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How to implement conventional
and alternate control algorithms
using LabVIEW
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Benefits of Advanced Control and
Tuning

Model-based Manual
« A poorly tuned control  control < 1% control
valve costs additional
$880/year*

* A bad pH loop incurred
chemical waste of
$50,000/month*

* A bad kiln temp loop costs
$30,000/month*

PID needs

PID is fine :
manual tuning

*Sources: CyboSoft and ExperTune =7 NATIONAL
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What Is PID?

« Setpoint (SP) — Desired control point
* Output (OP) — Controller output

* Process Variable (PV) — Plant/process output
* Error=5P - PV

P I D
Set-Point error elele OP Output
:? g GP(S) >
SP - PV

Controller Plant
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PID Parameters

¥

— Drive to setpoint
— Error— 0,0OP - 0
— “Steady-state error”

P-only
Controller

* Proportional 5P Tm P R v

OF

* Integral Lo
— Eliminate steady-state error
— OP proportional to | error

error

time

. Derivative oo [5] 0P I

— Increase response rate
: e
— OP proportional to change of error rate time

INSTRUMENTS
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System to Control
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Control System Diagram

Temperature Control System

NI LabVIEW - NI cEP-PWM-
/ Front Panel \ 520\ Cold Air

Toolkit |
| Desired | _ EITor | pip .| Heater . Temp
[ Temp 20 oc | Compensator Output . | Chamber

120 °C 62%

Thermocouple

/ . Sensor
Measure :

100 °C \ Temp i
NI cFP-TC-

__________________________________________________________________________

LabVIEW 120
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PID Implementation Demo DEM
@)

) 2 - Motor Position Control- PID. (RT).vi on cRID

File Edit Wiew Project Operate Tools Window Help Fagges
||» @i"i |[|i.
F.unning
Command Type Command (rad/s) |—200.00
5’|Square Velocity (rad/s) - |93.88
Motor Drive () m |—24.0D
3 =23
Command - : -0
Amplitude — :
P % 100- o &
600- B : 2
- . 0 =
400- g = G
- E -100- -10 =
200- : -
- -200- --20
0- -250- .......'25
j 7704 2,000 10,000 11000 12.00012.7032
& I‘I":'CI Time, =
B 2l | FID gains
C dF H do> |
omr‘lnan requency (Hz) | proportional gain (Kc) 0.2 STOP
.-'f' IR I AR I AR integral tirme (Ti, min) -5‘0-001
o 0z 04 06 0.8 1 g ——
Q'F derivative time (Td, min) =0
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PID Control — Pros and Cons

« Advantages

— Proven Frio 1Drtnjnal
— Easy to implement - B2 l 5
y P A= F D
Cerivative T
[ &

« Disadvantages
— Not easy to tune

— Not suitable for all systems
« Backlash, friction, and more
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How to Program PID

aukput range

PID
) e
setpoint FID autput P
JFQCess "."ariatlle F E':}J..di-r d ¥ EFFOrin error out »
- v sekpoink oubput »
PID ga"-IS I: DLII: I:SII + process variable
- : v proportional gai
dt |:5:| v inteqgral kime
FEII'IItIEIlIEE-'? |::F:| ........................ H ’:um?aléi:) Liry

Windows/Real-Time OSs Function Blocks

rESEt? .................... .\, :l?—?rn
process yariahle aukpuk
setpoint

# PID Academic i
PID Parallel 2 Continuous
PID gains (x 280 PID Seriss Discrete
oukput range

FPGA Control and Simulation
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Benefits of Higher Loop Rates

& CompactRIO RT target - Control Loop Rate.vi on NIDaysRIO E]@
File Edit Wew Project Operate Tools Window Help J
W b
@@ n]
-~
Set Point n

Velocity (100 Hz) @
Velocity (200 Hz)
Velocity (1000 Hz)

‘Loop Rate =  4000-ss .
71000 Hz
é 3000+
- 2500~
fny
g 2000-
Run 2
STOP
0 005 01 015 02 025 03 035 04
Time, s
B 2l v
[MID=ysRIC| ¢
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PID Loop Rates

NI Compact FieldPoint
Desktop
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Die-Casting Machine

Aluminium injection plunger movement controlled in a
steady closed loop at a speed varying from 0 to 10 m/s
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Upgrade Your PID

* Disturbances | > Feedforward
« Nonlinear > Gain Scheduling
 Time Variant | > Adaptive PID
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Feedforward

« Commonly used to compensate for a
measurable external disturbance before it
affects a controlled variable

« Example: Product feed rate changes

+ oP +
@ Confroller |+ @u— SP
+ -

FF Compensator

Heater

Product Flow

Steam Flow
S
&

)
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Feedforward Example

ms
rwll He Errar ! BErrcr b
dt GO0 ] i
bt N Finished Late? [-1]»
b3z
b

ol

Feedforward

[

setpoint | FigldPaint) cFP-2020- )G cFP-PW-520 @2\Upper Lamp [
]

L .

