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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
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Introduction

This document is intended to facilitate understanding of performance of lower-back support robots
(see Annex B). This document defines the important performance characteristics and describes how to
specify them and how to test them.

The

characteristics for which test methods are given in this document are those considered to affect

robot performance significantly. The user of this document selects which performance characteristics
to test, in accordance with the specific requirements.

The
ver
are

Thd
tha
the

ISO

Thd
rea

resj
be ¢

Attd
pat
anyj

3 3 3 nterpreted as the
fication or validation of safety requirements. The verification and validation of safetyyrequirements
specified in other standards developed by ISO TC 299.

International Organization for Standardization (ISO) draws attention to the-fact that iff is claimed
compliance with this document may involve the use of patents concerning|the test apppratuses of
performance of wearable robots for lower-back support referred to throughout the docujment.

takes no position concerning the evidence, validity and scope of the§e)patent rights.

holders of these patent rights have assured ISO that they are‘willing to negotiate licepces under
bonable and non-discriminatory terms and conditions with applicants throughout the w¢rld. In this
bect, the statements of the holders of these patent rights are‘registered with ISO. Information may
btained from the patent database available at www.iso.6rg/patents.

bntion is drawn to the possibility that some of the elemients of this document may be th¢ subject of
ent rights other than those in the patent database{dSO shall not be held responsible for jdentifying
or all such patent rights.
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Robotics — Performance criteria and related test methods
for service robots —

Part 4:
Lower-back support robots

1 (Scope

This document describes methods of specifying and evaluating the performance-offower-bdck support
robpts.

Thif document applies regardless of the purpose and application of lower-back support fobots and
the|driving methods (e.g. electric, hydraulic and pneumatic). This document does not apply|to medical
robpts, although the test methods specified in this document can be utilized for medical robpts.

This document is not intended for the verification or validation of safety requirements.

2 |Normative references

The following documents are referred to in the textdn such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referénced document (including any amendments) applies.
1S0|8373, Robots and robotic devices — Vocahtilary

1SO|13482, Robots and robotic devices — Suafety requirements for personal care robots

3 |Terms and definitions

For|the purposes of this dociiment, the terms and definitions given in ISO 8373, ISO 134B2 and the
follpwing apply.

[SO|and IEC maintaifi-terminological databases for use in standardization at the following addresses:
— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

3.1

robjot

programmed actuated mechanism with a degree of autonomy, moving within its environment, to
perform intended tasks

Note 1 to entry: A robot includes the control system and interface of the control system.

Note 2 to entry: The classification of robot into industrial robot or service robot is done according to its intended
application.

[SOURCE: ISO 8373:2012, 2.6, modified — The words “actuated mechanism programmable in two or
more axes” have been replaced with “programmed actuated mechanism”.]

© IS0 2021 - All rights reserved
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3.2

wearable robot
robot that supplements or augments personal capabilities while attached to a human during use

Note 1 to entry: Wearable robots are referred to as restraint-type physical assistant robots in ISO 13482:2014.

3.3

lower-back support robot
wearable robot to reduce the load in the lower back of the user by its assistive force or torque

3.4

user
person wh

3.5

restraint part

part of the
assistive fd

3.6
assistive

output torque of the wearable robot to assist a user to perform required tasks

3.7
attached k
part of the

3.8

input met
interface
appropriat

q

3.8.1

biological
input meth
his/her bo

Note 1 to enftry: Biological signals include/bioelectrical signals such as myoelectric signals.

3.8.2
kinematic
input meth
used as thg

Note 1 to enftry: Biolegical input and kinematic input are mutually exclusive.

