The Scientific World JournalVolume 2014 (2014), Article ID 534012, 18 pageshttp://dx.doi.org/10.1155/2014/534012
Research Article
Exploratory Study on the Methodology of Fast Imaging of Unilateral Stroke Lesions by Electrical Impedance Asymmetry in Human Heads
Jieshi Ma, Canhua Xu, Meng Dai, Fusheng You, Xuetao Shi, Xiuzhen Dong, and Feng Fu
Department of Biomedical Engineering, Fourth Military Medical University, Xi’an 710032, China
Received 5 February 2014; Accepted 9 April 2014; Published  29 May 2014
Academic Editor: Francisco Javier Carod-Artal 
Copyright © 2014 Jieshi Ma et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Abstract. 
Stroke has a high mortality and disability rate and should be rapidly diagnosed to improve prognosis. Diagnosing stroke is not a problem for hospitals with CT, MRI, and other imaging devices but is difficult for community hospitals without these devices. Based on the mechanism that the electrical impedance of the two hemispheres of a normal human head is basically symmetrical and a stroke can alter this symmetry, a fast electrical impedance imaging method called symmetrical electrical impedance tomography (SEIT) is proposed. In this technique, electrical impedance tomography (EIT) data measured from the undamaged craniocerebral hemisphere (CCH) is regarded as reference data for the remaining EIT data measured from the other CCH for difference imaging to identify the differences in resistivity distribution between the two CCHs. The results of SEIT imaging based on simulation data from the 2D human head finite element model and that from the physical phantom of human head verified this method in detection of unilateral stroke.


1. Introduction
Stroke refers to the rapid loss of brain function because of a disturbance in blood supply to the brain. Stroke can be classified into two major categories: ischemic and hemorrhagic. Related studies show that the disease is the second leading cause of death in the world [1]. The three-year cumulative incidence could reach 16.8 per 1000 [2]. Thirty-day mortality could reach 20% [3], and the disability rate is higher than 65% [4]. The timely detection and treatment of stroke reduces the risk of death of patients [5] and is important in improving the prognosis [6].
The devices utilized to diagnose stroke include CT and MRI, which are noninvasive means of detection involving images of high spatial resolution. However, these devices are bulky and expensive and are available only in well-equipped hospitals. Community hospitals generally do not have such devices. Hence, a portable technique for the detection of stroke is needed to preliminarily diagnose sudden stroke cases in community hospitals.
Biological tissues are characterized by electrical properties (conductivity and permittivity) that allow electrical current to flow in the presence of an electric field [7]. Electrical properties depend on the constituent elements and structure of tissue; therefore, each type of human tissue and body fluids is with specific conductivity and permittivity. Thus, measurements of electrical impedance can be used to differentiate between different types of tissues or to assess the state of tissue [8]. Changes in the composition and structure of a tissue modify its electrical properties and consequently change its electrical impedance. The occurrence of stroke can make such changes and modify the electrical impedance distribution in the human head.
Based on the fact that different biological tissues have different electrical properties, electrical impedance tomography (EIT), also known as bioimpedance tomography [9], applies a safe alternating current to the body surface, measures body surface potential, and reconstructs images of resistivity distribution or its change within the body through a certain image reconstruction algorithm. Considering its portability, noninvasiveness, and the absence of ionizing radiation, EIT has been studied as a monitoring and assessment tool for medical applications, such as detecting breast cancer [10], assessing abdominal hemorrhage [11], imaging lung ventilation [12], and assessing intracranial impedance variation [13, 14]. Thus, EIT has potential for detection of stroke [15].
EIT imaging approaches include time difference EIT (tdEIT) or dynamic EIT, static EIT, and frequency difference EIT (fdEIT) [13]. Difference imaging is conducted between two frames of EIT data measured at two time points in tdEIT. The distribution of the absolute resistivity value in the measured objects with one frame of EIT data is reconstructed in static EIT and difference imaging between two frames of EIT data measured at two frequencies is conducted in fdEIT. In theory, static EIT satisfies the requirements of reconstructing an image of a stroke lesion at a single time. However, the method has been limited by fundamental ill-posedness as well as technical difficulties due to a limited amount of measurements, unknown boundary geometry, and uncertainty in electrode positions, while systematic measurement artifacts and random noise are also the limitations of the method [16]. In principle, fdEIT also satisfies the requirements of reconstructing an image of a stroke lesion [17]. However, fdEIT requires high-performance hardware systems and imaging algorithms [16–19]. fdEIT is in the stage of system optimization and algorithm improvement and can only image objects, such as carrots and bananas, in physical phantoms without skull.
Through extensive research, our research group established a dynamic EIT platform for monitoring cerebral impedance and utilized it to dynamically monitor the conditionally controllable progress of stroke in animal models [20, 21]. Given that dynamic EIT requires time-referenced data, it is inapplicable to cases where a single image in time is required or when time-referenced data are unavailable. Hence, dynamic EIT cannot be utilized to conduct rapid single-time imaging of presented stroke lesions. A rapid electrical impedance imaging method with no high demands on imaging systems should be investigated to rapidly diagnose stroke patients. Accordingly, the objective of this study was to establish a new EIT method to determine whether there was a lesion in a subject’s head and estimate approximately the location and the size of the lesion.
The median sagittal plane of the brain separates the brain into two basically symmetrical hemispheres. Published reports have demonstrated that a stroke lesion is usually located in one cerebral hemisphere [22]. No significant difference in impedance exists between the two cerebral hemispheres of normal humans, but stroke significantly increases the difference [23–25]. The bilateral impedance of normal human heads is almost symmetrical; however, a stroke can alter such symmetry. Thus, a stroke may be detectable by measuring the electrical impedance asymmetry in the head of a stroke patient.
Given that unilateral stroke lesions often generate significant symptoms on the other parts of the body [26], this can be utilized to determine which craniocerebral hemisphere (CCH) with the lesion. Effective measurements to determine which CCH was damaged by unilateral stroke lesion were also studied [27, 28]. Thus, the damaged and undamaged CCHs can be determined in practice.
An EIT method called symmetrical electrical impedance tomography (SEIT) was then proposed to image the asymmetry of the bilateral impedance of human heads to detect unilateral cerebral lesions. In this technique, electrical impedance tomography (EIT) data measured from the undamaged craniocerebral hemisphere (CCH) is regarded as reference data for the remaining EIT data measured from the other CCH for difference imaging to identify the differences in resistivity distribution between the two CCHs. The technical validation of this approach in the rapid detection of unilateral cerebral lesions was verified with finite element simulation and physical phantom experiments.
2. Materials and Methods
2.1. Evaluation of Electrical Impedance Asymmetry in the Human Head with EIT Data
2.1.1. The Symmetrical Relationship of EIT Data Measured from the Two Hemispheres of the Human Head
Craniocerebral EIT data refer to the boundary voltages (BVs) obtained by injecting the driving current to the human head by EIT. Differences in EIT data from the two CCHs can be utilized to assess the impedance asymmetry of the two CCHs caused by a unilateral lesion.
Considering that the EIT data-measuring pattern involves multiple measurements based on multiple polar drives [29], the BVs in one frame of EIT data acquired by a 16-electrode EIT system were marked as 
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(b)
Figure 1: Illustrations of SBVP formation. (a) When the current was injected through electrode pair (1, 9), six groups of SBVP were formed by six BVs measured from the electrodes on the right hemisphere of the head and six other BVs from the left hemisphere. (b) The drives on electrode pair (2, 10) and (16, 8) constructed a pair of symmetrical drives. Six groups of SBVP were formed by six BVs measured from the right hemisphere during the drive on electrode pair (2, 10) and six BVs from the left hemisphere during the drive on electrode pair (16, 8). Similarly, another six groups of SBVP were formed by six BVs from the right hemisphere during the drive on electrode pair (16, 8) and six BVs from the left hemisphere during the drive on electrode pair (2, 10). This pair of symmetrical drives generated 12 groups of SBVP. Two BVs that formed one group of SBVP are marked with the same color (A: anterior; P: posterior; L: left; and R: right).


