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Definition

▶ Haptics, from Greek, ªhaptikosº: grasp, touch

▶ Adj: Relative to the touch
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Senses

▶ touch

▶ sight

▶ hearing

▶ smell

▶ taste
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Cutaneos sensibility lost

https://www.youtube.com/watch?v=0LfJ3M3Kn80
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Haptics

▶ Cutaneous: Temperature, vibrations, texture,...

▶ Kinesthesia: Force, movement, location,...

▲



Force feedback

▶ An infinitely rigid ªstickº used as a tool to work remotely.

▶ Because the ªstickº is massless, the operator will feel the

object to push.
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Haptic loop

▶ 1. Sense movement (q)

▶ 2. Forward kinematics

(x, ẋ)

▶ 3. Contact points

▶ 5. Calculate forces (f )

▶ 6. Calculate torques (τ )

▶ 7. Send to actuators
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Haptic loop

▶ 1. Sense movement (q)

▶ 2. Forward kinematics

(x, ẋ)

▶ 3. Contact points

▶ 5. Calculate forces (f )

▶ 6. Calculate torques (τ )

▶ 7. Send to actuators

x = f (q)
ẋ = Jq̇

f = Jτ

τ = JT f
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1 DOF

Virtual

Environment

Kinem.

Kinem.PWM

x,x
.

M Gear Enc

θ

fv

▶ 1. Sense movement (θ)

▶ 2. Forward kinematics

(x, ẋ)

▶ 3. Contact point

▶ 5. Calculate force (f )

▶ 6. Calculate voltage (v)

▶ 7. Send to actuator
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1 DOF

Virtual

Environment

Kinem.

Kinem.PWM

x,x
.

M Gear Enc

θ

fv

▶ 1. Sense movement (θ)

▶ 2. Forward kinematics

(x, ẋ)

▶ 3. Contact point

▶ 5. Calculate force (f )

▶ 6. Calculate voltage (v)

▶ 7. Send to actuator

x = f (θ)
ẋ = Jθ̇
f = Jτ
τ = JT f

v = g(τ)

500-1000Hz!!!
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Spring

F = −kx

▶ F, force to be sensed by

the user

▶ k, elastic constant

▶ x, position of the haptic

device end

▶ x = 0, equilibrium

position

▲



Viscosity

F = −bẋ

▶ F, force to be sensed by

the user

▶ b, viscous constant

▶ ẋ, speed of the haptic

device end

▲



Textures

x
user

{

F = 0 x ∈ free

F = −bẋ x ∈ stick
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Virtual wall

xwall

xuser

x
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Virtual wall

xwall

xuser

x

xwall

xuser

x

?
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Virtual wall

xwall

xuser

x

xwall

xuser

x

?

xwall

xuser

x

k

{

F = 0 xuser ≤ xwall

F = k(xwall − xuser) xuser > xwall
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Equations

um(t) = Rmi(t) + Lm

di(t)

dt
+ eb(t)

τm(t) = Jmθ̈m(t) + Bmθ̇m(t) + τl(t)
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Equations

um(t) = Rmi(t) + Lm

di(t)

dt
+ eb(t)

τm(t) = Jmθ̈m(t) + Bmθ̇m(t) + τl(t)

eb(t) = kbθ̇m(t)

τm(t) = kmi(t)

te =
Lm

Rm

tm =
RmJm

RmBm + kbkm

km

Rm

um(t) = Jmθ̈m(t) +

(

Bm +
kbkm

Rm

)

θ̇m(t) + τl(t) (1)
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Modelling

Jm Bm

r, η
JL

mL

τm θ̇m
τl

τL

θ̇L

θL(t) = rθm(t)

τL(t) =
η

r
τl(t)
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Modelling

Jm Bm

r, η
JL

mL

τm θ̇m
τl

τL

θ̇L

θL(t) = rθm(t)

τL(t) =
η

r
τl(t)

km

Rm

um(t) = Jmθ̈m(t) +

(

Bm +
kbkm

Rm

)

θ̇m(t) + τl(t)

km

Rm

um(t) = Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(t) (2)

▲



External force

Torque = Distance x Force

▲



External force

Torque = Distance x Force

τe(t) = JT(θL(t))Fe(t) (3)

J(θL(t)) =

















−l sin (θL(t) + αc)
l cos (θL(t) + αc)

0

0

0

1

















(4)

Fe(t) =

















fex(t)
fey(t)
fez(t)
nex(t)
ney(t)
nez(t)

















(5)

km

Rm

um(t) = Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(t)−

r

η

(

lf
′

eT(t)− nez(t)
)