3.8.3

wearable robot binding a corresponding attached body part of the usefyto transmi
rce or torque

prque

ody part
user’s body on which the restraint part of the wearablerobot is attached

hod
llowing the user to control the assistive force or torque of the wearable robot by
e input signal

input
od where biological signals that are in correlation to the force or torque the user exert
ly part intended for assistanege are used as the input

input
od where moyement and/or posture of the user’s body parts intended for assistance
input

command

input

any input method other than biological input or kinematic input

Note 1 to entry: Command input includes the use of commanding devices, breath switches or voice input.

h wears a wearable robot on his/her body and directly receives its assistive force or toque

an

an

S at

are

Note 2 to entry: Command input includes the use of biological signals that are not in correlation to the force or
torque the user exerts at the body part intended for assistance.

Note 3 to entry: Command input includes movement and/or posture of the user’s body parts not intended for

assistance.

© ISO 2021 - All rights reserved
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assistive torque index

ATI

measure of how much the output torque of the user is reduced when the user performs a specific
movement during a specific time range using the lower-back support robot

Note 1 to entry: ATI is an absolute quantity with respect to the average torque during the specific time period of
a specific test motion profile. It can be helpful for the relative comparison between robots.

3.10
lumbar compression reduction

LC

measure of how much the compressive force on the user’s lumbar disks is reduced fhe
performs a specific movement during a specific time range using the lower-back supportrok

3.1

normal operating conditions

ran
as
spe

Not
[SO

3.1
rat
med
spe

Not

peri
prof

4

4.1

Thd
self]
ina

Thd

including ealibration of any relevant sensors that effect on the test results.

All

be of environmental conditions and other parameters which can influenée robot perforn
lectrical supply instability, electromagnetic fields) within which the“performance of
Cified by the manufacturer is valid

e 1 to entry: Environmental conditions include, for example, temperature and humidity.

URCE: ISO 8373:2012, 6.1]

P

-

p of assistance
isure of the reduced torque by a lower-back support robot integrated over the time
Cific test motion profile

e 1 to entry: Rate of assistance is a normalized quantity with respect to the integrated torque o

od of a specific test motion profile. It canbe helpful for the relative comparison for different
iles within the robot.

Test conditions

General

lower-back supporttrobot shall be completely assembled, sufficiently charged and oper
diagnostic tests’shall be satisfactorily completed. It should also be ensured that the rob
safe manner.throughout the test.

tests shall be preceded by the preparations for operation as specified by the ma

Conditions specified in Clause 4 should be satisfied for the tests described in this docume

n the user
ot

ance (such
the robot

beriod of a

Ver the time
test motion

Ational. All
bt operates

hufacturer,

t, unless it

iss

ated otherwise in the snecific clauses
r

Each test described in Clause 5 and Clause 6 of this document have different test configurations which
require separate test apparatuses and test procedures.

4.2

Environmental conditions

The following environmental conditions shall be maintained during all tests.

©IS

Ambient temperature: 10 °C to 30 °C

Relative humidity: 0 % to 80 %

02021 - All rights reserved
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If the environmental conditions specified by the manufacturer are outside the given conditions, then
this shall be declared in the test results.

4.3 Operating conditions

All performance shall be measured under normal operating conditions. When the performance is
measured under conditions outside the normal operating conditions, these conditions shall be specified
along with the test results.

5 Test

5.1 Purpose

This clausg
robots.

h

NOTE T
rationale of]
are only thd
simple, the
the robots.

5.2 Rele

5.2.1 Ge

Two perfor

compressi¢n reduction (LCR).

By the ass
be reduce
compressi
The extens
characteris
the assistiy

For some 1
structure,
muscles on

NOTE 4
and, therefi
introduced

5.2.2 As

vant characteristics

neral

!

re torque and the posture'of trunk.

mass and mass distribution above the lumbar joint and/or actuation method (e.g. artif

|

describes the method of specifying and evaluating the performance of lower-back supp

heoretical backgrounds and validation experiments are provided in Reference 6] which provid
focusing only on bending torques and compression forces. At the current(stage of the market, t
products that are intended to assist sagittal movement. To keep the test-dpparatus and test metf
imitation of the test method is considered acceptable to measure a representative performangd

mance indices are introduced for this test method: Assistive torque index (ATI) and Lunj

stive torque of the robot, the user’s extension force of hip joints and that of the trunk
, and then the compressive forcecon lumbar disks will be reduced. Ideally, the lun

ion torque can be reduced by the assistive torque of the robot. For the robot with 4
tics, the lumbar compression'does not need to be measured because it can be inferred f

obots for which lumbar compression could be increased because of the robot’s mechan

user’s back skin),lumbar compression should be measured together with assistive tor

