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Abstract. A new approach to the creation of microwave radiothermography 
is shown. Scientific and technical barriers preventing the creation of relatively 
inexpensive devices for early diagnosis of tumors, as well as painless and safe 
monitoring during treatment were identified. An optimal principle of 
construction of microwave radiothermography based on monolithic 
integrated circuits is offered. 

1 Introduction 

The great interest of physicians, biologists and biophysicists to microwave radiometry 

(MR) is due to the fact that it is a non-invasive method of measuring the deep temperatures 

of the internal areas of the human body based on their own thermal radiation. This method 

has received deserved recognition in medicine in the diagnosis of damages of the central 

and peripheral nervous system, assessment of local inflammatory, traumatic, oncological, 

vascular and dystrophic diseases of various localization [1-6].  

The method of microwave radiometry is not widely used in practical medicine despite 

the high diagnostic potential. This is due to the imperfection of diagnostic equipment and 

lack of visibility of the results, which slowed down the implementation of the method in 

clinical practice. 

The results obtained earlier should be developed and used in the development of new 

methods of diagnosis and the development of appropriate medical techniques. This task is 

quite doable at the modern level of technology. By solving this task it is possible to obtain 

information about the nature of the temperature distribution in depth by constructing 

layered images or three-dimensional temperature fields. The great advantage of the system 

will be to obtain information about the internal temperatures and dynamics of its changes in 

several points of the body at the same time and in time, and at different depths. Existing 

devices can not provide it. This will allow to go to dynamic microwave thermography of 

internal tissues and organs and evaluate their condition under the influence of various loads 

and functional problems. We believe that it is possible to expand the functionality and 

significantly reduce the size by combining the principles of multichannel, multifrequency 

and microminiaturization in one radiometric complex. One of the tasks is to determine the 

optimal number of channels and frequencies, as well as to simplify the scheme by reducing 

the number of elements. 
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The purpose of the article is to study the possibility of combining in one radiometric 

complex the principles of multichannel, multifrequency and microminiaturization, which 

will lead to the expansion of its functionality and a significant reduction in size. 

2 Main part 

Research on the early diagnosis of cancer has recently become of great scientific interest. 

The annual review of March 31, 2017 presents a statistical analysis of the state of Affairs in 

the field of Oncology based on the results of statistical data processing in several US States 

[1]. The analysis shows that despite significant scientific and financial efforts to improve 

five-year survival, statistics for a lot of  types of cancer are improving slightly. This applies 

to cancer of the bronchus, lung, esophagus, stomach, pancreas, liver, bile ducts, brain. 

According to the results of American authors, the minimum tumor size diagnosed using 

nuclear medicine methods is 15 mm in diameter on average in clinics [2]. The inability of  

early detecting is the main cause of failures in the treatment of tumors that begin to 

metastasize at smaller sizes. Therefore, an important task is to find sensitive methods and 

tools to diagnose tumors of minimal size. This is important for the diagnosis of tumors in 

the early stages. These methods include microwave radiothermy. 

Recently, there have been a lot of  new results by using of MR in medicine. MR is used 

to detect cancer and monitor the course of treatment of various diseases of the mammary 

glands in mammology (Fig. 1) [3-6]. 

 

Fig. 1. Temperature field of the breast without pathologies and with oncology.  

In emergency medicine, the method is used to measure brain temperature in the 

treatment of stroke and traumatic brain injuries [7-10]. A number of studies related to the 

detection of inflamed atherosclerotic plaques and estimation of stroke risk were carried out 

[11, 12]. MR is also used in studies of non-invasive diagnosis of arthritis [13], the study of 

brown fat activity [14], in studies of the brain, spine and joints [15]. Interesting results were 

obtained in the field of phlebology, experimental oncology, gynecology and urology [16, 

17]. In addition, MR was also used to study of microwave radiation of enzymes [18, 19].  

Further development of MR is restrained by a number of scientific and technological 

limitations. Devices used in medicine are single-channel and single-frequency, and also 

have considerable size. Multichannel systems are needed that would allow in real-time to 

evaluate temperature changes in depth and examine significant areas of the body. In 

addition, it will allow to realize long-term monitoring of internal tissue temperature. 

Mechanical expansion of the number of channels is low-tech and it is need to use new 

models of radiometers, allowing to drastically reduce their sizes. This requires combining 

in one measurement complex principles of the multi-channels, multifrequency and 

miniaturization without reducing necessary functionality. Obviously, using of monolithic 

integrated circuits can significantly reduce the size of the device and its components [20, 
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21]. In general, the development of MR requires the development of special antenna 

designs and their optimal location in the antenna array, the optimal choice of the number of 

channels and operating frequencies, as well as the introduction of additional filtering of the 

received signals. The development of special forms of medical antennas and the device will 

be required for using of radiothermography in case of examination of the human body 

through the skin and through a natural cavities.  

