
























































































































































































































































































































































































Chapter 5 Task-based Visualisation System Development for Multi-<i imensional Medical Data 

module. In the current system, EIT data is processed by SPM in this module. The 

registration module can also be called from this module. 
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Figure 5.6 Orthogonal display of a direct comparative task 

In the visualisation module, four main display methods are provided: 2D orthogonal 

display, 2D matrix display, 3D isosurface display, and 3D volume display. 2D 

orthogonal display visualises three orthogonal slices crossed at a selected voxel in one 

view (as illustrated in figure 5.6). In 2D matrix display, each elementary image within 

the 'matrix' presents information for a 2D slice, plus the two dimensions provided by 

'matrix', theoretically, this method is able to visualise a 4D dataset in one view. Figure 

5.7 shows an example of the 2D matrix display. The 3D isosurface display in EIT5DVis 

combines isosurfaces and isocaps: isosurfaces are constructed by creating a surface 

within a volume dataset that has the same value; isocaps are used along with isosurface 

to show inside slices of a volume. By default, EIT5DVis creates an isosurface 

corresponding to brain outline. Figure 5.8 presents a 3D isosurface visualisation example. 

The 3D volume display in EIT5DVis is realized by VTK. VTK provides three main 

volume rendering techniques: ray casting, 2D texture mapping, and support for 
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VolumePro vo lume rendering hardware. The 3D volume rendering presented in figure 

5.9 is resulted by making use of the volumetric ray casting function in VTK . 
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Figure 5.7 2D matrix display of a direct lookup task 
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Figure 5.8 3D surface display of a direct lookup task 
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• Visualization Toolkit · Win320 ... r;](Q)~ 

N <WlgotlOfY 

Time' J& 1 ~ .J ~ 5 

r Ar'IImOlrno I r line iJ rfquency. 16 1-!J J ..!J 4 

Figure 5.9 3D volume display of a direct lookup task 

Task-based subsets, which include target subsets and target-constraint subsets, usually 

have fewer dimensions than the whole dataset However, for some tasks, even their 

target subsets have same dimensions as the whole dataset A integrated task-based 

visualisation system should be able to deal with these situations. In EIT5DVis system, 

the animation and navigation module is developed to visualise subsets of more than 

four-dimensions and enable browsing of the whole dataset In other words, the display 

methods involved in the visualisation module show four dimensions in one view at most, 

animation can be used to present information along another dimension beside those 

dimensions which have been displayed in the view. For 2D orthogonal display and 3D 

surface display, navigation can be conducted along all the five dimensions. For 2D 

matrix display and 3D volume display, user can navigate the view along time and 

frequency dimensions. Alternatively, animation can be used as an automatic navigation 

along a selected dimension. 
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5.5.2 Visualisation Examples Using EIT5DVis 

This section attempts to explain how EITSDVis works with some concrete visualisation 

tasks. It would be ideal if a SD clinical brain EIT dataset is available for this illustration. 

Unfortunately, only a set of 4D clinical brain EIT datasets obtained in visual stimulation 

experiments is accessible for this research currently. Instead of creating some simulated 

SD brain EIT datasets, these 4D EIT datasets corresponding to different subjects are 

treated as a SD dataset collected from one subject at different frequency within a time 

interval. More details about the 4D clinical brain EIT datasets can be found in section 

3.4.2. 
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Figure 5.10 2D orthogonal display ofthe result for question 5_1 

There are a range of tasks that can be addressed in EITSDVis, whose complexity is 

roughly determined by where they are drawn from on the scale of searching leve l. For 

example let us take the ftrst question listed in this chapter as an example: 
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Question 5_1: "At a given point position, say(x\, y\, z\), how did the impedance 

change along the time course under different frequencies?" 

This question is a direct lookup task. Figure 5.10 illustrates a 2D orthogonal display of 

result for this question. 

Obviously a comprehensive visualisation system would include implementation of all 

tasks from all searching levels in the derived task typology model. However the 

complete implementation of the system is beyond the scope of this thesis. Rather the 

feasibility of the methodology will be demonstrated by investigating three complex 

inverse example questions. For the visualisation of a 5D brain EIT dataset collected in 

visual stimulation experiments, one of the most interesting questions is: 

Question 5_17: "Which part of the brain is activated under the visual 

stimulation ?" 

The expected answer to this question is to display the activated regions. In order to 

process this question in EIT5DVis, the first phase is to formulate the question. The target 

of question 5_17 is Location, which is a reference according to the data model for a 5D 

EIT dataset given in formula (5.10) in section 5.3.4.1. Thus question 5_17 is a inverse 

task. This task considers action inside the brain along the whole experiment time interval 

and the whole frequency range instead of at a certain time point or under a certain 

frequency, so the searching level for time and frequency are synoptic. Also, the target 

locations for this task are 3D regions rather than isolated spatial points, so the reference 

location is at the synoptic level as well. Put them together, this task is on level H as 

defmed in table 5.1: synoptic location, synoptic time and synoptic frequency. Relations 

concerned in this question are between references (location) and attribute (impedance), 

so searching mode of this task is lookup. Table 5.3 summaries the task type of question 

5_17. 
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Table 5.3: Task type of question 5_17 

Task dimension Value 

Searching level Synoptic location, synoptic time and synoptic frequency 

Searching mode Lookup 

Searching direction Inverse 

After the specification of task type, the next step in task definition stage is to set the 

target and constraints. Obviously, the target of question 5_17 is Location. There are 

three constraints in this question: the first one sets the synoptic Time as the whole 

experimental time interval, the second one restricts the synoptic Frequency to the whole 

frequency range in the experiment. The third constraint limits the value of impedance. In 

the original question, the third constraint is just mentioned as 'activated', and no further 

information about 'activated' is given. So it is not possible to defme the impedance 

change pattern in an 'activated' region directly. However, those activations are caused 

by visual stimulations in the experiments and should react to the changes in stimulation. 

So the on and off pattern of visual stimulation is used as a constraint for impedance 

change pattern in this task. Specifically, matrix P in formula (5.13) is entered in the 
, 

editable textbox to set the constraint to impedance change pattern (as shown in figure 

5.11). 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 
(5.13) 

P= 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 0 0 0 0 0 
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In the matrix P , "0" denotes that no visual stimulation is presented, " 1" indicates that 

visual stimulation is presented. Each column of this matrix represents a sample time 

point, and each row corresponds to a different frequency. As mentioned in section 3.4.2, 

the visual stimulation experiment lasted 6min and 15sec with a scalp impedance dataset 

acquired every 25sec, and the visual stimulus was presented after the sixth sample time 

point for 75sec in each experiment. So the visual stimulus accross the experiment time 

can be represented with six '0', following three' 1 " and then six '0'. Impedance values 

under different frequency are measured simultaneously, which means the visual stimulus 

is the same for each frequency. So same values appear on each row of matrix P . 
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Figure 5.11 Task specification for the question 5_17 

After task formulation, EIT5DVis calls the appropriate algorithm included in the task 

analysis module to process the task. For question 5_17, SPM is called to address the 

target location. Details about how SPM works with EIT dataset have been presented in 

Chapter 3. For this question, the target subset is 3D, and the target-constraint ubset i 
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SD. So the target subset is adopted in the fmal visualisation. Figure 5.12 shows a 2D 

orthogonal display of the target subset, where locations activated under visual 

stimulation are presented with colour, and impedance in other parts of the brain are 

displayed in grey scale. 
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Figure 5.12 2D orthogonal display of the result for question 5_17 

After the solution of question S _17, another question may be presented subsequently: 

Question S _18: "If the region of the brain activated under visual stimulation is 

in the visual cortex?" 

This question can be treated as a comparison task. However, as we know, EIT imaging 

data contain little anatomical information. It is difficult to recognise the visual cortex 

within EIT data. Therefore, it is better to process question 5_18 in two steps instead of as 

a simple comparison task: first, question S _17 is processed as a subtask for question 

S _18, then the target subset and the EIT dataset for question 5_17 are registered to a 

MRl dataset with the scheme proposed in chapter 4, and the final visualisation combine 

the registered target subset, the registered EIT dataset, and the MRI dataset. Figure 5.13 

present a 2D orthogonal display of the target subset in the anatomical contours provided 
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by MRl dataset, where locations activated under visual stimulation are presented with 

color, and impedance in other parts of the brain are displayed in grey scale. 

10 

Figure 5.13 2D orthogonal display of the result for question 5_18 

As pointed out in section 5.3.1.3, diverse relations can potentially exist in tasks. Apart 

from the commonest same/different relation, Boolean spatial operators as used in 

Constructive Solid Geometry (CSG), such as union, intersection and difference, 

commonly appears in tasks as well. Question 5_19 is a task involving a relation in the 

form of a CSG operation. 

Question 5 19: "For two specified frequencies, supposing Ll and L2 are the 

parts of brain activated under visual stimulation under these two frequency separately, 

then how is the union and intersection result of Ll and L2 ?" 

Question 5_19 is an inverse companson task. According to section 5.3.2, inverse 

comparison tasks can be formed with "inverse lookup" subtasks and subtasks to"identify 

relations existing between two specified references". Actually, the inverse lookup 

subtasks contained in this question are similar to question 5_14. So same method can be 

adopted to deal with these "inverse lookup" subtasks for question 5_19. Figure 5.14 

visualises the result for those "inverse lookup" subtasks and question 5_ 19. 
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(a) (b) 

(c) (d) 

(e) (f) 

Figure 5.14 3D volume display ofthe result for question 5_19 

Image (a) and (b) show volume rendering of the activated regions detected under 

two specified frequencies respectively; Images (c) and (d) display the activated 

regions included in (a) and (b) simultaneously from different viewing positions; 

Image (e) and (f) present the union and intersection of the activated regions 

detected under two specified frequencies. 

5.5.3 Evaluation and Discussion 

The EIT5DVis prototype system provides various display methods to visualisation 50 

brain EIT dataset according to the users ' requirements. Users can navigate in multi-
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dimensional dataset freely. The EIT5DVis prototype system also presents some new 

ways to visualise EIT data. The major goal of EIT5DVis is to demonstrate the feasibility 

of the proposed system development methodology for multi-dimensional medical data 

rather than providing a comprehensive software tool. Naturally some analysis or display 

methods involved in other visualisation systems may not be included in the current 

version. However, given the modular structure of EIT5DVis, it is not difficult to extend 

the system and incorporate more analysis and display approaches. 

To further evaluate the EIT5DVis system, an informal interview was conducted with a 

senior researcher in the EIT imaging area, three research associates from other medical 

imaging fields, one researcher in data mining, and one from computer science. Because 

EIT has not been used routinely in clinical use, no clinical competent reviewer is 

available at this moment. The main aspects to be examined in this interview include 

completeness of the task typology model, utility of the task defmition interface, and 

general impression of the EIT5DVis system. 

