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1. Introduction

Using the Kernel, you have instantly more than 1000 robots for kinematic calculations, and a trajectory planner
(motion interpolation) for PTP, SLEW, LIN, and CIRC motions. A powerful collision detection and numerous
mathematical functions are also available.

The EASY-ROB™ Kernel is designed as a plug in for integration in technology-based software applications
(host application) developed by OEM partners. API-functions and services for the complete robotics
functionality are provided. In general, the host application is in charge for the 3D visualization and the
administration of geometries and handles for every loaded kinematics.

Features

The EASY-ROB™ Kernel provides mathematics, kinematics and trajectory planner capabilities.

Robot Kinematics

e Load existing EASY-ROB™ robots, devices, tools, etc.
e Huge robot library*) is available
e Access to all robots attributes
e Forward kinematics transformation
e Inverse coordinate transformation
e TCP- and Joint-Jogging
e Access to all robots axis coordinate systems and attributes
*) ABB / FANUC / KUKA / YASKAWA / STAUBLI / TRICEPT / PKM / Cobots / Universal Robots

as well as individual designed robot with new mechanical concepts.

Robot Trajectory planning and —execution

Motion types: full synchronized PTP, SLEW, LIN and CIRC
e Tool guided movement

e Work piece guided movement, external TCP

e Track Motion

e Conveyor Tracking

e Tracking Windows

e External synchronized positioner

e Wait

e Automatic reduction of the speed, due to singularity

e Cycle time estimation, different velocity profiles
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Collision detection

e High performed collision detection with three different query types
e COLLIDE detects collision between two Models

e DISTANCE computes the distance between two Models

e TOLERANCE checks if distance between Models is <= tolerance

e Collision Result functions for detailed status information

Mathematics

e Multiplication / inversion / transpose routines for homogeneous transformation matrices (frames)
e Frame conversion into Euler angles (i.e. Yaw Pitch Roll) and quaternion or vice versa

e Routines for building frames (i.e. RotX, RotY, RotZ, TransXYZ and more ...)

Application Programming Interface (API)

The API-Functions and methods respectively services are ajar to the RRS-interface description Realistic Robot
Simulation (RRS).

This API is available in two version. The first original version provides Standard ANSI-C compatible functions.
The second version wraps these functions and exports the method class ERK_CAPI, which gives a better
structure and is easier to use. We recommend Microsoft® Visual Studio C++. Other compilers are possible as
well.

The EASY-ROB™ Kernel is available on windows x64 (Linux on request).

To work with the original version, the below two header files required

e erk _capi_types.h
e er_kernel_main.h
e easysimkernel.def

They declare data types and interface functions supplied with this Kernel and for usages in the host application.
The exported functions are also available in the module definition file (easysimkernel.def).

To work with the method class ERK_CAPI, the below two header files are required.
e erk _capi_types.h

e erk_capi.h
e erk_capi_definitions.h
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Below figure shows a layout diagram followed by a brief description of the method classes in ERK_CAPI.

Layout Diagram of ERK_CAPI
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Figure: Layout Diagram ERK_CAPI

class ERK_CAPI

A Method class containing all other ERK_CAPI_* classes. The main class ERK_CAPI is sub-divided in
following classes.

e ERK_CAPI_ADMIN Method class to administrate the EASY-ROB™ Kernel

ERK_CAPI_DEVICES Method class to create, attach, update devices, for kinematics calculations, tool path
definition and for trajectory planning and -execution

ERK_CAPI_SIM Method class for simulation settings and collisions as well

ERK_CAPI_AUTOPATH Method class for collision free path planning

ERK_CAPI_GEO Method class to handle 3D Geometry Data imported by Geometry Manager
ERK_CAPI_SYS Method class for mathematical calculations, simulation status, units

class ERK_CAPI_ADMIN
A Method class to administrate the EASY-ROB™ Kernel

e ERK_CAPI_CALLBACKS A Method class for Callback functions

Subject to change or improve without prior notice 7138

EASY-ROB Software GmbH Hauptstr.42 65719 Hofheim am Taunus Germany Tel. +49 6192 921 70-77 Fax. +49 6192 921 70-66 info.er@easy-rob.com www.easy-rob.com


mailto:info@easy-rob.com
http://www.easy-rob.com/

™ EASY-ROB

(]
N 3D Robot Simulation Tool

EASY-ROB™ Kernel

Introduction

class ERK_CAPI_DEVICES

A Method class to create, attach, update devices, for kinematics calculations, tool path definition and for
trajectory planning and -execution.

e ERK_CAPI_ROB Method class kinematics and transformations
e ERK_CAPI_MOP Method class for trajectory planning and -execution
e ERK_CAPI_TOOLPATH Method class for tool path definition

class ERK_CAPI_ROB
A Method class kinematics and transformations

e ERK_CAPI_ROB_ATRIBUTES Method class for robot/device attributes, travel ranges, home position, device
name, ...

e ERK_CAPI_ROB_KIN Method class forward-, Inverse kinematics, desired robot joints, tools, position w.r.t.
world and reference system

e ERK_CAPI_ROB_KIN_API Method class API for forward- and Inverse kinematics

class ERK_CAPI_MOP
A Method class for trajectory planning and -execution

e ERK_CAPI_MOP_DATA Method class for start-, target data, motion time, etc

e ERK_CAPI_MOP_PATH Method class for path specifications, motion type (PTP, LIN, CIRC), speeds,
acceleration, waiting time, etc.
ERK_CAPI_MOP_PREP Method class for trajectory planning (preparation)
ERK_CAPI_MOP_EXEC Method class for motion execution

class ERK_CAPI_TOOLPATH
A Method class for tool path definition

e ERK_CAPI_TOOLPATH_CREATE Method class to create tool paths

e ERK_CAPI_TOOLPATH_TARGETS Method class to create, unload and specify target locations

e ERK_CAPI_TOOLPATH_HEAD Method class to set and get tool path motion header data for target locations
e ERK_CAPI_TOOLPATH_INSTRUCTIONS Method class to set and get Instructions for target locations

e ERK_CAPI_TOOLPATH_ATTRIBUTES Method class to set and get tool path motion attributes for target
locations

e ERK_CAPI_TOOLPATH_ATTRIBUTES_AUX Method class to set and get tool path auxiliary motion attributes
for target locations

ERK_CAPI_TOOLPATH_MOVE_JOINT Method class to specify a joint motion for target location

ERK_CAPI_TOOLPATH_MOVE_CP Method class to specify a cp motion for target location

ERK_CAPI_TOOLPATH_MOTION_EXEC Method class to access motion execution data at target

ERK_CAPI_TOOLPATH_EXTAX_TRACKMOTION Method class to specify external axis data for a track/slider-

motion for target location

e ERK_CAPI_TOOLPATH_EXTAX_POSITIONER Method class to specify external axis data for a positioner for
target location

e ERK_CAPI_TOOLPATH_TOOLBOX Method class for miscellaneous tool path calculations

e ERK_CAPI_TOOLPATH_APIPP Method for post processing, creating a robot program for a tool path
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class ERK_CAPI_SIM
A Method class for simulation settings
e ERK_CAPI_SIM_COLLISION Method class for collision, tolerances, etc.
class ERK_CAPI_AUTOPATH
A Method class for collision free path planning
class ERK_CAPI_GEO
A Method class to handle 3D Geometry Data
e ERK_CAPI_GEO_MNGR Method class to access geometry manager methods.
class ERK_CAPI_SYS
A Method class for mathematical calculations, simulation status, units

e ERK_CAPI_SYS_UTILITIES Method class for helping functions, color conversion, etc.

e ERK_CAPI_SYS_MATHEMATICS Method class for mathematical calculations, multiplications of homogeneous
matrices, conversion Euler angle, triangle calculations, formula parser, etc.
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doxygen Documentation

A detailed description of all classes and methods are available as doxygen documentation in sub folder
"/ Includes / doc_erk_capi /"

[ EASY-ROB™ Kernel - o x
[X) o & eig
fide Locate Sop Reesh Home  Fort Pt Optons
Contorts | idex | oarch | Fovantes | o EASY-ROB™ K | g
B [E] EASY-ROB? Kemel Documentation €rnel vsso+
@ Introduction
@ Features Main Page Classes Files
@ Application Programming Interface: 1 1
Information and Support R
@ OEM Products EASY-ROB™ Kernel Documentation
@ Contact
@ Classes
@ Fi -
Introduction

The EASY-ROB™ Kernel offers immediately more than 1000 kinematics, robots and devices for kinematics calculations, as well as trajectory planning (motion interpolation) for different motion types such as PTP-, SLEW-, LIN- and
CIRC-movements. A powerful collision detection and a collision free path planner ‘AutoPath’ is available as well. Additionally functions for some useful math calculation are supplied.

