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Introduction — dynamic networks
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[1] www.marketexpert24.com [3] K.P. Clark et al, 2017 TU /e

[2] PCBA v. PCB - What's the Difference [4] EUV lithography systems — Products | ASML
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Particular example: In-Circuit Testing

Printed circuit board assembly
(PCBA) [2

 Component testing through high number of sensing probes

* Typically: dedicated test for each individual component

e All components are part of a network

* Identification of multiple components jointly, can be effective for diagnostics

[2] Circuit Check In-Circuit Test Fixtures (youtube.com) TU/e


https://www.youtube.com/watch?v=NWqR_fJaMHE
https://www.youtube.com/watch?v=NWqR_fJaMHE
https://www.youtube.com/watch?v=NWqR_fJaMHE

Identification in dynamic networks

Module framework ]

Prime ingredient: input/output transfer
=) directed network

Extensive set of methods for studying:

* Network identifiability 215
*  Full network identification [6)-(8]

« Single module identification [®-12]
* Topology estimation [13]

[1] Van den Hof et al., Automatica 2013  [4] Hendrickx et al., TAC, 2019 [7] Weerts et al., Automatica, 2018 [101 Gevers et al., SYSID 2018
[2] Goncalves & Warnick, TAC, 2008 [5] Shi et al., TAC, 2022 [8] Fonken et al., Automatica 2022 [111 Ramaswamv et al.. TAC, 2021 r U e
[12] Materassi & Salapaka, TAC, 2020

[3] Weerts et al., Automatica, 2018 [6] Haber & Verhaegen, TAC, 2014  [9] Dankers et al., TAC 2016 [13] Materassi & Innocenti, TAC, 2010



Back to the basics of physical interconnections

In connecting physical systems, there is often no predetermined

direction of information [
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Example: resistor / spring connection in electrical / mechanical system:

*\\\®

Resistor Spring
F=K(x; —x3)

1
I =E(V1_V2)

Difference of node signals drives the interaction: diffusive coupling

[1]J.C. Willems (1997,2010)

TU/e



What is a diffusively coupled linear network?
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What is a diffusively coupled linear network?

U, @) U, () U@l 1
AU, @) |+ AU, @) |+ 4,| U, (&) |=| 0|1 (2).
U, (t) Uy(2) U] |0

In general terms:

A(p)w(t) = B(p)r(t) + F(p)e(t)

excitation notse

with: A(p), B(p) polynomial

* A(p) symmetric and non-monic

» F(p) possibly rational

{ ARMAX-like structure with symmetric and non-monic A(p) J

TU/e



Research question

How to consistently identify the
physical component values in a
diffusive coupled network ?

Earlier work:

time-domain algorithm in discrete-timel%]

[4]
Here:

Frequency-domain algorithm in continuous-time

(r®), wt) J—>{_ 4p).B(p) }——r[ RLC]

[1] E.M.M. Kivits et al., IEEE TAC 2023. TU/e
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Frequency-domain approach

A(p)w(t) = B(q)r(t) + F(p)e(t)

] oFr

A(S%)W (k) = B(Q%)R(k) + F (%) E(k) + C(2)

W (k) = A~ (24) B(%) R(k) + A~ (%) F(%) E(k) + A (%) C(%%)

G(Q2%) H(Q) T(Q)

Noise covariance: E{|V(k)|*} = |H(Q%)|?c% =: Cy (k)

TU/e
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Three-step identification algorithm
W (k) = A™"(Q)B(Qu) R(k) + A7 () F () E(k) + A~ () C ()

G(Q%) V (k) T(€2%)
Step 1: non-parametric identification
Estimate frequency response function G(€2) and noise covariance Cy (k)

|

Step 2: structured polynomial matrix identification

Fit a structured polynomial model to the estimated f-response through a
constrained iterative weighted least squares optimization

|

Step 3: reduce bias with structured MLE estimation

Use estimated results as an initial estimate for the sample maximum
likelihood estimator by an iterative GN algorithm.

TU/e
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Step 1: non-parametric estimation

W (k) = A~ (Q)B(Q%) R(k) + A7 (Q) F () E(k) + A~ () C (%)

G(Q2%) V (k) T ()

Apply the local polynomial method!!lto estimate () and Cy (k)

on the basis of measurement data W (k) and R(k)
with k varying over the frequency grid.

=) G(%),Cv (k)

[1] Pintelon and Schoukens, 2012.

TU/e



Step 2: Structured polynomial model

Create “‘noisefree” data’ according to W (k) = G(Qu)R(k) + T(%)

Transform Cy (k) to Cyw (k)

and solve for:

0 = arg mein% Z I[Cw (k)2 A(Q,, 0)] " [A(Q, 0)W (k) —B(Q, 0) R(k)—C (i, 0)]]|%

k=1

iteratively through a SK-iteration

where A(Q, 0) is parametrized symmetrically, and non-monic.

[Estimated parameters can directly be linked to physical component values.]

