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1. Introduction 

The oil and gas industry is shifting from steel to composite pipes due to the latter’s improved corrosion and erosion 

resistance. However, most existing MIT research has focused on steel pipes [1], leaving a gap regarding its feasibility for 

composite materials. Key challenges include establishing the sensitivity of MIT to defects in low-conductivity, low-

permeability composites, and designing suitable sensor configurations for such applications. This work aims to assess 

the feasibility of applying MIT to composite pipes through simulation and image reconstruction, and to evaluate the 

detectability of cracks with varying sizes, positions, and counts  [2], [3]. Despite these advantages, the nondestructive 

evaluation of composite pipelines remains challenging due to their low electrical conductivity and anisotropic layups, 

which reduce electromagnetic contrast and complicate defect characterization using contact-based methods. Given MIT’s 

contactless operation and ability to sense through coatings and insulation, it is a promising candidate for rapid screening 

of composite pipes in situ, complementing conventional techniques by localizing conductivity perturbations associated 

with cracks. Building on prior MIT studies that established feasibility on conductive targets and small-scale systems, this 

work focuses on composite-specific detectability and localization trends to inform coil configuration, excitation strategy, 

and reconstruction choices under low-contrast conditions. 

 

2. Magnetic Induction Tomography 

 Magnetic Induction Tomography (MIT) uses eddy currents to image an object’s passive electrical properties (PEP), 

namely conductivity (σ), permeability (μ), and permittivity (ε) [4]. The approach is non-invasive, non-destructive, and 

contactless. MIT has been applied across domains such as geophysics [1] , medical imaging [5][6] and non-destructive 

testing [7]. It also sees use in process industries [8][9]. In MIT, an excitation coil generates a time-varying magnetic field, 

including eddy currents in the object [10].  

ABSTRACT 

This study investigates the feasibility of Magnetic Induction Tomography (MIT) as a non-invasive method 

for detecting cracks in glass fiber-reinforced composite pipes, which are increasingly used in the oil and 

gas industry. An MIT system was modeled in COMSOL Multiphysics using eight copper coils arranged 

circumferentially around the pipe. Crack scenarios with varying opening angles, positions, and numbers 

were simulated. Sensor data were processed in MATLAB using a Linear Back Projection (LBP) algorithm 

to reconstruct tomographic images. The Mean Structural Similarity Index (MSSIM) values were generally 

below 0.1, with the highest value observed for a single crack with a 20° opening angle. The results indicate 

that MIT can detect and localize cracks in composite pipes, demonstrating the method’s potential for this 

application. 
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Figure 1 illustrates the principle of MIT, showing induced eddy currents and the resulting field perturbations.

 
 

Figure 1. Principle of MIT[10]  

 

 The magnetic field intensity can be described by Ampère’s circuital law, which states that the line integral of the 

magnetic field strength H around a closed path equals the enclosed current I: 

∫𝐻. 𝑑𝑙 = 𝐼 
 

(1) 

Where 

H= magnetic field strength (A/m) 

I=Current(A) 

dl=differential length of element along the path of integration 

 

 MIT systems typically employ multiple coils as transmitters and receivers to generate and sense field perturbations 

caused by defects or inhomogeneities. While applications to conductive metals are established, composite pipes—

characterized by lower μ and σ—remain underexplored. 

  

3. Methodology 

We modeled a two-dimensional MIT system for composite pipe inspection in COMSOL Multiphysics and 

performed image reconstruction in MATLAB using the LBP algorithm. Figure 2 presents the workflow, from 

electromagnetic simulation to tomogram generation. 

 

 
Figure 2. Basic flow process in this simulation study 
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The sensing region comprises eight copper coils arranged around a glass fiber-reinforced polymer (GFRP) pipe with 

110 mm inner diameter and 3.8 mm wall thickness (Figure 3). GFRP was selected due to its high specific strength and 

stiffness, and excellent corrosion and erosion resistance, making it suitable for oil and gas applications[11]. Coils are 

divided into excitation and sensing roles and are cycled to cover all transmit–receive combinations [12][13][17]. Coil 

parameters: 

 

The properties and dimension of the coils are as follow: 

• Made of copper 

• Exciting coils and sensing coils 

• Width = 0.01m 

• Length = 0.08m 

• Excitation current = 10mA 

• Number of turns in excitation coil = 4 

 

 
Figure 3. Basic flow process in COMSOL Multiphysics 

 

 

Each domain was assigned materials consistent with representative properties (Table 1). Ampère’s Law physics was 

applied to all domains. A magnetic insulation boundary was set at the exterior to confine fields within the model domain. 

Excitation was applied to the active transmitter coil (e.g., Tx1 in Figure 4), while the remaining coils acted as receivers.  

