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Foreword

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

Internationa

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

This International Standard is one of a series of International Standards dealing with robots and robotic
devices, which cover topics including vocabulary, safety, presentation of characteristics, performance
criteria and related test methods, and mechanical interfaces. The series of International Standards
dealing with robotsand robotic devices are interrelated and are related to other International Standards.

Annex A provides examples of applications for different mechanical structures.
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Robots and robotic devices — Coordinate systems and

motion nomenclatures

1 Scope

This International Standard defines and specifies robot coordinate systems. It also provides

nomepeiatyi-e,1n g notations for the pasicrgpotmobtignsitisintendeg toald

testing, and programming.

This [nternational Standard applies to all robots and robotic devices as defined in [SO-837

2 Normative references

The fpllowing referenced documents are indispensable for the application of this docume
refergnces, only the edition cited applies. For undated references, the. latest edition of th
documnent (including any amendments) applies.

[SO 8873:2012, Robots and robotic devices — Vocabulary

3 Terms and definitions
For the purposes of this document, the terms and définitions given in ISO 8373 and the fol

3.1
configuration
set offall joint values that completely determines the shape of the robot at any time

[SOURCE: ISO 8373:2012, 3.5]

3.2
base mounting surface
conngction surface betweénjthe arm and its supporting structure

[SOURCE: ISO 8373:2012, 3.9]

3.3
mobile platform
assembly of'all components of the mobile robot which enables locomotion

[SOUREE; 1SO 8373:2012, 3.18, modified — Notes 1 and 2 have been removed.]

obot alignment,

nt. For dated
e referenced

owing apply.

3.4
world coordinate system

stationary coordinate system referenced to earth, which is independent of the robot motion

[SOURCE: ISO 8373:2012, 4.7.1]

3.5
base coordinate system
coordinate system referenced to the base mounting surface

[SOURCE: IS0 8373:2012, 4.7.2]
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3.6
mechanical

013(E)

interface coordinate system

coordinate system referenced to the mechanical interface

[SOURCE: IS0 8373:2012, 4.7.3]

3.7

tool coordinate system

TCS

coordinate system referenced to the tool or to the end effector attached to the mechanical interface

[SOURCE: ISO 8373:2012, 4.7.5]

3.8

working sp4g
space which
of each joint

[SOURCE: IS
3.9

ce
can be swept by the wrist reference point increased by the range of rotation\6r*trans
n the wrist

8373:2012, 4.8.4]

tool centre point

TCP
point defined

[SOURCE: IS

3.10

mobile plat
mobile plat
origin point

[SOURCE: IS
3.11

| for a given application with regard to the mechanical inferface coordinate system

8373:2012, 4.9]

orm origin
orm reference point
f the mobile platform coordinate system

) 8373:2012, 4.11]

task coordinate system

coordinate s
[SOURCE: IS

3.12
object coorc¢
coordinate s

[SOURCE: IS
3.13

ystem referenced to the sité)of the task, denoted by Ok - Xk - Yk - Zk
14539:2000, 3.3.5]

linate system
ystem refererced to the object, denoted by 0; - X; - Yj - Z;

D 14539:2000, 3.3.6]

camera coo

rdinate system

lation

coordinate system referenced to the sensor which monitors the site of the task, denoted by O X¢- Y¢- Z¢

Note 1 to entry: A vision system may be installed to detect the position and orientation of arbitrarily placed objects.

[SOURCE: ISO 14539:2000, 3.3.7]

3.14

grasp-type gripper
gripper that handles an object with finger(s)

[SOURCE: ISO 14539:2000, 4.1.2.1]
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4 General rules for coordinate systems and motion nomenclature

4.1 Right-hand coordinate systems

All coordinate systems described in this International Standard are defined by the orthogonal right-
hand rule as shown in Figure 1.

+Y

Figure 1 — Right-hand coordinate system

4.2 |Translations

Tranglations along X, Y, and Z axes are expressed in thefollowing way:
+or - x along X axis;

+or - y along Y axis;

+|or - z along Z axis.

4.3 |Rotations

Rotatjons about X, ¥, and Z axes:are expressed in the following way:
+or - A about X axis;

+or - B about Y.axis;

+lor - C about.Z axis.

A, B apd C are-also called roll, pitch and yaw, respectively.

