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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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 non-governmental, in liaison with ISO, also take pari in the 
work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an Inter- 
national Standard requires approval by at least 75% of the member 
bodies casting a vote. 

International Standard IS0  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 

IS0  9283 is part of a series of International Standards dealing with ma- 
nipulating industrial robots. Other International Standards cover such 
topics as safety, general characteristics, coordinate systems, termin- 
ology, and mechanical interfaces. It is noted that these International 
Standards are interrelated and are also related to other International 
Standards . 
IS0 9283 is intended to facilitate understanding between users and 
manufacturers of robots and robot systems. It defines the important 
performance characteristics, describes how they shall be specified and 
recommends how they should be tested. An example of how the test 
results should be reported is included in annex A of this International 
Standard. The characteristics for which test methods are given in this 
International Standard are those considered to affect robot performance 
significantly. 

The selection of tests given in this International Standard is not ad- 
dressed by the standard; it is intended that the user of this International 
Standard selects which performance characteristics are to be tested, in 
accordance with his own specific requirements. 

The tests described in this International Standard may be applied in 
whole or in part, depending upon the robot type and requirements. 

Future International Standards will deal with application oriented and 
comparison testing. 

Annex A of this International Standard provides a recommended format 
of the test report including the minimum required information and the 
summary of the test results. 
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fNTERNATlONAL STANDARD I S 0  92831 990(E) 

Manipulating industrial robots - Performance criteria and 
related test methods 

1 Scope 

This International Standard describes methods of 
specifying and testing the following performance 
characteristics of manipulating industrial robots: 

- unidirectional pose accuracy and pose repeat- 
ability; 

- multi-directional pose accuracy variation; 

- distance accuracy and distance repeatability; 

- pose stabilization time; 

- pose overshoot; 

- drift of pose characteristics; 

- path accuracy and path repeatability; 

- cornering deviations; 

- path velocity characteristics; 

- minimum positioning time; 

- static compliance. 

This International Standard does not specify which 
of the above performance characteristics are to be 
chosen for testing a particular robot. The tests 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 prototype 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. 

dard the term “robot” means manipulating industrial 
robot. 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this International Standard. At the time of publi- 
cation, the editions indicated were valid. All stan- 
dards are subject to revision, and parties to 
agreements based on this International Standard 
are encouraged to investigate the possibility of ap- 
plying the most recent editions of the standards in- 
dicated below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 

ISO/TR 8373:1988, Manipulating industrial robots - 
Vocabulary. 

IS0 9787: 1990, Manipulating industrial robots - Co- 
ordinate systems and motions. 

IS0  9946:-l), Manipulating industrial robots - Pres- 
entation of characteristics. 

3 Definitions 

For the purposes of this International Standard, the 
definitions given in ISO/TR 8373 and the following 
definitions apply. 

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 (xi - yi - z,), the barycentre of that 
cluster of points is the point whose coordinates are 
the mean values F, j7 and Z calculated by formulae 
given in 7.2.1. 
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4 Units 

Unless otherwise stated, all dim€ 
lows: 

- length in millimetres 
- angle in radians or degrees 
- time in seconds 
- mass in kilograms 
- force in newtons 
- velocity in metres per secon 

degrees per second or 
radians per second 

5 Abbreviations and symbc 

For the purpose of this Internath 
following abbreviations and symbl 

5.1 Basic abbreviations 

A Accuracy 

R Repeatability 

V Variation 

F Fluctuation 

d Drift 

P Pose 

D Distance 

T Path 

V Velocity 

5.2 Quantities 

a, b, c 

x ,  y ,  

n 

m 

S 

D 

I 

V 

AP 

2 

Orientation (angular corn[ 
x-,  y-, z-axis 

Linear coordinates along 1 

Number of measurement I 

Number of measurement 
path 

Standard deviation 

Distance between two poil 

Distance between the atta 
barycentre of the attained 

Path velocity 

Unidirectional pose accuri 

sions are as fol- 

s 

al Standard, the 
; apply: 

nents) about the 

3 x-, y-, z-axis 

cles 

)oints along the 

5 

ed pose and the 
3ses 

Y 

RP 

VA P 

AD 

RD 

t 

dAP 

dRP 

AT 

RT 

CR 

CO 

SPL 

AV 

RV 

FV 

Unidirectional pose repeatability 

Multi-directional pose accuracy variation 

Distance accuracy 

Distan ce repeat a bi I ity 

Pose stabilization time 

Drift of pose accuracy 

Drift of pose repeatability 

Path accuracy 

Path repeatability 

Corne ring rou nd-off error 

Cornering overshoot 

Stabilization path length 

Path velocity accuracy 

Path velocity repeatability 

Path velocity fluctuation 

5.3 Indices 

a, b, c Indicates an orientation characteristic about 
the x-, y-, z-axis 

x ,  y ,  z Indicates a positioning characteristic along 
the x-, y-, z-axis 

C Com m a nd 

i Indicates the i-th abscissa 

Indicates the j-th cycle 

k Indicates the k-th direction 

h Indicates the h-th direction 

1 ,2 . .  . Indicates the pose number 1 , 2 . .  . 
e Corner point 

g Point where the robot performance falls 
within the specified path characteristics 

5.4 Other symbols 

C, to C8 

E, to E4 

G 

oc 

Corners of the test cube 

Corners of the rectangular plane for the 
measurement of path characteristics 

The barycentre of a cluster of attained 
poses 

Origin of the measurement system co- 
ordinates 
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NOTE 1 
subclauçes. 

Further symbols are explained in the respective 

I 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 

The robot shall be completely assembled and fully 
operational. All necessary levelling operations, 
alignment procedures and functional tests shall be 
satisfactorily completed. 

Prior to testing, the robot motions shall be restricted 
to those necessary for setting up the measuring in- 

The tests 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 test report and shall be kept constant during 
each test. 

I 
I 

1 @ struments. 

6.3 Environmental and operating conditions 

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

6.3.1 Operating conditions 

The normal operating conditions used in the tests 
shall be as stated by the manufacturer. 