The EIT data from the two hemispheres utilized to evaluate craniocerebral impedance asymmetry were transformed into symmetrical boundary voltage pairs (SBVPs) as follows. For one frame of EIT data, two BVs measured on two pairs of data-measuring electrodes symmetrical to the median sagittal plane of the brain were defined as SBVP. SBVP was generated by anterior-posterior drive and symmetrical drives. An anterior-posterior drive refers to injecting the driving current through electrode pair (1, 9) or (9, 1). When electrode pair (1, 9) carried the current, six groups of SBVP were generated (Figure 1(a)); thus, the two anterior-posterior drives can generate 12 groups of SBVP. In addition, a pair of symmetrical drives refers to two drives, where the line joining one pair of driving electrodes and the line joining the other are symmetrical to the line joining electrodes 1 and 9. Examples include the drives on electrode pair (2, 10) and (16, 8), drives on electrode pair (3, 11) and (15, 7), …, drives on electrode pair (8, 16) and (10, 2). Seven pairs of symmetrical drives were obtained. In one pair of symmetrical drives, such as the drives on electrode pair (2, 10) and (16, 8), 12 groups of SBVP were generated (Figure 1(b)). Thus, seven pairs of symmetrical drives generated 84 groups of SBVP. Overall, valid data in one frame of EIT data can be divided into 96 SBVP groups, containing 192 BVs. Among them, 96 BVs 
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, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2) measured from the left hemisphere of the head (Tables 2–9, second row). The numbers of SBVPs are shown in the third row of Tables 2–9.









