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I ntroduction

ThisisaMATLAB graphical user interface (GUI) for oscillation and stiction detection in
control loops. It was an outcome of a project initiated by Mohieddine Jelali during the writing
of the book

M. Jelali, B. Huang (Eds.): Detection and Diagnosis of Siction in Control Loops: Sate of the
Art and Advanced Methods. Springer-Verlag London, 2010.

with contributions from different international Colleagues (called Stiction Group).

The Stiction Group has decided to publish thistrial version (MATLAB p-code) of the GUI to
enable other researchers working on the field to apply the methods involved to their own data,
and possibly compare the results with their own code.

| nstallation

1. Copy thefilesto your directory.

2. Start MATLAB 7.5.0 (R2007b).
3. RunistictionGUI from Matlab Command Window.
>> 1StictionGUI

Plant Data For mat
Data has to be provided as mat-file containing the following structure elements:

data. Ts (sampling period)

data.PV (process variable)

data.SP (set point)

data.OP (controller output)

datat (time axis[9])

data.BriefComments

data.Type (0: self-regulating; 1: integrating)
data.Kc (set to 9999 when not available)
data.Ti (set to 9999 when not available)
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Example: Datafrom loop CHEM1 (see the ISDB), contained in the file test_data.mat

>> load test data
>> data

data =

Ts: 1
PV: [1625x1 double]
SP: [1625x1 double]
OP: [1625x1 double]
t: [1x1625 double]
BriefComments: 'Flow control (FC145); with stiction (A.

Horch) '
Type: 0
Kc: 9999
Ti: 9999

This data set will be used below to demonstrate how the GUI works.

Use of the GUI / Case Sudy

1. Select pre-processing tasks (detrending, decimation, low-pass filtering, Wiener filtering,

FIR, Notch filter) by clicking the corresponding checkbox and enter appropriate
parameters, i.e. filter frequencies; select a data window, when desired; and load a data file
by clicking the pushbutton “Load data’.

<} GUI for Oscillation and Stiction Detection in Control Loops

1. Select Pre-proces=sing Tasks and Load Data
[+ Detrending
[T Decimation

F
- | T

1
[~ Lowr-pass Fiter P | I we | 1
4 L 3 1

[~ "wiener Fiter J-Iw——l
4| wH |>" 1

[~ FIR Parks-McClellan
[+ Match Fitter (only for noise-band estimation!)

[T Data Window
Load Data Min.  Mlax.
I 1 I 1

cf gf
Comprassion
detected? I I - I

T=

l

SegmentLImDD Nsampl 128 Overlapl 50 | Auto

Note 1: “Detrending” and “Notch Filter” are (and should be) selected as default. “Notch
Filter” isonly used for the area-peak method.

Note 2: “Segment L”, “Nsamp” and “Overlap” are set automatically and only needed for
the bicoherence method; disable the checkbox “Auto” to change the values.
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.} GUI For Dscillation and Stiction Detection in Control Loops

1.
[+ Detrending

[+ Decimation 4 | I 3 | 10
[T Lowv-pas= Fiter 4 we: 3 1

[+ "iener Fiter

[~ FIR Parks-McClelian
[+ Motch Fitter (only for noise-hand estimation!)

Select Pre-processing Tasks and Load Data

[+ Data Window
Load Data Min.  Mlax.
I 1 I 1000

cf gf
Compraszion
detected? I - I - I -

T=

SegmentLISDD Nsampl 256 Overlapl 50 [ Auto

Data will then be displayed on the subplots.

PV
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Observe the triangular shape of OP, the square shape of PV and the parallelogram shape
of the PV-OP plot. All these are signatures of stiction.

Different views can be selected by clicking the popupmenus “PV” and “PV-OP Plot”.

Also, the sampling period, comments and compression factors will appear.

[~ Data Window
Load Data Min.  hlax.
I ] I 1500

e [ [ [os .

cf gf

Flowy contral (SFC_TP_2004%; with stiction (likely) (C. Scal 10

Segment L (1000 Nsampl 128 Overlapl 50 [V Auto
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2. Select an oscillation detection method and click the pushbutton “ Do Detection!” ; observe
the results in the subplots and the index values. The following figures (and contained)
indices show that all methods indicate the presence of oscillation in the loop.