The above scientific problem can be presented in the form of two: the first scientific 

problem is the search for a method to diagnose diseases, including cancer, at an early stage; 

the second scientific problem in this project is the development of a non-invasive method 

for monitoring and evaluating of tumors development. 

Every physical body, including biological objects, radiates electromagnetic fields into 

the surrounding space in a wide frequency range. The study of the characteristics of these 

fields allows to obtain information about the object, in particular information about the state 

of the deep structures of radiating bodies. It should be noted the works of R. H. Dicke, A. 

H. Barrett and a number of other foreign researchers from  the works that determined the 

development of the theory and technology of systems for measuring the intrinsic 

electromagnetic radiation of biological objects, [22-28]. 

According to the well-known Raylei-Jeans law, the energy density of thermal radiation 

of biological tissues in the microwave range is proportional to the absolute temperature. 

Therefore, body’s temperature can be determined by measuring of the radio emission 

intensity [22-28]. 

The current state of the problem reviews in the article [29].  

In [10, 30] the features of dynamic thermal patterns obtained by microwave 

radiothermography after various functional tests were studied in detail, which significantly 

expand the diagnostic capabilities of the method (Fig. 2). 

 

Fig. 2. Diagnosis of the left lung pathology (glucose test in oncology). 

However, it should be noted that most radiographs have considerable size, even in a 

single-channel version.  The main disadvantage of the above devices is that they do not 

have sufficient noise immunity and can only be used in special shielded rooms (capsules), 

which complicates their practical application. 

The results of measurements of radiothermal radiation of the brain in the range of 

3.2±0.45 GHz are presented in [31]. A multichannel phased array radiometer is used. A 

printed conformal antenna with a radiator having an L-shaped cutout is used as a lattice 

element. According to the authors this system has limitations related to accuracy and 

temperature resolution compared to other technologies. The proposed antenna system 

requires additional research to determine its potential value in clinical practice. 

This radiothermometer is also currently used only for scientific purposes and does not 

have a permit for using. 

Creation possibility of the single–frequency radiothermometer constructed according to 

the R. H. Dicke scheme which is inexpensive, small-sized, stable, highly sensitive device 

and consists of available microwave components is investigated in work [32].  
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Results of research in the field of creation of multi-channel and multi-frequency 

radiometers are presented in [30, 31, 33-38]. Registration of information is carried out by a 

multi-channel radiometer with antennas tuned to different frequencies, or a single-channel 

multi-frequency radiometer. These devices allow to receive information about the 

temperature of internal tissues simultaneously in several points of the patient's body in 

according with the number of receiving antennas and to build dynamic temperature 

distributions. The microwave radiothermometer intended for diagnostics of diseases of 

mammary glands is presented in [39]. This device is single-channel as well as 

radiothermometer presented in [40]. Measurements are simultaneously made in five 

frequency bands, which makes it possible to determine the temperature in depth. This 

radiothermometer are used a broadband antenna operating in the frequency range of 1-4 

GHz. All functional parts of the device are located in one sensor.  

Information on the development of a 20-channel radiothermometer for visualization of 

thermal changes in the brain is presented in [30]. This device has 20 receiving channels and 

20 antennas. The operating range is 780 MHz or 1.5 GHz with a 200 MHz band. A 

balanced dyke 20-channel microwave radiometer is used for receiving its own radiation. It 

works on a scheme with a pilot signal of known power to measure the reflection coefficient, 

which allows taking into account the antenna misalignment with different tissues. An 

antenna module with a U-shaped dipole applicator is used as an antenna. The device allows 

simultaneously to receive information from several points and to build "radiothermal maps" 

of an organism. 

Five-frequencies dyke radiothermometer (1.2, 1.65, 2.3, 3.0 and 3.6 GHz with a band of 

400 MHz in each) is used to register the internal radiation of the brain by authors in [34-

36]. A rectangular waveguide that measures the temperature of biological tissue through an 

aqueous bolus is used as a receiving antenna. The device allows to receive information 

from different depths of the brain and restore the temperature profile. The temperature 

resolutions received for each receiver are 0.183, 0.273, 0.148, 0.108 and 0.118 °C for 1.2, 

1.65, 2.3, 3.0 and 3.6 GHz receivers, respectively [36]. However, if the conductivity of the 

brain is estimated incorrectly at 10%, it will lead to an error of 0.3-0.4 °C according to [36]. 

The result of this work is encouraging for the implementation of radiometric measurements 

of the temperature profile in the child's head.  The measurement accuracy, which is the 

difference between the calculated temperature using a radiothermometer and the 

temperature measured by a thermocouple at a depth of 5 cm, was about 2 ° C according to 

[35]. The result is not satisfactory for clinical use, the accuracy should be better than 1 °C. 

A 2-frequency balanced dike radiothermometer (1.2 GHz and 3.0 Hz) was created for a 

similar medical problem in [37]. Multi-channel 2-frequency radiometer is presented in [38]. 

