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Foreword 

ISO (the International Organizat ion for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodie吵 The work of prepar吼
th r《】l』gh ISO technical committees. Each memt、er h。dy t『1 tere叉ted in a st』hject f。r which a tech 『1 i ca l

committee has been establ ished has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also t ake part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standa rd ization. 

The procedures used to develop this document and those intended for it s furt her maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
d i f臼rent types of ISO documents should be noted. This document was d rafted in accordance wit h the 
editor ia l rules of the lSO/lEC Directives, Part 2 (see www .on>/directive飞）

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent r ights. ISO shall not be held responsible fo r identifying any or all such patent ri噶hts. Details of 
any patent rights identified during the de川1elopment of the document will be in the Int roduction and/or 
on the ISO list of patent declarations received (see www orρIn肘ρnt~〕

Any trade name used in th is document is information given fo r the convenience of users and does not 
constitute an endorse町ient.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO’s adherence to the 
World Trade Organization (WTO) pr inciples in the Technical Barriers to Trade [TBT), see www .om I 
iso/foreword.html. 

This document was prepared by Technical Committee ISO/TC 299, Robotics 

A list of all parts in t he ISO 18646 series can be fou nd on the ISO websi te. 

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www or<> Imρmhρrs html. 

C响啕阳峭吻’刷8’帕阴阳1川$叫阿刷 。ISO 2021 ” All rights reserved 



ISO 18646-4:2021(E) 

Introduction 

This document is intended to facilitate understanding of performance of lower-back support robots 
(see A皿且JI). 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 performance criteria specified in this document are not intended to be interpreted as the 
verification or validation of safety requirements. The verification and validation of safety 问quirements

are specified in other standards developed by ISO TC 299. 

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

ISO takes no position concerning the evidence， 飞ra lidity and scope of these patent rights. 

The holders of these patent rights have assured ISO that they are willing to negotiate licences under 
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this 
respect, the statements of the holders of these patent rights are registered with ISO. Information may 
be obtained from the patent database available at www nrg,lpatents. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights other t han those in the patent database. ISO shall not be held responsible for identifying 
any or all such patent rights. 

C刷刷’阳唰刷训。ρ4~9; v 
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Robotics - Performance criteria and related test methods 
for service robots 一
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1 Scope 

This document describes methods of specifying and evaluating the performance of lower-back support 
robots. 

This document applies regard less of the purpose and application of lower-back support robots and 
the driving methods (e.g. electric, hydraulic and pneumatic). This document does not apply to medical 
robots, although the test methods specified in th is document can be utilized for medical robots. 

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

2 Normative references 

The following documents are referred to in the text in such a way that some or a ll of their content 
constitutes requirements of this document. For dated references, only the edition cited appl ies. For 
undated references, the latest edition of the referenced document [including any amendments) applies. 

ISO 8373, Robots and robotic devices一 阶cabulary

ISO 13482, Robots and robotic devices - Safety requirements for personal care robots 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 8373, ISO 13482 and the 
following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

ISO Online browsing platform: available at httM: //www orρ／ohn 

!EC Electropedia: available at httn<·//www叫ρ「tronPclia.or雪／

3.1 
robot 
programmed actuated mechanism with a degree of autonom弘 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. 

(SO URCE: ISO 8373:2012, 2.6, modified - The wot由“actuated mechanism pt吨rammable in two or 
more axes” have been rep laced with "programmed actuated mechanism".) 

C刷刷’阳唰.，，， o.o©J.;\,Q,.fQi品.；,,Ai). rights reserved 1 
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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 who wears a wearable robot on his/her body and directly receives its assistive force or torque 

3.5 
restraint part 
part of the wearable robot binding a corresponding attached body part of the user to transmit an 
assistive force or torque 

3.6 
ass1st1ve torque 
output torque of the wearable robot to assist a user to perform required tasks 

3.7 
attached body part 
part of the user’s body on which the restraint part of the wearable robot is attached 

3.8 
input method 
interface a llowing the user to control the assistive force or torque of the wearable robot by an 
appropriate input signal 

3.8.1 
biological input 
input method where biological s ignals that are in correlation to the force or torque the user exerts at 
h is/her body part intended for assistance are used as the input 

Note 1 to entry: Biological signals include bioelectr ical signals such as myoelectric s ignals. 

