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Compiling a Medical Device File and a Proposal for an
International Standard for Rehabilitation Robots

GertWillem R. B. E. Romer and Harry . A. Stuyt

Abstract—Medical devices produced by manufacturers are
subject to regulatory review by authorities. Usually, medical
devices are developed at universities and other research insti-
tutes. This implies that regulatory activities are to be carried
out by the designer at these organizations also. And as early as
in the research and design phase of the device. Failing to take
into account regulatory requirements in the device phase, has
shown to be impeding marketing of new devices. This paper
presents guidelines on regulations for the designer. Further, the
safety of a medical device can be proven by its compliance with
recognized standards. Unfortunately, no standard for Rehabili-
tation Robots exists. This paper proposes the content of such a
standard and invites scientists to contribute to it.

[. INTRODUCTION

ASSISTIVE Technelogy, such as the Rehabilitation Robot
ARM [1] are medical devices. Medical devices are
subject to regulatory review by authorities, to evaluate {and
ensure) the safety of these products. Basically, this implies
that the manufacturer of the medical device is obliged to
demonstrate— that is proof— the safety and performance of
the device.

Compliance with regulations is checked by inspection of
the so-called “Technical File” of the medical device, which
is to be kept and maintained by the mamufacturer. This Tech-
nical File must include (not limitative): intended use, design
specifications, commented design and manufacturing meth-
ods, risk analysis, calculations and verifications of the de-
sign specifications (test reports), design considerations, vali-
dation of the design specifications (more test reports), label-
ing, and in some cases the results of clinical tests, and more.

Most of the information, which must go into the Tech-
nical File is readily, if not only, available in the design stage
of the medical device. In many cases, (new) medical devices
originate from universities and other research institutes. Af-
ter, or at the end of the research phase, the (design of the)
device i1s transferred to the mamufacturer. Unfortunately,
ensuring compliance with regulations in retrospect, that is
afer the device is transferred to the manufacturer, has been
shown to be a time-consuming and costly exercise. If even
possible at all [2,3]. That is, in some cases, where compli-
ance fails, it may require a redesign of the device. Hence,
the designer of a medical device should document essential
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aspects of the design as early as in the development stage.
Therefore, and to facilitate the marketing of the device, a
scientist must have basic knowledge of regulatory require-
ments imposed on manufacturers.

While demonstrating the compliance of a medical device
with regulatory requirements, (international) standards are
helpfill. Unfortunately, no standards are available for Reha-
bilitation Robots.

The aim of this paper is twofold:

() provide guidelines for scientists to facilitate the compi-

lation information to go into the Technical File; and

{(#f) propose the content of a safety and performance

standard for Rehabilitation Robots.

Therefore, section II provides and overview of regulations
applicable in Europe and the USA. Section III provides
guidelines for scientists and manufacturers. Finally, section
IV proposes the content of a standard specific for Rehabi-
litation Robots.
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Fig. 1. Simplified representation of the route to market clearance for
aMedical Device such as a Rehabilitation Robot, in Europe (left) and
the USA (right).

489



II. REGULATIONS

This section describes regulations applicable in Europe and
the USA, see Fig. 1. Regulations in other regions of the
world are comparable to those in Europe and the UUSA. In
some countries, or regions of the world, clearance to market
a medical device is facilitated if clearance has already been
obtamed i Europe and/or the TTSA.

A, Europe

In Europe CE marking, which is an abbreviation of Con-
formité Européenne, is mandatory and must be affixed to
any product, by the manufacturer or umporter, before it may
be placed on the Furopean market. CE marking on a product
symbolizes conformity to all the obligations incumbent on
manufacturers for the product by virtue of the European
Community (EC) directives. The most important EC direc-
tive applicable to Assistive Technology such as Rehabili-
tation Robots is the “Council Directive 93/42/EEC of 14
June 1993 concerning Medical Devices” [4], known as the
Medical Device Directive (MDD). It covers medical devices
defined as any instrument, apparatus, appliance, material or
other article, whether used alone or in combination,
including the software necessary for its proper application
intended by the manufacturer to be used for human beings
Jor the purpose of: (i) diagnosis, prevention, moniforing,
treatment or alleviation of disease, and/or (i) diagnosis,
moniforing, treatment, alleviation of or compensation for an
injury or handicap, andlor (i) investigation, replacement
or modification of the anatomy or of a physiological
process, and’or (iv) control of conception. Hence, 1t not only
covers Rehabilitation Robots, but for example also adjust-
able beds, manual & electrically powered wheelchairs (and
their chargers), hoists for the transfer of disabled persons,
medical gloves, walking aids, etc. Excluded are, for exam-
ple, medicinal products (drugs), some active implantable
devices, and in-vitro diagnostic devices. For these devices
other directives apply.

