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  APPENDICES 

A1.   Errata  

There are no known errors in data of Volumes 7-14, which have not been reported in the Operations 
Reports complementing these volumes.  For known errors in data of Volumes 1-6, please refer to the 
Operations Reports of Volumes 7-12.  
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A3.   Code Fragments for Dose Weightings and Integrations 
 

To show how the dose weighting and spectral integrals were calculated, the following code fragments were 
reproduced.  The new software was written in Visual Basic 5.0 for 32-bit Windows development. 
 
All functions designed to calculate different spectral integrals use three major arrays: Irradiance(), 
calculated irradiances (or weighted irradiances) at certain wavelengths; Wavelength(), where corrected 
wavelengths from all items are stored; and Points(), which references the location of the data from a 
particular item.  To be more specific, Points() is a two-dimensional array, where the first index is 1 for item 
start or 2 for item stop, and the second index is item.  For example, 
 

Points(1,1) - beginning of Item 1 (= 1), 
Points(2,1) - end of Item 1, 
… 
Points(1,item) - beginning of item item (= Points(2,item-1) + 1), 
Points(2,item) - end of item item, 
… 
Points(1,last_item) - beginning of item last_item (= Points(2,last_item-1) + 1), 
Points(2,last_item) - end of item last_item (and total number of points in the scan). 

 
Also (Points(2,item) - Points(1,item) + 1) is the number of points in a particular item.  Generally speaking, 
CalculateIntegral is the main function, while other functions derive weighted irradiance from Irradiance() 
and the given weight function, and reference to CalculateIntegral. 

A3.1.   Spectral (Non-weighted) Integrals 

The function CalculateIntegral uses the three arrays mentioned above as well as three other input 
parameters - wStart, wStop and Item - as a definition of integration limits and source of data (Item 1, 2 or 
3).  If, for some reason, data from a requested item are not available, this function returns -999 (indicating 
missing data). 

 
Function CalculateIntegral (wStart, wStop, Item, Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, iStart As Integer, iStop As Integer 
Dim Wav As Single, Irr As Single, Integr As Single 
 
If UBound(Points, 2) < Item Then CalculateIntegral = -999: Exit Function 
iStart = Points(1, Item): iStop = Points(2, Item) 
 
While (Wavelength(iStart) <= wStart) And (iStart < iStop): iStart = iStart + 1 :Wend 
If (iStart = Points(1, Item)) Or (iStart = Points(2, Item)) Then CalculateIntegral = -999: Exit Function 
 
While (Wavelength(iStop) >= wStop) And (iStop > iStart): iStop = iStop - 1: Wend 
If (iStop = Points(2, Item)) Or (iStart = iStop) Then CalculateIntegral = -999: Exit Function 
 
i = iStop 
Irr = InterpolateIrradiance(i, wStop, Item, Points(), Wavelength(), Irradiance()) 
If Irr < -998 Then CalculateIntegral = -999: Exit Function 
Integr = (Irradiance(iStop) + Irr) / 2 * (wStop - Wavelength(iStop)) 
 
i = iStart 
Irr = InterpolateIrradiance(i, wStart, Item, Points(), Wavelength(), Irradiance()) 
If Irr < -998 Then CalculateIntegral = -999: Exit Function 
 
Wav = wStart 
For i = iStart To iStop 

If Irradiance(i) < -998 Then CalculateIntegral = -999: Exit Function 
Integr = Integr + (Irradiance(i) + Irr) / 2 * (Wavelength(i) - Wav) 
Wav = Wavelength(i): Irr = Irradiance(i) 

Next i 
CalculateIntegral = Integr 

End Function 
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A3.2.   Dose Weightings 

Several alterations to the code were performed to accommodate changes in the data and response scans.  In 
previous software releases, the highest resolution scan (Item 1) was used for calculations below 310 nm, 
the medium resolution scan (Item 2) – between 310 and 340 nm, and the lowest resolution scan (Item 3) – 
above 340 nm.  No data beyond 400 nm was utilized.  With the new version, these limits have changed: 
interval (285, 340) nm is covered by Item 1 and interval (340, 400) nm is covered by Item 2.  If data are not 
available (or only partially available), doses are not determined and the corresponding functions return “-
999.”  Keeping in mind that there are 1-minute pauses between the items and that items with smaller 
subsequent numbers are performed at higher resolution, the new calculation appears to be more precise. 
 
In order to generalize the determination of wavelength segments and simplify accommodation of any future 
changes, two new functions were added to the code.  One of them – DoseItem – defines what scan item can 
be used for dose calculation and the other one – DoseBreak – determines what wavelength segment might 
be utilized from this particular item.  If a certain wavelength segment is available from various items, 
higher resolution data are preferred.  Assuming that a few beginning points of each item might be 
compromised by monochromator backlash, and because items overlap by at least 10 nm, it is possible to 
improve data quality by engaging only “middle” points.  Variable OverlapWavelength determines the size 
of the segment that will be sacrificed. 
 
