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Abstract: The article describes an adaptive operation algorithm of an intelligent 

humidity sensor that allows determining a moisture content of a paste material with a 
reasonable accuracy in case of failure of device components. 
 

 
 

 
 

Intelligent sensors are traditionally improved by developing their designs and 
elements, as well as by using methods for the description and subsequent analysis of 
measuring procedures [1]. An analytical approach is commonly used in the synthesis of 
intelligent sensors that contributes to the development of optimal data processing 
algorithms based on increasingly complex stochastic models of an impact on a sensor. 
An alternative to this strategy is a method of smart sensors implementation using neural 
networks. Functioning of intelligent sensors is provided by using actual data, which 
characterize a physical object of research. 

It is necessary to perform the following steps for creation of algorithms: 
– determination of operation modes of intelligent measuring system in a variety of 

situations, including an extreme ones; 
– training of a smart sensor considering peculiarities of a process of research; 
– formation of logic of diagnostics system functioning in case of failure of some 

sensor. 
The basis of intelligent humidity sensor (IHS) hardware is a MSP430 

microcontroller from Texas Instruments. This device uses SH15 humidity and 
temperature sensors from Sensirion, external ones to measure the initial temperature and 
humidity of drying agent and internal ones to measure the current temperature and 
humidity in the sections. There is also a conveyor speed sensor, a general exhaust fan 
switching-on sensor, common to the entire dryer, as well as individual sensors of 
controlled cameras: degree of opening of release gates and air intake windows.  
The required information is stored in non-volatile DataFlash memory device. 

One of important properties of the monitoring system is a self-diagnostics feature. 
The ability to self-control characterizes a property of sensor to retain the characteristics 
within acceptable limits for a consumer in the event of sensor or information channel 
failure.  

Evaluation of pasty material humidity is carried out using a neural network with 
multilayer perceptron architecture, trained by back propagation algorithm.  
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Network inputs are normalized values: 1x  is initial humidity of material, 2 3,x x  
are ambient temperature and humidity, 4x  is speed of a plate conveyor, 5x  is switching 
on or off of agitator, 6x  is percent of time when exhaust fan works, 7 8,x x  are average 
weighted temperature and humidity of drying agent in the i-th camera; 9 10,x x  are 
percentage of opening of air intake window and release gate. Training of a neural 
network is organized by exemplary measures of technological parameters in the 
adaptive range of the i-th camera with fixed precision. 

Data normalization is performed using the following formula: 
 

n n n
amp of , 1 ,q qx x K K q ,= ⋅ + = Θ                                      (1) 

where q  is serial number of network input; n ,q qx x  are normalized and non-normalized 

values of  q-th network input; n n
amp of,K K  are amplitude and offset scaling factors;  

Θ  is number of network inputs used to calculate humidity k
iϕ  in i-th camera [2]. 

Analytical model of multilayer perceptron for evaluating moisture content in i-th 
camera, trained by algorithm that mentioned above, is represented as: 
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– weighting relation factors for hidden and output 

network layers, iN  – number of neurons in hidden network layer when calculating 
moisture content in i-th camera of dryer; normalized values of material humidity data 

,iϕ  initial humidity of material 1,x  ambient temperature and humidity 2 3, ;x x  speed 

of a plate conveyor 4,x  switching on or off of agitator 5,x  percent of time when 

exhaust fan works 6,x  temperature and humidity of drying agent  7 8, ,x x  percentage of 

opening of air intake window and release gate 9 10,x x   [2].  
Output of network is denormalized by the formula for obtaining data about 

material humidity in real-world units: 
dn
of

dn
amp

,i
i

K
K

ϕ −
ϕ =                                                     (3) 

where dn dn
amp of,K K  are amplitude and offset denormalizing factors [3]. 

The resulting analytical dependence (2) allows evaluating material humidity in i-th 
camera of dryer in real time during its drying. Similar models are made for other 
cameras. 

Let us extend the set of humidity determination models to eliminate the significant 
impact on accuracy of failure of one or a group of sensors. Models of the form (2) are 
used in case of a faultless operation of sensors, where information from all sensors is 
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used. In the event of failure of one or more sensors it is proposed to carry out 
calculations on models, which take into account these situations. 

Let us distinguish four groups of sensors in order of importance of information 
coming from them to create an extended set of models. 

Zero group is class of situations 0G  (trouble-free operation of all sensors).  
First group is class of situations 1G  (soft sensor failures) includes sensors, 

information from which is interference on measurement channel, for example, external 
sensor of initial temperature and humidity of drying agent or sensor of switching on or 
off of agitator, that responsible for uniformity of the material layer on the tape.  
Off-season average temperature and humidity in workshop and average thickness of the 
paste are taken into account in the case of failure of sensors from that group. 