Normal operating conditions include, but are not 
limited to, requirements for electrical, hydraulic and 
pneumatic power, power fluctuations and disturb- 
ances, maximum safe operating limits (see 
IS0  9946). 

6.3.2 Environmental Conditions 

6.3.2.1 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 

IS0 92831990(E) 

fields, radio frequency interference, atmospheric 
Contaminants, and altitude limits. 

6.3.2.2 Testing temperature 

Where the ambient temperature of the testing en- 
vironment can be controlled, it shall be maintained 
at 

a) (20 _+ 2) OC; or 

b) (8 _+ 2) OC; 

where 

1) O "C is between 5 "C and 40 OC; 

2) 8 "C is as stated by the manufacturer. 

Where the ambient temperature of the testing en- 
vironment is not 20 OC, it shall be stated in the test 
report. 

The robot and the measuring instruments shall have 
been in the test environment long enough (prefer- 
ably overnight) so that they are in a thermally stable 
condition before testing. They shall be protected 
from draughts and external thermal radiation (e.g. 
su n I ig ht , heat ers) . 

6.4 Displacement measurement principles 

The measured position and orientation data (coor- 
dinates xi, Yi, zj, al, bi, ci) shall be expressed in a co- 
ordinate system, the axes of which are parallel to 
those of the base coordinate system (see IS0 9787). 

The measurement point shall lie at a distance from 
the mechanical interface as specified by the manu- 
facturer. The position of this point in the mechanical 
interface coordinate system (see IS0 9787) shall be 
recorded (see figure 5). 

The sequence of rotation used when calculating the 
orientation deviation shall either be rotation about 
moving axes Z, Y', X" or rotation about stationary 
axes X ,  Y ,  Z.  

Wherever possible, a non-contact measurement 
method shall be used. 

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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je repeatabi I ity 

tion 

6.5 Instrumentation 

The measuring instruments use( 
be calibrated and the uncertain 
shall be estimated and stated in 
following parameters should be 
instrumentation errors including 
freedom from bias; systematic 
with the method used; calculatic 
uncertainty of measurement sha 
of the magnitude of the charactei 

(X = mandatory) (O - optional) 

X O 

X O 

6.6 Load to the mechanical i 

X 

X 

All tests shall be executed at I( 
conditions (mass, position of cei 
ments of inertia) according to i 
specification. 

To characterize robots with lor 
formances, additional optional t 
with the mass of rated load redu 
dicated in table 1, or some other 
by the manufacturer. 

O 

O 

Characteristics to bi 

X 

X 

X 

- 

Unidirectional pose accuracy and p 

- 

O 

O 

See clause 10 

Multi-directional pose accuracy var 

Distance accuracy and distance rey 

Pose stabilization time 

Pose overshoot 

Drift of pose characteristics 

Path accuracy and path repeatabilii 

Cornering deviations 

Path velocity characteristics 

Minimum positioning time 

Static compliance 

4 

Tor the tests shall 
of measurement 

e test report. The 
ken into account: 
repeatability and 
?rrors associated 
errors. The total 
not exceed 25 % 
;tic under test. 

terface 

I of rated load 
re of gravity, mo- 
e manufacturer’s 

I dependent per- 
;ts can be made 
?d to 50 %, as in- 
lalue as specified 

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

6.7 Test velocities 

Ail pose characteristics shall be tested at the maxi- 
mum velocity achievable between the specified 
poses, i.e. with the speed override set to 100 %, in 
each case. Additional tests could be carried out at 
50 ?Lo and/or 10 Y0 of this velocity. 

For path characteristics, the tests shall be con- 
ducted at 100 %, 50 of rated path vel- 
ocity as specified by the manufacturer for each of 
the characteristics tested (see table 3). The velocity 
specification shall be such that the robot is able to 
achieve this velocity over at least 50 % of the length 
of the test path (cornering overshoot and round-off 
test excepted) and that the related performance cri- 
teria shall be valid during this time. 

A summary of the test velocities is given in table2 
and table3. 

and 10 

Table 1 - Test loads 

Load to be used I 
tested I The mass of rated load 

reduced to 50 YO 100 % of rated load 

- I X I atability 

X 

X O 

I 

a 
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Table 2 - Test velocities for pose characteristics 

Veloclty 
I 

Characteristics to be tested 50 %O or 10 %O of rated 
velocity 

(O = optional) 

100 % of rated velocity 

(X = mandatory) 

Unidirectional pose accuracy and pose repeatability X O 

Multi-directional pose accuracy variation X O 

Distance accuracy and distance repeatability X O 

Pose stabilization time X O 

Pose overshoot X O 

- Drift of pose characteristics X 

Minimum positioning time X O 

Table 3 - Test velocities for path characteristics 

Velocity 

50 %O of rated path 
velocity velocity velocity 

(X = mandatory) (X = mandatory) (X = mandatory) 

Characteristics to be tested 100 %O of rated path 10 % of rated path 

X Path accuracy and path repeat- 
ability X X 

Cornering deviations X X X 

Path velocity characteristics X X X 

6.8 
paths to be followed 

Definitions of poses to be tested and 

6.8.1 Objective 

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. 

6.8.2 Location of the cube in the working space 

A single cube, the corners of which are designated 
C, to CB (see figurel), is located in the working 
space with the following requirements fulfilled: 

- the cube shall be located in that portion of the 
working space with the greatest anticipated use; 

- the cube shall have the maximum volume allow- 
able with the edges parallel 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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k’ 

ky 

Base 
coordinate 
system 

Base 
coordinate 
system 

Plane ( a )  Cl ,- C, - C, - C, Plane ( b )  C, - C3 - C, - C, 

Plane (cl C3/ - C, - C, - C, 
CL 

k’ 

k’ 

Base 
coordinate 
system 

Base 
coordinate 
system 

c 6  

1 
/Figure 1 - Cube within the working space 

Plane ( d )  C, - C, - C, - C, 

CL 

6 
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6.8.3 Location of the planes to be used within the 
cube 

Characteristics to be tested 

Unidirectional pose accuracy 
and pose repeatability 

Multi-directlonal pose accu- 
racy variation 

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) CA -C2 - C7 -C8 

b) 

c) 

C2 - C3 - Ca - C5 

c, - c4 - c5 - c6 
Poses 

p2 p3 p4 p6 

X X X X X 

X X - x -  

The test report shall specify which of the four planes 
has been tested. 

