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Resumen 

En este trabajo se presenta un método simple y robusto para determinar los parámetros de 
controladores PID en procesos industrtales multivartales. 

El procedimiento es una extensión modillcada de el entonamiento automáti o bajo control de relay 
para controladores PlD apUcados a sIstemas SISO. La ventaja princIpal del método es la simplicidad de 
su Implementación tanto para plantas reales como a sus modelos. 

El modelo se probó en varios sistemas multivariables de destilación. desde sistemas 2x2 hasla 4x4. 
Los ontroladores entonados por este método dieron resultados dtnám.lcos eouiparables a los obtenidos 
usando el método del máximo logaritmo del módulo (BLT4). el método de la matrix dinámica (DMC) y el 
control del modelo conservador (CMBC). 

Palabras claves : Controladores PID. Sistemas multivariables. Entonamiento automático. 

Tuning PID controllers for 
multivariable processes 

Abstract 
A simple and robust melhod to determine reasonable selUngs for fue PlD controllers in 

multivariable tndustrtal processes Is presented. The procedure 18 a 8tralghtfOIward extenslon and 
modJftcation of automaUc tuning undel' relay ontrol for PlD SISO controUers. Its maln advantage la lhe 
slmpliclly of its Implementation for real planta 01' lheir models. The melhod has been lested on severa! 
multivariable distlUaUon cotumn ayatems.from a 2x2 syslem up to a 4x4 system.TIle controUer setUngs 
detennined by thJs melhod gaye dynamle responses comparable lo those obtatned using Ule Improved 
Blggesl Log Modulus method (BLT4). Dynam1c Matrlx ConlroJ anl conseTVative model based 
control(CMBC). 

Key Words: PlD Controllers. Multivariable Syslems. AutomatlUc 1\tn1ng. 

use oC models oC lhe processes and deaired per­Introduction 
formance trayeclories. The main feature oC these 

in recenl years Ulere has been a I'enewed meUlods is lhe multiple i.npul-mulliple oulput 
inlerest lo lhe study oC deslgn meUlods for mul­ nalure oC lhe controllers. Luyben (1986) points 
tivariable control systems. Most of lhe control out lhat. despJte lhe appeaJ of lhese lechniques. 
strategies developed. such as those based on lhe very few lru..Iy multivariable controllers have becn 
concept of Interna! Model Control (IMC) (Moran reported in use in Industry. Th1s is due In part lo 
et al (1986) and Dynamlc Matrix Control. make 
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tbeir complexity. excesive engineeringmanpower 

needed to implement ibem. and to the operators 

nonacceptance. At presentomosl of multivariable 

processes are still controlled by two [PI} or tbree 

(PID) modes single input-single output (SISO) 

controllers. Once this control strategy is selected. 

it is mst necessary to establish the pairing of the 

controlled and manlpulated variables. and then 

to select the parameters of the controllers. The 

mst problem has been studied by severa] aulhors 
,Yu et al (1986), Grosdldier et al (1987), Tyreus 
1979) etc. using an array. of leclmiques such as 
relaUve gain arrays (RGA) . Olrecl Nyqllist arrays. 
Load rejectlon lndexes. resUience Index. etc. The 
tunlng of the controUers. once the paiJing has 
been set. involves the selection of 3N parameters 
for a multivariable system with N loops. Mosl oC 
the procedures lo do trus selecUon lnvolve two 
sleps. First the controllers are tuned separately 
using well known methoda Cor SISO systems. and 
then lhey are detuned to reduce fue interacUons 
effecls oC the other loops. Luyben (1986) propo­
sed the Biggest Log Modulus Melbod (BLT) Lo 
detune. by the same amount. aJJ SISO conLroUers 
from theiT Ztegler-Ntchols settings. lo obtain a 
specified value ofilie multlvarlble closed loop log 
modulus. This parameter giVes a measure of lhe 
stability of the multivariable system when the 
system ls stable. 