2.1.2. Evaluation of the Electrical Impedance Asymmetry
As mentioned above, 192 BVs in one frame of EIT data were divided into 96 groups of SBVP. Each group contained two BVs measured from two symmetrical data-measuring electrode pairs. Their numerical difference reflected the impedance asymmetrical degree of symmetrical regions in the two CCHs. The difference was defined as the index of asymmetry (IA) and was calculated by 
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When a small difference exists in the two BVs in one group of SBVP, 
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 was utilized as the index to evaluate the asymmetry of EIT impedance data measured from the two hemispheres of the head.
2.2. Symmetrical EIT (SEIT)
SEIT is a difference EIT method, within which one frame of EIT reference data 
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 were then identified. Therefore, SEIT mainly involves two main procedures: constructing SEIT reference data and reconstructing the SEIT image.
2.2.1. Construction of SEIT Reference Data
A frame of EIT raw data can be divided into two parts measured from the left and right CCHs. Half of a frame of EIT raw data measured from the undamaged CCH can be utilized to construct SEIT reference data. The undamaged CCH is referred to as the “reference hemisphere.”
In this research, the CCH without anomaly was regarded as the reference hemisphere. SEIT reference data were constructed as follows. Firstly, 192 valid BVs of a frame of EIT raw data 
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Figure 2: Construction of SEIT reference data. During construction, the raw EIT data measured from the undamaged CCH (e.g., the right CCH) was copied to the contralateral side according to the relationship of SBVP.


With the undamaged CCH as the reference hemisphere, the object of SEIT image reconstruction is to solve the resistivity distribution change in the damaged CCH with respect to that in the reference hemisphere. Thus, a stroke lesion was expected to be observed in the damaged side.
2.2.2. SEIT Image Reconstruction
SEIT image reconstruction is similar to general difference EIT imaging. When a frame of SEIT reference data 
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Figure 3: Image reconstruction model. The image reconstruction model consisted of 1804 triangular elements, 984 nodes, and 16 electrodes. The model was used for image reconstructions in all imaging experiments, including simulation and physical phantom experiments (A: anterior; P: posterior; L: left; and R: right).


Each pixel in the reconstructed image was with a single value of relative resistivity change (
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) in arbitrary units (AU), and the values were mapped to a colorbar showing the change of resistivity distribution. EIT image was displayed using a false color mapping, and the mapping index 
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Table 2: SBVPs from electrode pair (1, 2) and electrode pair (1, 16). 
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Table 3: SBVPs from electrode pair (2, 3) and electrode pair (16, 15).
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				𝑈
			

			
				1
				3
				,
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				2
			

		
	

	
	
		
			

				𝑈
			

			
				1
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				1
				5
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				1
				5
			

		
	

	13	14	15	16	17	18	19	20	21	22	23	24
	



Table 4: SBVPs from electrode pair (3, 4) and electrode pair (15, 14).
	

	
	
		
			

				𝑈
			

			
				1
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				3
			

		
	

	
	
		
			

				𝑈
			

			
				1
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				1
				4
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				1
				4
			

		
	

	25	26	27	28	29	30	31	32	33	34	35	36
	



Table 5: SBVPs from electrode pair (4, 5) and electrode pair (14, 13).
	

	
	
		
			

				𝑈
			

			
				1
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				4
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				4
			

		
	

	
	
		
			

				𝑈
			

			
				1
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				1
				3
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				1
				3
			

		
	

	37	38	39	40	41	42	43	44	45	46	47	48
	



Table 6: SBVPs from electrode pair (5, 6) and electrode pair (13, 12).
	

	
	
		
			

				𝑈
			

			
				1
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				5
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				5
			

		
	

	
	
		
			

				𝑈
			

			
				1
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				1
				2
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				1
				2
			

		
	

	49	50	51	52	53	54	55	56	57	58	59	60
	



Table 7: SBVPs from electrode pair (6, 7) and electrode pair (12, 11).
	

	
	
		
			

				𝑈
			

			
				1
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				6
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				6
			

		
	

	
	
		
			

				𝑈
			

			
				1
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				1
				1
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				1
				1
			

		
	

	61	62	63	64	65	66	67	68	69	70	71	72
	



Table 8: SBVPs from electrode pair (7, 8) and electrode pair (11, 10).
	

	
	
		
			

				𝑈
			

			
				1
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				2
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				7
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				7
			

		
	

	
	
		
			

				𝑈
			

			
				1
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				1
				6
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				9
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				1
				0
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				1
				0
			

		
	

	73	74	75	76	77	78	79	80	81	82	83	84
	



Table 9: SBVPs from electrode pair (8, 9) and electrode pair (10, 9).
	

	
	
		
			

				𝑈
			

			
				2
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				1
				0
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				8
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				8
			

		
	

	
	
		
			

				𝑈
			

			
				1
				6
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				1
				5
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				1
				4
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				1
				3
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				1
				2
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				1
				1
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				8
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				7
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				6
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				5
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				4
				,
				9
			

		
	
	
	
		
			

				𝑈
			

			
				3
				,
				9
			

		
	

	85	86	87	88	89	90	91	92	93	94	95	96
	



In the color map, red indicated a decrease in resistivity distribution while blue indicated the opposite change.
2.2.3. Analysis of Reconstructed SEIT Images
To quantitatively analyze the pixel intensities in the abnormal resistivity distribution region in the reconstructed image, the mean abnormal resistivity value (MARV), which is the absolute value of the average of abnormal resistivity for all of the pixels in the region of interest (ROI), is calculated as 
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									In the above formula, 
	
		
			
	