The purpose of the EASY-ROB™ Kermnel is to be integrated in based software (host developed by OEM Partners. This kernel provides API-functions and services for complete robotics functionality.
The host application is in charge for the 3D vi: and the i ion of all ies and handles of all kinematics. The EASY-ROB™ Kemel supplies a handle for every loaded kinematics.
Features

The EASY-ROB™ Kemel provides mathematics, kinematics and trajectory planner capabilities, as well as algorithms for collision detection.
Robot Kinematics

- Load existing EASY-ROB™ robots, devices, tools, etc.
« All standard. optional robots*) and user defined devices are available
- Access to all robots attributes
« Forward kinematics transformation
- Inverse coordinate transformation
- TCP-and Joint-Jogging
« Access 10 all robots axis coordinate systems
*) ABB / FANUC / KUKA / YASKAWA [ PKM DELTA / STAUBLI/ TRICEPT / COBOTS

Robot Trajectory planning and -execution

- Motion types: PTP, SLEW, LIN and CIRC

« Tool guided movement

- Work piece guided movement, external tcp

« Track Motion

« Conveyor Tracking

- Tracking Windows for painting applications with conveyor tracking
- External synchronized positioner

- Wait

+ Automatic reduction of the speed, due to singularity

« Cycle time estimation, different velocity profiles

Collision Detection

« High performed collision detection with three different query types
- COLLIDE detects collision between two Models

« DISTANCE computes the distance between two Models

- TOLERANCE checks f distance between Models is <= tolerance
= Collision Result functions for detailed status information

Precompiled header file: "EASY-ROB Kernel.chm"

An alternative is to load file "index.html" into your Browser.

Information and Support

Please call us if you have any questions or something is not working as it should.
We are happy to offer our services for the integration.

Email: support@easy-rob.com

Web: EASY-ROB™ Kernel
https://easy-rob.com/en/software-modules-for-olp-software/robotics-simulation-kernel/

Copyright© February 2021 EASY-ROB™ by EASY-ROB Software GmbH
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2. Overview of Project Examples

The Kernel comes with some examples to understand how it works and how to use it. All examples are
summarized in one Visual Studio 2017 Project, see folder [ERK-Examples/.

"/er ERK-UDll-Shell-Examples.sln"

These examples can be compiled for 64-Bit platforms and in release or debug mode. The executables
"* . exe" are stored in folder "/EasySimKernel/". This folder is called the destination folder. They
are running in a simple Dos-Shell and create a data file "*.dat" and a program files "*.prg". The
data file contains relevant information about the communication with the kernel, such as licensing,
enabled options, handles and so on. The program file will be used together with the EASY-ROB™ App
(see folder /EasyRobEXxe), to visualize the results. In case of a 64-Bit solution platform these files have
a "x64" prefix.

Getting Started

Download link for Kernel Example v8.304

https://easy-rob.com/fileadmin/Userfiles/......... /erk-example-suite-v8304.zip

How to proceed?

1. After downloading, extract the zip file somewhere, this creates folder \easy-rob-v83\

2. The license file “license.dat” to access the EASY-ROB™ License Server is already included.
You need to create the unique hardware number and send it to us, see below. This allows us
to register a license for you to evaluate the kernel.

3. Start the EASY-ROB™ App “easyrobwx64.exe” in folder /EasyRobExe/
Press Ctrl+T to enable all tool bars and for easier operation.
Run-Animation Toolbar n

il s =82 K FE S
Note: VS 2017 x64 redistributable are required
http://www.easy-rob.com/fileadmin/Userfiles/vcredist/2017/vc_redist.x64.exe
4. Load (drag’n drop) one of below example .cel file from the project /Proj/ folder

a. Collision detection between two simple geometries:

Input er_ERK-UDII-Shell-COLL.cel

Output er_ERK-UDII-Shell-COLL-OBJECT_2.prg,
er_ERK-UDII-Shell-COLL-x64.dat

Program er_ERK-UDII-Shell-COLLx64.exe

Subject to change or improve without prior notice 11/38
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b. Kinematics: Loading a robot, calling inverse kinematics, reading joint data

Input IRB1400H-SPRING-KIN.cel
Output er_ERK-UDII-shell-KIN-IRB1400H-SPRINGx64.prg
Program er_ERK-UDII-Shell-KINx64.exe

c. Trajectory planning: Interpolation with PTP, LIN and CIRC motion

Input IRB1400H-SPRING-MOP-aesx64.cel
Output er_ERK-UDII-Shell-MOP-GNS-IRB1400H-SPRING-aesx64.prg
Program er_ERK-UDII-Shell-MOPx64.exe

d. Trajectory planning: Robot with synchronized position

Input KR-60-3-HA-DKP-400-ToolPath.cel
Output er_ERK-UDII-Shell-MOP-Positioner-GNS-KR-60-3-HAx64.prg
Program er_ERK-UDII-Shell-MOP-Positionerx64.exe

Subject to change or improve without prior notice 12/38
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e. Trajectory planning: Robot on a track

Input KR-120-R3900-Ultra-K-on-Track_ERK.cel
Output er_ERK-UDII-Shell-MOP-TrackMotion-GNS-KR120-R3900-ULTRA-Kx64.prg
Program er_ERK-UDII-Shell-MOP-TrackMotionx64.exe

f.  Trajectory planning: Robot with conveyor tracking

Input er_ERK-UDII-Shell-MOP-Conveyor-IRB1400H-SPRING.cel
Output er_ERK-UDII-Shell-MOP-Conveyor-IRB1400H-SPRINGx64.prg
Program er_ERK-UDII-Shell-MOP-Conveyorx64.exe

5. Press the RUN Button # to start the simulation. EASY-ROB™ will execute the created
program “.prg” files, created by the Kernel examples.

Important Note for Implementation

Of course, these are just some simple examples to show the functionality of the Kernel and to explain
first steps. We store the interpolated joint data of the robot/devices in each interpolation step in an ascii
file, a “.prg” file. Using the ERPL command JUMP_TO_AX allows to jump to each of this interpolated
joint data step.

When implementing the Kernel into the “real” host application it is strongly recommended to visualize
the joint data of all devices in each interpolation step and to verify this status. For example, to check
collision as well as travel ranges and other constraints, such as the allowed working space etc.

In each interpolation step the user should have the possibility to stop the motion/interpolation, to
change the target position/orientation, speed etc. and to move to that modified target again to verify the
results. Only then an error free motion can be realized by the user.

Note: Storing the results in a file or a vector class and visualize them afterwards, will give the user

not any chance to influence to robot’s behavior. It is necessary that the user can interact with
the simulation all the time.
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Overview of Project Examples

Example: Loading Geometries and importing IGP files

2y
Project: er ERK-Read-Igp-Shell

Purpose: Parses the structure of an IGP files

Target folder: .\EasySimKernel-Read-Igp-Shell\er ERK-Read-Igp-Shell
Executable: er ERK-Read-Igp-Shellx64.exe

Input: IGP files: irbl1400H.3, irbl400H.la or irbl400.0

Output: out.dat, outx64.dat

Remarks: no Kernel required

Example: Collision Detection

Project: er ERK-UD11-Shell-COLL

Purpose: Collision between two geometries

Target folder: .\ (destination folder)

Executable: er ERK-UD11-Shell-COLLx64.exe

Input: none, two pyramids with 5 vertices are generated internally

Output: er ERK-UD11-Shell-COLL-x64.dat

Remarks: Kernel license or DEMO Kernel required

Viewer er ERK-UD11-Shell-COLL.cel press RUN Button *
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Overview of Project Examples

Example: Inverse Kinematics, loading a robot

Project: er ERK-UD11-Shell-KIN

Purpose: Loading a robot, calling forward and inverse kinematics
Target folder: .\ (destination folder)

Executable: er ERK-UD11-Shell-KINx64.exe

Input: Kinematics, Device or Robot file "IRB1400H-SPRING. rob"
Output: er ERK-UD11-Shell-KIN-IRB1400H-SPRINGx64.dat

er ERK-UD11-Shell-KIN-IRB1400H-SPRINGx64.prg

Remarks: Kernel license or DEMO Kernel required
ER-App IRB1400H-SPRING-KIN.cel press RUN Button *

Example: Trajectory Planner, interpolation PTP, LIN and CIRC

Project: er ERK-UD11-Shell-MOP

Purpose: Loading a robot, PTP; LIN; CIRC motions

Target folder: .\ (destination folder)

Executable: er ERK-UD11-Shell-MOPx64.exe

Input: Kinematics, Device or Robot file "TRB1400H-SPRING.rob"

Output: er ERK-UD11-Shell-MOP-GNS-IRB1400H-SPRING-aesx64.dat

er ERK-UDl11l-Shell-MOP-GNS-IRB1400H-SPRING-aesx64.prg

Remarks: Kernel license or DEMO Kernel required
ER-App IRB1400H-SPRING-MOP-aesx64.cel press RUN Button #
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Example: Trajectory Planner with Conveyor Tracking

(conveyor_01.rob)

Project: er ERK-UD11-Shell-MOP-Conveyor

Purpose: Loading two devices, PTP; LIN; CIRC motions with conveyor tracking
Target folder: .\ (destination folder)

Executable: er ERK-UD11-Shell-MOP-Conveyorx64.exe

Input: Kinematics, Device or Robot file "IRB1400H-SPRING. rob"

Conveyor device or rob file "Conveyor 01.rob"
Output: er ERK-UDll-Shell-MOP-Conveyor-IRB1400H-SPRINGx64.dat
er ERK-UDl1l-Shell-MOP-Conveyor-IRB1400H-SPRINGx64.prg

