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Appendix E: Data Acquisition Code 
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'Created by Short Cut (2.8), modified in CRBasic Feb15,2010 
'Modified Feb 23,2010 MGA. 
'Changes include; 
'Subcan measurement rate = 20 milliseconds 
'Main scan rate = 2 seconds. 
'Flag 6 Zeros offset of tiltmeter #1 
'Flag 7 Zeros offset of tiltmeter #2 
'Flag 8 Zeros offset of foil strain gages. 
'verified SDI12 command returns both Channel 1 and Channel 2 Vibrating Wire sensors on 
AVW200 
' Verfied Results from SDI-12 Option "M" are in this order: 
  'Results(1) = Vibrating wire frequency in HERTZ channel #1 
  'Results(2) = Thermistor Resistance in OHMS channel #1 
  'Results(3) = Vibrating wire milliVolt RMS amplitued channel #1 
  'Results(4) = Vibrating wire frequency in HERTZ channel #2 
  'Results(5) = Thermistor Resistance in OHMS channel #2 
  'Results(6) = Vibrating wire milliVolt RMS amplitued channel #2 
'Converted thermistor resistance in Ohms to DegressC and DegreesF  
'     using the standard Geokon Polynomial coefficients. 
 
'Bonded foil gages are being measured every 20 milliseconds 'Subscan rate = 20 milliseconds 
  
 
'Verified subscan operation so that 100 subscan measurements are made  
'     for every 2 second main scan interval.   
'Declare Variables and Units 
Public BattV 
Public WS_mph 
Public WindDir 
Public AirTF 
Public RH 
Public SlrW 
Public SlrMJ 
Public Analog 
Public Opn_col 
'Tiltmeter variables and offset zeroing variables 
 
Dim BB 
Const Num_tiltTherm =4 
Public Therm_tilt(Num_tiltTherm) 
Public DegC_Tilt(Num_tiltTherm) 
Public Geo_Tilt1 
Public Geo_Tilt2 
Public Geo_Tilt3 
Public Geo_Tilt4 
Const Vofset1=0.07988 'Assign default offest prior to zeroing the first time. 
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Public tiltOfst_1 
Public Vcalreps1 
Const Vofset2=0.07988 
Public tiltOfst_2 
Const Vofset3=0.07988 
Public tiltOfst_3 
Const Vofset4=0.07988 
Public tiltOfst_4 
 
Public Vcalreps2 
Public FlagMode4 
Public FlagMode5 
Public FlagMode6 'Use Flag 6 to zero Tiltmeter 1 
Public FlagMode7 'Use Flag 7 to zero Tiltmeter 2 
Public VcalIdx1 ' variable for the tiltmeter calibration index. 
Public VcalIdx2 
Public Flag(8) As Boolean 
' Vibrating wire temperature coeffecients 
Const A = 1.4051e-3 
Const B = 2.369e-4 
Const C = 1.019e-7 
Dim LnR1 
Dim LnR2 
'Copy the following Public variables when creating a new code. 
'############################################################################# 
Const BGF1 = 2.1                                                   ' gauge factor for strain gage block 
Const BCODE1 = -4                                                ' gauge code for full bridge strain  Check for 
wrong polarity  
Const Brep1 = 6                                                  ' set equal to number of strain gages. 
Public FieldcalAvgs                                              'Change in real time public table for the number 
of readings to derive the average value. 
'############################################################################# 
Public CalFileLoaded As Boolean 
Public GBBLK1(Brep1) 
Public GBBlk1Raw(BREP1) 
Const Boset1 = 0                                                  'Default offset of zero (0) for strain gages. 
Public BKnownVar1(Brep1) 
Public BcalMode1 
Public Bcalreps1(Brep1) 
Public BBLK1MV_V(Brep1) 
Public BBLK1(Brep1) 
Public BBLK1zeromv(Brep1) 
Public CalStartIdx 
 
'############################################################################# 
Public K 
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Public K2 
 
Const Size1 = 512 
Const Size2 = Size1*2 'make large enough for imaginary numbers. 
 
