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Definition &=

» Haptics, from Greek, “haptikos”: grasp, touch
» Adj: Relative to the touch




Senses %IB

» touch
> sight
» hearing
» smell
» taste




aCOm
Cutaneos sensibility lost G%PIB

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



Haptics %IB

» Cutaneous: Temperature, vibrations, texture,...
» Kinesthesia: Force, movement, location,...




Force feedback %IB

» An infinitely rigid “stick” used as a tool to work remotely.

» Because the “stick” is massless, the operator will feel the
object to push.




&8

Haptic loop
® _ d@ » 1. Sense movement (q)
Joint © SRS . .
il :l,"f;}f,'ii —l » 2. Forward kinematics
X
dHaptic Virtual environment (x’ x)
evice » 3. Contact points
i %Eé > 5. Calculate forces (f)
) _Jf » 6. Calculate torques ()
Amplifier Kinematics
>

@

®

7. Send to actuators
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Haptic loop
Joint® . &mrd@ » 1. Sense movement (q)
sensors [ | seumions \l » 2. Forward kinematics
Haptic Virtaal evwimn (x, %)
gl » 3. Contact points
' @ » 5. Calculate forces (f)
Amplifier [+ inematics _J' » 6. Calculate torques (7)
@ ® » 7. Send to actuators

x=f(q)
i=Jq
f=Jr

r=Jf



1 DOF
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Virtual
Environment

v i f
Kinem

» 1. Sense movement (6)
» 2. Forward kinematics
(x, %)

3. Contact point

5. Calculate force (f)
6. Calculate voltage (v)
7. Send to actuator



1 DOF
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8 XX

Virtual
Environment

v i f
Kinem

x = £(0)
x=]0
f=ir
r=JIf

v =g(r)

» 1. Sense movement (6)

» 2. Forward kinematics
(x, %)

» 3. Contact point

» 5. Calculate force (f)

» 6. Calculate voltage (v)

» 7. Send to actuator



1 DOF
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8 XX

Virtual
Environment

v i f
Kinem

x = f(0)
x=J]o
f=Jr
r=JIf
v =g(7)

» 1. Sense movement (6)

» 2. Forward kinematics
(x, %)

» 3. Contact point

» 5. Calculate force (f)

» 6. Calculate voltage (v)

» 7. Send to actuator

500-1000Hz!!!



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

v



Viscosity

F=—bx

» F, force to be sensed by
the user

» b, viscous constant

> x, speed of the haptic
device end



Textures
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Xuser

F=0 X € free
F=—bx xe€ stick



Virtual wall &=
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Virtual wall
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Virtual wall &8

Xwall

X

Xwall Xwall
Xuser
)
X X




Virtual wall &8

Xwall Xwall Xwall

Xuser

F=0 Xuser < Xyall
F= k(xwall - xuser) Xuser = Xwall
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Equations %IB

Um(1) = Ryi(t) + Lmd;(;) + (1)

T (1) = T () + Buubin (1) + 71(1)



Equations %IB

Um(1) = Ryi(t) + Lmd;(;) + (1)

T (1) = T () + Buubin (1) + 71(1)

L Ln

eb(t) — kbgm(t) e — R,

Tn() = ki (1) by = = __
" RyuBum + kpkim



Equations %IB

Um(1) = Ryi(t) + L,,,d;(;) + (1)

Tm(t) = Jmém(t) + Bmém(t) + 7(1)

T}
ep(t) = k},ém(t) " Ry
" RnB + kpky,

() = ulat)+ (B + 22 Y )+ ) (1)




&8

Modelling

O (1)

QL(I)




klur11 (t)
R

n g(t)




External force
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Torque

Torque = Distance x Force



External force %IB

Te(t) = J7(0L(1))Fe(1)

Torque = Distance x Force

—un(t) = Jeffém(t) + Bém(l‘) + %Tg(l‘) — % (lfg/T(t) — nez(t))

m
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Direct torque control



Direct torque control

w(t) = Jog O (t) + Bu(t) + %Tg(am(t))

u(t) = Jogv(t) + Bln(t) + %Tg(em(z))




-
Direct torque control 6"—’3‘18

| 2

u() = JogOn(r) + By(t) + gfgwm(r)) (7)

u(t) = Jgv(t) + Blu(r) + %Tgw,,,(t)) (8)

Example:

0[] omy
/]
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Gravity torque compensation



- O
Gravity torque compensation 6“—’3’18

JofpOm (1) + BOy (1) + %rg(em(t)) - % (Ifer (1) — ne(1)) t€ [, ] (10)
u(t) = i _ p
JefrOm (1) + BOwm (1) + ;Tg(em(t)) t>t (1)
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Gravity torque compensation 6“—’3?18

JofpOm (1) + BOy (1) + %rg(em(t)) - % (Ifer (1) — ne (1)) 1€ [to, 1] (10)
u(t) = i _ p
JefrOm (1) + BOwm (1) + ETg(am(l)) t>t (1)

émt’_‘ Ot
()& ()

u(t) = —Kpbu () + %Tg(em(r)) 12)

(1) = :—:u(t)
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Haptic system
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Haptic loop
® . d® » 1. Sense movement (q)
Joint | © S i 1
e[ | ] > 2 Forward kinematics
X
Haptic Virtual environment (x7 x)
device » 3. Contact points
i @ » 5. Calculate forces (f)
— va » 6. Calculate torques ()
Amplifier Kinematics
>

@

®

7. Send to actuators



Haptic system definition 6“—’6’13

[ X ]

: Humano operator
H
Y- (t)

I (a(t))

Y (t)
' { a(t) ]
Hap'tl(‘, q(t) Forward
Device Kinematics
M

(A
I (q(t)) [ p ]
Fv(t)ﬁ v

ZOH /1

F"(kT)ﬁ‘ [ X (kT) ]

X (kT)

Graphic Virtual environment
Screen ‘ v
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Haptic device definition

Human .
Operator | X(t)
fer(t)
w0 =] 20 ]
H %) = rid — sin 76, (t)
LR X(t)—rlom(t)[ g }

Haptic ()

= /]

Tv(t)
o () = 72 (Om ()
ZOH Sampler
()]
Virtual O (KT)

Environment




Haptic device as spring G%PIB

u(t) = —Kpn(t) + %Tgwm(r)) — (1) (13)

Ty(t) = rkyé?m(t) — Fkv9m0 + F'Byém(l‘)
(k) = ra(T)0,,(k) — ra(T)0mo + r(ky — a(T))0m(k — 1)
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Deliverable D3




Deliverable D3 6"_2%';18

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 6 > 27/3.
Create a“soft”, “hard” and “very hard” wall.

2.2 Design a viscous environment (30%) Create a viscous
environment at position 6 € (—oo,27/3). Create a “low”,
“medium” and “high” viscousity environment.

2.3 Design a haptic system that attaches to a virtual object
(40%) Viscous environment at position 6 € (—oco,27/3). An
object at position # = 27 /3. Once the object has been
touched, the system should emulate that it has been
grasped.

3. Conclusions (10%)
4. References



Thank you

THANKS FOR
LISTENING!!
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