In the MDD, medical devices are categorized mto four
Classes. Device classification depends on the intended use
of the device and the (potential) risk for the user: Class 1
(lowest risk), ITa, TTb and TIT (highest risk). Depending on
the device Class, additional regulatory requirements may
apply. The devices listed above, and Rehabilitation Robots
such as the ARM, are of Class I. Software, which drives a
device or mfluences the use of a device, falls automatically
m the same class as the device itself.

EC directives, and the MDD is no exception, define the
"essential requirements” (Annex I of the MDD [4]), mnclu-
ding requirements regarding protection of health and safety,
that goods must meet. Manufacturers are free to choose any
method to prove the compliance of their device with the es-
sential requirements. Unfortunately, the essential require-
ments are formulated n (too) general and global terms. For
example: The devices must be designed and mamifactured in
such a way that, when used under the conditions and for the
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purposes intended, they will not compromise the clinical
condition or the safety of patients, or the safety and health of
users or, where applicable, other persons, provided that any
risks which may be associated with their use constitute
acceptable risks when weighed against the benefits to the
patient and are compatible with a high level of protection of
health and safety. Hence, demonstrating (technical) compli-
ance with the essential requirements may prove to be (too)
difficult, and therefore costly. Fortunately, the European
standards bodies (CEN, CENELEC and ETSI) have the task
of drawing up "harmomised standards". Compliance of a
medical device using applicable harmonised standards
provides legal presumption of conformity to the corre-
sponding essential requirements of the correspending EC
directives. Examples of harmonised standards, related to the
MDD are:
¢ EN 455 Medical gloves for single use,
* EN 1985 Walking aids,
* EN 12184 Electrically powered wheelchairs, scooters
and their chargers,
* BN 12523 External limb prostheses and external ortho-
ses,
¢ EN 12182 Technical aids for disabled persons - General
requirements and test methods [5].

A regularly updated and extensive overview of (over 200)
harmonised standards, related to the MDD, is maimntamed
on-line by the European Committee [6].

Unfortunately no specific (harmonised) standard exists for
Rehabilitation Robotics. Therefore standard EN 12182 Tech-
nical aids for disabled persons - General requirements and
test methods [5] 1s applicable. Which, for some Rehabili-
tation Robots, may not completely cover all essential
requirements of the MDD. For this reason, the content of a
new (international) standard for Rehabilitation Robots is
proposed in section TV.

Besides the MDD other EC directives (and corresponding
harmomised standards) may apply, eg. the Low Voltage
Directive (LVD) 73/23/EEC and the Electromagnetic Com-
patibility (EMC) Directive 89/336/EEC.

Once a manufacturer demonstrated compliance with the
essential requirements (probably through harmonised stan-
dards) a so-called Declaration of Conformity 1s 1ssued by:
¢ the manufacturer (Class T devices only) or by,

* an accreditation organization, known as a Notified
Body (for Class TTa, ITh, and TTT devices),

Next, the manufacturer 1s allowed to fix the “CE mark™ on

the device and place it on the market.

B. United States of America

In the United States of America, medical devices are
subject to the general controls of the Federal Food Drug &
Cosmetic (FD&C) Act which are contained i the proce-
dural regulations in Title 21 Code of Federal Regulations
(CFR) Part 800-1299. These controls are the baseline re-
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quirements that apply to all medical devices necessary for
marketing, proper labeling and monitoring its performance
once the device i1s on the market. The governmental
organization responsible for carrying out regulatory control
regarding medical devices like Assistive Technology 1s the
U.8. Food and Drug Admimstration (FDA), Center for De-
vices and Radiological Health (CDRH) [7]. Before mar-
keting the device on the US market, the manufacturer must
obtamn clearance from the FDA, usually referred to as “FDA
approval®.