Public Velocity1(Size2) 
Public Velocity2(Size2) 
Public Velocity3(Size2) 
 
Const VelCalFactor1=1 
Const VelCalFactor2=1 
Const VelCalFactor3=1  
'############################################################################# 
'Thermocouple measurements 
Public PanelTemp 
Public AA 
Const Num_TC=6  'Set up loop size 
Public Ref_temp 
Public TC(Num_TC) 
 
 
 
Public ScanFlg1x(8) As Boolean 
Const CalStrainZero = 10 
 
Public FlagMode8 
Const StrainFullShunt = 43 
Dim I               
Alias BBLK1(1) = Strain_1 
Alias BBLK1(2) = Strain_2 
Alias BBLK1(3) = Strain_3 
Alias BBLK1(4) = Strain_4 
Alias BBLK1(5) = Strain_5 
Alias BBLK1(6) = Strain_6 
 
'*********************************  Vaisala DRD11 V ariables ********************* 
 
Public opencollector 
Public rainstart 
Public rainend 
Public rainstartflag 'Vaisala DRD11a wiring 
Public Duration  ' Delta time in seconds from beginning of rainstart till rainend (calculated from 
seconds at beginning of the year). 
'blk - gnd 
'brn - gnd 
'ylw - analog into the logger 
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'blu - analog into rain on/off 
  ' a 1k ohm pull up resistor is connected to the same input channel as the blue wire and 5 volts to 
   ' provide a source voltage for the open collector output of the sensor 
'red - 12 volts 
'grn - not used 
'wht - not used 
'When creating or modifying a program in Shortcut, be sure to include this Vaisala code into the 
complete CRB code. Don't forget the accompanying data table. 
Public Results(6) 
Public VW1strain    'Frequency in Hertz 
 Alias Results(2) = VW1Therm_Res  
Alias Results(3)= VW1_mVRMS    'millivolt RMS signal amplitude 
Public VW2strain    'Frequency in Hertz 
Alias Results(5) = VW2Therm_Res 'Thermistor resistance in Ohms   
Alias Results(6) = VW2_mVRMS    'millivolt RMS signal amplitude. 
 
 
 
Public VWTempC_1,VWTempC_2 
Public VWTempF_1,VWTempF_2 
 
 
Units BattV=Volts 
Units WS_mph=miles/hour 
Units WindDir=Degrees 
Units AirTF=Deg F 
Units RH=% 
Units SlrW=W/m^2 
Units SlrMJ=MJ/m^2 
Units Analog=mV 
Units Opn_col=mV 
Units Geo_tilt1=deg 
Units Geo_tilt2=deg 
Units Geo_tilt3=deg 
Units Geo_tilt4=deg 
 
Units VW1strain=Hz 
Units VW1Therm_Res=Ohms 
Units VW2strain=Hz 
Units VW2Therm_res=Ohms 
Units Duration = Seconds 
' 
'Define Data Tables 
DataTable(Table1,True,-1) 
 DataInterval(0,15,Min,10) 
 Average(1,WS_mph,FP2,False) 
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 WindVector (1,WS_mph,WindDir,FP2,False,900,0,0) 
 FieldNames("WS_mph_S_WVT,WindDir_D1_WVT,WindDir_SD1_WVT") 
 Average(1,AirTF,FP2,False) 
 Maximum(1,AirTF,FP2,False,False) 
 Minimum(1,AirTF,FP2,False,False) 
 Maximum(1,RH,FP2,False,False) 
 Minimum(1,RH,FP2,False,False) 
 Average(1,SlrW,FP2,False) 
 Totalize(1,SlrMJ,IEEE4,False) 
 Sample(1,Analog,FP2) 
 Sample(1,Opn_col,FP2) 
 Average(1,Geo_Tilt1,FP2,False) 
 Maximum(1,Geo_Tilt1,FP2,False,False) 
 Minimum(1,Geo_Tilt1,FP2,False,False) 
 Average(1,Geo_Tilt2,FP2,False) 
 Maximum(1,Geo_Tilt2,FP2,False,False) 
 Minimum(1,Geo_Tilt2,FP2,False,False) 
 Average(1,Geo_Tilt3,FP2,False) 
 Maximum(1,Geo_Tilt3,FP2,False,False) 
 Minimum(1,Geo_Tilt3,FP2,False,False) 
 Average(1,Geo_Tilt4,FP2,False) 
 Maximum(1,Geo_Tilt4,FP2,False,False) 
 Minimum(1,Geo_Tilt4,FP2,False,False) 
 Sample(1,VW1strain,FP2) 
 Sample(1,VW2strain,FP2) 
 Sample(1,VWTempC_1,FP2) 
 Sample(1,VWtempc_2,FP2) 
  Sample(Num_TC,TC(),FP2) 
 