One aim of the EIT5DVis system is to describe questions which people may put forward 

and address the questions properly. During the interview, an introduction to the derived 

task typology model is given. The following question was asked of the respondents both 

before and after the introduction: "if you are visualising a 5D EIT dataset, what would 

be the question that most concerned to you?". It is interesting to notice that, before the 

introduction, most respondents proposed questions belonging to direct lookup tasks, this 

happened even for the senior researcher in EIT. However, after the introduction, many 

respondents changed their responses putting more inverse searching tasks and rating 

them of higher interest. This phenomenon suggested that, given the task typology model, 

some important while not intuitive tasks can be identified by the user. When using the 

EIT5DVis system, questions asked commonly by respondents included "identify any 

disorder and abnormalities correctly", "seeing enough information at once", "showing an 

overview which will provide general information about the dataset", etc. Almost all the 
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respondents concluded that the system is able to address their question satisfied, and the 

task typology model is able to cover all the questions they can construct. 

The task specifying interface of EIT5DVis is constructed according to the derived task 

typology model. It looks different from interfaces used in common visualisation systems. 

The utility of this task defmition interface is another aspect to be examined through the 

investigation. As expected when respondents tested the system without any instruction, 

they can formulate direct searching task and control the range of reference variables 

easily, but were seldom aware other features provided by the system. After some 

introductions and demonstrations, respondents are able to defme different type of tasks 

through the interface. On the whole, most respondents graded the task definition 

interface as user-friendly, although some of them thought that the approach for 

impedance feature setting is not in a satisfactory format: although the task specification 

interface in EIT5DVis is untypical of image processing systems, it was not difficult for 

users to learn how to master it, given reasonable help information and examples. 

On the question of the most useful feature provided by the EIT5DVis system, a variety 

of feedback was given by the respondents, partially because of their different research 

backgrounds. For example, some of them think the mUltiple viewing formats and choice 

of animation dimension is quite attractive; some took the analysis function imported 

from SPM as his/her favourite; some prefer the anatomical information provided by the 

registered display; and others put the task-based subset selection to reduce the 

visualisation complexity as the best feature. 

Some useful suggestions on how to improve EIT5DVis system were also obtained 

through the interview. For example, to include more examples in the system, to provide 

some help document, to enhance the user interface, to enable the simultaneous animation 

for both sets in a comparison window, etc. 
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Combining the developer's self evaluation and analysis of the interview results, it is 

reasonable to conclude that, as a fITst trail to visualise 5D medical imaging data, 

EIT5DVis fulfils its main goal, although there are some points to be improved. 

5.6 Conclusion 

This chapter studied the last objective of this research: To derive a system development 

methodology for the visualisation of multi-dimensional medical images, and construct a 

prototype visualisation system for five-dimensional brain EIT datasets. Because of the 

specific features included in medical image data, showing subset of a dataset seems to be 

the best way among general approaches to visualise multi-dimensional medical image 

data. The most important step in subset-based visualisation is to select subsets properly. 

A task-based subset definition scheme is proposed in this chapter first. Then a task 

typology model is derived to support the task exploration for medical image data. Next, 

a task-based visualisation system development methodology is proposed. Finally, 

following the proposed methodology, a prototype visualisation system named EIT5DVis 

is developed for the 5D brain EIT data. 

,Up to now, all the three objectives of this research have been fulfilled. The next chapter 

is a summary of this work, which concludes the achievements made in this research and 

proposes some objectives for future work. 
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Chapter 6 Conclusions and Future Work 

6.1 Conclusions on Current Work 

With the development of new medical imaging technology, more accurate and complex 

information can be detected. Sequentially, datasets with multiple dimensions are needed 

to present the information. Visualisation of these multi-dimensional datasets, which is 

vital for medical research and clinical understanding, presents a big challenge for 

researchers. This is due to the use of multi-dimensional visualisation methods and 

dimension reduction methods for dataset from other fields are not suitable for medical 

image datasets. The work presented in this thesis is a new method of visualising multi

dimensional medical images datasets. The application is demonstrated using EIT images 

of the human brain function. The main contributions made in this research are: 

• A new scheme for the processing of four-dimensional temporal-spatial brain EIT 

data with SPM is proposed. (Chapter 3) 

• First demonstration of the feasibility to process brain EIT data with SPM according 

to the proposed scheme by using simulated brain EIT imaging data. (Chapter 3) 
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• First applying SPM to locate the ROl in human brain ElT data obtained under visual 

stimulation, and the experimental results proves that it is reasonable to use the 

balloon hemodynamic change model to simulate the impedance change during brain 

function activity. (Chapter 3) 

• A new landmark-based registration scheme is developed to register brain EIT images 

with standard anatomical brain data. (Chapter 4) 

• Experimental results are presented to validate the registration scheme by registering 

a brain EIT dataset with a Montreal BrainWeb MRI brain reference dataset. (Chapter 

4) 

• A novel task typology model is derived for task exploration in multi-dimensional 

medical image visualisation. (Chapter 5) 

• A new task-based system development methodology is proposed for the visualisation 

of multi-dimensional medical images. (Chapter 5) 

• A prototype visualisation system, named EIT5DVis, is developed and evaluated for 

the visualisation of five-dimensional brain EIT dataset. (Chapter 5) 

6.2 Future Work 

As a result of this research, several questions have arisen which justify further work. 

Some of them are described below. 

• Extending the statistical process to five-dimensional EIT datasets 
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Currently, the SPM based statistical process scheme has been proposed for four

dimensional spatial-temporal brain EIT images. Five-dimensional spectral-temporal

spatial EIT datasets have to be processed frequency by frequency with this scheme. 

Future work can extend this scheme to deal with 5D EIT dataset obtained under different 

frequency simultaneously (as a whole). 

• Combining theoretical generation with practical investigation for task exploration in 

EIT image visualisation 

Considering the circumstance that EIT has not been used clinically and few experts in 

EIT area is available, the derived task typology model has been used to reveal potential 

tasks for 5D EIT dataset visualisation presently. Once EIT is used clinically, more 

experts in EIT research and application area will be available; it would be desirable to 

reveal potential visualisation tasks by combining practical task investigation with 

theoretical task generation. The combined approach can prompt the refinement of task 

defmition interface; highlight important tasks in the system, etc. 

• Registering EIT imaging data with functional imaging data and visualising the multi

dimensional multi-variate medical data 

To compensate the poor spatial resolution of EIT imaging, EIT data is registered with 

anatomical imaging data in this research. That anatomical information is used in the 

visualisation step instead of the task defmition stage at present. A possible future work is 

to register EIT data and functional imaging data with high spatial resolution, for example, 

tMRI data. In this way, tMRI is not only supposed to provide a anatomical visualisation 

background, the functional information included in it is more interesting. The EIT -fMRI 

registration results a multi-dimensional multi-variate dataset. The task typology model 

can still be employed to reveal potential tasks for the visualisation of an EIT -fMRI 
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dataset. However, in that case the relations between the two variates, which does not 

exist for 5D EIT dataset, should be considered. 

• Applying the derived task typology model and visualisation system development 

methodology to other medical imaging modalities 

The derived task typology model is adopted for the visualisation of a 5D brain EIT 

dataset as a demonstration in this research. In fact, the model is proposed as a general 

model and can be applied to datasets collected with different modalities. It can be 

employed to reveal visualisation tasks for datasets with less dimension as well as high 

dimensions. For example, fMRI can be measured under different frequency, although the 

data under different frequency are not obtained simultaneously at present. If the 

researcher prefers to analyse fMRI dataset collected under different frequency as a 

whole, it can be treat as a five-dimensional dataset. Naturally, visualisation tasks for this 

5D fMRI data can be revealed in the same way as 5D EIT data by using the task 

typology model, and the task-based visualisation system development methodology can 

be utilized subsequently. 

- 192-



References 

References 

Adey, W. R., R. T. Kado, et al. (1962). "Impedance measurements in brain tissue of 

animals using microvolt singals." Experimental Neurology 5: 47-66. 

Adler, A. and W. R. B. Lionheart (2006). "Uses and abuses ofEIDORS: an extensible 

software base for EIT." Physiological measurement 27(5): S25-S42. 

Ahadzi, G. M., O. Gilad, et al. (2004). An EIT electrode proto cal for obtaining optimal 

current density in the primary visual cortex. XII international conference on 

electrical bioimpedance & V electrical impedance tomography, Gdansk, Poland. 

Alpern, B. and 1. Carter (1991). The hyperbox. Visualisation, 1991. Visualisation '91, 

Proceedings., IEEE Conference on. 

Anagnostou, K., T. 1. Atherton, et al. (2000). 4D volume rendering with the Shear Warp 

factorisation. Symposium on Volume visualisation, ACM Press. 

Anderson, T. W. and T. W. Anderson (1984). An Introduction to Multivariate Statistical 

Analysis. New York, Wiley-Interscience. 

Andrienko, N. and G. Andrienko (2006). Exploratory Analysis of Spatial and Temporal 

Data. Berlin, Heidelberg, Springer-Verlag. 

Andrienko, N., G. Andrienko, et al. (2000). Visualisation of spatio-temporal information 

in the Internet. Database and Expert Systems Applications, 2000. Proceedings. 

11 th International Workshop on. 

Andrienko, N., G. Andrienko, et al. (2003). "Exploratory spatio-temporal visualisation: 

an analytical review." Journal of Visual Languages and Computing 14(6): 503-

541. 

Arnheim, R. (1997). Visual Thinking, University of California Press, Berkeley. 

Arnholt, 1. (1997). Development of interactive tools for analysis and visualisation of 

functional MRI data sets, Mayo Foundation, Rochester, MN. 

Artzy, E., G. Frieder, et al. (1980). The theory, design, implementation and evaluation of 

a three-dimensional surface detection algorithm. International Conference on 

Computer Graphics and Interactive Techniques, ACM Press. 

Arvo,1. and K. Novins (1994). Iso-Contour volume rendering. Symposium on Volume 

Visualisation, ACM SIGGRAPH. 
Avila, R., T. He, et al. (1994). VolVis: a diversified volume visualisation system. 

Visualisation, 1994. IEEE Conference on. 

Avill, R., Y. F. Mangnall, et al. (1987). "Applied potential tomography. A new 

noninvasive technique for measuring gastric emptying." Gastroentero logy 92(4): 

1019-1026. 
Bagshaw, A. P., A. D. Liston, et al. (2003). "Electrical Impedance Tomography of 

human brain function using reconstruction algorithms based on the [mite element 

method." NeuroImage 20(2): 752-764. 
Barber, D. C. and B. H. Brown (1984). "Applied potential tomography." Journal of 

Physics E: Scientific Instruments 17: 723-733. 

- 193 -



References 

Barber, D. C. and A. D. Seagar (1987). "Fast reconstruction of resistance images." 

Clinical physics and physiological measurement 8(A): 47-54. 

Bates, L. M., D. P. Hanson, et al. (1998). Implementation of an oblique-sectioning 

visualisation tool for line-of-sight stereotactic neurosurgical navigation using the 

A VW toolkit. Proc. SPIE Medical Imaging '98, San Diego, California. 

