomagic Qualify where the assembly is compared to either original CAD design data or to
scan data of another known working product. Geomagic Qualify quickly and automatically
measures and assesses deviations between the new scan data and the comparison
assembly model, making measurement on known tolerances, identifying deviations in the
assembly based on unanticipated forces between parts. Geomagic Qualify then
automatically produces a custom report for the production engineers in PDF, so it can be
viewed by all concerned parties.

Nondestructive, 3D Scanning of Internal

and External Geometries | Laser Design
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Part Repair, Remanufacturing

This use of additive manufacturing is interesting for several
reasons.

1. Material is added to an existing part rather than to a
base plate or table.

2. The build direction may well not be constant.

3. The material added may not be in planar sections —
Directed Energy Deposition (DED) has been proposed
for the repair of turbine blade edges, for example.

The same technique may also be used to add
manufacturing features where, say, milling cannot be used
because there is no tool access.

( Buiding whole shape (b) R_cmoving all bosses (c) Adding bosses by laser cladding

\

(a) Laser scanner
inspecting a pocket

(b) Image processing of scanned data (c) Extraction of broken part

The most important knowledge for this case comes from accurate scanning of the broken shape including very small
complex geometry and balancing the ratio between the shape removed before 3D printing and the shape filled by the 3D
printing process.

The International Journal of Advanced Manufacturing Technology volume 88, pages1215-1230 (2017)



Needs for the New Standard

* |nformation technology — 3D Printing and Scanning — Image-Based
Modelling from 3D scanned Data

* ISO/IEC 3532-1 : General Requirement

* |SO/IEC 3532-2 : Segmentation

« |SO/IEC 8803 : Accuracy and precision evaluation process for modeling from 3D
scanned data

* ISO/IEC 16466 : Assessment methods of 3D scanned data for 3D printing model

* |SO/IEC 8801: 3D scanned and labeled data Standard Operating Procedure (SOP)
for evaluation of modelling from 3D scanned data

« NWIP : Phantom-based evaluation methods for 3D printing modeling software




Scope of NWIP

* Defines Phantom-based assessment procedure of 3D Modeling Software for 3D
Printing in the Total 3D Printing Life cycle, and especially focuses on the image-based
modelling of 3D scanned data from CT scanner, industrial and medical.

Segmentation

Q 3D modelling l
3D printing Phase
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Phase . Phase

& review Phase

N
[e)]



Scope of NWIP

Image acquisition

-

Imaging Equip.

Evaluate/validate
optimal image quality
and protocol
optimization for 3D
printing

Segmentation

3D Design SW
(Segmentation)

Evaluate/verify
segmentation
performance

(precision/accuracy/error)

/

.

/

3D modelling

3D Design SW

Evaluate/verify 3D
modeling performance

(precision/accuracy/error)
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1. Scope

* This document defines the test procedure and test methods for the accuracy and precision evaluation of
3D modeling software used for 3D printing parts/devices using well-designed phantom.

* This document is not intended to evaluate the 3D printed product itself.
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reviewed and refined to ensure that it meets the necessary standards and specifications.«

5 Phantom Design Requirements<
5.1General

The requirements for the design of the well-designed phantom used in the accuracy and precision evaluation of the
3D modeling software, including material requirements, size and shape requirements, and any other relevant
physical characteristics.

Unlike conventional 3D printing, architectural 3D printing models buildings and structures from design images.
Design images have errors due to resolution, image noise, etc. when acquired, and have difficulty in accurately
representing the boundaries of buildings and structures with complex geometric shapes due to resolution
limitations. In particular, the dome area has structural features such as curves, curved surfaces, small sizes, and thin
parts, and is composed of different materials and colers, making it difficult to segment images due to the limitations
of design images. Due to the inaccurate information of the design image, it is difficult to verify whether the result of
the modeling process, which proceeds through image acquisition, segmentation, STL file conversion, architectural
design, etc., is accurate with the original design. To verify and correct the modeling process, a phantom that can
measure and compare evaluations is required. The architectural phantem sheuld reflect the geometric
characteristics of the design being simulated and provide spatial (3D) information for verifying the accuracy and
precision of the results of the modeling process.~

5.2 Requirements <

5.2.1 It shall reflect the physical characteristics (such as specific dimensions and characteristic shapes,
RGB values of the constituent materials in design images, etc.) of the items and structural target parts
of the customized products.<

5.2.2 It shall distinguish between the customized target region of interest (ROI) and non-region of
interest (non-ROI). ¢

5.2.3 It shall describe the design, production material, and production method of the phantom.«

o

6 Assessment Procedure«
6.1 General <

The procedure for the accuracy and precision evaluation of the 3D modeling software, including the steps involved
in preparing the well-designed phantom, using the 3D modeling software to create a 3D model of the phantom, and
measuring the accuracy and precision of the 3D model using the well-designed phantom. <