The defimtion of the FDA of a medical device is simular
to the European definition (see section IT.A). Like is the case
m Burope, medical devices are classified based on their -
tended use and risk. However, the FDA defines (only) three
classes (Class T, lowest risk, 1T and ITT, highest risk), whereas
m BEurope four Classes are defined, see Table L.

TABLET
COMPARISON OF MEDICAL DEVICE CLASSES [8]

Europe USA

I Torll
ITa Torll
1Ib 1T or ITT
11 II or 11T

Examples of Class I devices mnclude elastic bandages,
examination gloves, and hand-held surgical instruments.
Examples of Class 1T devices include powered wheelchairs,
mfusion pumps, and surgical drapes. Class III is the most
stringent regulatory category for devices, and are usually
those that support or sustain human life, are of substantial
importance in preventing impairment of human health, or
which present a potential, unreasonable risk of illness or
myury.

Unlike the European MDD, classification in the TJSA is
not based on classification rules, but on the basis of finding
a matching description of the device in Title 21 of the CFR,
Parts 862-892. The FDA has classified and described over
1,700 distinct types of devices (which can be used as
predicate devices, see below) and organized them in the
CFR mto 16 medical specialty "panels" [9]. For each of
these devices the FDA gives a general description mcluding
the intended use, the class to which the device belongs (i.e.,
Class L, II, or III), and information about marketing require-
ments. For example, the ARM [1] Rehabilitation Robot is a
powered component to be connected to a powered wheel-
chair. It 1s therefore classified in the same manner as the
powered wheelchair (regulation number 890 (Physical
Medicine Devices) 3860, classification product code ITT of
the Title 21 of CFR), which 1s Class II.

One of the differences between the European “CE mar-
king™ process and the process of obtaining an FDA approval
is the method demonstrating the compliance of the medical
device with regulations. In the US, the classification of the
device will identify the process the manufacturer must com-
plete in order to obtain FDA approval. This process is either
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a premarket notification (known as a 510(k) submission) or
a premarket approval (PMA). An PMA approval is based on
a determination by FDA that the PMA contains sufficient
valid scientific evidence to assure that the device is safe and
effective for its intended use(r). It usually only applies to
Class IIT devices [15]. A PMA submission 1s considerably
more costly than a 510(k) submission. Assistive
Technology, such as Rehabilitation Robot are mamly Class
1T devices, for which the premarket notification 510(k)
process suffices. A 510(k) submission is a submission made
to FDA demonstrating that the device to be marketed 1s at
least as safe and effective as - that is substantially equivalent
to - a device that already obtamed an FDA approval. The
latter device is known as the predicate device.

Hence, in a 510(k) file, the medical device is to be com-
pared to one or more similar legally marketed devices,
having the same intended use and make to support the sub-
stantial equivalency claims. The 510(k) file 18 reviewed by
the FDA, and after approval an FDA clearance for the
device is provided.

Unlike the European regulations, m which Hamonised
standards are prescribed, the FDA has developed extensive
Guidance Documents, which relate to [29,11]:

¢ the processing, content, and evaluation of regulatory

submissions,

¢ the design, production, manufacturing, and testing of

regulated products,

¢ the inspection and enforcement procedures.

Guidance documents do not create or confer any rights for
or on any person and do not operate to bind FDA or the
public. Conformance of the medical device with FDA recog-
nized standards 1s strictly voluntary for a manufacturer.
However, conformance of the medical device with standards
can provide a reasonable assurance of safety and/or effec-
tiveness [29]. The list of FDA recognized standards 1s main-
tained on the CDRH website [12]. Supplemental Infor-
mation Sheets which, among other things, identifies some or
most types of devices to which each standard would
ordinarily be expected to apply. In the case of 510(k)’s,
mformation on ceonformance with recogmzed standards
helps establish the substantial equivalence of the device.

