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Surface « Haptic » Devices
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Ultrasound to create texture illusions

Friction 
reduction: 

'active 
lubrication' 

Is a function of 
vibration amplitude

Control of the wave 
amplitude as a function 

of the finger position 

Illusion

Turn off

Turn on
∆μ

[Sednaoui et al., 15]
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- Outline -

1

2

3

Design of a surface haptic interface 

and vibration control, using EMR: A brief summary

Human-machine interaction: biomechanics, 

perception and behaviour

Controller adaption to improve perception?

Human-in-the-loop for tactile interfaces: Next steps

Appendix: Graphical Rules of EMR

4
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- Methodology for design of surface haptic devices-

A mechanical strain is 

caused by an applied 

electrical potential (and vice 

versa)

ELASTIC BODY 

RESONANCE

Defined by a deformation 

shape and frequency.

It amplifies the vibration

✓ Actuators, piezoelectric 

✓ Resonator (solid material)

✓ Sensor, piezoelectric

✓ Controller

✓ Support

PARTS

1. Define specifications

2. Pre-calculate dimensions 

(approximate model)

3. Refine dimensions FE 

simulation

4. Implementation

5. Control

METHODOLOGY

PIEZOELECTRIC 

PRINCIPLE
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Dynamic model and closed loop control implementation

Vibration amplitude 

reference

Normal force 

sensor

Finger position
model

[Giraud et al., 19]

Assuming a single predominant mode

Piezoelectric force

Load force
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Decoupled system control EMR
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Controlled amplitude in the dq frame
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- Human-machine interaction-
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Human-machine interaction

How does a human interact with technology?

- The human performs an action on the interface

- The action elicits a physycal input in the device

- The device responds accordingly with a stimulus designed to

transmit an information

- The stimulus is perceived

- If the information is understood, the human modifies their behaviour

accordingly
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Human-machine interaction

In surface haptics: the objective is to emulate a real texture

-The human performs an action on the interface – Push, slide, rub, tap

-The action elicits a physycal input on the device – Force, position, velocity, trajectory

-The device responds with a stimulus designed to transmit an information – Vibration

-The stimulus is perceived – Thanks to skin and motor mechanoreceptors

-If the information is understood, the human modifies their behaviour – Embodyment?
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Systemic view of real texture interaction



EMR’22, Sion, June 2022
15

Title of the presentation

Texture simulation with ultrasonic surface haptic device
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Parts of the causal model: Energy flow
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Controller adaption to improve perception
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The friction depends on the human touching the device



EMR’22, Sion, June 2022
21

Title of the presentation

Alternative: MCS for the longitudinal force control at the sensing level



EMR’22, Sion, June 2022
22

Title of the presentation

A statistical model can help complete the loop?



EMR’22, Sion, June 2022
23

Title of the presentation

Real time acoustic force observation can help simplify the model
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Finger Force Observer
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Where we are: Closed loop Fr achieved
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- Human-machine interaction in surface haptics-
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- Colors -

violet

pale

green gold

Power

system

Power

source

System

model

System

control

Control

strategy

blue

sky

blue

Web X11 colour, standard colours on web pages

http://en.wikipedia.org/wiki/Web_colors

• light green background 

RGB = (152,251,152) 

« pale green »

• dark green border 

RGB = (0,128,0)

« greeen »

• orange background 

RGB = (255,215,0)

« gold » 

• red border 

RGB = (255,0,0)

« red »

• purple background 

RGB = (238,130,238)

« violet » 

• dark blue border 

RGB = (0,0,255)

« blue »

• light blue background 

RGB = (135,206,235)

« sky blue » 

• dark blue border 

RGB = (0,0,255)

« blue »

• dark blue background 

RGB = (0,0,255)

« blue » 

• dark blue border 

RGB = (0,0,255)

« blue »
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element name

Name

No equation number in slides

x1

y1

- EMR pictograms -

element name element name

element name element name

power vectors

(size b, full arrows)

signal vectors

(size b/2, empty arrows)

(radius= a)

borders of power

elements = b pt

(a/2 x a) (a x a)(2a x a)

a

2a
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stratégie

- Control pictograms -

(support square

a x a)(same pictograms – same size -

with or without oblique bar)

borders of control

elements = b/2 pt

signal vectors

(size b/2, empty arrows)
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Source

- estimation pictograms -

borders of estimation

elements = b/2 pt

signal vectors

(size b/2, empty arrows)
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- Example -

ich1

ubat

ifield

efield

battery choppers

DC machine

ubat

Bat.

itot

Env.

uch1

iarm

iarm

earm Tem

 gear

Tgear

wh

Fwh

Fres

vev

vev

gearbox

mch1

ifield

uch2

ich2

ubat

parallel connexion wheel

chassis

environment

mch2

ifield-ref

uch1-ref iarm-ref

Tem-ref Tgear-ref Fwh-ref vev-ref

uch2-ref

strategy
driver request

SoCest

wh-est vev-est