The two-dimensional structure Header(item, scan) contains information about scan parameters, such as 
start wavelength, stop wavelength, etc., and variable scan = 3 for data scan.  Array Items (scan) defines the 
numbers of items in the scan, e.g., Items(3) is the number of items in a particular data scan. 
 
Function DoseItem (Wav As Single, Points() As Integer, Wavelength() As Single) As Integer 

Dim i As Integer, item As Integer 
   
item = 0 
For i = 1 To UBound(Points, 2) 
 If (Wavelength(Points(1, i)) <= Wav) And (Wav < Wavelength(Points(2, i)) - OverlapWavelength) Then 
  If item = 0 Then 
   item = i 
  ElseIf Header(i, 3).Conditions.StepWl < Header(item, 3).Conditions.StepWl Then 
   item = i 

    End If 
 End If 
Next i 
DoseItem = item 
End Function 
 

Function DoseBreak (Wav As Single, item As Integer, Points() As Integer, Wavelength() As Single) As Single 

Dim i As Integer 
     
If Wav < Wavelength(Points(2, item)) Then 

DoseBreak = Wav 
Else 

i = Points(2, item) - Int(OverlapWavelength / Header(item, 3).Conditions.StepWl) 
While (Wavelength(i) < Wavelength(Points(2, item)) - OverlapWavelength) 

i = i + 1 
If i = Points(2, item) Then 

DoseBreak = Wavelength(Points(2, item)) – OverlapWavelength: Exit Function 
   End If 

 Wend 
DoseBreak = Wavelength(i) 

End If 
End Function 
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Erythema Dose1 
 
Unfortunately, in previous software versions Dose1 was calculated incorrectly.  Thanks to Sari Kalliskota, 
this problem was noticed and fixed in the latest software revision.   Precisely, weighted function  
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Function Dose1 (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

Wav2 = 286: integr = 0 
While Wav2 < 400 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then Dose1 = -999: Exit Function 
Wav2 = DoseBreak(400, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then  

WeightedIrr(i) = Irradiance(i) * (0.04485 / (1 + Exp((Wav - 311.4) / 3.13)) + 4 * 0.9949 
                                  * Exp((Wav - 296.5) / 2.692) / (1 + Exp((Wav - 296.5) / 2.692)) ^ 2) 

   End If 
Next i 
integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()) 
If integrI < -998 Then Dose1 = -999: Exit Function 
integr = integr + integrI 

Wend 
Erase WeightedIrr 
Dose1 = integr 

End Function 

 

Erythema Dose2 

Function Dose2 (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single, Weight As Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

Wav2 = 286: integr = 0 
While Wav2 < 400 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then Dose2 = -999: Exit Function 
Wav2 = DoseBreak(400, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then 

Select Case Wav 
       Case Is < 295: Weight = 10 ^ (-1.215837 + (Wav * 0.004728)) 

Case 295 To 300: Weight = 10 ^ (10.73862 + (Wav * -0.035795)) 
Case 300 To 305: Weight = 10 ^ (17.54579 + (Wav * -0.058486)) 
Case 305 To 310: Weight = 10 ^ (50.49061 + (Wav * -0.166502)) 
Case 310 To 320: Weight = 10 ^ (27.87686 + (Wav * -0.093554)) 
Case 320 To 335: Weight = 10 ^ (15.3893 + (Wav * -0.054531)) 
Case 335 To 365: Weight = 10 ^ (1.703584 + (Wav * -0.013555)) 
Case 365 To 380: Weight = 10 ^ (8.365825 + (Wav * -0.031808)) 
Case Is > 380: Weight = 10 ^ (-1.705338 + (Wav * -0.005305)) 

End Select 
WeightedIrr(i) = Irradiance(i) * Weight 

End If 
Next i 
integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()): 
If integrI < -998 Then Dose2 = -999: Exit Function 
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integr = integr + integrI 
Wend 

  Erase WeightedIrr 
Dose2 = integr 

End Function 

 

Erythema Dose3 

Function Dose3 (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single, Weight As Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

 
Wav2 = 286: integr = 0 
While Wav2 < 400 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then Dose3 = -999: Exit Function 
Wav2 = DoseBreak(400, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then 

Select Case Wav 
      Case Is < 298: Weight = 1 

Case 298 To 328: Weight = 10 ^ (0.094 * (298 - Wav)) 
Case Is > 328: Weight = 10 ^ (0.015 * (139 - Wav)) 