Distance accuracy and dis- 
tance repeatablllty 

Pose stabilization time 

Pose overshoot 

6.8.4 Poses to be tested 

- x -  x -  

x x x x x  

x x x x x  

Five points (PI to P5) are located on the diagonals 
of the selected plane. These points, together with 
the orientations specified by the manufacturer, con- 
stitute the test poses at which the centre of the me- 
chanical interface is placed for the test. The test 
poses shall be specified in base coordinates and/or 
joint coordinates, as specified by the manufacturer. Drift of pose characteristics 

NOTE 2 The use of base coordinates is  preferred. 

X - - - - 

Base 
coordinate 
system 

I S 0  9283:1990(E) 

Pl is the intersection of the diagonals and is the 
centre of the cube. The points P2 to P5 are located 
at a distance from the ends of the diagonals equal 
to (10 i 2) % of the length of the diagonal (see fig- 
ure2). 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 table4. 

L = length of diagonaf 

Example showing plane a )  C, - C, - C, - C, with poses P, - P, - P, - Pa - P, 

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 spec 

6.8.6 Paths to be followed 

6.8.6.1 Location of the test path 

The cube described in 6.8.2 shall 

The test path shall be located c 
planes shown in figure3. For 
plane 1 shall be used unless othf 
the manufacturer. For robots with 

PI 

kY Base 

coordinate 
system 

1)  Use with 6 axis robots 

Base 
coordinate 
system 

8 

Figure 

ig movement be- 

?st not to exceed 
ication. 

e used. 

one of the four 
six axis robots, 
wise specified by 
ess than six axes 

ie I 9 \ '\ 

e3 

:'/ 
\ 

'\ 

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 figure17 in 8.2 gives an example of a 
command circular path. 

The shape of the test path should be linear or cir- 
cular except for cornering deviations (see 8.4 and 
figure18). If paths of other shapes are used they 
shall be as specified by the manufacturer and added 
to the test report. 

kY 
Base 
coordinate 
system 

ky 
Base 
coordinate 
system 

Plane 2 

Plane 4 

I - Definition of planes for location of test path 
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For a iinear path, the length of the path shall at least 
be equal to 80 O/O of the distance between opposite 
corners of the selected plane. An example is the 
distance P2 to P4 in figure4. 

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 YO of the length of the side of the cube. The centre 
of the circle shall be PI. 

The small circle should have a diameter of 10 % of 
the largest circle in the plane or 20 mm, whichever 

I,: 
Base 
coordinate 
system 

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

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 El, 
E*, E3 and E4, each of which is at a distance from its 
respective corner of the plane equal to (10 & 2) YO 
of a diagonal of the plane. An example is shown in 
figure4 in which Pa, P3, P4 and P5 coincide with El, 
E2, E3 and E4 respectively. 

Pl. 

L = length of diagonal 

Figure 4 - Example showing a rectangular path 
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6.9 Number of cycles 

The minimum number of  cycle5 
when testing each characteristic 

Table 5 - Number of 

Characteristic to be tested 

Unidirectional pose accuracy 
and pose repeatability 

Multi-directional pose accuracy 
variation 

Distance accuracy and distance 
repeatability 

I Pose stabilization time 

Pose overshoot 

Drift of pose characteristics 

Path accuracy and path repeat- 
ability 

Cornering deviations 

Path velocity characteristics I: Minimum positioning time 

The confidence level is increased 
ments are carried out. 

6.10 Test procedure 

The sequence of testing has no it 
sults. Tests for stabilization time 
accuracy and repeatability may I 
currently. The test for drift of pc 
s h a I I be performed independently 

Pose characteristics shall be tesi 
pose control and path characteris 
under path control. 

The determination of the path acc 
in parallel to that of the velocity, 
measuring device is suitably equi 

It is recommended that the vel01 
formed prior to the measuremeni 
racy and to use the identical pat1 
ensures the usage of the correc 
tities during determination of the 1 

10 

to be performed 
given in table5. 

:ycles 

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 

linimum number 
of cycles 

30 

30 

30 

3 

3 

mtinuouç cycling 
during 8 h 

10 

3 

10 

3 

f more measure- 

luence on the re- 
overshoot, pose 
! performed con- 
e characteristics 

d under pose-to- 
:s shall be tested 

?acy can be done 
irovided that the 
Jed. 

ty tests are per- 
I f  the path accu- 
parameters. This 
~ reference quan- 
bth criteria. 

- path accuracy/repeatability and velocity charac- 
teristics; 

- cornering overshoot and round-off error. 

Except for drift 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 figure 5): Pose specified 
through teach programming, manual data input or 
explicit programming. 

Attained pose (see figure5): Pose achieved by the 
robot under automatic mode in response to the 
command pose. 

Pose accuracy and repeatability characteristics, as 
defined in this clause, quantify the deviations which 
occur between a command and an attained pose, 
and the fluctuations in the attained poses for a se- 
ries of repeat visits to a command pose. (These er- 
rors may be caused by internal control definitions, 
coordinate transform at ion errors, differences be- 
tween the dimensions of the articulated structure 
and those used in the robot control system 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. 

