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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 |nternational Standards is normally carried out through 1SO
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, govern-

mental and

on-governmental, in liaison with ISO, also take part in the

work. 1SO collaborates closely with the International Electrotechnical
Commission [(IEC) on all matters of electrotechnical standardization.

Draft Interna
circulated to|

ional Standards adopted by the technical committees are
the member bodies for voting. Publication as an Intef:

national Stampdard requires approval by at least 75 % of the member

bodies castin

International

g a vote.

Standard 1SO 9283 was prepared by Technical Committee

ISO/TC 184, Industrial automation systems and integration.

Annex A of this International Standard is for information_only.
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Introduction

O 9283:1990(E)

1SO 9283 is part of a series of International Standards\gealing with ma-
nipulating industrial robots. Other International $tandards cover such
topics as safety, general characteristics, coordinate gystems, termin-
ology, and mechanical interfaces. it is noted’that these International

Standards are interrefated and are also related to ot
Standards.

ISO 9283 is intended to facilitate understanding betw
manufacturers of robots and robot\systems. It define|
performance characteristics, describes how they shall
recommends how they should/be tested. An example
results should be reported.is_included in annex A of t

er International

een users and
s the important

be specified and

of how the test

his International

Standard. The characteristics for which test methods are given in this

International Standard, are'those considered to affect ro
significantly,

The selection of tests given in this International Stara
dressed by the-standard; it is intended that the user of

Standard selegts which performance characteristics arg
accordance with his own specific requirements.

The tests described in this International Standard ma

bot performance

dard is not ad-
his International
to be tested, in

y be applied in

whole-or in part, depending upon the robot type and requirements,

Future International Standards will deal with applicati
comparison testing.

Annex A of this International Standard provides a reco
of the test report including the minimum required info
summary of the test results.

bn oriented and

hmended format
rmation and the
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INTERNATIONAL STANDARD

ISO 9283:1990(E)

Manipulating industrial robots — Performance criteria and

related test methods

1 Scope

This Intprnational Standard describes methods of
specifying and testing the following performance
charactgristics of manipulating industrial robots:

— unidti[;ectional pose accuracy and pose repeat-
ability;

— multitdirectional pose accuracy variation;

— distapce accuracy and distance repeatability;
— pose|stabilization time;

— pose|overshoot;

— drift pf pose characteristics;

— path Jaccuracy and path repeatability;

— cornering deviations;

— path [velocity chéracteristics;

— minimum positiohing time;

— stati¢ compliance.

This International Standard does not specify which

dard the term “robot” means’manipulating industrial
robot.

2 Normative references

The followihg standards contain pr|

pvisions which, .

through_ reference in this text, consfitute provisions

of this_International Standard. At th
cation)'the editions indicated were

b time of publi-
valid. All stan-

dards are subject to revision, and parties to

agreements based on this Interna
are encouraged to investigate the p
plying the most recent editions of th
dicated below. Members of [EC an
registers of currently valid Internatio

jonal Standard
pssibility of ap-
e standards in-
d 1ISO maintain
nal Standards.

ISO/TR 8373:1988, Manipulating industrial robots —

Vocabulary.

1SO 9787:1990, Manipulating industri
ordinate systems and motions.

ISO 9946:—", Manipulating industria
entation of characteristics.

3 Definitions

al robots — Co-

robots — Pres-

For the purposes of this International Standard, the

definitions given in ISO/TR 8373 an
definitions apply.

d the following

of the above performance characteristics are to be
chosen for testing a particular robot. The tesis de-
scribed in this International Standard are primarily
intended for developing and verifying individual ro-
bot specifications, but can also be used for such
purposes as prolotype testing, type testing or ac-
ceptance testing.

This International Standard applies to all manipulat-
ing industrial robots as defined in ISO/TR 8373.
However, for the purpose of this International Stan-

1) To be published.

3.1 cluster: Set of attained poses, corresponding to
the same command pose, used to calculate the ac-
curacy and the repeatability characteristics (shown
diagrammatically in figure 6).

3.2 barycentre: For a cluster of n points, defined by
their coordinates (x; — y; — z), the barycentre of that
cluster of points is the point whose coordinates are
the mean values X, j and Z calculated by formulae
given in 7.2.1.
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4 Units RP Unidirectional pose repeatability
Unless otherwise stated, all dimepsions are as fol- VAP Multi-directional pose accuracy variation
lows: AD Distance accuracy
— length in millimetres {(mm) RD Distance repeatability
— angle in radians or degrees {rad) or (°) ¢ Pose stabilization time
— time in seconds (s) JAP  Drift of
— mass in kilograms {kg) riit of pose accuracy
" — force in newtons (N) dRP  Drift of pose repeatability
— velocityrir-metres-persecond— e} -/s}———AF—Pathraccuracy
degreeg per second or | or (rad/s) _
radians|per second RT Path repeatability
CR Cornering round-off error
5 Abbreviations and symbols _
% CcoO Cornering overshoot
For th.e purppse of this International Standard, the SPL  Stabilization pathlength
following abbfeviations and symbals apply:
AV Path velocity*accuracy
5.1 Basic gbbreviations RV Path veldcity repeatability
A Accuracy | Fv Path Velocity fluctuation
R Repeatabilit
P y 5.3 Indices
v Variation
a, b, ¢ Indicates an orientation characterjstic about
F Fluctyation the x-, y-, z-axis
d Drift x, y, z Indicates a positioning characteristic along
the x-, y-, z-axi
p Pose e x-, y-, z-axis
C d
D Distance ¢ omman
. Indi y .
T Path i ndicates the i-th abscissa
j Indicates the j-th !
Y Veloclty | J ndicates the j-th cycle
k Indicates the k-th direction
5.2 Quantifles h Indicates the A-th direction
a, b, ¢ Orienlation (angular-components) about the 1,2... Indicates the pose number 4,2...
x-, y-| z-axis
e Corner point
x, ¥, z LineaF coordinates along the x-, y-, z-axis
g Point where the robot performance falls
n Number of measurement cycles within the specified path charactefistics
m t::tr’r‘\ber of measurement points along the 5.4 Other symbols
S Standard deviation Cyt0 Gy Corners of the test cube
D Distance between two points Eqto By Corners of the rectangular plane for the
measurement of path characteristics
{ Distance between the attained pose and the )
barycentre of the attained poses G The barycentre of a cluster of attained
poses
v Path velocity -
O¢ Origin of the measurement system co-
AP Unidirectional pose accuracy ordinates

i

i
i
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NOTE 1 Further symbols are explained in the respective
subclauses.

6 Performance testing conditions

6.1 Robot mounting

The robot shall be mounted in accordance with the
manufacturer’s recommendations.

6.2 Conditions prior to testing

1ISO 9283:1990(E)

fields, radio frequency interference, atmospheric

contaminants, and altitude limits.

6.3.2.2 Testing temperature

Where the ambient temperature of
vironment can be controlled, it shall
at

a) (20 4+ 2) °C; or

b) (6 £2)°C;

the testing en-
be maintained

compietely assembted—amd—ully
operational. AN necessary levelling operations,
alignmept procedures and functional tests shall be
satisfactorily completed.

Prior to testing, the robol motions shall be restricted
to those| necessary for setting up the measuring in-
struments.

The tesls shall be preceded by an appropriate
warm-up operation, if specified by the manufacturer,
except for the test of drift of pose characteristics
which shall start from cold condition.

If the robot has facilities for adjustment by the user
that can| influence any of the tested characteristics,
the condition used during the test shall be specified
in the tdst report and shall be kept constant during
each tedt.

6.3 Environmental and operating conditions

The performance characteristics, as specified-by the
manufadqturer and determined by the related test
methodg in this International Standard, are valid
only under the environmental and normal operating
conditiops as stipulated by the manufacturer.

6.3.1 Operating conditions

The normmal operating<Conditions used in the tesis
shall be|as stated by{the manufacturer.