Remarks: Kernel license or DEMO Kernel required
ER-App er ERK-UDl1-Shell-MOP-Conveyor-IRB1400H-SPRING.cel

press RUN Button ¥

Example: Trajectory Planner with synchronized Positioner

Project: er ERK-UDll-Shell-MOP-Positioner

Purpose: Loading two devices, PTP; LIN; CIRC motions with synchronized positioner
Target folder: .\ (destination folder)

Executable: er ERK-UDll-Shell-MOP-Positionerx64.exe

Input: Kinematics, Device or Robot file "KR-60-3-HA . rob"

Positioner device or rob file "DKP-400.rob"
Output: er ERK-UDl11l-Shell-MOP-Positioner-GNS-KR-60-3-HAx64.dat
er ERK-UDll-Shell-MOP-Positioner-GNS-KR-60-3-HAx64.prg

Remarks: Kernel license or DEMO Kernel required
ER-App KR-60-3-HA-DKP-400-ToolPath.cel

press RUN Button >
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Example: Trajectory Planner with Robot on a Track

Project: er ERK-UD11-Shell-MOP-TrackMotion

Purpose: Loading two devices, PTP; LIN; CIRC motions with synchronized tracking axis
Target folder: .\ (destination folder)

Executable: er ERK-UD11-Shell-MOP-TrackMotionx64.exe

Input: Kinematics, Device or Robot file " KR120-R3900-ULTRA-K.rob"

Positioner device or rob file " KUKA-KL.-1500-3-3000.rob"
Output: er ERK-UD11-Shell-MOP-TrackMotion-GNS-KR120-R3900-ULTRA-Kx64.prg.dat
er ERK-UDll-Shell-MOP-TrackMotion-GNS-KR120-R3900-ULTRA-Kx64.prg.prg

Remarks: Kernel license or DEMO Kernel required
ER-App KR-120-R3900-Ultra-K-on-Track ERK.cel

press RUN Button ¥
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3. Loading Geometries, import IGP files version 11 and 12

All device or robot files (*.rob files) using 3D geometries. EASY-ROB™ can import STL (binary or ASCII, even
colored), 3DS and its internal part file format IGP (binary or ASCII, always colored).

These geometry data are not included within the rob file. Per default they are stored in a sub folder "./igp". In
the rob file you will find only the file names of the geometries belonging to the device.

The following chapter explains the structure of an IGP file. This is necessary to import and visualize the file
format in the 3D scene of the host application.

Another possibility to visualize the 3D geometries is the usage of the “new” Geometry Manager. When
loading a robot or device file (*.rob) the Geometry Manager imports all belonging geometries. Via API
methods “ERK_CAPI_GEO_MNGR” the Host Application can access all the geometries. Hereby the access
does not depend on the internal file format. It does not matter if the geometry exists as STL, IGP, binary/ascii
or another file format. Geometries that have been read by the Geometry Manager can, for example, be
extracted, entered your own data structure, and then deleted.

For the sake of completeness, we would like to explain for IGP data format (ASCII), allowing you to decide
importing this format by yourself.

Import of IGP Geometry files

Using the callback-function LoadGeometry (), the name of the geometry-file fileName will be transferred.
The type will be concluded on the basis of the file extension.

File extensions
- STL /I STL file, binary or ASCII (even colored), neutral format
- 3DS /I 3D-Studio FILE, neutral format
- IGP /I |GP Part file format (binary or ASCII), always colored.

The structure of an IGP-file version 11, version 12 is slightly modified (see also the programming example)
An IGP-file consists of a header with several objects. The header describes the version number, the number
of coordinate systems, number of b-spline curves and —surfaces as well as the number of objects. Every object
consists of a color-index and points, as well as indices for lines and polygons.

IGP part file: "1rb1400. 0", see folder \Proj\igp

11 Version Version number

1 n _coorsys Number of coordinatesystems
1.000000 0.000000 0.000000 normal

0.000000 1.000000 0.000000 orientation

0.000000 0.000000 1.000000 approach

0.000000 0.000000 475.000000 position

0 n_curve Number of b-spline curves

0 n surface Number of b-spline surfaces

6 n obj Number of Objects Header
-2 n color idx  Color-Index of the 1. Object 1. object
8 n point Number of points

265.000000 30.000002 33.000000 Xy z in [mm]

0.000000 30.000002 33.000000 2. Pkt

265.000000 30.000000 0.000000

0.000000 30.000000 0.000000

Subject to change or improve without prior notice 18/38

EASY-ROB Software GmbH Hauptstr.42 65719 Hofheim am Taunus Germany Tel. +49 6192 921 70-77 Fax. +49 6192 921 70-66 info.er@easy-rob.com www.easy-rob.com



mailto:info@easy-rob.com
http://www.easy-rob.com/

EASY-ROB™ Kernel

™ EASY-ROB

(]
N 3D Robot Simulation Tool

0.000000 -29.999998 33.000000
265.000000 -29.999998 33.000000
265.000000 -30.000000 0.000000
0.000000 -30.000000 0.000000

0
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|
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8
0.000000 225.000000 33.000000

8. Pkt
n line Number of lines
n poly Number of polygons
n index pnr[0]...pnr[n_ index-1]
Polygon build of 4 points with
ldx 7, 6, 5und 4
n text Number of text informations
n texture Number of textures
n color idx  Color-Index of the 2. Object 2. object
n_point Number of points of the 2. Object
Xy Z First point in [mm]
n_ text Number of Text-Info of the 6.0bject
n_texture Number of textures of the 6.0bject

Programming example

Visual Studio 2017 Project ,,er ERK-Read-Igp-Shell")

In C-example int read igp (VRMLBODY *gb) the structure VRMLBODY is passed, which contains the file-
name gb->f1n of the IGP-file and the desired scaling gb->fscal[0..2] vector. The file is parsed and all
objects will be read. Furthermore, all normal vectors for every polygon and the bounding boxes for every object

are calculated.

The following 3 IGP-files serve as an example:

- "irbl400.0" I/l version 11, 6 objects all objects with User-Color, color idx = -2
- "irbl400H.1la" //version 12, 2 objects with lines only
- "irbl1400H.3" //version 12, 10 objects, last object with

Color-ldx = 2144517376 --> RGB 255 165 122

The whole geometry is stored in struct VRMLBODY. The memory will not be released.

Subject to change or improve without prior notice
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Loading Geometries, import IGP files version 11 and 12

Output of the example “irb1400H.3”

number of object data 10

Results reading igp file 'irbl400H.3'

n _obj 10

n_coorsys total 2

n_point total 340

n line total O

n poly total 239

fscal 1.000 1.000 1.000

size 0.383956 0.253000 0.288000 max size 0.383956

1. object

color index 6 --> RGB 76 76 76
n_coorsys 2

n _point 24

n line 0

n poly 13

2. object

color index -2 --> RGB 0 255 255
n_coorsys 0

n _point 32

n line 0

n poly 16

10. object

color index 2144517376 --> RGB 255 165 122
n _coorsys 0

n point 44

n line 0

n poly 35

done. ..

Colors and Color-Index

Each object has a color, which is described by the color-index.

Color-Index =

-2

User-Color, the color RGBColor is used for the object, which has been transferred with
LOAD_ GEOMETRY DATA after LoadGeometry ().

0-127  The object color is ,Standard” and can be seen in the color table col tab[]
seealso t color den2rgb(int den color, float *color rgb).

>127 The color of the object is stored in Bit 8 till Bit 31. This is (reading from right)
Bit 32: 0 not used
Bit 31-24: Blue share
Bit 23-16: share
Bit 15-8: Red share
Bit 7-1: Default-Colors
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Example:

Color-Index 6553727 decimal = 0 x 00 64 00 7F hex
0000 0000 0110 0100 00000 000 0111 1111 bin

unused, blue, green, red, default-colors

is the RGB value 0 200 0
with green = 200 decimal = 0xC8 = 1100 1000 bin

The programming example should serve as presentation. Ultimately polygons, lines and attributes, e.g. colors
have to be added to the geometry-structure of the host application. Furthermore, a triangulation of polygons
with more than three indices is necessary respectively recommended.
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4. Kinematics Example

EASY-ROB™ Kernel

The EASY-ROB™ Kernel is a development version for integration into custom applications. This kernel does
all the calculations, such as forward and inverse coordinate-transformation, trajectory-planning and -execution
(PTP, SLEW, LIN, CIRC) for all available types of robots. To control it, only C/C++ API-functions/services for
robot functionality are given. The custom application does its own 3D-visualization, as well as the management
of all geometries and handling of every loaded kinematics. The EASY-ROB™ Kernel returns a handle for every
loaded kinematics.

The following kinematics example should support you with your first steps.

Choose an appropriate PC with your development environment and unzip the Zip-file on your hard disk, to
create the directory ,./ERK_Examples/*.