 
Figure 4. Geometry design of composite pipe and sensing zone 

 

 

 

 

 

 



Journal of Tomography System & Sensors Application                                                                         Vol. 9, Issue 1, 2026  

www.tssa.com.my                                                                             e-ISSN: 636-9133 

49 

 
Journal of Tomography System & Sensors Application 

Table 1. Material properties 

 

 

 

 

 

 

 

 

 

 

 

 

 

In magnetic physics, several key elements are considered, including Ampere’s Law, magnetic insulation, initial 

values, and the coil designated as the transmitter. Firstly, the Ampere’s law physics was assigned to all domain in the 

MIT system which is crucial to ensure all the domains comply with the Ampere’s law. The magnetic insulation was then 

assigned to the outside circle, which stands for the MIT system's surroundings. Its purpose is to ensure that the 

transmitter's current excitation stays inside the intended model only. The physical use was for a coil, which has four turns 

and excited a 10mA current. Figure 5 shows the example when channel 1 becomes as the transmitter. Each of the coils 

involved in this model was alternately change their roles as transmitter and receiver channel till complete cycle [14]. 

Meshing used a “finer” setting to resolve field gradients (Figure 6). 

 

 
 

Figure 5. Example channel 1 as transmitter, Tx1 

 

We investigated three variables: crack opening angle (20°, 45°, and 90°), angular position (e.g., right-top, left-top, 

left-bottom), and number of cracks (single, double, triple). Field contour and sensor responses were exported to 

MATLAB. LBP was used to reconstruct images of the sensing region. Reconstruction quality was evaluated using 

MSSIM, comparing reconstructed tomograms to corresponding reference images. 

 

 
 

Figure 6. (a) Finer mesh and (b) example of magnetic field contour (no crack) 

 

Material Electrical  

Conductivity  (S/m) 

Relative 

Permeability 

Relative 

Permittivity 

Kerosene 50 x 10−12 2.1 1.8 

Carbon Fiber 10 100 1 

Glass Fiber 

Blanket 

10 x 10−15 38 10 

Copper 5.998 × 107 1 1 

Air 10 × 10−12 1 1.0006 

(a) (b) 
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4. Results and Discussion 

Table 2 shows the different tested conditions. For a single crack at the right-top position, increasing opening angle 

from 20° to 90° produced progressively larger local distortions, indicating increased detectability. Changing crack 

position (left-top, left-bottom) consistently localized the field perturbation near the defect, indicating angular coverage is 

adequate for localization. Double and triple-crack configurations produced multiple disturbed regions and more complex 

field patterns, reflecting the superposition of defect effects. 

LBP reconstructions captured defect locations for single-crack scenarios, though image blur increased with larger 

opening angles, consistent with reduced MSSIM. For single cracks at the right-top position, MSSIM decreased from 

0.0820 (20°) to 0.0794 (90°). Left-top and left-bottom single-crack cases yielded MSSIM values of 0.0807 and 0.0847, 

respectively, with the left-bottom case slightly better. Double and triple cracks were identifiable, though images were 

blurrier (MSSIM ≈ 0.0780 and 0.0802). Overall MSSIM values below 0.1 indicate modest structural similarity to ground 

truth, which is expected given LBP’s smoothing and the low-contrast nature of composites. These findings motivate 

future use of advanced reconstruction (e.g., Tikhonov, TV, or model-based nonlinear methods) to improve fidelity. 

Figure 7 compares magnetic field magnitudes for homogeneous (no crack) and 20° size of cracked cases. The single 

cracked case was taken from the 20° size of cracked at the top right position. The homogeneous pipe shows a near-

uniform profile, whereas crack scenarios introduce distinct deviations, with magnitude increasing alongside crack count. 

These trends suggest that the system can potentially classify the presence and number of cracks based on receiver patterns. 

The composite’s low conductivity and permeability reduce induced currents compared to metals, lowering signal 

contrast and contributing to lower MSSIM. The 2D approximation simplifies coil–pipe coupling and neglects axial 

effects. Despite these limitations, the results demonstrate consistent localization and sensitivity trends, supporting the 

feasibility of MIT for composite pipe crack detection. 

 

Table 2. Different position and size of crack 

 

Position 

and size 

of crack 

Geometry Contour Reference image Tomogram MSSIM 

Right 

top 20° 

  

 

 0.0820 

Right 

top 45° 

 

   

0.0809 

Right 

top 90° 

 

   

0.0794 

Left top 

20°  

 

 

 

 

 

 
  

0.0807 
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Left 

bottom 

20°  

 

   

0.0847 

Double 

crack of 

20° 

  

  

0.0780 

Triple 

crack of 

20° 

  

  

0.0802 

 

 

 

 
Figure 7. Magnetic field comparison between homogenous and different number of cracks 

 

5. Conclusions 

 In conclusion, we demonstrated the feasibility of MIT for detecting and localizing cracks in GFRP composite pipes 

via 2D COMSOL simulations and LBP reconstruction. Field contour and tomograms consistently reflected defect 

presence, position, and size. While MSSIM values were modest (<0.1), they are consistent with LBP on low-contrast 

media. Future work will focus on improved reconstruction algorithms (e.g., Tikhonov regularization, sparsity constraints, 

or learned priors), 3D modeling, hardware validation, and sensitivity optimization (coil geometry, frequency selection, 

and excitation strategies). 
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