Normal [operating_conditions include, but are not
limited tpb, requirements for electrical, hydraulic and
pneumatic power, power fluctuations and disturb-
ances, [maximum safe operating limits (see

where
1) 0 °C is between 5 °C apd’/40 °
2) 8 °C is as stated bythe manu

Where the ambienttemperature of
vironment is not 20.°C, it shall be s
report.

The robot and the measuring instrum
been in_the test environment long

C;
facturer.

the testing en-
ated in the test

ents shall have
enough (prefer-

ably overnight) so that they are in a 1hermally stable
a

condition before testing. They sh
from-draughts and external therma
sinlight, heaters).

6.4 Displacement measurement

The measured position and orienta
dinates x;, y;, 7, a, b, g) shall be exp
ordinate system, the axes of which
those of the base coordinate system

The measurement point shall lie at

the mechanical interface as specifie
facturer. The position of this point in
interface coordinate system (see 1S(
recorded (see figure 5).

The sequence of rotation used when
orientation deviation shall either be
moving axes Z, Y', X'' or rotation 3
axes X, Y, Z.

Wherever possible, a non-contact

| be protected
radiation (e.g.

principles

ion data {coor-
ressed in a co-
are parallel to
(see 1SO 9787).

h distance from
d by the manu-
the mechanical
D 9787) shall be

calculating the
rotation about
bout stationary

measurement

method shall be used

ISO 9946
6.3.2 Environmental conditions
6.3.21 General

The environmental conditions used in the tests shall
be as stated by the manufacturer, subject to the re-
quirements of 6.3.2.2.

Environmental conditions include temperature, rela-
tive humidity, electromagnetic and electrostatic

When a part of the measuring instrumentation is at-
tached to the robot, its mass and position shall be
considered as part of the test load.

Unless otherwise specified, the measurements shall
be taken after the attained pose is stabilized.

For path characteristics measurements, the data
acquisition equipment sampling rate shall be high
enough to ensure that an adequate representation
of the characteristics being measured is obtained.
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6.5 Instrumentation

The measuring instruments used for the tests shall
be calibrated and the uncertainty of measurement
shall be estimated and stated in the test report. The
following parameters should be taken into account:
instrumentation errors including| repeatability and
freedom from bias; systematic |errors associated
with the method used; calculation errors. The total
uncertainty of measurement shall not exceed 25 %
of the magnitude of the characteristic under test.

The position of the centre of gravity of the test loads
used shall be the same for all tests.

6.7 Test velocities

All pose characteristics shall be tested at the maxi-
mum velocity achievable beitween the specified
poses, i.e. with the speed override set o 100 %, in
each case. Additional tests could be carried out at
50 % and/or 10 % of this velocity.

For path characteristics, the tests shall be con-

6.6 Load ja-uu—mahamcal-u-te:iace
All tests shall be executed at 100 % of rated load

conditions (Mass, position of centre of gravity, mo-
ments of inertia) according to the manufacturer’s
specification

To charactefize robots with load dependent per-
formances, gdditional optional tests can be made
with the mags of rated load reduced to 50 %, as in-
dicated in taple 1, or some other value as specified
by the manufacturer.

Table 1 — Test loads

ducted at 100 %, 50 % and 10 % of rategd path vel-
ocity as specified by the manufacturer {or each of
the characteristics tested (see table3). The velocity
specification shall be such that'the robot is able to
achieve this velocity over at Jeast 50 % of the length
of the test path (cornering(overshoot ang round-off
test excepted) and that the related perfomance cri-
teria shall be valid during this time.

A summary of the fest velocities is given in table 2
and table 3.

Load to be used
Characteristics to be tested 100 % of rated load The mass of rat_ed load
reduced to 30 %
(X = mandatory) (O = optional)

Unidirectiongl pose accuracy and pase repeatability X 0]
Multi-directignal pose accuracy variation X 0]
Distance accpracy and distance repeatability X —_
Pose stabilizition time X 0]
Pose overshoot X 0]
Drift of pose[characteristics X —
Path accurady and'path repeatability X (0]
Cornering deviations | X —
Path velocity characteristics X (6]
Minimum positioning time X (0]
Static compliance — See clause 10
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Table 2 — Test velocities for pose characteristics

Velocity
Characteristics to be tested o ' : §0 % or 10 % of rated
100 % of rated velocity velocity
(X = mandatory) (O = optional)
Unidirectional pose accuracy and pose repeatability X 0]
Multi-directional pose accuracy variation X O
|
DistancL accuracy and distance repeatability X o)
Pase stabilization time X 0]
Pose o\ershoot X (0]
Drift of pose characteristics X —
Minimufn positioning time X (0]
Table 3 — Test velocities for path characteristics
Velocity
Characteristics to be tested 100 % of rated-path 50 % of rated path 10 % pf rated path
velocity velocity yelocity
(X = mandatory) (X = mandatory) (X =|mandatory)
Pa‘tl'.v acpuracy and path repeat- X X X
ability
Corneriphg deviations X X X
Path vejocity characteristics X X X
6.8 Ddfinitions of poses to be tested and 6.8.2 location of the cube In the working space
paths tp be followed . . .
A single cube, the corners of which|are designated
C4 to Cg (see figure1), is located |in the working
space with the following requirementts fulfilled:
6.8.1 Objective — the cube shall be located in thgt portion of the

This subclause describes how five suitable
measurement positions are located in a plane
placed inside a cube within the working space. It
also describes test paths to be followed. When ro-
bots have a range of motion along one axis, small
with respect to the other, replace the cube by a
rectangular parallelepiped.

working space with the greatest anticipated use;

— the cube shall have the maximum volume allow-
able with the edges paralilel to the base coordi-
nate system.

A figure showing the location of the cube used in the
working space shall be included in the test report.
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Plane (@) C,i— C, — C; — Cy4

Plane () C2 —_ C3 - Ca — C5

z
(3
Y Y
X X
Base Q7 Base
coordinate coordinate
system system
C¢
Plane (C) Csé-—- C4 — C5 —_— Cs
| C 4
P4
G
) Y
X X
Base C7 Base
coordinate (s coordinate
system system

Figure 1.— Cube within the working space

Plane {d) Cy — C; — Cg|— C;
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6.8.3 Location of the planes to be used within the

cube

One of the following planes shall be used: for pose

testing, for which the manufacturer has declared the’

values in the data sheet to be valid:

a) ¢4 —C —C; —Cg

b) C; —C3 —Cg —Cs

c) C3 —C4 —C5 —Cpg

1ISO 9283:1990(E)

P, is the intersection of the diagonals and is the
centre of the cube. The points P, to P5 are located
at a distance from the ends of the diagonals equal
to (10 + 2) % of the length of the diagonal (see fig-
ure 2). If this is not possible then the nearest point
chosen on the diagonal shall be reported.

The poses to be used for pose characteristics are
given in table 4.

Table 4 — Poses to be used for pose characteristics

Poses

d) C4 -

The test
has bee

684 P

-C1 —Cg — C7

report shall specify which of the four planes
n tested.

oses to be tested

Five poi
of the g
the orie

nts (P4 to Pg) are located on the diagonals
elected plane. These points, together with
htations specified by the manufacturer, con-

stitute the test poses at which the centre of the me-

chanica
poses s
joint coq

NOTE 2

interface is placed for the test. The test
hall be specified in base coordinates and/or
prdinates, as specified by the manufacturer.

The use of base coordinates is preferred.

Base
coordinate
system

" terrietivre—totra—tarctart
tCharactersues—tooe eu

P, [ Bl Py | P, | P

Unidirectional pose accuracy | X X X X {.X
and pose repeatability

Muiti-directional pose accu- X X — X —
racy variation

Distance accuracy and dis- — X — X —
tance repeatability

Pose stabllization time X X X X X
Pose\overshoot X X X X X
Drift of pose characteristics X _ — — —

L = length of diagonal

Example showing plane a) C; — C, — C; — Cg with poses Py — P, — Py — P, — Pg

Figure 2 — Poses to be used
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6.8.5 Movement requirements

All joints shall be exercised dur

tween all poses.

