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- Laplace transforms

- Transfer functions (short)

- Block diagrams

- P, PD, PID setpoint controllers

Independent Joint Modeling
- Controlling a whole manipulator is fairly difficult
- We focus instead on controlling only one joint at a time
- All interaction between joints (dynamic coupling) will be classified as noise

Dynamic Model of a Robot
From the equations of motion from dynamics we have:

J(@)g + C(q,q)a + Bq + g(q) = f
J(g)qg - inertia

C(q,9)q - coriolis/centrifugal forces
Bq - viscous friction (damping)
g(q) - gravitational forces

f - torque/force from actuators

Coriolis/centrifugal
Gravity } -> D - disturbance

Coupling (J(a)g -> Jq)
Jg+Bg+D=f

- Not the same notations as in velocity kinematics: J is not Jacobian,

D matrix is not the one from dynamics
- Inertia and inertial forces are not the same thing, they are loosely related, if at all
- Coriolis and centrifugal forces are often classified as inertial (fictitious) forces

Laplace Transform
- Time -> frequency
- Ordinary differential equation -> linear equation
- Differentiation in time -> multiplication by s in Laplace
- Integration in time -> division by s in Laplace

E.g:Jg+Bg+D=f->Js© +Bs®@ +D=f



Transfer functions
- Y(s) = H(s)X(s)
- Y(s) - system output
- X(s) - system input
- H(s) - transfer function (transforms input into output)
- Rearrange equations to find: H(s) = Y(s)/X(s)
- If numerator (Y) is set to 0, we can find the poles of the system by solving for s
- If denominator (X) is set to 0, we can find the zeros
- Useful for determining stability of the system

Block Diagrams
- Helpful for visualizing equations and feedback/feedforward loops

Block diagram for the generic system:
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Block diagram with basic building blocks

- On the left side, we start with the full torque equation denoted as U (control effort)
- As the signal proceeds through the blocks, we "peel" terms off one by one,

until we end up with only ©
- The whole diagram represents a robotic system

- Can be used as a building block for a larger diagram of controller blocks



Setpoint controllers

- Controllers that drive a robot to a set point

- Current angle: O
- Desired angle: Oq4
- Error: e(t) = Q- ©

- Controllers use the error term to calculate the control effort U (output torque/force)

- Controllers try to reduce the error to 0

- Types of setpoint controllers

- Proportional (P)

- Proportional Derivative (PD)
- Proportional Integral Derivative (PID)
(- Proportional Integral (Pl))

P controller

- U(t) = Kee(t)

- Control effort proportional to the controller
- Laplace: U(s) = KoE(s)

- Block diagram:
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- Increased K, gives:

- Faster response

- Decrease in steady state error
- Increased oscillations
- Proportional term by itself will not eliminate the error



PD controller
- Builds on the P controller by adding a derivative term
- Derivative term represents how fast the error changes - used to "predict" future
error = & :
- U(t) = Kee(t) + K&l 3 i Kye =-kuo
- Laplace: U(s) = K(Qq - O) - KysO O
- Write out the error terms, since the desired velocity for theta is 0 (no oscillations)
we can simplify
- Block diagram:
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- Increased K, reduces oscillations, but can make the robot stop before reaching the
desired point

PID controller
- Builds on the PD controller by adding an integral term
- Integral term accumulates past errors over time

- U(t) = Kee(t) + Kie(t) + K; [e(t)dt T -k
- Laplace: U(s) = (Ke + Ks +%)E(s) < éd ©
- Block diagram: QH'): éi =0
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- Good choice of K; gives the necessary push to prevent early stopping due to the

derivative term, eliminating the error
- If K; is too big, expect an overshoot, oscillations and instability



SQ&S;OM I

- Trensfe fonctong (reccp)
- Estmade contolle, constenk
- &Le,cvd\(j skede  error

TrencFer Tonctons:
55 SC)\UQ {tor 6

P - contoller:
G (Sh= Kp Py 1 K‘a (@d'—é) cordrol ler
oy T Jde ¥ Bse 0 denamic. Systerm
VREEEME SRR kPéd — kfé
o (et + & - kPB: Kpéd -0
PP

dsg“-(*& + ](P - /I{WS‘P&)" ‘Fun¢-]-{0h

e



Esh mcv"]‘in\? controlle~ congtends

- Det ermined %7 the  cheaecteristic
F@I&(jne)mf&v, '@FCJV"\ ‘H\g %r&ms'p‘e—r‘ _FUI/IC_‘HOV],

QQSS = \36‘& + B\S t lfp C(F" Qcm-l—r@}/%—-)

~<%1 Eﬂ%l Q)Ov!‘ﬂ(pe&] Second  orde— S\(/g%em:
89\ ars 9«9@5 + L{/Q* S 0
§3 D&rng‘Q? o

&£ S G Cr‘;‘%‘c‘,@vl\(y Q/Gv)"’lpeél

= C—os"}@yv\cvr& in  robotics

~ Produces the feglest
non-OScchdorb o‘eSWOV)ge.

e Closed Ioeog netore. | wcrﬁauenc\zj



/”fcidq:nj with  the Geners| sysher
jives

Ko - 5
f“wy”ﬁkp‘dw%

Sjrﬁ&dﬁ stevbe eror:

B Fiﬂ@v\ \/C\/IQQ ’H’)Qore,fv]
| _ lim

= 1.;\:,\00 TS TS Joo O T (8

= R‘G_]Cv‘lfﬁg .j’hf’_ “FV‘E’_ %'0%3’7 c}omav;n
to +L\c_ +;V"\t CIOVV\GV;V\ C. R ”HV"\Q
rpproa<hes  infinidy

= Sjrﬁac\% et error IS the errer
W hen = s



I\
B P IS+ S E)

ESES \(P%A D
e Ry trkmt T T TS R TS -eJGC
= = TS0
Cés) = &y =i
B | Ko Bd ©
2 @cL f()_ = A
LT IS RO R @8 T Kgoy 11 P
i -
R B A
S Ep

SJre(p r@%rang "quﬂL = c_@mdczw} D
d

e il
Q¢<§S = « / DCSB = <
[y = NE £ (e =R+ th*
g [ SEGHTT = +

2= e S



a8 S i V8 T R O
e = i

-~

o <)
{

s =B 5 D
=D Js>tRg + K
= 0=

@) O O

LD



