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inverse problems

- problems of finding and characterizing
unknown parameters and structures by
iIndirect measurements.

- cover wide range of engineering
applications, such as computed tomography,
non-destructive inspection, non-invasive
measurements, shape design, and so on.



measurement

- process of experimentally obtaining
information about the magnitude of a
quantity

NOTES

1 Measurement implies a measurement procedure, based on a
theoretical model.

2 In practice, measurement presupposes a calibrated measuring
system, possibly subsequently verified.

International Vocabulary of Basic and General Terms in
Metrology (VIM)



TOMOGRAPHIC METHOD IN MEASUREMENT SYSTEM

Forward problem:

fix) ———  p(&)
measurement

Inverse problem:

p&) —  f(x

reconstruction
Integral Formulation

p(€)
p(€)

]ﬂ f(x) df)
R{f(x)}

AR H{p(&)} = f(x)



Well-Conditioned /Posed

1. existence
2. uniqueness

3. smoothness

Example: CT

p(§) = plb,u)= f f(x) ds

dp
2?‘2[ /R Ims-ﬁ'—i—ysmﬂ—u du du df

R™Hp(0,u)}

flz,y)



Reconstruction:

argmin [|[Kf—g|| = f
feEH,

— K'Kf=K'ge= Kf=Pg<— f=KTg
KT :bounded < #{\,} < oo — ill-posed

Regularization:
J(K + oI)~! : bounded

IK f = glI* + el f]|* — min
|K f—glI* + R(f; @) — min

Projection Onto Convex Sets:
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Regularization: IER{E (&&E1LRE)
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alternate Projection Onto Convex Sets method
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Membrane Voltage (mV)
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diabetes, heavy-metal poisoning
=» decrease in conduction velocity
amyelination
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Collision Method
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Single Fiber & Compound Action Potential

SFAP( 5/’ s 030 m/s
SFAR()| /N, / ()50 m/s
/=14 cm
—
14cm,90m/s 14cm.30m/s CAP2
/oA
42¢cm.90m/s 42cm.”30m/s

0 o 10 19 20 25 ms



ETILDFEE

Fiber  SFAP Delay Delayed SFAP CAP
/AN i YA “
O ﬁ 1 —»Jﬁ\gﬁ;\d
R B b
- ﬁ A AJL/
N ] y(ti) . CAP
ylts) = ;A U? wivs) s (t@ B 5) s(t;) : SFAP



1. Linear superposition

Independent propagation

Simultaneous activation at the same position
Constant velocity proportional to the diameter

Same duration

U -

Amplitude proportional to fiber cross section

Linear CAP model:

y(t) = / Iﬂtﬂgw{tﬂ)s (t - E) dv,
0 v



Formulation of the Problem

y 7=1/v



H\(Po) Hyw) (4)
where B=/,/1;>1.
Taking into account (4), we write (2) 1n trequency
domain, for two CAP’s, Cy(®w) and Cx®), and after some
manipulation, we obtain

C,(w)

C,(0)

H,(Bw) = H, () (5)

In other words, (5) shows how the higher frequency
components of Hi(®w) can be determined iteratively by the
lower ones. Starting by an initial guess of Hy(w/B") = H;(0) =
cst > 0 (the integral of /(1) 1s strictly positive), the following
formula 1s derived

_GO/P) Cy/p) Cz((ﬂf’"B”)H (©/B") (6)

Hl([ﬂ)_ ; _ i 2 .
Ci(o/P) Ci(w/B7)  Ci(o/p")

Fotini A. Papadopoulou and Stavros M. Panas, Estimation of the Nerve Conduction Velocity
Distribution Using Partial Bicepstral Information



Formulation of the Problem

y 7=1/v



BLIND DECONVOLUTION
CAPs

y1(t)
ya(t)

(p1 * 8)(t) +ny(2)
+ 5)(t) + na(t)

|l
o
[ B

Latency & DCV:

pi(T) = Alf w (i—l) = i v* w(v), 1=1,2

74 T

Blind Deconvlution Problem:

J(s,w;ly, 1) = |y —pi (- ;w)*s||* +|Jya —pa2 (- ;w)*s||* — minimize



Two Stage Algorithm:

[5(t; 11, 12), w(v;ly, 12)]

argmin J (s, w; 11, l2)

8,0

GPOCS - RNNLS & WF




g1 = pr (iR s UL gy

Cp =
(o) fw(e) > 0

¥ ‘H?{’EF) o G« Iffjg[?v}min ® I“t}m &1‘.‘-\?] }?
Regularized Projection
NNLS 01’3 tf)

(=
Pro;@zimn Wiener Filter {s{t)|s{t) = 0,1€[0, Ty ];
o S{w) > 0,w € [Qy, 00},

g2 = pol- 1wt FFHY w ) oy




7y =l :l‘af{k-]) s g1 g {£2]

(=
{wlwYuw{v) > 0;
Regularized Projection {7} = 0, VE[Wnins Tores) 1+
NNL 01’3?30

Projectior Oy = \ B
onto Wiener Filter {s(t)]s{t) = 0,¢€[0, Ty ]:

3 S{w) = 0,w € [Q, 0]},
= pa(-




g = py (st « g{fe@al} by

Cw =
{(w) (o) > 0
Regularized < w{w ve

H?{Ef) — G« Efje[rymin}fi}max}}ﬂ
OO tmﬂ
NNLS Xﬁw}

OT1H0)

&

Projection Oy = B
onto Wiener Filter {s(t)]s{t) = 0, t€[0, Ty ):
' S(w) = 0,w € [Q, 00l ],

Y2 = o E[’HF{MW]'}) *[3{’{;-} + 112




= po [m{ﬂ‘}) % s:(’{‘*'”i”}]} + 11

Cp =
(we)lu(n) > 0
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Regularized NonNegative Least Square (RNNLS)

y = Aw
2 2
e=ly—Aw|" +A|Cw[|" —  min
\_ J N J
N Y W = O
€, €,
L-curve
A: regularization param. '\x 1
C : diffrential op. ©1

A : large
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Effect of Differential Operators

CAP DCV
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Optimal search of conduction length I, 1,

CAPerror DCV SFAP
h(m) | L
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Two Stage Algorithm:

[f‘], Eg] — argmin J(3(: 1y, Ia), (= 1y Da): 1y 1)
Iy,l2

Fibonacci Search

() = 5(t;h,l)

b(v) = w(v;h,lb)
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Sound subject
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CDV of diabetes patients

group I : diabetes with neural disorder
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Aging of CVVD
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DCV estimated from proximal CAPs (above elbow)

= ] =
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DCV estimated from distal CAPs (below elbow)
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DCV estimated from proximal CAPs (above elbow) DCV estimated from proximal CAPs (above elbow)
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Inversion of the Causality
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