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ABSTRACT 
 
Thermovision is known physical phenomenon based on emission of electromagnetic 
fields by each body with temperature above than absolute zero. This emission is 
called, for the sake of the length of the wave, infrared emission and for the sake of its 
property – thermoemission. Intensity of thermoemission is proportional to the 
temperature of the body. So, during measurement of infrared emission of the body 
there is possible to indirect  measure its temperature. 
Characteristic application of the thermovision can be usage of thermoemission 
radiated by moving object for its localization. In this paper the concept of passive 
navigational system working on the basis of thermovision cameras has been 
presented. There has been assumed, that at least two cameras placed on the land are 
used for detection and tracking objects emitting infrared waves. 
 
INTRODUCTION 
 
The optionavigational system will be the positioning system, which works 
(determining the position of the object with passive method) on the basis of using at 
least two thermo vision cameras. These devices enables objects’ detection regardless 
of day or night time and weather conditions.  
During designing the optionavigational positioning system, there has been assumed, 
that at least two thermo vision cameras placed on land will be used for detection and 
tracking objects, which are the sources of infrared waves. 
In reduced variant of the system there is possible to use photogrametry cameras, 
which limit detection of the objects to day time and good weather conditions (without 
the fog and precitipations). 
During designing the model of the system there is necessary to work out following 
stages of its operation: 

  detection – on the basis of object’s thermovision features, 
  canvassing (automatic) – when the object is in observation sector of the 

camera – initiation of the tracking begins without operator’s action, 
  tracking – determination of the position and the moving parameters of the 

detected object for visualization, 
  visualization – presentation the symbol of the detected object and its 

moving vector in dedicated ECDIS – Electronic Navigational Chart and 
Information System. 
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GUIDELINES 
 
During designing the optionavigational system there will be worked out following 
issues: 

  Main guidelines for creating the optionavigational system using optical 
sensors. As sensors can be used photogrametry cameras, which limit 
detection of the objects to day time and good weather conditions. For 
detection the object in limited visibility condition and night time, there is 
necessary to use thermo vision cameras. 

  Working out the algorithm of detection and identification the detected 
object and its (algorithm) computer implementation (client application). As 
the source of information will be used the thermo vision camera. Worked 
out detection algorithm will be designed for canvassing and tracking 
detected object of thermal radiation, and computer application will be 
universal for all (no less than two) sensors. 

  Working out the algorithm of data transmission from client applications to 
visualization system (server application). In connection with distracted 
location of sensors, there is necessary to transmit data in the form of 
pictures or position and moving parameters of detected objects to 
application designed to data presentation of detected and tracking objects. 

  Determination working and accuracy areas of the optionavigational 
system. There is assumed, when location of sensors and orientation of their 
axis are known, there will be possible to determine the position of detected 
objects in optical – azimutal system. For maximizing positioning accuracy, 
there is necessary to optimize sensors’ location and to determine working 
and accuracy areas. 

  For designed model of the system the prototype will be done. Sensors 
located in position determined during working out working and accuracy 
zones with client applications and server one will be used. 

  Working out the visualization system. Obtained navigational information 
from sensors will be presented in dedicated ECDIS – Electronic 
Navigational Chart and Information System. There will be worked out 
presentation system with the module for recording data for analyze. 

  Testing the system. For comparing tests can be used AIS – Automatic 
Identification System as the system transmitting in real time position, 
moving parameters and other static and dynamic parameters. This system 
can be treated as reliable source of data in accuracy limits of positioning 
system used by individual object. 

  Verification and correction the model. Data from designed system and AIS 
should be compared. Accuracy of positioning and moving parameters 
determination should be estimated and comparing criteria should be 
determined. In case of  discrepancy, the model of determination the 
position and moving parameters of detected object with passive method 
using information about thermal field radiated by the object will be 
verified. 
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Fig. 1. Detected object and its thermovisual image. 
 
PIROMETER SELECTION CRITERIA 
 
Pirometer – measurement device for touchless temperature measurement. It works 
on the basis of analyze of thermal radiation of the object and it is used in thermo 
visual cameras. 
Before selection suitable pirometer, following issues should be determined: 

  working variant: portable or stationary, 
  temperature measurement range, 
  minimum measured area of the object (diameter) and minimum measured 

range – it is important for determination the pyrometer resolution, 
  measured surface – it is important for determination pirometer’s emission 

coefficient – constant (usually 0.95) or changeable, 
  additionally, for stationary pirometer, there is necessary to determine 

output signal type and environment conditions: air temperature, smoke, 
dust.  

The most important technical parameters of the pyrometer (thermovisual camera), 
from designing the system point of view, are: 

  optical resolution, 
  emission coefficient, 
  observation sector. 
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Optical resolution 
 
Pirometer measures mean temperature of measured field called pirometer’s optical 
resolution. Optical resolution is one of the most important parameters of each 
pirometer. It describes the scale of measured field depending on the distance the 
pirometer from measured object and usually is expressed as D/S ratio 
(Distance/Spot). Optical resolution is not constant parameter and depends on the 
distance. D/S parameter describes in focus point of lens and decreases, when the 
distance increases.  
 

Emission coefficient 
 
Emission coefficient describes ability of individual object for emission its energy. 
This coefficient is the number from 0 to 1 and the measure is easier and more 
precisely, when the coefficient is close to 1.  
Below main technical parameters of selected thermovisual cameras have been 
presented. 
 

Table 1. Main technical parameters of selected thermovisual cameras 
 
 lens resolution Spot 
ThermaCAM SC3000  320  240  
ThermoVision A40M  320  240 45    34  
ThermaCAM Phoenix 13 mm 320  240 40    33  
ThermaCAM Merlin 13 mm 320  256 41    31  
 
 
OPERATION AND ACCURACY ZONES 
 
During designing the system, there is necessary to determine the operation zone and 
the accuracy one. Determining the zones is well known issue in radionavigation. For 
optonavigational system using cameras (device with sector observation area), the 
operation zone decreases with relation to round (radionavigational) devices. 
Below hypothetical operation zones have been shown. 
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Fig. 2. Observation sectors of thermovisual cameras and working zone. 
 
 
 

 
 

Fig. 3. Observation sectors of thermovisual cameras and working zone. 
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CONCLUSIONS 
 
Passive optionavigational system can be the replenishment for AIS information for 
VTS. On the one hand, the system is passive one, so objects can be detected secretly. 
On the other hand, the system can be the replenishment the radionavigational system 
and radar one and can detect small objects, which are the sources of thermal 
radiation. 
The essential issue, from among tasks awaiting for realization, is determining 
operation zone and accuracy one for obtaining specific accuracy of determined 
position and specific operation zone. 
 
REFERENCES 
 
Minkina W., Pomiary termowizyjne – przyrządy i metody Wydawnictwo 
Politechniki Częstochowskiej, 243 str., Częstochowa 2004. 
http://www.termowizja.biz 
 
 

 
 



<<
  /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