- Prepare the basics required for the test~
- Set the software to be tested to the optimal environment according to the manufacturer’s recommendations<

6.2 Assessment Procedures+

6.2.1 Retrieving the test phantom CT data corresponding to the phantom elements specified in
Annex B from the 3D modeling software«

6.2.2 Segmentation function accuracy/precision test<

6.2.2.1 Split the CT phantom into individual co 1ts using tation in 3D modeling software.=

6.2.2.2 Select the key test measurement locations specified in Annex A for each segmented assessment target+

6.2.2.3 Measure the length, height, angle, and radius of each major test measurement position using the
measurement function provided by the 3D modeling software.~

6.2.2.4 Record the measurements obtained from the 3D modeling software in the test results table.~

6.2.2.5 Compare the measurements obtained from the 3D modeling software with the values in the measurement

© 150 #### — All rights reserved i

425

426
427
428

429
430

431

432

433
434

451

152
453
454

455

456
457
458

459

460
161
462

463

464
465

466
467

ISO/IEC JTC 1 -Naft###(X)<
phantom reference table.<

=6.2.2.6 Calculate the mean absolute difference (MAD), mean square error (MSE). and mean square reot error
[RMSE) between measurements obtained from the 3D modeling software and measurements obtained from
the measurement tool.=

= 6.2.2.7 Evaluate the comparison results and determine the accuracy and precision of the segmentation capabilities
of the 3D modeling software.~

«6.2.3 3D reconstruction functional accuracy/precision test<
« 6.2.3.1 Use 3D recenstruction capabilities in 3D modeling software to organize segmented data into 3D models.<

= 6.2.3.2 For 3D models reconstructed from 3D models, select the key test measurement locations specified in Annex
A for each assessment target.~

=6.2.3.3 Measure the length, height, angle, and radius of each major test measurement position using the
measurement function provided by the 3D modeling software.~

« 0.2.3.4 Record the measurements obtained from the 3D modeling software in the test results table.~

=6.2.3.5 Compare the measurements obtained from the 3D modeling software with the values in the measurement
phantom reference table.

= 6.2.3.6 Calculate the mean absolute difference (MAD), mean square error (MSE). and mean square root error
(RMSE) between measurements obtained from the 3D modeling software and measurements obtained from
the measurement tool.~

= 6.2.3.7 Evaluate the comparison results and determine the accuracy and precision of the 3D reconstruction
capabilities of the 3D modeling software.=
=7 Precision/accuracy test methods for Modeling software using phantoms«

The metheds used to evaluate the precision and accuracy of 3D medeling software using phantoms, including the
measurement metrics used to quantify precision and accuracy. </

« 7.1General

The software test method using phantom will have the following advantages compared to the test method using
actual human tissue.s

.7-1.1 Standardization

Phantoms provide standardized and well-defined reference objects that can be used to evaluate the accuracy and
precision of 3D modeling software, so that standardized phantoms can objectively compare evaluation results
between different software programs.=

.7.1.2 Objectivity

Because the phantom is designed to have precisely measured physical properties based on quantified values, it can
provide an objective means of evaluating the accuracy and precision of 3D modeling software and 3D printing
quality in a consistent and repeatable manner.«

.7-1.3 Realism*

Phantom can be designed to closely mimic real objects (such as benes and organs) in terms of physical
characteristics and geometry, and this sense of reality allows quality to be evaluated by reflecting practical issues
encountered in 3D modeling software or 3D printing environments.<

.7.14 Repeatability<

Phantom can be used to evaluate the quality of 3D modeling software and 3D printing by running multiple times
under different conditions with different workers, which can be used to evaluate repeatability and reproducibility.<

.7-1.5 Cost-effectiveness+

When compared to other methods, using a phantom can save time and reduce overall trial costs because it can be

8 © 150 ### — All rights reservedf”
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Market and Technology
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® Worldwide revenues from AM products and services were about $18.027 billion in 2022, with an
increase of 18.3%. 1)Revenues from AM products were $7.289 billion, with an increase of 17%.
2)Revenues from AM services were $10.738 billion (about 60%), with an increase of 19.1%.



What is an AMSP?
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AMSP = 3D Printing + ICT!

® Additive Manufacturing Service Platform (AMSP) uses
additive manufacturing technology and information

technology to provide services according to users
requirements.



What is an AMSP?

® AMSP can satisfy different 3D printing needs from different fields through the
Internet very easily, especailly those who do not have 3D printers or cannot design.

> Personalization

I > Lightweight
design P

> Home
appliances

> Architecture > Medical

Application of AMSPs




What is an AMSP?

@® AMSP has created a new business model and also brought about the need for

o

AMSP

standardization.