\ccording toReference [1], compressive force on lumbar disks can be the major cause of back i
re, oftenfused as an index to estimate the risk of back injury. Based on this background, LQ
hs a performance indication of the robot.

sistive torque index (ATI)

The Assistive Torque Index (ATI) consists of 5 representative values, ATI

Raise

ATI 000

an

Lower
200

Lower

1000 » ATI

, ATI

Raise

d ATIRaise,
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Table 1. The superscript and the subscript of ATI indicate a phase of reference movement and a time
duration in milliseconds, respectively.

%)
1 f
ATl ) = Ju(z™ (@), 7(6))de
2 1 t

where

oa-pBifa=0
—(ry—ﬂ) ifa<Q’

l/f(aﬁ)%

NO1
necs
ado

NOT1
alw
am

of the robot are in the same direction. See Annex A.

NOTI

necq
torq

rob
moy

5.2

The

LCH

spe
and|

S

rref (t) is the actual output torque of the hip joints of the test apparatus (see 5.31)
reference movements (without robot);

7(t) is the actual output torque of the hip joints of the test apparatus {see 5.3.1)
reference movements (with robot).

E1 In general, the assistive torque of a robot interferes with the dutration of the movem

bssary force or torque of the user. This is a source of instability of the testiesults. Therefore, th
bts a time average within a specific time range during the reference moevements.

E2
hys negative and the relationship ¥ (e, 8)=—(o — ) alwaysapplies. However, this document d
re general form to make ¥ positive when the necessarytorque for the reference movement an

E3 When y is positive, the torque of the robgt in the antigravity direction (extension) cay

bssary torque of the user to achieve the referen¢e movements. Or, in some cases, the user has t
ue in the gravity direction (flexion) to resist the torque of the robot. When ¥ is negative, the t

during the

during the

ent and the
s document

As the reference movements defined in 5.3.2 are antigravity movements, TFEf (t) is expected to be

efines ¥ in
1 the torque

reduce the

output the
brque of the

t in the gravity direction (flexion) can jnerease the necessary torque of the user to achieve the reference

ements. See Annex A.

3 Lumbar compression reduction (LCR)

Lumbar Compression Redliction (LCR) consists of 5 representative values LCRYOWer

1000
ptold - LcrRaise and LCRRASE which are calculated by the following formulae with

cified in Table 1,-The superscript and the subscript of LCR indicate a phase of reference
a time duratienyin milliseconds, respectively.

Lower

t; and ¢,
movement

’

wh

o-Bifa=>0

vie ﬁ):{—((x—ﬂ) ifor<0’

Fref (t)=¢(M§ef (t))+FZref (t) ,

F(t)=¢(My (t))+F,(t) ,

¢(7)={

y/0,05if y>0
—y/0,1ify<0
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is the actual lumbar compressive force of the test apparatus in z-axis direction during
the reference movements (without robot);

is the actual lumbar compressive force of the test apparatus in z-axis direction during
the reference movements (with robot);

is the actual lumbar bending moment of the test apparatus around y-axis during the
reference movements (without robot);

is the actual lumbar bending moment of the test apparatus around y-axis during the
reference movements (‘I\Iifh rnhnf)

The axes of the coordinate system are shown in Figure 1.

sive
hent

NOTE1 In general, assistive torque of a robot interferes the duration of the movement and thé,cempres
force on thi;umbar disks of the user. This is a source of instability of the test results. Thereforg;this docun
adopts a tinje average within a specific time range during the reference movements.

