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Stepl: Generation of a bank of linear models

global ACSP;

clear param abcdLON; ii=0;

param.names={'vcn', 'hrwyn', 'tempn', 'massn', 'xcgn'};

VCV=[60:10:90]; HRWYV=[0:1000:3000]; TEMPV=[-50:25:50];

MASSY=[120:12:180]; XCGV=[15:5:40];

for we=WCVW

for hrwy=HRWYV
for temp=TEMPY
for mass=MASSY
for xcg=XCGY
flightpar.MASS=mass; flightpar.XCG=xcg; flightpar.Vi=vc;
flightpar.altRWY=hrwy; flightpar.To=temp;
ii=1i+1; sysi=ACStrim(flightpar);
param.values(:,ii)=normalizep([vc hrwy temp mass xcgl);
sysLONi=modred{sysi(LONout,LONin) ,LATstateElim, 'truncate');
Ai=sysLONi.a(1:4,1:4); Bi=sysLONi.a({1:4,5:6);
Ci=sysLONi.c(:,1:4); Di=sysLONi.c(1:4,5:6);
abecdLON(:,:,11i)=[A1 Bi;Ci Dil;
end;
end;
end;
end;
end;
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Step 2: Polynomial interpolation & GSS modeling
My first GSS object with data2gss

clear opt; opt.err=0.81; opt.mtd='sls"';
[gss_abcd LONL,~,~,err] = data2gss(param,abcdLON,opt);
nstates=4; gssLONACl=abcd2gss({gss_abcd LON1,nstates);

Results

> err.max
ans =

0.0052
== size(gssLONACL)

Continuous-time G55 object gssLOMACL with 4 outputs, 2 inputs and 4 states.
5 blocks in Delta: global size = 109x109.

Name Type Size Measured NomValue Bounds

hrwyn PAR (real) 24w24 no 4] min/max = [-1 1]
massn PAR (real) 24w24 no Q min/max = [-1 1]
Temphn FAR (real) 27%27 no Q min/max = [-1 1]
wioh FAR (real) 17x17 no Q min/max = [-1 1]
®Cgn FAR (real) 17x17 no Q min/max = [-1 1]
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Step 3: Closing the loop

with the GSST SimuLink interface or overloaded feedback routine?

cssue » . % Closing the Tloop with slk2gss
sTkCLONACM; % closed-loop simulink model

gsshAl=gssLONACL ; K=KLONmodal; H=HLOMmodal;
gssCLOMACL=8Tk2gss (' sThCLONACM' ) ;
24 % Same job with the overloaded feedback routine
— D H & Engine=tf(1,[2 1]); Elevator=tf(1,[0.07 11);
] P=[eye(2) zeros(2);zeros(4,2) gssAC]*blkdiag(l,l,Engine,Elevator);
Ton & K3S=ss(zeros(2), [eye(2) -eye(2) zeros(2)],K(:,1:2),[H K(:,3:6)]1);
s B2 4 gssCLONACL_fbk=feedback (P,KS5,[3 4],[1:6],+1);
=) gssCLONACL _fhk=gssCLONACL _fbk(3:6,1:2);
> o« =

% Compare gss objects wia distgss ==» eps ~ le-11
e — distgss(gssCLONACL, gssCLONACL_fhk)

Cor
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Step 4: Closed-loop poles — evaluation

GSS evaluation
The evaluation of the closed-loop poles for each of the 5° = 3125 points
is performed in approximately 20 s via the following sequence:

polesCLONL=[];
for hrwyn=-1:0.5:1
for tempn=-1:0.5:1
for ven=-1:0.5:1
for massn=-1:0.5:1
for xcgn=-1:0.5:1
CLi=eval{gssCLONAC1,{ 'tempn' 'hrwyn' 'vecn' 'massn’
"xcgn' b, {tempn, hrwyn,vcn, massn, xcgnl) ;
polesCLON1=[polesCLON] eig(CLi.a)];
end;
end;
end;
end
end;
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Step 4: Closed-loop poles — comparison

Initial grid

Closed-Loop poles map - Initial grid - 3125 points

GSS-based closed-loop poles

Clased-Loop poles map - GSS model 1
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Step 5: Nonlinear closed-loop simulations

Nonlinear closed-loop SimuLink diagram with GSS objects

Gss >
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s
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slIkCLONACS .sIx
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[t,x,y]=sim(s1kCLONACS) ;

MNonlinear closed-loop LFT Step Responses

Step 5: Nonlinear closed-loop simulations

A (mds)
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Back to Step 2: towards reduced-size LFT models
Using data2gss with the ’ols’ option (call to olsapprox)

% My second G55 model

clear opt; opt.err=0.081; opt.mtd='ols'; nstates=4;
[gss_abecd_LON2,~,~,err2] = data2gss(param,abcdLON,opt);
gssLONAC2=abcd2gss (gss_abed LONZ,nstates);

% My third GSS model

clear opt; opt.err=0.05; opt.mtd='0ls";

[gss_abed LON3,~,~,err3] = data2gss(param,abcdLON,opt);
gssLONAC3=abcd2gss(gss_abcd LON3,nstates);

LFT sizes

»> size(gssLONACZ) >> size(gssLONAC3)

Continuous-tine G55 object gssLONACZ with 4 outputs
S blocks in Delta: global size = 55x55.
Name Type Size Measured

Continuous-time G35 object gssLONAC3 with 4 outputs
5 blocks in Delta: global size = 33x33.

MName Type Size Measured
hrwyn PAR (real) 11xll no hrwyn PAR (real) 65 no
nassn PAR (real) 1313 no nassn PAR (real) =7 no
Tenpn PAR (real) 10x10 no Tenpn PAR (real) 5x5 no
ven PAR (real) 15x15 no ven PAR (real) 10x10 no
xcgn PAR (real) 6x6 no ®egn PAR (real) 5x5 no
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Back to Steps 3 & 4: closed-loop

GSS model #1 (size 109)

GSS models & poles

GSS model #2 (size 55)

Clased-Loop poles map - GSS model 1
T T

Closed-Loop poles map - GSS model 2
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Back to Steps 3 & 4: closed-loop GSS models & poles

GSS model #2 (size 55)

Closed-Loop poles map - GSS model 2

GSS model #3 (size 33)

Closed-Loop poles map - GSS madel 3
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Back to Steps 3 & 4: closed-loop GSS models & poles

Comparison of GSS models #1 & #3 on a reduced domain

Closed-Loop poles map - GSS model 3 (reduced domain)

Closed-Loop poles map - GSS model 1 (reduced domain)
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Concluding comments & perspectives on GSS modeling

From a set of LTl models

» Accuracy/Complexity (size of the GSS object) compromise

» What's a good definition of accuracy ?
> Precision will not always impact complexity...

» Fixing the structure of the A-block a priori...

> Getting a guaranteed approximation with a reasonable size...
Directly from nonlinear models

» Identify local nonlinearities and represent those as GSS objects

> Use the existing tools to compute interconnections

» Can such an approach be automatized?
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