Second group is class of situations 2G  (medium sensor failures) that includes 
windows and gates opening sensors, information from which represents dryer cameras 
setup.  
If a failure occurs in this group of sensors, the models without taking into account the 
degree of opening of gates and windows in the sections are used. 

Third group is class of situations 3G  (hard sensor failures) that includes conveyor 
speed, agitator switching on or off, temperature and humidity of drying agent in sections 
sensors, failure of which is most dangerous because it leads to errors of humidity 
measurement and drying process control. 

Table shows the correspondences of classes with situations, missing model 
parameters and identifiers of models that used in this case. 

Extended set of models includes the following models for n  and 1n +  controlled 
cameras of following groups: 

– 0G  is models 1m  and 2m  similar to model (2), wherein model 1m output  
is model 2m  input. 

– 1G  is models 3 ,m  4 ,m  distinctive feature of which is obtaining information 
about initial temperature and humidity of drying agent not from sensors but from 
database. Model 5m  similar to 1,m  but without taking into account an agitator; 

Classes of situations and failures of sensors 
 

Class  
of situation Situation Unknown model 

parameter 
Model 

identifier 

0G  Trouble-free operation of all sensors of 
IHS – m1, m2 

1G  

Failure of workshop temperature and 
humidity sensor x2,  x3 m3 

Failure of agitator switching on or off 
sensor x5 m4 

2G  

Failure of gates opening sensor x10 m5,  m6 

Failure of windows opening sensor x9 m7, m8 

Failure of initial material humidity x1 m9 

3G  

Failure of conveyor speed sensor x4 m10 

Failure of exhaust fan switching on or off 
sensor x6 m11 

Failure of temperature and humidity of 
drying agent sensor in sections x7, x8 m12, m13 
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– 2G  is models 6m  and 7m  without taking into account changing of opening 
degree of release gates; models 8m  and 9m  without taking into account opening degree 
of air intake windows in n  and 1n +  sections respectively; 

– 3G  is model 10m  without taking into account operation periodicity of exhaust 
fan, model 11m  without taking into account an exhaust fan work, model 12m  without 
taking into account  drying agent temperature, model 13m  without taking into account  
drying agent humidity.  

Thus, if a failure occurrs in the process of sensors survey, then the model from the 
knowledge base of IHS is automatically selected, by which pasty material humidity is 
determined with an acceptable error. As a result of the adaptive algorithm work IHS is a 
fault-tolerant system. The adaptive operation algorithm of IHS is shown in Figure. 

An IHS during a pasty material drying in a drum-tape dryer implemented at JSC 
"Pigment" (Tambov); its use has allowed increasing the production of quality products. 

Thus, a technical task of rapid assessment of a moving pasty material humidity 
during its drying in real time is reached in order to ensure the quality of the resulting 
material. 
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Аннотация: Приведен адаптивный алгоритм функционирования интеллек-

туального датчика влажности, позволяющий в случае отказа компонентов устрой-
ства с приемлемой погрешностью определять влагосодержание пастообразного 
материала. 
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Adaptiver Algorithmus des Funktionierens des intellektuellen 

Feuchtigkeitsensors 
 

Zusammenfassung: Es ist den adaptiven Algorithmus des Funktionierens des 
intellektuellen Feuchtigkeitsensors, der im Fall des Versagens von den 
Anlagekomponenten mit dem annehmbaren Fehler den Feuchtegehalt zu bestimmen 
erlaubt, angeführt. 
 

 
L'algorithme adaptatif du fonctionnement  

de la sonde intellectuelle d'humidité 
 

Résumé: Est donné un algorithme adaptatif du fonctionnement de la sonde 
intellectuelle d'humidité permettant en cas de défaillance des composants de l'appareil 
de déterminer la teneur en eau de la matière pâteuse avec une précision acceptable. 
 
 

Авторы: Артемова Светлана Валерьевна – доктор технических наук, про-
фессор кафедры «Конструирование радиоэлектронных и микропроцессорных  
систем»; Артемов Анатолий Анатольевич – доктор технических наук, профес-
сор ФГБОУ ВПО «Тамбовский государственный университет им. Г. Р. Державина»; 
Подхватилин Павел Александрович – магистрант кафедры «Конструирование 
радиоэлектронных и микропроцессорных систем»; Кошелев Игорь Юрьевич – 
студент, ФГБОУ ВПО «ТГТУ». 
 

Рецензент:  Муромцев Дмитрий Юрьевич – доктор технических наук, про-
фессор, проректор по научно-инновационной деятельности, ФГБОУ ВПО «ТГТУ». 
 
 
 



<<
  /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