NOTE2 /

A human would stiffen his/her muscles to resist the change of posture by the lumbar bending morpent

around the
contrast, th
change of p

y-axis. This tension of the muscles is known as a source of compressive(force on lumbar disk|
e trunk of the test apparatus does not have muscles and its mechanicaksttucture does not allow|
sture. To compensate for this difference, the formula for LCR uses the’corrected lumbar compres

5. In
any
sive

force F(t) ctor

L5/
Ctus

and F™ (¢) under the assumption that M, (t) and M)r,Ef (t) ate all supported by virtual ere

spinae mus¢les and virtual abdominal rectus muscles. This document adepts/a 0,05 m moment arm from the
S1 lumbar disk to the virtual erector spinae muscles and a 0,1 m monient arm to the virtual abdominal re
muscles41[5].

NOTE 3
always co

d to
ines

uring the reference movement, the weight of the upper body of the test apparatus is expecte]
ress the fixed lumbar joint and y (&, B)=o — 3\ always applies. However, this document def

V¥ ina mor¢ general form to be applicable to tensile forces-afid to be consistent with the formula for ATI.

NOTE 4
movement.
movement.

When ¥ is positive, the lumbar stress of<the user is expected to be reduced during the refer

When y is negative, the lumbar stress of the user is expected to be increased during the refer

Pnce
Pnce

Table 1 —TFime range to calculate ATI and LCR

Reference move-

[ b
ments

AT LCR™® ty 2 t, 2

Lower
1000

Lower
200

wer

Lowering tg—1 [s] ¢ tq [s]¢

tq [s]©

ATI}

wer

ATIIZ‘ 0 LCR Lowering ty—0,2 [s] €

ty

old
000

Hold

1000 Holding

ATL LCR 0,5 g

tq
7+O,5 [s]

a

t; and ling
the beginnintg ent
are increasing or decreasing monotonically, ATI and LCR can be considered as an average within a specific angle range.
However, because 1) assistive torque can generate varying angle trajectories; 2) it is difficult to define the relevant angle
ranges of the trunk, the hip joint and the knee joint simultaneously; and 3) the amount of data points for calculating the
average can vary, this document adopts a time average to define ATI and LCR.

Ly define a time range when the necessary torque of the user and the lumbar stress are the largest assun

i £ 1o £ oL A A D £l | S H 4 - £l £,
e o Cat T ere T e e o vV e et S o (S C e I CA T e tau st angretr ayeCtoT eSO e T eTreT e e e o ver

ATI and LCR with a 1 s average (ATI]f%V(‘)'Sr, ATI??)I(%, ATIlR%i(S)S, LCR]f%‘ggr, LCR}f%]&) and LCRlR%iSS) can also be

considered as an indication whether the robot can output assistive torque and reduce the lumbar stress continuously. On

the other hand, ATI and LCR with a 0,2 s average (ATI%S‘(’)V”, ATIggase ) LCR%g‘é"er and LCRE{SBSe ) can be an indication of

how much the robot can reduce the peak of necessary torque and the compressive force on the lumbar disks responsively
(see Annex A). This is due to the fact that they only focus on a short time range. This document adopts a 0,2 s response time
for humans to reflect the reaction to sudden load on lumbar spinal cord[31(2],

b

C

tq is the actual duration of the reference movement.

© ISO 2021 - All rights reserved
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Table 1 (continued)
ATIb LCRP Referg;cnet;“""e' t, @ t, @
ATIlR%iSS LCRlRa(‘)iSS Raising 0s 1s
ATIZRSE)SE LCRZR(E)%SE Raising 0s 0,2s

3ty and t, define a time range when the necessary torque of the user and the lumbar stress are the largest assuming
the beginning time of each reference movementis 0 (see Annex A). Because the angle trajectories of the reference movement
are increasing or decreasing monotonically, ATI and LCR can be considered as an average within a specific angle range.
However. because 1) assistive torque can generate varying angle trajectories: 2) it is difficult to define the relevant angle
ranges of the trunk, the hip joint and the knee joint simultaneously; and 3) the amount of data points forcajculating the
avefage can vary, this document adopts a time average to define ATI and LCR.