Bayford, R. H., K. G. Boone, et al. (1996). "Improvement of the positional accuracy of 

EIT images of the head using a Lagrange multiplier reconstruction algorithm 

with diametric excitation." Physiological measurement 17: A49-A57. 

Bayford, R. H., A. Gibson, et al. (2001). "Solving the forward problem in electrical 

impedance tomography for the human head using IDEAS (integrated design 

engineering analysis software), a fmite element modelling tooL" Physiological 

measurement 22: 55-64. 
Belliveau, 1. W., D. N. Kennedy, et al. (1991). "Functional Mapping of the Human 

Visual Cortex by Magnetic Resonance Imaging." Science 254(5032): 716-719. 

Bentley, C. L. and M. O. Ward (1996). Animating multidimensional scaling to visualise 

N-dimensional data sets. Information Visualisation '96, Proceedings IEEE 

Symposium on. 
Bertin, 1. (1983). Semiology of Graphics, The University of Wisconsin Press. 

Besl, P. 1. and N. D. McKay (1992). "A method for registration of 3-D shapes." IEEE 

Trans. Pattern Anal. Mach. Intell. 14: 239-56 

Binnie, c., A. Rowan, et al. (1982). The 10-20 system. A Manual of 

Electroencephalographic Technology: 325-331. 
Blok, C. (2000). "Monitoring change: charateristics of dynamic geo-spatial phenomena 

for visual exploration." Spatial Cognition II, Lecture notes in Artificial 

Intelligence 1849: 16-30. 
Boone, K., A. M. Lewis, et al. (1994). "Imaging of cortical spreading depression by EIT: 

implications for localization of epileptic foci." Physiological measurement 15: 

A189-A198. 
Brett, M. (1999). "SPM theory introduction." from Been used by transfer. 
Briggs, N. M., N. 1. Avis, et al. (2000). "A real-time volumetric visualisation system for 

electrical impedance tomography." Physiological measurement 21(1): 27-33. 

Brinkmann, B. H., T. 1. O'Brien, et al. (1998). "Scalp-recorded EEG localization in MRI 

volume data." Brain Topography 10(4): 245-253. 
Brown, B. H. (2003). "Electrical impedance tomography (EIT): a review." Journal of 

medical engineering and technology 27(3): 97-108. 
Brown, B. H., D. C. Barber, et a1. (1994). "Cardiac and respiratory related electrical 

impedance changes in the human thorax." Biomedical Engineering, IEEE 

Transactions on 41(8): 729-734. 
Brown, B. H., R. A. Primhak, et al. (2002a). "Neonatallungs--can absolute lung 

resistivity be determined non-invasively?" Medical & biological engineering & 

computing 40(4): 388-394. 

- 194-



References 

Brown, B. H., R. A. Primhak, et al. (2002b). "Neonatal lungs: maturational changes in 

lung resistivity spectra." Medical & biological engineering & computing 40(5): 
506-511. 

Buxton, R. B., E. C. Wong, et al. (1998). "Dynamics of Blood Flow and Oxygenation 

Changes During Brain Activation: The Balloon Model." Magnetic Resonance in 
Medicine 39: 855-864. 

Canny, 1. (1983). Finding Edges and Lines in Images. AI Lab, Massachusetts Institute of 
Technology. 

Canny, 1. (1986). "A computational approach to edge detection." IEEE Transaction 

Pattern Analysis Machine Intelligence 8(6): 679--698. 

Card, S. K., 1. Mackinlay, et al. (1999). Readings in Information Visualisation: Using 
Vision to Think, Morgan Kaufmann. 

Cherepenin, V. A., A. Y. Karpov, et al. (2002). "Three-dimensional EIT imaging of 

breast tissues: system design and clinical testing." Medical Imaging, IEEE 
Transactions on 21(6): 662-667. 

Chi, E. H. (2002). "Improving Web usability through visualisation." Internet Computing, 
IEEE 6(2): 64-71. 

Chiueh, T.-C., C.-K. Yang, et al. (1997). Integrated volume compression and 

visualisation. Visualisation '97., Proceedings, IEEE. 

Ciesla, C. M., D. D. Arnone, et al. (2000). Biomedical applications ofterahertz pulse 

imaging. Commercial and Biomedical Applications of Ultrafast Lasers II, SPIE. 

Clay, M. T. and T. C. Ferree (2002). "Weighted regularization in electrical impedance 

tomography with applications to acute cerebral stroke." Medical Imaging, IEEE 

Transactions on 21(6): 629-637. 

Cleveland, W. S. (1993). Visualising Data. New Jersey, Hobart Press. 

Cline, H. E., W. E. Lorensen, et al. (1986). High-resolution Three-Dimensional 

Reconstruction of Tomograms. Proceedings ofRSNA. 

Collignon, A., F. Maes, et al. (1995). Automated multi-modality image registration 

based on information theory. Information Processing in Medical Imaging, 

Dordrecht: Kluwer Academic. 

Collins, B. M. (1993). Data visualisation - Has it all been seen before? Animation and 

Scientific Visualisation - Tools and Applications. R. A. Earnshaw and D. 

Watson, Academic Press: 3-28. 

Collins, D. L. and A. P. Zijdenbos (1998). "Design and construction of a realistic digital 

brain phantom." IEEE Tran. on Med. Imaging 17(3): 463-468. 

Course_Notes. (1997). "SPM course notes." from been used by transfer. 

Cox, R. W. (1996). "AFNI, software for analysis and visualisation of functional 

magnetic resonance neuroimages." Comput Biomed Res 29: 162-173. 

Csebfalvi, B. (2001). Interactive Volume-Rendering Techniques for Medical Data 

Visualisation. Institute of Computer Graphics and Algorithms. Vienna, Vienna 

University of Technology. 

Csebfalvi, B. (1999). Fast Volume Rotation using Binary Shear-Warp Factorization. 

Joint EUROGRAPHICS-IEEE TCVG Symposium on Visualisation 99, Vienna, 

Austria, Springer-Verlag Wien. 

- 195 -



References 

D.Silver and X. Wang (1998). "Visualising Evolving Scalar Phenomena." Journal of 

Future Generations of Computer System: Invited Paper. 

Dadzie, A. S. and A. Burger (2005). "Providing visualisation support for the analysis of 

anatomy ontology data." Bmc Bioinformatics 6: 74. 

Delibasis, K. K., G. K. Matsopoulos, et al. (1999). "Efficient Implementation of the 

Marching Cubes Algorithm for Rendering Medical Data." Lecture Notes In 

Computer Science 1593: 989 - 997. 

Dobashi, Y., V. Cingoski, et al. (1998). "A fast volume rendering method for time

varying 3-D scalar field visualisation using orthonormal wavelets." Magnetics, 

IEEE Transactions on 34(5): 3431-3434. 

Draper, N. R. and H. Smith (1981). Applied Regression Analysis. New York, John 
Wiley & Sons. 

Duffy, F. H., P. H. Bartels, et al. (1981). "Significance probability mapping: an aid in the 

topographic analysis of brain electrical activity." Electroencephalography and 

clinical neurophysiology 51(5): 455-462. 

Eddy, W. F., M. Fitzgerald, et al. (1996). Functional Imaging Analysis Software

Computational Olio. Proceedings in Computational Statistics, Heidelberg, 

Physica-Verlag. 

Espinosa, O. 1., C. Hendrickson, et al. (1999). Domain analysis: a technique to design a 

user-centered visualisation framework. Information Visualisation, 1999. (Info 

Vis '99) Proceedings. 1999 IEEE Symposium on. 

Eyuboglu, B. M., B. H. Brown, et al. (1989). "In vivo imaging of cardiac related 

impedance changes." Engineering in Medicine and Biology Magazine, IEEE 8(1): 

39-45. 

Fabrizi, L., M. Sparkes, et al. (2004). Electrical Impedance Tomography during epileptic 

seizures: preliminary clinical studies. XII international conference on electrical 

bioimpedance & V electrical impedance tomography, Gdansk, Poland. 

Faes, T. 1. c., H. R. v. Genderingen, et al. (2006). "Some reflections on the EIT 

Conference." Physiological measurement 27(5): Foreword. 

Feiner, S. K. and C. Beshers (1990a). Worlds within worlds: metaphors for exploring n

dimensional virtual worlds. Proceedings of the 3rd annual ACM SIGGRAPH 

symposium on User interface software and technology, Snowbird, Utah, United 

States, ACM Press. 

Feiner, S. K. and C. Beshers (1990b). Visualising n-dimensional virtual worlds with n

vision. Proceedings of the 1990 symposium on Interactive 3D graphics, 

Snowbird, Utah, United States, ACM Press. 

Ferreira de Oliveira, M. C. and H. Levkowitz (2003). "From visual data exploration to 

visual data mining: a survey." Visualisation and Computer Graphics, IEEE 

Transactions on 9(3): 378-394. 

Fisher, R. B., S. Perkins, et al. (1996). HIPR: Hypermedia Image Processing Reference. 

Chichester, John Wiley and Sons Ltd. 

Fishman, E. K., D. R. Ney, et al. (2006). "Volume Rendering versus Maximum Intensity 

Projection in CT Angiography: What Works Best, When, and Why." 

Radiographics 26(3): 905-922. 

- 196-



References 

FrankIe, W. G., M. Slifstein, et al. (2005). "Neuroreceptor Imaging in Psychiatry: 

Theory and Applications." International Review of Neurobiology 67: 385-440. 
Frawley, W., G. Piatetsky-Shapiro, et al. (1992). "Knowledge discovery in databases: 

An overview." AI Magazine Fall: 57--70. 

Frerichs, I. (2000). "Electrical impedance tomography (EIT) in applications related to 

lung and ventilation: a review of experimental and clinical activities." 
Physiological Measurement 21(2): RI-R21. 

Frerichs, I., M. Bodenstein, et al. (2005). "Effect of lower body negative pressure and 

gravity on regional lung ventilation determined by EIT." Physiological 
measurement 26(2): S27-S37. 

Frerichs, I., T. Dudykevych, et al. (2001). "Gravity effects on regional lung ventilation 

determined by functional EIT during parabolic flights." J Appl Physiol 91( 1): 39-
50. 

Friston, K. 1. (2002). "Statistical Parametric Mapping." from been used by transfer. 
Friston, K. 1., 1. Ashburner, et al. (1995). "Spatial registration and normalisation of 

images." Human Brain Mapping 2: 165-189. 

Friston, K. 1., C. D. Frith, et al. (1991). "Comparing functional (PET) images: the 

assessment of significant change." Journal of Cerebral Blood Flow Metabolism 
11: 690-699. 

Friston, K. 1., A. P. Holmes, et al. (1995). "Statistical Parametric Maps in Functional 

Imaging: A General Linear Approach." Human Brain Mapping 2: 189-210. 
Fuchs, H., Z. M. Kedem, et al. (1977). "Optimal surface reconstruction from planar 

contours." Source Communications of the ACM 20(10): 693 - 702. 