EndTable 
 
DataTable(Table2,True,-1) 
 DataInterval(0,1440,Min,10) 
 Minimum(1,BattV,FP2,False,False) 
EndTable 
 
'This is a data table for the Vaisala rain detector, it needs to be copied as well.  
DataTable(start,1,360) 
  Sample (1,rainstart,FP2) 
EndTable 
 
DataTable (end,True,360) 
  Sample (1,rainend,FP2) 
EndTable 
 
DataTable(AMPPHA_3,1,100) 'FFT Table 
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   FFT(Velocity1(K2),IEEE4,Size1,20,mSec,2)'amplitude & phase 
   FFT(Velocity2(K2),IEEE4,Size1,20, mSec,2)'amplitude & phase 
   FFT(Velocity3(K2),IEEE4,Size1,20, mSec,2)'amplitude & phase 
EndTable 
 
 
DataTable(Dynamic,True,-1) 
  Sample(brep1,BBLK1(),IEEE4)     'dynamic table for fast repsonses of bonded strain gages and 
tilt meters 
  Sample(1,Geo_tilt1,FP2) 
  Sample(1,Geo_tilt2,FP2) 
  Sample(1,Geo_tilt3,FP2) 
  Sample(1,Geo_tilt4,FP2) 
  Sample(1,Duration,IEEE4) 
EndTable 
 
  DataTable (histo,True,1000) 
   DataInterval (0,2,Sec,10) 
    Rainflow (Strain_1,IEEE4,False,1,10,-200,200,1,000) 
     Rainflow (Strain_2,IEEE4,False,1,10,-200,200,1,000) 
     Rainflow (Strain_3,IEEE4,False,1,10,-200,200,1,000) 
     Rainflow (Strain_4,IEEE4,False,1,10,-200,200,1,000) 
     Rainflow (Strain_5,IEEE4,False,1,10,-200,200,1,000) 
     Rainflow (Strain_6,IEEE4,False,1,10,-200,200,1,000) 
  EndTable  
 
 
 DataTable(CalHist,NewFieldCal,50) 
   SampleFieldCal 
EndTable 
'############################################################################# 
'Main Program  DataLogger Measurements start below here and loop infinitely between 
scan/nextscan. 
Sequentialmode 
BeginProg 
 tiltOfst_1 = Vofset1   'assign default offset of 0 to tiltmeter1 
  tiltOfst_2 = Vofset2  'assign default offset of 0 to tiltmeter2 
 TiltOfst_3 = Vofset3 
 TiltOfst_4 = Vofset4 
 Vcalreps1 = 1 'number of sensors per zeroing routine. 
 Vcalreps2 = 1 'number of sensors per zeroing routine. 
  
 For I = 1 To Brep1                                            'Do the following to all of BBlk1 
      GBBlk1(I) = BGF1                                           'Assign default gauge factor (2) to GBBlk1 
   Next I                                                        'Repeat above until finished 
   For I = 1 To 8 
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      ScanFlg1x(I) = True 
   Next I 
 
   For I = 1 To BREP1 
      GBBlk1Raw(I) = GBBlk1(I) 
   Next I 
    
    
   CalFileLoaded = false 
   CalFileLoaded = LoadFieldCal(1) 
   FieldCalAvgs = 1 
   CalStartIdx = 1 
  
  
  'Faster scan rate for dynamic measurements 
  'Code for Foil Strain Gauges, copy when creating a new program from shortcut.  
  Scan(20,mSec,10,0) 
      BrFull(BBLK1MV_V(),Brep1,mv50,9,VX2,3,5000,False,True,0,1000,1,Boset1) 
'Bonded Foil Strain start on Differential channel 9. 
      StrainCalc(BBLK1(),Brep1,BBLK1MV_V(),BBLK1zeromv(),BCODE1,GBBLK1(),0) 
'Strain calculation  
       