If the command pose is specified by teach pro- 
gramming, the relationship (i.e. distance and orien- 
tation) between different command poses is 
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 
ordinate system. 

a 

l 
I 

be clearly stated in the data sheet or test report 

Mechanical interface 7 / 

I 

Figure 5 - Relation between command and attained pose (figure 6 and figure 7 also show this relationship) 
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I 7.2 Pose accuracy and pose repeatability 

7.2.1 Unidirectional pose accurêcy (AP) 

Unidirectional pose accuracy eixpresses the devi- 
ation between a command pose knd the mean of the 
attained poses when approacqing the command 
pose from the same direction. Unidirectional pose 
accuracy is divided into 

I l 
1 

O, given by 1 
command pc 

I 
Figure 6 

12 

> 
C 

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

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

---------- --- Example of 
attained poses 
G :gx t  

I Y 
I 
I 
l 
I 

Unidirectional positioning accuracy and repeatability 
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tation ac- 
curacy 

The unidirectional pose accuracy is calculated as 
fol lows: mand pose; 

x,, y, and z, 

xi. v1 and z; 

are the coordinates of the com- 

are the coordinates of the j-th at- 

AP, = ( E  - c,) 

J '  d J  tained pose. 
Unidirec- 
tional 

AP, = ( b  - b,) 
Unidirec- 
tional 
orien- 

accuracy 

AP, = (X - x,) 

APY = cv -Y,> 

AP, = (Z - z,) 
with 

- I r ,  x =: > , x i  
I l  - I j - 1  

with 

- 1 "  a = -  Ca+ 
j = t  

J =  1 

I -  ~n 

These values are the mean values of the orien- 
tation angles obtained at the same pose re- 
peated n times: 

%, b, and cc are the angles of the command 

barycentre of the cluster of points 
obtained after repeating the a? bj and cj are the angles of the j-th at- 
same pose n times; 

2 2 -  c z j  

X,y and Z are the coordinates of the pose; 

tained pose. 

Co-ordinate system J' 
NOTE - The same figure can be applied for band Ü 

Figure 7 - Unidirectional orientation accuracy and repeatability 

13 
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Table6 gives a summary of test conditions for 
unidirectional pose accuracy. 1 
- Starting from PI, the robot s,uccessively moves 

Pp, Pl. Each of the poses shoyld be visited using 
a unidirectional approach as jshown by either of 

, 

its mechanical interface to thg poses Ps, P4, P3, - 

the cycles illustrated in figure8. 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 
! 

Number of 
cycles Load Velocity Poses 

Ibo % of rated velocity 
510 % and/or 10 % (optional) 

Ibo  YO of rated velocity (optional) 

P, - P2 - P3 

p4 - p5 

100 % of rated load 

The mass of rated load reduced 
to 50 YO (optional) 

I 30 

5p YO and/or 10 YO (optional) 
I 

0th cycle 

1st tycle p5 - P4- P) - P2 - Pl 
I / 

2nd cycle f5/- p4- pj - p 2  - p1 No measurement Is taken 
111 at Pl In the 0th cycle 

I 

1st cycle p1 - psi ~5 -~4 

Zndcycle Pl - P5 P5 -P4 
J i  J 
/ / 

30thcycle Pl -P5 P 5  4 4  I /  
Figure 8 - 

14 

I#---- 4 - P4- P3 - P p  - P l  30th cycle 

OR 

Illustration of possible cycles 
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with 

X, y, Z and xy yy zj defined as in 7.2.1. 

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 barycentre and which is cal- 
culated as below: 

- the spread of angles-& 3S,, f 3Sb, f 3S,, about 
the mean values ü, b and C, where S,, Sb and SC 
are the standard deviations. 

where 

I RP = I + 3 4  1 I I 

with 

$= J(Xj  - X)2 + (yj-yy + (Zj - 2)2 

RP, = &3S, = f 3  n- 1 

j - 1  
RP, = f3S, = 43 

NOTE 4 
tances are not normally distributed. 

Table7 gives a summary of test conditions for 
unidirectional pose repeatability. 

This criterion can be calculated even i f  the diç- 

- The procedure is the same as in 7.2.1. 

- For each pose, RP and angular deviations RP,, 
RPb and RP, are calculated 

Table 7 - Summary of test conditions for unidirectional pose repeatability 
I 

Load Velocity Poses Number of I cycles 

100 YO of rated velocity 
50 YO and/or 10 YO (optional) P, - P2 - P, 100 YO of rated load 

The mass of rated load reduced 
to 50 YO (optional) 

100 O h  of rated velocity (optional) p4 - p5 
50 O h  andlor 10 YO (optional) 

30 

I I I 

15 
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7.2.3 Multi-directional pose accu 
(VAP) 

Multi-directional pose accuracy vbriation expresses 
the deviation between the differ nt mean attained 

pose n times from three perpeqdicular directions 

- vAP is the maximum distahce between the 
barycentres of the cluster of boints attained at 

poses achieved when visiting th,  e same command 
I (see figure 9). l 
I 

the end of different paths. 1 

- vAP,, vAP, and vAP, are thq maximum devi- 
ations between the mean valyes of the angles 
attained at the end of different paths. 

Multi-directional pose accuracy $riation is calcu- 
lated as follows: l 

I 
j 

r I 1 

-+ 
where AP (positioning accuracy vektor) is calculated 
as follows: 

-+ 
AP = (2 - x,)u + Cy -y,)? + (51- z,); 

l 

i 
Attdined pose 

Three is the number of approaching paths. 

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

- The robot is programmed to move its mechanical 
interface to the poses according to three ap- 
proach paths parallel to the axes of base coordi- 
nate system. For P, in the negative direction and 
for P2 and P4 approach from inside the main 
body of the cube (see figure 9 and figure IO ) .  If 
this is not possible, the approach directions used 
shall be as specified by the manufacturer and 
shall be reported. 

- For each pose vAP, vAP,, vAP,, vAP, are calcu- 
lated. 

r Path ’ 

Attained pose 
Attained pose 

Path 2 Path 3 

Command pose ’ 

Figure I 9 - Multi-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 
whose centre is the barycentre and which is cal- 
culated as below; 

- the spread of angle%& 3S,, f 3Sb, f 3S,, about 
the mean values Ü, b and C, where So, s b  and LYc 
are the standard deviations. 

where 

RP = + 3S[ 
I I 

with 

2 2 
Ej  = J(Xj - xy + cyj -y) + (2) - 2) 

IS0 92831 990( E) 

with 

F, J ,  Z and xp yp zj defined as in 7.2.1. 

NOTE 4 
tances are not normally distributed. 

Table7 gives a summary of test conditions for 
unidirectional pose repeatability. 

- The procedure is the same as in 7.2.1. 

This criterion can be calculated even if the dis- 

- For each pose, RP and angular deviations RP,, 
RPb and RP, are calculated. 

