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Abstract—Based on the focused microwave radiometry 
imaging method, a novel microwave radiometry imaging 
system (MiRaIS) has been developed in order to explore the 
possibility of non-invasively measuring variations of brain 
activation associated with specific psychophysiological tasks. 
The radiometric output voltage fluctuations could be attributed 
to electrical conductivity variations of excitable cell clusters, 
detected at microwave frequencies. Specifically, in the present 
study the activation of the left frontal areas under well 
standardized experimental conditions was investigated, 
utilizing this technique. An adaptation of the Hayling test was 
performed on seventeen human volunteers, while the possibly 
involved or affected activations of the respective brain areas, 
associated with the verbal inhibition and initiation, were 
mapped using the MiRaIS. The results showed that both the 
inhibition and the initiation tasks are associated with 
significantly higher cerebral activity in the left frontal areas, 
compared to the control condition, with the inhibition 
processes being in the longest arm. These findings indicate the 
potential value of using focused microwave radiometry to 
identify brain activation possibly involved or affected in 
operations induced by particular psychophysiological tasks 
such as the Hayling test. Potential limitations to the 
generalization of the present observations are discussed. 
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I.  INTRODUCTION 
 
 Focused Microwave Radiometry is a measurement 
technique which detects the natural-thermal radiation 
emitted by matter. The observation and analysis of the 
detection of electromagnetic waves emitted by matter being 
at a temperature T, has been a landmark in the history of 
science at the dawn of the 20th century. The correct 
explanation of the interaction of matter with electromagnetic 
radiation led to the genesis of Quantum Physics which was 
developed in the first quarter of the 20th century (Planck, 
1909), as a fundamental scientific discipline explaining the 
laws of nature at microscopic scale. 
 The human body being an aggregate of material 
particles emits such radiation. The human brain being at a 
temperature T and having specific electromagnetic 
properties emits chaotic radiation throughout the whole 
electromagnetic spectrum. Hence, the operation principle of 
the used technology is based on the coupling of 
electromagnetic radiation with the brain fluctuating 

molecules due to tissue temperature and electromagnetic 
conductivity at microwave frequencies.  
 Due to the centimetric wavelength dimensions of 
radiation at low microwave frequencies (1-5GHz), the 
radiation emitted by tissues up to several centimeters of 
depth from the body surface can be detected. In this 
direction, during the last decades, several research groups 
[1]-[3] have experimentally used microwave radiometry for 
medical applications. During the past years, several research 
efforts have been reported towards the implementation of 
intracranial applications of microwave radiometric imaging, 
as well as of non-contacting microwave radiometry in some 
of the proposed imaging systems [4], [5] in order to perform 
temperature imaging distribution in subcutaneous tissues. 
The proposed system, comprising an ellipsoidal conductive 
wall cavity for focusing and a sensitive receiver, has been 
used for such measurements in a previous experimental 
study with phantoms and animals. The results showed that 
the system is capable of measuring temperature non-
invasively up to several centimeters in tissue with 0.5-1 oC 
temperature resolution [6].  
 All radiometric imaging systems mainly comprise a 
sensitive receiver and a relevant receiving antenna, both 
operating at microwave frequencies. As it has been 
theoretically shown in the past [6]-[8] the measured 
receiving power quantity by a radiometer is proportional to 
the receiver bandwidth, to the product of temperature and 
conductivity of the measured media and to a field factor 
which is a strong function of spatial coordinates. The later is 
defined by the system’s focusing properties. 
 Therefore, it is important to emphasize the fact that in 
the case of temperature stability or infinitesimal temperature 
variations non-detectable by the receiver and if there is a 
slow temporal fluctuation of tissue macroscopic microwave 
conductivity where the field factor has a significant value, 
the receiver will detect this conductivity variation [8]. Thus, 
conductivity measurement by microwave radiometry 
theoretically constitutes a possibility, offering a valuable 
alternative for passive conductivity measurements of 
biological tissues, in a non-invasive, completely passive way 
[8]. 
 In this direction, previous work conducted by our group 
focusing on the investigation of the activation of the primary 
somatosensory cortex (SI) and the sensory discriminative 
aspects of pain, has shown interesting results [8]. The 
activation patterns of SI in humans have been investigated, 
triggered by painful and innocuous stimuli (Cold Pressor 

Is it possible to measure non-invasively brain conductivity fluctuations during 
reactions to external stimuli with the use of microwaves?  

