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Abstract: To increase the image reconstruction speed of electrical capacitance tomography (ECT)
in embedded system design, this paper proposes an acceleration method for image reconstruction
algorithm in the context of the ARM-+FPGA hardware architecture. The structure of the widely-used
and robust iterative Landweber algorithm (ILA) is analyzed and then the loop structure within
the ILA is modified taking advantage of the FPGA’s pipeline features to achieve acceleration.
Furthermore, according to the characteristics of the ARM + FPGA architecture, the task
allocation of ARM and FPGA cores is discussed to further optimize the speed of the algorithm.
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To validate the effectiveness of the proposed algorithm, image reconstruction experiments are
conducted on both a desktop computer (using MATLAB programming) and the ZYNQ platform
(using the acceleration method proposed in this paper). The effectiveness of the proposed method is
demonstrated using three parameters; image reconstruction time, relative error of the reconstructed
image, and image correlation coefficient. The experimental results show that when using the
platform built in this paper for imaging with ILA, the runtime for each image is reduced by
30%—40% compared with the time when using MATLAB programming on a PC. This study

effectively increases the speed of iterative algorithm while maintaining reconstruction accuracy,
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demonstrating its applicability to hardware acceleration of ECT systems.
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Fig. 1 12-electrode ECT sensor structure
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Fig. 2 Flexible printed circuit board electrodes
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Fig. 4 Physical diagram of interface circuit
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Fig. 5 Schematic diagram of equivalent measuring circuit
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Table 1 Landweber iterative algorithm pseudocode
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Table 3 ILA pseudocode for removing the dependency
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