Table 7 - Summary of test conditions for unidirectional pose repeatability 

Load Velocity Poses Number of I cycles 

100 ?'O of rated velocity 
50 O h  and/or 10 % (optional) 

100 % of rated velocity (optional) 

P, - P, - P, 

p4 - p5 

100 YO of rated load 

The mass of rated load reduced 
to 50 % (optional) 

30 

50 O h  and/or 10 YO (optional) 

15 
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i 
(VA P) I 
7.2.3 Multi-directional pose accqracy variation 

I 

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

- vAP is the maximum distince between the 
barycentres of the cluster of1 points attained at 

I , 
1 

I 

, the end of different paths. 

- vAP,, vAP, and vAP, are tqe maximum devi- 
ations between the mean values of the angles 
attained at the end of differend paths. 

Multi-directional pose accuracy bariation is calcu- 
lated as follows: j 

I 
I 

3 - I F  
V A P  = mâX I A P h  - A P k  I 

h, k =  1 I 

-+ 
where AP (positioning accuracy vyctor) is calculated 
as follows: 

-+ 

Three is the number of approaching paths. 

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

- The robot is programmed to move its mechanical 
interface to the poses according to three ap- 
proach paths parallel to the axes of base coordi- 
nate system. For P l  in the negative direction and 
for P2 and P4 approach from inside the main 
body of the cube (see figure 9 and figure I O ) .  If 
this is not possible, the approach directions used 
shall be as specified by the manufacturer and 
shall be reported. 

- For each pose vAP, vAP,, vAP,, vAP, are calcu- 
lated. 

,-Path 1 

I 

Command pose -’ 
Figure/ 9 - Multi-directional pose accuracy variation 
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7.2.2 Unidirectional pose repeatability (RP) 

Velocity Poses Load 

100 ?40 of rated velocity 
50 O h  and/or 10 % (optional) P, - P2 - P3 100 YO of rated load 

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 barycentre and which is cal- 
culated as below; 

- the spread of anglecf  3Sa, f 3S,, f 3S,, about 
the mean values ü, b and C, where S,, S, and S, 
are the standard deviations. 

Number of 
cycles 

30 

where 

The mass of rated load reduced 
to 50 %O (optional) 

I R P  = 7 + 3s, 

100 % of rated velocity (optional) p4 - p5 
50 % and/or 10 YO (optional) 

with 

4 = J(X j  - x)2 + (yj - + (Zj - 212 

E O  92831 990(E) 

with 

5 (4 - i)' 
j =  1 

s, = J n - 1  

NOTE 4 
tances are not normally distributed. 

This criterion can be calculated even if the dis- 

Table7 gives a summary of test conditions for 
unidirectional pose repeatability. 

- The procedure is the same as in 7.2.1. 

- For each pose, RP and angular deviations RP,, 
RP, and RP, are calculated. 

15 
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I 
l 

7.2.3 Multi-directional pose acc ' racy variation 
(VA P) r 

ose accuracy ariation expresses 
en the diffe x ent mean attained 
en visiting the same command 

m three perpendicular directions 

maximum dist , nce between the 
of the cluster of /  points attained at 

the end of different paths. 

re tHe maximum devi- 
ations between the mean values of the angles 
attained at the end of differen4 paths. 

I 
I pose accuracy Lariation is caicu- I 

a (see figure 9). 

- vAP,, VAPb and 

I 
I 

, 

where LP (positloning 
as follows: , 

y vector) is calculated 

I -+ 
AP = (2 -xc)U + 0- -yc); t (4- zC$ 

I Ai 

l Attained pose 

Path 2 

Figup 

16 

Three is the number of approaching paths. 

1 

1 
Table8 gives a summary of test conditions for 
m u I ti-d i rection al pose accuracy va ri at ion. 

- The robot is programmed to move its mechanical 
interface to the poses according to three ap- 
proach paths parallel to the axes of base coordi- 
nate system. For PI in the negative direction and 
for P2 and P4 approach from inside the main 
body of the cube (see figure 9 and figure I O ) .  If 
this is not possible, the approach directions used 
shall be as specified by the manufacturer and 
shall be reported. 

- For each pose vAP, vAP,, vAPb, vAP, are calcu- 
lated. 

Path 1 

Command pose -' 

9 - Multi-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 
50 % andlor 10 YO (optional) 

100 % of rated velocity (optional) 
50 YO andlor 10 YO (optional) 

100 YO of rated load 

The mass of rated load reduced 
to 50 % (optional) 

P, - P* - P4 30 

Figure 10 - Illustration of the cycle 

7.3 Distance accuracy and repeatability 
(applicable only to  robots with t h e  facility for 
explicit programming) 

7.3.1 General 

Distance accuracy and repeatability characteristics, 
as defined in this clause, quantify the deviations 
which occur in the distance and orientation between 
two explicit command poses and two sets of mean 
attained poses, and the fluctuations in distances and 
orientations for a series of repeat movements be- 
tween the two poses. 

Where the unidirectional pose accuracy and repeat- 
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- 

lected by using the formulae in 7.3.2 and 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 been measured 
using teach programming to command each pose it 
is sufficient to make a limited {est in 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; 

b) by commanding one pose by teach and pro- 

The method used shall be reported. 

gramming a distance. 

77 
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7.3.2 Distance accuracy (AD) 

Distance accuracy expresses t(e deviation in pos- 
itioning and orientation between the command dis- 
tance and the mean of the attainled distances. 

I 

Given that the command poses 4 
attained poses are Plj, Pv, the p 
accuracy is the difference in dis 
P,, and P,p Py (see figure 11) and 
repeated n times. 

