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The PhanTorque libraries are designed to facilitate the implementation of
control algorithms from Simulink® to the Sensable® haptic devices. In par-
ticular, the PhantTorque 6Dof library (Figure 1) is designed to be used with
the PHANTOM Premiums 1.5® and the PhanTorque 3Dof library (Figure 4)
with the PHANTOM Omni® and PHANTOM Desktop®. These libraries fol-
low the same idea of the Phansim library [1]. They use C/C++ S-functions
and the OpenHaptics libraries [2] to make the interface between the haptics
and Simulink. The main differences of the PhanTorque 6Dof library (versus
Phansim) are that it allows to set the torques of the six DoF in the PHANTOM
Premiums 1.5 and it gives the transformation matrix of the robot’s end-effector
and the linear and angular velocities.

1 PhanTorque 6Dof Library

In the Figure 1 can be observed the blocks that compose the PhanTorque 6Dof
library. The masks of the two principal blocks, PhanTorque_6Dof and Phan-
Torque_6Dof-vels, are detailed in the Figure 2 and Figure 3, respectively. The
Jacobian derived in [3] was used to program the blocks Phantom 1.5/6DOF
Jacobian and Phantom 1.5/6DOF Jacobian Transpose. The Clock Generator
block is the same of [1]. The Homogeneus Matriz block changes the vector
h € R' to a matrix H € R*** and the Rotation Matriz block extracts the
rotation matrix data from h.

2 PhanTorque 3Dof Library

The blocks that compose the PhanTorque 3Dof library are shown in the Figure
4 . In the Figure 5 and Figure 7 are detailed the masks of the two principal
blocks of the library. The Jacobian derived in [4] was used to program the
blocks Omni Jacobian and Omni Jacobian Transpose. The rest of the blocks
are the same as those described in the las section. All the blocks of this library,
except Omni Jacobian and Omni Jacobian Transpose, work with the Phantom
Desktop.
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Figure 1: PhanTorque 6Dof library.

@ ) O [P Function Block Parameters: PhanTorque_6Dof

PhanTorque_g0iof

S-Function (mask)

Input:
tau--> Centrol Torques (3x1)

Outputs:

g--=|oints Position (3x1)

p-->Cartesian Position {x,y,z, 3x1}

h--=Homogeneus Transformation Matrix (vector form, 16x1)

S-Function Parameter:
Haptic Name--» Name as appear on the "PHANToM Test” program

Parameters

Haptic Name
'Default PHANToM'

[ 0K ] | Cancel | | Help | Apply

Figure 2: PhanTorque_6Dof block.



© 0 O [Fa] Function Block Parameters: PhanTorque 6Dof vels
| S-Function (mask)

Input;
tau--» Control Torgues {3x1)

Outputs:

g-->Joints Position (3x1}

p--=Cartesian Position (x,y,z, 3x1}

v--»Linear Velocity (vx,vyvz, 3x1}

w-->Angular Velocity (wx,wywz, 3x1)

h-->Homogeneus Transformation Matrix (vector form, 16x1)

S-Function Parameter:
Haptic Name--> Name as appear on the "PHANToM Test" program.
Ex:'Default PHANToM'

kd Gain--> Gain for internal damping. It affects only to the first 3 joints
{al,02,q3), kd Gain=0 dissable this feature. Recommended test value <.001.

Parameters
Haptic Mame
'Default PHANToM'

kd Cain
0

F—hﬂ—] | cancel | | Help | Apply

Figure 3: PhanTorque_6Dof _vels block.
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Figure 4: PhanTorque_3Dof library.



'® 0 O 4 Function Block Parameters: PhanTorque_3Dof

S-Function (mask)

Input:
tau--> Control Torques (3x1)

Outputs:

g-->Joints Position {3x1)

p--=Cartesian Position (x,y,2 3x1)

h--»Homogeneus Transformation Matrix {vector form, 16x1)

S-Function Parameter:
Haptic Name--> Name as appear on the "PHANToM Test” program.
ex: 'Default PHANToM'

Parameters
Hmtic Nme
‘Default PHANToM

E——Ok—-} | Cancel | [ Help | | Appiy

Figure 5: PhanTorque_3Dof block.

8.0.0pF

S-Function (mask)

Input:
tau--» Control Torgues (3x1)

Qutputs:

q--=Joints Position (3x1)

p-->Cartesian Position (x,y,z 3x1}

w--»Linear Velocity (vx,wyvz 3x1)

h--=Homogeneus Transformation Matrix {vector form, 16x1)

S-Function Parameter:
Haptic Name--> Name as appear on the "PHANToM Test” program.
ex: 'Default PHANToM'

Parameters

Haptic Name
‘Default PHANToM'

[,—;W.—] | Cancel | | Help | | Apply

Figure 6: PhanTorque_3Dof _vels block.
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B O O | Function Block Parameters: PhanTorque_3Dof_tele

A S-Function (mask)
Input:
pify| taul-->Llocal Control Torques (3x1)

taw_r--=Remote Control Torques (3x1)

Qutputs:

Qrp| gl-->Lecal Joints Position (3x1}

n p_l--=Local Cartesian Position (x_lLy_l,_z_l, 3x1)
Mtau_r S q_r-->Remote Joints Position {3x1}
p_r-->Remote Cartesian Position {x_r,y_r.z_r, 3x1}

S-Function Parameters:

i Haptics Names--> Names as appear on the "PHANToM Test” program.
PhanTorgue_3Dof_tele ex: ‘Default PHANToM'

.

Parameters
Local Haptic Name

'Default PHANToMY'

Remocte Haptic Name
‘Default PHANToMZ'

[ oK ] | Cancel | |_Help_| Apply

Figure 7: PhanTorque_3Dof tele block.

Libraries Installation

. Unzip the file (PhanTorque_6Dof Library **Bits.zip or PhanTorque_3Dof
Library **Bits.zip).

. Place the folder in the Matlab directory.
. Add the path to this folder to Matlab (Set path option in Matlab).

. Compile the S-functions: The codes of the S-functions are inside of the
library folder, from Matlab compile the .c files with the next command:

mex PhanTorque_*Dof_*.c hd.lib hdu.lib

For example, the command to compile PhanTorque_6Dof-damp_vels.c is:
mex PhanTorque_6Dof_damp_vels.c hd.lib hdu.lib

IMPORTANT: The Matlab’s file, mexopts.bat, has to be edited to include
the path to the headers (.h) and libraries (.lib) of the OpenHaptics li-
braries.



IMPORTANT: The OpenHaptics libraries are NOT included in the zip files.
The people interested on getting them please visit [2].
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