Momca et a! (1987) improved the BLT pro­
cedure. adding derlvative action Lo the control­
ters. and deluning each loop separatedJy. com­
pensating for the fact that the lnleractlons are 
nol symetric. Prasad et a! (1 990) presented the 

conseTVattve model-based control (CMBC) Cor 
multtvariable SISO controUers. neg1ecting lhe 
interaccton effects in lhe designoThe omission oC 
the diagonal eJements oC fue Matrtx Transfer 
Function Is considered as modelling errOTS. AU 

the methods mentloned Tequire an approximate 
model fOT the syslem lo be con1rolled. and in 
general are Umted to open -loop stable systems. 

In trus pape. an a!ternate method to tune 
muJWoop PID con1rollers ls p.esented. It uses fue 
autotunJng technique for sLngle Joops proposed 
by Astrom (1984), and it ls based on {he auto­
matic deLenninatlon of CJitlca! points In the 

Nyquist plot for open loops. and gain and phase 

margtn designo 

This method should be víewed in fue same 
Ught as the generallzations of the ZiegIer and 

Nlchols methods ror multivariable syslems. and 
provides reasonable controUer settings with little 

computational eJfort. 

It is easy to use, and the oo1y requirement 

needed for its appllcation is that the multivaria­
ble planl has to be sllitable Cor automatic tuning 
of PID conlroUers. as described in Astrom (1984) 

and Carreno et a1(l990) 

Proposed Method 

The multivariable relay autotunlng method 
(MRA) makes use oflhe aulotuntng techrnque for 
stngle loops . TIlls lechnlque. proposed by As­
trom (J 984). determines first the intersecUon of 
the NyquJst curve oC the open loop transfer func­
tion wilh lhe negattve real axis. nus point. char­
acterized by fue critlcal gain K and critlca1 perlod 
Te. la determIned replaclng lhe PI0 conlroller in 
the closed loop. with Telay havmg an amplitude 
"d". An optiona! hysleris ofwidth E may be added 
to Ihe Telay. lo make the system less sensitive to 
measuremenl noise. See Flgure l . The determi- .. 
nation of the critlca1 point ls based on the obser­
vation. Ihal a process wilh a phase lag of at ¡east 
1800 Cor some frequency wiU oscilale under relay 
control with fue critica! period T('. 

~O ~--~PRO~ES~JI---r_A 
- 1 

L _ _ ______ ____ _ ___ _ ---' 

Figure 1. Block Diagram ofthe autotuner. 
Relay control in autotunlng mode. PlD 

reguJator Jn control mode. 

This phase lag requirement ls mel by most 
of the process control systems encountered in 
pTactice. and are modeled as variable lead-Iags 
with dead-time. 
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Slnce the error sIgnaJ e In Figure 1 Is a 
pertodic signaJ wtth perlod Te. the output oC the 

relay wtU be a periodtc square signal. Approxtma­
ting tbis signaJ by the first hannonic oC ita Fourier 
series expanslon. whose amplitud e ls 4d/Jt. the 
controUer criticaJ galn can be approxtmated by 

K=4d lA. !I] 

where A ls the amplitude oC the procesa output. 
The same equation can be obtamed by 
conaldertng the desc:rtblng function of an ideal 
relay. that ts 

N(A) = 4d / n. [2] 

After reaching the steady stale under relay 
control. lhe perlod and amplltude oC the osclla­
tion can eas1ly be determined. measur1ng the 
time oI zero crossing and the peak to peak values 
oflhe output. The values are averaged over seve­
ra! perioda to obtaln accurate estlmates. The 
amplltude of lhe output Is controlled choostng an 
appropiate relay amplltude. 

nus simple relay expertment allows the 
delenninatlon ol a crtl1caJ point on fue Nyqulst 
cwve. and fue appUcatlon oC fue Zieg1er and 
Ntchols tuning rules. Astrom (1984) presented 
severa! varlatlons oCtbis baste destgnmethod . all 
based on lhe lnformatlon on lhe proc~ dynamJe 
obtatned tram one or more points on fue Nyqulst 
ClllVe delermtned using dIfferent relay experl­
ments. 