Mass production

Mass customization

Factory Mass customers Different c:stomer (I:?\‘lllvcf:::(e):!)
needs

a) Traditional business model b) New business model based on AMSPs



What is an AMSP?
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Figure 1 — Typical AMSP workflow



What is an AMSP? I\\

Additive manufacturing service .
platform | AMSP ,_

Users Designers AM centres

User1l Designer 1 AM system 1
Flgure 2 - InteraCt|0n User 2 Designer 2 AM system 2
among stakeholders
including an AMSP, users, User 3 Designer 3 AM system 3
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Needs for the Standards(1) ISO/IEC 23510

@® In October, 2021, the first AMSP standard, ISO/IEC 23510: 2021 Information
technology — 3D printing and scanning — Framework for an Additive Manufacturing

Service Platform (AMSP) proposed was successfully published.

ISO/IEC 23510:2021

Information technology — 3D printing and scanning —
Framework for an Additive Manufacturing Service

Platform (AMSP)



Needs for the Standards(2) NP 23955

® Based on ISO/IEC 23510, a new draft standard related to AMSP entitled Information

technology — 3D Printing and Scanning — Technical requirements for product data protection

of Additive Manufacturing Service Platform (AMSP) is proposed in 2022,

ISO/IEC 23510:202 1(E)
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7 Considerations

7.1 Copyright protection

An AMSP allows users to upload or create personalized 30 models online in a convenient manner. The
data of 30 models is usually eagily spread or stolen illegally through the transmitting procedure over
the internet. Meamyhile, 30 models are also easily printed without permission, which can canse a loss
to the designer or model provider. Therefore, the data security of the 30 model during the data storage,
transmission and printing are ensured and the intellectual property of designers and model providers
needs to be protected.

7.2 Quality inspection

T he performance requirements and inspection methods of the final objects/fparts delivered to the user
from the AMSP should meet the requirements of [50 17296-3 and [SO/ASTM 52901

7.1 Copyright protection

An AMSP allows users to upload or create personalized
3D models online in a convenient manner. The data of
3D models is usually easily spread or stolen illegally
through the transmitting procedure over the internet.
Meanwhile, 3D models are also easily printed without
permission, which can cause a loss to the designer or
model provider. Therefore, the data security of the 3D
model during the data storage, transmission and
printing are ensured and the intellectual property of
designers and model providers needs to be protected.



Needs for the Standards (2) NP 23955

@ 3D design model is the core of additive manufacturing for the application of 3D printing on
an AMSP, which embodies the great efforts and wisdom of a designer.

® However, many AMSPs lack the mechanism of product data information protection, limiting
the commercialization of excellent design works combined with additive manufacturing

technology.

@ According to statistics, about 80% of designers are not willing to share their designs on an

AMSP for fear of theft. E)

Industrial design Culture and creativity

» Lightweight design
J 3

Architecture
# Architecture model

' 3D design model is the core of additive manufacturing :

________________________________I

Medical field

# Liver model




Needs for the Standards (3) ... ...

@ Open application program interface requirements for AMSP



Investigation and Analysis of Typical AMSPs

Investigation and Analysis of Typical

AMSPs

Liu Yonghui
28 Dec. 2022, Qingdao, China
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Introdution to NP23955

O Title
Technical requirements for product data protection of Additive Manufacturing Service

Platform (AMSP)

O Purpose and justification of the proposal

@ This standard was developed in response to the needs of product data protection
so as to promote the mass customization of additive manufacturing technology
by taking full advantage of information and communication technology (ICT).

@ This standard can protect the product data information of designers and stimulate
their innovation enthusiasm.

(® Moreover, it can provide guidance for the establishment and operation of an
AMSP, and promote the healthy development of the new industry of providing
additive manufacturing services by AMSP.



Introdution to NP23955

O Normative references

®|SO/ASTM 52900, Additive Manufacturing — General Principles — Fundamentals
and vocabulary

®|SO/ASTM 52901, Additive manufacturing — General principles — Requirements for
purchased AM parts

®|SO/IEC 23510: 2021, Information technology- 3D Printing and Scanning-Framework
for Additive Manufacturing Service Platform (AMSP)

®|SO/IEC 27001, Information security management

®|SO/IEC 27017:2015, Information technology — Security techniques — Code of
practice for information security controls based on ISO/IEC 27002 for cloud services

®|SO/IEC 29151:2017, Information technology — Security techniques — Code of
practice for personally identifiable information protection



Introdution to NP23955

O Terms and definitions (which can be cited)
® additive manufacturing service platform

AMSP
o user

®designer

® additive manufacturing centre
AM centre



Introdution to NP23955

O Terms and definitions (which are new)
® product data information on AMSP

information related to 3D model that can be processed by the application software of
AMSP in the process of providing additive manufacturing products and relevant services.
® provider of 3D model

individual or organization that provides 3D model data to AMSP and has the ownership
of 3D model data or obtains partial or all of rights and interests after being legally
authorized by the owners of 3D design data, mainly including users and designers.
®receiver of 3D model

individual or organization that receives 3D model data from AMSP for the manufacturing
purposes, usually referring to AM centres.



