Existing Related Standards

Exoskeleton Standard Technical
Interchange Meeting;

January 26-27, 2017;
NIST, Gaithersburg

Burkhard Zimmermann; Technical project leader
of JWG 36; IEC TC 62D & ISO TC 299 WG5
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Summary of Presentation &' 'Hocoma

* New requirements for personal care robots
* IS0 13482:2014

* Wearable medical devices ; standards and other regulative aspects

® Conclusions
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Traditional Industrial Robot Applications & 'Hocoma

* Powerful machines operating at high speeds and with great precision and dexterity
* Designed to operate in workcells separated from humans for safety

3 Sides

Human access to the
robot’s operational

space in the workcell is
strictly controlled and
regulated

Safety switches Light curtains, lasers and pressure mats, etc.

Slide provided by Prof. Gurvinder Virk We move you



WG3: Industrial Robot Safety & 'Hocoma

Conventional industrial robots Collaborative industrial robots Safety zones

!
!

Discrete safety - No HRC Safety controllers = Limited HRC Harmless manipulators = Full HRC ~ HRC: Human-Robot Cooperation

Absolute separation

ISO 10218-1, -2; 2011
ISO TS 15066:
Collaborative robots

Slide provided by Prof. Gurvinder Virk We move you



Changing Scene of Robotics: Industry to Services

Military

LN

Rehabilitation

Physical
assistant

Security Person carrier

\ .
We move you



Distinction Between Industrial and Service Robots & Hocoma

Industrial Robots

Service Robots

Working
environments

Controlled and defined environments

Information structured/ unstructured
environments

Training for specified tasks in defined

Training to cover wide range of tasks in info

Users environments structured/ unstructured environments
. Dependent on the robot and the user
Safety Machine dependent (ISO 10218-1) (1SO 13482)
Working To keep robots and humans separated Rr%lilci);isnarrjer;:m;nsﬂr; uirsv?ser: eI SIS 0T
philosophy (see 1SO 102181, -2: ISO PD TS 15066) | P oVicing J

(see 1ISO 13482)

Machine design

Flexible on commissioning for defined task

Flexible on demand for generic tasks/ users

Slide gyovided by Prof. Gurvinder Virk
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Changing Face for ISO Robot Standardization & Hocoma

TECHNICAL MANAGEMENT BOARD TECHNICAL MANAGEMENT BOARD
l
; v ! !
o t_T<|3A1ii4 . TC 199 TC 184 TC 199
D e : Automation Systems :
S‘Iﬁ;;rpast izl;lld Safety of Machinery T Safety of Machinery

. 2

RN

. sc2

Robots for
industrial
environment

—
-

ISO 9946 ... Presentation of Characteristics ISO 10218 ... Safety of industrial robots
ISO 10218 ... Safety ISO 8373 ... Vocabulary for robots
ISO 9409-1 ... Mechanical Interfaces ISO 13482 ... Safety of personal care robots

IEC 60601-x-x.... BS & EP of medical robots, ETC, ETC

Slide grovided by Prof. Gurvinder Virk We move you
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From Jan 2016: ISO TC 299 Robotics & Hocoma

l TECHNICAL MANAGEMENT BOARD 1
TC 184 TC 299 TC 199
Automation Systems and Integration Robotics Safety of Machinery

WG3: Industrial safety

WGH1: ISO CD 19649, Vocabulary for mobile robots
WG2: App guide to 13482, Safety-related test
methods for 13482

WG3: ISO DTS 15066 balloting (closed 2Dec2015),
collaborative IRs. NWPs on End of arm tooling,
manual load stations

WG4: ISO FDIS 18646-1, Performance test methods-
Locomotion for wheeled robots, Part 2:

CD on Navigation

WGS5: IEC TR CD 60601-4-1, MEE with DOA; IEC 80601-2-77, BS&EP Med robots for surgery; IEC 80601-2-78, BS&EP Med robots for rehab
WG6: Modularity for service robots — Part 1: General requirements

ISO 10218-1:2011, Safety requirements for industrial robots: ISO 10218-2:2011, Robot systems and integration
ISO 8373:2012, Vocabulary for robots ISO 13482:2014, Safety requirements for personal care robots

Slide grovided by Prof. Gurvinder Virk We move you



Generic Safety Design Methodology & 'Hocoma

* |1SO 12100 defines a standard approach to designing machines to achieve safety requirements:
1. First, try to achieve the safety requirements by means of inherently safe design