Care should be taken during the
the manufacturing operation specification.

6.8.6 Paths to be followed

6.8.6.1 Location of the test path

ng movement be-

test not to exceed

the plane to be used shall be as specified by the
manufacturer.

During the measurement of the path characteristics
the centre of the mechanical interface should lie in
the plane selected, and its orientation should be
kept constant to that plane.

6.8.6.2 Shape and size of the test path
Figure 16 in 8.2 gives an example of a command lin-

ear path and figure 17 in 8.2 gives an example of a
command circular path.

The cube dedcribed in 6.8.2 shall be used. - L ,
The shape of the test path should bejlinear or cir-
The test path shall be located on one of the four cular except for cornering deviatiohs) (sqe 8.4 and
planes shown in figure3. For | six axis robots, figure 18). If paths of other shapes' are [used they
plane 1 shall|be used unless otherwise specified by shall be as specified by the manufacturer pnd added
the manufactprer. For robots withiless than six axes 1o the test report.
Plane 1" Plane 2
z z
|
|
y y
X P1 X
Base \\ Base
coordinate \\ coordinate
system / system
1) Use with 6 axis robots
Plane 3 Piane 4
A | ' |
]l p ol | /’W>
y B y IS A [P
LS
X — x ‘ | |
Base > Base — ] /fL i N
coordinate > coordinate \J LJJ— ~
system system K/

Figure

3 — Definition of planes for location of test path
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For a linear path, the length of the path shall at least
be equal to 80 % of the distance between opposite
corners of the selected plane. An example is the
distance P, to P4 in figure 4.

For the circular path test, two different circles shall
be tested. For the large circle the path shall be in-
side the defined plane and as large as possible.

The diameter of the large circle shall be at least
80 % of the length of the side of the cube. The centre
of the circle shall be Py.

e—shouwld-h o—a diameter o 0% O

The small-circle A
the largpst circle in the plane or 20 mm, whichever

Basé
coordinate
system

Figure—4

L = length of diagonal

ISO 9283:1990(E)

" figure is the least. The centre of the circle shall be

Ps.

The path shall be programmed so that a minimum
number of command points are used and that each
command point is located along the path. The num-
ber and location of the command points and the
method of programming shall be specified in the test
report.

For a rectangular path, the corners are denoted E;,
E,, Ea and Eg4, each of which is at a distance from its
respective corner of the plane equal to (10 +.2) %
O i ptane—Amexample is shown in
figure 4 in which Py, P3, P4 and Ps tpincide with Ey,
E,, E3 and E4 respectively.

d Uradu ) \J
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6.9 Number of cycles

The minimum number of cycles| to be performed
when testing each characteristic is given in table 5.

Table 5 — Number of cycles

When programming the constant path velocity, care
shall be taken to ensure that the velocity override

control is set at 100 % and that the velocity is not’

automatically reduced as a result of any limitations
of the robot along the path to be followed.

Simultaneous testing could be

— path accuracy/repeatability and velocity charac-
teristics;

— cornering overshoot and round-off error.

Characteristic to be tested Minimum number
of cycles
Unidirectional pose accuracy 30
and pose repeatability
Multi-directiohal pose accuracy ( 30
variation j
Distance accyracy and distance 30
repeatability ‘
Pose stabilizgtion time 3
Pose overshqgot 3
Drift of pose fharacteristics Continuous cycling
; during 8 h
Path accuracy and path repeat- 10
ability
Cornering deyiations 3
Path velocity|characteristics 10
Minimum poditioning time 3
The confidenge level is increased if more measure-
ments are cafried out.
6.10 Test procedure

The sequence of testing has no influence on the re-
sults. Tests fpr stabilization time, overshoot, pose
accuracy and repeatability may be performed con-
currently. The tést for drift of pose characteristics

Except for driit of pose characteristics,|data col-
lection for one characteristic with one)set of condi-
tions shall be carried out over the'shortest period
of time.

7 Pose characteristics

7.1 General description

Command > pose (see figure5): Pose | specified
through ¢each programming, manual daip input or
explicibprogramming.

Attained pose (see figure 5): Pose achieyed by the
robot under automatic mode in response to the
command pose.

Pose accuracy and repeatability charactgristics, as
defined in this clause, quantify the deviations which
occur between a command and an attained pose,
and the fluctuations in the attained posesg for a se-
ries of repeat visits to a command pose. [These er-
rors may be caused by internal control definitions,
coordinate transformation errors, differgnces be-
tween the dimensions of the articulated| structure
and those used in the robot control systgm model,
mechanical faults such as clearances, hysteresis,
friction, and external influences such as| tempera-
ture.)

A command pose can be specified by teach pro-
gramming, manual data input or, where a|robot has
the appropriate facilities, by explicit programming.

shall be perfqrined independently.

Pose characteristics shall be tested under pose-to-
pose control and path characteristics shall be tested
under path control.

The determination of the path accuracy can be done
in parallel to that of the velocity, provided that the
measuring device is suitably equipped.

It is recommended that the veloci;ty tests are per-
formed prior to the measurement of the path accu-
racy and to use the identical path parameters. This
ensures the usage of the correct reference quan-
tities during determination of the p$th criteria.

10

T the command pose is speciiied by teach pro-
gramming, the relationship (i.e. distance and orien-
tation) between different command poses s
unimportant and need not be known.

If the command pose is specified by explicit pro-
gramming, the relationship (i.e. distance and orien-
tation) between different command poses is known
(or can be determined) and is required for the
specification and measurement of distance accuracy
and repeatability characteristics (see 7.3).

NOTE 3  For the measurement of pose characteristics
using explicit programming, the position of the measure-
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ment system needs to be known relative to the base co- Since the accuracy and repeatability characteristics

ordinate system. : of the robot are dependent on which method is used
to specify the-.command pose, the method used shall
be clearly stated in the data sheet or test report.

Mechanical interface

Centre of

Coordinate system
measurement point

parallel to the base —
coordinate system
J-th attained pose

Command pose

Figure [5 — Relation between command and attained pose (figure 6 and figure 7 also show thi$ relationship)

"
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7.2 Pose accuracy and pose repeatability
7.21 Unidirectional pose accuracy (AP)

Unidirectional pose accuracy expresses the devi-
ation between a command pose and the mean of the
attained poses when approaching the command
pose from the same direction. Unidirectional pose
accuracy is divided into

a)

the difference between a command pose and the
barycentre of the cluster of attained points {i.e.
unidirectional  positioning - accuracy), see
figure 6;

the difference between command angular orien-
tation and the average of the attained angular
orientation (i.e. unidirectional orientation accu-
racy), see figure 7.

i
i
i
i
i
!
i
|
i
i

O, given by thie
command pose P_

Example of
attained poses
G:ix,y,z

~Figure 6 — Unidirectional positioning accuracy and repeatability ¢

12
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The unidirectional pose accuracy is calculated as Xs Yo and z, are the coordinates of the com-
foliows: mand pose;

X, yjand z;  are the coordinates of the j-th at-

Unidirec- tained pose.
tional ; - = z
r;gs_a AP = '\/(7x - xc)z + (y - yc)z + (Z - Zc)2
itioning Unidirec- AP, =(a — a,)
accuracy tional (%
orien- AP, = (b - bc)
tation ac- AP, = (¢ — c.)
AP, = (X — x,) curacy
AP, = () — o) with
- n
AP, = (Z—2,) a= -;—j;1aj;
with
n [; = —1“ i b;
5c’=—,~2xj; "j=11’
j=1
12 =1 %
— C = — C;
V=3 Z)’j, nj=1]
j=1 .

