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1. Introduction  

 Process tomography technique has widely used to investigate multiphase flow behaviour in oil and gas 

industries, chemical industries and also biotechnology industries. An intrusive wire-mesh conductive tomography sensor 

is an alternative technique which was designed by H. M. Prasser in 1998 [1]. This sensor can use to gain void fraction 

distribution in multiphase flow process visualization. Multiphase flow describes the two or more physically distinct 

simultaneous flow mixtures in a process column. The mixtures can be the combination of one or more components of 

gaseous, liquid, or solid.  

 

 By using tomography techniques, several measurements like velocity or phase fraction boundaries can be 

determined and analysed. Thus, various tomography sensors used for the purpose of obtaining information such as phases 

flow patterns, phases flow velocity and phases boundaries investigation. Wire-mesh sensor (WMS) is an alternative 

technique and is absolutely new to the tomography systems. A wire-mesh sensor is basically built with two layers 

perpendicularly located which were stretched over the process column as the transmitter layer and the receiver layer. The 

layers of wires were installed orthogonal to each other without any physical contact. The first 

wire-mesh type tomography sensor was experimented to measure fluid conductivity.  

 

ABSTRACT 

Wire-mesh tomography is completely new to the tomography field. First founded in 1998, the wire-mesh tomography 

had been used in several sectors as secondary optional sensors. This sensor can be used to gain void fraction 

distribution in multiphase flow visualization. By using tomography techniques, several measurements like velocity or 

phase fraction boundaries can be determined and analysed. The sensor basically built perpendicularly as transmitter 

and receiver layer located above and below respectively. With wires made of tinned copper and 16 sensors for each 

layer, the tomography is considered low-cost, easy built and can sustain in a harsh environment to investigate 

multiphase flow. As an instantaneous tomography method, wire-mesh tomography has advantage in speed but has 

less image resolution because classic wire-mesh tomography image reconstruction methods only provide same amount 

of pixels as measurement number. In order to increase image resolution, a new image reconstruction method based on 

sensitivity map is proposed, which is of providing more pixels (sub pixels) by solving inverse problem with capacitive 

wire-mesh tomography image reconstruction. The image reconstruction algorithms, including the traditional wire-

mesh direct image reconstruction algorithm, the linear back projection, the projected Landweber iteration, and the 

total variation based iteration, are conducted and the results 

are compared each other. 
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 The wire-mesh technique allows investigating the flow nature with good degree of details due its good spatial 

and temporal resolution depends on the grid size of the designed wire-mesh sensor. A collection of papers that discussed 

the wire-mesh tomography in several fields were reviewed to have a scope on upgrading the sensor.  
 

 

2. Literature review 

 When it comes to wire-mesh tomography, the basic construction of wire-mesh sensor is the same. The basic 

construction is to have 2 layers perpendicularly located where one is transmitter and the other is receiver. The first paper 

is reviewed for the study of trickle bed reactors which have fixed bed depth to measure the presence of conductive liquid 

between them [2]. The working method of the sensor is discussed here. As current is supplied successively to each wire 

in the transmitter plane, a multiplexer circuit activates one by one all the wires of the second (receiver) plane. Only one 

crossing point is measured at a time, the other not concerned wires of each plane being connected to the ground. The 

measuring cycle finishes when current has been supplied to all the transmitter wires [5]. 

 

 The wires are made up of stainless steel and each layer consists of 19 wires so total of 313 measurable crossing 

points. Concerning temporal resolution, as only one receiver wire is measured at a time in the conceived device, the 

duration of a measuring cycle depends on the number of cross points to be considered. For a complete scan using the 

whole 38 wires, 10–15 seconds are necessary.  

 

 In the experimental investigation of horizontal gas-liquid flow by wire mesh sensor [3], the wire-mesh technique 

based on capacitance measurements is applied to study two-phase slug flows in horizontal pipes. Based in raw data 

measured it is possible to extract some specific parameters of interest.  

 

 

 
  

 The voltage levels measured by the wire-mesh sensor are stored in a three-dimensional matrix at the computer 

memory V(i,j,k), with k being the time index and i and j spatial indexes respectively. Wire-mesh sensor electronics 

generate voltages with a logarithmic response, which is assumed to be previously known and adjusted to a linear response. 

In this way, the measured voltages are proportional to the electrical permittivity ε of each crossing point, which in turn 

is proportional to the void fraction. In order to convert the measured voltages to permittivity values and further obtain 

the phase fraction distributions, a calibration routine is used. First, a measurement of a matrix VL for a substance of low 

permittivity covering the whole sensor cross-section is performed.  

