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INTRODUCTION To reconstruct a first approximation of an

RESULTS Fig. 1 compares the reconstruction of two phantoms

unknown spatial tracer distribution, a preliminary solution of the
inconsistent system of linear equations 𝑆̂𝑐 = 𝑢̂ (1) can be
calculated, using a regularized weighted normal equation of the
first kind formulated as (𝑆̂ 𝐻 𝑊𝑆 + 𝜆𝐼)𝑐 = 𝑆̂ 𝐻 𝑊𝑢̂ (2), with 𝑆̂ the
system matrix (SM) and 𝑆̂ 𝐻 its complex conjugate transpose, 𝑐
the tracer distribution, 𝑢̂ the acquired signal in Fourier space, 𝑊
a weighting matrix, and 𝜆 the regularisation parameter together
with the identity matrix 𝐼 for Tikhonov regularization [1].
Furthermore, it is common to truncate the measurements
according to the SNR, using a correspondingly truncated SM,
𝑆̂ † , and measurements 𝑢̂† in (2). However, the regularization
scheme is chosen to enforce certain properties of the tracer
distribution, which are in general unknown.
The presented technique does not make any assumptions on the
spatial tracer distribution, besides that it can be approximated by
solving directly 𝑆̂ † 𝑐 = û† (3). Information only coming from
the scanner design, imaging sequence, and acquired signal is
used to truncate the matrices. The truncation thresholds can then
be used for several measurements.
MATERIAL AND METHODS A single-sided scanner encoding a 2D
plane by moving a low field volume along a 2D Lissajous curve
is used [2, 3]. The measurements are used in form of the power
spectrum of the acquired signal. The SM is measured on 𝑀 =
225 positions 𝑟⃗ equidistantly spaced on a 2D grid.
In a first truncation step, data are rejected according to an SNR
measurement defined for each frequency component 𝑘 as
‖𝑢̂𝑘 ‖
SNR(𝑘) =
,
𝑠𝑡𝑑(𝐸𝑚𝑝𝑡𝑦𝑘 )
with 𝑠𝑡𝑑(𝐸𝑚𝑝𝑡𝑦𝑘 ) the standard deviation determined from
several air measurements. Here, a hard threshold of SNR > 10 is
applied on the data coming from each receive channel.
Then, the energy 𝑤
̃ 𝑘 , defined by

(Fig. 1, left) solving either equations (2) (Fig. 1, middle) or (3)
(Fig. 1, right). The latter distributions are obtained after a calculation time of 164 ms and 143 ms on an Intel i5-760. The reconstructed distributions look similar or better for the presented
approach. See imt.uni-luebeck.de or [6] for the corresponding
scripts and data.

𝑀

2
𝑤
̃ 𝑘 = ∑‖𝑆̂k (𝑟⃗𝑝 )‖ ,
𝑝=1

is used to further truncate the measurements, retaining the
frequency components with the highest energy [4]. A hard threshold of 𝑤
̃ 𝑘 > 0.01 is applied on each channel. Arbitrary units are
used due to the missing calibration of the receive channels.
Finally, the orthogonality map [1, 4] or Gramian matrix [5],
calculated between the frequency components 𝑖 and 𝑗 of the SM
as
𝑀

𝐺𝑖𝑗 = 〈𝑠̂𝑖 , 𝑠̂𝑗 〉 = ‖∑
𝑝=1

𝑠̂𝑖 (𝑟⃗𝑝 ) 𝑐𝑜𝑛𝑗(𝑠̂𝑗 (𝑟⃗𝑝 ))
‖,
‖𝑠̂𝑖 ‖
‖𝑠̂𝑗 ‖

is evaluated and used to derive another two hard thresholds.
They are based on the standard deviation and the mean value of
the Gramian matrix for a given 𝑖 and any 𝑗. They have to be
smaller than 0.06 and 0.07, respectively.
A modified Kaczmarz method is used to solve (3), imposing a
real and non-negativity constraint on the solution, which leads to
an approximation 𝑐 p of 𝑐 after p iterations.

Figure 1: From left to right: model of the used phantoms.
Reconstructions with a weighted regularized least squares
approach with 𝜆 ≈ 4.65 ⋅ 10−6 and 𝜆 ≈ 5.86 ⋅ 10−6 and stopped
after 5 iterations. Reconstruction with the presented method
stopped after 50 iterations. All images use the same colour scale.

CONCLUSION The presented reconstruction technique solved the
inconsistent system only by truncating the acquired data and by
early stopping the iterative solver. Doing so, no assumption on
the tracer distribution is made. The used thresholds can all be
related to quantities, which can be linked to the scanner
properties. Moreover, this technique does not seem to reduce the
quality of the reconstruction. This strategy shows a way to the
development of automatic techniques designed to obtain first
and reliable reconstructions of the tracer distribution.
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