2. Ifinherently safe designs are not possible, then try to achieve the requirements
by means of safeguarding or protective measures

3. If neither of these solutions are possible, then provide information for use to the operator
(warnings, instructions) to assist the operator in achieving acceptable safety

4. (implicit) If none of these are possible, then acceptable safety cannot be achieved and the machine should not
be used

* Harmonised safety standards for robots
* ENISO 10218-1:2011, Safety requirements for industrial robots — Robots
* ENISO 10218-2:2011, Safety requirements for industrial robots — Robot systems and integration
* ENISO 13482: 2014, Safety requirements for personal care robots

9 We move you



ISO Definition: Robot & Hocoma

Old ISO 8373 definition: industrial robot

an automatically controlled, , multipurpose manipulator, programmable in three or
more axes which may be either fixed in place or mobile for use in industrial automation applications

Current ISO 8373 (2012) definition: robot

actuated mechanism programmable in two or more axes with a , moving within
its environment, to perform

New ISO TC299 definition; robot

programmed actuated mechanism with a , moving within its environment, to
perform

10 We move you
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WG1: Latest Robot Definitions & Hocoma

* Service Robot: robot that performs useful tasks for humans or equipment
excluding industrial automation applications

* Industrial Robot: automatically controlled, reprogrammable multipurpose manipulator,
programmable in three or more axes, which can be either fixed in place or mobile for use in
industrial automation applications

* Autonomy: ability to perform the intended tasks based on current state and sensing,
without human intervention: medical robots use anther definition

* Personal Care Robot: service robot that performs actions contributing directly towards
improvement in the quality of life of humans, excluding medical applications

* Medical Robot: a robot intended to be used as medical electrical equipment (MEE)
or as medical electrical systems (MES)

Slide prpvided by Prof. Gurvinder Virk We move you



Summary of Presentation

(rr.

- Hocoma
f\‘ﬁ"

* Changing world of robotics
* Industrial = Service

* Wearable Medical Devices ; standards and other regulative aspects

® Conclusions
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New Requirements for Personal Care Robots £""Hocoma
WG2: Personal care robot safety (non-medical). ISO 13482:2014 N~

1. Mobile servant robot: personal care robot that is capable of travelling to perform serving tasks
in interaction with humans, such as handling objects or exchanging information

2. Physical assistant robot (PAR): personal care robot that physically assists a user to perform
required tasks by providing supplementation or augmentation of personal capabilities
« restraint type PAR: PAR that is fastened to a human during use
« restraint-free type PAR: PAR that is not fastened to a human during use
3. Person carrier robot: personal care robot with the purpose of transporting humans to an
intended destination.

1. Mobile servant 2. Physical assistant 3. Person carrier robot

Slide pepvided by Prof. Gurvinder Virk We move you



Specific Safety Clauses in 13482

Safety requirements and protective measures.

Hazards due to:

* Charging battery

* Energy storage and supply

® Robot shape

®* Emissions

* Electromagnetic interference

® Stress, posture and usage

® Robot motion

* Insufficient durability

® |ncorrect autonomous actions
® Contact with moving components
® Lack of awareness

* Environmental conditions

* Localization & navigation errors

Slide provided by Prof. Gurvinder Virk

& Hocoma
NS

Safety related control system requirements for:
* Robot stopping

* Safety related speed control

* Safety related environmental sensing

® Stability control

* Safety related force control

* Singularity protection

* Design of human interface

® Manual control devices

® Operational modes

EN ISO 13482: Safety requirements for personal care
robots published in Feb 2014

We move you



Current Work Within ISO TC 299; WG2; & Hocoma
Personal care robot safety;

ISO 13482:2014
Robots and robotic devices -- Safety requirements for personal care robots (published)

ISO/CD TR 234821
Robotics -- Application of ISO 13482 -- Part 1: Safety-related test methods (underway)

ISO/CD TR 23482-2
Robotics -- Application of ISO 13482 -- Part 2: Application guide (underway)

15 We move you



Current Contents of ISO 13482 & "Hocoma

“Vertical” combination = Characteristic of robot “Horizontal axis”: diversity of technology I:>

U

Basic technologies

Intelligence functions Navigation Co!I|S|on .Human Balance Force
avoidance interface control control

Common technologies

Personal care robot is a service robot that performs actions contributing directly towards improvement in the quality of life of humans,

excluding medical applications

Type specific personal Mobile servant Person carrier Physical assistant

care robots
Personal care robot that is capable of Personal care robot with the Personal care robot that physically assists
travelling to perform serving tasks in purpose of transporting a user to perform required tasks by
interaction with humans, such as handling humans to an intended providing supplementation or augmentation
objects or exchanging information destination of personal capabilities
Restraint type: physical assistant [l Restraint-free type: physical
robot that is fastened to a human [l assistant robot that is not fastened
during use to a human during use
Type specific technologies
Environments Minimum requirements for environments (EMC, Protection from ingress/dust...)