Geddes, L. A. and L. E. Baker (1967). "The specific resistance of biological material--a 

compendium of data for the biomedical engineer and physiologist." Medical and 

Biological Engineering 5(3): 271-293. 
Glaser, D. E., K. 1. Friston, et al. (2003). Haemodynamic modelling. Human Brain 

Function, Academic Press. 

Glenn, W. 1., R. Johnston, et al. (1975). "Image generation and display techniques for 

CT scan data. Thin transverse and reconstructed coronal and sagittal planes." 

Invest. Radiol. 10(5): 403-416. 
Goble, J. C., M. Cheney, et al. (1992). "Electrical Impedance Tomography in Three 

Dimensions." Applied Computational Electromagnetics Soc. 1. 7: 128-147. 

Gold, S., B. Christian, et al. (1998). "Functional MRI Statistical Software Packages: a 

comparative analysis." Human Brain Mapping 6(73-84). 
Gratta, C. D., V. Pizzella, et al. (2001). "Magneto encephalography - a noninvasive brain 

imaging method with 1 ms time resolution." Reports on Progress in Physics 

64(12): 1759-1814. 
Gross, M. H., L. Lippert, et al. (1997). "Two Methods for Wavelet-Based Volume 

Rendering." Computers & Graphics 21(2): 237-252. 
Gross, M. H., L. Lippert, et al. (1995). "A New Method to Approximate the Volume 

Rendering Equation Using Wavelets and Piecewise Polynomials." Computers & 

Graphics 19(1). 

- 197 -



References 

Gross, M. H., T. C. Sprenger, et al. (1997). Visualising information on a sphere. 

Information Visualisation, 1997. Proceedings., IEEE Symposium on. 

Haeberli, P. and M. Segal (1993). Texture Mapping as a Fundamental Drawing Primitive. 

Proc. 4th Eurographics Workshop on Rendering, Paris, France. 

Hahn, G., A. Just, et al. (2006). "Imaging pathologic pulmonary air and fluid 

accumulation by functional and absolute EIT." Physiological Measurement 27(5): 
SI87-S198. 

Henderson, R. P. and 1. G. Webster (1978). "An impedance camera for spatially specific 

measurements of the thorax." IEEE Transactions on Biomedical Engineering 
25(3): 250-254. 

Hill, D. L. G., P. G. Batchelor, et al. (2001). "Medical image registration." Physics in 
medicine & biology 46: RI-R45. 

Holder, D. S. (1992a). "Detection of cerebral ischaemia in the anaesthetised rat by 

impedance measurement with scalp electrodes: implications for non-invasive 

imaging of stroke by electrical impedance tomography." Clinical physics and 

physiological measurement 13(1): 63-76. 

Holder, D. S. (1992b). "Detection of cortical spreading depression in the anaesthetised 

rat by impedance measurement with scalp electrodes: implications for non

invasive imaging of the brain with electrical impedance tomography." Clinical 

physics and physiological measurement 13(1): 77-86. 

Holder, D. S. (2005). Electrical Impedance Tomography: methods, history and 

applications, Institute of Physics Publishing. 

Holder, D. S., A. Rao, et al. (1996). "Imaging of physiologically evoked responses by 

electrical impedance tomography with cortical electrodes in the anaesthetized 

rabbit." Physiological measurement 17(4): AI79-AI86. 

Hong, K. and P. Freeny (1999). "Pancreaticoduodenal arcades and dorsal pancreatic 

artery: comparison ofCT angiography with three-dimensional volume rendering, 

maximum intensity projection, and shaded-surface display." Am. 1. Roentgenol. 

172(4): 925-931. 

Horbelt, S., M. Unser, et al. (1999). Wavelet Projections for Volume Rendering. 

Twentieth Annual Conference of the European Association for Computer 

Graphics (EUROGRAPHICS'99), Milano, Italy. 

Horesh, L., R. H. Bayford, et al. (2004). BEYOND THE LINEAR DOMAIN - THE 

WAY FOR WARD IN MFEIT IMAGE RECONSTRUCTION OF THE 

HUMAN HEAD. XII International Conference on Electrical Bio-Impedance & V 

Electrical Impedance Tomography, Gdansk, Poland. 

Hu, B. B. and M. C. Nuss (1995). "Imaging with Terahertz Waves." Optical Letters 

20(16): 1716-1718. 

Huang, J., K. Mueller, et al. (2000). FastSplats: optimized splatting on rectilinear grids. 

Visualisation 2000. Proceedings. 

Huppertz, H. 1., M. Otte, et al. (1998). "Estimation of the accuracy of a surface matching 

technique for registration of EEG and MRI data." Electroencephalography and 

Clinical Neurophysiology 106(5): 409-415. 

- 198 -



References 

Inselberg, A. and B. Dimsdale (1987). Parallel coordinates for visualising multi

dimensional geometry. CG International '87 on Computer graphics 1987, 
Karuizawa, Japan, Springer-Verlag. 

Inselberg, A. and B. Dimsdale (1990). Parallel coordinates: a tool for visualising multi

dimensional geometry. Visualisation, 1990. Visualisation '90., Proceedings ofthe 
First IEEE Conference on. 

Inselberg, A., M. Reif, et al. (1987). "Convexity algorithms in parallel coordinates." 

Journal of the ACM (JACM) 34(4): 765 - 801. 

Isaacson, D., 1. L. Mueller, et al. (2006). "Imaging cardiac activity by the D-bar method 

for electrical impedance tomography." Physiological measurement 27(5): S43-
S50. 

!toh, T. and K. Koyamada (1994). Isosurface generation by using extrema graphs. 

Visualisation, 1994., Visualisation '94, Proceedings., IEEE Conference on. 

Jain, H., D. Isaacson, et al. (1997). "Electrical Impedance Tomography of complex 

conductivity distributions within noncircular bounbdary." IEEE Trans. Biomed. 

Eng 44(12): 1051-1060. 

Jiang, D. and 1. P. Singh (1997). Improving parallel shear-warp volume rendering on 

shared address space multiprocessors. Proceedings of the sixth ACM SIGPLAN 

symposium on Principles and practice of parallel programming, Las Vegas, 

Nevada, United States, ACM Press. 

Joines, W. T., Y. Zhang, et al. (1994). "The measured electrical properties of normal and 

malignant human tissues from 50 to 900 MHz." Medical Physics 21(4): 547-550. 

Kanitsar, A., D. Fleischmann, et al. (2002). CPR - Curved Planar Reformation. IEEE 

Visualisation 2002. 
Kaufman, A. E. (2000). Volume visualisation in medicine. Handbook of Medical 

Imaging: Processing and Analysis. I. N. Bankman. San Diego, CA, Academic 

Press. Chapter 43: 713-730. 
Kerner, T. E., K. D. Paulsen, et al. (2002). "Electrical impedance spectroscopy of the 

breast: clinical imaging results in 26 subjects." Medical Imaging, IEEE 

Transactions on 21(6): 638-645. 
Kohonen, T. (1990). "The self-organizing map." Proceedings of the IEEE 78(9): 1464-

1480. 
Kohonen, T., E. Oja, et al. (1996). "Engineering applications of the self-organizing 

map." Proceedings of the IEEE 84(10): 1358-1384. 
Koussoulakou, A. and M. 1. Kraak (1992). "Spatial-temporal maps and cartographic 

communication." The cartographic journal 29: 101-108. 
Kraak, M.-J. (1999). Visualising spatial distribution. Geographical Information Systems. 

P. Longley, M. Goodchild, D. Maguire and D. Rhind. New York, JohnWiley and 

Sons. 1: 157-73. 
Kraemer, E. and J. T. Stasko (1993). "The Visualisation of Parallel Systems - an 

Overview." Journal of Parallel and Distributed Computing 18(2): 105-117. 

Kreeger, K., I. Bitter, et al. (1998). Adaptive perspective ray casting. Volume 

Visualisation, 1998. IEEE Symposium on. 

- 199 -



Kruskal, 1. B. and M. Wish (1978). Multidimensional Scaling. London, Sage 
Publications, Inc. 

References 

Kuszyk, B. S., D. G. Heath, et al. (1996). "Skeletal 3-D CT: advantages of volume 

rendering over surface rendering." Skeletal Radiology 25(3): 207 - 214. 

Lacroute, P. (1996). "Analysis ofa parallel volume rendering system based on the shear

warp factorization." Visualisation and Computer Graphics, IEEE Transactions on 
2(3): 218-231. 

Lacroute, P. and M. Levoy (1994). Fast Volume Rendering Using a Shear-Warp 

Factorization of the Viewing Transformation. Proc. SIGGRAPH '94, Orlando, 
Florida. 

Lamm, c., C. Windischberger, et al. (2001). "Co-registration ofEEG and MRI data 

using matching of spline interpolated and MRI-segmented reconstructions of the 
scalp surface." Brain Topography 14(2): 93-100. 

Laramee, R. S., D. Weiskopf, et al. (2004). Investigating swirl and tumble flow with a 

comparison of visualisation techniques. IEEE Visualisation 2004, Austin, Texas, 
USA. 

Laur, D. and P. Hanrahan (1991). Hierarchical splatting: a progressive refmement 

algorithm for volume rendering. Proceedings of the 18th annual conference on 

Computer graphics and interactive techniques, ACM Press. 

Law, A. and R. Yagel (1996). An Optimal Ray Traversal Scheme for Visualising 

Colossal Medical Volumes. Proceedings of Visualisation in Biomedical 
Computing, Hamburg, Germany. 

LeBlanc, 1., M. O. Ward, et al. (1990). Exploring N-dimensional databases. 

Visualisation, 1990. Visualisation '90., Proceedings of the First IEEE Conference 

on. 

Levin, D. N., C. A. Pelizzari, et al. (1988). "Retrospective geometric correlation ofMR, 

CT, and PET images." Radiology 169: 817-23. 

Levoy, M. (1992). Volume Rendering using the Fourier Projection-Slice Theorem. Proc. 

Graphics Interface '92, Vancouver, British Columbia, Canadian Information 

Processing Society. 

Li,1. and P. Agathoklis (1998). "An efficiency enhanced isosurface generation algorithm 

for volume visualisation." The Visual Computer 13(9 - 10): 391-400. 

Lionheart, W. R. B. (2004). "EIT reconstruction algorithms: pitfalls, challenges and 

recent developments." Physiological measurement 25(1): 125-142. 

Liston, A. D. (2004). Modles and image reconstruction in Electrical Impedance 

Tomography of human brain function. London, Middlesex University. 

Liston, A. D., R. H. Bayford, et al. (2004). "The effect oflayers in imaging brain 

function using electrical impedance tomography." Physiological measurement 

25(1): 143-158. 
Livnat, Y., H.-W. Shen, et al. (1996). "A near optimal isosurface extraction algorithm 

using the span space." Visualisation and Computer Graphics, IEEE Transactions 

on 2(1): 73-84. 
Lorensen, W. E. and H. E. Cline (1987). "Marching cubes: A high resolution 3D surface 

construction algorithm." Computer Graphics 21(4): 163-169. 