 
I. S. Karanasiou1, C. Papageorgiou2, and N. K. Uzunoglu1 

1School of Electrical & Computer Engineering, National Technical University of Athens, Greece  
2School of Medicine, National and Kapodistrian University of Athens, Greece 



 2 of 4

Test), by using the proposed innovative technique. The 
observed results appear to be in agreement with 
psychophysiological studies suggesting either the local 
increase of blood metabolism in the activated cortex region 
[9] (a factor that is associated with brain impedance 
changes) and/or the involvement of synaptic activity of this 
region as the major underlying mechanisms which also lead 
to the generation of the evoked potentials from the SI brain 
area after noxious skin stimulations [10], [11]. These 
findings are also in compliance with measurements of the 
change of the local impedance of specific cortical areas 
during human brain activity, recorded using Electrical 
Impedance Tomography. The impedance measurements 
from the surface of the head using electrodes were 
reconstructed into impedance images, in adult human 
subjects during visual, somatosensory, or motor activity 
[12].  
 Following this research, in the present study, the 
activation of the left frontal areas under well standardized 
experimental conditions is investigated, utilizing the 
radiometric imaging methodology. The frontal lobes, 
especially the left frontal cortex, have been implicated in 
verbal initiation and suppression (inhibition). Recent studies 
using positron emission tomography (PET) have confirmed 
the role of the left frontal area in the initiation and inhibition 
conditions of the Hayling task [13], [14]. In view of the 
above considerations, the aim of the present study was to 
examine the performance of the MiRaIS by measuring the 
left frontal lobe, during the initiation and inhibition 
conditions in a modified version of the Hayling test.  
 

II. METHODS 
 

 The prototype microwave imaging scanner that was 
used for the measurements, has been developed at the 
Microwave and Fiber Optics Laboratory of the NTUA 
(Athens, Greece) and consists of an ellipsoidal conductive 
reflector, a sensitive radiometric receiver, a controller for 
the scanning movement regulation and a computer for data 
acquisition and processing [6], [8], [15]. The setup of the 
Microwave Radiometry Imaging System (MiRaIS) is 
depicted in Fig. 1 and 2. The ellipsoidal conductive wall 
cavity, functioning as an analog beamformer, ensures the 
required focusing on the brain regions of interest. The 
natural radiation emitted by head tissues placed at one focal 
point is focused by the well-known “geometrical optics’” 
radiation mechanism of the ellipsoidal cavity at the other 
focal point. The equal path length of radiation starting at one 
focus and converging on the other is the fundamental 
mechanism taking place in the operation of the system [6], 
[8], [15]. 

The ellipsoidal axis-symmetric conductive wall cavity 
was designed and constructed with a total length of the 
major and minor axis, 150 cm and 120 cm, respectively, 
resulting in an inter-focal distance of 90 cm. The inner 
surface of the reflector has an overlay of a highly conductive 

nickel coating to achieve a good reflection of incident 
electromagnetic waves. 

 

 
Fig. 1. Experimental setup of the MiRaIS 

 
The concept of using an ellipsoidal reflector, exploits the 

fact that every ray originating from one focus will merge on 
the other focus with the same path length, as mentioned 
above. For this reason, the region under measurement of the 
human head is placed at one focal point of the ellipsoidal 
cavity while at the other focal point the receiving antenna, a 
crossed sleeve dipole, senses the convergence of the energy 
radiated in the microwave frequency range from the human 
brain. The detected incident radiation at the focal point by 
the antenna is led to a total power radiometer operating at 
3.5GHz. The system’s specifications in terms of temperature 
measurement accuracy and spatial resolution are estimated 
less than ±1oC and 1cm, respectively [6], [8], [15]. The 
exact position of the focal point in the ellipsoidal cavity is 
located by the vertical crossing of the beams of three visible 
red laser diodes. The design of the whole system was based 
on the results of rigorous electromagnetic analysis [6], [8], 
[15]. 

The brain function under study in the framework of the 
present research is the left frontal areas related to the verbal 
inhibition and initiation processes. 

 

 
Fig. 2. Actual photo of the MiRaIS 

 
Each one of the 17 healthy subjects (5 males and 12 

females) that have participated in the experiments, after 
complete consent, enters the cavity from an opening seated 
on an electronically height adjusting chair, controlled by a 
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personal computer. Initially, in order to ensure the correct 
positioning of the subject in the device, the region of the 
human brain to be measured is determined in detail. The 
intracranial region of interest –left frontal area- is projected 
on the surface of the skull and marked on the cap worn by 
the subject for this purpose.  The subject is accurately 
positioned in the cavity when the cortex area under 
measurement is placed on the ellipsoidal’s focal point. In 
each test the radiometric data acquired was processed with a 
sampling rate of 1000samples/sec for a time interval of 8sec 
for each measurement point. 
 The performed test consisted of 3 sentence groups 
denoted as A, B and C, each one comprising 25 sentences 
and forming a task: initiation, inhibition and control task, 
respectively. Three different conditions were administered: a 
condition of initiation, in which subjects were required to 
provide an appropriate word to complete the auditory 
presented sentences; a condition of inhibition, in which the 
subjects were asked to provide a word unrelated to the 
auditory presented sentences in order to complete them; 
finally, a condition used as a control task, in which subjects 
were required just to repeat the last word of each auditory 
presented sentence. Each sentence was presented one at a 
time via a tape recorder and subjects responded aloud after a 
visual stimulus (constant for all conditions) signalizing the 
required response. The subjects were trained on each 
condition before the radiometric session. The administered 
conditions were counterbalanced between subjects to control 
for order effects. 
 