b |ATI and LCR with a 1 s average (ATIII%‘?)ISr, ATIll-l?)lgO, ATIlR%igg, LCR%‘%‘ggr, LCRIiIglgO and LCRlR%iSS

conpidered as an indication whether the robot can output assistive torque and reduce the lumbar,stress continuously. On
thejother hand, ATI and LCR with a 0,2 s average (ATI]ig‘éver , ATIggbse , LCRIZ“S‘(’JVer and LCR%})Se ) can be an |ndication of

how much the robot can reduce the peak of necessary torque and the compressive force ofi*the lumbar disks fesponsively
(seq Annex A). This is due to the fact that they only focus on a short time range. This document adopts a 0,2 s rgsponse time
for humans to reflect the reaction to sudden load on lumbar spinal cord[21[2],

can also be

¢ | tq istheactual duration of the reference movement.

5.3| Test facility

5.3]1 Testapparatus

A t¢st facility shall include a test apparatus which\has a linked and actuated mechanism |simulating
a httman user on which a robot is attached and.tested. The robot is not included in the tpst facility.
The ratios of its dimensions and the distributigiy of its mass shall comply with Figure 1. In fhis figure,

the|height and mass of a representative usér specified by the manufacturer are set as 100 %. The
manufacturer may determine all other valtes not indicated in Figure 1. If the manufacturer letermines

other values of ratio of height and mass-are appropriate, they may be applied.

Thg compressive force to the lumbar z-axis and the bending moment around the lumbar] y-axis are
megsured at the fixed lumbar joint as indicated in Figure 1. The fixed lumbar joint is loaded with at
leadt the weight of the upper parts of the test apparatus.

Only the hip joints and Knee joints are active joints. If a test apparatus with arms and hands is used
instlead of a test apparatus with the substitutional weights at the shoulder joints, the armsg of the test
appjratus should be-directed in a downward direction at any posture and each assembly pf arm and
hand should have %4 % of the mass of the representative user.

The density©fieach block of the test apparatus can be assumed to be constant.

© IS0 2021 - All rights reserved 7
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X
<
(o)}
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v
T R R M R
7’4% 7,4%
40,7 %
o\o
Rl
o™
——d--e--4--- —————0—————1———-B
5,2%
-- @ - -- -1?{-—-4-— ———}¥<---C
Z A

S 17V S Y A --=}----- D

S WEW/_

a) Side view b) Front view

A shouldgr joint (fixed)
B lumbarljoint (fixed)

C  hip joint (active)
D knee jolnt (active)

NOTE 1 he ratio of dimension is indicated with an underline on a double-headed arrow. It is based on
literature [4]; it indicates that the distance between a hip joint and L5/S1 spinal disk is approximately $3/1
610 (5,2 %) of the body height. Therefore, the fixed lumbar joint is located at the upper body part of the|test
apparatus. The data from Reference[2] were obtained by measuring a skeletal specimen of an adult Europedn in
the collectign of the University'efTokyo (Specimen Number: P6). It is not an average of a specific population| but
used as a representative value.

NOTE 2 ssuming the-arms and hands to be in a downward direction at any posture, the masses|are
concentrateld to the shoulder joints.

NOTE 3 he distribution of mass is indicated in an area of body segment or by a single-headed arrow. This is

from IEC 60[601;1:2012, Figure A.19.

Figure 1 — Dimension ratio and mass distribution of a test apparatus

An example implementation of test apparatus is shown in Annex D.

5.3.2 Reference movement and target trajectory

In this test, the test apparatus performs reference movements simulating lowering, holding and raising

of the upper body. These reference movements are represented by a target trunk angle, 628",

the

distribution ratio between the hip joint and the knee joint, k, and target duration, t4, whose values

shall be provided by the manufacturer.

8 © IS0 2021 - All rights reserved
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The target trajectory of the trunk angle, 6, (t), is given as the following quintic polynomial of time.