      
FieldCalStrain(StrainFullShunt,BBLK1(),1,GBBLK1(),0,BcalMode1,BKnownVar1(),CalStartId
x,FieldcalAvgs,GBBlk1Raw(),0) 
      
FieldCalStrain(CalStrainZero,BBLK1MV_V(),BCalReps1,0,BBLK1zeromv(),FlagMode8,0,Cal
StartIdx,FieldcalAvgs,0,BBLK1()) 
  
  
   'March 26,2010 Geokon Tilt meters measured dynamically for deflection, twist, ETC. 
   VoltDiff (Geo_tilt1,1,mV5000,5,True,0,250,0.003631214,tiltOfst_1)' multiplier and offset 
based off calibration sheet and equation Y=MX+B 
   VoltDiff (Geo_tilt2,1,mV5000,6,True,0,250,0.003631214,tiltOfst_2)'Diff channel 6 
   VoltDiff (Geo_Tilt3,1,mV5000,7,True,0,250,0.003631214,tiltOfst_3)'Diff channel 7 
   VoltDiff (Geo_Tilt4,1,mV5000,8,True,0,250,0.003631214,tiltOfst_4)'Diff channel 8 
    PulseCount(WS_mph,1,1,1,1,0.2192,0)  
   'Velocity sensor 3 sensors filling an array defined as "size" 
 
 
   VoltDiff (Velocity1(I),3,mV5000,15,True,0,250,VelCalFactor1,0)'velocity on channel # 15. 
   VoltDiff (Velocity2(I),3,mV5000,16,True,0,250,VelCalFactor1,0) 
   VoltDiff (Velocity3(I),3,mV5000,17,True,0,250,VelCalFactor1,0) 
     
      If I = Size1 Then 
         K = SIZE1 + 1                  'toggle buffers 
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      End If 
      If I = SIZE2 Then  
         I = 0                          'start all over 
         K = 1                          'toggle buffers 
      End If 
      I = I + 1  'increnment I 
       
      If K2 <> K Then     'if buffers are full. 
  ' If  Flag(7)= True Then  'remove flag control 
   CallTable AMPPHA_3          'do amplitude & phase on k2 buffers 
  K2 = K 
   EndIf 
    
     CallTable Histo 
      CallTable Dynamic 
       
  NextScan  
  
 SlowSequence  
 'Main body of program making environmental measurements and vibrating wire 
measurements 
 Scan(1,Sec,1,0)  
 If Flag(4) Then     'Flag 4 zeroing control for Tiltmeter # 1. 
         If ScanFlg1x(4) Then 
            VcalIdx1 = 1  'start field call at #1 
            FlagMode4 = 1 
            ScanFlg1x(4) = False 
         EndIf 
         If (FlagMode4 <= 0) OR (FlagMode4 = 6) Then Flag(4) = 0 
      Else 
         ScanFlg1x(4) = True 
      EndIf 
  
 If Flag(5) Then     'Flag 5 zeroing control for Tiltmeter # 2. 
         If ScanFlg1x(5) Then 
            VcalIdx1 = 1  'start field call at #1 
            FlagMode5 = 1 
            ScanFlg1x(5) = False 
         EndIf 
         If (FlagMode5 <= 0) OR (FlagMode5 = 6) Then Flag(5) = 0 
      Else 
         ScanFlg1x(5) = True 
      EndIf 
  
 If Flag(6) Then     'Flag 6 zeroing control for Tiltmeter # 3. 
         If ScanFlg1x(6) Then 
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            VcalIdx1 = 1  'start field call at #1 
            FlagMode6 = 1 
            ScanFlg1x(6) = False 
         EndIf 
         If (FlagMode6 <= 0) OR (FlagMode6 = 6) Then Flag(6) = 0 
      Else 
         ScanFlg1x(6) = True 
      EndIf 
  
 If Flag(7) Then     'Flag 7 zeroing control for Tiltmeter # 4. 
         If ScanFlg1x(7) Then 
            VcalIdx2 = 1  'start field call at #1 
            FlagMode7 = 1 
            ScanFlg1x(7) = False 
         EndIf 
         If (FlagMode7 <= 0) OR (FlagMode7 = 6) Then Flag(7) = 0 
      Else 
         ScanFlg1x(7) = True 
      EndIf 
  