(6)
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Direct torque control

u(t) = Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(θm(t)) (7)

u(t) = Jeff v(t) + Bθ̇m(t) +
r

η
τg(θm(t)) (8)
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Direct torque control

u(t) = Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(θm(t)) (7)

u(t) = Jeff v(t) + Bθ̇m(t) +
r

η
τg(θm(t)) (8)

▶ Example:

+
−

KP +
−

Jeff +
+

Rm

km

Motor + Load

∫

KD ũ(t) = Bθ̇m(t) +
r

η
τg(θm(t))

θmd v(t) u(t) um(t) θ̇m(t) θm(t)

ũ(t)

v(t) = KP(θmd − θm(t))− KDθ̇m(t) (9)
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Gravity torque compensation

u(t) =















Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(θm(t))−

r

η
(lfeT(t)− nez(t)) t ∈ [t0, tf ]

Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(θm(t)) t > t

−

f

(10)

(11)
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Gravity torque compensation

u(t) =















Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(θm(t))−

r

η
(lfeT(t)− nez(t)) t ∈ [t0, tf ]

Jeff θ̈m(t) + Bθ̇m(t) +
r

η
τg(θm(t)) t > t

−

f

(10)

(11)

External force
generation

Jeff +
+

Rm

km

Motor + Load

∫

−

KD

Jeff

ũ(t) =
r

η
τg(θm(t))

v(t) u(t) um(t) θ̇m(t) θm(t)

ũ(t)

u(t) = −KDθ̇m(t) +
r

η
τg(θm(t)) (12)

um(t) =
Rm

km

u(t)
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Haptic loop

▶ 1. Sense movement (q)

▶ 2. Forward kinematics

(x, ẋ)

▶ 3. Contact points

▶ 5. Calculate forces (f )

▶ 6. Calculate torques (τ )

▶ 7. Send to actuators
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Haptic system definition

Humano operator
H

JT (q(t))

Haptic
Device
M

Forward
Kinematics

JT (q(t))

ZOH S/H

Graphic
Screen

Virtual environment
V

Fe(t)

τe(t)
[

q(t)
q̇(t)

]

[

X(t)

Ẋ(t)

]

[

X(kT )

Ẋ(kT )

]

[

Ẋ(t)
]

FV(kT )

FV(t)

τV(t)
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Haptic device definition

Human
Operator

H

r

η

[

l 1
]

Ẋ(t) = rlθ̇m(t)

[

− sin rθm(t)
cos rθm(t)

]

−

+
+

+ Rm

km

Haptic
Device
M

∫

−

+
KD

ũ(t) =
r

η
τg(θm(t))

ZOH Sampler

Virtual
Environment

V

u(t) um(t) θ̇m(t) θm(t)

ũ(t)

Fe(t) =

[

feT (t)
−nez(t)

]

τe(t)

Ẋ(t)

θm(kT )

τV(kT )

τV(t)
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Haptic device as spring
Human
Operator

H

r

η

[

l 1
]

Ẋ(t) = rlθ̇m(t)

[

− sin rθm(t)
cos rθm(t)

]

−

+
+

+ Rm

km

Haptic
Device
M

∫

−

+
KD

ũ(t) =
r

η
τg(θm(t))

ZOH Sampler

Virtual
Environment

V

u(t) um(t) θ̇m(t) θm(t)

ũ(t)

Fe(t) =

[

feT (t)
−nez(t)

]

τe(t)

Ẋ(t)

θm(kT )

τV(kT )

τV(t)

u(t) = −KDθ̇m(t) +
r

η
τg(θm(t))− τV(t) (13)

τV(t) = rkVθm(t)− rkVθm0 + rBV θ̇m(t)

τV(k) = ra(T)θm(k)− ra(T)θm0 + r(kV − a(T))θm(k − 1)
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Deliverable D3
1. Gravity torque compensation (30%)

1.1 Design a controller without including the linear control of

speed (70%)

1.2 Design a controller without including the linear control of

speed and with errors in the mass calculation (30%)

2. Haptic system (60%)

2.1 Design a haptic system with a torsion spring without

including the viscous friction (30%) Wall at θ ≥ 2π/3.

Create aªsoftº, ªhardº and ªvery hardº wall.

2.2 Design a viscous environment (30%) Create a viscous

environment at position θ ∈ (−∞, 2π/3). Create a ªlowº,

ªmediumº and ªhighº viscousity environment.

2.3 Design a haptic system that attaches to a virtual object

(40%) Viscous environment at position θ ∈ (−∞, 2π/3). An

object at position θ = 2π/3. Once the object has been

touched, the system should emulate that it has been

grasped.
3. Conclusions (10%)

4. References
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Thank you

THANKS FOR

LISTENING!!
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