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Abstract

The use of electrical capacitance volume tomography
(ECVT) is discussed for fast velocity profile imaging as-
sociated with two-phase flows in industrial processes. Dif-
ferent combinations of reconstruction algorithms are evalu-
ated by comparing the resolutions obtained and the recon-
struction times. A suitable combination of reconstruction
techniques is recommended to produce fast but accurate re-
sults.

1 Introduction

Electrical capacitance volume tomography (ECVT) is a vol-
umetric (3D) imaging technique commonly adopted for
multiphase flows, e.g. simultaneous flow of gas, liquid, and
solid phases in industrial processes [1, 2]. It is an exten-
sion of the popular 2D (cross-sectional) electrical capaci-
tance tomography (ECT) [3, 4, 5]. Both ECT and ECVT
have been successfully applied to a number of industrial
processes such as oil pipelines, fluidized beds, pneumatic
conveying etc. [6, 7, 8, 9]. ECVT is based on multi-plane,
multi-electrode capacitance sensors mounted on the outer
wall of non-conducting flow vessels typically of cylindrical
shape. ECVT determines the variation in inter-electrode
(mutual) capacitances due to changes in permittivity inside
the vessel. This capacitance variation can be used, with the
aid of appropriate image reconstruction algorithms [10, 11],
to find the permittivity distribution inside the vessel, and
hence the actual distribution of different material phases.
ECVT offers a fast, non-invasive, and low-cost imaging
solution; however, the image reconstruction is challeng-
ing due to ill-posedness of the problem and regularization
techniques are necessary [12]. This results in poor resolu-
tion compared to other, more costly and invasive techniques
such as X-ray, MRI, and ultrasound.

Both ECT and ECVT have been applied for velocity
field measurement in multiphase flows based on cross-
correlation between two successive images [6, 8, 13]. How-
ever, these approaches are computationally very intensive
and suffer from other inherent limitations. A recently de-
veloped velocimetry method based on the gradient of the
ECVT sensor sensitivity eliminates some of these limita-

tions [14]. In this summary paper, the proposed method is
combined and tested with two commonly used reconstruc-
tion algorithms: Linear Back Projection (LBP) and Land-
weber iteration [10]. Velocity profiles and reconstruction
times are compared using different combinations of those
algorithms. The optimum combination is pointed out that
achieves the best trade-off between accuracy and recon-
struction time.

2 Methodology

In ECVT, the set of measured inter-electrode capacitances
can be considered as a frame. These frames are acquired by
ECVT hardware at a specified frame rate. Each of these
frames and their corresponding reconstructed images are
the building blocks for obtaining the flow profile inside the
domain. The velocity reconstruction steps for two succes-
sive frames C1 and C2 are summarized in Figure 1, where
the image from the first frame is required for velocity re-
construction from the second frame [14].
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Figure 1. Image and velocity reconstruction steps. Mean-
ing of the symbols: C: capacitance frame, g: image, v: ve-
locity profile, c: scaling constant, A–F, P, and Q denote
different paths for velocity field reconstruction.

Given a frame C, the LBP technique can be applied to find
an approximate image g as

g = STC (1)

where S is called the sensitivity matrix that characterizes
the sensor [15, 16]. LBP is a one step operation, and hence
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Figure 2. (a) ECVT sensor with dielectric spheres. (b) LBP image (path P). (c) Landweber image (path AQ). (d) Velocity
profile for LBP and LBP (path EF). (e) Landweber and LBP (path ABF). (f) Landweber and Landweber (path ABCD).

computationally fast. For a more accurate image, iterative
algorithms such as Landweber can be applied as

gk+1 = gk −αST (Sgk −C) (2)

for k = 0,1, . . ., where α is the step length and k is the iter-
ation step. The Landweber technique yields more accurate
images gk, but is considerably slower than LBP. For veloc-
ity reconstruction, LBP and Landweber iteration can be ap-
plied as (1) and (2) using the sensitivity gradient F [14].
This yields velocity profiles v and vk, respectively. Dif-
ferent paths are marked with letters A–F, P, and Q in Fig-
ure 1, which correspond to different combinations of LBP
and Landweber for initial images and final velocity recon-
struction.

3 Results

Figure 2a shows a 24 electrode ECVT sensor simulated in
COMSOL. It encloses two dielectric spheres with εr = 2.5
in air background, which mimics a gas-solid two-phase
flow. The spheres are moved towards each other by 0.2 cm
in the z (axial) direction. Frames C1 and C2 are obtained
by COMSOL before and after the movement respectively.
A frame rate of 1000 fps is assumed, which means that the

Table 1. Reconstruction Times for Different Combinations
of LBP and Landweber Iteration

Path Output Time (s) Image quality

P g .0013 poor

AQ gk 3.4907 better

EF v .005104 poor

ABF v 3.4945 better

ABCD vk 33.1021 best

movement takes place in 1 ms with an average velocity of
200 cm/s.

Reconstructed images and velocity profiles are shown in
Figure 2b–2f for different combinations of LBP and Land-
weber as shown by the paths in Figure 1. For image recon-
struction with Landweber method, the step length is set as
α = 5.00 and 150 iterations are used. For velocity recon-
struction with Landweber method, the step lengths are set
as αx = 2.00, αy = 2.00, and αz = 2.60 and 380 iterations
are used [14]. The algorithms are implemented in MAT-
LAB running on a desktop PC with Intel Core i7-4790 @



3.6 GHz processor and 8 GB of memory. The reconstruc-
tion times for different paths are given in Table 1.

Based on the results in Figure 2 and the reconstruction
times in Table 1, it can be observed that using LBP for both
image and velocity reconstruction steps (Figure 2d) gives
the fastest reconstruction time but only a very crude veloc-
ity profile. On the other hand, choosing Landweber itera-
tion for both steps (Figure 2f) gives the best velocity profile
but it takes the longest reconstruction time. The optimum
result is obtained by choosing Landweber for image recon-
struction and LBP for velocity reconstruction (Figure 2e),
which gives a profile nearly as good as the best case but for
a much lower reconstruction time. So, among the alterna-
tives considered here, this combination gives the best trade-
off between accuracy and reconstruction time. We note that
the error from LBP is due to an excessive smoothing of the
image. The velocity reconstruction step, based on a gradi-
ent of the sensitivity map, suppresses some of these (spatial)
low-frequency artifacts generated by LBP.
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