 

 Then a 16 × 16 wire mesh sensor analysed for capacitance distribution in a cylindrical pipe [4]. A tomography 

system device applies the principle of a wire-mesh sensor has been built to analyze the distribution of the dispersion of 

capacitance occurring within a cylindrical pipe. This wire-mesh sensor system is built from two horizontal layers of wires 

allowing, by local capacitance measurements, to detect the presence of a capacitance fluid between them. The wire-mesh 

sensor is made of copper wire which is divided into two layers: transmitter and receiver layer. Each layer is composed of 

16 pieces of wire are parallel. The image resolution of the wire-mesh is obtained from the number of cross points between 

the electrode wires, so using 16 × 16 wire configuration, 256 points of resolution are obtained.  

 

Figure 1.  Schematic representation of wire mesh sensor 
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The signal that received on the transmitter wire is still in a current signal, whereas in a digital system the signal must be 

read as the voltage signal, so to change it can use the current converter circuit that can convert curent into voltage signal. 

A simple circuit consisting of an op-amp coupled with a capacitor and a resistor as feedback can convert a current into a 

voltage whose value is proportional each other. Fig. 3 is a schematic of a current-converting circuit into a voltage or I-V 

converter.  

 

 
Figure 3.  Schematic of a current-converting circuit into a voltage or I-V converter 

 

 

By using equation (1), we can get the capacitance value that occur in cross-section wire-mesh sensor.  

 

𝑉𝑜=−𝑉𝑖
Cw

Cf
 𝐶𝑤𝐶𝑓   (1) 

 
 The output voltage (Vo) is is the output voltage of op-amp which will be read by ADC, the input voltage (Vi) is 

the voltage coming from the receiver wire. Capacitor wire (Cw) is representing capacitance of the wire-mesh sensor whose 

value varies according to the flowing substance between the two wire receivers and the transmitter. Because the output 

signal from the I-V converter is still an analog signal, it needs to be converted into digital form using ADC contained in 

microcontroller. This is needed because the computer that will process the data into 2-dimensional image cannot read 

analog signal and only able to read signal in digital form. The data received by the computer is still in a voltage value, to 

get the capacitance value from the wire-mesh sensor it is necessary to change the data using equation (1). This equation 

is inserted into the code script in the python 2-dimensional image program, so it is not just a program to create image but 

python software also performs mathematical calculations to get measured capacitance values in wire-mesh sensors.  

 

 While the other papers reviewed had discussed more on the different setups, variation in construction and 

number of sensors, some were experimenting on improving the image resolution for wire-mesh sensors. Wire mesh 

tomography labeled as an instantaneous tomography method, wire mesh tomography has advantage in speed but has less 

image resolution because classic wire-mesh tomography image reconstruction methods only provide same amount of 

pixels as measurement number. In order to increase image resolution, a new image reconstruction method based on 

sensitivity map is proposed, which is of providing more pixels (sub pixels) by solving inverse problem with capacitive 

wire-mesh tomography image reconstruction [9].  

 

Figure 2.  Wire-mesh sensor in a cylindrical pipe 
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 Capacitance wire-mesh sensor is similar to ECT sensor in working principle, which measures capacitance 

between different electrode pairs and reconstructs permittivity distribution of sensor cross-section. The target of image 

reconstruction is to obtain permittivity distribution from measured capacitance data. It is a typical ‘inverse problem’. The 

opposite ‘forward problem’ is to calculate capacitance data from permittivity distribution, which is generally solved by 

using the finite element method (FEM) or practical experiment. Using much more fine pixel mesh grid may helpful to 

improve the resolution of reconstructed image. It brings the possibility to obtain detailed information of reconstructed 

wire-mesh tomogram.  

 

 

 
  

Figure 4.  Sub-pixel meshing strategy for wire-mesh tomography image reconstruction. Left, 2D illustration of wire-mesh;  

right, 3D view of wire-mesh in COMSOL Multiphysics with a pixel marked 

 

 

3. Data analysis  

The previous experiment was conducted with the similar basic construction of wire-mesh sensor as [1] with a much 

similar goal which is to study multiphase flow of liquid. In [4], the data of the experiment was obtained by a demultiplexer 

to convert the value of voltage into a digital form so that the digital value used to reconstruct the tomogram image. There 

are 4 types of fluid applied in wire-mesh sensor such as free air, distilled water, tap water, and 1 mol of salt solution. This 

variation aims to determine the ability of the sensor to read fluid changes from non-conductive (air) to the most conductive 

fluid (salt solution), and of course determines the capacitance distribution of each fluid. 

