Inverse kinematics tuturial
K Ja] (Inverse) 7822 (Kinematics) - F-Z 22 (tutorial)

This tutorial will try to explain how to use the inverse kinematics
functionality, while building a 7 DoF redundant manipulator.

AROCEE AR L — € B BRI TS 12 (F (7 DoF
redundant manipulator)i% » {55 5z [5] 2 22 TgE (inverse Kinematics
functionlity) -

But before that, make sure to have a look at the various simple example
scenes related to IK and FK in folder scenes.

ERAFARZ AT > Sk (make sure) T #R A& 2\ B R BRAVER ] - &
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For this tutorial,we will build a non-dynamic manipulator, that just uses
inverse kinematics without using any physics engine functionality
FIFHE PRI EL—EL A VLS 2 ThRenY S A E B RS - i
{T9EEhRE(non-dynamic)Hy#E(E

The V-REP CAD data related to this tutorial (*redundantManipulator.stl™) is
located in V-REP's installation folder's "cadFiles" folder.

AHEEAT V-REP CAD (i FHAYAEZE A"redundantManipulator.sti"fiz /> V-
REP ZZEEERIFE" cadFiles"”

A V-REP scene related to this tutorial can be found in V-REP's installation
folder's "tutorials\InverseKinematics" folder.
AREE T DIfF V-REP ZZEEERIFE "tutorials\InverseKinematics" o

Click [Menu bar --> File --> Import --> Mesh...] then select the file to
import. Also refer to the section on how to import/export shapes.

[Menu bar --> File --> Import --> Mesh... | ZEfERE ZE 1% O BRI THE
ZE0EE A 0 B U] DL (refer)import/export shapes -

A dialog pops open asking about mesh scaling and mesh orientation. Click
Ok. A single simple shape was imported and is located in the middle of the
scene. The shape also appears in the scene hierarchy on the left hand side of
the main window.
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http://www.coppeliarobotics.com/helpFiles/en/inverseKinematicsModule.htm
http://www.coppeliarobotics.com/helpFiles/en/inverseKinematicsModule.htm
http://www.coppeliarobotics.com/helpFiles/en/scenes.htm
http://www.coppeliarobotics.com/helpFiles/en/importExport.htm
http://www.coppeliarobotics.com/helpFiles/en/importExport.htm
http://www.coppeliarobotics.com/helpFiles/en/shapes.htm
http://www.coppeliarobotics.com/helpFiles/en/userInterface.htm#SceneHierarchy
http://www.coppeliarobotics.com/helpFiles/en/shapes.htm
http://www.coppeliarobotics.com/helpFiles/en/userInterface.htm#SceneHierarchy
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Depending on how the original CAD data was exported, the imported CAD
data could be at a different scale, different location, or even subdivided into
several shapes.The assigned color of imported shapes is random.
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Following figure shows the imported shape:
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As you can see, the import operation has left us with a single shape, where
we expected several shapes.
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This means that we will have to divide the manipulator object ourselves:
select the object (just click on it in the scene or the scene hierarchy), then
click [Menu bar --> Edit --> Grouping/Merging --> Divide selected shapes].
Following is what you should have:

B e AR BT R e B T HIBIERHE - 285 object(fE 7FFHF
TAEFET PR ~ B AE T/ERIEHY scene hierarchy B35E) » 3l H {¢
Fz [Menu bar --> Edit --> Grouping/Merging --> Divide selected shapes] -
PUN EIEZA

The original shape was divided into several sub-shapes (see also the scene
hierarchy). The shape division algorithm operates by grouping all triangles
that are linked by common edges.

JRAaH ISR E B RS (E T (L a]LAfE scene hierarchy ) - FEAIE 7y
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Depending on how the original mesh was created or exported, such a
division procedure cannot be performed. In that case you will have to
manually extract shapes in thetriangle edit mode.

R R an S AR B E VAR - REERTIERIVE IR - fEi8
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http://www.coppeliarobotics.com/helpFiles/en/userInterface.htm#SceneHierarchy
http://www.coppeliarobotics.com/helpFiles/en/objects.htm
http://www.coppeliarobotics.com/helpFiles/en/triangleEditMode.htm
http://www.coppeliarobotics.com/helpFiles/en/triangleEditMode.htm

Next, we will change colors of the various objects so as to have a nice visual
appearance.

