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Distinguishability problem #1
Change

J EITMeasures J§
Y V'

Av

Distinguishability Question:
Based on Av, can we tell if Ao occured?
What is the significance of the test?



Detection
Strategy

. B

\' .
Perform multiple measures

Av * X
Use linear . ‘l
Reconstruction Iy
j é ; | X

o

Sum image in
ROl => x

Including
noise




How to interpret

* Signal to noise ratio VR =t

— This is an image SNR o,

— We can calculate a SNR,,ce
Noise Figure (NFas /"=~

* Hypothesis test z-score -
— Determine p(distinguishability) ~— ,=_*_
* SNR / z depends on o
— Size of signal (Ao / stimulation current)
— Data noise (for each channel)

— Reconstruction algorithm - want to avoid
this dependence



Distinguishability from EIT data

* Equivalent to classic distinguishabillity
formulations (Isaacson 86, Lionheart 01)

* Given a large ROl

_ X‘ _ X L — t —1]
Z_U__\/ t _X\/JRO]Zn J ror
x Ryor 24 Rpop \
R=reconstruction matrix, Doesn't depend

on reconstruction

J=Jacobian,
Zn=channel noise



Distinguish current patterns

* Using the change in transfer impedance

matrix (T )
AV=MT,C
Measurements CurSent
(differential) Patterns

=X AP+ P+

-

Noise norm for each current pattern
= CtTAMtZ‘7MTAC



Choose current patterns

Why not just use the best pattern?

* Electrical safety constraint
— Total current => bipolar drive
— Current/electrode => Walsh patterns

* Need good distinguishability throughout
the region of interest

— For each pattern, for each region
* Calculate z

— Choose set of patterns which are globally
optimal
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Distinguishability for pattern set

Stim: [1-4]

Stim: [1-3]

All Meas =™ “'2]

SNR order
for complete
Sequence
of bipolar
stimulation
patterns N Meas on driven electrodes

Stirn: [1-4]

Stim: [1-2] Stim: [1-3]

)
v
il
A
)
e
E

b A
gy AVYD
A

VYAV
s

RA%y.,




SNR:

All Meas

No stim
meas

For 16 electrodes

Stim: [1-2] Stim: [1-3] Stim: [1-4] Stim: [1-5] Stim: [1-6] Stim: [1-7] Stim: [1-8] Stim: [1-9]

ip 4 4
O o .i“: e n': F O Z; F n': u’:
Rk T Rk, bty AT 3 ATy C. P v, £ T e By v A A e
oAy i e 9 4 RS S itk
T [Tl A A A il S o A
R Hi o e R e R P o e
R ) O o e
0 R AT A A AT R AT i DO T o
DRERR? FEERD, ERERD e S S et e
b e e ey Rl | A iR R B e v R e 5
P e T R SR SRS ST R T RS
Variva) AT aN R SV i A oAl TNy SO v AT ey 2 ST ey ST R
AR R s e AT Py T O R AT e AN SEATAVAYA oy e, s
i, T a4 Y P o DO e oAy, ) o Rt T, e AT L 8
O A ATAT Y A TN ) i i B ATARLTAR s T A s T R e A B T AT AN Ay i R B T YA A
TRy A R o FE e A e A VA A N A AR p A o <L o Ay A
e, SRS Vi 1 LD A 1 T s
AR RO 1 AT TA o AT 3 ¢l
R LR e S Bl S

