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Chapter 1

IdNonlinearTanks

1.1 idNonlinear Tanks_abg.tex

MTT command:

ntt idNonlinear Tanks abg tex

C:t1 R:pl C:t2 R:p2
Sf:u | 0 1 0 1
De:y

Figure 1.1: System idNonlinearTanks: acausal bond graph

The acausal bond graph of system idNonlinearTanks is displayed in Figure
211 (on page 1) and its label file is listed in Section Z1.1] (on page 22). The
subsystems are listed in Section (on page 23).

This example illustrates the sensitivity approach to model-based system iden-
tificationfl.

1peter J Gawthrop, Sensitivity Bond Graphs, Journal Franklin Institute, 337, 2000, pp 907-922
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The system compprises two non-linear tanks (see the paper for details). The
method identifies four parameters: the two initial states ans the two parameters of
the non-linear flow resistance.

To see the results, type:

nt -oct -i euler -pdf idNonlinearTanks ippp view

1.1.1 Summary information

System NonlinearTanks:  jDetailed description hereg,

Interface information:

This component has no ALIAS declarations

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: idNonlinearTanks_Ibl.txt

%06 Label file for systemidNonlinear Tanks (Nonli near Tanks_I bl . txt)
YSUMMVARY Nonl i near Tanks
UOESCRI PTI ON <Det ai | ed descri pti on here>

% [0) .l .l .l .l .l .l .l .l .l .l .l

% %% Ver si on control history

%O .l.l .l .l.l.l.lll ll.ll
[ [

n
% %% $1 d: i dNonl i near Tanks_I bl .txt,v 1.1 2001/04/05 12:00: 18 gawm
% %% $Log: idNonlinearTanks |Ibl.txt,v $

% %% Revision 1.1 2001/04/05 12:00: 18 gaw hrop

% %0 | denti fication exanple

% %86

%0 0/0/0/0/8/0/0/0/0/k G G %0

% Conponent type C
tl conical rho,g,V_1
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t2 conical rho,g,V 2

% Conponent type R

pl di scharge al pha, beta
p2 di scharge al pha, beta

% Conponent type Sf
u SS external

% Conponent type De
y SS external

1.1.2 Subsystems

e De Simple effort detector (1) No subsystems.

e Sf Simple flow source (1) No subsystems.

1.1.3 De

SS:[in]

/I SSiy

Figure 1.2: System De: acausal bond graph

The acausal bond graph of system De is displayed in Figure 22 (on page 24)
and its label file is listed in Section (on page 24). The subsystems are listed

in Section (on page [Z8).

Tue Aug 19 15:00:00 BST 2003
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Summary information

System De:Simple effort detector  Simple effort detector constructed from SS
with fixed causality

Interface information:
Parameter $1 represents actual parameter external
Port in represents actual port in

Port out represents actual port in

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: De_lbl.txt

%0 Label file for systemDe (De_l bl.txt)
YSUMVARY De Sinple effort detector
YOESCRI PTION Sinpl e effort detector constructed fromSS with fixec

% %% Revision 1.4 2002/11/07 04:28:23 gaw hrop

% %% Now has argunent - either internal or external
% 9%

% %0 Revision 1.3 1999/09/07 03:32:21 peterg

% %% Fi xed al i as bug

% %%

% %% Revision 1.2 1999/09/07 03:21:02 peterg

% %0 Ali ased to out as well as in

% %%

% %0 Revision 1.1 1999/03/03 22:02: 04 peterg
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% Wolnitial revision
% %%

% 9B

% Port ali ases
%ALI AS in|out in

% Argunent aliases
%ALI AS $1 external

%% Each |ine should be of one of the follow ng forns:

% a cormment (ie starting with %

% conponent - nane cr_nane argl,arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type SS
[in] SS external, external
y SS external,O

Subsystems

No subsystems.

1.1.4 Sf

The acausal bond graph of system Sf is displayed in Figure (on page [[4) and
its label file is listed in Section [LT.4] (on page [[3). The subsystems are listed in
Section [L.T41 (on page [I5).