EJa
PID gains

waveform Chart

FOBL |
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Gain Scheduling

A
1000
720 b
445 PID 2
120 PID 1 |
0 . i »
26.0 60.0 175.0 200.0
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Gain Scheduling DEM

« Used to change gain on real-time depending on

OV PID

 Bumpless transfers

fnalog CEL
1Chan 15amp

Select Gaine
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DEM

Adaptive PID

* Mix of online system identification and common

PID control
Can handle time-variant systems

[ T8 St hiaptive Contr ol with PR vt Btock Dhagram * e
D C= \" Bromes  Comrabe Txck  Wrckw thip _l‘
[l o [n][P] 2 olepl.e [ askunta 5ol [0-] ]| hat
@ Adaptive Algorithm Recursive System ‘
\ Identification
e \'a v s

*—E}*‘r

PID Control

0 (I oy
g Be ™
T e Plant Simulation
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Advanced Controllers

« Optimal controllers (LQR, LQG)
« Model predictive control (MPC)
« Kalman filters

* Fuzzy logic

* Neural networks
« Genetic algorithms
* Model-free adaptive

e yNATIONAI.
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How to Create an Advanced

Controller
: Control Design
 Data logging - * Deployment

" System - Design * Test
identification

N « Simulation
 Model validation

Plant Modeling

Implementation
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Example

Cruise Control %%ﬁ /

V: Velocity UA PID — Feedback
u: Gas-to-Engine "™ [~ T T T T T T A

u _._°_o_._o._._._o_!._. _____________
PID: ‘C’ takes | -
action when v Time
'V’ is off the e TSP
setpoint v b e Wt
(e <>0) | e

.
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MPC

‘C’ takes action due
to future changes

in: i
a) Road slope -
b) Speed setpoints

and speed-gas
limits

<l

| >
A Time
e ¢ e e e e—— o t._r. ________________ —
o ©® o o
—'—o—’—.———————————:—’—‘—0-0-0—0—0
I >
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Temp Chamber - Experiment

B 2. Datacheck.wi Front Panel on IS0 Temp Chamber. vprojidy Computer * E]E| E]
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Plant Modeling — Validation

B2 4, SystamiD 55004 Front Baneld on #4050 Temp Chamber. bprojifidy Computer *
Bis Edk 'Sy Project Operats Tools  Yradow Help
[ ]2 ] an] [ 14pt pppbcation Fore = | [ 3= [ ra [t~ ] [ 25+

] 1 1 ] ] ] ] ] ] ] ] ] ] ] ] ] 1
100 125 150 1725 200 225 250 225 300 35 950 3R 400 425 450 475 SO0

Tine
Eqi=tion
0.Z83245 10 0000909325
wikee ) = [0.599916 001 | wibj + | 000240533 | uik)
0195833 00 0000555805

wi¥ = [100] kg + 0] wity

I|r"I.IED Temp Chamber it Comper] 4 »
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MPC Control Design

Closed Loop Response
F0-

(n g}
=
I

L n
= =
|

Amplitude
el
=
I

[J
=
|

-E!------_
A HHHHHHHHE R HHHHHHHHHHHHH
EIZI ?‘5 1EII:I 125 15III 1?5 ZIZII:I 225 25IIJ 2?5 3IZIEI 325
Time

U_
0 25
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MPC Control Prototype DEM
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Tyco Electronics Implements Model
Predictive Control in Production Process

Application: Control coating quality
when building electrical cable

Challenge: Develop a process control §& &
that can handle MIMO systems with & .‘
big delays

Products: Compact FieldPoint,
LabVIEW Datalogging and
Supervisory Control Module,
LabVIEW Control Design and
Simulation Module

Key Benefit: Integrate third-party
Information systems using a
common platform to develop a
controller and deploy system
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Advanced Controllers

* Pros
— MIMO
— Improved performance

 Cons
— Model needed
— Engineering skills
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Conclusions

 PID

« Consider
— Upgrading hardware
— Enhancing PID algorithm
— Upgrading control algorithm
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