III.  RESULTS 
 

 For each subject and each condition the value of 
interest is the difference voltage (∆V) between the average 
value of the radiometric data for the specific sentence type 
and the average value of the device’s background output 
voltage. The mean value of ∆V of the subjects was 
(16.4±4.3) mV for inhibition, (15.2±4.6) mV for initiation 
and (13.0±5.2) mV for control.    

Pairwise comparisons between the three conditions 
(condition of initiation=A, inhibition=B, and control 
condition=C) were tested with the sign test. This is a 
nonparametric procedure used with two related samples to 
test the hypothesis that two variables have the same 
distribution. The differences between the two variables for 
all cases are computed and classified as either positive, 
negative, or tied. If the two variables are similarly 
distributed, the numbers of positive and negative differences 
will not be significantly different. The test is based on the 
binomial distribution. The results are presented in Table 1.  

The dissonance of positive and negative differences 
between the B and A condition leaves no doubt that the 
inhibition condition yields greater values than those of the 
initiation condition in a significantly more frequent manner. 

 

Table 1. Pairwise comparisons between the three conditions. 
Differences between the conditions are tested for statistical significance 

with the sign test, using the binomial distribution. 
 

 B-A A-C B-C 
Positive 

Differences 12 13 15 

Negative 
Differences  3  3  1 

Ties  2  1  1 

Total 17 17 17 
Exact 

significance    0.035     0.021     0.001 

 
 

IV. DISCUSSION 
 

 In the present study, the possibility of using the MiRaIS 
for measurements of brain areas potentially implicated in 
operations evoked by a neuropsychological (Hayling) test, 
has been investigated. 

The results of this study of the left frontal areas related to 
verbal inhibition and initiation processes employing the 
MiRaIS methodology, show that when compared with a 
control reading task, both conditions of the Hayling test 
(response of inhibition and initiation) are associated with 
significant activation of the left frontal regions. More 
specifically, it has been shown that both the inhibition and 
the initiation tasks are associated with significantly higher 
cerebral activity in the left frontal areas, compared to the 
control condition, with the inhibition processes being in the 
longest arm.  

From a pragmatic point of view, the mechanisms which 
underlie the obtained brain activation are uncertain. 
However, our findings appear to be consistent with those by 
Collette et al. [14] as mentioned earlier, who reported, 
increased brain activity in the left inferior frontal gyrus in 
association with initiation processes of the Hayling test, 
whereas response inhibition processes has been associated 
with an increase of brain activity involving a more extent 
network of the left frontal areas.  In an earlier study, our 
group reported that the application of the MiRaIS 
methodology provided aspects of cerebral activation elicited 
by nociceptive and nonciceptive processes during the 
administration of the cold pressor test (CPT) [8]. It has been 
suggested that this microwave radiometric system is able to 
capture brain activity, possibly related to localized brain 
cinductivity variation in relation to psychophysiological 
tasks. It is also worth noticing that experimental data from 
cylindrical shaped saline or de-ionized water filled tank 
phantoms in which saline solutions of different 
concentrations were infused, highlight the system’s ability 
of detecting conductivity variations [16]. 



 4 of 4

We are in the early stage of understanding the nature of 
the underlying and/or associated neurophysiological events 
of the recordings using the MiRaIS. Nevertheless, the 
obtained results seem to support the notion that the focused 
microwave radiometry imaging method possesses the 
possibility to trace the brain activation when induced by 
psychophysiological tasks. 
 

V.  CONCLUSION 
 

 The findings presented in this article indicate the 
potential value of using focused microwave radiometry to 
identify brain activation possibly involved or affected in 
operations induced by particular psychophysiological tasks 
such as the Hayling test. 

With a view of interpreting these findings, it should be 
kept in mind that activation of a particular brain area may be 
the result of the task investigated, but it may also represent 
activation due to its interactions with other functional 
systems. Similarly, differences among individuals in the 
strategies used to process a given stimulus, may lead to 
differences in the patterns of activation in the response to 
the stimulus. 

In either case, due the complexity of research in this field 
as noted earlier, these hypotheses should be considered as 
attempts for inference having a tentative character.  

Although the present device provides relevantly low 
spatial and temporal resolution, the feasibility of directly 
investigating regional brain activation by 
psychophysiological tasks in humans and evaluating the 
cerebral activation elicited by specific tasks, especially in a 
totally passive way, reveals the opportunity to create models 
that take into account the functional organization of the 
brain. 

Furthermore, future improvement of the imaging system, 
including simultaneous sampling of the whole brain, in 
conjunction with a co-registration with structural methods 
(e.g. individual MRIs for confirmation of anatomical areas 
of interest), may lead to the investigation of more complex 
mental events.  
 Future efforts aiming at developing more 
comprehensive models, data analytic strategies and 
paradigms, as well as the combination of the MiRaIS with 
other functional and structural imaging strategies, could 
emphasize its value. The possible future use of a 
combination of the functional methods, each one with its 
special attributes, resulting in high-resolution structural 
brain images, will serve to validate and extend the 
information gained by each one and may lead to a better 
understanding of more complex and higher-order human 
processes.  
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