PN AT S BRI - DUEA — R HIR A NS -

First double-click a shape icon in the scene hierarchy. Theshape
propertiesdialog opens. While a shape is selected, click onAdjust outside
colorin the dialog: this will allow you to adjust the various color
components of the outside faces of the selected shape.For now, just adjust
the ambient/diffuse color component of your shapes.

B/ EEETE scene hierarchy JEAREIRE « ARSI SRR ETE T - 2R
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To transfer the color of one shape to another shape, select both shapes and
make sure the last selected shape (indicated with a white bounding box) is
the one you want to take the color from, then simply click theApply to
selectionbutton in theColorssection of the shape dialog. Feel free to adjust
other visual parameters too, like theShading angleparameter, theEdges
widthor theEdges color.
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Once you finished coloring, you might have following situation :

SERCE R o IRATREGEEILL MF

In next step, we will add the 7 joints of the manipulator. One way of doing
this is to add the joints into the scene, then specify their appropriate position
and orientation (through the position dialog and the orientation dialog).
fERN—2 TR IR ERaY 7 (ERHED - —HE T AR RRETA T
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This is however not possible, when you don't know the exact joint positions
as in our case, and so we will have to extract them from the shapes that we
have:


http://www.coppeliarobotics.com/helpFiles/en/shapeProperties.htm
http://www.coppeliarobotics.com/helpFiles/en/shapeProperties.htm
http://www.coppeliarobotics.com/helpFiles/en/joints.htm
http://www.coppeliarobotics.com/helpFiles/en/positionDialog.htm
http://www.coppeliarobotics.com/helpFiles/en/orientationDialog.htm
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Select all imported shapes and click [Menu bar --> Edit --> Bounding box
alignment --> Align selected shapes' coordinate frame with world].
BEEEFTAEARTIIR - A% HE [Menu bar --> Edit --> Bounding box
alignment --> Align selected shapes' coordinate frame with world]

This operation guarantees that our bounding boxes are aligned with the
absolute reference frame, and given the current manipulator configuration,
represents the smallest bounding boxes.

I #RE B R FIHY bounding boxes Bi4g ¥ Sx £ HEZL 7% (aligned) » 3
HARSG E ERifEdtasic ENVE R T ForimNY bounding boxes -

Click [Menu bar --> Add --> Joint --> Revolute] to insert a revolute joint
into the scene. The default position is at (0;0;0) and its default orientation is
vertical, and so the joint is hidden by the manipulator's base cylinder.

EH 82 [Menu bar --> Add --> Joint --> Revolute] j& iz R ENE AG S - Bk
sl B Ay (0;0;0) » HBEE 5[ (orientation) Bz . » (AL RA AR
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While the joint is still selected, ctrl-select the base cylinder, then open

the position dialog on the position tab and click the Apply to selection.
EAIREERERA G - 2k Ctrl sREEFEALBIFE - ZR{&AE position ZEIHR
_FFTFH position dialog - 7A1% B %8 Apply to selection -

This just positioned the joint at the exact same coordinates as the base
cylinder (this operation however only slightly adjusted the joint's vertical
position since it was already almost in position).
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Now repeat the procedure for all other joints in the manipulator (remember
there should be a total of 7).
B AR IRt T P HRAGINVAE e (GOfE4EA 7 ) -

All joints are in position now, however, some of them have the wrong
orientation.


http://www.coppeliarobotics.com/helpFiles/en/shapeReferenceFrames.htm
http://www.coppeliarobotics.com/helpFiles/en/shapeReferenceFrames.htm
http://www.coppeliarobotics.com/helpFiles/en/positionDialog.htm
http://www.coppeliarobotics.com/helpFiles/en/positionDialog.htm
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Select all joints that should be aligned with the world's Y -axis, then enter

(90,0,0) for the Alpha, Beta and Gamma items in the orientation dialog, on

the orientation tab, then click the Apply to selection button.

BEFEEBRIE/ A Y Y gl B (aligned) Y FT A BRER - 24&

1E orientation dialog 1975 [A135828 [ & Alpha > Beta f{1 Gamma T&ifif A
(90,0,0) - PEEEHEREF SR -

Next, select the joint that should be aligned with the world's X-axis, then

enter (0,90,0) for Alpha, Beta and Gamma. All joints have the right

position and orientation now.