In the proposed metliod for tunlng oC PID 
controllers for multivariable systems. the criticaJ 
points COl' each atngIe loop are obtalned Orat 
ignorlng the Interaction effects. that Is. wlth the 
other loops open. The controUers settlngs are 
then detenn1ned using lhe foUowtng standard 
equatlons: 

ControllJer Gain . K., = Crttlcal GaJn/2.2 (3) 

Integral Time. 'tF Te /2 (4) 

Dertvattve TIme. 't'J)= Te /8 (5) 

lhese settlngs correspond to fue classicaJ 
SISO Ziegler and Nichols parameters. and are 

used In the next step to tune the multtvartble 
SISO controDers. 1lúa 18 done determlnlng the 

crttica1 polnt Cor each loop using relay control. 
whUe keeping the other loops under PID control. 
wtth their ZiegIer and Nlchols values obtained 

prevtousIy. 

The tnteraction effects oC the closed loops 
with thelr PID controllers tlgbUy tuned wilI the­
reCore influence the location oC the criticaJ point 

belng determined. Compared to the previous va­
lues. The c:rttlcaJ gato w1ll decrease. fue crJtlcal 
perlod wIlJ lncrease. and tWs varlatlons wIlJ be 
proportlonaJ lo fue amollOt of interactlon pre­
sent. 

Using equaUons (3) to 15) wllh lhese new 
crJtical polnts. a more conservatlve set of control­
ler parameters wIll be obtained. lhat wUI reJlecl 
lhe Inleractlon and also. lmplidtly. its unsyme­
bic nature. Uslng thIs method . lhe tun.tng of fue 
controUers can be done experimentally. wtth two 
simple relay experiments for each loop . JI the 
relay amplltude Is choosen properly lhere la llttle 
upsettlng of the plantoThis offers a clear advan ­
tage ayer the classlcal Ziegler-Nlchols scheme. 
whJch le time consumtng. and d.iffi.cult to auto­
matlze and control lhe amplltude of the oscUa­
tion. 

Carreno (1990) reported euccessful experi­
mental appllcations of fue method for a 2x2 
system controlllng Oow and pressure in a blghly 
Inter active procesa. 

Application To Distillation 
Columns 

The perlormance of fue controllers tuned 
using fue MRA procedure has been tested on 
severa! simulated dlstlUatlon columns. and com­
pared wifu fue resulla obtalned uslng fue BLT 
and BLT4 procedure. Some compartsons are alao 
presented with lhe Conservative Model based 
Control (CMBC) (?rasad et al. 1990) for multlloop 
control tgnortng interaction. and wilh the Dyna­
mic Matrix Control. The results fOT fue Dynamic 
Matrix Control were obtatned from Momea et al 
(1987) using a prediction honzon (NP) of 15 min. 
a manlpulation hortzon (NM) oC 40. and variable 
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factors f. The turung parameters ~ used by CMBC 
controllers are Usted in the table l. 

Table l. ControUer Parameter for BLT. 
BLT4, ARM, DMC and CMBC 

Parame ers \lB OR Al 

BU 

K 376.-0 .0749 I . 51 ,- . 295,2.63 2.28,2.94, \. 18,2 .02r 

"tI 8 . 29,24 46 16 4,18.6 61 72 . 2, 7. 48,7 . 38.27 . 9 

8LT4 

K . 191. - 161 1 . 23. - . 477 , 4 . 87 5. 13,0 . 96. 1. 7,3 . 88 c: 
TI 16 . 3.10 . 86 2004,1 \.03 .3.6 32 . 1.295.5 . 1.14 . 4 