Summary information

System Sf:Simple flow source  Simple flow source constructed from SS with
fixed causality

Interface information:
Parameter $1 represents actual parameter f_s

Port in represents actual port out

Tue Aug 19 15:00:00 BST 2003 Page 13.
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SS:u I ~ SS:[out]

Figure 1.3: System Sf: acausal bond graph

Port out represents actual port out

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Sf_Ibl.txt

%% Label file for system Sf (Sf_|bl.txt)
¥SUMVARY Sf Sinple flow source
YOESCRI PTION Sinple flow source constructed fromSS with fixed ce

control history
% O O i. 0. 0. 0. 0. t. .. .. .. .. .. .. .. .. .. i. i. i. Q i. i. i‘ i‘i‘i.i. i. i.
% %0 $1d: Sf_Ibl.txt,v 1.3 1999/08/05 07: 32: 07 peterg Exp $
% 980 $Log: Sf Ibl.txt,v $

% %% Revision 1.3 1999/08/05 07:32: 07 peterg
% %80 Added in alias

% %%

% %0 Revision 1.2 1999/03/12 04:03:09 peterg
% %% Si ngl e argunent - the value of the flow
% 9%
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% %6 Revision 1.1 1999/03/03 21:50: 15 peterg
% %0 Initial revision
% %%

% 948 0/

% Port ali ases
%ALI AS out |in out

% Argunent ali ases
%ALI AS $1 f_s
%% Each |ine should be of one of the follow ng forns:

% a coomment (ie starting with %

% conponent - nane cr_nane argl,arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type SS
[out] SS external, external
u SSinternal,f_s

Subsystems

No subsystems.

1.2 idNonlinear Tanks_cbg.ps

MTT command:
ntt idNonlinear Tanks cbg ps

This representation is given as Figure [I.4] (on page [18).

1.3 idNonlinear Tanks_struc.tex

MTT command:

nmt i dNonlinear Tanks struc tex
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c1tl R:pl C:t2 R:p2
st:u | 0 1} ) 1
L
De:y

Figure 1.4: System idNonlinearTanks, representation chg (-noargs)

List of inputs for system idNonlinearTanks
Component | System Repetition
1|u idNonlinearTanks_u_u | 1

List of outputs for system idNonlinearTanks

Component | System Repetition
1|y idNonlinearTanks_y_y | 1
List of states for system idNonlinearTanks
Component | System Repetition
1]1t1 idNonlinearTanks_t1 | 1
2 | t2 idNonlinearTanks_t2 | 1

1.4 idNonlinear Tanks sympar.tex

MTT command:

ntt idNonlinear Tanks synpar tex

Tue Aug 19 15:00:00 BST 2003 Page 16.
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Parameter | System

V1 idNonlinearTanks
V.2 idNonlinearTanks
alpha idNonlinearTanks
beta idNonlinearTanks
g idNonlinearTanks
rho idNonlinearTanks

Table 1.1: Parameters

1.5 idNonlinear Tanks ode.tex

MTT command:

nt i dNonlinear Tanks ode tex

X1 = —

() D2D3G)gp— (1) D233 )gp)

<(X2+V2)(%)2(%)3(%)gp>

y1=

1.6 idNonlinear Tanks.ident.ps( -ieuler)

m(3)

MTT command:

nt -i euler idNonlinearTanks ident ps

This representation is given as Figure [LH (on page [I8).

1.7 idNonlinear Tanks_rep.txt

MTT command:

Tue Aug 19 15:00:00 BST 2003
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Figure 1.5: System idNonlinearTanks, representation ident (-ieuler)
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ntt idNonlinearTanks rep txt

## -*-octave-*- Put Emacs into octave-node

## Qutline report file for systemi dNonlinear Tanks (i dRC rep.txt)
## Cenerated by MIT on" Thu Apr 5 11:17:27 BST 2001.

HHHHHHHH I H BB B HHHHHH R R R R R R R R R
## Version control history
REHHHHHH IR R R R HHHHHHH R H T R R R R R R R R R R

## $1d: idNonlinearTanks_rep.txt,v 1.2 2003/08/18 16:40: 25 gawt hrop Exp
## $Log: idNonlinearTanks rep.txt,v $

## Revision 1.2 2003/08/18 16:40:25 gaw hrop
## Modified for ident DY rep (was ippp).

#t

## Revision 1.1 2001/04/05 12:00:18 gaw hrop
## ldentification exanple

##

## Revision 1.1 2000/12/28 11:58:07 peterg
## Put under RCS

#t

HHBHHBHEBHE BB HEB R R R R R R R

ntt i dNonli near Tanks abg tex # The system description

ntt idNonlinear Tanks cbg ps # The causal bond graph
ntt idNonli near Tanks struc tex # The system structure
ntt idNonlinear Tanks synpar tex # The system paraneters

