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This paper presents the results of development of a modernized device intended for simultaneous
measurement of heat flux density and temperature of human body surface by contact method. A special
computer program "Termomonitor" is created for processing electronic recorder data, their storage and
reproduction in a specified form on a personal computer which allows monitoring of temperature and
thermal human state in real time. Device structural features, technical characteristics, flowchart and
functional capabilities are shown.
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Introduction

General characterization of the problem. It is known that investigation of human heat release is
enourmously important, since this information can bear evidence of exacerbation and rehabilitation
processes alike. Therefore, development of highly sensitive heat flux thermoelectric sensors and
electronic recorders of signals from these sensors is a relevant problem.

Analysis of the literature. A factor of importance in the investigation of human heat fluxes using
such sensors is the accuracy and speed of recording signals from thermoelectric sensors. Previous
developments of signal recorders [1-6] are characterized by a relatively high measurement error, large
dimensions and a low speed and have no power supplies of their own. Later design efforts along this
line resulted in creation of modern electronic recorders with processing information from
thermoelectric sensors [7, 8] that have internal memory for storing the measured results and self-
contained power supplies. However, the trouble with these devices is the impossibility of connecting
several thermoelectric sensors at a time and the absence of simultaneous visulalization of
measurements on a personal computer in real time.

Therefore, the purpose of this work is to develop a modernized medical device that allows real-
time monitoring of temperature and thermal human state. Such information is important for the
diagnostics of health condition.

Device design and technical characteristics

A modernized device for human heat flux measurement has been developed at the Institute of
Thermoelectricity NAS and MES of Ukraine (Fig. 1).

The device is composed of electronic recorder (Fig. 1) and thermoelectric sensors (Fig. 2). The device
includes special thermoelectric sensors [9, 10] which can register heat release due to evaporation from
human skin surface. For this purpose, the sensors are made with air gaps between thermoelement rows, for
the evaporation to take place from the sensor surface and to record in this way the real values of heat fluxes.
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Fig. 1. Modernized device for human heat flux measurement: 1 — electronic recorder,
2 — thermoelectric sensor of heat flux and temperature.

Fig. 2. Thermoelectric sensors of heat flux and temperature: 1 — thermopile
for heat flux density measurement, 2 — sensor for temperature measurement.

Mounted on the device upper wall are two connectors for thermoelectric sensors of heat flux
and temperature. The right side wall has a connector for microSD memory card and a miniUSB-
connector for information exchange with a personal computer. The miniUSB-connector is also used
for power supply to device battery.
Mounted on the case front wall is a liquid-crystal momochrome display with a resolution of
96 x 48 pixels. One pixel of display screen is matched by 10 mV of thermoelectric sensor
electromotive force. The display shows plotted values of the heat flux of respective human body area
in millivolts (mV) and temperature values in centigrade (°C). Thus, previous measurement data can be
analyzed directly from the plots shown on the display. The presence of two thermoelectric sensors
allows comparing the results of measuring the sick and healthy areas of human body surface.
Besides, the device front wall has 6 buttons for control over the device work — "LEFT",
"RIGHT", "UP", "DOWN", "OK", "MENU". The “MENU” options have the following purpose:
"START RECORDING" / "STOP RECORDING" — the device starts recording measured results
into a new file, stops the respective record and saves information into memory card,

— "MODE SELECTION" — calls the submenu for selection of one of 9 information display modes
in the form of real-time plots;

— "RECORDING PERIOD" — intended for selection of periodic intervals for recording measured
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results into memory card file and displaying them on the device;
— "TIME/DATA" — transition to time and date adjustment mode;
— "BATTERY" — shows voltage on device supply battery;
—  "HELP" — shows information on the device.

Device flowchart (Fig. 3) consists of the following functional assemblies: thermoelectric sensor
with a built-in temperature sensor, analog-to-digital converter (ADC) for conversion of analog sensor
signals to digital ones, multiplexor for commutation of ADC digital signals and their turn-by-turn
transmission to microcontroller which is used for processing digital signals, their saving into memory
card, graphical visualization of information on a display and personal computer.
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Fig. 3. Flowchart of a modernized device for human heat flux measurement:
TES — thermoelectric sensor, TS — temperature sensor.

The main functional assembly of electronic signal recorder is a microcontroller operating at a
frerquency up to 20 MHz which asures high processing rate of signals from thermoelectric heat flux
sensor. Personal computer is used to program the microcontroller which, in turn, controls the work of
other functional assemblies of the device.

The device has a power supply of its own to provide the opportunity of its use in a self-contained
mode together with a patient. This, in turn, allows expanding the device functional capabilities. Device
power supply is from lithium-ion battrery of capacity 1200 mA/h, assuring 48 hours of uninterrupted
device work.

