


























































































































































































































































































































































































































































































































































































Appendix G 

Effective Resolution limits in EIT 

Relationship between voltage and current density: [3.9j[G.lj 

Consider a circular region R having radius r. and d t" . 
. fi GI b b con uc IVlty 0b illustrated 
In gure . ' 

(Ra) va 

Figure G.l. 

At the centre of Rb is a smaller circular region R., of radius r. and conductivity 0 •. 

The voltage V within Rb can be expressed in terms of polar co-ordinates r,9. Suppose 

a current density distribution J(9) is impressed upon the boundary at r = rb . A voltage 

V(9) then appears on the boundary due to current flow through the region. This 

situation is simple enough for the voltage and current density distributions to be 

explicitly related. One approach to this is to express Laplace's Equation in polar co-
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ordinates. The resulting partial differential equation may then be separated into two 

ordinary differential equations using separation of variables. The result is an expression 

relating the voltage V(S) and current density distribution J(S) to one another, and to 

the parameters that describe the conductive region. As a result of the use of polar co­

ordinates, the eigenfunctions involved in the solution incorporate tenns in cos e and 

sinS. 

Let J n (S) be the optimal current density distribution impressed on the 

boundary, then the Fourier series of In(S) is given by: 

In(S) = An cosnS+Bn sinnS (G.I) 

where n=1 is the best injection current because it produces the maximal 

distinguishability. The distinguishability decreases as n increases. By solving Laplace's 

equation in polar co-ordinates using equation (G.1) as the Neumann boundary 

condition, the boundary voltage can be expressed as: 

Vn(S) = Cn cosnS+Dn sinnS (G.2) 

where n=I,2, .. etc. 

Assuming that Bn = 0 and expressing the relationship between In(S) and Vn(S) as: 

z - Vn _ Cn __ rb (l+a)+(I-(l)~: (G.3) 
nn - J - A - ncr (l+a)-(I-a)~ 

n n b 

where a and ~ are defined in Figure G. 1, and Znn is the driving point impedance, when 

a = 1 (i.e. a homogenous object), the driving point impedance becomes: 

rb 
Z =---

nnh ncr 
b 

(GA) 

and 
(G.5) 
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Two parameters can now be defined: 

Visibility is defined as: 

v = Vn - Vnh _ Zon +Znnh 

n Vn+Vh-Z +Z 
n on nnh 

(G.6) 

Substituting equation G.3 and equation G.4 into G.6 gives: 

v = (l-a)J3n 
n l+a (G.7) 

Sensitivity is defined as a fractional change in voltage for a fractional change in 

conductivity contrast. For cosine injected currents: 

(G.8) 

Differentiating the above equation with respect to a, and multiplying by a/V
n 
(9) 

gIves: 

(G.9) 

where sn is the sensitivity, oV / V is the fractional change in voltage or the maximal 

admissible noise, and oa / a is the conductivity resolution. 

The relationships developed so far are derived for a centrally placed circular 

region. These relationships may be modified so that they can be applied to off-centre 

circular regions. This is achieved by conformally mapping any off-centred region on to 

an equivalent central region, and then using the earlier relationships. This approach is 

valid because the solution to Laplace's equation remains invariant under conformal 

transformation. 

Consider the conformal transformation illustrated in Figure G.2 
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Figure G.2 

Let z = x + jy and w = u + jy then: 

z = (d- w) I(wd-l) w =(d+z)/(d-z) 

and 
I 

r = [1-c1 +rol -[(l-e +ro1 )1-4ro1f2]/2ro 
I 

d = [1 + c1 
- ro 1 - [( 1 + c1 

- ro 1) 
1 - 4 ro 112 ] I 2c 

r(l- d1
) 

ro = ----'---'--
(1- r1d1

) 

d(l- rl) 
c = ----'---=-

(l-r1d1
) 

"', 

ro ! 

~ \ 
C 

~": ' 

i 
I 

/ 

(G.IO) 

(G.II) 

(G.12) 

(G.13) 

(G.14) 

u 

This describes the manner in which the resolution varies throughout the conductive 

region, provided the accuracy, contrast and noise remain fixed. The improvement in 

resolution, as compared with that at the centre, may be expressed by the ratio r/ro as a 

function of position c. r/ro depends only on c for most values of roo The relationship is 

given by: 

lim 
1 

(r/ro)= 1 
(1- c ) (G.15) 

ro~O 

which can be arrived at after expressing the square root in the expression for r in 

equation (G. 1 1) as a binomial expansion. 
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