The positioning distance accurac 
as follows: 

I A D = D , - D  

where 

Oc = I pc, - pc21  

n 
1 D = - C D j  n 

- 

j =  1 

/!Ij= )Plj- Pvi 

=l/- 

with 

xci, y , ,  and zcl as the coord 
able in the ri 

xc2, yc2 and zc2 as the coord 
able in the ri 

xlp ylj and z , ~  as the coord 

X2p Y2j and zv as the coord 

n as the numb 

Positioning distance accuracy 
pressed for each base coordinatc 
calculation is as follows: - 

AD, = U,, - D, 
ADY = Dcy - Dy 
AD, = D,, - U, 

- 
- 

18 

! P,,, Pc2 and the 
itioning distance 
ice between Pcl, 
ie distance being 

AD is calculated 

I 

Ic2I2 + (Zcl - zc2)2 

steç of Pcl avail- 
ot computer; 

3tes of Pc, avail- 
Dt com p u te r; 

ites of P l i  

ites of P2j; 

of repetitions. 

n also be ex- 
ystem axis. The 

where 

&, = I Xc, - xc2 I 
&y = I Y C ,  -Y,, I 
Oc, = I zci - zc2 I 

n n 

n n - 
U, = I n C D z j  = C 

j =  1 j =  1 

The orientation distance accuracy is calculated 
equally to single axis distance accuracy: 

n n 

j -  1 j =  1 

j =  1 

with 

U,,, bcl and ccl 

U,,, bc2 and cc2 

a,? blj and c i j  

u2? b2j and c2j 
n 

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

as the orientations of Pc2 avail- 
able in the robot computer: 

as the orientations of P l i  

as the orientations of P2j; 

as the number of repetitions. 

I 
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Table 8 - Summary of test conditions for multi-directional pose accuracy variation _ _ ~  - ~ 

Load I Velocity Poses Number of 
cycles 

100 %O of rated velocity 
50 YO and/or 10 YO (optional) 

100 %O of rated velocity (optional) 
50 YO and/or 10 % (optional) 

100 YO of rated load 

The mass of rated load reduced 
to 50 O ,  (optional) 

P, - P* - P4 30 

p2 

p2 

p2 

Figure 10 - Illustration of the cycle 

7.3 Distance accuracy and repeatability 
(applicable only t o  robots with the facility for 
ex p I i cif prog r a rn m i ng) 

7.3,1 General 

Distance accuracy and repeatability characteristics, 
as defined in this clause, quantify the deviations 
which occur in the distance and orientation between 
two explicit command poses and two sets of mean 
attained poses, and the fluctuations in distances and 
orientations for a series of repeat movements be- 
tween the two poses. 

Where the unidirectional pose accuracy add repeat- 
ability characteristics in 7.2 have been tneaçured 
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- 

lected by using the formulae in 7.3.2 and 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 been measured 
using teach programming to command each pose it 
is sufficient to make a limited test in 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- 
gram m ing ; 

b) by commanding one pose by teach and pro- 

The method used shall be reported 

gramming a distance. 

17 
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7.3.2 Distance accuracy (AD) 

Distance accuracy expresses toe deviation in pos- 
itioning and orientation betweed the command dis- 
tance and the mean of the attain1 

Given that the command poses 
attained poses are P,? Pw the F 
accuracy is the difference in dis 
Pc2 and Pl? PZj (see figure 11) anc 
repeated n times. 

The positioning distance accurac 
as follows: 

AD = 0, - I 
I 

where 

0, = I pc1 - pc21 

n 

j= 1 

xci, y,, and zcl 

xC2,yc2 and zc2 

Xl? Y l j  and zi j  

xw Y2j  and zq 

as the coorc 
able in the r 

as the coord 
able in the r 

as the coord 

as the coord 

n as the numt 

Positioning distance accuracy 
pressed for each base coordinat 
calculation is  as follows: - 

AD, = O,, - D, 
ADy = Dcy - Dy 

AD, = D,, - D, 

- 
- 

18 

distances. 

? P,,, P,, and the 
iitioning distance 
w e  between P,,, 
i e  distance being 

AD is calculated 

ates of P,, avail- 
ot computer; 

stes of P,, avail- 
ot com pu ter; 

ates of P,j; 

ates of P,; 

of repetitions. 

in also be ex- 
jystem axis. The 

n n 

equally to single axis distance accuiacy: 

- 
AD,, = D,, - U, 
AD, = D,. - U, 
AD, = D,, - U, 

- 
- 

where 

De, = I %l - ac2 I 
Dch = Ih,, - bc21 

D c c  = I Ccl - cc2 I 
n n 
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Table 8 - Summary of test conditions for multi-directional pose accuracy variation 

Load Velocity Poses Number of 
cycles 

100 Yo of rated velocity 
50 % andlor 10 YO (optional) 

100 YO of rated velocity (optional) 
50 YO and/or 10 YO (optional} 

100 YO of rated load 

The mass of rated load reduced 
to 50 % (optional) 

P, - P* - P, 30 

Istcycle b a t h 1  --e PI 

path2 - PI 

path3 - Pl  1 rl - P2 [ th l  - P4 

path2- P2 path2 - p4 

path3 - Pz path3 - P4 

Figure 10 - Illustration of the cycle 

7.3 Distance accuracy and repeatability 
(applicable only to  robots with the facility for 
exp I icit prog ra rn m i ng ) 

7.3.1 General 

Distance accuracy and repeatability characteristics, 
as defined in this clause, quantify the deviations 
which occur in the distance and orientation between 
two explicit command poses and two sets of mean 
attained poses, and the fluctuations in distances and 
orientations for a series of repeat movements be- 
tween the two poses. 

Where the unidirectional pose accuracy and repeat- 
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- 

lected by using the formulae in 7.3.2 and 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 been measured 
using teach programming to command each pose it 
is sufficient to make a limited test in 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; 

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

The method used shall be reported. 
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Distance accuracy expresses he deviation in pos- 
itioning and orientation 
tance and the mean of the 

I 

Given that the command poses! are P,,, P,, and the 
attained poses are P,? PW the lpositioning distance 
accuracy is the difference in dilstance between PC1, 
Pc2 and Pl? Py (see figure 11) add the distance being 
repeated n times. 

1 

I 

The positioning distance accurdcy AD is calculated 
as follows: I 

I A D = D , - a  I 
l 
l 
i 
i 

where 

4 = I pc1 - P,,l 

n 

j =  1 

Dj = I Pij - PZjl ! 