2. Select Oscillation Detection Method

Covarisnce [Thornhill et al.)
Covariance (Miao & Sehorg)

IAE (Forsman & Sattting

I£E (Haggiund) =l

Do Detection!

N o~ -
Y ; ; ; ! ! I 1284 | 0.80443 -

: i i i i i i | 1264 | 000077862 75 2661
1] 50 100 150 200 250 300 350 400

-1 L

2. Select Oscillation Detection Method

Covariance [ Thornkil et al.) ;I
Covariance (Miao & Sehorg)

IAE (Forsman & Sattting

I£E (Haggiund) =l

Do Detection!

47.8219 I 0.58132

1264 I 089443
1264 ID.DDD??EEQ I 7924881

11

1 i : : : : : i
0 a0 100 150 200 250 300 350 400

%2. Select Oscillation Detection Method

Covariance (Thornhill et al.) :I
Covatiance (Miao & Seborg)

IAE (Forsman & Sattting

IAE (Hagglund) hd|

Do Detection!

E i i i : i 1 478319 065132
= i ; | | | b
o ob N A N AL NG pmsreey s | |osen
1 I I I I | 1 1264
e : : : : : . ! 0.39443
| 128.4 I 000077552 792881

0 50 100 150 200 250 300 350 400
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2. Select Oscillation Detection Method

Cowvariance [ Thornhil et al ) ;I
Covariance (Miao & Sebarg)

|AE (Forsman & Satting

IAE (Hagglund) |

Do Detection!

| 0.55132
I 0.594435 I 1
I 0.00077332 | 79.2831

Note 3: Hagglund’'s method needs OP in %.

3. Select adtiction detection method and click the pushbutton “ Do Detection!”; observe the
results in the subplots and the index values.

3. Select Stiction Detection Method

Cr zorrelation (Horch)
Hiztogram Fitting (Horch)
Bicoherence (Choudhury et al)
Surrogate Analysis (Thornhil)
Curve Fitting (He et al.)

Felay (Rossi & Scali)

Arem Peak (Singhal & Salshury)
Gual. Shape Analysis (Yamashita)

Do Detection!

=l

Horch's Iﬂ:lices Relay Index HGI HLI THLI  Surrogates Index He's Index  Pistiction) Yama Index
093346 | - | - | _ | _ | _ |

055506 ¥ Elipse Fitting [~ Wisner Fitering [ fi-0.05 S

Cross-correlation

0.7
0.6r
0.5
0.4r
0.3r

Horch’sfirst method indicates stiction; the cross-correlation function is clearly odd.
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3. Select Stiction Detection Method

(Crosz-correlation (Harch) d
Histogram Fitting (Horch)

Eicoherence (Choudhury et al.)

Surrogate Analysis (Thornhill)

Curve Fitting (He et al)

Relay (Rossi & Scali.)

Area Peak (Singhal & Salshury)

Cual. Shape Analysis (Yamashita)

|
| Stiction!

Hun['s Indices Relay Index HGI HLI THLI  Surrogates Index He's Index  Pistiction) Yama Index
0.93845 | 1 | - | - | - | - | - - - -
0.85506 [+ Ellipze Fitting [~ wviener Fittering [~ fi-0.05 &

Gauss fit Camel fit ﬁ
3 T T T T 3 T T T T
3 1 2t I ]
! L] 1 1 1 1
D errrrret || s N e | i
-1.5 -1 -0.5 0 0.5 1 -1.5 -1 -0.5 0 0.5 1
Classe Clazse

The M SE for the Gaussian distribution is 1.81 compared to 9.78 for the camel distribution. It
can be hence (correctly) concluded that the oscillation is due to stiction.

3. Select Stiction Detection Method

Cross-correlation (Harch) ;I
Histogram Fitting (Harch)

Eicoherence (Choudhury et &l

Surrogate Analysis (Thornhill)

Curve Fitting (He et al)

Relay (Rossi & Scali)

Area Peak (Singhal & Salshury)

Cual. Shape Analysis (Yamashita)

=l
| Stiction!
| | | |
Horch's Indices Relay Index HGI HLI THLI Ellrrngates Index He's Index  Pistiction) Yama Index
01.93345 1 - 0.4926 | 0.75374 | 113298 - - - -
0895506 v Elipse Fitting | vyiener Fitering [ fi-0.05 SIS
; Gauss fit Squared bicoherence IMIn' F
| 1 | 1y Max. 'bic%(0.0039063, 0.0078125) = 0.76804
_ 05 i : Dt :
1 L M .
= HHHHHT
-0.5

1]
-1.5 -1 0
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NGI > o = 0.05 indicates that the processis non-Gaussian; NLI > 0O that the processis non-
linear (observe the non-flatness of the bicoherence plot). Also TNLI > 0 impliesthat the
processis non-linear.