Trunk angle 6, (¢t) Za t", t=[0, t4]

under £ =0 as the startmg tlme of each reference movement, and 6, (t)=0 at the upright position.

The set of a,, for each reference movement are determined to satisfy the initial angle 0, (0), the final

angle 6, (t4) and the restraint condition where 6, (0)=0, Gt( 1,)=0, 0( )=0 and 6(¢

) 0. Ideally,

6, (py=0and 6.1, =0,** Tor fowering. Always 0 {1)=0,"*

Ior holding

0, (td) =0 for raising. The target trajectories are illustrated in Figure 2.

tal
gt

0 t
0 tq
6 target
A
0.(t)
) tta get

0

0 tq

h target

74

(1
(0

IN

Otarget and

0(t)

0 ;carget |
:
|
|
|
|
|
|
|

0 t
0 tq
0 target
\

PIRIRED.

Key

A target trajectory for lowering
B target trajectory for holding
C target trajectory for raising

Figure 2 — Target trajectories for reference movements
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The hip joint angle, 6, (t) , and the knee joint angle, 6, (t) , are given as the following:

Hip joint angle 6, (1) =46, (¢)

Knee joint angle

NOTE 1

NOTE 2

angle when

6, (1)=(1-4)6,(1)

These formulae use the relationship that 6, (l‘) =0, (t) +6, (t) .

humans lower, hold and raise a load are almost consistent with a quintic polynomial of time.

The trunk angle 6, (t) is defined as a quintic polynomial of time because the trajectories of each

NOTE 3 IIf Ottarget is 50° as shown in

of humans’
2s.

NOTE 4
lowering, h
than 2 s. H

approximat

Table 2 shq

A controlle
an error of
from the t4

For a robo
the robot a

f

Table 2, k canbe 1,5 because k actually obtained from the meastulren

movement varies from 1,3 to 1,7 depending on each individual and the weight of each load. 7, ca

tenerally, keeping a small angle at the trunk joint is preferred for reducing the lambar stress du

a  Generally, the posture of thetrunk as large as 50° is undesirable because

the stress on lumbar disks gets so large. However, it can occur when the user
raises a load from the ground or lifts another person. Therefore, a 50° posture
of the trunk is a situation\where a user needs the assistive torque of the robot.
This is the reason why it should be evaluated, at 50°, how much assistance the
user receives from, the robot to the user and how much reduction the robot
effects on the cgmipressive force at the lumbar disks.

r for the test appatatus shall control its trajectories during the reference movements wi
+5°, with and.without a robot. The actual duration of each reference movement can dj
rget duratien 7, for lowering and raising.

with bielogical input, the actual torque of hip joints of the test apparatus should be fe
s inputin place of the input from the user.

with leinama ati o Tt o Ao s okl o 1o wwiaan-tha rolh ot thaotact foos

hent

h be

ring

rter

lding and raising. In this case, K can be more than 1,5 and t, forlowering andraising can be sho
or example, if Ottarget is 25°, k actually obtained from measurement ‘of humans’ movement is
ely 3,0 and ¢, for lowering and raising is 1,5 s.
ws an example of reference movements.
'able 2 — Example of reference movements (0, =50°, k=1,5 and ¢, =2 s)
Reference move- |t unk angles 6, (t) a Durations 7,
ments
Lowering 0°to 50° 2s
Holding 502 2s
Raising 50° to 0° 2s

hin
ffer

i to

For arobo

nd
TICr

VW T IS C o T T P oG O~ O T o COTITIC CTIOTT 15 I

a o
cTTcotT VWCCTIT CIIC T UDUT CITC—CC ST IacT

ity.

For a robot with command input, its control operation is done in accordance with a user manual during
the reference movements and/or an interval between them.

If a low pass filter is used to process the data from the test apparatus to calculate ATI and LCR, its cut-
off frequency shall be at least 10 Hz.