= 7J(xy  - x2j)2 f 01,) - Y d 2  + (Z , j  - Z*j) 2 

with 1 

xc l , y , ,  and z,, 

xc2, yc2 and zc2 

xi? Y ~ J  and z1j 

Y2j  and 2% 

as the coordinates of P, ,  avail- 
able in the @bot computer; 

as the coor inates of P,, avail- 
able in the f obot computer; 

as the coorc)nates of Plj: 

as the coordinates of P,; 

n as the numi3;er of repetitions. 
I 

Positioning distance accuracy !can also be ex- 
pressed for each base coordinate system axis. The 
calculation is as follows: I - 

AD, = D,, - O, 

AD,, = D, - Dy 

AD, = O,, - 0, 

- 
- 

I),,= I X C l  -x,2l 

&y = lYc1 - Y c 2 l  

oc, = I Zcl - zc2 I 
n n 

j =  , j -  1 

n n 

n n 

j =  1 j =  1 

The orientation distance accuracy is calculated 
equally to single axis distance accuracy: 

AD,, = D,,, - 0, 
AD, = D,, - 0, 
AD, = D,, - D, 

where 

D,, = I a,, - %2 I 

O,, = I Ccl - cc2 I 
Dch= ~ b c l - b c 2 ~  

n n 

j =  1 j =  1 

n n 

with 

a,,, b,, and ccl as the orientations of P,, avail- 
able in the robot computer: 

ac2, bc2 and cc2 

alp b,j and clj 

a2? bZj and cZj 

n 

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

as the orientations of P l j ;  

as the orientations of Py; 

as the number of repetitions. 
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I S 0  9283:1990(E) 

Table9 gives a summary of test conditions for dis- ing from P4. The measurements are taken 
tance accuracy. unidirectionally (see figure 12). 

- The robot is programmed to move its mechanical - At least as a minimum, the value of AD is given. 
interface successively to poses P2 and P4, start- 

L/' 
Figure 11 - Distance accuracy 

0th cycle 

1st cycle 

2nd cytle P2 -,P4 

30th cycle Pp --P4 

..-..- 
No measurement Is taken 

p2/ at Pbln theothcycle 

J 

Figure 12 - Illustration of the cycle 

Table 9 - Summary of test conditions for distance accuracy 

Load Velocity Poses Number of 
cycles 

p2 - p4 30 100 % of rated velocity 
50 % and/or 10 % (optional) 100 ?'O of rated load 

19 
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For orientation the following calculation applies: 

Distance repeatability is the clos ness of agreement 
between several attained dista ces for the same 
command distance, repeated n i imes in the same 
direction. 

Distance repeatability includes positioning and 
orientation repeatability. 

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

I , 
I 

1 

RD, = f 3 4  n - I  1 

RD, = f3 

c (Dcj - De)* 
j= l  

RD, = f3 

with the different variables as defined in 7.3.2. 

Table 10 gives a summary of test conditions for dis- 
tance repeatability. 

- Same procedure as in 7.3.2. The value of RD is 
given. 

7.4 Pose stabilization time 

The stabilization time is the period of time which 
elapses between the instant at which the robot gives 
the attained pose signal and the instant at which the 
damped oscillatory motion or the damped motion of 
the mechanical interface falls within a limit as 
specified by the manufacturer (see figure 13). 

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

Table 10 -1 Summary of test conditions for distance repeatability 

100 YO of rated load 

l 

Number of 
cycles 1 Velocity Poses 

I 30 

1.0 % of rated velocity 
50 Oh and/or 10 O/& (optional) p2 - p4 

I 

Table 11 - Summary of test conditions for pose stabilization time 

Load j i  Velocity Poses 1 Number of 
cycles 

i û b  Y0 of rated velocity 
50: %O andlor 10 YO (optional) P I  - P* - P, 100 YO of rated load 

n a I The mass of rated load reduced 
to 50 ?40 (optional) 

lob % of rated velocity (optional) p4 - p5 
501% and/or 10 % (optional) 

I I I I 
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- The cycles are the same as in 7.2.1 (see 
figure 8). For each pose, position and orientation 
of the mechanical interface are recorded from 
the time the robot gives the attained pose signal. 

The time at which the oscillatory response of the 
mechanical interface falls within the limit as 
specified by the manufacturer, is recorded on the 
resulting graph (see figure 13). 

- For each pose, the mean value t of the three cy- 
cles is calculated. 

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

IS0 9283:1990(E) 

7.5 Pose overshoot 

Pose overshoot is the maximum deviation between 
the approach path and the attained pose after the 
robot has given the attained pose signal. 

This is shown in figure13 for case 1 as a negative 
deviation (negative overshoot), and for case 2 as a 
positive deviation (positive overshoot). 

Table 12 gives a summary of test conditions for pose 
overs hoot. 

Case (1) 

/ I  Stabilization& 1 

NOTE - Time f = O corresponds to the time when the attained pose signal occurs. The two cases (1 )  and (2) shown in the above figure corre- 
spond to 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 YO of rated velocity 
50 YO and/or 10 YO (optional) P, - P, - P, 

100 YO of rated load 
1 
0 

The mass of rated load reduced 
to 50 YO (optional) 

100 YO of rated velocity (optional) p4 - p5 
50 YO and/or 10 YO (optional) 
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where RP is defined in 7.2.2 

The maximum value should be reported. 

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

- Drift measurements should begin from cold (im- 
mediately after actuation of the main power) and 
continued over several hours in the warmed-up 
state. 

- The robot is programmed to move its mechanical 
interface to Pl starting from P2. All joints have to 
be moved when returning from P, to P2 (see fig- 
ure 14). 