These) values are the mean valugs of the orien-
=_1¢% tation* angles obtained at the game pose re-
i P eated 7 times; ‘

J=1 peated n times;
- _ ) a,, b, and ¢, are the angles gf the command
X, pland Z are the coordinates of the pose;
barycentre of the cluster of points
obtained after repeating the a, bj and ¢; are the angles|of the j-th at-

same pose n times;

Mean value of
attained orientations

Command
orientation

tained pose.

Co-ordinate system :

NOTE — The same figure can be applied forb anda@

Figure 7 — Unidirectional orientation accuracy and repeatability
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Table6 gives a summary of fest conditions for

unidirectional pose accuracy.

— S8tarting from P4, the robot s

uccessively moves

its mechanical interface to thje poses Pz, Py, Pa,
Py, P4. Each of the poses should be visited using
approach as shown by either of

a unidirectional

the cycles illustrated in figure 8. Paths used dur-
ing the test shall be similar to those used when
programming.

— For each pose, unidirectional positioning accu-

racy (AP} and orientation accuracy (AP, AP,

AP} are calculated.

Table 6 — Summary of test conditions for unidirectional pose accuracy
!

i Nymber of
Load Velocity Poses cycles
100 % of rated velocity
100 % of rated load 80 % and/or 10 % (optional) P, —Py— P4
30
The mass oflrated load reduced | 100 % of rated velocity (optional) Py — Ps
to 50 % (optional) 50 % and/or 10 % (optional)

30th
OR

1st cycle

2ndcycle

Oth cycle

1st cycle

2nd cycle

cycle

P

7

}

Pg —=Py = P3 —= Py —= P4
i s

P4y —= P5i P5 —w=Py | Py —=P3

/

Py —= Pg|{Pg —=Py | P, —=P3

/

! o

No measurement s taken
at Pyin the Oth cycle

P3 —#=Pg| Py — Pq

’ /

Py —w= Py | Py —= Py Measurements are

token only at the

arrival poses
L

14

7

v/

a /

Py —=Pg | P2 —= P4

Figure 8 — Illlustration of possible cycles
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7.2.2 Unidirectional pose repeatability (RP) with

Unidirectional pose  repeatability expresses the
closeness of agreement between the positions and
orientations of the attained poses after n repeat vis-
its to the same command pose in the same direc-

tion.

For a given pose, it is expressed by

— the value of RP, which is the radius of the sphere

whisa_cewe_ns_th.e_hamam.te and which is cal-
cuigted as below; : e

— the|spread of angles + 35, i‘3Sb, + 35, about
the|mean values a, b and ¢, where S, S; and S,
are|the standard deviations. ‘

where

1ISO 9283:1990(E)

X,y,z and X Vjr 2 defined as in 7.2.1.

R
RP, = +35, = 43 ’='n.

RP =7 + 35,

with

;1
[

P
J

1

i M:

NOTE 4 ~This criterion can be calculated even if the dis-
tances are/hot normally distributed.

Table7 gives a summary of tegt conditions for

ynidirectional pose repeatability.

— The procedure is the same as i 7.2.1.

b=l =% + 0=+ (-2

Table 7 — Summary of test conditions for unidirectional pose repeatability

— For each pose, RP and angulay deviations RP,,
RP, and RP, are calculated.

Load Velocity Poses N “é;':l:rs of
o 00~ % of Tated velotity
100 % of rated load 50 % and/or 10 % (optional) P, — Pp— P
30
The mass of rated load reduced | 100 % of rated velocity (optional) Py —Ps
to 50 % (optional) 50 % and/or 10 % (optional)

15
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7.2.3 Muiti-directional pose accufacy variation
(vAP)

Multi-directional pose accuracy variation expresses
the deviation between the different mean attained
poses achieved when visiting the same command
pose n times from three perpendicular directions
(see figure 9).

— vAP is the maximum dista#\ce between the
barycentres of the cluster of points attained at
the end of different paths. |

i
|

Three is the number of approaching paths.

-vAP,,:m%x[msaxl(E,,——Zi,‘)l]

h=11 k=1

vAPb=m§ax[mgx|(E,~5k)|]
h=11_k=1

3 3 .
VAP =max[max &y~ G ]
.= max] max| (G, ~ &)|

— VAP, vAP, and vAP, are the maximum devi-
ations bejween the mean values of the angles
attained gt the end of different paths.

Multi-directional pose accuracy variation is calcu-
lated as follows:

VAP =’:"r}‘3a=x1 |A—f’h — A-F’kl

where AN)P (pgsitioning accuracy ve’ptor) is calculated
as follows:

KP =Xt xc)z—t' +@G —yc)V +(Z- zc)ﬁ}

Attained_pose

Attained pose — .

Table 8 gives a summary of test eon
mufti-directional pose accuracy variation.

— The robot is programmed toymove its n

interface to the poses dccording to
proach paths parallel 1o the axes of bz
nate system. For Py4.in.the negative diy
for P, and P, approach from inside
body of the cube\(see figure9 and fi
this is not possible, the approach direg
shall be as_specified by the manufa
shall be reported.

For each pose vAP, VAP, vAP,, VAP,
lated.

litions for

nechanical
three ap-
se coordi-
ection and
the main
gure 10). If
tions used
cturer and

are calcu-

Path 2 -

Command pose. —-

Figure |9 — Muliti-directional pose accuracy variation

16
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7.2.2 Unidirectional pose repeatability (RP)

Unidirectional . 'pose - repeatability expresses the
closeness of agreement between the positions and
orientations of the attained poses after n repeat vis-
its to the same command pose in the same direc-
tion. ‘ ’

For a given pose, it is expressed by

— the value of RP, which is the radius of the sphere
whose centre is the barvcentre and which is cal-

ISO 9283:1990(E)

with

X, 7. Z and x,, y;, 7 defined as in 7.2.1.

-culdgted as below;

— the spréad of angles + 3S,, + 3S,, + 3S,, about
the mean values a, b and ¢, where S, S, and S,
are the standard deviations.

where

RP = + 38,

with

-
i=t

ENGE

lj

Jj=1

NOTE 4 _This criterion can be calculatled even if the dis-
tances age.not normally distributed.

Table7 gives a summary of tes] conditions for

unidirectional pose repeatability.
— The procedure is the same as in 7.2.1.

— For each pose, RP and angulay deviations RP,,
RP, and RP, are calculated.

b=/ -+ =5V + (5 2

Table 7 — Summary of test conditions for unidirectional pose repeatability

Load Velocity Poses N ‘2;‘3:; of
o 100~ of Tated-vetocity
100 % of rated load 50 % andor 10 % (optional) Py — Py — Pg
30
The mass of rated load reduced | 100 % of rated velocity (optional) Py —Ps
to 50 % (optional) 50 % and/or 10 % (optional)

15
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|

7.2.3 Multi-directional pose accmilracy variation

(VAP)

Multi-directional pose accuracy
the deviation between the diffen
poses achieved when visiting th

ariation expresses
ent mean attained
e same command

pose n times from three perpejndicular directions

(see figure 9).

— VAP is the maximum distance between the
barycentres of the cluster of] points attained at
the end of different paths.

Three is the number of approaching paths.

3 3 - -
VAP, = rpj{[qg{ 1@ — @) l]

3 3~ -
VAP, = Tff[’;’j{ | (B — B4) l]

3 3 - -
VAP, = Tjg‘[fpj{ Ieh— )l ]

—~ VAP, VAP, and VAP, are the maximum devi-

ations b

tween the mean values of the angles

attained pt the end of different paths.