- 200-



Referenc~s 

Ma, K.-L., D. Smith, et al. (1998). Efficient Encoding and Rendering of Time-Varying 

Volume Data, ICASE Report No. 98-22 (NAS/CR-1998-208424). 

Mackinlay,1. (1986). "Automating the design of graphical presentations of relational 

information." ACM Transactions on Graphics (TOG) 5(2): 110 - 141. 

Maes, F., A. Collignon, et al. (1997). "Multimodality image registration by 

maximization of mutual information." IEEE Trans. Med. Imaging 16: 187-98. 

Maintz,1. B. A. and M. A. Viergever (1998). "A Survey of Medical Image 

Registration." Medical Imaging Analysis 2(1): 1-36. 

Malmivuo, J. and R. Plonsey (1995). Bioelectromagnetism. New Tork, Oxford 
University Press. 

Malzbender, T. (1993). "Fourier volume rendering." ACM Transactions on Graphics 

(TOG) 12(3): 233-250. 

Mangnall, Y. F., C. Barnish, et al. (1988). "Comparison of applied potential tomography 

and impedance epigastrography as methods of measuring gastric emptying." 

Clinical physics and physiological measurement 9: 249-254. 

Mattson,1. and M. Simon (1996). The Pioneers ofNMR and Magnetic Resonance in 

Medicine: The Story ofMRI. Jericho & New York, Bar-Han University Press. 

Matveyev, S. V. (1994). Approximation of isosurface in the Marching Cube: ambiguity 

problem. Visualisation, 1994., Visualisation '94, Proceedings., IEEE Conference 

on. 

Metherall, P., D. C. Barber, et al. (1996). "Three-dimensional electrical impedance 

tomography." Nature 380(6574): 509-512. 

Meyers, D. (1994). Reconstruction of Surfaces From Planar Contours. PhD thesis, 

University of Washington. 

Meyers, D., S. Skinner, et al. (1992). "Surfaces from contours." ACM Transactions on 

Graphics (TOG) 11(3): 228-258. 
Mihalisin, T., E. Gawlinski, et al. (1990). Visualising a scalar field on an N-dimensional 

lattice. Visualisation, 1990. Visualisation '90., Proceedings of the First IEEE 

Conference on. 
Mihalisin, T., 1. Timlin, et al. (1991a). "Visualising multivariate functions, data, and 

distributions." Computer Graphics and Applications, IEEE 11(3): 28-35. 

Mihalisin, T., 1. Timlin, et al. (1991 b). Visualisation and analysis of multi-variate data: a 

technique for all fields. Visualisation, 1991. Visualisation '91, Proceedings., 

IEEE Conference on. 
Montani, c., R. Scateni, et al. (1994a). Discretized Marching Cubes. Visualisation, 

1994., Visualisation '94, Proceedings., IEEE Conference on. 

Montani, c., R. Scateni, et al. (1994b). "A modified look-up table for implicit 

disambiguation of Marching Cubes." The Visual Computer 10(6): 353-355. 

Morton, W. 1. and E. W. Hammer (1896). The X-ray; Or, Photography of the Invisible 

and Its Value in Surgery, American Technical Book Co. 

Mueller, K., T. Moller, et al. (1999). Splatting without the blur. Visualisation '99. 

Proceedings. 
Mueller, K., T. Moller, et al. (1998). "Splatting errors and antialiasing." Visualisation 

and Computer Graphics, IEEE Transactions on 4(2): 178-191. 

- 201 -



References 

Mueller, K. and R. Yagel (1996). Fast perspective volume rendering with splatting by 

utilizing a ray-driven approach. Visualisation '96. Proceedings. 

Muraki, S. (1993). "Volume data and wavelet transforms." Computer Graphics and 
Applications, IEEE 13(4): 50-56. 

Nakakoji, K., A. Takashima, et al. (2001). Cognitive effects of animated visualisation in 

exploratory visual data analysis. Information Visualisation, 2001. Proceedings. 
Fifth International Conference on. 

Nielsen, F. A. and L. K. Hansen (2000). Experiences with matlab and vrml in functional 

neuroimaging visualisations. Visualisation development -environments 2000 
proceedings. 

Nielson, G. M. and B. Hamann (1991). The asymptotic decider: resolving the ambiguity 

in marching cubes. Visualisation, 1991. Visualisation '91, Proceedings., IEEE 
Conference on. 

Ning, P. and L. Hesselink (1992). Vector quantization for volume rendering. 

Proceedings of the 1992 workshop on Volume visualisation, Boston, 
Massachusetts, United States, ACM Press. 

Ning, P. and L. Hesselink (1993). Fast volume rendering of compressed data. 

Visualisation, 1993. Visualisation '93, Proceedings., IEEE Conference on. 

Nour, S., Y. Mangnall, et al. (1993). "Measurement of gastric emptying in infants with 

pyloric stenosis using applied potential tomography." Arch Dis Child 68(4): 484-
486. 

Odenstedt, H., S. Lindgren, et al. (2005). "Slow moderate pressure recruitment 

maneuver minimizes negative circulatory and lung mechanic side effects: 

evaluation of recruitment maneuvers using electric impedance tomography." 

Intensive Care Medicine 31(12): 1706-1714. 

Ogata, M., T. Ohkami, et al. (1998). A real-time volume rendering architecture using an 

adaptive resampling scheme for parallel and perspective projections. Volume 

Visualisation, 1998. IEEE Symposium on. 

Orchard, 1. and T. Moller (2001). Accelerated splatting using a 3D adjacency data 

structure. Graphics interface 2001, Ottawa, Ontario, Canada, Canadian 

Information Processing Society. 

Pelizzari, C. A., G. T. Y. Chen, et al. (1989). "Accurate three-dimensional registration of 

CT, PET, and/or MR images of the brain." 1. Comput. Assist. Tomogr. 1320-6. 
Peuquet, D. 1. (1994). It's about time: a conceptual framework for the representation of 

temporal dynamics in Geographic Information Systems. Annals fo the 

associstion of american geographers, Blackwell Publishers. 

Plonsey, R. (1969). Bioelectric Phenomena. New York, McGraw-Hill. 

Plonsey, R. (1984). "Quantitative formulations of electrophysiological sources of 

potential fields in volume conductors." IEEE Transactions on Biomedical 

Engineering 31(12): 868-872. 

Poline, 1. B., K. J. Friston, et al. (1995). "Estimating Smoothness in Statistical 

Parametric Maps: Confidence Intervals on p-Values." Journal of Computer 

Assisted Tomography 19(5): 788-796. 

- 202-



References 

Polydorides, N. and W. R. B. Lionheart (2002). "A Matlab toolkit for three-dimensional 

electrical impedance tomography: a contribution to the Electrical Impedance and 

Diffuse Optical Reconstruction Software project." Measurement Science and 
Technology 13(12): 1871-1883. 

Prewitt, 1. M. (1970). Object Enhancement and Extraction. Picture Processing and 

Psychopictorics. B. Lipkin and A. Rosenfeld. New York, Academic Press: 75-
149. 

Price, B. A., R. M. Baecker, et al. (1993). "A Principled Taxonomy of Software 

Visualisation." Journal of Visual Languages and Computing 4(3): 211-266. 

Pulletz, S., H. R. v. Genderingen, et al. (2006). "Comparison of different methods to 

defme regions of interest for evaluation of regional lung ventilation by EIT." 

Physiological measurement 27(5): SI15-S127. 

Qian, L., M. Wachowicz, et al. (1997). Delineating operations for visualisation and 

analysis of space-time data in GIS. GIS/LIS'97 conference. 

Rabbani, K., M. Hassan, et al. (1996). "3D object localization using EIT measurements 

at two leveL" Physiological measurement 17(3): 189-199. 

Ramachandran, P. (2003). Scientific data visualisation with MayaVi. SciPy'03, CalTech. 

Ranck, 1. B. (1963). "Specific impedance of rabbit cerebral cortex." Exp. Neurol. 7: 
144-152. 

Rao, A., A. Gibson, et al. (1997). "EIT images of electrically-induced epileptic activity 

in anaesthetized rabbits." Medicine biological Engineers Computing 35: A327-
A329. 

Ravelli, A. M. and P. 1. Milla (1994). "Detection of gastroesophageal reflux by electrical 

impedance tomography." Journal of Pediatric Gastroenterology and Nutrition 

18(2): 205-213. 

Rhodes, M., W. Glenn, et al. (1980). "Extracting Oblique Planes from Serial CT 

Sections." Journal of Computer Assisted Tomography 4(5): 649-657. 

Richard, F., K. 1. Friston, et al. (1997). Human Brain Function. California USA, 

Academic Press. 

Robb, R. A. (1999). "3-D visualisation in biomedical applications." Annu. Rev. Biomed. 

Eng. 01: 377-399. 

Robb, R. A. (2000). Biomedical Imaging, Visualisation, and Analysis, Wiley-Liss. 

Roberts, 1. C. (2004A). Exploratory visualisation with multiple linked views. Exploring 

Geovisualisation, Amsterdam, Elseviers. 

Roberts, L. G. (1965). Machine perception of three-dimensional solids. Optical and 

electrooptical information processing. 1. T. Tippett. Cambridge, MIT Press: 125-

143. 

Robertson, P. K. (1991). "A methodology for choosing data representations." Computer 

Graphics and Applications, IEEE 11(3): 56-67. 

Rush, S. and D. A. Driscoll (1969). "EEG electrode sensitivity--an application of 

reciprocity." IEEE Transactions on Biomedical Engineering 16(1): 15-22. 

Sakas, G., M. Grimm, et al. (1995). Optimized Maximum Intensity Projection (MIP). 

Proceedings 6th Eurographics Workshop on Rendering, Springer-Verlag. 

- 203 -



Santos, S. R d. and K. W. Brodlie (2002). Visualising and investigating 

multidimensional functions. Proceedings of the symposium on Data 

Visualisation 2002, Barcelona, Spain, Eurographics Association. 

References 

Sato, Y., N. Shiraga, et al. (1998). "LMIP: Local Maximum Intensity Projection." 
Journal of Computer Assisted Tomography 22(6). 

Saulnier, G. 1., R S. Blue, et al. (2001). "Electrical impedance tomography." Signal 
Processing Magazine, IEEE 18(6): 31-43. 

Schroeder, W. 1., L. S. Avila, et al. (2000). "Visualising with VTK: a tutorial." IEEE 
Computer Graphics and Applications 20(5): 20-27. 

Schulze,1. P. and U. Lang (2002). The parallelization of the perspective shear-warp 

volume rendering algorithm. Proceedings of the Fourth Eurographics Workshop 

on Parallel Graphics and Visualisation, Blaubeuren, Germany, Eurographics 
Association. 

Seagar, A. D., D. C. Barber, et al. (1987). "Theoretical limits to sensitivity and 
resolution in impedance imaging." Clinical physics and physiological 
measurement 8(Suppl. A): 13-31. 