C. Regulatory differences between Europe and the US4

Table II lists a summary of the main regulatory dif-
ferences in Europe and the TUSA.

In the USA, the FDA conducts reviews of the Technical
File (510(k) & PMA files) and conducts audits. Tn Europe,
the Ministries of Health collectively have outsourced this
task to officially designated the Notified Bodies, such as BSL
(United Kingdom), TUV (Germany) and UL. In Europe,
manufacturers of a Class 1 medical device do not need to
have their Techmcal File reviewed by a Notified Body.
Compliance with regulations may be checlked by the manu-
facturer itself and is known as self-regulation. Devices mn all
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other Classes are under regulatory review by Notified
Bodies.

TABLEIL
SUMMARY OF REGULATORY DIFFERENCES [8]

Europe USA

Review by:  Notified Body (Class FDA (All Classes)
ITa & b, I1I only)
Classification rules in

MDD

Comparison with
predicate devices

Classification by:

Quality system:  ClassI: Recomm. Mandatory GMP
ITIa & b, III: Mand.
{ISO 13485)
Standards: Harmonised FDA Guidelines

Unlike in the USA, European manufacthurers are not
obliged to implement a Quality System for the design,
manufacture, packaging, labeling, storage, nstallation, and
servicing of their medical devices. However, implementing a
Quality System 1s wise. For Class Ila, IIb and III a Quality
System is mandatory. Tn the USA, a Quality System is
mandatory for all Classes. There, medical devices require
manufacturing m accordance with “Good Manufacturing
Practices” (GMP) listed in 21 CFR Part 820 [13]. Both in
Burope and the USA the mtemational standard ISO 13485
Medical Devices — Quality Management Systems — Require-
ments for regulatory purposes [14] is recognized as the basis
of the Quality System. However, the GMP does prescribe a
few additional requirements which are not covered by
15013485,

Last, but not least, the FDA, besides safety, also reviews
the performance and effectiveness claims of the manufac-
turer, which 1s less the case in Europe.

ITI. GUIDELINES

This section provides some guidelines for scientists and
designers at universities, or other research institutes, to
ensure smooth transfer of the device design information,
which must go, from the designer, mto the manufacturers
Technical File.

A. Guidelines for scientists and designers

1) Familiarize yourself with regulations

Unless medical device under development will be marketed
m only in one region, scientists and designers of medical
devices should familiarize themselves with the nomenclature
and basic routes to market clearance applicable in Europe, as
well as m the USA. This starts by studymng the European
Medical Device Directive 93/42/EEC [4] and Guidance
Documents of the FDA [29.11]. The next, and most
important steps are to classify the device and determine the
information which should go into the Technical File [2-4]
and/or 510(k) file [29.11]. Relevant information for these
files in the design stage includes:
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intended use,

*  design specifications,

¢ design considerations,

*  design methods (especially relevant for software de-
velopments, see ext sub-section),

*  design calculations,

Risk Analysis (see below),

*  venfication (of the specifications) and validation (per-
formance, intended use) information.

The mformation should also nclude compliance data of ap-
plicable standards. Hence, the designer should identify the
standards applicable to the device under development [6,
12]. It should be noted that European standards, such as EN
12182 Technical aids for disabled persons [5] are not
necessarily recogmzed by the FDA.

Compiling a Technical and/or 510(k) file might seem an
administrative burden to the designer— and to some extend it
15— but it will also, if not surely, help the scientist
systematically develop the new device. That is, in a good
design method, this kind of mformation 15 documented too.
Further, it goes without saying that, proper design documen-
tation, when transferred to the manufacturer, will contribute
to a swift market mtroduction of the device.

2) Carry out a Risk Analysis

An mmportant activity to be carried out during the design
phase 13 Risk Analysis, see Fig. 2. It 1s an essential and
mandatory aspect of medical device regulations, but is un-
fortunately frequently neglected in the design phase [14,16].
By definition Risk Analysis is the systematic use and verifi-
cation of all available information of the device, to identify
(potentiall hazards of the (design of the) device and to
estimate the corresponding risk for the use(rs) of the device.