Slide pgpvided by Prof. Gurvinder Virk



Possible Restructuring of ISO 13482

1st Level: General Standard and Collateral Standards

Intelligence functions

Minimum requirements for
environments

Environment Application

specific specific
standards standards

ISO 13482-1 ISO TR 23482-1 ISO TR 23482-2
General Standard

2"d Level: Type specific standards

Mobile Servant Personal Carrier Physical Assistant

Personal care robot with the
purpose of transporting
humans to an intended

Personal care robot that
physically assists a user to
perform required tasks by
providing supplementation or
augmentation of personal
capabilities

Personal care robot that is
capable of travelling to

perform serving tasks in
interaction with humans,
such as handling objects or
exchanging information

destination

1ISO 13482-2 1ISO 13482-3 1ISO 13482-4

Slide provided by Prof. Gurvinder Virk

ISO 23482-X User-side Standards
(optional, if market relevant)

Other Robots

Definition 1

Definition 2

Definition 3

ISO 13482-X
Market relevant combinations of
characteristics We move you



Inter-TC299: WG2 Interaction to Other WGs & !ll\_gcoma

~ Manipulating 4 " Mobile Servant \\\} T
/\ household ) " Robot in Factory /// ,\/ Collaborative )
- assistant - — . RObOT S

—— Small
}/ Autonomous
L Vacuum ,
~ Cleaner —

-

" T
/ Exoskeleton N\
~ forworkers -

e ~ Exoskeleton B rz%t()j?itr:c N
~ forpatients \ ling
— ~ device

o T Medica! robots

1/ Exoskeleton | (|EC 60601-4-1

LU IR |EC 60601-2-77,
|EC 60601-2-78)

-

Autonomous
vehicles

e — 77_%% T ~ ~ " Seated . " BN / // ;\\
/ Robotic N/ Seated , N /" Single person \\ . Autonomous car \
\ wheelchair L N person carrier \ footboard / AN P
-~ 4 . Igbgt/// \\\\% v« -~ =
Slide pgpvided by Prof. Gurvinder Virk h
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Summary of Presentation & "Hocoma

* Changing world of robotics
* Industrial = Service

* New requirements for Personal Care Robots
* 1SO 13482:2014

® Conclusions
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Wearable medical device development; exoskeletons & Hocoma
Standards and other regulative aspects |

1. What is a medical device (MD)?

2. \What are main regulative aspects for a MD?

3. Which standards should be observed
for MD

in the area of exoskeletons

YBEROYNE |

9 ~
\_ll !!‘ c
.
il
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1.) What is a Medical Device?

Definition for MEDICAL DEVICE:
® There is no worldwide uniform definition

* Definitions given in MD registration requirements and
standards are different

When is a device a MEDICAL DEVICE

* Defined from the manufacturer
of the MD by the intended use!

21

& Hocoma
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2.) Main Regulative Aspects During Development

Good manufacturing practice system in place

* Most countries accepted / requires quality managements
systems (based on / or according to) ISO 13485 (with national
deviations or additional); US: 21 CFR Part 820

Complete technical file for each kind of MD

Medical device registrations through national authorities

* Most countries differentiate between MD- categories based on different “risk-" levels
* according to defined rules, or according to lists of generic types of MD's

* Evidence of fulfilment of MD regulations is mostly needed
® range depends on risk-class and national requirements
* very often international standards are used to demonstrate MD conformity about specific aspects
* > performance must be shown by clinical data!! (not based on international standards (norms))

22 We move you



2.) Main Regulative Aspects During Development & Hocoma

Complete technical file for each kind of MD

US (21 CFR Part 820)

Sec. 820.3 Definitions
(e) Design history file (DHF ) means a compilation of records which describes the design history of a finished device.

820.30 Design control

(j) Design history file. Each manufacturer shall establish and maintain a DHF for each type of device. The DHF shall
contain or reference the records necessary to demonstrate that the design was developed in accordance with the
approved design plan and the requirements of this part.