- The measurements can be stopped before 8 h if 
the rate of change of the drifi for five continuous 
sets is less than 10 % of the largest rate of 
change during the first hour. These measure- 
ments are used to calculate unidirectional pose 
accuracy and repeatability (see 7.2.1 and 7.2.2). 
These results are plotted on a graph as a func- 
tion of time. The time between the measure- 
ments shall be 10 min (see figure 15) 

imary of test conditions for drift of pose characteristics 
Number of 

cycles Velocity Pose 

?A0 of rated velocity 8 h continuous 
cycling 

1st cycle p2 --y 
/’ Measurements a re  

‘2 -”/ ‘1 only taken a t  PI 
last cytle J 
atter  6 hours P2 - P l  

Figure 14 - Illustration of the cycle STANDARDSISO.C
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O O O 

Time [min) 10 20 30 

X = Unidirectional pose accuracy: AP 
O = Unidirectional pose repeatability: RP 

Figure 15 - Example of graph for drift of pose characteristics 

8 Path characteristics 

8.1 General 

Path accuracy and repeatability definitions are in- 
dependent of the shape of the command path. Two 
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. 

Path accuracy is determined by the two factors: 

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

- the difference between command angular orien- 
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 Gi, of the n measurement, 
for each of a number of measurement points (m) 
along the path. 
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Y 

Figure 16 - Pé 

Figure 17 - Pat1 

Barycentre line -, 

\ 
\ 

X 

h accuracy and path repeatability for a command linear path 

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: 

I n 2 AT = maxJ(xcj - TJ' + bci - I i = l  

where 
n 

- 1  
n 

j =  1 

j =  1 

xCf and yci are the coordinates of a point on 
the command path corresponding 
to measurement point zi; 

are the coordinates of the point 
of the attained path correspond- 
ing to the measurement point zi 
for the j- th replication. 

Orientation path accuracies AT,, AT, and AT, are 
defined as the maximum deviation from command 
angles along the path. 

xijandy, 

I S 0  9283:1990(E) 

n 

i = 1  
AT,=max)aci-Üil 

AT,, = max I bci - b, 1 - n 

i - 1  

rn 
AT, = ma; 1 cci-  Cil 

1 =  

where 
n q=-cqj 1 

&.=nxb, 1 

ci = n c c i j  

n 
j= 1 

n 

j =  1 

n 
- 1  

j =  1 

act, bci and cci are the command angles at the 
measurement point zi; 

aij, bu and c, are the attained angles at the 
measurement point zi for the j-th 
replication. 

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

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

In cases where significant velocity fluctuations 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. 

Table 14 - Summary of test conditions for path accuracy 

Velocity 

100 O h  of rated load 50 % of rated velocity 
10 YO of rated velocity 

100 ?h of rated velocity 

10 YO of rated velocity 
The mass of rated load reduced 
to 50 YO (optional) ya of rated 

I 

Number of 
cycles Example of path 

Linear path 

E1 - E3 

and 

E3 - El  

10 

25 
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The start point shall lie outs 
plane. The tests shall be bidirec 

The results to be given, as a m 
load and velocity condition: 

+ z direction 

Path AT = mm 
accu- 
racy: AT, = 

AT, =i 

O 

AT, = O 

8.3 Path repeatability (RT) 

Path repeatability expresses tl 
agreement between the attaine 
command path repeated n time 

For a given path followed n tir 
rection, path repeatability is ex1 

- the maximum value of RT \h 

the circle whose centre is or 
and with the z-value zi; 

- the maximum of the spread 
mean value at the different 2 

If the command path is definec 
path repeatability is calculated I 

RT = mk[< + : 
i = 1  

1 

where 

j =  1 

j =  1 Sli = 

4j = J(xq - %) 2 + (Yq - jg2 

with q, yi, xv and yij as defined i 

I n  

the chosen test 
mal. 

num, are for each 

- z direction 

AT = mm 
AT, = O 

AT, = O 

AT, = - 
with Q;., hi, Ei, bu and eu as defined in 8.2. 

closeness of the 
aths for the same 

Path repeatability shall be measured using the same 
test procedure as that used for the measurement of 
path accuracy. 

The results to be given, as a minimum, are for each 
load and velocity condition: 

; in the same di- 
ssed by 

:h is the radius of 
ie barycentre line 

+ z direction - z direction 

Path RT = mm RT - mm 
O RT, - 

RTb = 

repeat- 
ability: RT, = O 

RTb O 

O RT, = RT, = O 

angles about the 
mitions. 

s the Z-axis, the 
fol Io WS : 

.2. 

1 

20 

8.4 Cornering deviations 

8.4.1 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 perpendicular to each 
other (see figure 18). 

Cornering round-off error is defined as the minimum 
distance between the corner point (xe, y,, z, in 
figure 18) and the attained path. For the j-th path this 
is calculated as follows: 

where 

m is the number of measurement 
points along the path; 

x,, y, and z, are the coordinates of the corner 
point: 

x t , y ,  and zi are the coordinates of the at- 
tained path pose corresponding 
to the measurement point i. 

Cornering overshoot is defined as the maximum 
deviation from the command path after the robot 
started on the second path without delay time and 
with programmed constant path velocity. 

If the second command path is defined as the Z-axis 
and the first command path is in negative Y- 
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direction, the cornering overshoot is calculated as 
follows: 

I m 2 2 CO = maxJ(xi - X,i) + c v c  - Yci) I i =  1 

where 

xci andy,, are the coordinates of the com- 
mand path pose corresponding to 
measurement point zci; 

are the coordinates of the attained 
path pose corresponding to 
measurement point zi. 

This equation is only true when b i - y C i )  has a posi- 
tive value. If (yi -yci) has a negative value, cornering 
overshoot does not exist. 

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

xi and yi 

4 
Path 1 - 

IS0 92831990(E) 

The start position shall be half-way between E, and 
Eq. 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 
explicit programming. 

The mean cornering overshoot error CO is calcu- 
lated as the arithmetic mean of all overshoot errors 
recorded in three passes. 

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

Corner point (x,, y e ,  2,) 

Command path 

Path 2 

Direction of travel 

CR = Cornering round-off error 
CO = Cornering overshoot 
SPL = Stabilization path length 

Figure 18 - Cornering overshoot and cornering round-off error 

Table 15 - Summary of test conditions for cornering deviations 
Number of 

cycles Load Velocity Corners 

100 YO of rated velocity El  - E, - E3 - E4 
100 O/O of rated load 50 YO of rated velocity 3 

10 YO of rated velocity (see figure4, 6.8.6.2) 
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