## Uncomment the following |ines or add ot hers

##nmt i dNonli near Tanks dae tex # The system dae

ntt idNonli near Tanks ode tex # The system ode
## nmtt i dNonlinear Tanks sspar tex # Steady-state paranmeters
## mt i dNonlinearTanks ss tex # Steady state
## mt i dNonlinearTanks dmtex # Descriptor matrices (of |inearised syst
## mt i dNonlinearTanks smtex # State matrices (of |inearised system
## mtt i dNonlinearTanks tf tex # Transfer function (of linearised syster
## mtt i dNonlinearTanks Infr ps # | og nodul us of frequency response (of
## mt i dNonlinearTanks sinpar tex # Sinulation paraneters
## mt i dNonlinear Tanks nunpar tex # Nunerical sinulation paraneters
## mtt i dNonlinearTanks state tex # Sinulation initial state
## nmtt i dNonlinear Tanks i nput tex # Sinulation input
## mtt i dNonlinearTanks logic tex # Logic contro
## mt -oct -s sidNonlinear Tanks odeso ps # Sinulation out put

Tue Aug 19 15:00:00 BST 2003
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nt -i euler idNonlinearTanks ident ps

ntt idNonlinearTanks rep txt # This file

Tue Aug 19 15:00:00 BST 2003 Page 20.



Chapter 2
IdRC

2.1 idRC_abg.tex

MTT command:

nt i dRC abg tex

Se:u 7 RC:rc 4 De:y

Figure 2.1: System idRC: acausal bond graph

The acausal bond graph of system idRC is displayed in Figure 21 (on page 271))
and its label file is listed in Section [ZZ1.1] (on page 22). The subsystems are listed
in Section (on page 23).

This example illustrates the sensitivity approach to model-based system
identificationt.

The system is a simple RC circuit with zero initial condition; the method
identifies the resitance r.

The data is created by typing:

1peter J Gawthrop, Sensitivity Bond Graphs, Journal Franklin Institute, 337, 2000, pp 907-922

21
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make
To see the results, type:

mt -oct -i euler idRC ident view

NB All sensitivity coefficients in idRCgimpar.txtmustbesettozero.

2.1.1 Summary information

System idRC:  Detailed description here

Interface information:
Parameter $1 represents actual parameter ¢

Parameter $2 represents actual parameter r

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: idRC_Ibl.txt

#SUMVARY i dRC
#DESCRI PTI ON Det ai | ed description here

## System i dRC, representation | bl, |anguage txt
## File i dRC_I bl .txt
## Generated by MIT on Tue Aug 19 14:58: 27 BST 2003

HHHHHHHHHHH AR AR AR BT H R AR BB R R R B
#it### Model Transfornati on Tool s #####
HHHHHHHHHHH AR B R BB TR R R AR B R H R R R

REHBHHHHHH BB RHBHHHHH AR H TR R R R R R R R R 7
## Version control history
REHHHHHHHH BB R R HHHHHHH AR HH TR H T R R R R R R 7

Tue Aug 19 15:00:00 BST 2003 Page 22.
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i

H##t

## $1d: ntt_banner.sh,v 1.2 2001/07/03 22:59:10 gawt hrop Exp $
## $Log: ntt_banner.sh,v $

## Revision 1.2 2001/07/03 22:59:10 gaw hrop

## Fi xed problenms with argunent passing for CRs

#H#

HHHHHHHHIH B BB HHHHHHH R

Port ali ases

Argunent ali ases

#ALI AS $1 c
#ALI AS $2 r

i
H##t
H##t
H##t

i

H##t
y

Ht
rc

H#
u

Each |ine should be of one of the follow ng forns:
a comment (ie starting with #)
conponent - nanme cr_name argl, arg2,..argn
bl ank

---- Component | abels ----

Conponent type De
SS ext ernal

Conponent type RC
linc;r

Conponent type Se
SS ext ernal

2.1.2 Subsystems
e De Simple effort detector (1) No subsystems.
e RC A Simple two-port RC circuit (1) No subsystems.

e Se Simple effort source (1) No subsystems.

213 De

The acausal bond graph of system De is displayed in Figure 2.2 (on page 24)) and
its label file is listed in Section (on page Z4)). The subsystems are listed in

Tue Aug 19 15:00:00 BST 2003 Page 23.
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SS:[in] /I SSiy

Figure 2.2: System De: acausal bond graph

Section (on page Z8).