End Select 
WeightedIrr(i) = Irradiance(i) * Weight 

End If 
Next i 

   integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()) 
If integrI < -998 Then Dose3 = -999: Exit Function 
integr = integr + integrI 

Wend 
Erase WeightedIrr 

  Dose3 = integr 
End Function 
 

Setlow Dose 

Function Setlow (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single, Weight as Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

 
Wav2 = 286: integr = 0 
While Wav2 < 340 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then Setlow = -999: Exit 
Function 

Wav2 = DoseBreak(340, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then 

Select Case Wav 
Case Is < 290: Weight = 10 ^ (13.04679 + (Wav * -0.047012)) 
Case 290 To 295: Weight = 10 ^ (20.75595 + (Wav * -0.073595)) 
Case 295 To 300: Weight = 10 ^ (30.12706 + (Wav * -0.105362)) 
Case 300 To 305: Weight = 10 ^ (42.94028 + (Wav * -0.148073)) 
Case Is > 305: Weight = 10 ^ (45.24538 + (Wav * -0.15563)) 

End Select 
WeightedIrr(i) = Irradiance(i) * Weight 

End If 
Next i 
integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()) 
If integrI < -998 Then Setlow = -999: Exit Function 
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integr = integr + integrI 
Wend 
Erase WeightedIrr 
Setlow = integr 

End Function 
 

Hunter Dose 

Function Hunter (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

 
Wav2 = 290: integr = 0 
While Wav2 < 340 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then Hunter = -999: Exit 
Function 

Wav2 = DoseBreak(340, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then  

WeightedIrr(i) = Irradiance(i) * Exp(61.1381 - 0.21551 * Wav) 
   End If 

Next i 
integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()) 
If integrI < -998 Then Hunter = -999: Exit Function 
integr = integr + integrI 

Wend 
Erase WeightedIrr 
Hunter = integr 

End Function 
 
 

Caldwell Dose 

Function Caldwell (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

 
Wav2 = 286: integr = 0 
While Wav2 < 313 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then Caldwell = -999: Exit Function 
Wav2 = DoseBreak(313, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then  

WeightedIrr(i) = Irradiance(i) * 2.618 * (1 - (Wav / 313.3) ^ 2) * Exp((300 - Wav) / 31.08) 
   End If 

Next i 
integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()) 
If integrI < -998 Then Caldwell = -999: Exit Function 
integr = integr + integrI 

Wend 
Erase WeightedIrr 
Caldwell = integr 

End Function 
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Weighted TSI (Dose4) 

Function WeightedTSI (Points() As Integer, Wavelength() As Single, Irradiance() As Single) As Single 

Dim i As Integer, item As Integer 
Dim Wav As Single, Wav1 As Single, Wav2 As Single 
Dim integrI As Single, integr As Single 
Dim WeightedIrr() As Single: ReDim WeightedIrr(Points(2, Items(3))) 

 
Wav2 = 320: integr = 0 
While Wav2 < 392 

Wav1 = Wav2: item = DoseItem(Wav1, Points(), Wavelength()): If item = 0 Then WeightedTSI = -999: Exit Function 
Wav2 = DoseBreak(392, item, Points(), Wavelength()) 
For i = Points(1, item) To Points(2, item) 

Wav = Wavelength(i) 
If (Wav1 - 1 <= Wav) And (Wav <= Wav2 + 1) Then 

If Wav < 367 Then 
WeightedIrr(i) = Irradiance(i) * (0.005598382 + Wav * -0.00004901834 
      + Wav * Wav * 0.0000001420638 + Wav * Wav * Wav * -1.361036E-10) 

Else 
WeightedIrr(i) = Irradiance(i) * (-0.08228739 + Wav * 0.0006492523 + Wav  
       * Wav * -0.00000170513 + Wav * Wav * Wav * 0.000000001490757) 

End If 
End If 

Next i 
integrI = CalculateIntegral(Wav1, Wav2, item, Points(), Wavelength(), WeightedIrr()) 
If integrI < -998 Then WeightedTSI = -999: Exit Function 
integr = integr + integrI 

Wend 
Erase WeightedIrr 
WeightedTSI = integr 

End Function 
 

PAGE A-24  BIOSPHERICAL INSTRUMENTS INC. 


	Appendices
	A1.   Errata
	A2.   References
	A3.1.   Spectral (Non-weighted) Integrals
	A3.2.   Dose Weightings
	Erythema Dose2
	Erythema Dose3
	Setlow Dose
	Hunter Dose
	Caldwell Dose
	Weighted TSI (Dose4)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Subsample
  /ColorImageResolution 600
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Subsample
  /GrayImageResolution 600
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Subsample
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