PET R BEEIEBUR R/ Ay X il P75 (aligned)AYRHER » A REA
(0,90,0) Alpha - Beta 1 Gamma - Fi/A BHEERAE# B4 IEHERY AL B

J31E] -

You can now adjust the joint sizes (check the Joint length and Joint
diameter items) in the joint properties dialog (that you can open by double-
clicking a joint icon in the scene hierarchy).

{EERAE AT DAFE joint properties 17 &5 1 FH % (adjust) BRET K~ (g &RAEI&
FEMIBAENEASIHE ) (AJDUBEEEEES 5 scene hierarchy HRAYREEEf[E]
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Make sure that all joints are clearly visible. This is what you should have:

EPRATAREETAIT A & - SR IRIEZIEARY |

The next step in this tutorial is to group shapes that belong to the same rigid entity.

RBFEHT N — B @R E —(ERITEE RS (rigid entity) HYZIRETT /340 -

Select the 5 shapes that are part of link 1 (the base cylinder being "link 0"), then click
[Menu bar --> Edit --> Grouping/Merging --> Group selected shapes].

BEREIB N HERE 10V 5 ETIR (CESBEEIRE Ry “$#RE 07 ) - B B8 [Menu bar -->
Edit --> Grouping/Merging --> Group selected shapes] °

Once the shapes are grouped in a compound shape, you could re-align its bounding

box with the world, but this step is not required (and has only a visual effect).


http://www.coppeliarobotics.com/helpFiles/en/orientationDialog.htm
http://www.coppeliarobotics.com/helpFiles/en/orientationDialog.htm
http://www.coppeliarobotics.com/helpFiles/en/jointProperties.htm
http://www.coppeliarobotics.com/helpFiles/en/jointProperties.htm

—HIGREMEETIRGTeH - T LURHESUE (bounding box) BRI B 177
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Repeat the same procedure with all shapes that logically belong together. In this
tutorial we will not actuate the gripper's fingers, and so simply rigidly group them
with the last link.

¥R L (logically) @ik —#EHYFT A TR EAEMHEI AU 2212 (Repeat the same
procedure)  FEAZLRET - TN GRE KA (gripper) HYFH5 » L RFRE
B (% — (BB (rigidly) 734H -

When all shapes that are meant to be grouped share the same visual attributes, try
merging them together instead ([Menu bar --> Edit --> Grouping/Merging --> Merge
selected shapes]).

BT B S HI IR A EIA AR B @ M (attributes)iy - SFE SR EM&EH
(merging){E—#E([Menu bar --> Edit --> Grouping/Merging --> Merge selected
shapes]) °

At this point you can rename all objects in the scene in following way, when going

from base to tip:

"redundantRobot" - "redundantRob_jointl" - "redundantRob_link1" -

"redundantRob_joint2", etc.

Just double-click an object's name in the scene hierarchy to edit its name.

BB R DA R DL i E ap G VAT A R - fREFE R (base to tip)
“redundantRobot” - “redundantRob_jointl” - “redundantRob_link1" -
“redundantRob_joint2” & o

AR R T HRATUHEETA{E scene hierarchy &R 47 -

Now we can build the kinematic chain, going from tip to base:

select object "redundantRob_link7", then ctrl-select object "redundantRob_joint7"

and click [Menu bar --> Edit --> Make last selected object parent].

BAEFRAFT o] LARE AL THAD 2 ER Y 2 B (kinematic chain)

EEEHG “redundantRob_link7” - ZAT&FE(E: Ctrl SBEEFEHI 52
“redundantRob_joint7” il EE#&[Menu bar --> Edit --> Make last selected object

parent] °

Alternatively you can drag an object onto another one in the scene hierarchy to

achieve a similar operation.

o A DR S S (drag) 2355 scene hierarchy HH1Y 55 —{E%HE EDIE



I (achieve)JE{LIAVHEELE (similar operation) °

Next do the same for object "redundantRob_joint7" and object
"redundantRob_link6". Continue in a same way until the whole kinematic chain of
the manipulator was built. This is what you should have (notice the scene hierarchy's
structure):

BN AR “redundantRob_joint7” F1 “redundantRob_link6” i {TAH[E]AY#E
ff -

A28 DUAHIEIAY 5 =0 E SRS R 4E 2y B2 B3 (kinematic chain) - jE 2 (TR IEZ
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