Campbell TTS Revision Notes

Revision 1_1
N.Campbell-Lund
4/9/98
In this revision, Flag #1 was added so that manual ISCO samples could be taken, Flag #5 was added so that when the bottle counter can be set to 0, Flag #6 was added so that when the bottle counter is set to 0, all other counters and initialized variables are also set to 0.  This is similar to the first execution after the program is downloaded and compiled on the data logger.

Revision 2_0
N. Lund, R. Eads, and J. Lewis
9/18/98
This revision revamped the code to make it more users friendly and streamlined.  This includes:

-Flags were freed up for more user-initiated stuff.

-Added Depth Integrated and Auxiliary sample capabilities via setting Flag 2 and Flag 3 high, respectively.

-Added Flag 1 which increments a dump counter and resets the bottle counter to 0.

-Logic was cleaned up by dealing with equality operators correctly.

-Added a loop that warms up the T-probe using internal timer

-Added more items to the initializing routine, so that by setting Flag 7 low, the program can be cold-started.

-Added 0 and 3 to variable thr_code, indicating baseflow and unknown threshold conditions, respectively.

-Added smp_code to give ISCO sampling status.

-Updated threshold subroutine so that thresholds are found in an array compared to the previous if blocks. -Added instructions for a temperature probe and rain gauge to be hooked up easily by the user.

Revision 2_1
N.Campbell-Lund & R. Eads
1/15/99

Rename the following variables:

-tprb_mult -> turb_mult

-tprb_off  -> turb_off

-ave_stg   -> avg_stg

-stage     -> raw_stg (instruction P9)

-stage     -> output in x.xx ft

-prtr_mult -> stg_mult

-prtr_off  -> stg_off

-code      -> thr_code

-code_2    -> smp_code

Revision 2_2
R. Eads
2/2/99

Increase stage loop from 100 -> 150

Add code to:

Calculate discharge in the form

q = q_mult * avg_stg**exp

User enters/updates values in sub 7:

q_mult exp q is not written to file but is available for plotting (since q. will be updated after each set of discharge meas.)

Revision 2_3
R. Eads
1/23/99

Un-comment rain gage instruction

Connect rain gage

New variables:

-nxt_bot:  This is the bottle count + 1 so that one can match input location with ISCO display

-bat_volt: This is the battery voltage stored in an input loc

-n:        This is the counter used for reading the number of times a stage reading is made.

Added:

-dmp_count to output record

-Added water temperature instructions

Changed:

-Moved pressure transducer reading into it's own loop so that the number of readings to be made is adjustable without messing with the turbidity loop.

-Pressure transducer raw mV readings are now summed outside of the loop instead of on the fly.

-Order of output array is now: array id, year, julian

day, time, dump, bottle, threshold code, sample code stage, turbidity, temperature, rainfall

Revision 2_4
R. Eads
99 08 12

-Fixed bug that set thr_code = 0 on a non-sampled intervals (sub 5, line 130, rev 2.3); code removed.

-Add instruction p80 (sub 3 following set flag0) to set the array id = 200 for this site.

Revision 2_5
R. Eads
99 12 03

Fixed bug that was caused by removing statement thr_count (not thr_code) from subroutine 5 line 130.  This caused the thr_count NOT to be reset following sample collection which then prevent further sample collection; because thr_count > 2.

Revision 2_6
J. Lewis and R. Eads
99 12 08

Code added:

-Set thr_count = 0 in initialization subroutine 7.

-Convert tips to inches in numeric display (in rev. 2.4 rain_15 -> tips now, added variable convert and now rain_15 is inches/15 min.).

-Add subroutine 9 to allow sampling when turbidity is above last threshold and calls to the subroutine.

-Added upper threshold of 9999

; Code deleted (Instructions from rev 2.5):

-Main routine: 28; sub 5 109, 125, 128

;Code modified:

-Changed thr_count from = to stay in main routine to thr_count >= stay.

-Updated probe parameters in subroutine 7 to reflect recent calibrations.

-Moved call to sub 2 and conversion to FTU to end of loop reading turbidity.

-Moved 107 to before 105 (rev. 2.4)

-Changed number of rising thresholds to 11.

Revision 2_7
R. Eads and J. Lewis
1/20/2000

; Code modified:

-Found and fixed a bug that prevented subsequent thresholds from being selected when either a DI or AUX was chosen for the same interval that a threshold sample was to be collected.  Introduced subroutine 79 (called 6 times) to reduce redundant code for threshold samples.

-Changed variable that writes rainfall to file from tips to rain_15 (in inches).

Revision 2_8
R. Eads
3/2/2000

This is the first non-beta version that will be used at sites in addition to FTR.  Although no logic changes have been made to the TTS code there have been changes in many locations.  The idea, in addition to moving the revision comments to this document, is to make a “basic” version of the program that contains all of the current options/modifications for various locations.  This should help reduce the hassle of code maintenance in the future.

In moving code around I found that the pulse count (for rain tips) will not work when the instruction is in a subroutine.  It appears that temperature instructions will work from a subroutine.