Risk Analysis is part of Risk Management, that is, syste-
matic application of management policies, procedures and
practices to the task of analyzing, evaluation and controlling
risk, see Fig. 2. Risk Management as a whole 1s the respon-
sibility of the manufacturer. Risk Management is governed
by the international standard TSO14971 Medical Devices —
Application of Risk Management to medical devices [17].
No method to carry out Risk Analysis is prescribed by this
standard. Methods like the Failure Mode Effect Analysis
(FMEA), Fault Tree Analysis (FTA) and Hazard and
Operability Study (HAZOP) are frequently used. As are ex-
tensive lists of possible hazards, together with contributing
factors, which may be associated with medical devices can
be used. Further, numerous (techmcal) protective measures
are prescribed by applicable standards, such as in EN 12182
Technical aids for disabled persons [5].

For each identified hazard, the design team shall decide,
using criteria (pre)defined by the design team itself, whether
the estimated risk 1s so low that risk reduction need not to be
pursued. When nisk reduction is required, redesign of the
device, that is the implementation of (technical) protective
measures, is required. Hence, Risk Analysis is to be carried
out iteratively during the design phase, see Fig. 2. Carrying
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out the Bisk fnalyeis at the end of the desizy phase, orevern
after the transfer of the dewice to the marufacturer, proved
tobe a tire-consmning and costly exercise, if even possile
atall. That iz, becanse Fisk &nalveis mavw reveal that the de-
vice ranst be redesigned to nclude the protectme measures.

Risk analysis

» Intended wusedntanded

purpose identifcation
& Harard idenlificalion
& sk eshmaton

L
Risk assessment

Risk evaluation

# Risk accopiabilily decisions

- sk contnol

K managemeant

Rig

® Oipbion analysis
# |mplementation
» Residual rsk evahsslion
* Crverall sk acceplancs

l

Post-production information

& Post-production &xpanance
* Fevaw of nsk managemen]
axpanence

Fiz. 2. Risk dmabysk is part of Bk Managemerd [17].

3} Thoroughly document pour sofhvare design mefhod

Az waz mentioned in section I, sofheare, which dives a
device or influences the use of a device—which for advanced
Behabilitation Robot will likely be the case—falls autornat-
ically in the sarne regulatory Class as the device itseIf. The
softwrare plays often a critical -safety ole in the medical de-
vice. Begulatory Authorities state that the lewel of coraple -
ity introduced by the software in a medical devics, raplies
that systematic failures can escape practical lirits of testing.
That i5, testing of (the softeare of) the firdshed device, by
itself, is not adeuate to address the safety of the softuare,
nor of the dewice. Therefore, more than iz the case of
tnecharical and  electronic  aspects of the design
requirervetts regarding the mefhods and processes nsed to
design, develop and test softeare are frmposed on
ranufactuers. Fortunately the IEC standard é0601-1-4
Modical Elacfrical Eguipment — Parf I-4 yrovides tools to
meet the requirerents iraposed on software developroent
[1%]. For exaraple, Foderick and Carigvan describe their
approach to desigring software safety systerns for their
Rehabilitation Fobot [19].
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E. Guidelines for manufaciurers

Of course, the dhove guidelines applicable to scientists
atd desigrers of medical devices at unrversities and the Like,
do alao apply to mwannfac tovers. One additinzal guideline, or
rather tip, for marnfacturers considenng acouiting a device
design fror a undversity iz not ondy to asses the (techrdcal
atd functinnaly advantazes or disadvantages of the new de-
vice ot prototype. The marmtacturer should also carry out 2
due diligence with regpect to the technical docurnentation of
the design. Due dilizence is a coraroon process of itvesti-
gatior, norrally pertorme d by rvvestors, into the details ofa
potential (financial) irvestvent, such as an exaranation of
opetations ahd managemment and the venfication of material
facts. When applied fo gaining the rights to the (design of
they raedical device it lmplies the exarndnation and asses-
sment of the (concept of the) Techrical File, 5100k} or P&
file.