> ”jn AANARANANAY | o -H?i?%_ :
S LCCIEPLE -

-20 -10 0 1 20

500 1000 1500 o [512 Pt s [ Logx

As an ellipse can be fitted to the PV-OP plot, the non-linearity is due stiction. The estimate of
apparent stictionisS=31.3.

Note 4: Default settings — threshold for ellipse fitness = 60%; confidence interval = 0.2
(confidence-limit ellipses).

3. Select Stiction Detection Method

Cross-correlation (Horch) ;I
Histogram Fitting (Harch)

Eicoherence (Choudhury et al)

Surrogate Analysis (Tharnhill)

Curve Fitting (He &t al.)

Relay (Rossi & Scali)

Area Peak (Singhal & Salshury)

Gwal. Shape Analysis (Yamashita)

=
Do Detection!
| Stiction!
Pﬂayhe unrelibale; too few cycle:
dices Relay Index HGI HLI THLI JSurreogates Index He's Index  Pistiction) Yama Index
1 | - | 04s6 | o7sare | t1a2e8) | 13508 - | - |

[¥ Elipse Fitting [~ wiener Fitering [ 1i-0.05 Endmatching

Gauss fit End-matched data (e |Min- Fred. Err. 'I

9 i : : : :
1] 50 100 150 200 250 300

The NPI value 1.36 > 1.0 indicates that the loop signal (control error) isnon-linear.
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3. Select Stiction Detection Method
Cross-caorrelation (Horch) ;I
Histograim Fitting (Horch)
Bicoherence (Choudhury et al.)
Surrogate Analysis (Thornhill)
Curve Fitting (He et al)
Felay (Rossi & Scali.)
Area Pegk (Singhal & Salshury)
Gual. Shape Analysis (Yamashita)
[ |
,IIIIIHHHHHHHHHHIIIIIII
| Stiction!
Horch's Indices Relay Index HGI HLI THLI  Surrogates I§dex He's Index JP(stiction) Yama Index
093545 1 [ - | pa4se | orsare | 113208 | 13508 095296 -
0.835506 [ Ellip=e Fitting [~ iener Fitering [~ fi-0.05 Eld
Triangular Fit sirmizoidal Fit Iﬁ
20 20
10/ 10
0F- n¥.
-10 -10
220 L i | i i
0 500 1000 1500 0 500 1000 1500
The stiction index value 0.95 > 0.6 indicates the presence of stiction. Observe that the
triangular fit is better that the sinusoidal fit.
3. Select Stiction Detection Method
Cross-correlation (Harch) ;I
Histogram Fitting (Harch)
Bicoherence [(Choudhbury et al)
Surrogate Analysiz (Thornhil)
Curve Fitting (He et al.)
Relay (Rossi & Scali)
Area Peak (Singhal & Salzbury)
Gual. Shape Analysis (Yamashita)
|
IIIIIH!HHH%HHHHIIIIII
| Stiction!
Horch's Indices Relay Index HGI HLI THLI Surrogates Index He's Index P(stiction) Yama Index
0.93845 1 | 025675 04926 | 075374 | 113288 | 13596 0 85296 -
055506 W Elipse Fitting [~ Wiener Fitering [ 1-0.05 B
Triangular Fit Sinuscidal Fit Mr
20 20 T
10§ 10
0F: ok
-10 -10
=20 1 1 =20 i i
0 500 1000 1500 0 500 1000

1500

The relay method gives an index value 0.26 > 0.21, which implies that stiction is present in

the loop.
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Note 5: This method is computationally demanding and thus may take some minutes for the
calculation; so be patient after starting the detection!

3. Select Stiction Detection Method

(Cross-correlation (Horch) :I
Histogratm Fitting (Harch)

Eicoherence [ Chaudhury et al.)