Shahidi, R, B. Lorensen, et al. (1996). Surface Rendering Versus Volume Rendering In 

Medical Imaging: Techniques And Applications. Visualisation '96. Proceedings. 
Shannon, C. E. (1948). "The mathematical theory of communication (parts 1 and 2)." 

Bell Syst. Tech. 1. 27: 379-423, 623-56. 

Shantz, M. (1981). "Surface defmition for branching, contour-defined objects." ACM 

SIGGRAPH Computer Graphics 15(2): 242 - 270. 

Shekhar, R., E. Fayyad, et al. (1996). Octree-based decimation of marching cubes 
surfaces. Visualisation '96. Proceedings. 

Shen, H.-W. and C. R Johnson (1994). Differential volume rendering: a fast volume 

visualisation technique for flow animation. Visualisation, 1994., Visualisation 
'94, Proceedings., IEEE Conference on. 

Shneiderman, B. (1996). The eyes have it: a task by data type taxonomy for information 

visualisations. Visual Languages, 1996. Proceedings., IEEE Symposium on. 

Singh, K. D., I. E. Holliday, et al. (1997). "Evaluation ofMRI-MEG/EEG co-registration 

strategies using Monte Carlo simulation." Electroencephalography and Clinical 

Neurophysiology 102(2): 81-85. 
Skudlarski, P., C. Lacadie, et al. (1995). fMRI Manual. Unpublished, New Haven: Yale 

University. 
Smallwood, R. H., A. R. Hampshire, et al. (1999). "A comparison of neonatal and adult 

lung impedances derived from EIT images." Physiological measurement 20(4): 

401-413. 
Smith, L. I. (2002). "A tutorial on Principal Components Analysis." Retrieved July, 

2006, from 
file:1 IE :%5CB iblio graphy<'105 C2006%5CAdd%20by%20citing%5CA %20tutorial 

%200n%20Principal%20Components%20Analysis.pdf. 

Sobel, I. E. (1970). Camera models and machine perception. Electrical Engineering 

Department, Stanford University. 

- 204-



References 

Solaiyappan, M. (2000). Visualisation pathways in biomedicine. Handbook of medical 

imaging: processing and analysis. 1. N. Bankman. New York, London, Academic 
Press: 659-684. 

Somersalo, E., M. Cheney, et al. (1992). "Existence and uniqueness for electrode models 

for electric current computed tomography." SIAM Journal on Applied 

Mathematics 52(4): 1023-1040. 

Soni, N. K., A. Hartov, et al. (2004). "Multi-frequency electrical impedance tomography 

of the breast: new clinical results." Physiological measurement 25(1): 301-314. 

Soyer, P., D. Heath, et al. (1996). "Three-Dimensional Helical CT ofIntrahepatic 

Venous Structures: Comparison of Three Rendering Techniques." Journal of 

Computer Assisted Tomography 20(1): 122-127. 

Spence, R. (2001). Information visualisation, ACM press. 

Sprenger, T. c., R. Brunella, et al. (2000). A Hierarchical Visual Clustering Method 

Using Implicit Surfaces. Zurich, Switzerland, Computer Science Dept., ETH 
Zurich. 

Springmeyer, R. R., M. M. Blattner, et al. (1992). A characterization of the scientific 

data analysis process. Visualisation, 1992. Visualisation '92, Proceedings., IEEE 

Conference on. 

Sramek, M. and A. Kaufman (2000). "Fast ray-tracing of rectilinear volume data using 

distance transforms." Visualisation and Computer Graphics, IEEE Transactions 

on 6(3): 236-252. 

Stefan, H., G. Scheler, et al. (2004). "Magnetoencephalography (MEG) predicts focal 

epileptogenicity in cavernomas." Journal of Neurology Neurosurgery and 

Psychiatry 75(9): 1309-1313. 

Strupp, J. P. (1996). "Stimulate: A GUI based fMRI analysis software package." 

Neuroimage 3: 607. 
Swan, J. E., II, K. Mueller, et al. (1997). An anti-aliasing technique for splatting. 

Visualisation '97., Proceedings. 

The MathWorks Inc. (2002). "MATLAB Release 13: Help documents." 

Tian, 1., S. Bao, et al. (2003). Medical Image Process and Analysis. Beijing, Publishing 

House of Electromics Industry. 
Tidswell, A. T., A. Gibson, et al. (2001a). "Electrical impedance tomography of human 

brain activity with a two-dimensional ring of scalp electrodes." Physiological 

measurement 22(1): 167-175. 
Tidswell, T., A. Gibson, et al. (200 1 b). "Three-Dimensional Electrical Impedance 

Tomography of Human Brain Activity." NeuroImage 13(2): 283-294. 

Tietjen, c., T. Isenberg, et al. (2005). Combining Silhouettes, Surface,and Volume 

Rendering for Surgery Education and Planning. IEEE/Eurographics Symposium 

on Visualisation (Euro Vis). 
Toma, K., T. Matsuoka, et al. (2002). "Generators of movement-related cortical 

potentials: tMRI-constrained EEG dipole source analysis." Neuroimage 17(1): 

161-173. 
Tory, M., N. Rober, et al. (2001). 4D space-time techniques: a medical imaging case 

study. Visualisation, 2001. VIS '01. Proceedings. 

- 205 -



References 

Totsuka, T. and M. Levoy (1993). "Frequency Domain Volume Rendering." Computer 

Graphics (Proceedings SIGGRAPH '93),: 271-278. 

Tukey,1. W. (1977). Exploratory Data Analysis., Addison-Wesley. 

Tuy, H. K. and L. T. Tuy (1984). "Direct 2-D Display of 3-D Objects." IEEE Computer 

Graphics and Applications 4(10): 29--33. 

Udupa, 1. K. (1982). Interactive segmentation and boundary surface formation for 3D 

digital images. Computer Graphics and Image Processing. 

Udupa, 1. K. and D. Odhner (1993). "Shell rendering." Computer Graphics and 

Applications, IEEE 13(6): 58-67. 

van Genderingen, H. R. and 1. P. A. Verbunt (2005). EITviewer: towards a clinical 

visualisation tool for thoracic EIT. 6th conference on biomedical applications of 

electrical impedance tomography, London. 

van Ooijen, P. M. A., R. 1. M. van Geuns, et al. (2003). "Noninvasive Coronary Imaging 

Using Electron Beam CT: Surface Rendering Versus Volume Rendering." Am. 1. 

Roentgenol. 180(1): 223-226. 

van Wijk, 1. 1. and R. van Liere (1993). HyperSlice. Visualisation, 1993. Visualisation 

'93, Proceedings., IEEE Conference on. 

Vauhkonen, P. 1., M. Vauhkonen, et al. (1999). "Three-dimensional electrical impedance 

tomography based on the complete electrode model." Biomedical Engineering, 

IEEE Transactions on 46(9): 1150-1160. 

Veltman, D. and C. Hutton. (2001). "SPM 99 User Manual." from been used by transfer. 

Victorino, 1. A., 1. B. Borges, et al. (2004). "Imbalances in Regional Lung Ventilation: A 

Validation Study on Electrical Impedance Tomography." Am. 1. Respir. Crit. 

Care Med. 169(7): 791-800. 

Viola, P. A. (1995). Alignment by maximization of mutual information, Massachusetts 

Institute of Technology. 
Wan, M., A. Kaufman, et al. (1999). High performance presence-accelerated ray casting. 

Visualisation '99. Proceedings. 
Ward, M. O. (2002). "A taxonomy of glyph placement strategies for multidimensional 

data visualisation." Information Visualisation 1(3-4): 194 - 210. 

Wehrend, S. and C. Lewis (1990). A problem-oriented classification of visualisation 

techniques. Visualisation, 1990. Visualisation '90., Proceedings of the First IEEE 

Conference on. 
Weibel, R. and B. P. Buttenfield (1992). "Improvement of GIS graphics for analysis and 

decision-making." International Journal of Geographical Information Systems 

6(3): 223-245. 
Wells, W. M. 1., P. Viola, et al. (1996). "Multi-modal volume registration by 

maximization of mutual information." Med. Image Anal. 1: 35-5l. 

Westermann, R. (1994). A multiresolution framework for volume rendering. Symposium 

on Volume Visualisation. 
Westover, L. (1989). Interactive volume rendering. Proceedings of the 1989 Chapel Hill 

workshop on Volume visualisation, Chapel Hill, Noth Carolina. United States, 

ACM Press. 

- 206-



References 

Westover, L. (1990). "Footprint Evaluation for Volume Rendering." Computer Graphics, 
Proceedings ofSIGGRAPH 90: 367--376. 

Wilhelms, A. 1. and A. V. Gelder (1992). "Octrees for faster isosurface generation." 
ACM Transactions on Graphics (TOG) 11(3): 201 - 227. 

Wilkinson, L. (1999). The grammar of graphics. New York, Springer Verlag. 

Wilson, A. J., P. Milnes, et al. (2001). "Mk3.5: a modular, multi-frequency successor to 

the Mk3a EIS/EIT system." Physiological measurement 22(1): 49-55. 

Wong, P. C. and A. R D. Bergeron (1997). 30 Years of Multidimensional Multivariate 
Visualisation. Scientific Visualisation, Overviews, Methodologies, and 
Techniques, IEEE Computer Society. 

Wong, P. C. and R D. Bergeron (1997). Multivariate visualisation using metric scaling. 
Visualisation '97., Proceedings. 

Woods, R P., 1. C. Mazziotta, et al. (1993). " MRl-PET registration with automated 
algorithm." 1. Comput. Assist. Tomogr. 17 536-46. 

Yagel, R, D. Cohen, et al. (1992). "Discrete ray tracing." Computer Graphics and 
Applications, IEEE 12(5): 19-28. 

Yagel, R. and A. Kaufman (1992). Template-based volume viewing. Computer Graphics 
Forum, Proceedings Eurographics. 

Yagel, R. and Z. Shi (1993). Accelerating volume animation by space-leaping. 

Visualisation, 1993. Visualisation '93, Proceedings., IEEE Conference on. 

Yang, C.-k. (2000). Integration of Volume Compression and Visualisation: A Survey, 

Computer Science Department, State University of New York at Stony Brook. 

Yerworth, R J., R. H. Bayford, et al. (2003). "Electrical impedance tomography 

spectroscopy (EITS) for human head imaging." Physiological measurement 24(2): 
477-489. 

Yerworth, R 1., R. H. Bayford, et al. (2002). "Design and performance of the UCLH 
Mark 1 b 64 channel electrical impedance tomography (EIT) system, optimized 

for imaging brain function." Physiological measurement 23: 149-158. 
Yerworth, R 1., L. Horesh, et al. (2004). ROBUSTNESS OF LINEAR AND 

NONLINEAR RECONSTRUCTIONS ALGORlTHMS FOR BRAIN EITS Non

linear is it worth the effort? XII International Conference on Electrical Bio

Impedance & V Electrical Impedance Tomography, Gdansk, Poland. 