Summary information

System De:Simple effort detector  Simple effort detector constructed from SS
with fixed causality

Interface information:
Parameter $1 represents actual parameter external
Port in represents actual port in

Port out represents actual port in

Variable declarations:

This component has no PAR declarations

Units declarations:
This component has no UNITs declarations

Tue Aug 19 15:00:00 BST 2003 Page 24.
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The label file: De_lbl.txt

%0 Label file for systemDe (De_lbl.txt)
YSUMVARY De Sinple effort detector
UDESCRI PTI ON Si npl e effort detector constructed fromSS with fixed caus:

% %06 Revision 1.4 2002/11/07 04:28:23 gaw hrop
% %% Now has argunment - either internal or external
% 9%

% %6 Revision 1.3 1999/09/07 03:32:21 peterg

% %% Fi xed al i as bug

% %%

% %% Revision 1.2 1999/09/07 03:21:02 peterg

% %% Al i ased to out as well as in

% %%

% %6 Revision 1.1 1999/03/03 22:02: 04 peterg
% %06 I nitial revision

% %%

% 9B

% Port ali ases
%ALI AS injout in

% Argunent aliases
%ALI AS $1 external

%% Each |ine should be of one of the follow ng forns:

% a corment (ie starting with %

% conponent - nane cr_nane argl, arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type SS
[in] SS external, external

Tue Aug 19 15:00:00 BST 2003 Page 25.
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y SS external, 0

Subsystems

No subsystems.

214 RC
i r [
e T 2
1 T° *
Schematic
R:r C.c
_ Vi | I\ I\ A7)
SS[in] 11 0 — SS:[out]
1 )
Bond graph

Figure 2.3: System RC: acausal bond graph

RC is a Simple two-port RC circuit. The two ports are [in] and [out] and the two
parameters are ¢ and r respectively
The acausal bond graph of system RC is displayed in Figure 2.3 (on page 26))
and its label file is listed in Section 1.4 (on page [26). The subsystems are listed
in Section 2Z.1.41 (on page 28).

Summary information

System RC:A Simple two-port RC circuit ~ This simple example is used in
the manual.

Tue Aug 19 15:00:00 BST 2003 Page 26.
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Interface information:
Parameter $1 represents actual parameter ¢ — Capacitance
Parameter $2 represents actual parameter r — Resistance
Port in represents actual port in — The left-hand port

Port out represents actual port out — The right-hand port

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: RC_Ibl.txt

%0 Label file for system RC (RC_I bl.txt)
YSUMVARY RC A Sinple two-port RC circuit
UDESCRI PTI ON This sinple exanple is used in the manual .

% %% $Log: RC Ibl.txt,v $

% %% Revision 1.4 2001/07/24 04:25:16 gaw hrop

% 9% Rel abel ed ports - easier for sensitivity to handle
% 9%

% %6 Revision 1.3 2000/09/14 15:13:02 peterg

% %% Changed port CRs to give SISO system when used in isolation
% %%

% %% Revision 1.2 1998/07/27 11:09:36 peterg

% %% Comment ed the ali ases.

% %%

% %6 Revision 1.1 1998/07/16 20:16: 30 peterg

% %06 I nitial revision

% %%

% 9B
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% Port aliases
%ALIAS in in # The | eft-hand port
%ALI AS out out # The right-hand port

% Argunent aliases
%ALI AS $1 c # Capacitance
%ALI AS $2 r # Resi stance

%% Each |ine should be of one of the foll ow ng forns:

% a comment (ie starting with %

% conponent - nane cr_nane argl,arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type C
c lin effort,c

% Conponent type R
r linflowr

% Conponent type SS
[in] SS external,internal
[out] SS external,O

Subsystems

No subsystems.

215 Se

The acausal bond graph of system Se is displayed in Figure 2.4 (on page 29) and
its label file is listed in Section (on page [Z8). The subsystems are listed in
Section [ZZ1.H (on page B0).

Summary information

System Se:Simple effort source  Simple effort source constructed from SS
with fixed causality

Tue Aug 19 15:00:00 BST 2003 Page 28.
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SS:u /I SS:[out]

Figure 2.4: System Se: acausal bond graph

Interface information:
Parameter $1 represents actual parameter e_s
Port in represents actual port out

Port out represents actual port out

Variable declarations:

This component has no PAR declarations

Units declarations:

This component has no UNITs declarations

The label file: Se_Ibl.txt

%% Label file for system Se (Se_| bl.txt)
YBUMMARY Se Sinple effort source
YOESCRI PTI ON Si npl e effort source constructed fromSS with fixed causali

% %6 $1 d: Se
% %6 $Log: Se

Tue Aug 19 15:00:00 BST 2003 Page 29.