International

Summary Technical Documentation (STED) for Demonstrating Conformity to the Essential Principles of Safety and
Performance of Medical Devices

http://www.imdrf.org/docs/ghtf/final/sg1/technical-docs/ghtf-sg1-n063-2011-summary-technical-documentation-ivd-safety-conformity-110317.pdf
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2.) Main Regulative Aspects During Development & Hocoma

Medical device registrations through national authorities

* In most countries the efficiency of the medical device must be shown based on
clinical data

* Most interesting aspects for e.g. therapeutic devices:
=2 patient outcome (improvement)

=2 That's much more interesting than the fulfilment of technical parameters provided
by performance standards

Conclusion:
=» No need for performance standards in the area of medical exoskeletons

24 We move you



Examples for MD Regulations " (EU) & Hocoma

NS
' es... or more)
Medical Device Regulation ... on the way (MDD at the moment 68 pages > MDR will be 680 pag
e

How long you should| Validity period For Regisktration Complexity of the Overall cost of gaining
expect to wait after CE Marking renewal should be registration process for regulatory approval.

Device classification submission until certificate. started this Far in this classification. (See note 5)

in Eu rope approval is granted. (See note 2) advance. (See note 4)
(See note 1) (See note 3)

Simple Complex  Low High
CLA_SS ! : 3-5 months Jyears 2 months ’ . g . :
Sterile, measuring 9, 9,
Simple Complex  Low High
CLASS lla 3-5 months 3 years 2 months ~ ~
Wt A
Simple Complex  Low High
CLASS IIb 3-6 months 3 years 2 months . .
L= N

* Class | devices which are not provided sterile and which do not have a measuring function can be self-certified (self-declared).

*) all graphics are publicly accessible: http://www.emergogroup.com
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Examples for MD Regulations EU

Determinewhich Medical Devica Directive applias to your davice:
O3AYEEC - Madical Devices Directive (MDD)
Q0 3EG/EEC - Active Implantabls Medical Davices Directive [AIMDD)

v v v v v

Determing classification of your device using Anna: IX of the MDD,
Active implantable medical devices ara typically subject to the same regulatory requirements as Class 1Tl devicas.

v v

Hon-sterile srerils
Class1 Class| Class lla Class b Class Il
Mon-fMeasuring Measuring

R ¥ | Y ——

Implament & Quality Managemant Syetam (OMS) in accordancewith Annex I or W of 9342/ EEC.
Most companies apply the IS0 134285 standard to achisve OMS complianca.

v v v

— I
Prepare a Technical Fila which provides detailed information on your madical device, and demons trates complisnce with 83/ 42/EEC. Prepare a Design Dossiar®
| *
Appoint an Authorized Represantative (EC REP) located in Europe wha is qualified to handls regulatory issues. E E
Place EC REP name and address on Instructions for Use or outer packaging or device label

* < [ = *

Your OiM 3 and Technical File or Design Dossier must be avdited by a Notifiad Body,
athird party accreditad by European authorities to audit medical devica companies and products.

I I I
Yiou will be issued a CE Marking Certificate foryour device and an IS0 13485 cartificates fory our Facility following successful
completion of your Motified Body audit. 130 13486 certification must ba renewed every year. CE Marking certificates are typically
wvalid for 3 years, but ars gensrally reviewsad annually st the same time as tha 150 13435 sunveillance audit.

v | : B —

Mot B membsr statas do not requira registration of Class 1Ta, b or I devices.

All Class I devicas must be registared with the
Compstent Authority whers your EC REP is basad.

ﬁ * [ = *

Prapare a Daclaration of Conformity, a legally binding docurment prepared by the manufacturer stating that the
devica is in complianca with the applicable Directive. You may now affic the CE Marking.

2 v | v t

The ealf-cartified CE Marking
cartificate does not expire Youwill be audited by a Motified Body each year to ensure ongoing compliance with 93/ 42/ EEC or S0385/EEC.
aslong asyou remain in Failura to pass tha auditwill invalidata your CEMarking certificata.
compliancewith 83/42/EEC.