Yu, H., E.-C. Chang, et al. (2004). Fast Rendering of Foveated Volume in the Wavelet 

Domain. Visualisation, 2004. IEEE. 

Yu, H., E.-C. Chang, et al. (2005). Fast Rendering of Foveated Volumes in Wavelet

based Representation. 13th Pacific Conference on Computer Graphics and 

App lications. 
Zhang, 1. (1996). "A representational analysis of relational information displays." 

International Journal of Human-Computer Studies 45(1): 59-74. 

Zhang, X. -C. (1997). Generation and detection of pulsed microwave signals by THz 

optoelectronics. Microwave and Optoelectronics Conference, 1997. 'Linking to 

the Next Century'. Proceedings., 1997 SBMO/IEEE MTT-S International. 

- 207 -



References 

Zhou, M. X. and S. K. Feiner (1998). Visual task characterization for automated visual 

discourse synthesis. Proceedings of the SIGCHI conference on Human factors in 
computing systems, Los Angeles, California, United States, ACM Press. 

Zitova, B. and 1. Flusser (2003). "image registration methods: a survey." Image and 

Vision computing 21: 977-1000. 

- 208-



Appendix 

Appendix A 

Data 

Visualisation Tasks for 50 Brain EIT 

In section 5.3.3, a task typology has been established for 5D EIT data, and general task 

formulae in subtasks style have been proposed for each task type. This appendix section 

is to explore potential visualisation tasks according to the typology. In order to save 

space, only questions at searching level G (synoptic location, synoptic time, and 

elementary frequency) and H (synoptic location, synoptic time, and synoptic frequency) 

are listed in table A.I. These two levels contain the most complex task types for a 5D 

brain EIT dataset. As mentioned in section 5.3.1, this research will focus on binary 

relations between same references or attribute. And only same/different relation will be 

discussed at this stage. 

Symbols used in table A.I: 

f : elementary frequency, which corresponds to a particular frequency value. 

L: synoptic location, which can be a 2D or 3D location area. 

T: synoptic time, which is a time interval defmed by a start time point and end 

time point. 

F: synoptic frequency, which corresponds to a range between a lower frequency 

value and a higher frequency value. 

P: synoptic impedance, which means a impedance change pattern over a time 

interval, and/or a frequency range, and/or a location area. 

R f : same/different relation between two elementary frequency. 

R
L

: same/different relation between two synoptic location. 

R
r

: same/different relation between two synoptic time interval. 

R
F

: same/different relation between two synoptic frequency range. 

Rp: same/different relation between two synoptic impedance change pattern. 
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Level 

level G: 

Synoptic 
location, 

Synoptic 
time, 

Elementary 
frequency 

Appendix 

Table A.1: Visualisation tasks for 5D brain EIT data 

Searching 
Mode 

Lookup 

Searching 
Direction Tasks 

Direct General formula: 

Inverse 

7 P: (L,T,/) 

Concrete question: 

In a given location area L, during a given time interval 
T and under a gIVen frequency / , fmd out the 
corresponding impedance change pattern? 

General formula: 

7(L,T,/): P 

Concrete question: 

For a given impedance change pattern P, during which 
time interval, under which frequency , and in which 
location area was it attained? 

In a given location area L, under which frequency and 
during which time interval was a given impedance change 
pattern P attained? 

During a given time interval T , in which location area 
and under which frequency was a given impedance change 
pattern P attained? 

Under a given frequency f , in which location area and 

during which time interval was a given impedance change 
pattern P attained? 

In a given location area L and during a given time 
interval T , under which frequency was a given impedance 
change pattern P attained? 

In a given location area L and under a given frequency 
/ , during which time interval was a given impedance 

change pattern P attained? 
During a given time point T and under a gIVen 

frequency / , m which location area was a gIven 

impedance change pattern P attained? 

Comparison Direct General formula: 

7 ~ : (Li' 1',. ,1;) 

7 P2 : (L2,T2'/2) 

?Rp :(~,P2) 

Concrete question: 
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Inverse 

Appendix 

In a given location area L, during a given time interval 
T and under a given frequency / , what is the relation 

between the corresponding impedance change pattern P 
and a given pattern PI ? 

During a given time interval T and under a given 
frequency /, for different location areas LI and L2, what 

is the relation between their corresponding impedance 
change patterns? 

In a given location area L and under a given frequency 
/ , for different time interval TI and T2, what is the 

relation between their corresponding impedance change 
patterns? 

In a given location area L and during a given time 
interval T, for different frequency /1 and /2, what is the 

relation between their corresponding impedance change 
patterns? 

In a given location area L, for different time interval 
and frequency combinations (TI, /1) and (T2, /2), what 

IS the relation between their corresponding impedance 
change patterns? 

During a given time interval T , for different location 
area and frequency combinations (LI, /1) and (L2, /2) , 

what is the relation between their corresponding impedance 
change patterns. 

Under a given frequency / , for different location area 

and time interval combinations (LI, TI) and (L2, T2) , 
what is the relation betwen their corresponding impedance 
change patterns. 

For different location area, time interval, and frequency 
combinations (LI, TI, /1) and (L2, T2, /2), what is the 

relation between their corresponding impedance change 
patterns. 

General formula: 

?(Ll'r; ,1;) : ~ 

?(L2,T2'/2): P2 
? RL : (LI'L2 ) 

? Rr : (Tl' T2 ) 

? Rf : (/1'/2) 

Concrete question: 

In a given location area L and during a given time 
interval T , fmd out the relation between frequency /1, 

under which a given impedance change pattern PI 
attained, and a given frequency /2? 

In a given location area L and under a given frequency 
/, find out the relation between time interval Tl , during 

which a given impedance change pattern PI attained, and 

- 211 -



Appendix 

a given time interval T2. 
During a given time interval T and under a gi\"en 

frequency / , fmd out the relation between location area 

LI, where a given impedance change pattern PI attained, 
and a given location area L2? 

In a given location area L and during a given time 
interval T , fmd out the relation between frequency /1, 

under which a gIven impedance change pattern PI 
attained, and frequency /2 , under which a gIven 

impedance change pattern P2 attained? 
In a given location area L and under a given frequency 

/ , fmd out the relation between time interval TI, during 

which a given impedance change pattern PI attained, and 
time interval T2, during which a given impedance change 
pattern P2 attained. 

During a given time interval T and under a given 
frequency /, fmd out the relation between location area 

Ll , where a given impedance change patterns PI attained, 
and location area L2, where a given impedance change 
pattern P2 attained, are near to each other. 

In a given location area L , fmd out the relation between 
the combination of time interval and frequency (Tl,/I), 

which is corresponding to a given impedance change 
pattern PI , and a given combination (T2, /2) . 

During a given time interval T , fmd out the relation 
between the combination of location area and frequency 
(LI,/I) , which is corresponding to a given impedance 

change pattern PI, and a given combination (L2, /2) . 

Under a given frequency / , fmd out the relation 

between the combination of location area and time interval 
(LI,TI) , which is corresponding to a given impedance 

change pattern PI, and a given combination (L2, T2). 
In a given location area L , fmd out the relation between 

the combinations of time interval and frequency (Tl, /1) , 

which IS corresponding to a given impedance change 
pattern PI , and (T2, /2), which is corresponding to a 

given impedance change pattern P2. 
During a given time interval T , fmd out the relation 

between the combinations of location area and frequency 
(LI,/I) , which is corresponding to a given impedance 

change pattern PI , and (L2, /2), which is corresponding 

to a given impedance change pattern P2 . 
Under a given frequency / , fmd out the relation 

between the combinations of location area and time interval 
(LI, TI), which is corresponding to a given impedance 

change pattern PI, and (L2,T2), which is corresponding 

to a given impedance change pattern P2 . 

Find out the relation between the combination of 
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Direct 
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location area, time interval and frequency (Ll,n,fl) , 
which is corresponding to a gIven impedance change 
pattern PI , and a given combination (L 2, T2. f2). 

Find out the relation between the combinations of 
location area, time interval and frequency (Ll, Tl, fl) , 
which is corresponding to a gIven impedance change 
pattern PI, and (L2,T2,f2), which is corresponding to a 

given impedance change pattern P2 . 

General formula: 

7(LI' TI' f..) : p. 
7 L2 : (RL,L I ) 

7T2 : (RT'~) 

7 f2 : (R f ' ;; ) 

7 P2 : (L2,T2,f2) 

Concrete question: 

In a given location area L and during a given time 
interval T , find out an impedance change pattern P2 (with 
corresponding frequency f2), satisfying that a specified 

relation R f exist between frequency f2 and frequency 

fl , under which a given impedance change pattern PI is 

obtained. 
In a given location area L and under a given frequency 

f , fmd out an impedance change pattern P2 (with 

corresponding time interval T2), satisfying that a specified 

relation RT exist between time interval T2 and time 

interval TI , during which a given impedance change 
pattern PI is obtained. 

During a given time interval T and under a given 
frequency f, fmd out an impedance change pattern P2 
(with corresponding location area L2), satisfying that a 

specified relation RL exist between location area L2 and 

location area LI , where a given impedance change pattern 
PI is obtained. 

In a given location area L , fmd out an impedance 
change pattern P2 (with corresponding time interval T2 
and frequency f2), satisfying that a specified relation RT 

exist between TI and T2, and a specified relation R f 

exist between fl and f2 , where nand fl 
corresponding to a given impedance change pattern PI . 

During a given time interval T, find out an impedance 
change pattern P2 (with corresponding location area L2 
and frequency f2), satisfying that a specified relation R L 

exist between LI and L2 , and a specified relation R f 

exist between fl and f2 , where Ll and n 
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Inverse 

corresponding to a given impedance change pattern PI . 
Under a given frequency / , fmd out an impedance 

change pattern P2 (with corresponding location area L2 
and time interval T2), satisfying that a specified relation 

RL exist between LI and L2, and a specified relation Rr 
exist between TI and T2 , where LI and T1 
corresponding to a given impedance change pattern PI . 

Find out an impedance change pattern P2 (with 
corresponding location area L2 , time interval T 2 and 

frequency /2), satisfying that a specified relation RL exist 

between LI and L2, a specified relation Rr exist between 

TI and T2, and a specified relation R f exist between /1 

and /2, where LI, TI and /1 corresponding to a given 

impedance change pattern PI . 

General formula: 

? ~ : (Li'T; , It) 
? P2 : (Rp,~) 

?(L2,T2'/2): Pz 

Concrete question: 

In a given location area L and a given time interval T, 
find out a frequency /2 (with corresponding impedance 

change pattern P2 ), satisfying that a specified relation exist 
between P2 and PI , which was obtained under a given 

frequency /1. 

In a given location area L and under a given frequency 
/ , find out a time interval T2 (with corresponding 

impedance change pattern P2), satisfying that a specified 
relation exist between P2 and PI , which was obtained 
during a given time interval TI . 