Attachment: << erk-example-suite-v8304.zip >>
Kernel files:

The following files belong to the EASY-ROB™ Kernel, see folder .\Includes .\Libs for header and library files
and folder \ERK-Examples\EasySimKernel\ for the DllIs

- erk_version.txt /I current Kernel version
- erk_capi_types.h /I Header file, declaration of data types and constants
- erk_capi.h /I Header file, class ERK_CAPI
- erk_capi_definitions.h /I Header file, class ERK_CAPI
- er_Kernel_main.h /I Header file, prototype definitions, etc.
- EasySimKernel.def /l Module definition file
EASY-ROB Kernel.chm /l doxygen documentation as compiled html file

- 64-Bit version

- EasySimKernelx64.dll / Windows DLL containing Kernel functionality.
- EasySimKernelx64.lib I/ Kernel Library for linking

- EasySimKernel_GeoMngrx64.dll // Geometry Manager

- EasySimKernel_tboxx64.dll /I Toolbox for individual user customization

- EasySimKernel_apippx64.dll /I User API for user defined post processing

- EasySimKernel_apikinx64.dll /I User API for user defined kinematics

- er_wibukeyx64.dll /Il for WibuKey USB Dongle licensing

- er_codemeterx64.dll /I for CodeMeter USB Dongle licensing

- er_matrixlockx64.dll /I for MatrixLock USB Dongle licensing

Licensing:
For the temporary hardware connected licensing please download the program
Link:  https://easy-rob.com/fileadmin/Userfiles/er_hwnr.zip
and execute the application "er_hwnr.exe" with admin rights. Send us the created file

»HardwarNumber_xxx.dat and HardwarNumber_xxx.enc” by E-Mail to sales@easy-rob.com.
We will generate a temporary license for your selected computer.
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Kinematics Example

General Handling

When loading rob-files the host application will be informed about the geometries which belong to the
kinematics. For this reason, it is necessary to define the following three Callback-functions
(see Basic-example er ERK UTIL.cpp, er ERK-UDl11l-Shell-KIN.cpp)

// erSetCallBack LoadGeometryProc
erSetCallBack LoadGeometryProc (&LoadGeometry) ;

// erSetCallBack UpdateGeometryProc
erSetCallBack UpdateGeometryProc (&UpdateGeometry) ;

// erSetCallBack FreeGeometryProc
erSetCallBack FreeGeometryProc (&FreeGeometry) ;

Calling function erLoadKin (c_er hnd, f1n rob) results in a call of the Callback-function.
LoadGeometry (ER_HND ErHandle, LOAD GEOMETRY DATA *p load geometry data)
for each geometry in the rob-file

The actual kinematics-handle ErHandle and the structure LOAD GEOMETRY DATA will be transferred.
LoadGeometry (..) Creates a new geometry-handle and saves the transferred attributes like FileName
GeoName RGBColor Scaling GeoMat and ax idx. The geometry-handle is managed by the host
application and returned to the kernel.

A call of erUpdateKin(c_er hnd) causes an update of the kinematics respectively a calculation of
coordinate systems of each axis as well as the Tip and TCP. To get the associated position of the geometries,
erUpdateGeo (c_er hnd) must be called. This causes a single call of the callback-function
UpdateGeometry (..) for every to the kinematics related geometry.

UpdateGeometry (ER_HND ErHandle, TErGeoHandle GeoHandle, DFRAME *)

The kinematics-handle ErHandle, the geometry-handle GeoHandle and the transformation KinMat with
respect to the robot base will be transferred. The host application must place the appropriate geometry using
the geometry-handle. The resulting position of the geometry with respect to the robot base results of the
multiplication of KinMat *GeoMat.

When unloading the kinematics erUnloadKin (c_er hnd), the callback-function FreeGeometry () will be

called for each geometry. The host application must unload the appropriate geometries and release the
geometry-handles.

Inverse Kinematics

This EASY-ROB™ Kernel example "er ERK-UD11-Shell.exe" will open a Dos-Shell and read-in the
Robot-file "IRB1400H-SPRING.rob". The files ,er ERK-UD11-Shell-IRB1400H-SPRING.prg” and
~er ERK-UD11-Shell-IRB1400H-SPRING.dat” will be created.
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Running this example (Visual Studio 2017 Project ,,er ERK-UD11-Shell-KIN“) changes TCP position with
respect to the Robot base several times and calls the inverse kinematics to calculate the all joint value solutions
for each possible configuration. This process will go on until either the position is unreachable, or the travel
ranges are exceeded.

The result can be visualized in the EASY-ROB™ App, which can be found on the in folder ,./EasyRobExe /’

After starting the EASY-ROB™ App, load the cell-file "IRB1400H-SPRING-KIN.cel" first and press RUN
Button ® . This will “run” the output file "er ERK-UD11-Shell-KIN-IRB1400H-SPRINGx64.prg"

- EASY-ROB 3D Robot Simulation Tool  easy-rob-v83\Proj\IRB1400H-SPRING-KIN. cel - o X
File Robotics Simulation 3D-CAD Tegs View Aux I

|| Pick Robot

= 21 IRB1400H X = Teach Window ER_ERK-UDLL-SHELL-KIN-IRB1400H-SPR..

ERPL-ERCL Settings 7

Simulation

<| 5> New Close [ pass. dnts

Reload | Editor  Mew Saveas Save | Load | Unload

Too
desired Joint Yalues [deg | mm] 3 | | o
1 JOINT_1 #2320 || Insert || Del |[UnDel || Copy || Paste || Madity S8sE
Find > 'H11RB1400H' -> ER_ERK-UDLL-SHELL-KIN-RB1400H-SPF ~ < > EditPig wrn’::n
Home | Program 'ER_ERK-UDLL-SHELL-KINARE1400H-SPRINGX64 PRG' loaded ta IRE | ? FICD
\ " FTP_Ax | JUMP_TIO_#< 1613331 4857081 98,93476 36,93864 -102.18426 537600 ~ JomTs
T T1-0 Td=0 T6-0 JUMP_TO_#x 1649357 49.40932 99.40716 3736682 -102.52612 5.71493
e 1= a o JUMP_TO_&x 16.85631 50.24553 99.67142 3779905 -102.85697 £.05450 ROBOT
TO_A= 17 22153 61 07928 100 32739 38 23519 10317675 £ 39453 BASE
_TI0_#4 17.68921 51.91045 100,77504 38 67513 -103 48543 £.72481 ]
JUMP_TO_#x 17.95936 52730806 101.21430 3911871 10378297 7.07516 °r )
Rob JUMP_TO_&+ 1833196 53.56439 101.64513 39.56581 -104.06935 7.41539
P 21 IRB1400H X JUMP_TO_A 18 70702 54. 39693 102 06747 4001629 -104 34455 7.75529 SEL
T JUMP_TO_4 13.08452 55 20536 102 48131 40.47000 -104 60859 803467 TAG
<[5 1 [vewl [mose! Wa=ais 20 || JUMP_TO_A 19.96445 56, 02255 102.89658 40.32690 -104.86145 8.43332
JUMP_TO_#x 19846680 56.83542 103.28327 41.38653 -105.10316 8.77105 WORK
P g ~ < 2 <> [JUMP_TO_a&x 2023156 57.64486 10367137 41.84906 -105.33374 910765 0BJ
CIEEE R PN Imer) JUMP T A>< 2n 61872 53 45081 104 05085 42 31423 -105 55322 8.44251
Move || P_TI 00827 69 26317 104 42169 42 78188 -106 76164 577664 @
V. 1758414 JUMP 70, A><ZT 40019 60.05166 104.76391 43,2518 -105,95906 10.10863 —
Z 847 JUMP_TO_&x 21.79447 60.84687 105.13748 43.72405 -106.14554 10.43867
qu: 0726076 JUMP_TO_& 2219108 £1.63809 105.48242 44.19826 106,321 14 10.76657 =
o 0117315 JUMP_TO_A= 22 59002 62 42548 105 81872 44 £7434 106 48541 11.09212
ay 0665326 JUMP_TO_gx 22.99127 £2.20900 10614647 4516216 10863397 11.41612 Ter
az -0.128027 JUMP_TO_gx 23.39400 63.98061 10646549 4563155 110670339 11.73537 206
cConfig 'CONFIG_1' (1) JUMP_TO_& 2380059 6476427 105.77597 46.11236 -106.91625 12.05265
cTool TOOL_1' 1) JUMP_TIO_& 24.20862 £5.53597 107.07763 4659445 -107.03867 12 36683
- JUMP_TO_gx 24 £1887 66 30363 107 37128 47 07767 107 15076 12 67766 +
> RUN | JUMP_TIO & 2603132 €7.068739 107 ESE14 47 56182 -107 25263 12 9249
JUMP_TO_&x 25 44534 67.82707 107.93251 48.046594 -107.34439 13.28854 —
Ju
MG SWE_ zo01
Frgwfin | | JUMP_T0_4 26,70252 70.08196 108.71104 4950578 -107.56030 1417519
EndProgramFile
= Program Window
‘#1-IRBT400H 10.790 (5] 225 - JUMP_TIO_#< 23334800 63938610 106465430 45.631550 106783390 11.735370
‘#1 - IRB1400H' 10,800 [s] 226 JUMP_TO_&+ 23 800530 64.764270 106.775970 46.112360 -106.916250 12 052660
‘#1 - IRB1400H" 10.850 [s] 227 JUMP_TO_ & 24. 208520 55535370 107.077630 46.534450 107038670 12 366830
‘#1 - IRB1400H 10,300 [s] 228 JUMP_TOZA 24 513870 66 303650 107371280 47 077670 -107.150760 12 677660
‘#1 - IRBT400H" 10,950 [s] 229 JUMP_TO_gx 25031320 67 067390 107.656140 47.661880 -107 252630 12 924360
‘#1 - IRB1400H' 11.000 [s] 230 - JUMP_TIO_&x 25445940 67 827070 107.932510 48.046340 -107.344390 13.288540
IRB1400H' 11.050 [s] 231 P &4 25 862690 68.582720 108.200420 48.532690 -107.426160 13588230
111
IRB1400H" 11.150 (] 233 [
‘#1 - IRBT400H 11,150 [5] 234 JUMP_TO_gx 26, 702520 70,061 960 108711040 43,505760 -107.560300 14175190
Program End '#1 - IRB1400H" 11 znu[ ] Robot Time 11.200 [s], Signal Wait Time 0.0 [ms]
PRG_ABORT total realtime execution time 9530 [ms] - 236 fps
& R
PolLir dleades AL
EASY-ROB™ App with robot and created program
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How does it work?