Revision 3_0


Same as Revision 2_8.  It was simply renumbered.

Revision 3_1
J. Lewis
5/17/2000

Eliminated the first rising threshold of zero.  Has not yet been tested.  Changed value of rev_wait from 5 to 8 to reduce number of samples taken when signal is spiky.

Revision 3_2
J. Lewis
2/27/2001

Re-installed the first rising threshold of zero.  It is needed for comparisons with the previous minimum turbidity when determining whether to sample on reversals from falling to rising that occur below the lowest non-zero threshold.

Revision 3_3
R. Eads 4/9/01 (not implemented on this date)

In rev 3_2 Jack forgot to change line 76, sub 4 to Z=X+F from Z=X.  Result was the location of the first rising threshold became 0 instead of 20, for instance.  This resulted in more startup samples than expected.  The threshold code for rev. 3_3 is now the same as rev. 3_0.

7/31/01: Rand added subroutines 80-82 to read turbidity, stage, and other sensors.  Subroutine calls replace what was previously redundant code.

Revision 3_4 R. Eads (11/02/01)

When the code to record tips from the rain gage was moved to sub 82 it failed to work.  The Campbell manual states that the call to the sub must be invoked in Table 2 (not Table 1 that is the main routine).  The pulse counter, however, does not work correctly when called from Table 2.  Left code for discharge and temperature sensors in sub 82 but moved code for rain gage back to original location (now following call to sub 82). I ‘manually’ fixed SFC_3_3 and FTR_3_3 to account for the changes above (these are the only two sites affected since the temperature works OK from sub 82 for sites QUE and ARF).

Revision 4_0 R. Eads & J. Lewis 10/23/02

Major changes in organization, efficiency, and new hardware options.  Changes in this revision add the DTS-12 turbidity sensor and expand the functionality of the CR510 to be equivalent to the CR10X (most wiring locations on the CR510 have changed when using the DTS-12 but Caspar configurations are unaltered).

In addition, threshold resampling delay was implemented properly and 37 lines of unnecessary or redundant code were removed, including global replacement of  

· commands P89+P35 by P88 (compare X with Y) 

· commands P95+P89 by P94 (else) where possible

Input Locations (Addr) modified:

· Added “dts_mean to “dts_max”

· Added “dts_temp” to “dts_var1”

· Added “wiper”, “do_sample”, “ntu_limit”

· Added “DEST”, “SOURCE”, “dest_loc”, “sourc_loc”

· Removed “stg_dev”, “temp_off”, “diff”, “last_loc”, “turb_loc”, and “continue”

· Changed “isco_ex” to “logger”

· Changed “rev_wait” to “rep_wait”

· Changed “rev_inter” to “rep_inter”

Memory has been reorganized as follows:

    1 -  60  array for sorting turbidity values

   62 -  63  hard-coded locations for indirect moves (P61)

   65 - 104  turbidity thresholds

  106 - 166  alphabetized list of miscellaneous variables

  168 - 176  DTS arrays, must be contiguous locations

  178 - 200  variables of user interest grouped to

             aid pasting into PC208W numeric window

Main: 

· Added code for DTS-12 overflow

· Simplified indirect moves and reduced number of hard-coded locations by using SOURCE and DEST as temporary storage locations for all non-indexed variables referenced by P61.

· Swapped subroutine calls to this order: temperature, stage, turbidity, discharge

· Removed P92: if (time = beginning of interval) stmt

· Removed redundant code and changed order of condition testing, obligatory, as follows:

1) base flow

2) first interval (unknown turb condition)

3) emergence from base flow and startup sample

4) second interval (determine turb condition)

· Removed code that tested for reutilization of thresholds to subroutine 79.  Now works for both regular and reversal thresholds.  rthr and fthr are assigned from main program in both places.  

· The rain gage can be activated (Flag 7) with either the CR510 (DTS-12 configuration) or the CR10X, these are changes to user instructions, not code

Sub 1 Median Sort:

· removed 5 lines: cleaner implementation of ‘do until’

Sub 3 Write Data:

· Write DTS-12 water temperature (dts_temp) if flag (turb_dev = 3) is set

· Any combination of: dts_temp, wtemp, and atemp can be written to file. 

Sub 6 Pumping Sampler:

· Skip all pumping sampler instructions (don’t increment counters) if dts_temp < 0.5 °C OR wtemp < 0.5 °C OR atemp < 0.5 °C; all temperature values are initialized to 999 in case no sensors are active.  

· Activate E2 and relay when using CR510 AND OBS-3 (original configuration)

· Activate C3 when using CR10X AND OBS-3 (port changed).

· Activate C1 when using DTS-12 with either the CR10X or CR510.

Sub 7 Initialization: 

· Removed ‘YSI’ as a sensor option.  

· Created new input locations 168-173 for DTS-12 turbidity and 174-176 for DTS-12 water temperature (median turbidity and water temperature are the only values saved--other values are over-written at each wakeup). 

· Added upper limit for the DTS-12, in NTUs (not mV).  Need to make sure that users select upper turbidity threshold that is lower than the max sensor NTUs.