Report Identification Representation rep

% %% Revision 1.3 1999/08/05 07:31:39 peterg
% %80 Added in alias

% %%

% %0 Revision 1.2 1999/03/12 04:04: 27 peterg
% %% Si ngl e argunent - the effort value e_s

% %%

% %% Revision 1.1 1999/03/03 21:55:46 peterg
% %Wolnitial revision

% 9%

% 98 0/0/0/0/8/8/8/8/0/&

% Port aliases
%ALI AS out|in out

% Argunent aliases
%ALI AS $1 e_s

%% Each line should be of one of the follow ng forns:

% a comment (ie starting with %

% conponent - nane cr_nane argl,arg2,..argn
% bl ank

% ---- Conponent |abels ----

% Conponent type SS
[out] SS external, external
u SS e_s,internal

Subsystems

No subsystems.

2.2 1dRC_ struc.tex

MTT command:

mt i dRC struc tex
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List of inputs for system idRC
Component | System Repetition
1 u iIdRC_u_u |1

List of outputs for system idRC
Component | System Repetition
1|y iIdRC_y_y |1

List of states for system idRC
Component | System Repetition
l|c IdRC_rc_c |1

2.3 1dRC_sympar.tex

MTT command:

i dRC synpar tex

Parameter | System
C idRC
r idRC

Table 2.1: Parameters

2.4 1dRC._dent.ps

MTT command:

i dRC ident ps
This representation is given as Figure 25l (on page B2).

2.5 idRC.identar.tex

MTT command:

i dRC i dent _par tex

Tue Aug 19 15:00:00 BST 2003
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MTT simulation on Tue Aug 19 14:59:57 BST 2003
0.9 ‘ ‘ ‘ ‘

0.8 [ T
0 L
0.4 [
0.2 b e ]
0

0 2 4 6 8 10

Figure 2.5: System idRC, representation ident (-noargs)

Name | Value
r 4.95

Table 2.2: Estimated Parameters

2.6 1dRC_rep.txt

MTT command:

nt idRC rep txt

## -*-octave-*- Put Enacs i nto octave-node
## Qutline report file for systemi dRC (i dRC rep.txt)
## Generated by MIT on" Thu Jun 27 17:03: 00 BST 2002.

HEHHH AR AR USRS HR R AR AR R R R R R AR R AR R AR R
## Version control history

HEHBHBH PR HBH BB R R R R R R R
## $1d: idRC rep.txt,v 1.3 2003/08/18 08:06:17 gaw hrop Exp $
## $Log: idRC rep.txt,v $

## Revision 1.3 2003/08/18 08:06:17 gaw hrop

## A working version with nore explantion

#it

## Revision 1.2 2002/09/23 11:42:14 gaw hrop

## Exanpl e uses sinulated data fromi dRC i dent_data
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##

## Revision 1.1 2000/12/28 11:58:07 peterg

## Put under RCS

##

HEHHH AR HHH A AR R AR A R AR R AR AR AR AR R AR R R R R

nt i dRC abg tex # The system description

##mt i dRC cbg ps # The causal bond graph
nt i dRC struc tex # The system structure
nt i dRC synpar tex # The system paraneters

## Uncomment the following |ines or add ot hers

## nmt i dRC dae tex # The system dae

## nmt i dRC ode tex # The system ode

## mt i dRC sspar tex # Steady-state paraneters

## mt idRC ss tex # Steady state

## mt i dRC dmtex # Descriptor matrices (of linearised system
## mt idRC smtex # State matrices (of linearised systen)

## mt idRC tf tex # Transfer function (of |inearised system
## mt idRC Infr ps # | og nodulus of frequency response (of l|inearised s
## mt i dRC sinpar txt # Sinulation paraneters

## mt i dRC nunpar txt # Nunerical sinulation paraneters

## mt i dRC state txt # Sinmulation initial state

## mt i dRC i nput txt # Simulation input

## mt i dRC logic txt # Logic control

## mt i dRC odeso ps # Sinul ati on out put

## Linear identificationm
##mt i dRC i dent _nunpar tex
nt idRC ident ps

##ntt i dRC i dent _conpari son ps
nt i dRC ident _par tex

nt idRC rep txt # This file
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