 

Figure 5.a is the result image of the wire-mesh sensor with air media filling the cylinder pipe. A picture with white 

circle and black edges is the approximation of a cylindrical pipe shape, the shape of this circle is not perfect, it has a 

square edge shape, this is because each square represents the cross point of the receiver and transmitter wires, moreover 

if all the squares are combined it will become a 2-dimensional image of the cylindrical pipe. The color bar on the right 

picture is the image legend, showing the value of the capacitance that changed into the color form, each color having its 

own value, for the color in the bottom position (white) it’s means has low capacitance while the top position (blue) means 

highest value.  

 

Filling cylinder pipe using free air causes the resulting image become mostly white (Fig 5.a) or in other word air has 

zero capacitance. In this case, its mean not absolutely zero, but there are measurement limits. Wire-mesh sensor system 

cannot measure at a certain range, the system has a weakness in measuring capacitance on gas phase, especially free air, 

because the capacitance of air is too small for system to be measured. Therefore, the system will automatically send zero 

data to the computer that causes the resulting 2-dimensional image being white. Not all measuring points are zero, at 

some point indicate the sensor still capable to measure the capacitance value of the air, even though its looks vague with 

color pattern is light brown, this color still can identified with capacitance value at range 0 to 15 pF.  
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Figure 5. Images generated by wire mesh sensors using (a) free air, (b) distilled water,  

(c) tap water, (d) salt solution 1 mol. 

 

 

When using distilled water as media, the color pattern on the resulting image is increasingly visible, its very contrast 

if compared with results images using free air. The results image (Figure 5.b) has 3 main colors i.e., brown, yellow and 

green. The composition of the three colors is dominated by the yellow color in middle of the image, with brown color in 

edge of the image, while the green color looks vague in the center of image with total pixel image less than ten pixels. 

The quantity of the measured capacitance value at the sensor is around 100 pF in the center area and 50 pF of the edge. 

 

Increased capacitance occurs when using tap water. Figure 5.c is an image produced by the system using tap water 

media. In this picture the number of color patterns are equal with distilled water. the distinguishes attribute compared 

from the previous image are the area of green color are widened, this color pattern is almost half of the yellow pattern in 

the middle area of the image, this indicates that the value of capacitance on the sensor is increasing due to pouring tap 

water on cylinder pipe. 

 

A new pattern is created when the salt solution is applied in the pipe. Figure 5.d is the image created by system using 

a salt solution with molarity level 1 mol. There are 4 color patterns filling the image including brown, yellow, green and 

blue, without any white color that fills the image. With more conductive the fluid has been applied, affect raise the 

capacitance value are obtained, this is indicated by the appearance of a new color just like blue. The highest capacitance 

of the blue color measured about 165 pF, but the dominant color is green. The distribution pattern of the capacitance in 

the salt solution remains the same as the previous image pattern, the highest conductivity is at the center of image, shown 

in blue.  

 

In paper [6], a much simpler but efficient experiment was done to investigate the liquid level visualization using 

color scaling technique as [3]. But in [3] color scaling used to measure capacitance and reconstruct the image while [6] 

shows 4 type of liquid level and the tomogram images. The phantom image was used to clearly describe the experimental 

situation and the liquid/gas interface level. The results are shown in Fig. 6 where AL denotes the liquid area (in 

percentage). Two distinct regions of the liquid/gas two phase flows in the process column were well depicted in the 

tomogram result image B. But, an observation of the liquid/gas interface level shows that there is an overestimation of 

the level of liquid/gas region’s interface with the calculated error was about 3.65%. The tomogram result image of C is 

still consists of the periphery crossing point error as discussed in tomogram result image B, but the few centre crossing 

points above the liquid/gas interface is the major of the sensing error. Those crossing points should not be indicated as 

liquid phase, but the sensing values of those crossing points are mostly near to interface value. 
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Figure 6.  Illustrations of the void fraction, phantom and the tomogram results 

 

 

 

Figure 7.  8 x 8 sensor reconstruction result of dynamic experiment 
  

 

 Figure 7 is obtained from [9] and this result is based on four different types of flow and the image reconstruction 

method. This experiment is for sensitivity for the pixels in image reconstruction. it is found that different algorithm gives 

out different performance of image quality and the qualities of the sensitivity map based sub-pixel reconstructions are 

smoother and have more details than those from the direct image reconstruction. 