The results of the development of basic units and an experimental sample of a multichannel 

radiometric system for non-invasive diagnosis of the functional state of the brain are 

presented. 

A number of features combine all of the above development: the ability to assess the 

nature of temperature changes in depth stationary using, large size, the need to use a 

shielded room. The main disadvantage of these devices is that they do not have noise 

immunity and can only be used in special shielded rooms, which complicates their practical 

application. Most radiometers are used only for scientific purposes and not have permission 

to use. 

An additional advantage of multi-channel radiometer could be to ensure the functioning 

of their antennas in several frequency ranges, realizing the possibility of measuring radio 

brightness temperatures at different depths and allowing to significantly increase the 

resolution of the radiothermic mapping system. The measurement of the radio brightness 

temperatures of biological objects is performed using a modulation radiometric receivers. 

The modulator is located in the input of them. It is by the control signal from the 
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synchronizer switches to the antenna or the equivalent input UHF with frequency 

modulation FM after amplification of the modulated signal, which is corresponded to the 

brightness temperature of a biological object.  The amplitude envelope of the input signal, 

which is integrated with a time constant, is allocated by using a synchronous detector. The 

transfer of the information signal to the modulation frequency and its amplification by  low 

frequency amplifier can significantly weaken the influence of flicker noise. 

A modulation radiometer can be represented as a set of two full – power radiometric 

receivers, one of which measures the antenna temperature and the other the equivalent 

temperature, and a subtractor whose output, after averaging over time τ, produces a signal 

proportional to the temperature difference between the antenna and the equivalent. The 

linearity of subtraction and averaging operations implies the possibility of their 

permutation. Then it is averaged at the output of each of the radiometers by minor, in 

accordance with the duty cycle, the number of independent countdown. 

Using of several antennas and multichannel radiometric receivers operating in the 

microwave range allows to make dynamic researches of deep (up to 4 cm) brain 

temperatures with a measurement accuracy of about 0.1 0C and computer processing with 

the presentation of the results in the form of temperature maps and dynamic graphs. 

The described scientific and technological barriers restrain  to the full development of 

radiometry, because the designs created by using of  traditional technology of antenna 

manufacturing, hybrid integrated circuits, methods of forming are bulky, uncomfortable for 

medical workers, do not provide the required parameters, and therefore did not  find wide 

application. It is necessary to use new technologies, namely monolithic integrated circuit 

technology, providing a breakthrough in this area. 

Developers of electronic equipment are imposed strict requirements for modules with 

cost restrictions in the framework of modern trends in technological development. Complex 

task to radically improve the parameters and characteristics of GIC and MIC of various 

classes and applications: to improve power density, efficiency, stability, reliability, 

functionality had been set to the developers. This predetermined the transition from 

traditional microwave materials (Si, GaAs) to new wide-band materials: AlGaN/GaN 

heterostructures; InAlAs/InGaAs/InP, hybrid heterostructures of JET/HBT type on GaAs 

substrates, SIC epistructures on SiC substrates, etc.; design optimization of transistors, 

diodes and other active elements based on these new materials; development of appropriate 

basic industrial technologies that provide high reproducibility of GIC and MIC parameters 

in production and high stability of these parameters during operation of products [30]. 

Planar antennas with minimal topological dimensions are created due to the high 

dielectric constant of such materials as GaAs, GaN and solid solutions based on them. 

This feature of these materials allows to create receiving and transmitting paths in the 

form of monolithic integrated circuits, providing on the one hand, reducing the noise 

coefficient of the receiving path, on the other-reducing the loss of signal power from the 

antennas to the amplifier. In addition, the using of MIC with built-in antennas can solve 

actual questions related to weight and size parameters. It should be noted that using of 

MIC as a component base can significantly increase the variability of circuit solutions, 

which will allow to provide optimal characteristics of the developed device. Structural 

scheme of dual-channel radiothermography is shown in Fig. 3. It is obvious that with 

increasing frequencies and channels, the scheme must be modified, because it is 

necessary to determine the optimal number of channels and frequencies, and to do work 

to reduce the number of elements. 

Considering the listed advantages, using of microwave component base on MIC is 

topical solution to enable to create the multi-channel multi-frequency microwave 

radiothermograph based on MIC with integrated antennas for finding the 3D distribution 

and dynamics of brightness temperature in the depths of the human body. 
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Fig. 3. Structural scheme of dual-channel radiothermography. 

3 Conclusion 

Thus, the development of compact multi-channel multi-frequency microwave radio-

thermography on fundamentally new principles of the structure and using of monolithic 

integrated circuits technology will allow to identify and localize pathology of organs and 

tissues based on finding the 3D distribution and dynamics of brightness temperature in the 

depths of the human body. 

The development of the device based on new principles of the structure construction 

and using of monolithic integrated circuits technology will enable medical professionals to 

develop new methods and medical techniques, as well as the integration of microwave 

radiograph with other medical diagnostic methods, which is especially important in the 

early stages of diseases. 
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