Introdution to NP23955

[ Classification of product data information on AMSP

Figure 2 Categories of product data information on AMSP

Product 1dentification information

(Product name,etc.)

Product attribution information

Product data information on
AMSP

(Store name,etc.)

Product geometric information

(Geometric file,etc.)

Product manufacturing information

(Material, color,etc.)

Product transaction information

(Price.etc.)

‘ Geometry-related properties: shape,

size, etc.

L]
Manufacturing-related properties:

e » "
L
- !
Platform-related properties: l[ |
J surface roughness, printing time, cost, etc

product identification, etc.

Figure 1 — Property types of a product on AMSP



Introdution to NP23955

O Protection for different categories of product data informations

Categories

Main contents

Protection level

Product identification
information

Product name, trademark
and/or brand, product type,
product description, etc.

Level I1]

Product attribution information

Uploader and/or designer (or
design owner), etc.

Level I

Product attribution information

Store name

Level IT1

Product geometric information

Product shape, size, geometric
file and format type, sliced file
and format type, etc.

Level | ]

Product manufacturing
information

Manufacturing materials,
manufacturing process and/or
equipment, product color, post-

processing (like surface
roughness), etc.

Level I1]

Product transaction information

Product quotation, lead time,
delivery method, etc.

Level IT1

Quantity of purchased products,
transaction value, etc.

Level 11

Level III

EREOE. TERER
A

FailEmEs

o —en

® According to the importance of different
categories of product data information, three
protection levels can be divided, which are
level 1, level II and level II1.

® Level I is the strictest protection level.



Introdution to NP23955

O Technical requirements for product data information protection at
different stages

® The processing of product data
information on AMSP mainly invloves
four stages, i.e. data collection, data
display, data transfer and data deletion,
and the protection of product data
information should be carried out
throughout all the four stages.




Introdution to NP23955

[0 Responsibilities and obligations assumed by different entities

All stakeholders including 3D model providers, 3D model receivers and AMSPs
have the responsibilities and obligations to protect product data information

® Responsibilities and obligations of 3D model providers
® Responsibilities and obligations of 3D model receivers

® Responsibilities and obligations of AMSPs



Plan of NP 23955

® The voting process has fininshed before 2023-11-07

@® Proposed Standard Development Track: 36months

® Proposed date for first meeting: 2024-01-05

® Proposed TARGET dates for key milestones

® Circulation of 1st Working Draft (if any) to experts: 2024-06-15
® Committee Draft consultation (if any): 2024-11-15

@® DIS submission*: 2025-07-15

@® Publication*: 2026-08-15

We need the participation from YOU!
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Your advices are highly appreciated

12 Dec. 2023, Online Workshop

Prof. Yonghui Liu, Member of ISO/IEC WG12, and SAC/TC 562
+86 13963988206, yonghui liu sd@126.com
Ocean University of China/ShanDong CharmRay Laser Technology Co.,Ltd
No.238, Songling Road, Laoshan District Qingdao, China
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glTF 2.0 Scene Description Structure

-
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Node hierarchy, PBR material textures, cameras
\_
4 N )
.bin -png
Geometry: vertices and indices JPg
Animation: key-frames ktx2
Skins: inverse-bind matrices Textures
\_ DN

\ ) |

Mandatory Metallic-Roughness Materials

J
|
ﬁ
- 9/ n * n + . :
Easecolsr Vetatise Haughasss

Optional Specular-Glossiness Materials

Geometry Texture based | N
PBR materials + . .
1 Seprular v " “q




glTF

NVIDIA MDL
® ISO/IEC 12113:2022
v OQ

MATERIALX

Authoring
Formats

Interchange

Dilation Distillation

Import Exchange

| Remixing < |
® | |
N Authoring j‘ Viewers /
o 2 TOO IS :> Transmission Format :> Engl nes
4

o Export Transmission
Publish

Optimization
Verification, Editing

gITF
Tools

KHRO

© Khronos® Group Inc. 2019 - Page 4



glTF - The JPEG of 3D!

Audio Video

MP3 H.264

O napster.| You “‘

Images

JPEG

3D

New market opportunities
for 3D content creation and
deployment!

