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Introduction

Motivation

Problem:
Teach the robots how to walk and balance themselves.

Solution:
Use a haptic feedback system to sense the stability/equilibrium of the
robot and use a robot learning from demonstration algorithm.
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Introduction

Objectives

Implement the ROS platform

Develop a data acquisition unit for the load cells

Link the load cells data with the haptic force feedback
Develop a control system for the robot with haptics

Perform balancing demonstrations

Record all relevant data
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Introduction

User
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Framework

PHUA robot

m 27 degrees of freedom
m Force sensors

m Hybrid actuation system

PHUA robot.
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Framework

Haptic device

m 6 degrees of freedom

® Maximum force of 3.3N

m Needs a control loop of
at least 1000 Hz

PHANTOM OMNI hapic device.
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Experimental setup

Load cells

Characteristics LBS-5 | LBS-10
Nominal Load [lbs] 5 10
IN] 22,2 44,4

Safe Overload 150% 150%
Nonlinearity% FS 0,25 0,5

LBS-5 load cell.
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Experimental setup

Acquisition unit

m ATmega328P microcontroller

= 8MHz

m 10-bit Analogue to digital converter
m33V~5V

Arduino Fio.
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Experimental setup
Acquisition unit

[L]o[alp[cleft]t]o]1]

1st byte to send
5th byte to send

(L]ofalp[cleftfi]o]2]  [ofifof2]ofs]o]4]

2nd byte to send

[L]o]alp[cle[t]t]o]3]

3rd byte to send

[L]ofalp[cleft]t]o]4]

4th byte to send
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Experimental setup

Signal conditioning
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Experimental setup

Load cell’s calibration
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Calibration curve of a LBS-5.
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Calibration curve of a LBS-10.
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Experimental setup

Software

m ROS

m Modular
programming

m Free and open
source

m OpenHaptics toolkit

m Low-level control
API

m High-level
control API

m Includes drivers

QuickH aptics

Haptic Library APl (HLAPI)

Haptic Device API (HDAPI)

PHANTOM Device Drivers (PDD)
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ROS modules

Structure

pressure cells

COP

humanoid_ control

state

Y

haptic_force

force

Y

phantom__ control
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ROS modules

pressure _cells

Load cells

Analogue signal

Feet's transformation

1

force cop node

Force's values

Acquisition unit

6xByte

lCOP's

arduino node
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ROS modules

haptic_force

inertial, tilt, etc.

———— | haptic_force module |«---------- N

CcopP

Forces for device
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ROS modules

phantom _control

Force

'

phantom__ control

Device state

}

node

Device state

Servo loop

State

Haptic device
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ROS modules

humanoid _control

Device state

humanoid control Commands/Response

node

Robot’s servomotors

Robot state
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Demonstrations

Axis system.
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Demonstrations
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Load cells placement.
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Demonstrations

Vertical movement
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Demonstrations

Vertical movement
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Actuated joints and Z axis of the haptic device.
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Demonstrations

Vertical movement
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Demonstrations

Vertical movement
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Demonstrations

Vertical movement
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Demonstrations

Lateral movement
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Demonstrations

Lateral movement
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Actuated joints and Y axis of the haptic device.
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Demonstrations

Lateral movement
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Demonstrations

Vertical movement
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Demonstrations

Lateral movement
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Demonstrations

Sagittal movement
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Demonstrations

Sagittal movement
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Actuated joints and X axis of the haptic device.
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Demonstrations

Sagittal movement
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Demonstrations

Vertical movement
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Demonstrations

Lateral movement

0.05¢ o0
E Wy, P e L VTR
S . R A i ™ T
o o
o i g
© ~0.05
~0.0% 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Time (s) Time (s)
2 0
z z I {
>
EOW 3-05f
8 g
0 5 10 15 _20 25 30 35 40 o 5 10 15 _20 25 30 3 40
Time (s) Time (s)
X's Components. Y's Components.

35/38



Conclusions and future work

Conclusions

Implement the ROS platform v/

Develop a data acquisition unit for the load cells v

Link the load cells data with the haptic force feedback v/
Develop a control system for the robot with haptics v/

Perform balancing demonstrations v/

Record all relevant data v
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Conclusions and future work

Future work

Velocity control

Use of the Z component of the force

Experiment with different formulas for force generation
Addiction of other sensors for force generation

Improve kinematic model

Usage of two haptic devices
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