26
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Examples for MD Regulations (USA) &' 'Hocoma

How long you should| Validity period For Reqgistration Complexity of the Overall cost of gaining
. . . expeck ko wait after | device registrations.| renewal should be registration process for regulatory approval.
Device CLESE'l FIEEtIDn submission unkil (See note 2) started this farin this classificakion. (See note 5)
in USA approval is granted. advance. (See noke 4)

(See note 1) (See nokte 3)

3-6 months Dnes'nnt Mot applicable
expire
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Examples for MD Regulations (USA)

Using the FDA classification database, determine the classification of your device by researching “Predicate Devices" already registered in the US market.
Pay special attention to the three letter Product Code and seven digit Regulation Number associated with the predicate devices you identify.
If no predicate found, use 513(g) or De Novo process,

v v v

| Class| | Class i | Class 1l |
x *

Impl t Quality Manag t System (OMS) which meets FOA Ouali stem Regulation (OSR) found in 21 CFR Part 820.
This is also commonly known as FDA Good Manufacturing Practice (GMP).

v v
I

Innovative Class II, and all Class III, devices will likely require clinical studies.
Get "Pre-Submission (Pre-Sub}" feedback from the FDA.

v v

If clinical studies will be required, apply for an Investigational Device Exemption (IDE).
Develop clinical trial protocol and conduct studies.*

v v
T

Prepare and submit 510(k) premarket notification Prepare* and submit Premarket Approval (PMA)
application. Pay 510(k) review fee to FDA. application. Pay PMA submission fee to FDA.

FDA conducts facility inspections of all major suppliers
invobved in the design and production ofyour device.
All parties must be compliant with FDA QSR.

FDA issues 510(k) clearance letter; posts online. FDA issues PMA approval letter; posts online.

v

At this time, you must be in full compliance with QSRs. The FDA will not inspect Class I or IT device manufacturers for
compliance prior to device registration but does conduct random inspections and can issue a Form 453 for non-compliance.

v v

Ifyou have no local presence in the US, appoint an FDA US Agent representative as a local point of contact with the FDA. |

v

List your device and register your company using FURLS system on the FDA website in accordance with 21 CFR Part 807; contract manufacturers and sterilizers
must also register and list. Specify your appointed US Agent. Your FDA Establishment Registration and Listing must be renewed on a yearly basis

v

You are now able to sell your device in the US. The FDA listing on theirwebsite will serve as your authorization to commercialize your device in the US.
This autherization does not expire as long as certain types of changes are not made, e.g., design, intended use.

28
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MD Registrations & Hocoma

Summary MD registration:

Medical device registrations in different countries are following the same general approach
but the way to get the required national approvals variates in the details.

Post market surveillance is also required
Including incident or trend reporting
Maintain your technical file; including risk management and usability processes and clinical evaluation

Customer feedback system

Design changes are related to existing MD registrations

Re-registration and re-certification activities

Payment of yearly fees for MD registrations

Audits from national authorities (announced and unannounced)

Factory inspections from third parties

Regularly reporting to national authorities or third parties

Technical maintenances including required safety inspections of your MD

29 We move you



3.) Which Standards should be observe for MD & Hocoma

...alot ... aview... depends on your medical device

The most important standardization organizations in the area
of medical devices are:

| EC International Electrotechnical Commission

' H . L] "
Iso International Organization for Standardization
NS

... for “medical” exoskeletons the IEC 60601- series is main important

30 We move you



3.) Which Standards Have to Observe for MD & Hocoma

* |EC TC 62 Electrical equipment in medical practice; 62 Scope

To prepare international standards and other publications concerning electrical equipment,
electrical systems and software used in healthcare and their effects on patients, operators,
other persons and the environment.

* NOTE : This scope includes items that are also within the scopes of other committees and will
be addressed through cooperation. Attention will focus on safety and performance
(e.g. radiation protection, data security, data integrity, data privacy and environmental aspects)
and will contribute to regulatory frameworks. Healthcare includes medical practice as well as
emergency medical services, homecare, and support of persons with disabilities in their
daily lives (i.e. Ambient Assisted Living).
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d :
IEC 60601(3") - Family v 40 eciion already P &'"Hocoma

N\

TC 62A Publications (~12)
standards & technical reports and
amendments
(different versions / year of publication)

TC 62A Publications (~45)
standards & technical reports and
amendments
(different versions / year of publication)

TC 62D Publications (~80)
standards & technical reports and
amendments
(different versions / year of publication)

IEC 60601-2-XX
Particular

") Source : Brossoit, Michel csagroup.org
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IEC 60601 Standard Series