Compact to Transmit \/
Simple and Fast to Load \/
Describes Full Scenes \/
Runtime Neutral \/
Open and Extensible \/

Efficient, reliable transmission
Bring 3D assets into 1000s of
apps and engines

@ebGL.

gITF 1.0 - December 2015
Primarily for WebGL

Uses GLSL for materials

gITF spec development

on open GitHub - get involved!
-/ /github.com/KhronosGroup/glTF

@eveL I 0 N Tiican.

gITF 2.0 - June 2017

Native AND Web APIs

Physically Based Rendering
Metallic-Roughness and Specular-Glossiness
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Draco gITF Mesh Compression Extension

e Library for compressing and decompressing 3D geometric meshes and point clouds

- Draco designed and built for compression efficiency and speed - great fit with glTF!
- https://github.com/google/draco

« Draco gITF extension launched in February 2018
- https://github.com/KhronosGroup/glTF/blob/master/extensions/2.0/Khronos/KHR_draco_mesh_compression/README.md

« Google has released Draco encoders and decoders in open source
- C++ source code encoder to compress 3D data

- C++ and JavaScript decoders for the encoded data
- https://github.com/google/draco/tree/gltf 2.0 _draco_extension

. glTF/Draco compression already in use
- Blender, three.js, BABYLON.JS, Adobe Dimension, glTF pipeline, FBX2glTF, AMD Compressonator and glTF sample models

B Ratio
Mesh
Compression
Ratios

\J blender &/ CESIUM BoomBox

three.js @

@ ba bYIOn-jS "‘m D RACO SciFiHelmet
U>< 3')) Adobe @ STK 3D DATA COMPRESSION Suzanne

0Ox 5x 10x 15x 20x 25x

© Khronos® Group Inc. 2019 - Page 7
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https://github.com/mrdoob/three.js/
https://www.babylonjs.com/
https://www.adobe.com/products/dimension.html
https://github.com/AnalyticalGraphicsInc/gltf-pipeline/issues/348
https://github.com/facebookincubator/FBX2glTF
https://github.com/GPUOpen-Tools/Compressonator
https://github.com/KhronosGroup/glTF-Sample-Models

Universal Textures for gITF

- Fragmentation of GPU texture formats is significant issue for developers
- Binomial’s ‘Basis Universal’ technology enables JPEG-sized texture assets
- Transcodable on-the-fly to natively supported compressed GPU formats

 gITF Universal Texture extension uses KTX2 as a flexible container
- Precisely defined specification for consistent, cross-vendor generation and validation
- Can contain wide range of texture formats used in Vulkan/DirectX/Metal
- Supports streaming and full random access to MIP levels
- Subset of full KTX2 - mandating supercompressed textures using Basis Universal technology

Transcode on-the-fly to a
- Encoding decoupled from natively supported compressed —

= target device. C’ GPU formats )
O° One encode pass per 0o l Desktop: BC1-5, BC7 GPU-accelerated
Z © texture asset niversa Mobile: ETC1/2, PVRTC1, *ASTC
— Textures ——
Original Encode and o KTX2 Container | Transcode .| GPU-accelerated
| Texture Supercompress with Basis to GPU formats Texture
/ Assets (.png) )
Universal - w
(a4 compressed GPU-accelerated
payload
I N Texture
N~— .
N *ASTC support in development

© Khronos® Group Inc. 2019 - Page 8



Physics

. Collision geometry
. Motions

. Materials

. Joints

. Filters

© Khronos® Group Inc. 2019 - Page 9



PBR in gITF

Metal / Rough

e Color Metal Rough

Clearcoat

Sheen

Transmission

Volume

Specular

>
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Geospatial

Expand the capabilities of gITF and related technologies to better
address the needs and requirements for transmission and display
of 3D models, scenes, and interfaces for geospatial applications.

. Liaison with Open Geospatial
Consortium (OGC)

. Very large data sets

- Specialized data handling
(Heirarchical Level of Detail -
HLOD)

© Khronos® Group Inc. 2019 - Page 11



3D Scanning Data Format Based on gl|TF




3D Scanned Data

Geometry : Vertex and Mesh Texture Mapping : UV Coords Textures : Materials



glTF 2.0 Scene Description Structure

-
.gltf (JSON)
Node hierarchy, PBR material textures, cameras
N
a N[ N
.bin -png
Geometry: vertices and indices JPg
Animation: key-frames ktx2
Skins: inverse-bind matrices Textures
\_ AN

\ ) | J

Mandatory Metallic-Roughness Materials

n + n + . :
asecolsr \etathe Haughasss

Optional Specular-Glossiness Materials

:: Geometry Texture based N
z PBR materials . + n + .
- - N Sy M
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Why gITF for 3D Scanning

« Efficiency - Directly import/export 3D asset for GPU
- No need to conversion - binary data of Geometry, Image (Texture)
- GPU import / export tools available with open source

e Usefulness

- Asset can be used in tremendous tools for editing, visualization, compression,
metaverse and commerce etc.