Multi-directipnal pose accuracy variation is calcu-

lated as follpws:

VAP = max | AP, — A
hk=1

P, |

where A—’P (positioning accuracy vé‘rﬁctor) is calculated

— The robot is programmed to.move its

Table8 gives a summary of test~conditions for
multi-directional pose accuracy variation|

echanical
interface to the poses-‘according tq three ap-
proach paths paralle]l.tothe axes of Hase coordi-
nate system. For P inthe negative direction and
for P, and P, approach from inside the main
body of the cube (see figure9 and figure 10). If
this is not passible, the approach directions used
shall be as)specified by the manufjcturer and
shall be ‘reported.

as follows:
- - o o For each pose vAP, VAP, vAP,, vAP| are calcu-
AP=(X|l—xJu+F —pw +(E — 2w lated.
Attained/pose
Attained pose - e~ /.,’ . "S
~ F . : . Attained-pese
Path 2 Path3
Command pose —
Figure 9 — Muiti-directional pose accuracy variation
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7.2.2 Unidirectional pose repeatability (RP)

Unidirectional pose 'repeatability expresses the
closeness of agreement between the positions and
orientations of the attained poses after n repeat vis-
its to the same command pose in the same direc-
tion.

For a given pose, it is expressed by

— the value of RP, which is the radius of the sphere

ISO 9283:1990(E)

with -

X,)y,z and x; y;, % deﬂned as in 7.2. 1

whoge-eentre-is-the-batycentre-and-which-iscal

culated as below;

— the gpread of angles + 3S,, + 3S,, + 3S,, about
the fnean values @, b and ¢, where S,, S,, and S,
are the standard dewatlons

where

CRP=1+13S,

with

S~

i
3|
I M=
)

b= 0= %P+ 0~ )+ (5 — 2

H

NOTE 4 _This criterion can be calculated even if the dis-
tances are\not normally distributed.

Table7 gives a summary of tes{ conditions for

upidirectional pose repeatability.
— The procedure is the same as in7.2.1.

— For each pose, RP and angular| deviations RP,,
RP, and RP_ are calculated.

Table 7 — Summary of test conditions for unidirectional pose repeatability

Number of
Load Velocity Poses cycles
o TOU % of rated velocily
100 % of rated load 50 % and/or 10 % (optional) P, — Py— Py
30
The mass of rated load reduced | 100 % of rated velocity {optional) Py —Ps
to 50 % (optional) 50 % and/or 10 % (optional)

15
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7.2.3 Multi-directional pose acc?racy variation

{vAP)

Multi-directional pose accuracy
the deviation'between the differ
poses achieved when visiting tt
pose n times from three perpe
{see figure9).

ariation expresses
ent mean attained

1€ same command
ndicular directions

— VAP is the maximum disténce between the

barycentres of the cluster of
the end of different paths.

| points attained at

Three is the number of approa,ching‘paths.

3 3 .
VAP, = Tj{[fpj{ 1@, — @) l]
VAP, = mzx[m%xl (5.~ B) 1]
h=1 k=1

3 3 - -
VAP, = r;\g([';\g ey — &) l]

ations b
- attained

tween the mean va

Multi-directibnal pose accuracy
lated as follpws:

pt the end of different

VAP, VAP, and vAP, -are the maximum devi-

ues of the angles
paths.

variation is calcu-

VAP = m%\:x1 | AP, — AP, |

where AP (positioning accuraby v
as follows: e

AP = (%|— xc)?? + iy" i—"'y;)V + (@ —z)%

Attained pose

é:ctor) is calculated

i

i
i

Table8 gives a summary of test-conditions for

multi-directional pose accuracy variation).

— The robot is programmed to.move its
interface to the poses-‘according t
proach paths parallel.iothe axes of base coordi-
nate system. For P4 insthe negative direction and
for P, and P, approach from insid
body of the cube (see figure9 and figure 10). If
this is not passible, the approach dir
shall be as )specified by the manufjcturer and
shall be reported.

For each pose VAP, vAP,, VAP, VAP
lated.

Command pose —

1%y

N

Do H <l
Attained-pose

Path3

Figure@ 9 — Muiti-directional pose accuracy variation
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Table 8 — Summary of test conditions for multi-directional pose accuracy variation

Load Velocity Poses Number of
cycles
100 % of rated velocity
100 % of rated load 50 % and/or 10 % (optional)
Py — Py — Py 30
The mass of rated load reduced | 100 % of rated velocity (optional)
to 50 % {optional) 80 % and/or 10 % (optional)
r" — -
1st cycle path1 —s= Pqi{path1 —m Pa[{path1 —= P4
path2 —= Pq||path2 —= Pp||path2 —e Py
' path3 —= P4l|path3 —= Pp}ipath3 —m Py
30th cycle | path1 —=P4|[path1 —= Py|[path ¥, —— Py
path2 —= Pq|{path2 —= Pallpath2 —= P,
| puth3 —s= Pq}|path3 —m Pp|jpath3 —= P,
Figure 10 — lilustration of the cycle

7.3 Distance accuracy and repeatability lected by using the formulaein 7.3.2 pnd 7.3.3. In this

(applicable only to robots with the facility for - case the results obtained for each pgir of successive

exp]icit progran’]ming) : poses should be recorded.

731 @ i Where the unidirectional pose accutacy and repeat-
o enera ability characteristics in' 7.2 have been measured
. | . _— using teach programming to. command each pose it

D|st§nfc_( zcgur?;:_y an'd repeataba!({tfy (ill:aradcte_ni‘tlcs, is sufficient to make a limited test in which distance

ash' E"Ne n thlsd": ?use, qu;” 1y 1 tef ebvu:(a lons accuracy and repeatability are measured between

;N ¢ o;'cgtr tn the 'Z dvice an gr;en a '(in efaween two poses only. In this case the digtance accuracy
v;/to_exg Ict commgqh pf(lasets atf‘ wo;ets o meag and repeatability can be measured py commanding

attained poses, and the fluctuations in distances an the pose in one of two ways:

orientatlons for.a series of repeat movements be-

tween the A poses. a) by commanding both poseés usihg explicit pro-

ramming;

ability characteristics in 7.2 have been measured
using explicit programming to command each pose
it is possible to calculate the distance accuracy and
repeatability between each two successive com- The method used shall be reported
mand poses by processing the data already col- ’

b) by commanding one pose by teach and pro-
gramming a distance.

17
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7.3.2 Distance accuracy (AD)

Distance accuracy expresses th

e deviation in pos-

where

Dcx‘= Ixc1 i cz' .

itioning and orientation between the command dis- Dey= |yer — Yool
tance and the mean of the attainied distances.
i Dcz= 'Zc1‘zc2|
; 3 |
Given that the command poses are P, P., and the = 1 4 1 -
attained poses are P,;, P, the positioning distance . o Dy=r ) D=7 ) Ixy— xy
accuracy is the difference in distance between P, : =t j=1
P., and P1, P, (see figure 11) and the distance being n n
repeated ntlmes < 5 1 1 2:
P : Dv’_‘TZDvi:— |1 — Y
z j=1 i=t
The positioning distance accuracy AD is calculated ‘ 1 n | n
as follows: Dz = Dzj = 'ZU sz
=1 j=1
AD=D,~D | ; ,
~3 - The orientation distance accuracy is
equally to single axis.distance accuracy:
where '
DC= IPH»-—» Pc2l “ . ADa=Dca——Ea
/ 2 Y = D,
T \/(xm Xe2)” + Qo T Ved)” + (o1 — 262 AD, = Dg — Bb
AD, =D —~ D,
1R
D= ZDf where
q=1 ‘
Do, = |agy — acy|
D, = b4 —
D= Py~ Pyl b = | be1 — by
, ( D = Ic — Cool
2 2 2 ct 2
= '\/(x'j = Xp)" + (0 - Vg + (21/)zy) “ ¢
. ‘ o = 1 1
with ) —ﬁ—z z—n‘z a1j-a2j
as the coordinates of P, avail- = =

Xets Vet gnd ch '
' ab!e in the rdbot computer; 1
n

=i
i
3|
-
H

as.the coordmates of P, avail-

Xear Vo2 8 nd Ze2 |
able in the rQbot computer;

e
v
D =—’1TZ fey— ¢y

o
X,y and z,  as'the coordiinates of Py D,= % Z :
Xy ¥y AN 25, as the cccrdihates of Py; j=1
n as the number of repetitions. with
; a g5 the orfentations of P, avail-

i chr Ocq all gy

o . ﬁ able in the robot computer;
Positioning distance accuracy can also be ex-

pressed for each base coordinate system axis. The
calculation is as follows:

as the orientations of P, avail-
able in the robot computer;

e, bc2 and Ce2

AD, =D, — D, a;; byyand ¢, as the orientations of P,;
AD, =D, — D, @y, by and ¢,,  as the orientations of Py;
AD,=D, —D, n as the number of repetitions.

