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Non-invasive measurement of chemical compounds levels

in human body

Abstract

The paper presents a system for measuring substances in human body by
a combined technique: using visible light and near infrared spectroscopy.
The approach is non-invasive, attenuation of radiation by tissues is
evaluated. Measurement of two chemical compounds levels is described:
that of glucose and of ethylic alcohol (ethanol). The presented measuring
system is self-calibrating. Due to this, it is possible to measure changes of
compound concentrations in different parts of body, e.g. wrist, arms or
legs. The main measurement is done in infrared light (up to 1000 nm),
auxiliary ones are performed in visible light (narrow band between 600-
680 nm and wide spectrum from around 420 nm to 780 nm - white light).
This allows for measurement not only a compound level, but also
characteristic properties of tissues in place where measurement is done.
Results of measurements are provided and advantages of multi-wavelength
measurements discussed.
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1. Introduction

Traditional measurement of blood components is done by taking
its sample and testing it in a laboratory. This is costly, time-
consuming and impossible to do for real-time analysis. Human
blood consists of 90% water, 8% organic components (e.g.
protein), 1% organic compounds (e.g. glucose, lactic acid) and 1%
nonorganic (ions) [1]. Then, it is very important what we want to
measure and where. Best place for locating non-invasive
measurement systems are fingers [2]. Proposed in the paper
infrared spectroscopy is only one among many non-invasive
techniques, e.g. Raman spectroscopy [3], polarimetry [4],
bioimpedance [5] or radio and radio-optical methods [6]. The
techniques can be used for measurement of more than one
substance level, e.g. that of glucose, and lactic acid [7]. They are
particularly many approaches to detect glucose level. In
spectroscopy many researchers are concentrating on near infrared
(700...2000 nm) [2], or medium infrared (over 2500 nm) [8§]
radiation. Some of them use single wavelengths in visible light,
but only in narrow bands, e.g. around 660 nm.

The main idea of this research is to use some wavelenghts in
visible light, in infrared, and wide spectrum of white light to
detect changes in human tissue. This combination of radiation
sources allows for measurement of chemical compounds levels in
virtually any part of human body. The aim is a non-invasive
analysis of their concentration change, continuously, in real-time.

2. Theory

2.1. Spectroscopy and absorption of human
tissues

Spectroscopy is used in chemistry, biology and medicine to
determine type and concentration of chemical compounds [9].
Spectroscopy can be done in: near infrared, infrared, UV/VIS or
Raman scattering [9]. This article focuses on combined NIR and
VIS spectroscopy.

It matters what substances are in blood and tissue where we
want to take a measurement. Absorbances of the most important
ones are shown in Figure 1 — melanin, oxyhemoglobin,
deoxyhemoglobin and water. As can be seen, there is a range of
low absorbances, called “Optical Window” [10].
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Fig. 1. Absorbances of substances in human body [10]

Table 1 provides absorption peaks of substances in human tissue
that can disturb glucose and ethanol measurements [11, 12].

Tab. 1. Absorption peaks (nm) for main substances in human tissue [11, 12]

Water Hemoglobin Fat Protein Lactic acid
580
749 747
770
823
880
910 920 910 923
980
1040 1020 1047

2.2. Ethanol

Etylic alcohol (ethanol, C,HsOH) is a substance that is normally
absent in human body. It can be taken only from outside, but its
level in blood is important for metabolism and state of organism.
Its level can be measured in a non-invasive way, but only from air
(level of alcohol in air is proportional to that in blood [13]). With
optical sensor we can measure its concentration in real-time, and
continuously without taking air samples. Ethanol have absorption
peaks for wavelengths: 669 nm, 881 nm, 1050 nm, 1090 nm, 1274
nm and some higher (not being interesting, as our system works
up to 1000 nm) [12].

2.3. Glucose

Glucose (C¢H1,0g) is the main source of energy in human body,
hence, this substances is transported to any cell in organism by
blood. Optimal level of this compound is controlled by two
hormons: insulin and glucagon [14]. Any distortion of nautral
balance between them can be caused by a disease, the most serious
being diabetes. A diabetic should frequently measure blood
glucose level by taking a drop of it on special disposable test strip.
It is painful and non comfortable, especially at night. Glucose has
characteristic absorption peaks at wavelenghts: 623 nm, 646 nm,
722 nm, 728 nm, 733 nm, 777 nm, 839 nm, 939 nm, 996 nm, 1015
nm, 1024 nm and higher [12].
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3. Measuring system

3.1. Detectors and emitters

In the research six emitters and one detector (on a special
measuring head) were used. As a detector a silicon PIN diode with
very wide spectrum band (300...1300 nm) was chosen. Emitters
were spectrum LEDs (30...40 nm) and emission maxima at: 620
nm, 640 nm, 660 nm, 875 nm, 950 nm, and a white warm led. The
wavelengths were chosen to detect peaks of absorption that we
were looking for, and to avoid other appearing in human blood
(see Table 1). The most important in this research was to find
independent peaks for substances that we want to measure and
those for disturbing factors. White light was used to measure
tissues condition (done in the same place as main NIR
measurement). Transmitters and detector were spaced 5 mm from
each other. It is shown in Figure 2.