5.4 Test

procedure

a) Reference movements, the parameters Ottarge‘, k and ¢; and, if needed, an additional load are

specifi

10

ed by the manufacturer.
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The test apparatus performs three repetitions of the reference movements without a robot, in the

following order: lowering, holding and raising.
Attach the robot to the test apparatus in accordance with the user manual.
Keep the test apparatus at the most upright position.

Start the assistive operation of the robot in accordance with the user manual.

The test apparatus performs three repetitions of the reference movements with the robot, in the

following order: lowering, holding and raising.

g)
h)

5.5

Thd
whi

An

6

6.1

Thi
rob

torque of the dummy before and-after wearing the robot.

6.2

The
foll

Stop the assistive operation of the robot in accordance with the user manual.

Detach the robot from the test apparatus in accordance with the user manual.

Test result

calculated ATIs and LCRs shall be declared in the test report along with'the following p
ch characterize the test apparatus and the reference movements usedin the test.

The height and the mass of a representative user applied for thé:test apparatus

6,2"8°", k and ¢, applied to define the reference movemefits

The sampling rate applied for the measurement

example table of the test results is shown in AnnexC.

Test method for rate of assistance

Purpose

5 clause describes the method ‘of specifying and evaluating performance of lower-ba
bts; this test measures the leyel of back support or assistance of a robot by comparing t

Relevant characteristics

amount of back‘support or assistance of a robot can be determined as the rate of assist
DWS:

t t
ot (0d, [ "o (0,
R J%]=—2 1 %100

arameters,

ck support
e hip joint

hnce, R, as

t
[ ©d,

where
T}rlef is the reference hip torque measured during the specified motion without wearing robot;
T, is the hip torque measured during the specified motion with the robot on;
t1 is the initial time of the specified motion;
ty is the final time of the specified motion.

Hip joint torque 7}, can be computed as follows using the generalized dummy geometry in Figure 3.

© IS0 2021 - All rights reserved
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6.3 Test

The test fa
robot can |
The trunk

Ji2 +1L2 —21 1, cos(n—6,)

1152 1,2

L2 +1s% —1 1% +12 -1
= n—(cos_1 L5 2 st A5 3
2L 15 2115

L 16, -6,

T Fcl sin(8, )+ Fy L, cos(6, )

facility

Figure 3 — Dummy geometry for torque computation

[ility shall include atest apparatus which consists of a dummy to which a lower-back support
e attached as shewr in Figures 4a) and 4b). The dummy is composed of a trunk and a thligh.
hnd thigh should be covered with a composite material to emulate the human body form

The mass distribution/of a trunk is set to 55,5 % of the total mass of the representative user whidh is

defined by

the manufacturer according to Figure 1.

The positipn.of the neck and the knee joint of the dummy can be changed manually along the sljder
L D ) g, g (stoop pose), waist & Knee

so that it can-implement several postures such as standing, waist bendin

bending (half squat), knee bending (squat) pose as shown in Figure 4c). Once the intended test posture
is determined, the position of the neck and/or the knee joint can be fixed on the slider to maintain the
intended posture.

12
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b) Dumimy covering the trunk and the thigh

<lrasic standing pose> <waist bending>

M
|
| )
@
~< V v o W X & o X ==
<waist & knee bending> <knee benjding>

c) Four possible test postures

Key

A trunk K
B thigh M
E  hip joint with an encoder N
F  loadcell R
H dummy (human shaped outfit) X

knee slider

motor

neck slider

lower-back support robot
fixed slider or joint

Figure 4 — Concept diagram of the test apparatus
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The control plate or the head slider to which the head of a dummy is connected through a loadcell
can move up and down along a ball screw by controlling the motor so that it can implement the above
mentioned four motions in Figure 4. The velocity profile of the control plate to implement the specific
test posture (motion) can be determined by the manufacturer or by the reference movements in 5.3.2.
Figure 5 is a sample velocity profile used for lowering the trunk in half squat pose.

