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INTRODUCTION
We propose a set of novel approaches combined
in the fully developed computational framework
EIT-OPT for the optimal reconstruction of binary-
type images suitable for various models seen in
biomedical applications. This framework enables
accurate solutions to the inverse problem of can-
cer detection (IPCD) while applying the electrical
impedance tomography (EIT) for detecting multiple
cancer-affected regions of different sizes and differ-
ent levels of complexity based on available (noisy)
measurements. A new spatial partitioning method-
ology and efficient scheme for switching between
fine and coarse scales allow higher variations in the
geometry of reconstructed binary images with supe-
rior performance confirmed computationally on var-
ious models. The efficiency in computational speed
and accuracy is achieved by combining the advan-
tages of recently developed optimization methods
that use sample solutions with customized geometry
and control space reduction based on the samples’
geometry and individual contributions paired with
gradient-based techniques. A nominal number of
input parameters makes the approaches simple for
practical implementation in diverse settings and ex-
tendable to the broad range of problems in biomed-
ical sciences, physics, geology, chemistry, etc.

IPCD: MATHEMATICAL MODEL
Forward problem: peripheral electrodes (Eℓ)
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Optimization: solve with Km sets of data Ij∗ℓ [1]
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U j
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Zℓ
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]2

for electrical (isotropic) conductivity σ(x) : Ω → R+

FINE SCALE SOLUTION BY PCA
PCA-based parameterization due to ill-posedness

σ = Φ ξ + σ̄, ξ = Φ̂−1(σ − σ̄)

constructed by using sample solutions, e.g.,

and restated optimization problem
ξ̂ = argmin

ξ
J (ξ(σ))

MULTILEVEL MULTISCALE CONTROL SPACE REDUCTION
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Gradient-based optimization at various levels (scales) [1, 2]:

• adjoint (ψ) gradients: ∇σJ = −
∑Km

j=1 ∇ψj(x) ·∇uj(x)

• fine-scale (PCA-projected to ξ-space): ∇ξJ = ΦT ∇σJ

• coarse-scale: ∇ζJ : ∂J
∂ζj

=
∑N

i=1 Pi,j
∂J
∂σi

∆i upscaled with
fine–to-coarse partitioning M (N fine vs. Nζ coarse elements)

M : (σi)
N
i=1 →

Nζ⋃
j=1

Cj , Cj = {σi : Pi,j = 1, i = 1, . . . , N},

Nζ∑
j=1

|Cj | =
Nζ∑
j=1

Nj = N, Pi,j =

{
1, σi ∈ Cj ,

0, σi /∈ Cj .

Results: Model #1 (left to right)

• true conductivity σtrue(x)

• optimal σ̂ with fine scale only

• σ̂: Nζ = 2 (“one” spot)

• σ̂: Nζ = 6 (multiple spots) 0.1
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SAMPLE-BASED PARAMETERIZATION
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Solution: electrical conductivity σ(x) by Ns samples [3, 4]

σ(x) =

Ns∑
i=1

αiσ̄i(x), 0 ≤ αi ≤ 1,

Ns∑
i=1

αi = 1

from N -sample collection (generated randomly, N ≫ Ns)

C(N) = (σ̄i(x))
N
i=1, σ̄i(x) =

{
σc, |x− x0j |2 ≤ r2j , j = 1, . . . , N i

c

σh, otherwise

Parameterization: N i
c circles of radii r and centers (x01, x02)

Pi = ({x01j , x02j , rj})
Ni

c
j=1, i = 1, . . . , N

STEP 1: initial basis B0 = (σ̄i(x))
Ns
i=1 by best samples out of C(N)

STEP 2: find optimal basis B̂ by solving optimal control problem

(P̂, α̂) = argmin
P,α

J (P, α)

Model #1 & Model #2
(top & bottom rows)

Results: (left to right)

• true conductivity σtrue(x)

• best sample σ̄1(x) from initial
basis B0

• STEP 1: complete initial basis
B0 approximation σ0(x)

• STEP 2: optimal basis B̂
approximation σ̂(x)

Parameters: N = 10, 000, Ns = 8
Optimization: customized coor-
dinate descent method [3, 4]
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