Fig. 2. Measuring head — view of emitters and detector

In the proposed system reflectance measurement was done. This
kind of solution had more problems than the transmission mode,
but measuring device could be used in different places on human
body. Maximum penetration depth of NIR and visible light is
around 10...15 mm (penetration depth increases with wavelenght
up to ca 1000 nm) [15]. This was the reason, why it was decided
to use this spectrum range. Photon path in human tissue is
“banana-shape,” it is shown in Figure 3.
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Fig. 3. Light path in tissue

This shape is caused by scattering of light in tissue. Scattering in
biological tissues attenuates light to 80% (only 20% is absorbed).
This is the reason, why distance between emitters and detector is
so small.

3.2. Measuring system

The measuring system was built from six transmitters, that were
controlled by a control unit (to control voltage and current in
diodes). The diode currents were very low, as power of emitted
light was reduced to minimum (for health reason — minimization
of light influence on tissue) to level under 25 mW/cm®. But it was
very important to maintain the same level of voltage (to assure
constant light emission in time), hence, LDO voltage stabilizer
(Low Drop Out) was used to stabilize voltage at 3.3 V. The
detector output was low pass filtered to reduce high frequency
noise from environment (e.g. form wireless communication). It
was a simple RC filter, as signal to noise ratio is quite good in

proposed measuring system and better solutions are not necessary.
To convert data 16-bit analog to digital converter with
programmable gain amplifier was used. Due to this, it was
possible to exploit all measuring range of ADC — after fitting light
power of emitters to detector susceptibility. Full 16 bit conversion
was done, but the lowest 2 bits were treated as erroneous.
Frequency 868 SPS (Samples per Second) was enough because
maximum speed was reduced to 1 survey per 100 milliseconds.
Conversion error was much lower than changes in output voltage
during measurement, so it was no need for more precise type of
converter. The SPS number was important in other tests, which
were done with high frequency. The control unit was a
microcontroller Atmel ATMega 8. The chip had low power
consumption, a lot of input/output ports, SPI, IIC, and UART
terminals, PWM modulator to control light intensity and many
other advantages. ATMega 8 was also small (TQFP-44 package),
cheap and very popular, as it had good quality to price ratio. It
forms a very good base for prototypes with semi-complicated
circuits and different battery modes.

4. Results

The research was focused on compensation of tissues conditions
on measurements. This problem appears when changing location
of measurement system on human body, as different places have
different conditions. We have tested locations where measuring is
useful and comfortable for patient (arms, forearms, wrists and
legs). Results of measuring the same level of substance in blood in
different places with and without correction is shown in Figure 4
(three values for each point).
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Fig. 4. Measurement distortions with and without corrections
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Fig. 5. Changes of glucose level in blood in real-time

To correct measurements an algorithm was used that reduces
information noise by analysis of visible light spectrum (main
survey was done in NIR). In Figures 5 and 6 examples of
noninvasive, continuous measurements of glucose and alcohol
(respectively) levels in human blood (time step 1 minute)



202 Measurement Automation Monitoring, Jun. 2017, no. 06, vol. 63, ISSN 2450-2855

compared to reference measurements (traditional methods) are
shown.
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Fig. 6. Changes of alcohol level in blood in real-time

5. Conclusions

The proposed solution to non-invasive substances levels
measurements in human body gives satisfactory results. Combined
measurements using many wavelengths reduce methods
susceptibility to varying conditions of tissues. The effect was
proven empirically. Results given by proposed measuring system
are not ideal, nevertheless they are sufficiently informative and
open a way to build a device that can detect signals in different
places on human body. Measuring system using many
wavelengths can form a base for future research and building
better and more precise devices.

Work funded by the Ministry of Science and Higher Education for the statutory
activity of conducting research and development work and related tasks under the
project number 08/83/DSMK/4726.

6. References

[1] Zidtko E.: Podstawy fizjologii cztowieka. Oficyna Wydawnicza
PWSZ w Nysie, 2006.