  If Flag(8) Then     'Flag 8 zeroing control for the Strain Gages. 
         If ScanFlg1x(8) Then 
            CalStartIdx = 1 
            BCalReps1 = Brep1 
            FlagMode8 = 1 
            ScanFlg1x(8) = False 
         EndIf 
         If (FlagMode8 <= 0) OR (FlagMode8 = 6) Then Flag(8) = 0 
      Else 
         ScanFlg1x(8) = True 
      EndIf 
    
  'Default Datalogger Battery Voltage measurement BattV 
  Battery(BattV) 
  PanelTemp (Ref_temp,250) 
   
  '05103 Wind Speed & Direction Sensor measurements WS_mph and WindDir 
  
  BrHalf(WindDir,1,mV5000,1,1,1,5000,True,0,_60Hz,355,0) 
  If WindDir>=360 Then WindDir=0 
  'HMP45C (6-wire, constant power) Temperature & Relative Humidity Sensor 
measurements AirTF and RH 
  VoltSE(AirTF,1,mV1000,2,0,0,_60Hz,0.18,-40) 
  VoltSE(RH,1,mV1000,3,0,0,_60Hz,0.1,0) 
  If RH>100 And RH<108 Then RH=100 
  'LI200X Pyranometer measurements SlrMJ and SlrW 
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  VoltDiff(SlrW,1,mV20,3,True,0,_60Hz,1,0) 
  If SlrW<0 Then SlrW=0 
  SlrMJ=SlrW*0.0002 
  SlrW=SlrW*200 
   
  'Start of Vaisala Code 
  'Generic Single-Ended Voltage measurements Analog 
  VoltSE(Analog,1,mV5000,4,True,0,_60Hz,1,0) 
  'Generic Single-Ended Voltage measurements Opn_col 
  VoltSE(Opn_col,1,mV5000,7,True,0,_60Hz,1,0) 
  'Generic 4-20 mA Input measurement memtilt1 
  'This is another Vaisala Code that needs to be copied over.  
  'rain start time routine - rainstartflag has to equal 0 
          If  Analog < 1500 AND rainstartflag=0 Then 
          rainstart=start.timestamp(2,1) ' Option 2 = seconds into the current year.  1 = # of records 
back. 
          rainstartflag=1 
      EndIf 
      'rain end time routine - rainstartflag has to equal 1 
      If rainstartflag=1 AND Analog>1500 Then 
      rainend=end.timestamp(2,1)'Option 2 = seconds into the current year.  1 = # of records back. 
      rainstartflag=0 
      EndIf 
      Duration = Rainend-rainstart 
       
 'March 26,2010 Rieker tilt meters replaced with Geokon 6160 Mems type.  
 'Reiker 4-20 mA tilt meter measurement. Sensor spec's at +/-10 degrees. 
  'VoltDiff(memtilt1,1,mV5000,5,True,0,_60Hz,0.799546,tiltOfst_1) 'Multiplier 
was changed from 0.0125 to the current value according to manufacturer calibration 
  'Generic 4-20 mA Input measurement memtilt2 
 ' VoltDiff(memtilt2,1,mV5000,6,True,0,_60Hz,0.799538,tiltOfst_2) 'Multiplier 
was changed from 0.0125 to the current value according to manufacturer calibration 
   
  
  
  
   'offset zeroing for Tiltmeter #1  Uses flag 4 
    FieldCal (0,Geo_Tilt1,Vcalreps1,0,tiltOfst_1,FlagMode4,0,VcalIdx1,FieldcalAvgs) 
    'offset zeroing for Tiltmeter #2  Uses flag 5 
    FieldCal (0,Geo_Tilt2,Vcalreps2,0,tiltOfst_2,FlagMode5,0,VcalIdx2,FieldcalAvgs) 
   'offset zeroing for Tiltmeter #3  Uses flag 6 
    FieldCal (0,Geo_Tilt3,Vcalreps1,0,tiltOfst_3,FlagMode6,0,VcalIdx1,FieldcalAvgs) 
    'offset zeroing for Tiltmeter #4  Uses flag 7 
    FieldCal (0,Geo_Tilt4,Vcalreps2,0,tiltOfst_4,FlagMode7,0,VcalIdx2,FieldcalAvgs) 
     