3.8.2 
kinematic input 
input method where movement and/or posture of the use1、 body parts intended for ass istance are 
used as the input 

Note 1 to entry: Biological input and kinematic input are mutually exclusive 

3.8.3 
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. 

Note 2 to entry: Command input includes the use of biological s ignals 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 
as~ista nce. 

C聊聊，马唰时阳”刷刷时叫响阳 。 ISO 2021 ” All rights reserved 



3.9 
assistive torque index 
ATI 
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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 ave rage torque dur ing 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 
LCR 
measure of how much the compressive force on the user’s lumbar disks is reduced when the user 
performs a specific movement during a specific time range using the lower-back support robot 

3.11 
normal operating conditions 
range of environmental conditions and other parameters w hich can influence robot performance (such 
as electrical supply instability, electromagnetic fields) within which the performance of the robot 
specified by the manufacturer is valid 

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

(SOURCE: ISO 8373:2012, 6.1) 

3.12 
rate of assistance 
measure of the reduced torque by a lower-back support robot integra ted over the time period of a 
specific test motion profile 

Note 1 to entry: Rate of ass istance is a normalized quantity with respect to the integrated torque over the time 
period of a specific test motion profile. It can be helpful for the relative comparison for different test motion 
profiles with in the robot. 

4 Test conditions 

4.1 General 

The lower-back support robot shall be completely assembled, sufficiently charged and operational. All 
self-diagnos tic tests shall be satisfactorily completed. It should a lso be ensured that the robot operates 
in a safe manner throughout the test. 

The tests shall be preceded by the preparations for operation as specified by the manufacturer, 
including calibration of any relevant sensors that effect on the test results. 

All conditions specified in ζ且且总丘should be satisfied for the tests described in this document, unless it 
is stated otherwise in the specific clauses. 

Each test described in .C.且且豆豆豆 and C监且且且豆 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. 

Ambient temperature: 10 。C to 30 。c

Relat ive humidity: 0 % to 80 % 

C刷刷’阳唰.，，， o.o©J.;\,Q,.fQi品.；,,Ai). rights reserved 3 
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If the environmental condit ions specified by the manufacturer are outside the given condit ions, then 
th is shall be declared in the test results. 

4 .3 Operating conditions 

All µerfur川剧ιe shall IJe measuretl untler normal uµ町趴ing ~untliliuns. When Lhe µerfurman出 is

measured under conditions outs ide the normal operating conditions, these conditions shall be specified 
along with the test results. 

5 Test method for assistive torque index and lumbar compression reduction 

5.1 Purpose 

This clause describes the method of specifying and evaluating the performance of lower-back support 
r。bots.

NOTE Theoretical backgrounds and validation experiments are provided in Reference ［豆：］ which provides a 
rationale of focusing only on bending torques and compression forces. At the current stage of the market, there 
are only the products that are intended to assist sagittal movement. To keep the tes t apparatus and test method 
simple, the limitation of the test method is considered acceptable to measure a representative performance of 
the robots. 

5 .2 Relevant characteristics 

5.2.1 General 

Two performance indices are introduced for this test method: Assistive torque index (ATI) and Lumbar 
compression reduction (LCR). 

By the assist ive torque of the robot, the user’s extension force of hip joints and that of the trunk will 
be reduced, and then the compressive force on lumbar disks will be reduced. Ideally, the lumbar 
compression can be derived from the extension torque of hip joints and the posture of the trunk. 
The extension torque can be reduced by the assistive torque of the robot . For the robot with such 
characteristics, the lumbar compression does not need to be measured because it can be inferred from 
the assistive torque and the posture of trunk. 

For some robots fo r which lumbar compression could be increased because of the robot’s mechanical 
stn时ure, mass and mass distribut ion above the lumbar joint and/or actuat ion method (e.g. artificial 
muscles on user’s back skin), lumbar compression should be measured together with assistive torque. 

NOTE According to Reference (1), compressive force on lumbar disks can be the major cause of back injury 
and, therefore, often used as an index to estimate the risk of back injury. Based on this background, LCR is 
introduced as a performance indication of the robot. 