Project "er ERK-UD11-Shell-KIN" has been developed using VS 2017 and creates the executable
“er ERK-UDll-Shellx64.exe". The coding can be found in "er ERK-UD11l-Shell.cpp" and begins
with the line main() respectively pn_ERK->do_erk(PROJECT_PATH, "IRB1400H-SPRING.rob");

Procedure:

a) First the kernel has to be initialized. This happens in
ErkInit(); // Initialize the Kernel: define Callback Fcts, verify
License, Reset robot and geo handles --> m erk init=0 is success
For the first step we recommend to define the Callback Fct. LogProc with
erSetCallBack_LogProc(). Only then you receive back messages from the kernel which are quite
helpful.
By calling
CheckLogproc (m_LogProc=1) ;// enable LogMessages after Kernel Init, per
default m LogProc=1 when DEBUG else =0 when NDEBUG
the message logging will be activated.

b) Generate one or more handle kinematics
This happens in
ErkInitKin(); // Create some empty robot handles for later usage

¢) Now load the .rob-file with the previously created handle (here only one handle is used)
ErkLoadKin (robfile); // Load a robot using robfile, --> c er hnd is the
current robot handle

d) Now changes happen, starting at line 809
- read the number of Dofs
- read the JointType (if trans or Rot, which is only used for the Output mm or deg)
- read the current Tool, which is here positioned at "0", which is the Robot-Tip
- set the TCP to z=100mm and update the kinematics in the kernel using
erUpdateKin(c_er_hnd), because the TCP in relation to the Base has been changed.
- Change the TCP location as far as an “error” or “warning” occurs,
see also CErERK::Erk_Do_Kinematics(), where the calculated Joint values can be written into
the prg-file with the command Jump_to_ax.

e) Quit the kernel

-ErkUnloadKin () ; // unload all kinematics
-ErkInit(); // Unload Kernel (ErkInit can also be quit if
m _erk init = false, otherwise it restarts again)

- close the .dat and .prg-file

This example shows only the essentials. In addition we used some common kernel methods needed quickly.

The type of management of the kinematics and geo-handles in the host application is up to the developer.
Here we are using a simple class CErERK.

An example EASY-ROB™ robot library is available by download.
Link:  https://easy-rob.com/fileadmin/Userfiles/robotlib.zip
Note: The robot geometries should be per default always in sub folder " . /igp".
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5. Trajectory Planner Example

The following Trajectory Planner-example should support you with your first steps.

Visual Studio Project: "er_ERK-UDII-Shell-MOP"

The result can be visualized in the EASY-ROB™ App, which can be found on the in folder ,./EasyRobExe /”

After starting the EASY-ROB™ App load the cell-file "IRB1400H-SPRING-MOP-aesx64.cel" firstand press

RUN Button
aesx64.prg"

This will

“run” the output file "er ERK-UD11-Shell-MOP-GNS-IRB1400H-SPRING-

1% EASY-ROB 3D Robot Simulation Too  \easy-rob-v33\Proj\IRE1400H-SPRING-MOP-aesx6.cel _ O x
File Robotics Simulation 3D-CAD Tags View Aux ?
[N . o >
e pEREADEesyBE@ Pl D R & &S| <] e .
M v 21 RB1200H — x 15 Teach Window ER_ERK-UDLL-SHELL-MOP-GNS-RB14...  — X
E 0 G O i Simulation ERPL-ERCL Settings 7 #
< L2 | [Mow][Fese (=S¢ Rielosd || Edtsr || New |[Save as|[ Save || Load | [Urioad T
desited Joint alues [deg | ] | [Fun [ | T
Tor
] 3 #2890 || Iwent || Del || UnDel || Copy || Paste || Modiy BASE
Find |>||*41 IRE1400H' > ER_ERK-UDLL SHELL MOP-GNSIRB14 || < | > |[EdiProll 1o
Home | Program ER_ERK-UDLL SHELLMOP-GNSIRE1400H SPRING AESKe4PRG 7| fi ¥O%\°
PTP_a%| B ROBOT
JUMP_TO_AX -26.30588 24 ADADS 34.30309 -221 25693 42.22417 213.00687 Jomnrs
PTP LN JUMP_TOC 5% -26 61367 24.01001 3368542 -222.095011 41.93249 213.90414
Via | Cire| | JUMP_TOZA -26.91542 23 61705 33.06307 -222. 93845 41 E4407 214 81403 =

PrgStep

JUMP_TO_#x -27. 21 UUZ 23 ZZEEZ 32 43858 223 78704 4136017 215.73295
JUMP_TO_#X 27. E3007 41.08347 216.65226
JUMP_TO. AX 27 75909 22 45981 31 20552 225 45095 40.81631 217.66335

12761 2210738 306 7257 4056075 21845788
JUMP_TO, AX 28 27217 2176131 30 03320 227 DEB3D 40 31846 219 32603
JUMF’ 0. A>< z 50075 21.43282 29,4 11220 40.03075 22016859

B
3

o235
2

5
=
]
=]

Oaing)

8.71262 2112373 28.9 2854 3987863 22096589

JUMF’ 10 AX ZE 90734 ZEI 83577 ZB 48281 223 20350 3968280 221, 72308
215 3950371 222.42957

JUMF’ TO_A% 28 ZMTE ZD 32700 27 581 29 230 41 161 39 34156 223 08335
JUMP_TO_#X -29.38771 2010764 27.1 93902 3319634 223.67979
JUMP_TO_AxX -25 51386 19.91199 26 85253 231 412493 39 06762 224 21687
JUMP_TO_#x -29.62377 19,73990 26.54707 23183244 30,95062 224.63318
JUMP_TO_#X -29.71806 19.59120 26.28304 -232.19742 38.85919 225.10828
JUMP_TO_#X -28.79749 1946495 26.06741 -232 50860 38.77782 225 46274
JUMP_T0_#X -29.85234 19.35032 25.86374 -232.76766 38.71070 225.75813
JUMP_TO_AX -25 91540 19 27604 26 71811 -232 57707 30 66604 225 89716
JUMP_T0_4 -29.95539 19.21058 25.60006 -233.14020 38.61514 226.18350
JUMP_TO_#X -29.98534 19.16212 25.51256 -233.26118 3858436 226.32176
Ju 0_4 -30.00663 19,1285 25,451 BZ 233 34500 3256309 226 41762
JUMP_TO_AX -30.01955 19.10761 25,413 9756 3854979 22647772
JUMP_TO_#X -30.02640 15.03647 25 39376 233 42543 3% 54274 226 G093

s
3 3
R
]

2! HH.‘.HE

I 4 :2 32 10 5 & Go

Help JUMP_TO_&X -30.02902 19, DHZZZ 25 38608 233 43603 38 54006 226 52179
WG et sepol 250
Frdwin 0 x40 uzawwau&nsa 5504532943767 39985 22852561 zom
MSB \ast Stepat 2,970 e
JUMP_TA_A 301 029401909152 B3I TR BENE 2652 ||
1 glime 2,980 'TL_3' ER_LIN, m_targetids 3, v 500 Q[mm/s], va_or 9007751, ¢
L N TARGE) Raal saioed T 17
JUMP_TO_&X -30.02951 19.03087 2538431 -233 43841 3853936 226 52449
JUMP_TO_&X -30.03026 1908583 25 38004 -233 44352 38 53737 226 53064
UMPTO 4 -30.12223 18.07254 25, 35982 233 46711 3863211 238, 54892
JUMP_TO_&X -30.03534 19 04751 2534767 -233 48248 3852222 226 57731
QUMPTO 4 -30 04185 13.00770 25 31 387 -233 52302 38 G047 228 52531
JUMP_TO_&X -30.05037 1895045 25 26545 -233 58143 38 48384 226 63597
JUMP_TO_&xX -30.06182 18 87360 25 20015 -233 BE028 38 45345 226 79035
- UMP_TO 4 3007650 16, 7544 25,1548 -230.7£142 341463 228,914
1 Program Window * JOMP_TO_&X -30.03451 18 65863 2501315 -233 88658 38 36568 227, 06140
I REO0N 263001 284 JUME 10 /% 54097026 (R340 51 302720 216 7160 14031280 [LE TRt A0 LR 1A 07 24 B3%7% 734 TR20R 58 204 077 24160
‘#1 - IRBT400H" 2640 [5] 285 JUMP_TO_&X -24 676770 26.336430 37 316 153060 43 724290 Save
1 H‘ JUMETTO 2K S5 146100 aano s T25680 217 606t 43 14560
2660 [s] 287 346440 25 531650 36.126500 -218 780140 43 116630 @
st
]
PRG_ABORT total realime execution tme 12,011 [5] - 36 fps. v| Ostn
3 2
felLiit d loads 22l
" -
EASY- ROBT"' App with robot and created program
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How does it work?