“Basic standard” IEC 60601-1

choma

Edition 3.1 2012-08 Medical electrical equipment — Part 1: General requirements for basic safety

and essential performance

1 Scope, object and related standards

1.2 Object

2 * Normative references

3 * Terminology and definitions

4 General requirements

5 * General requirements for testing ME EQUIPMENT

6 * Classification of ME EQUIPMENT and ME SYSTEMS

7 ME EQUIPMENT identification, marking and documents

8 * Protection against from ME EQUIPMENT

33

9 * Protection against of ME EQUIPMENT

and ME SYSTEMS
10 * Protection against unwanted and excessive radiation HAZARDS
11 * Protection against excessive temperatures and other HAZARDS

12 * Accuracy of controls and instruments and protection against
hazardous outputs

13 * HAZARDOUS SITUATIONS and fault conditions for ME
EQUIPMENT

14 * (PEMS)

15 Construction of ME EQUIPMENT

16 * ME SYSTEMS

17 * of ME EQUIPMENT and ME
SYSTEMS

We move you
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IEC 60601 Standard Series & Hocoma

1.1 * Scope

This International Standard applies to the BASIC SAFETY and ESSENTIAL PERFORMANCE of
hereafter referred to as ME EQUIPMENT
and ME SYSTEMS.

3.63 * MEDICAL ELECTRICAL EQUIPMENT (ME EQUIPMENT)

or transferring energy to or from the PATIENT or detecting such
energy transfer to or from the PATIENT and which is:

a) provided with not more than connection to a particular SUPPLY MAINS; and

b) to be used:
1) in the diagnosis, , or monitoring of a PATIENT;
2) of disease, injury or disability
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IEC 60601 Collateral Standards; which should considered & Hocoma
for exoskeletons

35

Medical electrical equipment—Parts 1-2 General requirements for basic safety and essential performance—
Collateral Standard: Electromagnetic compatibility—Requirements and tests (IEC 60601-1-2:2007)

Medical electrical equipment—Parts 1-6: General requirements for basic safety and essential performance—
Collateral Standard: Usability (IEC 60601-1-6:2010)

Medical electrical equipment—Parts 1-8: General requirements for basic safety and essential performance—Collateral
Standard: General requirements, tests, and guidance for alarm systems in medical electrical equipment and medical
electrical systems (IEC 60601-1-8:2006)

Medical electrical equipment—Parts 1-9: General requirements for basic safety and essential performance—
Collateral Standard: Requirements for environmentally conscious design (IEC 60601-1-9:2007)

Medical electrical equipment—Parts 1-10: General requirements for basic safety and essential performance—Collateral
Standard: Requirements for the development of physiologic closed-loop controllers (IEC 60601-1-10:2007)

Medical electrical equipment—Parts 1-11: General requirements for basic safety and essential performance—
Collateral Standard: Requirements for medical electrical equipment and medical electrical systems used in the
home healthcare environment (IEC60601-1-11:2010)

We move you



IEC 60601 Collateral Standards; which should considered & Hocoma
for exoskeletons

1.4 * Particular standards

In the IEC 60601 series, particular standards may modify, replace or delete requirements contained in this
standard as appropriate for the particular ME EQUIPMENT under consideration, and may add other
BASIC SAFETY and ESSENTIAL PERFORMANCE requirements.

Potential applicable particular standards for wearable medical robots
(exoskeletons):

* Medical electrical equipment - Part 2-10: Particular requirements for the basic safety and essential
performance of nerve and muscle stimulators (published)

* |EC 80601-2-78 Particular requirements for the basic safety and essential performance of MEDICAL
ROBOT for rehabilitation, assessments, compensation or alleviation of disease, injury or
disability
in preparation

36 We move you



IEC 60601-1 Test Report

* ~150 Test report templates for the
IEC 60601 standard family

https://webstore.iec.ch/searchform&qg=IECEE%20TRF%2060601

* Internally we use already a test dummy:

RUTH LEE - DutyRange

ke Training Realistic Ti

37
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IEC 60601 Structure & 'Hocoma

1

%

Electrical equipment
in medical practice

] |
SC 62B
Common aspects of Diagnostic imaging
electrical equipment
used in medical
practice

38

IEC 60601-1 IEC 60601-1-3 IEC 60601-2-1 IEC 60601-2-2
1EC 60601-1-2 1EC 60601-2-28 IEC 60601-2-8 IEC 60601-2-3
IEC 60601-1-6 IEC 60601-2-33 IEC 60601-2-11 1EC 60601-2-4
IEC 60601-1-8 IEC 60601-2-37 IEC 60601-2-17 IEC 60601-2-6
IEC 60601-1-9 IEC 60601-2-43 IEC 650601-2-29 IEC 60601-2-10