\%

ptarget | — — — — — — — — ——

t
prareey = (0<t<ty)
1

v pyiareet (t <t<ty)

te —t
ptarget f_’ (t; St<tg)

tr =t
Vtarget — Z(Gf _Oi)
(t +tp 1)
Key
0, initia| position
¢ final position
ty final tirre

o, hip position (defined in Figure 3)
Figure 5 — Sample velocity profile used for lowering the trunk in half squat

The loadcell installed between the neck joint and the neck joint slider measures the force in x and y
direction when the dummy is lowering or raising up the trunk. At the hip joint, a rotary encoder is
installed to measure the rotational angle of the hip joint.

An example implementation of test apparatus is shown in Annex D.
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6.4 Test procedure

1) Select the desired test motion among the following four poses.
a) Standing
b) Waist bending (stoop pose)
¢) Waist & knee bending (half squat)

d) Knee bending (squat)

2) |Fix the neck and/or knee joint position along the slider as shown in Figure 6, Figure 7 and Figure 8
depending on the desired test motion. Note that “x” in these figures indicates the-fixed joint and
“~” is the passive sliding joint. Then set up the initial hip and knee bending anglebycontrolling the
vertical position of the control plate according to the selected reference motion.

ST

| R A
<>

R

R

R{‘i‘ ﬁ{“ X S{Y \Y'i‘ i«ﬁ
Key
F loadeell
M metor
X fixed slider or joint

Figure 6 — Waist & knee bending
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|
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Figure 72— Waist bending

i~

)

®
Ne—>

N

Key

F loadcell

M mofor

X fixed slider or joint
16
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S | = ;
F :
5) o
o—<__|
Ne—> 0 7O\
% =~ S —> T TNEN —5 o
Key
F loadcell
M motor
X fixed slider or joint
Figure 8 — Knee bending
3) Design the referencevelocity profile of the control plate depending on the test motion.
4) Make the dummy,raise up or bend down following the reference velocity profile by jcon-
trolling the miotor according to the following protocols:
a) Waist & knee bending (half squat):
i) stand upright (initial pose);
ii) sit by bending the knee and hip joint for two seconds;
iii) maintain the sitting pose for two seconds:
iv) stand up by unbending the knee and hip joint for two seconds;
V) stand upright (final pose).
b) Waist bending (stoop pose):
i) stand upright (initial pose);
ii) lower the trunk by bending the hip joint for two seconds;
iii) maintain the lowered trunk pose for two seconds;

© IS0 2021 - All rights reserved 17
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iv) stand up by unbending the hip joint for two seconds;
V) stand upright (final pose).
c) Knee bending (squat pose):
i) stand upright (initial pose);
ii) sit by bending the knee joint for two seconds;

iii) maintain the sitting pose for two seconds;

iv) stand up by unbending the knee joint for two seconds;

V) stand upright (final pose).

ref

5) Compute the torque at the hip joint during the reference motion using the formiulae in
F;'Lure 3 and record it as the reference torque 7,

6) Attach the robot to the dummy and repeat the step 4) and record theepmputed torque as §y, .
7) Detach the robot from the dummy.
8) Compute the rate of assistance using (1)
9) Re¢peat steps 4) to 8) three times

C

10) mpute the average of the rate of assistance

6.5 Testlresult

The average rate of assistance shall be declared in the test report along with all paramefers
characterizing the dummy, and the reference motion used in the test.
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Annex A
(informative)

Time range of ATI and LCR

1 a A nd bz avvanin a d afaran

the time ranges of the ATIs and the LCRs

re A.1, Figure A.2 and Figure A.3 indicate examples of data obtained when thetest
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output assistive torque and reduce the lumbar stress continuously. On the other hand, A
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Figure A.1 — Example of data during the lowering movement and time range of ATI and LCR
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Figure A.2 — Example of data during the holding movement and time range of ATI and LCR
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A time windoty for A"l"Izkg(i)Se
B time windowfor ATIFSSS
C torque [Nm]

D time [s]

E " time window for LCRZR&;se
F' time window for LCRFSS;
G force [N]

Figure A.3 — Example of data during the raising movement and time range of ATI and LCR
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