18
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Table 8 — Summary of test conditions for multi-directional pose accuracy variation

Load Velocfty Poses N uc';'gzrs of
100 % of rated velocity
0,
100 % of rated load 50 % and/or 10 % (optional)
Py —Py— Py 30
The mass of rated load reduced | 100 % of rated velocity (optional} : :
to 50 % (optional) §0 % and/or 10 % (optional)

1st cycle

path2 —s P4

30th cycte | path1 — Pq{[path1 —= Pp|[path & == Py

path2 —= P4

[path 4 —e Pql[path1 —e Pol[path1 —= P,
path2 —w= Pp|ipath2 —= Pg

poth3 —= Pq|ipath3 —= Pa}lpath3 —m Py

path2 — Palipath2 —e P,

| puth3 —s Pq}|path3 —s- Rz|lpath3 —= P,

7.3 Distance accuracy and repeatability
(applicgble only to robots with the facility for
explicitl programming)

7.31 General

Distance accuracy and repéatability characteristics,
as defined in this clause) quantify the deviations
which ofcur in the djstance and orientation between
two explicit command poses and two sets of mean
attained poses, and'the fluctuations in distances and
orientatjons for a series of repeat movements be-
tween the wo poses.

Where

;
acouracy :nJi\d rnpanf

Figure: 10 — Ilustration’ of the cycle

lected by using the formulae in 7.3.2 pnd 7.3.3. In this
case the results obtained for each pair of successive
poses should be recorded.

Where the unidirectional pose accuracy and repeat-
ability characteristics in 7.2 have peen measured
using teach programming to commgnd each pose it
is sufficient o make a limited test i which distance
accuracy and repeatability are measured between
two poses only. In this case the distance accuracy
and repeatability can be measured by commanding
the pose in one of two ways:

a) by commanding both poses using explicit pro-
gramming; 1

ability characteristics in 7.2 have been measured
using explicit programming to command each pose
it is possible to calculate the distance accuracy and
repeatability between each two successive com-
mand poses by processing the data already col-

b) by commanding one pose by teach and pro-
gramming a distance.

The method used shall be reported.

17
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7.3.2 Distance accuracy (AD)

Distance accuracy expresses th
itioning and orientation between
tance and the mean of the attain

Given that the command poses
attained poses are Py, P, the p
accuracy is the dlfference in dis

e deviation in pos-
the command dis-
ed distances.

are P., P., and the
ositioning distance
tance between P,

P.. and P P, ; (see figure 11) and the distance being

repeated n t|mes

whete

Dcx = |Xoy — Xep

Dcy= [Ver = Vel
‘Dcz:: lzc1 ~‘Zczl
: 1 n 1 n
Do=3 2. D= 2 1%— %y
j=1 J=1

I

}’2j|
l j=1 =1
The positioning distance accuracy AD is calculated ; n 1 n
as follows: o D,= - Dzj = |Z1,- szl
. j=1 =1
AD=D,— D | ‘
? The orientation distaricé accuracy is| calculated .
i equally to single axis'distance accuracy
where o
= [Pk — Peol 1 AD, =D,,
T \/(xci xcz) + (yci ‘?‘J’cz) + (th 02)2 ADy = ch - {)..b
ADc = Dcc - Dc
1 n
D= n sz whete
=1
= | dgy — Ay
D, = -
D= |P|,— Pyl ob = 1 bey — beal
2 2 2 = |¢y—¢ 2]
= \/(x,j = Xp)" + (v = yg) + (21/—2y) « cr
with

xc1v Vet and zcl

Xe2s Voo and Zeo

-able in the rg

as the coord

as the coordi

nates of Py, avail-
bot computer;

nates of P, avail-

able inthe robot computer;

X450 Dyj ahd z;; asilthe coordmates of P,j,
Xop Yoy ANd 2y, <88 the coordlinates of Py,
n as the number of repetitions.

7‘%’5 "Z

with

Positioning distance accuracy dan also be ex-
pressed for each base coordinate
calculation is as follows: ‘

ADx=Dcx—b—x
AD,=D,, - D,
ADz=Dcz—52

18

system axis. The

L ol
Uety Upy A4TTU (‘C1
Ap, bep and ¢,

ay; by; and ¢y,

;. by; and ¢y

n as the number of repetitions.

astheorientationsof P, avail-
able in the robot computer;

as the orientations of P, avail-
able in the robot computer;

as the orientations of P

as the orientations of Py;
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Table 8 — Summary of test conditions for multi-directional pose accuracy variation

. Number of
Load Velocity Poses cycles
100 % of rated velocity
0,
100 % of rated load 50 % and/or 10 % (optional)
Py —Py— P, 30
The mass of rated load reduced | 100 % of rated velocity (optional)
to 50 % {optional) 50 % and/or 10 % (optional}
steyle |path1 —w= Polfpath1 —— Pp|[path1 —= P,
path2 —s Pq||path2 —= Pplipath2 —= P,
poth3 —a P4llpath3d —s= Pa}ipath3 —= Py
30th cycle | path1 —w P4|[path1 —= Pp|[path1%—= Py
path2 —= Pq||path2 —= P2|lpoth2 —= P,
| path3 —= Pqjjpath3 —= Py LE“"‘B — Py
Figure 10 — Miustration“of the cycle

7.3 Distance accuracy and repeatability lected by using the formulae in 7.3.2 and 7.3.3. In this

(applicable only to robots with the facility for case the results obtained for each paif of successive

explicit programming) poses should be recorded.

731 G 1 Where the unidirectional pose accurdcy and repeat-
= gnera ability characteristics in 7.2 have bpen measured
; - N using teach programming to commaid each pose it

Dtstgnf(.:e ,ch.:ur?tc]:y ar;d repeatabllt{'tfy (;Earadcte.ru:_tlcs, is sufficient to make a limited test in which distance

ai‘. ﬁm‘ n thlsd(': ?Use' qu:n "y i t(? ebw? ons accuracy and repeatability are meagured between

¥V ¢ or;cgtr in the 'Z ance an grlten a |otn efeween two poses only. In this case the distance accuracy
vtvto'exg cl commgr’:h pfc|>sets "‘;P vyods_ets N meag and repeatability can be measured by commanding
attained poses, andthe fluctuations in distances an the pose in one of two ways:

orientations for<a“series of repeat movements be-

tween the two poses.

Where t

o unidirectional pOSe accuracy and reneat
M Lad

a) by commanding both poses usi
gramming;

r]g explicit pro-

ability characteristics in 7.2 have been measured
using explicit programming to command each pose
it is possible to calculate the distance accuracy and

repeatab

ility between each two successive com-

mand poses by processing the data already col-

b) by commanding one pose by teach and pro-

gramming a distance.

The method used shall be reported.