T .074 • . 8 _ . 433 . 706 . . 296 2 . 5,0 . 04,0 . 17 .0 . 83O 

MM 

le 0. 75,- .085 1. 44 , - 30~, 4 . 52 2 .53.5.62. 2. 4.6 .62 e 

TI 5 . 16. 10 42 9 .91.9 . 99.3. 05 38,3.12,3 06.9 . 59 

T 0 . 66, \.56 I . 48. I . 49. 0 . 45 5 .7.0. 47.0 . 46,1 , 43 
O 

CHe S .. tllngs 

f 10 o 1 0 . 1 
NP 40 40 40 
NH 15 15 15 

CHBC Tunlng Paramet"rs 

P . 9342,.9197 - . 9777.- . 3079 . . 9159 .9771. -. 5739 
. 9457, . 9819 

The open loop lTansfer funcUon matrices of 
fue systems studled may be found in Luyben 
IJ986). and the load lransfer funcUons in Montea 
et aJ (1987) . The column configuratlons ranged 
from 2x2 to 4x4 syslems. with different degrees 
of inleraction as indieated by the internctions 
indexes, and are referred as WB (Wood and Berry 
(1973)) the 2x2 system. OR (Ogunnaiike (1979)) 
the 3x3 syslem and Al (Alatiqi 1985)). the 4X4 
system.. 

Simulation Results 

"Ole conlroller paramelers for the three ea ­
ses studled us:tng the BLT. BLT4 and MRA mel­
hods are Usted in T~ble l. 

Comparative load reJectlon dynamics are 
given in Figures 2 and 3 for the WB and OR 

system. and the responses to a unit step change 
In distlUate composition for the same systems. 

are shown in Flgures 4 and 5. '!be lntegrated 
absolute errors (lAE's) of the controDers for si­
multaneous load disturbances in all the loops. 
are Usted in Table 2. and lhe integral of the 
square errors for s.lmuJtaneous changes in all the 
set points, are Usted in Table 3. Jt may be Doted 
lliat fue dynamic performance of the MRA. is 
supelior to the BLT, and comparable to lhe lhe 
other methods that TequJre more caJcuJaHons o 
models fOT the system. 
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Table 2. WB, OR and Al lAE vaJues for 
BLT. BLT4. DMC and MRA load 

dJstllrbances 

IAE fXI J IAE(X2 ) IAEIX3) IAEIX11 

WB Load Dlsturbance 

OR load Dlsturbance 

BL! 55 . 6 2.08 
BLH 13 3 17 . :3 
DtiC 15.6 11.10 
ARM 15.59 0.28 

61. 5 
19 .0 
32 . 6 
1. 84 

72[ 
4 73 
3 2) 
5 . 62 

Al 

65 40 
24.. 30 
28 20 
22.61 

load Dlstur ance 

29.7 
15.30.72 
10. 15 

too 120 

37 . 6 

5 . 70 
6 . 48 

11.0 
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Table 3. WB, OR and Al ISE values for 
BLT, BLT4, CMBC and MRA set point 

chana:es 

¡SE lolal 

\lB OR Al 

7.55 1411 115.3 
6. 14 37\ 158. 91 
J . S1 396 31 .8 
4. 21 421 40.7 

As a final compartson oI the methods. the 
NyqlÚst piola of the closed loop characterfstlc 
equation 

w= ( -1 + del (1 + GB)(s)[ (6] 

over approplate frequency ranges (i.e. near the 
polnt (-l.O¡) ). and the mlnlmum singular vaIu~ 
a of (1+ GOw)B(fw)J. are shown In ¡;;tgures 6 and 
7. These parameters are reUable measures of the 
multivariable closed loop stabillty. loop errors In 
the presence oI load 01' command disturbances, 

and closed loop ~_itlvi_':r~ __.__.._-, 

I ~.- _ _ I - ­- '-- '- ­r.::====:::;-------- ._-- ­
-

-

Figure 6 . Wplots ofWB and OR 
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Figure 7. MlnJmum singular values oC WB 
andOR 

The values of maximum cJosed-loop log 
modulus deHned as 

L ~ = log 11 :-wl [71 

are Usted In table 4 . 

Table 4. Biggest Log Modulus L ~ 

\lB OR 

4 6 
4 . 31 7 . 01 
5.3·4 5 . 62 

These frequency domain results show, that 
the systems wttb controllers tuned ustng lhe 
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