'################## Vibrating Wire Measurements and Calculations ###################  
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  'Generic SDI-12 Sensor measurements VWstrain1, VWtemp1, 
VWstrain2,VWtemp2 
  ' NOTE: Returned Results from SDI-12 Option "M" are in this order: 
  'Results(1) = Vibrating wire frequency in HERTZ channel #1 
  'Results(2) = Thermistor Resistance in OHMS channel #1 
  'Results(3) = Vibrating wire milliVolt RMS amplitued channel #1 
  'Results(4) = Vibrating wire frequency in HERTZ channel #2 
  'Results(5) = Thermistor Resistance in OHMS channel #2 
  'Results(6) = Vibrating wire milliVolt RMS amplitued channel #2 
  SDI12Recorder(Results(),4,1,"M!",1,0)'SDI-12 Physical address changed from 0 
to Control port 4 
   'microstrain conversion 
  VW1strain = Results(1)^2 *4.062e-3 'Geokon factor to convert frequency to 
microstrain 
  VW2strain = Results(4)^2 *4.062e-3 'Geokon factor to convert frequency to 
microstrain 
  'Temperatre conversion to Degrees C and F 
  LnR1 = LN(Results(2))  'Get thermistor resistance (Ohms) from sensor 1.  
  LnR2 = LN(Results(5))  'Get thermistor resistance (Ohms) from sensor 2. 
  VWTempC_1 = (1/(A+B*LnR1+C*(LnR1^3)))-273.2 
  VWTempF_1 = VWTempC_1*1.8+32 
  VWTempC_2 = (1/(A+B*LnR2+C*(LnR2^3)))-273.2 
  VWTempF_2 = VWTempC_2*1.8+32 
 
'############################################################################# 
'AM16/32B 
'Control port C8 = RES  (Turns on the AM16/32B) 
'Control Port C7 = CLK  (advances or clocks the relays forward). 
'Channel 20 Diff is the channel on the CR5000 for the measurements) 
 
PortSet(8,1)'Enable the AM1632B 
    For AA = 1 To Num_TC     ' Num TC is constant for number of thermocouples) 
    Delay(0,50,msec) 
    PortSet(7,1) 
    Delay(0,50,msec) 
    PortSet(7,0)'Clock multiplexer 
    TCDiff (TC(AA),1,mV20C ,19,TypeT,Ref_Temp,True,0,250,1.8,32) 
    Next AA 
  
  
 'Add Termistors from the Geokon Tilt meters 
  
 For BB = 1 To Num_tiltTherm 
   Delay(0,50,msec) 
    PortSet(7,1) 
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    Delay(0,50,msec) 
    PortSet(7,0)'Clock multiplexer 
    BrHalf (Therm_tilt(BB),1,mV5000,39,Vx4,1,5000,True ,0,250,5,0)'need to verify 
multiplier 
'BrHalf3W (  Therm_Tilt,1,mV5000,1,Vx1,1,5000,True ,0,250,10000,0) 
  'DegC_Tilt(bb)= 2412.6-(3442.5 *Therm_tilt(bb))+(1904.4 * (Therm_tilt(BB)^2)+(-
435.97 * Therm_tilt(BB)^3) 
 '  DegC_Tilt(bb) = -104.78+(378.11*Therm_tilt(bb))+(-
611.59*Therm_tilt(bb)^2)+(544.27*Therm_tilt(bb)^3)+(-
240.91*Therm_tilt(bb)^4)+(43.089*Therm_tilt(BB)^5) 
   
    Next BB 
 
  ' Degreec_C_Old = 2412.6 - (3442.5 * Degreec_C_Old)+(1904.4 * 
Degreec_C_Old^2)+(-435.97 * Degreec_C_Old^3) 
    'Degreec_C_Old = -104.78+(378.11*Degreec_C_Old)+(-
611.59*Degreec_C_Old^2)+(544.27*Degreec_C_Old^3)+(-
240.91*Degreec_C_Old^4)+(43.089*Degreec_C_Old^5) 
  
  
 PortSet(8,0)  'Turn off the AM16/32B 
     
   
  'Call Data Tables and Store Data 
  CallTable(CalHist) 
  CallTable(Table1) 
  CallTable(Table2) 
  CallTable(start) 
   CallTable(end) 
 NextScan 
EndProg 