Stim: [1-2] Stim: [1-3] Stim; [1-4] Stim: [1-5]
1 4 4 1 4
Fi @ 2 B IR s Oy e
il | = e ML SIS S )
T R R g AR S (B AT S %
s ] st PRt ReRd S S
K e, R AR, Rk AR PR PR e
1 RN R i R AN IS A 2 SRRt o
g S VT T R AT e T S A LT
LR LA Feshepns duas s e ot ket Sl seaseRloesas
Sl ke i eR L VS e : s
e TV A '%A‘ T ot A ,{“ Tlb ot LNy '%m vt e earatis S ATE .%m AT e Rt S AT AT ,,Q.m TS
T N AR A, S T A RN A S DA T L A,
TRy N ATy B Sk A e M TR e S T RUTATARE 8 oy e LTy AR ey y A,
et vy b i o b S i T A L S b et ey SN T N R AT 4, Lo O e 4T ) N
i Y A S ANAY v e T S ARATAR e LT A S TAYA T . u S VAT AL o AT T
At i e A A prommiye A i e Ty A et Tty AR
4*15#'-7‘?"‘"?‘54' B Ay T " 4’1{,}‘-7‘ WPy e Y P ST TS g ATATATA
1 e AT TATS A AN 1 AAAR AN Foid i
DT, AR Eir i = )
HEEOA TR

u
3
=
LS
u
3
=
&
A
3
=
A

Tgfas
5

e
Fiks

i AN
o e o e
F ) 4 R " SOR RS 4 gb#a u 4%‘2»« ) 414 4
* Lo AR v Sor
PR i PhE ey REROERI SRR IR S i
g ey b £ i e LA T S et O TN Pl e -
) e Lot I e e e AT S AP Sttty Y e o Ay b
o e A B ing B el 3L oo IS ot e AR >
S R R T reta e ST ot e e et T I R T neata ¥l TS it et orp N0 AV & o i el et
SO O B S e GRoad T, OO SR
T e R AT oo R D A iyl ANy g ¥ iyl Ty oy Ay ey A ey Ay
R o e Lk R R LA 5 v, A ok 1 VR R 61 e A Ay oo 6
e A A AN, e A A AT T BT BT LA R 02 A i ATl
LRt o B S, S A
1 R AP, Lo e R ) ST e
AR A AR AR AAITAS AR AR TR AR A I
LAAT AR B LR L AR
ey AT T

0

A
AT

VTV
PATAYAT
Ay
£
o
ALY
L

FAVAVATA)
4

LD
3%
UV
ALY
Favy
i
i
i,
v,
2

i
wvnril

e
4
(]
AT WA
TN
LAy
0

A

a
ALY,
TN T ()

ek
et
vy
o
a7

%
4
oL

5
ey
TAY AV

oy

Q{

i
A I
"i"."" 'aAV.’#‘dp
RO,
2 R Ky G . R SN o TRER S
FAOUTATLRL AT FAOUTATLR ATL Py
s nt? it
'A:A " ) LT S

i
sy

£k
iy
AT

¥
W

T
Ty
i
‘c",'g.'

A
T
AR,

AN

e
s

Ay A,
Ay
TAYATY, v:g Y
FAVLS

L

o
oL A

¥
At
Al
Rirarams

Yi
AT *:‘_"g»
F Y

T CATAYLT P
P A

PR RTINS

a it

%
o



Choosing optimal patterns

* For a given choice of region of interest,
compare regions in terms of SNR

VT
R
S
A

i

W

e

WA
A7
W

B

A

)
VAV,
f#
4
ﬁh

v

0.2

04
06

0.2

A
v
50
%
-

ot
Ay
v
i

0.4

A
i
o

A o
L
ﬁb-

)
A
‘V#‘r

o
aYATaTs!
st

MNormalized Distinguishakility z

)
”
Ay,

[0-1] [0-2] [0-3] [0-4] [0-5] [0-6] [0-7] [0-8]
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Distinguishability problem #2
Change Same

volume

@

J EITMeasures J§
Y V'

Av

Distinguishability Question:
Based on Av, can we tell if there are two or
one objects”? How close?



Detection
Strategy #2

1 j’ * SNR depends on
V V .
noise and on
Av resolution
Use linear

* |dea: use same
calc as for #1, but

Reconstruction

e
‘,
\

{ replace
Including JROI by
noise J -J




	Simple FEMs aren't as good as we thought:
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