The project "er ERK-UD11-Shell-MOP" has been developed with VS 2017 and creates the executable
"er ERK-UD11-Shell-MOPx64.exe". The coding can be found in "er ERK-UD11-Shell-MOP.cpp"
and begins with the line main() respectively pn_ERK->do_erk (PROJECT_PATH, "IRB1400H-SPRING-aes.rob");.

Procedure:

a) First the kernel has to be initialized. This happens in
ErkInit (); // Initialize the Kernel: define Callback Fcts, verify
License, Reset robot and geo handles --> m erk init=0 is success
For the first step we recommend to define the Callback Fct. LogProc with
erSetCallBack_LogProc(). Only then you receive back messages from the kernel which are quite
helpful.
By calling
CheckLogproc (m_LogProc=1);// enable LogMessages after Kernel Init, per
default m LogProc=1 when DEBUG else =0 when NDEBUG
the message logging will be activated.

b) Generate one or more handle kinematics
This happens in
ErkInitKin(); // Create some empty robot handles for later usage

¢) Now load now the rob-file with the previously created handle (here only one handle is used)
ErkLoadKin (robfile); // Load a robot using robfile, --> c er hnd is the
current robot handle

d) No changes happen, see line 1327, ,num dofs=erGet num dofs(c_er hnd);"
- read the number of Dofs
- read the JointType (if translational or rotational, only used for output mm or deg)
- read the current Tool, which is here positioned at "0", which is the Robot-Tip
- set the TCP to z=100mm (comment out!) and update the kinematics in the kernel using
erUpdateKin(c_er_hnd), because the TCP in relation to the Base has been changed.

e) Trajectory Planner, some given target positions for interpolation, see also
»do_pause ("init + start trajectory planner");"
- ErkMopResetInit () ; // Reading respectively setting of robot axe
position
-ErkMopSetInitPos(); // Initializing of the Trajectory Planners
- SetNextTarget 01(); // Setting the first target
- ErkMopGetNxtStep (); // Interpolation and setting of other targets

The calculated axis values will be written into the .prg-file using the command JUMP_TO_AX
The .dat-file consists return messages from the kernel.

For more information read ,Motion concept with SET_NEXT_TARGET and GET_NEXT_STEP*
on the following pages.
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f)  Quit the kernel

-ErkUnloadKin () ; // unload all kinematics
-ErkInit(); // Unload Kernel (ErkInit can also be quit if
m erk init = false, otherwise it restarts again)

- close the .dat and .prg-file

Motion concept with SET_NEXT_TARGET and GET_NEXT_STEP

The EASY-ROB™ Kernel has been focused while the development on the RRS | Specification (Realistic Robot
Simulation). So two API-functions respectively RRS-Services SET_NEXT_TARGET and GET_NEXT_STEP
build the engine of the kernel.

INITIALIZE

l

SET_INITIAL_POSITION

l

SET_NEXT_TARGET

R

GET_NEXT_STEP

N |

\

TERMINATE

Principle RRS Services
Fraunhofer-Institute for Production Systems and Design Technology (IPK), 1994

After initializing the Trajectory Planner the first target will be set using SET_NEXT_TARGET. After that
GET_NEXT_STEP will be called as long as ,need more data“ or ,final step, target reached* will be returned.
In case of an error, a negative value will be returned, see also ,er_Kernel_main.h* or "erk_capi.h". While
interpolating, usually the value 0 for “OK, next step is calculated successful” will be returned. After each
GET_NEXT_STEP the robot axis values will be read and visualized in the host application respectively saved
as in this example.

Process in detail:
Using SetNextTarget 01(); the first target will be set. The target will be specified, e.g. Motion type,
interpolation mode, velocities, accelerations, target ID, etc. The target coordinates will be written into the

structure NEXT TARGET DATA , before erSET NEXT TARGET (c_er hnd, énext target data); is
called. If the trace has been successfully prepared, 0 will be returned otherwise the error will be evaluated a.
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In the example the robot should move to all targets, which are programmed in SetNextTarget 01 (), with
DFRAME dT[] = {..}. We set m autoplay = 1 and call ErkMopGetNxtStep(); respectively.
GetNextStep 01();.

The step size will be set with m InterpolationTime respectively with the service
erSET INTERPOLATION TIME (c_er hnd,m InterpolationTime);.

A loop shall run as long as the motion ends (end=1 or negative) or GET_NEXT_STEP ,target reached” is
returned and the last target has been reached.

Code snippet from CErERK: : GetNextStep 01 ()

float gtime offset = gtime;
for (t=dt;m activ_thread 01 && (l!end || t<t min);t+=dt)
{
// erGET NEXT STEP
ret=erGET NEXT STEP(c_er hnd,output format, &énext step data,gtime);
// erGET_ CURRENT TARGETID
target id=next step data.TargetID;
gtime = gtime offset + (float)t;
etime = (float)next step data.ElapsedTime;

GET_NEXT_STEP writes the results into the structure NEXT STEP DATA.
The return value has to be evaluated.

if (ret==0) // next step is calculated successful
{
end=0;
}
else if (ret==2) // target reached
{
// if autoplay and last target not reached yet
// go to next target
SetNextTarget 0l (m motion type,m target type);

end=0;
// otherwise quit loop
end=1;
}
else if (ret==1) // need more data

{
// The movement will reach the target in the next step
// if autoplay and last target not reached yet
// go to next target
SetNextTarget 0l (m motion type,m target type);
end=0;
// otherwise quit loop
end=1;
}
else if (ret<0) // error and warning Codes
{
end= -1; // stop for loop
}
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Representation of the results when no error, ret>0
if (end>=0) // Visualization in host application
{ ret=erUpdateGeo(c_er hnd); // erUpdateGeo
// current axis values of the cRobot can be found in JointPos

VisuER (num_dofs, JointPos,v,a); // output

}
} // go for next step

Other suggestions:

If you want to drive through the targets with constant speed you have to call
erSELECT FLYBY MODE (c_er hnd, flyby on)with flyby on = 1, before the trace is planned with the
command SET_NEXT_TARGET.

In the example this happens always if m _autoplay > 0 is set, see also SetNextTarget 01();
The next target will be planned (one stroke before) at each ,need more data®“.

Important: EASY-ROB™ Simulation Kernel does currently not support Rounding (Flyby).

The global Simulations time ,gt ime" is managed by the host application itself. The variable ,et ime” indicates
how much time the current trace will take.

This example shows only the essentials. In addition we used some common kernel methods needed quickly.

The type of management of the kinematics and geo-handles in the host application is up to the developer.
Here we are using a simple class CErERK.

An example EASY-ROB™ robot library is available by download.
Link:  https://easy-rob.com/fileadmin/Userfiles/robotlib.zip

Note: The robot geometries should be per default always in sub folder ". /igp".

Subject to change or improve without prior notice 30/38

EASY-ROB Software GmbH Hauptstr.42 65719 Hofheim am Taunus Germany Tel. +49 6192 921 70-77 Fax. +49 6192 921 70-66 info.er@easy-rob.com www.easy-rob.com



mailto:info@easy-rob.com
http://www.easy-rob.com/

-EASY-ROB
EASY-ROB™ Kernel § 3D Robot Simulation Tool

6. Trajectory Planner Example with synchronized Positioner

Visual Studio Project: "er_ERK-UDII-Shell-MOP-Positioner"
The result can be visualized in the EASY-ROB™ App, which can be found on the in folder ,./EasyRobExe /’

After starting the EASY-ROB™ App, load the cell-file "KR-60-3-HA-DKP-400-ToolPath.cel" first and

press RUN Button ¥ . This will “run” the output file "er ERK-UD11l-Shell-MOP-Positioner-GNS-KR-
60-3-HAx64.prg"

- EASY-ROB 3D Robot Simulation Toel  \easy-rob-vB3\Praj\KR-60-3-HA-DKP-400- Too Path.cel — (=] )
File Robotics Simulation 3D-CAD Tags View Aux 2

U B S bﬁ@@ﬂ@@%@@ ibigg%gaum-mw-&m ~ || Pick Rabot ~

= #1 KR6O0- — x = Teach Window ER_ERK-UDLL-SHELL-MOP-POSITIONE..,  — X
Simulation ERPL-ERCL Settings 7 @

< | > |New| Close| [Jpass nis Fieload || Edior || New |[Saveas | Save || Load | [Urioad Tep
desired Joint Values [deg | mm] 5| [ Run | e
1 JOINT 1 11 4730 || Insert || Del || UnDel [ Copy || Paste | | Modiy et
2VOINT_2 441070 5 Find |[>| [ #1 KREO-3H&" > ER_ERK-UDLL-SHELLMOP-POSITIONE v | < | > |[EdtPig l 1op
Home | Pragram ER_ERK-UDLL-SHELL-MOP-POSITIONER-GNS-KR-60-3Haxea PR |7 [ WORLD