IEC 60601-1-10 1EC 60601-2-35 IEC 60601-2-64 IEC 60601-2-16
IEC 60601-1-11 1EC 50601-2-45 IEC 60601-2-68 IEC 60601-2-18
IEC 60601-1-12 IEC 60601-2-54 IEC 60601-2-19
IEC 62204 IEC 60601-2-63 IEC 60580 IEC 60601-2-20
IEC 62366 1EC 60601-2-65 IEC 60731 IEC 60601-2-21
IEC 60789 I1EC 60601-2-23
IECTR 60512 IEC 60336 |:I§":rm;:7 JEC 0002-2:24
IEC TR 60878 IEC 60522 et IEC 60601-2-25
1IEC TR 609320 IEC 60526 IEC 61170 IEC 60601-2-26
IEC TR 61258 1IEC 60613 IEC 61217 IEC 60601-2-27
IEC TR 62296 IEC 60627 IEC 61267 IEC 60601-2-31
IEC TR 62348 1EC 60206 IEC 61303 IEC 60601-2-34
IEC 62353 IEC 61674 IEC 60601-2-36
IEC TR 62354 IEC TS 61233-1 IEC 81673 I1EC 60601-2-39
I1EC 61233-2-6 ::g :::;;': 1EC 60601-2-40
JEC TR 80001-1 IEC 61233-3-2 ScEisras IEC 60601-2-41
IEC TR 50001-2-1 e IEC 61676 IEC 60601-2-46
1EC TR 80001-2-2 s 1£C TR 51852 IEC 60601-2-47
1EC TR 80001-2-3 g 1£C TR 61859 IEC 60601-2-49
1EC TR 80001-2-4 :2 ::::::: IEC TR 61948-1 1EC 60601-2-50
lecTRzen & (e Th rsee e
ne IEC 61262-6 e IEC 80601-2-30
1E£C 82304 eCo2183-7 16C TR 62266 IEC 80601-2-35
1EC TR 60601-4-1 JECSIO I \eC 62274 IEC 80601-2-58
T somor s S e icc soco1 259
IEC TR 80001-2-5 IEC 80601-2-60
1EC TR 30001-2-6 R atas —— 150 280601-2-12
1EC TR 80001-2-7 it = IEC 62667 1SO 80601-2-13
BO IR 17701 IEC 62a94-1 80601-2-55
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Interconnection of the IEC 60601 Series
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lVel’tlﬂl - Particular standards Part 2: IEC 60601-2-XX or IEC/ISO 80601-2-XX

IEC 60601-2-XX

IEC 80601-2-XX

I1SO 80601-2-XX
[Particuer stanaaraz)

Structure of the IEC 60601-1 3" edition set of Medical Electrical Standards .

IEC 62366 Usability

") Source : Brossoit, Michel csagroup.org
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Other Important IEC & ISO Standards & Hocoma
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Software
|EC 62304:2006; Medical device software - software life cycle processes

GUIDELINES ABOUT SOFTWARE AND SOFTWARE DEVELOPMENT CYCLE

Design Control Guidance for Medical Device Manufacturers; FDA Center for Devices and Radiological Health.
http://www.fda.gov/downloads/Medical/DeviceRegulationandGuidance/GuidanceDocuments/ucm085371.pdf

General Principles of Software Validation, Final Guidance for Industry and FDA Staff; FDA Center for Devices and Radio logical
Health. http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm085371.pdf

Title 21—Food and Drugs; Chapter [—Food and Drug Administration; Department of Health and Human Services; Subchapter

A—General Part 11 Electronic Records; Electronic Signatures.
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=11&showFR=1

Guidance for Industry Part 11, Electronic Records; Electronic Signatures—Scope and Application U.S. Department of Health
and Human Services; Food and Drug Administration. ntt:/www.fda.govidownloads/Requlatoryinformation/Guidances/ucm125125.pdf

Guidance for the Content of Premarket Submissions for Software Contained in Medical Devices; U.S. Department of Health

and Human Services; Food and Drug Administration; Center for Devices and Radiological Health; Office of Device Evaluation.
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089593.pdf
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Other Important IEC & ISO Standards
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Usability

IEC 62366-1:2015

Medical devices - Part 1: Application of usability engineering to
medical devices

IEC 60601-1-6:2010+AMD1:2013 CSV

Medical electrical equipment - Part 1-6: General requirements for
basic safety and essential performance - Collateral standard:
Usability