- Annotation (PDF), Presentation (MS PowerPoint), Documentation (MS Word), Rich
Media (MPEG)

It is an international standard!
- I1SO/IEC 12113:2022
- Can be used as a reference standard

© Khronos® Group Inc. 2019 - Page 15



Thank you

Hwanyong Lee, Ajou University

hwanyong.lee@gmail.com / hwan®ajou.ac.kr
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Motivation > Advanced features

 modern 3D scanner have advanced features
« What is Base Color, FO, Normal, Metalness, Roughness and Scattering?
* Who can define them precisely ?

Base Specular Normal Metalness Roughness Subsurface
Color FO Scattering

Image courtesy from DGG and ZEISS



Motivation > Advanced scanning technology

* How can we evaluate 3D scanned quality?
« Can we separate skin color and shadow?
» Resolutions of color and geometry.




Motivation > Advanced visualization method

* New visualization methods for 3D scanned images are feasible
» for instance, Direct Volume Rendering - rendering without iso-surface
detection

* need definition
- drawing params
- technical features

2D textures
axis-aligned

Intensity

/Jl\ /\U"/\ &

Depth

3D texture
view-aligned




Use cases > Legacy methods of traditional manufacturing

Source: ISO 1011

Touch probing : GD&T measurement of machining parts

* Legacy metrology and inspection processes are using touch probing to measure selected
points on the surface of final products

« Limitations: Single point measurement, Part accessibility, Surface finish sensitivity, Material
compatibility, Tool deflection

=» 3D scanning method



Use cases > Quality control

Source: https //www hyunda| com/w rIdW|de/en/company/newsroom/deta|I/0000000363

« Advanced assembly factories are employing new quality control methods of welding surface
with whole plates by using 3D scanning

* There is use cases of mobile robots inspecting assembly results visually by using 3D camera
attached in the end of its head.



Use cases > Reverse engineering

= * “Overhaul and Repair” is evolving by
- using 3D scanning technologies.
Dense scanning data and Deep
learning methods let the process
enhance the speed and the accuracy.

By comparing scanned data with the
original shape, repair process
optimizes the time and cost .

« Various 3D scanning methods are
used. In particular, metal parts are
more challenging but new
technologies overcome the limitation.

Source : https://www.fictiv.com/articles/tips-for-3d-scanning-to-cnc-machine-repair-and-overhaul-parts



Use cases > Factory safety > Robot programming

» Since collaborative robots (Cobots) are introduced in shop floors, Camera sensors are widely used to recognize
positions of parts as well as to detect possible hazardous situation such as collision with human operators.

* Legacy robot programming is off-line way, but Cobot control requires for synchronizing with 3D scanning data
during the robot are running.

= I

Source: https://www.sodavision.com/product/photoneo-bin-picking-studio-with-phoxi-3d-scanner-m/



Use cases > Factory safety > Digital factory

« Building digital twin of factories give the opportunities of asset management, layout planning,
Safety analysis, Training operators, Real-time monitoring, etc.

* In essence, 3D scanning data forms the foundation for creating detailed and accurate digital
twins of factory environments, enabling a wide range of applications.



Use cases > Civil applications > Construction yards

Source: https://matterport.com/ko/industries/architects-engineering-construction

Verify new hanger location per
revised drawings

fﬁl

Als

* Leveraging 3D scanning data in constructing digital twins of construction yards significantly
Improves safety measures by providing simulations, real-time monitoring, training
opportunities, and proactive hazard identification and mitigation strategies.

* Visualizing Safety Protocols, Emergency routes, Worker monitoring and tracking, Dynamic
Safety Assessment, Collaborative Safety Planning, etc



Use cases > Retail applications

« 3D scanning is a widely used solution in various industries, including fashion, retail, and retail. It allows for
accurate body measurements for tailored apparel and allows shoppers to try on new clothes using their 3D avatars.

Virtual fitting rooms also provide new opportunities for in-store and online shopping, allowing customers to view
results in 360 degrees.

https://www.iphone3dscanner.com/solutions



Use cases > Medical applications

Image acquisition\ Segmentation | 3D modelling \\
phase phase \ phase [
—_— b 5 4

« 3D scanning technology plays a
pivotal role in improving patient care
by enabling personalized treatments,
precise surgical planning, enhanced
medical education, and the

Medical Imaging devices CT data 3D modelling

development of innovative medical @ ... )
. . . hase
devices and interventions —
. . s | L E2
« WG12 is standardizing a data = —ZUEY -
procedure of Medical Image-Based ) el I
. Application Quallty control Post-processing 3D printing
Modelling as ISO/IEC 3532-1. ® . .
Post-market @f C_Iinigal Qua||ty control phase ] @ Post- processmg
phase appllcatlzn & phase
\__review phase )

Source : ISO/IEC 3532-1 CD version



Working draft > Introduction

* This document provides an overview of 3D printing and scanning along
with a set of terms and definitions. The purpose of this document is to
provide foundational standards for better understanding and for
developing key ideas and practices on the Information and
Communication Technology (ICT) aspect of 3D printing and scanning.