IV. SAFETY & PERFORMANCESTAHDARD

Currently, no performance and safety standards exists, nor
are urder developrne vt at standard bodies such az [50, CEH
and TEC, fo cowver specific aspects of Fehabilitation Hobots.
Ivlny but not all, safety aspects of Rehabilitation Rohots
are covered by, for exaraple, FN 12182 Technical qids for
disabled persons - General requirements and s mefhods
[5]. Mor does any standard cowver the performance of Beha-
bilitstion Robots. Therefore, this section proposes the
cottent of a standard for Rehabilitation Fobots and iredtes
professionals to contribute o it

A Saftd aspects

In the IS0 (zafety) standard IS0 10215, Part 1 Robofs for
industricl emaronments - Part T [20], the first line of de-
fense in robot-safety is to endbrce sgregation, eg. by a
cage, between live imdustrial robots and lmmans. An
mdustial robot difters clearly with a Rehabilitaion Bobot in
the kind interaction with the user (who therosekres have
highly restricted motion), as well as in the intimacy of the
contact. 5o ISO1021E Part 1 can not be applied to Rehdbili-
tation Fobotics.

Basic safety requiternents such as pwtecttve reasires to
ersure electrical safety, electomagnets corpatbility, in-
Harareability, biocorpatibility, sofhware safety, and the Like,
are covered by EN12182 Technical qids for disabled per-
saoms [3] or referred standards in EW12122. Although it
provides guidance (although no norreative requirernents) to
prewent ulcers cansed by pressire andior shear forces,
EM12182 does not covver an essential characteristic of a mo-
bot. Chioting one of the godfathers of Behabilitation Fo-
botics, Hok Fuee: “A sgfe mamipuleior is @ manipulator
fhat doe s nof meve”™ [21]. Traplying that the risk, which is as-
sociated with a moving robot, is the sk of imjuring, hrnsing
ot wounding its user.

It would he tempting to prescribe all kinds of technical
profecte measures in a new standard for Fehabilitation Bo-
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bots, such as slip-clutches, proximity sensors, force sensors,
as Risk Control measures (Fig. 2). This would be, however,
restrictive and impeding for future technical (safety) in-
novations, as well as for the creative design process of Re-
habilitation Robots.

Therefore, developing safety requirements must start by
determining acceptable physiological levels (or criteria) pre-
venting injuring, bruising or wounding the user. Two such
studies were cited by Tejima [22,10]. From these physiolo-
gical levels, limits for the robot can be determined. That is,
both the maximum static, as well as dynamic force the robot
may exert on the body of the user. The dynamics force, in
turn, may be limited by limiting the maximum kinetic
energy associated with the moving robot including its
payload.

A first approach was presented by several authors, such as
Tejima et al. [22-24]. Although not specifically aimed at
Rehabilitation Robots, Ulrich et al. propose a similar ap-
proach [25]. Thev categorized potential injuries to different
parts of the human body, and derived maximum allowable
loads on the human body, based on models of kinetic energy
of the robot’s linkages and payload. Unfortunately, they
assumed that humans in the workspace of the robot are
wearing protective gear. Further, Ulrich et al. also studied
methods to explore a trade-off between safety and perfor-
mance of a robot, see the next section and Fig 3.

If consensus could be reached among Rehabilitation Ro-
botics professionals, the safety requirements based on
kinetic energy metrics and contact forces, could be a
convenient way to prove the intrinsic safety of these devices,
as well as rules for Target Oriented Design [30] of new
devices.

Payload (kg)

5L Safer Region

0 s L L
0 2 4 6 8 10

End-Tip Velocity (meters/sec)

Fig. 3. A safety diagram for a telerobotic
system with a safety envelope indicating
the region of safer robot design [25].

Professionals in Rehabilitation Robotics are invited to
comment on this safety approach, and are invited to parti-
cipate in the development of a standard for Rehabilitation
Robotics.

B Performance

Again, available industrial standards, like ISO 9283 Mari-
pulating industrial robots - FPerformance criteria and rela-
ted test methods [26], can not be adopted for Rehabilitation
Robots. This standard describes methods of specifying and
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testing performance characteristics like; accuracy and
repeatability; pose stabilization time; path accuracy and path
repeatability etc., which are of less importance to Rehabil-
itation Robots.