 

 

4. Discussion 

4.1 Limitation 

 

 With wire mesh sensor being a low-cost tomography device, it is sure has its own limitations. Other than having 

lower resolutions in certain circumstances, the characteristics of the construction itself have the limitations. Its intrusive 

design is a limitation that hard to neglect it [1], [2]. Two sets of wire planes crossing the sectional area of the column will 

surely affect the liquid flow pattern. The effect is however moderate as the wires are smaller than the particle diameter, 

and the distance between them is five times this diameter. With the actual configuration, only about 6.5% of the reactor 

cross-section is occupied by the wires.  

 

 Wire mesh sensor had some problems to quantify liquid velocity. Conductance is a function of the surface 

occupied by the liquid around the crossing points but is independent of its velocity. Also it is hard for this tomograph 
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device to work with porous particles: once wetted, porous particles remain filled by water and so therefore conduct 

electricity. As presented here, the wire mesh tomography device is unable to make any difference between a set of wet 

porous particles and an actual liquid filament flowing through the bed [1].  

 

       4.2 Discussed Results 

 

 From the results of [7], the accuracy of WMT measurement due to the intrusive feature can be identified 

approximately from the wire mesh tomography itself. It can be detected simultaneous even during the measurement. 

However, the alternative optical method is also utilized for low gas intensity range. The main finding is consisting of the 

dependence of flow disturbance level on the void fraction shape is presented. The wire-induced uniformity is found for 

wall-peak shape, while it is opposite for central peak shape. The disturbance level is increasing with the degree of non-

uniformity. 

  

 The disturbance characteristic can be mainly classified by bubble motion modification and interfacial 

deformation. For bubbly flow, the low gas intensity zone (wallpeak void fraction shape) is characterized by the 

deceleration, while the high gas intensity zone (central-peak void fraction shape) is characterized by the deformation. 

Furthermore, the disturbance level on both bubble motion and deformation is reduced for bubble-slug transition.  

 

 In [9] and [10], the sub-pixel reconstruction can provide more detailed flow propagation information. Especially, 

the extra pixels which are obtained from sensitivity-based reconstruction contain the real geometric information of the 

wire-mesh sensor. In this case, the reconstructed sub-pixels can arguably be more authentic than those given by pure 

digital image processing algorithms.  

 

 Under the framework of sensitivity map based subpixel reconstruction, image reconstruction algorithms 

including the linear back projection (LBP), the Landweber iteration, and the total variation based regularization, are 

conducted by using static and dynamic experimental data and the results are compared each other and with those from 

the traditional wire mesh direct image reconstruction algorithm. Preliminary results regarding typical gas-liquid two-

phase flow regimes show that sensitivity map based sub-pixel reconstructions are better than the traditional wire-mesh 

direct image reconstruction by providing better resolution, thus the new image reconstruction method can be helpful to 

improve the reconstruction quality of capacitive wire-mesh tomography.  

 

 In [6], the error of the tomogram result for phantom A may lead to misinterpreting the instantaneous flow 

situation as bubbly flow located at the top and east area of the result image, even though the actual measurement volume 

is completely filled with liquid in the process column. A careful observation of the result of the experimental data shows 

those crossing point values near to the sensor’s wall were relatively lower than the others crossing point values that not 

at the periphery of the wire-mesh sensor. Therefore, the liquid/gas distributions at the periphery of the wire mesh sensor 

need to be determined by a calculation method that is different to the central crossing point measuring method. The 

tomogram results B and C from the wire-mesh sensor shown that an overestimation occurred slightly in the determination 

of phases interface compared to its phantom. However, the discrepancies are small and acceptable in this experiment. 

 

 

5. Conclusion 

 Wire-mesh tomography technique provides reliable measurement of liquid/gas two-phase flow interface [6] and 

its void fraction, as a maximum error for liquid/gas two-phase flow. In order to improve the estimation of the gas-liquid 

interface using the wire-mesh tomography technique, a suitable image reconstruction algorithm needs to be studied.  From 

[9], image reconstruction using subpixel is prioritized in order to improve the estimation of the gas-liquid interface using 

the wire-mesh tomography technique, a suitable image reconstruction algorithm needs to be studied in the future. Similar 

to [9], in [10] inverse method technique was studied to improve imaging quality and reduce image error. In addition, it 

also proves the effectiveness of this method for application in the measurement of oil-water two-phase flow with high 

water holdup. While sub pixel technique can be considered to improve image resolution, hardware changes such as 

modifying sensors would also help increase the sustainability of wire-mesh sensor.  
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