Riskmanagement

1ISO 14971:2007
Medical devices -- Application of risk management to medical devices
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Relationship between Risk Management and Usability Engineering ~ Hocoma
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Other Important IEC & ISO Standards
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Product specific standards
1ISO 10535:2006

Hoists for the transfer of disabled persons -- Requirements and test methods
Biocompatibility
ISO 10993- series (24 documents)

Biological evaluation of medical devices -- Part 1: Evaluation and
testing within a risk management process

Maintenance

IEC 62353:2014
Medical electrical equipment - Recurrent test and test after repair of medical
electrical equipment

Medical devices in IT-networks
IEC 80001-series (8 documents)

-~

Application of risk management for IT-networks incorporating medical devices - Part 1: Roles, responsibilities and activities

NWP for refurbishment of medical devices
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General Statement about medical robots including exoskeletons
NS HQcoma

After several months of working on RACA ROBOTS and SURGERY ROBOTS and additionally six years on MEDICAL ROBOTIC,
the JWG 35 & 36 project group leaders believe that:

* There are only a view topics which really relate to robotic technology in IEC 80601-2-77 and IEC 80601-2-78
* Operator situation awareness with a high degree of autonomy as part of the usability engineering
* More focus on risk management is needed for MEE / MES which have a high degree of autonomy

Both aspects are already covered by IEC 60601-1 and are adopted during each 80601-2-xx work according to the
specific application of MEE/ MES.

* All other specific aspects which we identified during our work on IEC 80601-2-77 and IEC 80601-2-78 are more
related to the specific application of the MEE / MES than to the DEGREE OF AUTONOMY or to the robotic technology
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General Statement about medical robots
Q choma

During the Workshop on Medical robot standardization hold in Orlando, Florida, USA at November 7, 2016 the
following national regulatory agencies

* U.S. Food and Drug Administration (FDA)
* Korean Food and Drug Administration (KFDA);
* Pharmaceuticals and Medical Devices Agency and the Ministry of Health, Labor and Welfare (PMDA);

confirmed that medical robots would be seen as «normal» medical devices, which could be handled according to
existing regulations in their countries!

Summary:

Neither standards nor medical device regulations seen robotic technology as something specific, it always
depends on the application / intended use
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Summary Medical Device & Hocoma

1. What is a medical device?
Intended use given from the manufacturer defines, if a device is a medical device
Several definitions exist

2. What are main regulative aspects during the development of a MD?
Good manufacturing practice system must be in place; including the design & design change process
Medical device product registrations through national authorities based on a product specific
technical file including clinical data are mostly needed
Evidence about fulfilment of MD regulations is required
National MD registrations systems base on these aspects, but differentiate in details

3. Which standards should be observe for MD
|IEC 60601 series and the referenced standards in IEC 60601
other medical and non medical standards can be helpful to show conformity
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Summary Medical Device

* One of the main objective of the “Medical Standards” is the Patient

* The word “PATIENT” is unique for “Medical Standards”

® Other standards address USER safety

* Medical standards address PATIENT and USER safety

* Additionally, MD's have to fulfil national / regional requirements

* Medical devices including exoskeleton are already highly regulated

47

S l:!_gcoma
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A

Summary of Presentation ' 'Hocoma

* Changing world of robotics
* Industrial = Service

* New requirements for Personal Care Robots
* 1SO 13482:2014

* Wearable Medical Devices ; standards and other regulative aspects
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Conclusion & Hocoma

* Different application areas for exoskeletons create different safety and maybe other boundary conditions

iy

* Military Ry ., o A HGiS
® |ndustrial
* Service

Personal care
— Mobile servant robot
— Physical assistant robot
— Person carrier robot

Medical

* Differentiate between different kinds of exoskeletons

49

* None walking Exoskeletons (upper extremities)
* Free-walking Exoskeletons
* Stationary Exoskeletons

* Upper and lower extremities
* Intended to be used by: soldiers, workers, elderly, handicapped, patient (adult; pediatric), ...
for future standardization work
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Thank you very much for your attention! & Hocoma

Special thanks to Prof Gurvinder Virk; Convenor of
several ISO TC 299 working and joint working groups,
for providing a couple of slides
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Burkhard Zimmermann

Hocoma AG

Technical project leader of JWG 36
|IEC TC 62D & ISO TC 299 WG5
burkhard.zimmermann@hocoma.com
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