Positijve4,'B and C are in the directions to advance right-hand screws in the positive X, Y and Z directions,
respectively{seefFigure2}:

General rotations are expressed by the combination of individual rotations.

© IS0 2013 - All rights reserved 3
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Key
A roll
B pitch

4.4 Nome

Ifthe axes ar¢
axis 2 the seq

NOTE Ex

5 Coordi

5.1 World

The origin of

requirement
The +Xp axis

5.2 Base

The origin of
axis is in thg

Figure 2 — Rotations

nclature for manipulator axes

e numerically designated, axis 1 shall be the first motion closest to the base mounting su
ond motion, and so on, and axis m the motion té,which the mechanical interface is attz

hmples are given in Annex A.

hate systems

coordinate system, Oy <X - Yo - Zp

the world coordinate system, Og, shall be defined by the users in accordance with
5. The +Z axis is collinear but in the opposite direction to the acceleration of gravity v
shall be defined by the users in accordance with their requirements (see Figure 3).

oordinate‘system, 01 - X1 - Y1 -Z1

mounting su|

centre of thelw

dipection of the mechanical structure of the robot perpendicularly away from thg

rface,
iIched.

their
ector.

the base.eoordinate system, 01, shall be defined by the manufacturer of the robot. The +Z;

base
pf the

face. The +X1 axis pomts away from the orlgln and passes through the prOJectlon

—When

the robot conflguratlon precludes this conventlon the direction of the +X1 axis shall be deflned by the

manufacturer.
NOTE Examples of the base and mechanical interface coordinate systems are given in Annex A.
4 © IS0 2013 - All rights reserved
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X1

Xo

Figure 3 — Examples'of coordinate systems

5.3 |Mechanical interface coordinate system, Oy, - X, - Y - Zm

The ofigin of the mechanical interfacé coordinate system, Oy, is the centre of the mechanical interface. The
+Zm axis points perpendicularly-away from the mechanical interface. The +Xy, axis is defined as the line
parallel to the +Z; (+X1) axis with-the mechanical interface aligned parallel to the plane Y1 Z1 (X1 Y1) and the
robot|primary and secondary.daxes nearest their mid-positions. When the robot configuration precludes
this cpnvention, the positionof the primary axes shall be defined by the manufacturer (see Flgure 3).

NOTE Examples ¢f the base and mechanical interface coordinate systems are given in Annex 4.

© IS0 2013 - All rights reserved 5
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5.4 Toold

The origin of
tool depende
is on the moy

|
Figure 4 —Examples of robot working space

oordinate system-{TCS), O; - X; - Y¢- Z¢

the tool coordinate system, O, is the tool centre point (TCP) (see Figure 5). The +Z; axis is
nt, normally\inthe direction of the tool. In case of planar grasp-type grippers, the +Y; axis
ring planeof fingers.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=5330fdf18042804e20655bd798f5fc49

IS0 9787:2013(E)

X

Figure 5 — Example of tool coordinate system

5.5 |Mobile platform coordinate system, Op, - X, - Y}, - Z;,

The grigin of the mobile platform coordinate system, Op, is thé mobile platform origin. The +X, axis is
normplly taken in the forward direction of the mobile platform. The +Z, axis is normally| taken in the

upwalrd direction of the mobile platform (see Figure 6).

Figure 6 — Example of mobile platform coordinate system

5.6 Task coordinate system, Oy - Xx - Y - Zk

The task coordinate system is illustrated in Figure 7.

© IS0 2013 - All rights reserved
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5.7 Objec

The object c(

tool coordinate system

013(E)

3
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]
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1
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al interface coordinate system
linate system

rdinate system
ordinate system

Figure 7 — Coordinate systems in object handling

L coordinate system, 0; - Xj - Yj - Z;

ordinate system is illustrated in Figure 7.

5.8 Camera coordinate system, O - X - Y - Z.

The camera coordinate system is illustrated in Figure 7.

© ISO 2013 - All rights reserved
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Examples of coordinate systems for different mechanical structures

VA

Zy

2

S

: / A

0

X

Figure A.1 — Rectangular robot

3
Xm
I,
NAo,
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X1

Figure A.2 — Cylindricalrobot

X

Figure A.3 — Polar robot
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