* This document places an emphasis on the ICT aspects of terms used for
3D scanning. It clarifies and enhances definitions for generic workflows
for 3D printing and scanning to emphasize the ICT perspective that aligns
with the work scope of JTC 1. The definitions include terms related to 3D
scanning devices, data, process, and its applications.



Working draft > Scope

* This document provides an overview of the ICT aspects of 3D scanning
and its applications along with a set of terms and definitions.

* This document also related with the following processes: visualization,
machining, inspection, product design, reverse engineering, and 3D
printing.

* New terms from the future work within ISO/IEC JTC 1/WG 12 will be
iIncluded in upcoming amendments of this document.



Working draft > Related standards

e e

ISO/IEC 23510:2021 - Information technology — 3D printing and scanning —  ISO/IEC JTC 1 - https://www.iso.org/sta
Framework for an Additive Manufacturing Service Platform (AMSP) Information ndard/75842.html
technology
ISO 10303-242:2022 Industrial automation systems and integration — Product ISO/TC 184/SC 4 https://www.iso.org/sta
data representation and exchange — Part 242: Application protocol: Managed Industrial data ndard/84667.html
model-based 3D engineering
ISO 10303-42:2022 Industrial automation systems and integration — Product  ISO/TC 184/SC 4 https://www.iso.org/sta
data representation and exchange — Part 42: Integrated generic resource: Industrial data ndard/84672.html
Geometric and topological representation
ISO 10303-46:2022 Industrial automation systems and integration — Product  ISO/TC 184/SC 4 https://www.iso.org/sta
data representation and exchange — Part 46: Integrated generic resource: Industrial data ndard/84676.html
Visual presentation
ISO 14649-10:2004 Industrial automation systems and integration — Physical  ISO/TC 184/SC 1 https://www.iso.org/sta
device control — Data model for computerized numerical controllers — Part ~ Industrial cyber and  ndard/40895.html
10: General process data physical device
control
ISO/IEC 12113:2022 - Information technology — Runtime 3D asset delivery ISO/IEC JTCT & https://www.iso.org/sta

format — Khronos gITF™ 2.0 Khronos group ndard/83990.html



Working draft > General procedure

Sensor
Signal Data

Signal
Processing

a

Raw Data

Format
Conversion

Scanned

Output Modelling

P

Model Data

3D scanning is a precise and efficient method for
accurately determining an entity's surface or
volume in athree-dimensional space.

It captures real-world information, aiding in
visualization and measurement, and can be
utilized for comparative analysis or design

changes in new products.

Visualization
Feature extraction
Segmentation
Recognition

v

Applications




Working draft > Table of Contents

3.1
3.2
3.3
3.4

4.1
4.2

5.1
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5.3

Scope 8

Normative references 8

Terms and definitions 8

General terms relating to 3D scanning.
Terms relating to attributes 12
processing 3D scanned data 13
Abbreviated terms 15
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3D Scanning process 15
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Engineering and manufacturing 16
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Working draft > Plan

« terms used in 3D asset scanning, manipulation and visualization.
* no redundant definition!

* only new terms and difference usage in 3D asset (not listed in 1SO
terminologies)

« terms and overview for evaluation of 3D scanning and 3D asset
manipulation and visulisation

« Schedule - In the end of 2023 - NWIP and first draft will be provided by
KNB



Thank You
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AHG 3 3D SCANNING FOR 3

01

Investigate
current market and
technology status
related to 3D
scanning for 3D
printing

TERMS OF REFE

02

Investigate/assess
status of relevant
standardization
activities in other
ISO/IEC TCs; SDOs,
and consortia

03

Investigate future
impact of new ICT
technology (e.g.
digital twin,

metaverse) to JTC1.

04

Provide gap
analysis for
standardization
opportunities

05

Identify and
propose how JTC 1
could address ICT
standardization
needs

D PRINTING:
RENCE

06

Propose, if
appropriate, new
work items related
to 3D scanning and
3D replications



AHG 3 HISTORY

2ND JTC 1/WG 12 AHG 3
MEETING VIRTUAL. 8

1STITC 1/WG 12 AHG 3 PARTICIPANTS; 2 HOURS

MEETING VIRTUAL. 15

PARTICIPANTS, 2.5
HOURS (N520)

3RD JTC 1/WG 12 AHG 3
MEETING VIRTUAL

4TH JTC 1/WG 12 AHG 3
MEETING ON 3D
SCANNING FOR 3D
PRINTING, VIRTUAL 4
PARTICIPANTS; 1HOUR
45 MINUTES.