[2] Robinson M., Eaton R., Haaland D., Keep G., Thomas E., Stalled B.,
Robinson P.: Non-invasive glucose monitoring in diabetic patients:
a pre-liminary evaluation. Clin. Chem. 38 1618-1622, 1992.

[3] Boyd S., Bertino M., Seashols S.: Raman spectroscopy of blood
samples for forensic applications. Forensic Science International, 208,
124-128, 2011.

[4] Purvinis G., Cameron B., Altrogge D.: Noninvasive Polarimetric-
Based Glucose Monitoring: An in Vivo Study. J Diabetes Sci Technol
Vol 5, Issue 2, 380-387, 2011.

[5] Srinivasa S., Siva Ram Kiran V., Mathur S., Narasimha S.:
Noninvasive Transcutaneous Sampling of Glucose by Electroporation.
Journal of Diabetes Science and Technology, Volume 2, Issue 2,
2008.

[6] Caduff A., Mueller M., Megej A., Dewarrat F., Suri R., Klisic J.,
Donath M., Zakharov P., Schaub D., Stahelc W., Talary M.:
Characteristics of a multisensor system for non invasive glucose
monitoring with external wvalidation and prospective evaluation.
Biosensors and Bioelectronics 26, 3794-3800, 2011.

[7] Naidoo Y., Simpson R.: Can Near infrared spectroscopy (NIRS) be
used to predict lactic acid, acetic acid and ethanol in sugararcane
mixed juice?. Proc S Afr Sug Technol Ass, 84: 432 — 438, 2011.

[8] Muellera M., Grunzeb M., Leiter E., Reifsnyderc P., Kluehd U.,
Kreutzerd D.: Non-invasive glucose measurements in mice using mid-
infrared emission spectroscopy. Sensors and Actuators B 142, 502—
508, 20009.

[9] Cyganski A.: Metody Spektroskopowe w chemii analitycznej,
Wydawnictwo Naukowo-Techniczne, Warszawa, 2002.

[10]Srinivasan S., Pogue B., Jiang S., Dehghani H., Kogel C., et.al:
Interpreting hemoglobin and water concentration, oxygen saturation,
and scattering measured in vivo by near-infrared breast tomography.
Proc Natl Acad. Sci. USA 100 12349 54, 2003.

[11]Khalil O.: Spectroscopic and Clinical Aspects of Noninvasive Glucose
Measurements. Clinical Chemistry 45:2, 165-177, 1999.

[12]Internet base SDBSWeb:http://riodb01.ibase.aist.go.jp/sdbs/ (National
Institute of Advanced Industrial Science and Technology, 2016.

[13]http://alkohit.pl/e/pl/czesto_zadawane pytania.html, 2013.

[14]Hinneburg I.: Cukrzyca Poradnik farmaceutyczny. First Polish
edition, Noczynska A., Pluta J., Bohater P., 2011.

[15]Keereweer S., Van Driel P., Snoeks T., Kerrebijn J., et al: Optical
Image-Guided Cancer Surgery: Challenges and Limitations. American
Association for Cancer Research, Vol. 19, Issue 14, 3745-3754,2013.

Received: 06.03.2017 Paper reviewed

Accepted: 03.05.2017

Tomasz KOSSOWSKI, MSc, eng.

Tomasz Kossowski received the BSc (2010) and MSc
(2012) degrees in telecommunications engineering
form Poznan University of Technology. He is
currently working toward the PhD degree in the same
department at PUT. His research interests include the
non-invasive measurement of human body and
advanced image processing in real-time. Furthermore,
he is also interested in designing robotics and
electronic devices.

e-mail: t.kossowski@gmail.com

Karolina KOSSOWSKA. MSc, eng.

Karolina Kossowska graduated from the Chemistry
Technology Department at Poznan University of
Technology, in 2013 and in 2015 respectively, received
the BSc and MSc degrees in chemistry technology. She
is interested in designing new micro-devices for
analytical techniques. She is currently working toward
the PhD degree at Rzeszow University of Technology.
Currently she is working on choose the best parameter
of spectrophotometer to non-invasive measurement of
human blood and radical polymerization.

e-mail: karolinakossowska@wp.pl

Prof. Ryszard STASINSKI, DSc, eng.

Graduated from Poznan University of Technology in
1977, defended PhD and Habilitation degrees in 1985
and 1992, respectively, at the same University.
Professor title in 2007. Currently head of Chair of
Telecommunication Systems and Optoelectronics of
Poznan University of Technology. His main scientific
interests are linked with digital signal processing.

e-mail: ryszard.stasinski@put.poznan.pl





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