Surrogate Analysis (Thornhill)

Curve Fitting (He et al.)

Felay (Rozsi & Scali)

Area Peak (Singhal & Salsbury)

Gwal. Shape Analysis (Yamashita)

=
Do Detection!
I Probability of stiction = 25.0%
Horch's Indices Relay Index HGI HLI THLI  Surrogates Index He's Inde:l P(stiction) ?Ima Index
053845 | 1 | p2s67s | 426 | o7sare | 11azes | 13596 | ooseee || o2s026 |
0.85506 [ Elip=e Fitting [~ wiener Fittering [~ i-0.05 Em

Triangular Fit Bl :3TP) i
' 0.5 ; r T

] | 0.5 i i | 1 ] i i
1] 500 1aoon 1500 1] 50 1an 130 200 250 300 350 400

Without data filtering, the probability of stiction for the area-peak method is 25%. However,
when low-passfiltering is applied to the data, ...

1. Select Pre-processing Tasks and Load Data
[ Detrending

[ Decimation Fil| o | I
¥ Low-pass Fiter a [ we k|| 012
|
F] wl 3 1
[~ wiener Fitter J
4 wH 3 I 1

[~ FIR Parks-McClellan
[ Motch Fiter (only for noise-band estimstion!)

05 = 5 0
_nfnnnnfaninn .
aERAVARAUAVARRTAVRRAVAVRY
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3. Select Stiction Detection Method

Cross-correlation (Horch)) ;I
Histogram Fitting (Horch)

Bicoherence (Choudbury et al)

Surrogate Analysis (Thornhill)

Curve Fitting (He et al.)

Relay (Rossi & Scali)

Area Peak (Singhal & Salshury])

Gual. Shape Analysis CCamashita)

=
| Probability of stiction = 91.2%
Horch's Indices Relay Index HGI HLI THLI  Surrogates Index He's Inde Pistiction) vhma Index
093546 1 | 0.25675 | 0.4926 | 0.75374 | 11.3295 | 1 3506 | 0.95296 | 0.91263 |
055506 ¥ Elipse Fitting [~ WWisner Fitering [ fi-0.05 S
Triangular Fit e{1:3T) i
20 J ! 0.4 T T T T T T J
108--# & § 1T ....... ........ i TP LT (IS TN ....... ....... i
IANETS RN EWARINANRYINAN) ol--§. T | VRTINS RUOSY SUNOY TOPRL P SO P
BT A 2 | 3. M. " il ) ........ ....... ........ ....... ....... i
20 1 1 04 i i 1 L 1 i i
0 500 1000 1500 0 50 100 150 200 250 300 350 400

... the probability of stiction becomes 91%.

3. Select Stiction Detection Method

Cross-correlation (Horch) ;I
Histogram Fitting (Horch)

Bicoherence (Choudhury et al)

Surrogate Analysis (Thornhill)

Curve Fitting (He et al)

Felay (Rossi & Scali.)

Area Peak (Singhal & Salshury)

Gual. Zhape Analysis (Mamashita)

=l
Do Detection!
| Stiction!

Horch's Indices Relay Index HGI HLI THLI  Surrogates Index He's Index  Pistiction] Yama Index
0.93545 1 |n.255?5 | 0.49353 | 074516 | 17.9472 | 1 4079 | 091714 | 0.91263 0.35414
0.86957 [w Ellip=e Fitting [~ wiener Fitering [~ fi-0.05

Triangular Fit e 1:3T ) Mi

20

0.4 ! ! ; T 5 ! T
10 nak 1. ....... ........ | EERR ....... N T ....... ....... a
ot ok} RN | SRR ....... ....... ....... HERRN SO i

-10

N ........ ....... p SO . ....... i

0.4 i

20 ] 1 -0, i ] L I i i
0 500 1000 1500 0 50 oo 150 200 250 300 350 400

The Yamaindex value 0.38 > 0.25 clearly indicates the presence of stiction.

Note 6: Remember that the Y ama method is only applicable for flow control loops.
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Hintsfor the User

If you use the GUI, please refer to the above-mentioned book or its homepage. If you need
any further help or details, or should you find any errors or inconsistencies, please contact the
principle editor.