During a given time interval T and under a given 
frequency / , find out a location area L2 (with 

corresponding impedance change pattern P2 ), satisfying 
that a specified relation exist between P2 and PI, which 
was obtained in a given location area LI . 

In a given location area L , fmd out combination of time 
interval and frequency (T2, /2) (with corresponding 

impedance change pattern P2), satisfying that a specified 
relation exist between P2 and PI , which was obtained 
during a gIVen time interval TI and under a gIVen 

frequency /1. 

During a given time interval T , fmd out combination of 
location area and frequency (L2, /2) (with corresponding 

impedance change pattern P2), satisfying that a specified 
relation exist between P2 and PI , which was obtained in a _. _____ J ____ l-__ ----1~~~~.::=..;:..:.._=_:.:~_=__==~___.::..:::...::...::..:: ____ ____' 
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location, 

Synoptic 
time, 

Synoptic 
frequency 

Lookup Direct 

Inverse 
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given location area Ll and under a given frequency /1. 

Under a given frequency / , find out combination of 

location area and time interval (L2, T2) (with 

corresponding impedance change pattern P2), satisfying 
that a specified relation exist between P2 and PI which , 
was obtained in a given location area Ll and during a 
given time interval Tl. 

Find out combination of location area, time interval and 
frequency (L2, T2, /2) (with corresponding impedance 

change pattern P2), satisfying that a specified relation 
exist between P2 and PI , which was obtained in a given 
location area LI , during a given time interval T1 and 
under a given frequency /1. 

General formula: 

? P: (L,T,F) 

Concrete question: 

In a given location area L, during a given time interval 
T and a given frequency range F , fmd out the 
corresponding impedance change pattern? 

General formula: 

?(L,T,F): P 

Concrete question: 

For a given impedance change pattern P, during which 
time interval, which frequency range, and in which location 
area was it attained? 

In a given location area L , during which frequency 
range and which time interval was a given impedance 
change pattern P attained? 

During a given time interval T , in which location area 
and during which frequency range was a given impedance 
change pattern P attained? 

During a given frequency range F , in which location 
area and during which time interval was a given impedance 
change pattern P attained? 

In a given location area L and during a given time 
interval T , during which frequency range was a given 
impedance change pattern P attained? 

In a given location area L and during a given frequency 
range F , during which time interval was a given 
impedance change pattern P attained? 

During a given time point T and during a given 
frequency range F , in which location area was a given 
impedance change pattern P attained? 

General formula: 
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Inverse 

?~ :(L,,~,F,) 

? P2 : (L 2 ,T2 ,F
2

) 

? Rp : (~,P2) 

Concrete question: 

Appendix 

In a given location area L, during a given time interval 
T and a given frequency range F , what is the relation 
between the corresponding impedance change pattern P 
and a given pattern PI ? 

During a given time interval T and a given frequency 
range F , for different location areas LI and L2, what is 
the relation between their corresponding impedance change 
patterns? 

In a given location area L and during a given frequency 
range F , for different time interval TI and T2, what is 
the relation between their corresponding impedance change 
patterns? 

In a given location area L and during a given time 
interval T , for different frequency range FI and F2 , 
what is the relation between their corresponding impedance 
change patterns? 

In a given location area L, for different time interval 
and frequency range combinations (TI, FI) and 

(T2, F2) , what is the relation between their corresponding 

impedance change patterns? 
During a given time interval T , for different location 

area and frequency range combinations (LI, FI) and 

(L2, F2), what is the relation between their corresponding 

impedance change patterns. 
During a given frequency range F , for different 

location area and time interval combinations (LI, TI) and 

(L2, T2), what is the relation between their corresponding 

impedance change patterns. 
F or different location area, time interval, and frequency 

range combinations (LI, TI, FI) and (L2, T2, F2), what 

is the relation between their corresponding impedance 
change patterns. 

General formula: 

?(L,,~ ,F,): ~ 
?(L2 ,T2 ,F2 ): P2 

?RL : (L"L 2 ) 

? Rr : (T, ' T2 ) 
? R f : (F; , F2 ) 

Concrete question: 

In a given location area L and during a given time 
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interval T , fmd out the relation between frequency 
range FI , under which a given impedance change pattern 
PI attained, and a given frequency F2 ? 

In a given location area L and during a given frequency 
range F , fmd out the relation between time interval Tl 
duri.ng which a gIven impedance change pattern PI' i 

attamed, and a given time interval T2. 
During a given time interval T and during a given 

frequency range F , fmd out the relation between location 
area LI , where a given impedance change pattern PI 
attained, and a given location area L2 ? 

In a given location area L and during a given time 
interval T , fmd out the relation between frequency range 
FI , under which a given impedance change pattern PI 
attained, and frequency range F2, under which a given 
impedance change pattern P2 attained? 

In a given location area L and during a given frequency 
range F , fmd out the relation between time interval Tl, 
during which a gIVen impedance change pattern PI 
attained, and time interval T2, during which a gIVen 
impedance change pattern P2 attained. 

During a given time interval T and during a given 
frequency range F , fmd out the relation between location 
area LI , where a given impedance change patterns PI 
attained, and location area L2, where a given impedance 
change pattern P2 attained, are near to each other. 

In a given location area L , fmd out the relation between 
the combination of time interval and frequency range 
(TI, FI) , which is corresponding to a given impedance 

change pattern PI , and a given combination (T2, F2) . 
During a given time interval T, fmd out the relation 

between the combination of location area and frequency 
range (LI,FI) , which IS corresponding to a gIven 

impedance change pattern PI, and a given combination 
(L2,F2) . 

During a given frequency range F , find out the relation 
between the combination of location area and time interval 
(LI, TI), which is corresponding to a given impedance 

change pattern PI , and a given combination (L2, T2) . 

In a given location area L, fmd out the relation between 
the combinations of time interval and frequency range 
(TI, FI), which is corresponding to a given impedance 

change pattern PI, and (T2, F2) , which is corresponding 

to a given impedance change pattern P2 . 
During a given time interval T , fmd out the relation 

between the combinations of location area and frequency 
range (LI,FI) , which IS corresponding to a gIven 

impedance change pattern PI , and (L2. F2), which is 

corresponding to a given impedance change pattern P2. 
During a given frequency range F , find out the relation 

between the combinations of location area and time interval 
----~----~----~~~~~~~~~~~------~ 
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(L1, T1), which is corresponding to a given impedance 

change pattern PI , and (L2, T2), which is corresponding 

to a given impedance change pattern P2 . 

Find out the relation between the combination of 
location area, time interval and frequency range 
(L1,T1,F1), which is corresponding to a given impedance 

change pattern PI , and a gIVen combination 
(L2,T2,F2) . 

Find out the relation between the combinations of 
location area, time interval and frequency range 
(L1, T1, F1), which is corresponding to a given impedance 

change pattern PI , and (L2, T2, F2) , which IS 

corresponding to a given impedance change pattern P2. 

General formula: 

?(LpI; ,FI ): ~ 

? L2 : (R L , LI ) 

?T2 : (RpTI) 

? F2 : (R F , FI ) 

? P2 : (L2 , T2 , F2 ) 

Concrete question: 

In a given location area L and during a given time 
interval T , find out an impedance change pattern P2 (with 
corresponding frequency range F2 ), satisfying that a 

specified relation RF exist between frequency range F2 
and frequency range Fl , under which a given impedance 
change pattern PI is obtained. 

In a given location area L and during a given frequency 
range F , find out an impedance change pattern P2 (with 
corresponding time interval T2), satisfying that a specified 

relation Rr exist between time interval T2 and time 

interval Tl , during which a given impedance change 
pattern PI is obtained. 

During a given time interval T and during a given 
frequency range F , fmd out an impedance change pattern 
P2 (with corresponding location area L2), satisfying that 

a specified relation RL exist between location area L2 and 

location area L1 , where a given impedance change pattern 
PI is obtained. 

In a given location area L , fmd out an impedance 
change pattern P2 (with corresponding time interval T 2 
and frequency range F2 ), satisfying that a specified 

relation R exist between Tl and T2, and a specified r 

relation R exist between Fl and F2, where Tl and Fl 
F 

corresponding to a given impedance change pattern Pl. 
During a given time interval T, fmd out an impedance 

~. _____ ~ ___ ~ ___ -L~~~~~"'::'::'::'::""":::::'-="":'="""=---:""-~---L..----' 
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change pattern P2 (with corresponding location area L2 
and frequency range F2 ), satisfying that a specified 

relation RL exist between LI and L2 , and a specified 

relation RF exist between FI and F2, where LI and FI 
corresponding to a given impedance change pattern PI . 

During a gIven frequency range F , fmd out an 
impedance change pattern P2 (with corresponding 
location area L2 and time interval T2), satisfying that a 

specified relation RL exist between Ll and L2, and a 

specified relation RT exist between TI and T2, where Ll 

and T1 corresponding to a given impedance change pattern 
PI. 

Find out an impedance change pattern P2 (with 
corresponding location area L2 , time interval T2 and 
frequency range F2), satisfying that a specified relation 

RL exist between LI and L2, a specified relation RT exist 

between TI and T2, and a specified relation RF exist 

between FI and F2 , where LI , T1 and FI 
corresponding to a given impedance change pattern PI . 

General formula: 

? ~ : (LpTpFl) 

? P2 : (Rp,~) 

?(L2 ,T2 ,F2 ): P2 

Concrete question: 

In a given location area L and a given time interval T, 
find out a frequency range F2 (with corresponding 
impedance change pattern P2), satisfying that a specified 
relation exist between P2 and PI , which was obtained 
under a given frequency range FI . 

In a given location area L and during a given frequency 
range F , fmd out a time interval T2 (with corresponding 
impedance change pattern P2), satisfying that a specified 
relation exist between P2 and PI , which was obtained 
during a given time interval TI . 

During a given time interval T and during a given 
frequency range F , find out a location area L2 (with 
corresponding impedance change pattern P2), satisfying 
that a specified relation exist between P2 and PI , which 
was obtained in a given location area LI . 

In a given location area L , fmd out combination of time 
interval and frequency range (T2, F2) (with 

corresponding impedance change pattern P2), satisfying 
that a specified relation exist between P2 and PI , which 
was obtained during a given time interval T1 and during a 

given frequency range Fl. 
During a given time interval T , find out combination of 
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location area and frequency range (L2, F2) (with 

corresponding impedance change pattern P2), satisfying 
that a specified relation exist between P2 and PI , which 
was obtained in a given location area Ll and during a 
given frequency range FI , 

During a gIven frequency range F , fmd out 
combination of location area and time interval (L2, T2) 

(with corresponding impedance change pattern P2 ), 
satisfying that a specified relation exist between P2 
and PI, which was obtained in a given location area Ll 
and during a given time interval T1, 

Find out combination of location area, time interval and 
frequency range (L2, T2, F2) (with corresponding 

impedance change pattern P2), satisfying that a specified 
relation exist between P2 and PI , which was obtained in a 
given location area LI, during a given time interval T1 
and under a given frequency range FI , 
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