TU/e
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Step 3: Refinement step

Use the estimates from Step 2: A(Q), B(Q%)

as initial estimates for the sample maximum likelihood estimator (SMLE),
to obtain consistent and efficient parameter estimates:

6 = arg mein% Z ||[C’W(k)_1/2[W(k) — G(Q, 0)R(k) — T (i, 9)]”%

l G(Qu, 0) = A(Q, 0) ' B(Q, 0)
T(Q,0) = A(Qk,H)_lC(Qk,O)

Problem is non-convex, solved by an iterative Gauss-Newton algorithm.

TU/e
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Experiment 1

Consistent parameter estimation

10-node network

MC =100

Each set of experiments includes 100
Monte Carlo (MC) runs with

independent excitation and noise signals.

Model order:

Ng=2,np=1,n.=1

o- = 1 white noise entering all nodes

SN 0N

— 1 white noise excitation entering
node 3

o

TABLE 1

EXPERIMENT SET NUMBERS WITH CORRESPONDING DATA LENGTHS V.

Set I 2 3 4 5
N 107 2 x 10° 4 x 10° 8 x 10° 16 x 10°
Set 6 7 8 9 10
N | 32x10°% | 64 x 10° | 128 x 10° | 256 x 103 | 512 x 107

RMSE of the parameters for each experiment set
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Experiment 2

Fault detection and diagnosis

Defect model:

Open circuit: R45, L56
Value changes: R13,R36,R89,L25

Model order: n, =2,n, =1,n. =1

fs =20 kH=z

N = 20,000

0'3 = 100 white noise entering all nodes
af — 1 white noise excitation entering

node 3
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= R30 C30 S
R8O I : Cc80 130 R60 I : ce0
v L80 L60
= GND3
= GNDS8 = GND6




Defect model -
Open circuit: R45,L56

Dynamic changes: healthy faulty estim
R13,R36,R89,L25
0.05 MLE Relative parameter errors K = 1 ITABLE Hl l
MC =50 ! ! 10-NODE DEFECT NETWORK COMPONENT VALUES.
0.04 | I ! ] Idz | Comp | Ohcomp Bgomp CT est | Unit
: oy ] I Rq3 100 200 200.06 Q
0.03 [ i . . 2 Ros 200 200 200.04 | Q
~ ; e 3 R34 150 150 149.98 | €
S 002f i b N _:I- 4 Rag 180 500 500.40 Q
g8 Pl ¥ R g 5 Ryas 350 Inf Inf Q
Z00k gy . i TR 6 Ras 180 180 18037 | Q
— . =l . r . 7 Rxe 160 160 160.15 Q
S opgll 80 HH?HHI!I ﬁ#ﬂﬂ¢§ﬂ+ iiﬂHHﬁHHH Hﬁﬂl;lé H [ 8 | Rsr 120 120 | 11993 | @
R T i LT U 9 Rso 160 500 50049 |
SL000E ool (e e it 10 | Roo 120 120 | 12013 | Q
5 a S TR 11| Lig 5 5 500 | mH
X -0.02F N 1 | 1+ : ] 12 Log 3 3 3.00 mH
= . ! | 13 Las 10 10 10.00 | mH
003 , R 14 Los 15 1 1.00 mH
1 1 15 Ly 12 12 12.00 mH
-0.04 : R 16 Las 20 20 20.00 | mH
1 1 17 Lxg 13 Inf Inf mH
0,08 Dbt bbb, Y N P 8 Lso 13 13 13.00 | mH
AR TN NI o3 A A oD w2 0

TU/e
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Defect model :
Open circuit: R45,L56
Dynamic changes:

healthy faulty estim

lTABLE Ill

10-NODE DEFECT NETWORK COMPONENT VALUES.

l

R13,R36,R89,L25
MLE Relative parameter errors K = 1
MC =50 ST T T T T T T T T T T T T T T
0.04 i : ]
0.03 : S E =
¥ | The open circuit and dynamic |
~ | changes can be correctly
< | detected and diagnosed in a
_-| complex full network case.
: = : :
-0.04 i E
-0.05 “"“"": bl : tlo

19

Idz | Comp | Ohcomp Bgomp CT est | Unit
| Ris 100 200 200,06 | €2
2 Rosg 200 200 200.04 Q)
3 Ray 150 150 149.98 Q
4 Rae 180 500 50040 | Q
5 Ras 350 Inf Inf 2
6 Rag 180 180 180.37 Q)
7 Rxg 160 160 160.15 Q
8 Ry~ 120 120 119.93 0
9 Rso 160 500 500.49 {2
10 Ro1o0 120 120 120.13 Q
11 L1g 5 5 5.00 mH
12 Log 3 3 3.00 mH
13 | Lo 10 10 10.00 | mH
14 Las 15 | 1.00 mH
15 Lay 12 12 12.00 mH
16 L5 20 20 20.00 mH
17 Lisg 13 Inf Inf mH
18 Lgg 13 13 13.00 mH

TU/e
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Conclusions

e Attractive algorithm for estimating component values in a physical
network

* Continuous-time domain prevents use of model transformation
CT-DT

 Computationally feasible

e Can be extended to the situation of estimating subnetworks /
individual links*

[1] Desen Liang et al., ArXiv:2410.18773, 2024. TU/e
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