Rehabilitation Robots are complex mechatronic devices.
The technical characteristics and specifications, such as the
number of degrees-of-freedom (DOF’s), accuracy, repeat-
ability, power consumption, etc. of these devices differ con-
siderably. In addition the variety of the devices which come
under the heading of rehabilitation robotics is high. Due to
this (technical) variety it is not possible, nor desirable to
compare the performance on the basis of technical specifi-
cations (only). Therefore, a user centered performance cri-
terion for Rehabilitation Robotic was proposed in previous
work [27]. It was stated, that the efficiency, and user-satis-
faction, of a Rehabilitation Robotic follows from the time
needed to complete tasks. In other words “if a rehabilitation
robot allows tasks to be carried out quickly, it is a good ro-
bot”. The Task-Completion-Time, as a performance cri-
terion, is indeed an objective and generic criterion as it also
captures, incorporates and covers technical aspects like ac-
curacy and controllability, and also covers hard to quantify
characteristics like user-friendliness, ease of operation, ef-
fectiveness of input-devices, versatility and cognitive load of
the user. It should be noted that a rapidly completed task
does not necessarily mean that the robot has to move fast.
Characteristics like user-friendliness, ease of operation, ef-
fectiveness of input-devices also imply a swift task comple-
tion, even when the robot 1s “slow™.

However, as was discussed in the previous sub-section,
fast robots are potentially unsafe. Designing a much faster,
and therefore a “more efficient” Rehabilitation Robot is
relatively simple, by merely implementing more powerful
motors. Safety is a pre-requisite for the use of a
rehabilitation robot. Therefore, a method, like the one
proposed by Ulnich et al. [25], optimizing the trade-off
between can (and must) used while optimizing the Task-
Completion-Time.

Another improvement to the performance criterion (Task-
Completion-Time) of Rémer, Driessen and Johnson [27] ad-
dresses the problem of relative character of their perform-
ance index. That is, their performance index P; compares the
Task-Completion-Time of one robot to the other:

m, 2 ominit,, t,, vt}
_ J il1> 5§22 > Yik
PJ N n Z}

«100% (1)

i

where, F; denotes the (relative) performance quantity of the
7 robot, when considering k robots ( j <k ), n the number

of defined/evaluated tasks, n7; number of defined tasks the
7 robot can successfully complete (nzny). Further min{z,,
ta, ..., ty, } 1s the time it takes the fastest robot to complete
task i. And finally, where #; denotes the time it takes robot
J to complete task i.

To obtain an absolute, rather than a relative, performance
mdex, the Task-Completion-Time of a robot could be com-
pared to the time it takes a Auman to complete the task(s).
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That is, the numerator of equation (1) could be replaced by
T;, which is the time it takes a human to complete task ; and
the absolute performance index of a robot should be refor-
mulated as (assuming that a human is always faster in
completing atask than arobot):

m 2T,
P:ﬂ—QészO% 2)
where # denotes the number of defined/evaluated tasks, m
number of defined tasks the robot can successfully complete
{rn=m), and ¢; the time it takes the robot to complete task .
Table ITI list some measured Task-Completion-Times of the
ARM (Fig. 3), the Raptor [28] and a non-handicapped

person, as well as the corresponding performance indices.

TABLEIIO
TasK -COMPLETION -TIME AND
AND ABSOLUTE PERFORMANCE INDEX (2)

HMeon-
Pk ARM Rapfors g bied
(m=2) (=2
person
Crperate light switch twice 30z, 420 s 4z
Grab cup, take sip, and return it 60 5. 300 5. 4z
P n=2) 10% 1% 100%

Fig. 2. Assistive Bobotic Manipulator (AERND[1]

Professionals in Rehabilitation Robotics are invited to
comment on this performance index, and are invited to
participate in the development of a standard for Rehab-
ilitation Robotics.

V. CCNCLUSION

Scientists and designers of medical devices, such as Reha-
bilitation Robots should document information on the design
of the device for the regulatory Technical File and/or 510(k)
file. The proposed content of a standard on the safety and
performance for Rehabilitation Robots was based on the
kinetic energy, contact force and Task-Completion-Time.
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