5.2.2 Assistive torque index (ATI) 

Hold The Assistive Torque Index (ATI) consists of 5 representative values. ATl1000r, ATI200 r . ATl1000 , 

ATlr~高 and A TI~8~e, which are calculated by the followi吨 formulae with t1 and t 2 specified in 

C聊聊，＆唰时阳”刷刷＇＂ $1叫响阳 。 ISO 2021 ” All rights reserved 
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Iahl豆.1. The superscript and the subscript of AT! indicate a phase of reference movement and a t ime 
duration in milliseconds, respectively. 

AT!tz-t1 ＝~11/f川
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τref (t) is the actual output torque of the hip joints of the test apparatus (see 二.ll〕 during the 
reference movements (without robot); 

is the actual output torque of the hip joints of the test apparatus (see 5..3.l] during the 
reference movements (with robot). 

-r(t) 

NOTE 1 In general, the assistive torque of a robot interferes with the duration of the movement and the 
necessary fo rce or torque of the user. This is a source of instability of the test results. Therefore, th is document 
adopts a time average within a specific time range during the reference movements. 

NOTE 2 As the 时erence movements defined in 5...3...2. are antigravity movement乱 τref ( t) is expected to be 

a lways negative a nd the relationship ljl （α，/3 ） ＝ － （α － /3) always applies. However. this document defines ljl in 
a more general form to make ljl positive when the necessary torque for the reference movement and the torque 
of the robot a re in the same direction. See A且且阜且A

NOTE 3 When ljl is posit ive, the torque of the robot in the antigravity direction (exten剖on) can reduce the 
necessary to rque of the user to achieve the reference movements. Or, in some cases, the user has to output the 
torque in the gravity direction (flexion] to resist the torque of the robot. When ljl is negative, the torque of the 
robot in the gravity direction (flexion) can inc rease the necessary torque of the user to achieve the reference 
movements. See A且且且且A.

5.2.3 Lumbar compression reduction (LCR) 

The Lumbar Compress阳 Reductio

LCR~：民， LCRfiiJg and LCR扭沪， which a1 e calculated by the following formulae with t1 and t2 

specified in Iabk..l. The superscript and the subscr ipt of LCR indicate a phase of reference movement 
and a t ime duration in milliseconds, respective！予
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:Where 

｛ α －βifα~o 
"' （α，卢）＝ ｛ ’

1 －（α － /3) ifα＜ 0 

F叫巾lf> (M;er (t））＋俨 （t) ' 

F(t) =l/>( My (t））＋凡（ t) ' 
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可ef (t) 

几位）

M;er (t ) 

My (t) 

1s the actual lumbar compressive force of the test apparatus in z-axis direction dunng 
the reference movements (w怕。ut robot); 

is the actual lumbar compressive force of the test apparatus in z-axis direc t ion during 
the reference movements (with robot];

1s t he actua l lumbar bending moment o f t he test apparatus around y-axis during t he 
reference movements (without robot); 

1s t he actua l lumbar bending moment of t he test apparatus around y-axis during t he 
reference movements (with rob ot). 

The axes of the coordinate system are shown in旦旦旦l·

NOTE 1 In general, ass istive to rque a robot interferes the duration the movement and the compressive 
force on the lumbar disks of the user. This is a source of instability of the test results. Therefore, this document 
adopts a time average wit hin a specific time ra nge duri ng the reference movements. 

NOTE 2 A human would stiffen his/her muscles to res ist the change of posture by the lumbar bending moment 
around the y-axis. This tension of the muscles is known as a source of compressive fo rce on lumbar disks. In 
contrast, the trunk of the test apparatus does not have muscles and its mechanica l structure does not allow any 
change of posture. To compensate for th is d ifference, the formula for LC R uses the corrected lumbar compressive 

force F(t) and pref (t) under the assumption that My (t) and M;er (t) a re all supported by v川ual erecto r 

spinae muscles and virtual abdominal rectus muscles. This document adopts a 0,05 m moment arm from the L5/ 
Sl lumbar d isk to t he virtual erector spinae muscles and a 0,1 m moment arm to the virtua l abdominal rectus 
muscles I呈II且I.