5TH JTC 1/WG 12 AHG 3
MEETING TEL AVIV,
ISRAEL F2F MEETING
WITH REMOTE
PARTICIPATION.
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HIGH LEVEL ICT ASPECTS OF 3D SCANNING

Data acquisition
(structured light, laser,
stereo vision, etc)

Data storage and
management (3D
models require efficient
storage and
management)

Remote access and
control of 3D scanners
(eg. remote monitoring)

Data processing (data
alignment, registration,
meshing, etc)

Data visualization
(generate 2D images,
animation, interactive
simulations, etc)



Cultural heritage

Construction industry and civil engineering

Engineering design process

SAM DLE 3 D Entertainment

SCA\ N | N G 3D photography

APPLlCA__lONS Law enforcement

Reverse engineering

Real estate

Virtual remote tourism

Circumvention of shipping costs and tariffs

Medical



Above: Artec handheld scanned tyrannosaurus rex in the Netherlands; modelled
and printed in Nagasaki, Japan.

https://www.digitaltrends.com/computing/3d-printed-t-rex-skeleton/

e Recording and preserving historical sites and artifacts

AP P i CAT' O N SZ . Res;oratlion and conservation
CULTURAL et

* Digital preservation
HERITAGE + Education




APPLICATIONS: ENGINEERING DESIGN PROCESS

3D scanning of object [

Data processing (e.g., convert point cloud to mé;sh)l,
Design ( import mesh into CAD or BIM software:ja,__
Simulation and analysis (in virtual environment) \

Fabrication (3D print, CNC machining, etc.)

o kA w N E

Inspection (Compare 3D scan result with original design) ‘

Neptune 3D CT scan of Moka Express Coffee maker.
https://www.scanofthemonth.com/scans/coffee

https://www.theverge.com/2023/3/18/23640484/lumafield-neptune-ct-scanner-3d-x-ray-hands-on-interview



APPLICATIONS: MEDICAL

* 3D scanning (e.g. CT and MRI) can acquire data for detailed digital models of human
anatomy, which can be used in medical research and education, as well as in the planning of
surgeries.

* 3D scans of a patient’s external surface can be acquired through 3D scanning technologies

Scanned (Artec Leo); Modelled (Autodesk Meshmixer); and 3D printed (Ender 5) bolus for radiation therapy
treatment.

Crowe, S., et al. Evaluation of optical 3D scanning system for radiotherapy use. ] Med Radiat Sci. 69 (2021) 218- 226.



EMERGING TECHNOLOGIES

Handheld 3D scanning: quickly and easily capture 3D data of objects and environments. Lightweight, portable and easy to use

Multi-modal 3D scanning: Combines different 3D scanning technologies, such as laser scanning and photogrammetry, to capture data from
different perspectives and in different lighting conditions

Active illumination 3D scanning: uses structured light or laser to project a pattern of light onto an object, and then captures the
deformation of the pattern using a camera. Can improve the accuracy and resolution of 3D scanning in certain situations

Deep learning for 3D scanning: Use deep learning techniques to improve the quality of 3D scans by making the process more automated,
faster, and more accurate

Mobile 3D scanning: Uses a combination of 3D scanning, GPS and computer vision to capture 3D data while moving. Useful for mapping
and surveying large areas, such as cities, mines or archaeological sites

Terrestrial Laser Scanners: Uses lasers to scan a wide area quickly and accurately, and can be used for large-scale mapping and surveying,
such as for construction and civil engineering projects; and digital twins



STANDARDIZATION ACTIVITIES: GAP ANALYSIS

Clinical
QC phase application and
review phase

Image
acquisition
phase

Post-market
phase

Segmentation 3D modeling 3D Printing Post-processing
phase phase phase phase

odeling Ta Printing Task Application Task

2. Acquistion methods 3. Segmentation 4.3D model generation 5. Application 6. Standardization
. 23 . ) 31 X ) X i
N 21 22 24 25 ; ) 41 42 43 44 51 5.2 3 54 55
SDOs - . . . . Device Segmentation | _ . ~ R N . o . )
arget object | Scaning device |Distance| _ Scan style | Raw Data ired 3D reconstruction | 3D representation | Fermat | Compression | Registration | Size/Scale [ Error range | Level of Details Application
ype requires
SO/IECJTC 1/WG 12 (3D Printing and scanning) CT, MR ¥

ISOITC 106 (Dentistry)

ISOITC 184 [Automation systems and integration)

ISOITC 150G 14 (Implants for surgery)

ISONEC JTC 1/SC 24 (Computer graphics)
ISONEC JTC 1/SC 41 {Internet of things and digital twin)

- o wn || [ ro

ISOITC 159 (Ergonomics)
Khronos Group
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ISOITC 133 (Clothing sizing systems)
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ASTM Committee ES7 on 3D Imaging System

1 10GC peint ¢loud
2 IMPEG point cloud compression

13 I|EEE 84 3D Body Pracessing
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