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Robot Control

e Control of one joint motion:
* PID controller
e Control of the manipulator motion:

* Trajectory planning
 Motion control in joint space

* Motion control in operational space

* The Dexter Arm example:
* Mechanics, Kinematics, Control, Software interfaces




Scheme of a control system

A control system provides a Position Control
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Scheme of a control system
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Scheme of a control system

Encoder: sensor measuring
joint rotations, either as an Position_ Control

absolute or a relative value. unit
The measurement is given in

“encoder steps”

Reducer: mechanism reducing Reference signal

the motor rotations with

respect to the rotations of the

a>.<|s mounFed on the motor (ex. mot + | Power
1:k reduction) amplifier

Power amplifier: it amplifies a
reference signal into a power
signal for moving the joint

mot - ’

Power supply

Control unit: unit producing
the reference signal for the
motor




Relations between joint position and encoder
position

e Q:joint angular position (in degrees)
* 0O:joint position in encoder steps
* k: motor reduction ratio

 R:encoder resolution (humber of steps per turn)

6 X 360°
q:

R Xk




Control of one joint motion

* Objective: move the joint from the current position {; (in

degrees) to the desired position qf, in a time interval t :

d; — Q¢




Closed-loop (feedback) control

 The variable to control is measured and compared with
the desired value

 The difference, or error, is processed by an algorithm

 The result of processing is the input value for the
actuator

Desired e Control Vv
—> ) > Actuator
value 4 algorithm

Sensor

Current position




PID control
(Proportional, Integral, Derivative)

* Itisaclosed-loop control in which the error is processed
with an algorithm including Proportional, Integral and
Derivative components.

 The algorithm processes the error and provides an input to
the actuator, with 3 components:

* Proportional, producing a correction proportional to the
error;

* Integral, producing a correction given by the error
integral in time;

* Derivative, producing a correction which is a function of
the error first derivative.

* Not all closed-loop control systems use a PID algorithm




PID control
(Proportional, Integral, Derivative)

* Ina PID control system, the error is given to the
control algorithm, which calculates the derivative
and integral terms and the output signal V

e V
Desired value —»Q > PID > Actuator
.|.

Sensor

Current position




PID control
(Proportional, Integral, Derivative)

V =Kye, + Kge,+K; [ e, (t)dt
€q — dd — 4a

B deq

Cdt

K, is the proportional gain or constant

€q

K; is the integral gain or constant
K, is the derivative gain or constant

e, is the error, i.e. the difference between the desired
position and the current (or actual) position




PID control

Proportional term

 The voltageV given to the motor is proportional to the
difference between the actual position measured by the
sensor and the desired position
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PID control

Proportional term:

* The voltage V given to the motor is proportional to the
difference between the actual position measured by the
sensor and the desired position

V=K e,
eq :qd _qa

KP : proportional constant




PID control

Proportional term: system behaviour

Closed-Loop Step: Kp=300

H e The motor
ki oscillates before
o VRl B g 4 converging
gn.a : towards the
2 desired position
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PID control

Derivative term:
deq

g = ——
T dt

eq — dd — 4a

Error derivative in time

K, : derivative constant




PID control

Proportional and derivative terms:
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PID control

Integral terms:

Kl,jeq (t)dt Error integral in time

V=K ,e,+K,|e,(t)dt
eq = qd _qa

K. : integral constant




PID control

Proportional and integral terms:

Closed-Loop Step: Kp=30 Ki=r0
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PID control

Proportional, Integral and Derivative terms:

V =Kye, + Ky, +K; [ e, (t)dt
€q — da — Ya

B deq

Cdt

€q




PID control

Proportional, Integral and Derivative terms:

Closed-Loop Step: kKp=330 ki=300 kKd=3500
L
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