NOTE 3 During the reference movement, the weight of the upper body of the test apparatus is expected to 
always compress the fixed lumbar joint and lfl （α， /3) ＝α－ f3 always applies. Howev凹， this document defines 

ljl in a more genera l form to be applicable to tens ile forces and to be consistent w ith t he formu la for AT!. 

NOTE 4 Whe n 'fl is positive, t he lumbar stress of the user is expected to be reduced duri ng the reference 
movement. When lfl is negative, the lumbar st ress of the user is expected to be increased during the reference 
盯iovement.

Table 1 - Time r a n ge to calcula te ATI and LCR 

ATI b LCR b Refer ence move- t1 a tz a 
ments 

盯I捕；t LCR~飞w3r Lowering td - 1 [s) c td (s] c 

ATl1'8Q'er LCR~g()'er Lowering td -0,2 [s) c td [s) c 

ATI\18Wo LCR\'8~o Holding td 
τ－0.S Csl 

td 
τ＋0,5 [s] 

• t1 and t2 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 movement is O (see Annex A). Because the angle trajectories of the reference movement 
are increasing or decreasing monotonically, ATI and LCR can be considered as an aver:rr:u~ i thin a specific angle range. 
However, because 1) assistive torque can generate varying angle t rajectories; 2) it is cl 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. 

b ATI and LCR W灿 a 1 s average ( ATli0oo3r, ATlr：驰， ATI~~昂， LCR~'1)o3r. LCRr3Wo and LCR~t昂） can also be 
considered as an indication whether the robot can output assistive torque and reduce the lumbar stress continuously. On 

阳other I旧nd, ATI and LCR with a 0,2 s average ( A'I前~·er , ATl 
how much the robot can reduce the ~~：k of necessary torque and the compressive force on the lumbar disks responsively 
~~。~~tnnexA） . ’Ihis is due to the fact t thej0~t~I~ focus on a short time range. This d。cument adopts a 0,2 s response time 

umans to reflect the reacti。n to sudden on lumbar spinal cordll ll21. 

( ta is the actual duration of the reference movement. 

。聊聊，总唰时阳”刷刷时叫响阳 。 ISO 2021 ” All rights reserved 
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Table 1 (continued) 

ATI b LCR b Reference move-
ti a ti a men ts 

ATl~~6~ LCRr~6o Rais ing Os ls 

A Tl Raise 
200 LCR~8~e Rais ing Os 0,2 s 

二， t1 and t2 define a ti me range when the necessary torque of the use1 and the lumbar stress are the la1 gest assuming 
the beg inning t ime of each reference movement is 0 {see Annex A). Because the angle trajectories of the reference movement 
a1 e inc1 easing or dec1 easing monotonically, ATI and LCR can be considered as an ave~t"rfceu within a specific angle 1 ange 
However, because 1) ass1stive to1 que can gene1 ate vary111g angle tra1ectones; 2) 1t 1s d It to def me the relevant angle 
1 anges of the trunk, the hip join t and the knee joint simultaneously; and 3) the amount of data points for calculating the 
average can va1 y, this document adopts a t ime average to define ATI and LCR 

