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Introduction

systems with inputs, and how their behavior is modified
by feedback!

& The usual objective of control theory is to control a system,
often called the plant or process, so its output follows a desired

sl control signal, called the reference, which may be a fixed or
changing value.

Error Signal is applied as feedback to the input of the system, to
bring the actual output closer to the reference.
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Classic Control by Excelence!

PID Controller




RNStE Back to the basics

Proportional Integral Derivative Controller

Standard Digital Implementation

160:1

Brushless Variable Resistor
] Motor ‘ . Encoder
Microcontroller Mechanical
. Reduction
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QOutput 3
Speed Control Loop
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Proportional Integral Derivative Controller

Standard Digital Implementation

Setpoint
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Back to the Basics

Porportional Gain
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BaCk to Difffrifwtial
the Basics

. . . Get
Derivative Gain Differential

Get
Differential

Steady

Get
Differential

P P
I’ I I/
A\

Rising



RNStE Back to the basics

Back to
the BaS|CS Get Integral

rising

Integral Gain

Get Integral ~ )

Get Integral

Initially went positive
then fell back to zero
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Proportional Integral Derivative Controller

Digital Implementation Improvements

1. Derivative Kick

2. On-The-Fly Tuning Changes
3. Reset Windup Mitigation

4. On/Off (Auto/Manual)

5. Initialization

11
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Proportional Integral Derivative Controller
Digital Implementation Improvements - Derivative Kick

Setpoint / Input
Setpoint / Input

No Output Spikes

/ Output Spikes

The Problem
The Result

Because setpoint change has
no impact on Input Derivative

Y \

-derivative of Input
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RNStE Controller Improvements

The Problem

Proportional Integral Derivative Controller

Digital Implementation Improvements — On the fly tuning changes
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Proportional Integral Derivative Controller
Digital Implementation Improvements — Windup Reset

Still no Lag
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RNStE Controller Improvements

Proportional Integral Derivative Controller
Digital Implementation Improvements — PID Controller On/Off
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Complete system descrlptlon

ARM Cortex Based , | B
Microcontroller and Power Source o :

. Controller Area
Network

IMU based
sensor system

Exoskeleton

Exoskeleton Structure

Microcontroller

Dynamixel
CAN Module y

Motor Actuator
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System ldentification

Sagittal Plane 18
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o Knee flexion -

Knee extension
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Hip flexion Hip extension
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il Ankle Dorsiflexion s Ankle plantarflexion -
_50

© (s)
Ankle plantarflexion Ankle Dorsiflexion
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Transfer Functions

System identification transfer functions

Y (s) _ 0.7677 (3.2) Y (s) _ 0.7802 (3.3)
U(s) (8.525+1)(8.51s+1) o U(s) (8.00s+1)(7.96s5 + 1) o
7 a i = ,—0.09s 7 a 2270 ,~—0.05s
}-(b) S 0.7915e (3.4) }v(ts) _ 0.8379¢ - (3.5)
Ul(s) (0.30s +1)(0.3166s + 1) Ul(s) (0.7771s + 1) (0.7771s + 1)
" ._" 0 ,—0.043s }-' S 0.9796
Y(s) 103 (3.6) ,(>) = : 3.7)
U(s) (0.7776s + 1) (0.0409s + 1) U(s) (1.86s+1)(0.60s+1)
7 (o = —0.04485s 7 (o == —0.0233s
},(S) _ ?.9::30 (3.8) }-(5') _ 0.9775¢ j (3.9)
U(s) (4.52s +1)(0.55s+ 1) Ul(s) (7.16s+1)(3.0s+1)

3.2, 3.3 Hip extension, flexion
3.4, 3.5 Knee flexion, extension

3.6, 3.9 Ankle dorsiflexion
3.7, 3.8 Ankle extension
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Control system fidelity

Fi Hip Fi Knee Fi Ankle

91.45% 89.67% 96.67%

var (Goutput — Os
Fidelity = (1 _ var (Ooutput p>>

[Cherelle, 2010]
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Experimental Setup

STM32 ARM Cortex Based
Microcontroller

Controller Area
Network

Exoskeleton
Structure

V’IE.
.| f!" Strain gauges
W sensor system

Actuator

Motor Power driver
CAN Module

Foot sole pressure sensor

[NRG — CSIC, H2 Exoskeleton] 20
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Experimental Setup

Transparent Mode Control System Block Diagram

Trc Friction e
Compensation
Gain Tac Gravity S
Adjust Compensation
L )
\
/> Tuser -
Tul Exoskeleton 6,6,t
N — ot [
-t| Torque |[Tc | Joint[i]
Controller )
—/
0

© Joint Angular Displacement
Tc Controller Torque

TFG Friction and Gravity compensation Torque [R. Mendoza-Crespo, et al, “Transparent Mode A R R '
Tu T d ) ) ! !
o foratie comman for Lower Limb Exoskeleton,” (WeRob), 2016.] WeROQET? 26
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Experimental Setup

Transparent Mode Control System Block Diagram

Left Hip Angular Position and Interaction Torque
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-10.00 - -16.00
Samples
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[R. Mendoza-Crespo, et al, “Transparent Mode " T
for Lower Limb Exoskeleton,” (WeRob), 2016.] WeRCZE? 27
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Friction compensation + stiffness + damping

- -~

SP =45
K = 1 Stiffness Constant
Bd = 0.5 Damping Constant
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Sine signal input Response + Torque Limit

" ‘ IQ
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RNStE Results
Trajectory generator trials

Position Set Points for Calculated Trajectory

-50
[Ankle  Trajectory Generator for
parametric adjustment of step length
=0 and foot clearance of walking patterns]
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Conclusions

PID Controllers are still
a very good tool for
some process.

Several PID Control
Loops can be
implemented in a very
low power
microcontrollers.

PID Controllers and its
modifications are able
to control some
nonlinear process.
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Thanks for
vour attention

Contact info:
rafaelmendoza [at] ingenieros.com
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