17
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where
Dc

7.3.2 Distance accuracy (AD) |
Di i « as . x Ixc1“'xc2|
istance accuracy expresses jhe deviation in pos-
itioning and orientation betwe n the command dis-
tance and the mean of the attained distances.
] De, = (21 — Zes|

Dcy = {Pet = Yeal

Given that the command poses are P, P_, and the
attained poses are P, P,. the |positioning distance o v
accuracy is the dlfference in distance between Pt , j=1 j=1
Pez and Py, Py, (see figure 11) aﬁd the distance being

n n
repeated ntlmes 5 1 1
? Dy"_ﬁ"ZDyj“'szlyU Iyl
; i=1 j=1
The positigning distance accuracy AD is calculated ‘ ) n .
as follows: L D=5 ) Dy=— ) 12,21
! j=1 j=1
AD=D,—D ,
'3 " The orientation distance accuracy is
‘ equally to single axis7distance accuracy:
where A ' :
Dc = 201 c2| i ADa - Dca = Ba
3 =
= \/(xcf xc2) + (Vcl J’cz) + (th Zg9) AD, = Dey — el'
AD, =D, — D,
n .
b=H>D
=7 (] where
j=1
Dca= Iac1 - aczl
Dj= ’PU"sz‘ Doy = 1be) = bea
D, = |y — Cool
2 2 2 ¢l 2
= '\/(xv‘ = X)) + 0y — o) + (24, 7 2y) * . ‘ .
i W 5 1 1 ‘
with \ Dy=a Y D= ) lay—ay|
Xo1, Vesland z,,  as the coordinates of P, avail- =t J=t
able in the gobot computer; n n
' “b=-1- Db=—1-- ’b1 b2l
Xeo, Yopland z,, as the goordinates of P, avail- n e n =
able jnythe robot computer;
n n
751 1
Xy Vi [nd z; agthe coordinates of P D=1 YD =+ Z ey — ¢y
Xyj, Vaj §iNG 25,85 the coordinates of P,; =1 J=1
n as the number of repetitions. with
{

asthreorfentations of P., avail-
able in the robot computer;

L o
Uty Dgi ant Ty

Positioning distance accuracy 1can also be ex-
pressed for each base coordmat¢ system axis. The

ac2, ch and CCQ
calculation is as follows:

as the orientations of P, avail-
able in the robot computer'

i

AD, =D, — D, ay; byyand ¢;;  as the orientations of P, ;
AD, =D, — D, | ay. by and ¢,  as the orientations of P;
AD,=D,—-D, n as the number of repetitions.

18
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Table 9 gives a summary of test conditions for dis-

tance accuracy.

— vThe robot is programmed to move its mechanical

interface successively to poses P, and Py, start-

ISO 9283:1990(E)

ing from P4. The measurements. are taken
unidirectionally (see figure 12).

~— At least as a minimum, the value of AD is given.

Figure 11 — Distance accuracy

Oth cycle / Py

et P
ol P2 4 No measurement Is taken
at Py In the Oth cycle

2nd cycle Py e P,

»
30th cycle Py —P

Figure 12 — lllustration of the cycle

Table 9 — Summary of test conditions for distance accuracy

. Number of
Load Velocity Poses cycles
o 100 % of rated velocity _
100 % of rated load 50 % and/or 10 % {optional) P2 — P4 30

19



https://standardsiso.com/api/?name=5afefc82ad1bed28de2b4628bca04483

I1ISO 9283:1990(E)

7.3.3 Distance repeatability (RDj For orientation the following calculation applies:

Distance repeatability is the closeness of agreement = —
between several attained dista%ces for the same Z(D,,j—D,,)2
command distance, repeated n times in the same RD =43+ 22—
direction. o

n—1

Distance repeatability includesf positioning and
orientation repeatability. ;

Distance repeatability for a given command distance
is calculated as follows:

7
- = RD, =434/ 20— ¢
E(Dj*"]))z n—1
RD =43/ 22—
@ n— 1 .

with the different variables_as defined in|7.3.2.

" o Table 10 gives a summadry) of test conditipns for dis-
Z(ij~ D) « tance repeatability.

|
|
|
|
i
H
i
{
|
i

by
o

It
I+
[V

— Same procedure as in 7.3.2. The vallie of RD is
given.

7.4 Pose stabilization time

The stabilization time is the period of fime which
elapses between the instant at which the|robot gives
the attained pose signal and the instant gt which the
damped oscillatory motion or the dampef motion of
the mechanical interface falls within |a timit as
specified by the manufacturer {see figurg 13).

Table 11 gives a summary of test conditigns for pose
stabilization time.

Table 10— Summary of test conditions for distance repeatability
Load Velocity Poses Nuc,;'(t:)lzg of
o 100 % of rated velocity _
100 % of rafed load 50 % and/or 10 % (optional) Py — P4 30
Table 11 — :Summary of test conditions for pose stabilization time
|
Load Velocity Poses N uc';‘:lzg of
o : 100 % of rated velocity
100 % of rated load 50/% andfor 10 % (optional) P, — P, — P,
3
The mass of rated load reduced | 100 % of rated velocity (optional) Py~ Ps
to 50 % (optional) 50, % and/or 10 % (optional)

20
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— The cycles are the same as in 7.21 (see 7.5 Pose overshoot
figure 8). For each pose, position and orientation
of the mechanical interface are recorded from Pose overshoot is the maximum deviation between
the time the robot gives the attained pose signal. the approach path and the attained pose after the

. robot has given the attained pose signal. .
The time at which the oscillatory response of the

mechanical interface falls within the limit as This is shown in figure 13 for case 1 as a negative
specified by the manufacturer, is recorded on the deviation (negative overshoot), and for case 2 as a
resulting graph (see figure 13). ' positive deviation (positive overshoot).

— For each pose, the mean value ¢ of the three cy- Table 12 gives a summary of test conditions for pose
cles is calculated. overshoot.

— The mean deviation of the three cycles is calcu-
lated for each pose.

)
g ) o
2 5 E
[4 .2 =
8 ]
7]
/\
Attained pose / \ ~ e
A s v ]
= \/
+~ | Case (2)’/ )
8
[y
[2]
@
>
o
| I
Case (1) Stabilization
time (1)
|t e ]
Stabilization
time (2)

NOTE — Time ¢ = 0 corresponds to the time,when the attained pose signal occurs. The two cases (1} and (2} shown in thg above figure corre-
spond t¢ two different approaches.

Figure 13 — Stabilization time and pose overshoot

Table 12 — Summary of test conditions for pose overshoot

Load Velocity Poses Number of
cycles
100 % of dToad 100-%-ofrated-volocity
© of rated loa 50 % and/or 10 % (optional) Py — Py— Py
3
The mass of rated load reduced | 100 % of rated velocity (optional) Py —Ps
to 50 % (optional) 50 % and/or 10 % (optional)
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7.6 Drift of pose characteristics where RP is defined in 7.2.2.

Drift of unidirectional pose accuracy (dAP) is the The maximum value should be reported.
variation of unidirectional pose accuracy over a
specified time. This can be calcuilated as follows:

dAP = |AP,_,— AP,_ |

Table 13 gives a summary of test conditions for drift
of pose characteristics.

— Drift measurements should begin from cold (im-
dAP, = |APy_o— APyu_7| | mediately after actuation of the main power) and
; continued over several hours in the warmed-u
dAP, = |APy,_o— APy 7| | state. P
dApc= lAPct:O—'APct=T| . . . .
| — The robot is programmed to move its mechanical
where AP i din721 * interface to Py starting from PoAlljgints have to

. 1 be moved when returning from PG| P, (see fig-
The maximym values should be reported. ure 14).

Drift of unidjrectional pose repeaiability (dRP) is the
variation of|unidirectional pose rfepeatability over a
specified timie. This can be calculated as follows:

— The measurements can be'stopped before 8 h if
the rate of change of the drift for fivg continuous
sets is less than 10 %) "of the largest rate of

dRP = |RP,_,—RP,_ 7| change during the (first hour. Thesp measure-

| ments are used to galculate unidiregtional pose

dRP, =|IRP,;_o — RP,_ 7l accuracy and répeatability (see 7.2.1 and 7.2.2).