b AT! and LCR with a 1 s average ( ATJti~跤， AT1ri1品， ATl~~i，击 ， LCR~缸， LCRn1品 and LCR~~茹） can also be 
considered as an indication whether the robot can output ass istive torque and reduce the lumbar stress continuously. On 
阳other hand, ATI and LCR with a 0,2 save吨e ( ATl~g()'er, ATI~；俨， LCR~g()'er and LCR~1；俨）
how much the robot can reduce the peak of necessary torque and the compressive force on the lumba r disks responsively 
~~~e Annex A〕。Th is 恬due to the fact that they only focus on a short time ra nge. This document adopts a 0,2 s response time 

humans to reflect the reaction to sudden load on lumbar spi nal cordllll2J. 

c td is the actual duration of the reference movement. 

5.3 Test facility 

5.3.1 Test apparatus 

A test facili ty shall include a test apparatus which has a linked and actuated mechanism simulating 
a human user on which a robot is attached and tested. The robot is not included in the test facility. 
The ratios of its dimens ions and the dis tr ibution of its mass shall comply with fig.I且且.1. ln th is figure, 
t he height and mass of a representative user specified by the manufacturer are set as 100 %. The 
manufacturer may determine all other values not indicated in fig.I皿阜.1. If the manufacturer determines 
other values of ratio of height a nd mass are appropriate, they may be applied. 

The compressive force to the lumbar z-axis and the bending moment around the lumbar y-ax is are 
measured at the fixed lumbar joint as indicated in .Eigw:阜.1. The fixed lumbar joint is loaded with at 
least the weigh t of the upper par ts of t he test apparatus. 

Only the hip joints and knee joints are active joints. If a test apparatus with arms and hands is used 
instead of a test apparatus with the substitutional weights at the shoulder joints, the arms of the test 
apparatus should be directed in a downward di rection at a ny posture and each assembly of arm and 
hand should have 7,4 % of the mass of t he representative user. 

The density of each block of the test apparatus can be assumed to be constant. 
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b) Front view a) Side view 

shoulder joint (fixed) 
lumbar joint (fixed) 

hip joint (active) 
knee joint (active) 
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c 
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NOTE 1 The ratio of dimension is indicated with an underline on a double-headed arrow. It is based on 
literatu re IZI; it indicates that the distance between a hip joint and LS/Sl spinal disk is approximately 83/1 
610 (5.2 %] of the body height. Therefore. the fixed lumbar joint is located at the upper body part of the tes t 
apparatus. The data from Reference [2.] were obtained by measuring a skeleta l specimen of an adult European in 
the collection of the University of Tokyo (Specimen Number: P6). It is not an average of a spec if』C population but 
used as a represen tative va lue. 

NOTE 2 Assuming the arms and hands to be in a downward direction at any posture, the masses are 
concentrated to the shoulder joints. 

NOTE 3 The distribution of mass is indicated in a n area of body segment or by a s ingle-headed a rrow. ’J'his is 
from IEC 60601-1:2012, Figure A.19. 

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

An example implementation oftest apparatus is shown in A且且且.D..

Reference movement and target trajectory 

In this :test, the test apparatus performs re ference movements simulating lowering, holding and raising 

of the upper body. These 刊fere附 movements are represented by a ta唱t trunk angle， 叫吨ec , the 

distr ibution ratio between the hip joint and the knee joi时， k, and target duration. td, whose values 

shall be provided by the manufacturer. 

5.3.2 
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The target trajectory of the trunk angle， θt ( t) , is given as the following quintic polynomial of t ime. 

5 

Trunk angleθt (t ) = L,Pnt", t =(O，句l
11= 咀

under t = 0 as the star ti鸣 time of each refer、ence 川，veme且t,a1 Ot (c) =O attheup1、ight positio且

The set of a,, fo r each reference movement are determined to s矶时y the ir>

a咐eθt (~) and the restrai 『 cond ition where et (0) = 0 ， θ，（乌） = 0 ， θ （0)=0 and θ （ td) = 0 . Ideally, 

践（0)=0 and 矶 （td) ＝衍ao

e, ( td) = 0 for raising. The target tr附ctories ar illust rat in问皿豆丰．
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Figure 2 - Tar get trajectories for r eference movements 
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The hip joint a昭e. eh (t). and the knee joint angle， 钱。） , are g附n as the following: 

Hip joint angle 矶 （t) = k向 （t)

Knee joint angle 8k (t) = (1 -k）向（1)

NOTE 1 These formulae use阳rela 

NOTE 2 The 川nk a唰e 向（t) is defined as a qu intic polynomial of time because 巾叫ector'
angle when humans lower, hold and ra ise a load are almost consistent with a qu intic polynomial of time. 

NOTE 3 If fJ,Lirgei is 50。as shown in Ia比.2, k can be 1,5 because k actua lly obta ined from the measurement 

of humans' movement varies from 1,3 to 1,7 depending on each individual and the weight of each load. /d can be 