Technical characteristics of device for measurement of human heat fluxes are given in Table 1.

Table 1
Technical characteristics of device for measuring human heat fluxes
No Technical characteristics of device Parameter values
1. Operating temperature range of thermoelectric sensor (0+50.15) °C
2. Time of measuring heat flux value (100 +300) s
3. Mesaurement time range for storing on memory card 1 +3600s
4, Number of measurement channels (thermoelectric sensors) 2
5. Temperature measurement accuracy +0.1°C
6. Device supply voltage 3.6V
7. Device power consumption ~ 100 mW
8. Dimensions of heat flux thermoelectric sensors (0.02 x 0.015 x 0.0025) m
9. Electronic recorder dimensions (0.09 x 0.055 x 0.025) m
10. Weight of heat flux thermoelectric sensor 0.01 kg
11. Device weight 0.12 kg
12. Time of uninterrupted device work 48 hours
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Description of device computer program

Device computer program (Fig. 4 a, b) is written in Delphi programming language. The
program allows exchanging data with the electronic recorder through USB-interface. Data exchange
takes place according to HID-protocol (Human Interface Device), enabling device connection to
personal computer without the neeed for installing additional drivers.
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Fig. 4. Interface of "TermoMonitor" computer program for processing electronic recorder data,
their storing and reproduction in specified form on personal computer:
a) a change in heat flux of 2 thermoelectric sensors is represented,
b) a change in heat flux and temperature of the 1*' thermoelectric sensor is represented.

Selecting the mark “DATA UPDATE” in computer program runs a cycle which sends requests
for data transfer from the electronic recorder. In response to these requests, the recorder sends data
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package on temperature and heat flux of thermoelectric sensors with a prescribed time interval. The
obtained data package is processed, following which the information is displayed on a personal
computer in the form of tables and plots.

On pressing the button "SAVE", all data from the table are converted into "row" values
(ordinary text), divided by dot and comma and written into a file with "csv" extension which can be
opened using any program for work with electronic tables (Microsoft Excel, etc). On opening the file
with such program, the "csv"-format is decoded into a data package with a floating point, which
enables information dosplay in the form of a table and the respective plots on a personal computer.

Conclusions

1. A modernized device is developed that allows simultaneous measurement of temperature and heat
fluxes with recording information on their values in real time for 48 hours. The device has a capability
of connecting several thermoelectric sensors at a time and provides visualization of sensor signals both
on a display and on a personal computer in the form of time-dependent plots. Information transfer to a
personal computer for its further processing according to prescribed algorithm is foreseen.

2. Special "TermoMonitor" computer program is developed for processing data from electronic recorder of
thermoelectric sensor signals, their storage and reproduction in a prescribed form on a personal computer.

3. The device performs monitoring of temperature and thermal human state, which allows early
revealing the inflammatory processes of human organism, various diseases and express-diagnostics
during mass health examination.

References

1. L.I. Anatychuk, Thermoelements and Thermoelectric Devices. Handbook (Kyiv: Naukova Dumka,
1979), 766 p.

2. L.I. Anatychuk, N.G. Lozinsky, P.D. Mykytyuk, Yu.Yu. Rozver, Thermoelectric Semiconductor
Heat Meter, Instruments and Experimental Techniques 5, 236 (1983).

3. L.I. Anatychuk, L.P. Bulat, D.D. Gutsal, A.P. Myagkota, Thermolectric Heat Meter, Instruments
and Experimental Techniques 4, 248 (1989).

4. B.M. Demchuk, L.Ya. Kushneryk, and .M. Rublenyk, Thermoelectric Sensors for Orthopedy,
J. Thermoelectricity 4, 78 — 82 (2002).

5. A.A. Ascheulov, L.Ya.Kushneryk, Thermoelectric Device for Medico-Biological Express
Diagnostics, Tekhnologiya i Konstruirovanie v Elektronnoi Apparature 4, 38 — 39 (2004).

6. L.K. Holtermann, Patent US 4198859. Heat flow probe, 1980.

7. V.S. Gischuk, Electronic Recorder of Signals from Human Heat Flux Sensors, J. Thermoelectricity
4,101 — 104 (2012).

8. V.S. Gischuk, Electronic Recorder with Processing Signals from Human Heat Flux Sensors
J. Thermoelectricity 1, 74 — 76 (2013).

9. L.I Anatychuk, R.R.Kobylyansky, Patent of Ukraine Ne 72032, Thermoelectric Sensor for
Temperature and Heat Flux Measurement, 2012,

10. L.I. Anatychuk, R.R. Kobylyansky, Patent of Ukraine Ne 71619. Thermoelectric Medical Heat
Flux Meter, 2012.

Submitted 29.12.2012.

96 Journal of Thermoelectricity Ne2, 2013 ISSN 1607-8829




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