_ These results are plotted on a graph as a func-
dRP, =|IRPy_ o — RPy, 7| tion of time> The time between the measure-

dRP,=(IRP,_o—RP,,_7| ~ ments shal’'be 10 min (see figure 15)

|
|
i
|
i

Table 13 — Sﬂlmmary of test conditions for drift of pose characteristics

!
Load Velocity ‘ Pose Number of
:1 cycles
100 % of rated load 100 % _ ofrated velocity Py 8 hcontinuous
: cycling

1st cycle Py —=P¢

P P Measurements are
2 72" only takenat Py
Last cycle »”

atter 8 hours Pp —=P4

Fi +—Hiustration-ofH ;
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8 Path characteristics

8.1 General

Path acdura€y(and repeatability definitions are in-
dependeptiof the shape of the command path. Two

Figure 15 — Example of graph for drift of pose characteristics

€
£ l
£
a
X
X
X
T T T T —
10 20 30 Time (min)
X = Unidirectional pose accuracy: AP
QO = Unidirectional pose repeatability: RP

Path accuracy is determined by the tyo factors:

— the difference between a command path and the
barycentre line of the cluster of the obtained
paths (i.e. positioning path accurpcy, AT, in fig-
ure 16);

— the difference between command|angular orien-

examples of different shapes of command path are
shown in figure 16 and figure 17.

8.2 Path accuracy (AT)

Path accuracy characterizes the ability of a robot to
move its mechanical interface along the command
path in the same direction n times, and n times in
the opposite direction.

Tation and the average of the attained angular

orientation (i.e. orientation path accuracy).

The path accuracy is the maximum path deviation
obtained in positioning and orientation.

Positioning path accuracy, AT, is defined as the
maximum of the distances between the command
path and the barycentres G,, of the n measurement,
for each of a number of measurement points {m)
along the path.

23



https://standardsiso.com/api/?name=5afefc82ad1bed28de2b4628bca04483

ISO 9283:1990(E)

Barycentre line —

i
i

i
|

Figure 16 — Pajth accuracy and path repeatability.for a command linear path

X

Barycentre line

Command path

Figure 17 — Path

24

accuracy and path repeatability for a command circular path
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If the command path is defined as the Z-axis, the
" positioning path accuracy is calculated as follows:

m -_— -
AT = miax /(v = %)° + = 50°

m . —
AT, = rp=a1x [ (xg; — X1

ISO 9283:1990(E)

AT, = max|aq — G|
=

ATb=r;1§1><lbcf—"5z|

AT, = il ey =3
i=

m _ where
AT, = max| (ye; — )| .
- 1\
where AT
i=1
1 n
X=Xy ~ A -
j=t b= 2 by
1\ "
Y=t L7 . 1N
j=1 Ci = —,—1— Cz’j
j=1
Xg; and p,; are the coordinates of a point on :
the command path corresponding a, bgand ¢, are the command angles at the
to measurement point z; measurement point z;
X apd py are the coordinates of the point ;. by and ¢; are the attained | angles at the

of the attained path correspond-
ing to the measurement point z
for the j-th replication.

Orientatlon path accuracies AT, AT, and AT, are
defined s the maximum deviation from command
angles glong the path.

Table 14 — Summary of test conditions for path accuracy

measurement poipt z for the j-th
replication.

Table 14 gives a summary of test conditions for path
accuracy.

Whilst the definition of path accurdcy shows path
accuracy as a distance dependent quantity,
measurement of the attained path fay be carried
out as a function of either distance ofr time.

In cases where significant velocity flyctuations along
the path occur, repeated measurements taken as a
function of time must be referred to the same points
in space along the command path.

Number of
Load Velocity Example of path cycles
100 % of rated velocity L th
100 % of rated load 50 % of rated velocity inear pa
10 % of rated velocity E, —Ey
10
The mass of rated load reduced | |00 o% of rated velocity- and
to 50 % (optional) 50 % of rated velocity B E
10 % of rated velocity 3 1
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The start point shall lie outside the chosen test

)

plane. The tests shall be bidireqt_ional.
The results to be given, as a minimum, are for each
load and velocity condition:
+ z direction — z direction
Path AT = mm AT = mm
accu- - o - 0
racy: AT, = AT,
AT, = ° AT, = °
AT, = ° AT, = °
8.3 Path repeatability (RT)

Path repeaftability expresses the closeness of the

agreement
command

For a giver

between the attained

paths for the same
ath repeated n times

path followed n times in the same di-

rection, path repeatability is expressed by

— the maximum value of RT which is the radius of
.the circle whose centre is on the barycentre line

©and with]

the z-value z; -

— the maximum of the spread of angles about the

mean vg

If the command path is defined

lue at the different z; positions.

as the Z-axis, the

path repeafability is calculated as follows:

RT = r}):"az([l-i +38,]

b G Gy Oy i

B.2.

Path repeatability shall be measuredusing the same

test procedure as that used for the"med
path accuracy. ‘

The results to be given, ag&a’minimum,
load and velocity condition:

surement of

are for each

+ z dikection — 7] direction
Path RT~= mm ‘RT = mm
repeat- - o - o
ability: . Ne RT,
RT, = ° RT, = °
RT, = ° RT, = °
8.4 Cornering deviations
8.41 Cornering overshoot (CO) and cornering
round-off error {CR) are deviations betWeen a com-
mand path and the actual path when the command
path consists of two lines perpendicufar to each

other (see figure 18).

Cornering round-off error is defined as the minimum

distance between the corner point (1,, », 2z, in
where figure 18) and the attained path. For the gth path this
" is calculated as follows:
i 1 m
l'—_ﬁ_;_:ll] CR]:' T_i?<\/(xi—xe)2+(yihye)2+ Zi—dze)2 )
iT
where
n
/ (l..——i.)z m is the number of mpasurement
o~ v points along the path
Y N [0 A—
i \/ A1 X,. J, and z, are the coordinaies of the corner
point;
= \/(xi~—55,~)2+ Gy =" x;, y;and z,  are the coordinates of the at-
] ] i i (

with X;, 7, x; and y;; as defined in

26

tained path pose corresponding
to the measurement point i.

Cornering overshoot is defined as the maximum

deviation from the command path afte

r the robot

started on the second path without delay time and
with programmed constant path velocity.

If the second command path is defined a

s the Z-axis

and the first command path is in negative Y-
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direction, the cornering overshoot is calculated as
follows:

CO = VP}‘?(\/(X, - xci)z + (yi e yci)z

1ISO 9283:1990(E)

The start position shall be half-way between E4 and
E4. Continuous path programming shall be used to
command the corner path. Any automatic reduction
in velocity when executing the path shall be as
specified by the manufacturer.

If not stated otherwise the orientation is perpen-
dicular to the plane of the rectangular path.

Cornering overshoot can be calculated from
measuring the deviation from the corner point and
each path measured. The position of the corner
point can be either measured during teaching in the
case of teach programming or known in the case of

where
x; and y,; are the coordinates of the com-
mand path pose corresponding to
measurement point z.;
x; and y, are the coordinales of the atiained

path pose corresponding to
measurement point z,.

This eqyation is only true when (y; — y,,) has a posi-
tive valye. If (y; — y;) has a negative value, cornering
overshopt does not exist.

Table 15 gives a summary of test conditions for cor-
nering deviations.

explicit programming.

The mean cornering overshoét\error CO is calcu-
lated as the arithmetic mean of ali qvershoot errors
recorded in three passes(

The mean cornering round-off error CR is calculated
as the arithmetic_mean of ali path [distance errors
recorded in three passes.

&R
CR =
CO =
\ SPL =
Path 1 —-

Corner point (x,, V., 2.}

Command path
[ o

o~

e T

/' —~

/ (’ Direction of travel

Cornering round-off error
Cornering overshoot
Stabilization path length

Figure 18 — Cornering overshoot and cornering round-off error

Table 15 — Summary of test conditions for cornering deviations

Load Velocity Corners Number of
cycles
100 % of rated velocity Ei—Ey—E3—E4
100 % of rated load 50 % of rated velocity 3
10 % of rated velocity (see figure4, 6.8.6.2)
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