2 s. 

NOTE 4 Generally, keeping a small angle at the trunk joint is preferred for reducing the lumbar stress du ring 
low吧ring, hold ing and ra ising. In this case, k can be more than 1,5 a nd /d for lowering and ra ising can be shorte r 

thah 2 s. For example, if 向＂＇＇8" is 25气 k actually obtained from measurement of humans' movement is 

apr,rox imately 3,0 and /d for lowering and ra ising is 1,5 s. 

Tu.hl豆.2 shows an example of reference movements. 

Table 2 - Example of reference movements ( 8，＇叫“＝ 50。， k= l, 5 and /d = 2 s ) 

Reference move- Trunk anglesθ，｛t) • Durations /d 
men ts 

Lowering o• to so• 2 s 

Hold ing so。 2s 

Raising 50。 to O。 2 s 

• Genera lly, the posture of the t runk as large as 50。 is undesi1 able because 
the stress on lumbar disks ;Jts so large However, it can occur when the user 
raises a load fr om the grou or hf ts another person The1 cfore, a 50。 posture
of the trunk is a situation where a user needs the assistive torque of the 1 obot 
Th is is the reason why rt should be evaluated, at 50。， how much assis tance the 
user receives from the robot to the user and how much reduction the robot 
effects on the compressive force at the lumbar disks 

A controller for the test appa ra tus shall control its t rajector ies d uring the reference movements w ithin 
an error of ±5气 with and without a robot. The actual duration of each reference movement can differ 
from the target duration td for lowe r ing and raising. 

For a robot w ith biological input, the actua l torque of hip joints of the test apparatus should be fed to 
the robot as input in place of the input from the user. 

For a robot w ith kinemat ic input, no extra connection is needed between the robot and the test facili ty. 

For a robot w ith command input, its control operation is done in accordance w ith 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 AT! and LCR, its cut­
off frequency shall be at least 10 Hz. 

5 .4 Test procedure 

a) Reference movements, the parameters 8.＇叫“ ， k and /d and, if needed, an additional load are 

specified by the manufacturer. 
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b] The test apparatus performs three repetitions of the reference movements without a robot, in the 
following order: lowering, holding and ra ising. 

c) Attach the robot to the test apparatus in accordance with the user manual. 

d) Keep the test apparatus at the most upright position. 

件 Start the assistive operation of the robot in accordance with the user mant时

ηThe test apparatus performs three repetitions of the reference movements w胁 the robot, in the 
following order: lowering, holding and raising. 

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

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

5.5 Test result 

The calculated ATis and LC Rs shall be declared in the test report along with the follow ing parameters, 
which characterize the test apparatus and the reference movements used in the test. 

’fhe height and the mass of a representative user applied for the test apparatus 

θJ吨et, k and 乌 applied to define the 1 的阳】ce movements 

The sampling rate applied for the measurement 

An example table of the test results is shown in An且且总£．

6 Test method for rate of assistance 

6.1 Purpose 

This clause describes the method of specifying and evaluating performance of lower-back support 
robots; this test measures the level of back support or assistance of a robot by comparing the hip joint 
torque of the dummy before and after wearing the robot. 

6.2 Relevant characteristics 

The amount of back support or ass istance of a robot can be determined as the rate of ass istance, Ra, as 
fo llows: 
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where 

-rti•f is the refere肌e hip torque measur 

-rh is the hip torque measured during the specified motion with the robot on; 

t1 is the initial time of the specified motion; 

tz is the final t ime of the specified motion. 

Hip joint torqueτh can be computed as follows using the generalized dummy geometry in fig.i且豆豆
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Figure 3 - Dummy geometry for torque computation 

6.3 Test facility 

The test facility shall include a test apparatus which consists of a dummy to which a lower-back support 
robot can be attached as shown in .Eig.yr监且〕 and剑. The dummy is composed of a trunk and a thigh. 
The t runk and 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 which is 
defined by the manufacturer according to Eig.i江豆l

The position of the neck and the knee joint of the dummy can be changed manually along the slider 
so that it can implement several postures such as standing, waist bending [stoop pose), waist & knee 
bending (half squat〕， kr时 bending (squat] pose as shown in £i且应立）. Once the intended test posture 
is determined, the posit ion of the neck and/or the knee joint can be fixed on the slider to maintain the 
intended posture. 
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