JUMP_TO_AX 2142580 -44. 53026 9169032 -0.00000 4293395 1114256090, » | J§ wosor

JOMPTTOZAX 21 41222 44 48536 31 29553 .0.00000 42 37044 111.41222 90 ot

JUMPZTOCAX 21.39860 -44 40062 51.40206 -0.00000 42 93675 111. 39880 90
[ : “ia | [Cire, [JUMP_TOZA 21,3556 -44,33432 §1.31003 -0.00000 4302490 111.38558 30 eosor

Tums T4=1 T5=0 T6=0 JUMPTTOAX, 21.37255 -44. 26837 91.21956 -0.00000 4304882 111.37255 90

JUMPTTOC A 21.35974 -44.20123 91.13076 -0.00000 43.07047 111.35375 90,

JUMPZTOAX 2134716 -44.13358 51.04372 -0.00000 4308986 11134715 90

A5 21334853 -44. 06552 50 95855 -0.00000 4310697 11133482 30
YO A 21.32275 4395711 30167537 -0 00000 4312170 11132275 50

e fre laststep gt 12,320 et 0.028

JUMP_TO_AY 21.31093 43 o6t a0 79426000000 4313421 1177105350

1 gime 12,3605 “T_39 ER_LIN, m_target_ick 41, v« 20.00mm/s], va_or 50.0[/3],

1 erSET_NEXT TAREET[]F\esu\t calculatsdTva\actmyT\meDDEDs

MG g o cep gl 12360

JUMP_TOL A 21.30254 43, o057 2073677 L0001 4314080111, 30254 90

\gt\meTZﬂDﬂs “T_40 ER_LIN, m_terget_ick 42, v« 20.00mm/s], vo_or 50.0[/5],

Via|[Cire] |1 erSET_NEXT TAHEET[]Resu\t caleulated TrajectoryTime 00265

M pre last siep ot 12.400 et _0.025

JUMF TG 252 31 J2695 47 20730 40,7522 0,000 43,1168 11,2985 90

1 giime 12,840 “T_41'ER_LIN, m_targel_ick 43, v« 20.00mm/s], vo_or 50.0/5],

1 erSET_NEXT TAHEET[]Resu\t caleulated TrajectoryTime 00265

MSE pre last siep ot 1240 et 0.011

JUNFTO 252 31 J3158 42 S5078 S0 87452 -0.00001 4307627 11,2915 90

! gime 12,4805 “T_42 ER_LIN, m_target_ick 44, v« 20.00mm/s], va_on 50.00/5],

| 4 53 52 10 2§ =& o

igRBase Lo / - . 1 erSET_NEXT TAHEET[]Resu\t calculated Trajectony Time 0.026s
= MSE Iast sep 3 12,480 e
8 - 0_AX 21.28884 i SSDEE 5035085 -0.00001 43 03572 111.25984 &0
‘Qt\meTZSZUs “T_43'ER_LIN, m_target_ick 45, v« 20.00mm/s], va_on 50,0751,
Prgwin ||| erSET_NEXT_TARGET() Result calculated TrajectoryTime 0.026s 200m

MSE last step gt 12520 et 0.000

JUMP_TO_AX 21.25080 4401851 91.00504 0100001 4301378 111,29079 90,
1 gtime 12 5805 “T_&4'ER_LIN, m_target_ick 48, v 20.0mms]. v_ori 50.0/s].
| erSET_NEXT. TAHEET[]Hesu\t calculated TraiectaryTime 0,026

MSE last step gt 12.560 et 0.000

JURTP 0 21 55344 -4 DA6TS o1 05674000001 42 SE80E 11129344 30
1 gtime 12,8005 'T_45 ER_LIN, m_target_ick: 47. v 20.0fmms]. v_ori 50.00%/s]
1 erSET_NERT_TARBET] Result calculated TraiectoryTime 00262

MSE last step gt 12600 et 0.000

JUMP_TO_AX 2129773 -44.07426 91.11142 -0.00001 42 96284 111.29773 90,
1 gtime 12 5405 "T_45 ER_LIN, m_target_ick: 48, v 20.0[mm/s]. v_or 50.00/s].
I Program Window — % 1 erSET_NEXT_TARBET] Resul calculated TraiectoryT ime 00265

MSEG last slea HI 12.640 et 0.000 ~

*#1 - KRE0-3HA 15600 (5] 461 - JUMP_TO_AX 21.230800 -44.018810 91.005040 -0.000010 43.013780 1 A
‘#1 - KRA0-3-HA 15 650 [s] 464 MSG LAST STEP GT 12560ET (1.000 Save
"#1 - KRE0-3-HA 15 660 [s] 465 JUMP_TO_Ax 21.293440 -44. 046730 31 058740 -0.000010 42.388060 1
‘#1-KRE0-3-HA' 15,700 (] 468 - MSG LAST STEP GT 12B00ET 0.000

*#1-KRE0-3HA'15.700[5] 469 - JUMP_TO_AX 21237730 - 44 074260 91.111420 .0.000010 42.952840 1 Clear

M5 L

[ ten

P e s R NO DG G FIFI - 3
EASY-ROB™ App with robot, positioner and created program

The EASY-ROB™ Kernel sample "er ERK-UD11-Shell-MOP-Positioner.exe" will open a Dos-Shell
and read-in the Robot-file " KR-60-3-HA.rob" and the Positioner " DKP-400. rob". The files , er ERK-
UD11-Shell-MOP-Positioner-GNS-KR-60-3-HAx64.prg" and, er ERK-UD11l-Shell-MOP-
Positioner-GNS-KR-60-3-HAx64.dat” will be created.
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How does it work?

The project "er ERK-UD11-Shell-MOP-Positioner" has been developed with VS 2017 and creates the
executable "er ERK-UD11-Shell-MOP-Positionerx64.exe". The coding can be found in "er ERK-
UD11-Shell-MOP-Positioner.cpp" and begins  with the line main() respectively
pn_ERK->do_erk_example(PROJECT_PATH, "KR-60-3-HA.rob","DKP-400.rob");.

Structure of the work cell:

In this example robot and positioner are placed with respect to the world. The robot has its position at z=500mm
with the tool data z=100mm. The positioner has its position at x=1000mm and is rotated around the z-axis by
180 degrees.

The targets are set to the tip respectively the tip of the positioner. It makes sense to set the tool data of the
positioner to “0” = identity.

As you can see on the screenshot in addition to the TCP-Trace, the direction of the tool axis is displayed to
show the change of orientation in a much better way.

Trajectory Planner Example with Positioner

Procedure:

a) First the kernel has to be initialized. This happens in
ErkInit (); // Initialize the Kernel: define Callback Fcts, verify

License, Reset robot and geo handles --> m erk init=0 is success

For the first step we recommend to define the Callback Fct. LogProc with

erSetCallBack _LogProc(). Only then you receive back messages from the kernel which are quite
helpful.

By calling

CheckLogproc (m_LogProc=1);// enable LogMessages after Kernel Init, per
default m LogProc=1 when DEBUG else =0 when NDEBUG

the message logging will be activated.

b) Then at least two kinematics will be created
This happens in

int number_of kin = 2; // robot and positioner
ErkInitKin (number of kin); // Create some empty robot handles for later usage

c) Now load the rob-file and positioner-file with the previously created handle

ErkLoadKin (robfile,0); // Load a robot using robfile, --> c er hnd is
the current robot handle
ErkLoadKin (posfile,1); // Load a positioner using posfile, --> c er hnd

is the current robot handle
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d)

f)

Place robot and positioner with respect to the world
// 1. Robot
c er hnd = Get c ER HND(1); // get handle for 1st robot (idx=1)

/I Tool data of the robot

erGetTool (c_er hnd, &tTw) ; // read tool
vec to frame (0,0,100*mm2m, 0,0,0,&tTw); // set tool to 100 mm in z direction
erSetTool (c_er hnd, &tTw) ; // set new tool

/I RobotBase of the robot

erGetRobotBase (c_er hnd, &1Tb) ; // read robot base position

vec_to frame(0,0,500*mm2m, 0,0,0,&iTb); // set robot base position w.r.t
World '"i' to 500 mm in z direction

erSetRobotBase (c_er hnd, &iTb); // set robot base position

// 2. Positioner
c er hnd = Get c ER HND(2); // get handle for 2nd robot (idx=2)

/I Tool data of the positioner
rob_kin frame ident (Convert DFRAME frame (&tTw)); //positioner without tool!
erSetTool (c_er hnd, &tTw); // set new positioner tool

/I RobotBase of the positioner
vec_to frame(1000*mm2m, 0,0, 0,0,180*RAD,&iTb);// x=1000mm Rz (180°)
erSetRobotBase (c_er hnd, &iTb); // set positionerbase position

/I Save the handle of the positioner for later access
er hnd positioner = c_er hnd; // store this positioner handle

Connect robot with the positioner.

Use the previously saved handle of the positioner
// Connect Robot with Positioner
erConnectPositioner (c_er hnd,er hnd positioner);

The Trajectory-Planner of the robot is now able to move the two axes of the positioner either in a
synchronized or not-synchronized way.

The targets for the robot include the axes of the positioner as external axis. This includes also
the axis-speeds of the positioner, see also ER_ EXTAX KIN DATA

Trajectory Planner, Initializing and Start

»do_pause ("init + start trajectory planner");
- ErkMopResetInit () ; // Read and Set robot Jjoints

- ErkMopSetInitPos () ; // Initializes the Trajectory Planner

w

Moving to some targets. The calculated joint values for the robot and positioner are written into
the prg-file with the command JUMP_TO_AX.

The dat-file includes more callback-messages from the kernel

- ErkRunTargets () ; // move along targets

More information about ,Motion concept with SET_NEXT_TARGET and GET_NEXT_STEP*
on the following pages
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g) Quit the kernel

-ErkUnloadKin () ; // unload all kinematics
-ErkInit (); // Unload Kernel (ErkInit can also be quit if
m erk init = false, otherwise it will start again)

- close the .dat- and the .prg-file.

Process in detail:

Unlike the first trajectory planner example these targets are outsourced to method GetNextTarget ().
Method GetNextTarget () returns O if there is a target, otherwise -1 will be returned. Each target has to
describe the motion step completely and conclusively.

typedef struct {

long motype; // ER_JOINT , ER_LIN, ER SLEW, ER_CIRC

long flyby on; // 0-OFF, 1-ON only when LIN or CIRC

double speed percent, speed cp; // (%1, [m/s]

double LeadWaitTime , LagWaitTime; // Wait time before and after move

double JointPos[DOF6] ; // Target Joint Location for ER_SLEW move

double CartPosVec[DOF6]; // Cart. Target Location for ER JOINT , ER LIN and
ER CIRC move, Pxyz Rxyz

long sync_type; // ER_SYNC OFF or ER SYNC ON

ER EXTAX KIN DATA eakd 1; // 1lst external axis

ER EXTAX KIN DATA eakd 2; // 2nd external axis

} TARGET LOCATION;

Example for the first target

static TARGET LOCATION targets[] = {
ER_JOINT, O, // Motion Type, FlyBy
20, 100*mm2m, 0, 0.5, // SPEED %, SPEED CP, Lead Time, Lag Time
0,0,0, 0,0,0, // JointPos
0.0*mm2m, 0.0*mm2m, 400.0*mm2m, 180*RAD, 0.0*RAD, 0.0*RAD, // CartPosVec Pxyz Rxyz
ER_SYNC ON, // Synchronization
er_hnd positioner, O, 0*RAD, 40*RAD, // 1lst ER HND, axis idx, axis value, axis speed
er_hnd positioner, 1, 0*RAD, 30*RAD, // 2nd ER HND, axis idx, axis value, axis speed

}i

Using PTP motion, a movement happens to the coordinate CartPosVec. The axis-speed is set to 20% of the
maximum joint speeds. Flyby is set to 0, so there is a stop at the target position. The command Lag Time
results in a stop and wait of 0.5s at the target position.

The motion is synchronized with the positioner, which is realized by ER_SYNC ON. That means, the target
position is interpreted with respect to the positioner. At the target position both axes of the positioner should
interpolate to 0°.

Example for another target

ER SLEW, O, // Motion Type, FlyBy

20, 100*mm2m, 0.5, 1, // SPEED %, SPEED CP, Lead Time, Lag Time

0 *RAD, 0 *RAD, 0 *RAD, 0 *RAD, 90 *RAD, 0 *RAD, // JointPos

0.0*mm2m, 0.0*mm2m, 0.0*mm2m, 0.0*RAD, 0.0*RAD, 0.0*RAD, // CartPosVec Pxyz Rxyz
ER_SYNC OFF, // Synchronization

er hnd positioner, O, 0*RAD, 40*RAD, // 1lst ER HND, axis idx, axis value, axis speed
er_hnd positioner, 1, 90*RAD, 30*RAD, // 2nd ER_HND, axis idx, axis value, axis speed

The motion type ER_SLEW is interpreted as PTP motion. The axe-values JointPos of the robot are given
(e.g. ABB Rapid MoveAbsJ). The axis-speed is set to 20% of the max. joint speeds. Flyby is set to 0, so there
is a stop at the target position. The robot waits 0.5s before he moves again, which can be set with Lead Time.
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The robot will wait 1.0s at the target, which can be set with Lag Time. The motion is not synchronized with
the positioner, which is set with ER_SYNC_OFF. At the target position the axis of the positioner should
interpolate to 0° and 90°. In this case the external axes are synchronized only in time with the movement of
the robot.

These two examples show that each target depends on the previous respectively the following target. A target
must be conclusive in itself. It makes no sense to set a Lag Time , if at the target Flyby has been set to = 1.

ErkRunTargets () has the following sequence. The parameter
int run target status
shows the interpolation-status of the robot.

const int RUN TARGET STATUS UNDEF

const int RUN TARGET STATUS GET NEXT TARGET
const int RUN TARGET STATUS SET NEXT TARGET
const int RUN TARGET STATUS GET NEXT STEP

w NP o

Ne Ne N N

1. Ifrun target status==RUN TARGET STATUS GET NEXT TARGET, read the next target with
GetNextTarget ()

2. Check result, set run_target status

3. Ifrun target status==RUN_TARGET STATUS SET NEXT TARGET, set the target with
SetNextTarget (), the trace will be prepared.

4. Checkresult, set run_target status

5. If run target status== RUN TARGET STATUS GET NEXT STEP, call erGET NEXT STEP (, until
“need more data” or “target reached” is returned.

6. Check result, set run_target status

A CIRC motion consists of two following CIRC sets. The first CIRC Set provides SetNextTarget () =1 “need
more data“, so that the next target, another CIRC set, can be read only before the trace has been planned and
the interpolation has started with erGET NEXT STEP () .

A visualization and storage of results happens only if erGET NEXT STEP () returns a value of >=0.

The step size can Dbe set with m InterpolationTime respectively the service
erSET INTERPOLATION TIME (c_er hnd,m InterpolationTime) ;.
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The sequence of the example shows the following output-screen:

Use robfile IRB1400H-SPRING.rob

Use posfile positioner 0l.rob

Write dat file er ERK-UDl11-Shell-MOP-Positioner-IRB1400H-SPRING.dat
Write prg file er ERK-UDl1-Shell-MOP-Positioner-IRB1400H-SPRING.prg
press any key to Connect Robot with Positioner

press any key to init + start trajectory planner

press any key to set next target

GetNextTarget () gt 0.000 TargetIdx 1 of 8
SetNextTarget () gt 0.000 MotionType ER JOINT
erGET NEXT STEP() 2 - target reached gt 3.400 TrajTime 3.381s

GetNextTarget () gt 3.400 TargetIdx 2 of 8
SetNextTarget () gt 3.400 MotionType ER LIN
erGET NEXT STEP() 2 - target reached gt 6.150 TrajTime 2.732s

GetNextTarget () gt 6.150 TargetIdx 3 of 8
SetNextTarget () gt 6.150 MotionType ER LIN
erGET_NEXT _STEP() 1 - need more data gt 8.625 TrajTime 2.500s

GetNextTarget () gt 8.625 TargetIdx 4 of 8
SetNextTarget () gt 8.625 MotionType ER CIRC ... need more data

GetNextTarget () gt 8.625 TargetIdx 5 of 8
SetNextTarget () gt 8.625 MotionType ER_CIRC
erGET_NEXT STEP() 2 - target reached gt 13.600 TrajTime 4.943s

GetNextTarget () gt 13.600 TargetIdx 6 of 8

SetNextTarget () gt 13.600 MotionType ER_LIN

erGET_NEXT_ STEP() 2 - target reached gt 15.625 TrajTime 2.000s
GetNextTarget () gt 15.625 TargetIdx 7 of 8

SetNextTarget () gt 15.625 MotionType ER_ SLEW

erGET_NEXT STEP() 2 - target reached gt 21.125 TrajTime 5.480s
GetNextTarget () gt 21.125 TargetIdx 8 of 8

SetNextTarget () gt 21.125 MotionType ER_JOINT

erGET_NEXT STEP() 2 - target reached gt 25.475 TrajTime 4.333s

press any key to unload ....
press any key to Done

This example shows only the essentials. In addition we used some common kernel methods needed quickly.

The type of management of the kinematics and geo-handles in the host application is up to the developer.
Here we are using a simple class CErERK.

An example EASY-ROB™ robot library is available by download.
Link:  https://easy-rob.com/fileadmin/Userfiles/robotlib.zip

Note: The robot geometries should be per default always in sub folder " . /igp".
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7. EASY-ROB Contact

EASY-ROB Software GmbH

Address:

Contact:

Phone:
FAX:

Email:

Url:

Hauptstr. 42
65719 Hofheim am Taunus
Germany

Mr. Stefan Anton

+49 6192 921 70 77
+49 6192 921 70 66

contact@easy-rob.com
sales@easy-rob.com

www.easy-rob.com

EASY-ROB customer area

Content:
Web:

Log in data:

Program updates and robot libraries

https://easy-rob.com/en/downloads-2/client-area/

User name: customer
P asswo rd : *kkkkkkkkk
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8. Space for you notes
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