· Removed selection of pressure transducer

· Add initialization of dts_temp, wtemp and atemp = 999

· Water temperature (dts_temp) is measured by the DTS-12 if connected and turb_dev = 2 or 3

· Initialize new flag called wiper = 0 (false).

· Initialize new pointers dest_loc and sourc_loc, to DEST and SOURCE

· New locations for starts of threshold arrays

· Statements regrouped in more logical order

Sub 79 Threshold Sampling Routine

· Tests for reutilization of thresholds.  Formerly this logic was implemented in the main routine for reversal thresholds only and detected reutilization of only reversal thresholds.  Now the logic is sound for both regular thresholds and reversal thresholds.  Will not reutilize a threshold within rep_wait intervals unless another threshold for the same rising or falling turbidity condition is used in the intervening period.

Sub 80 Turbidity:

· Check for freezing (dts_temp) and low water conditions (min_stg) and don’t activate wiper if either are true.

· First use instruction 0 with DTS-12 to get dts_temp (and 2 other values)

· Use instruction 2 with DTS-12 if not frozen or low water (wipe, then measure), else use instruction 1 (no wipe, measure).

· These two instructions, in addition to the rest of the code, take close to 1 minute to execute (longer than using the OBS-3).

· The turbidity offset (turb_off) can be used to modify the DTS-12 median turbidity (applied after the DTS-12 instruction is executed; if applied to instruction the offset is added to ALL returned values)

· When using the OBS-3 and CR510 OR CR10X, the code is unchanged (both use C1)

· When using the DTS-12 and CR510 OR CR10X (both use C2)

· Assign dts_med to med_turb

· Integer/float code at end of sub

· Get temperature from DTS-12 and don’t wipe if freezing or low water

· The input locations are setup so that the second instruction for the DTS-12 places dts_temp is the same input location for both instructions (the first instruction use 3 locations [dts_temp is first], and the second uses 7 locations [dts_temp is last], the 3 locations start in the last of the 7 locations).

Sub 82 Air and Water Temperature: 

· Only the CR10X can measure wtemp (logger = 1 AND FLAG 5 is true) on SE5 using E2

· The CR510 can only get water temp from the DTS-12 (SE3 is reserved for the OBS-3, both data loggers) 

· Both CR10X and CR510 (when DTS-12 is connected to CR510) use SE4 and E2 for atemp

· Neither atemp nor wtemp can be measured when using the CR510 and OBS-3 (FB configuration) because the ISCO uses E2 and a dummy connection to SE4 

· Removed discharge instructions to Sub 83

Sub 83 Calculate discharge (new)

· Moved discharge calculations to this subroutine from Sub 82

Revision 4_1 R. J. Lewis 12/21/02

Corrected problems using water temperature as a condition for sampling when temperature device absent or broken.  A couple other minor changes (below).

· Moved dts_temp forward one spot in memory so it does not get overwritten to when DTS-12 turbidity is queried.  Thus if no water temperature sensor, 999 will not be replaced with –6999.

· Only measures dts_temp if turb_dev = 3.  Thus, to condition DTS-12 wiper on water temperature, you are now required to write water temperature to the output file.

· If dts_temp, wtemp, or atemp less than –100, assign error codes 991, 992, and 993 respectively.  That way, since they are positive they will not disable the wiper function or pumping sampler

· Changed “if” condition (turb_dev = 2) to (turb_dev <> 1) in main program both places where it checks for turbidity limit exceeded

· Reset rev_count to 0 in subroutine 4 when emerging from baseflow

Revision 4_2 R. Eads 6/24/03

The primary purpose of this revision was to add the capability to run two samplers in series.  Added code to subroutine 6 to check for 2 conditions: if bottle > 24 and samplers = 2 then activate sampler 2 via C4 (port 4).  This will only work the CR10X (no C4 on the CR510), but the code does not explicitly check for this condition although the user is told in two locations this is required (too many nested statements in my option to add this).  As before, past bottle 48 the code attempts to continue sampling but the sampler ignores the pulse.  Added a new variable in Sub 7, InLoc 167, “samplers”.  The default is 1.  

Ideas from Lewis/Eads discussion Sep2006:
Implement last_rsam and last_fsam as arrays to keep track of last use of each threshold. Continue with a single value for rep_wait on CR10X and CR510. For CRBasic, also implement rep_wait as 2 arrays, to customize wait times for each threshold.  A skip counter was also discussed (wherein a sample would be triggered only at every nth occurrence of a threshold condition) – this would have a similar effect, but the timing and number of samples would be less predictable. 

Revision 5_0 (CR10X and CR510) J.Lewis 11/28/06

Added new parameter “wipe_stg” that specifies the minimum stage for wiping, independently of “min_stg”, which controls the minimum stage for sampling.

Replaces last_rsam and last_fsam with arrays lastris() and lastfal() to simultaneously keep track of last use of all thresholds.  Changed default “rep_wait” value from 8 to 18 intervals (no threshold will be repeat sampled within 3 hours).

Added option for OBS3+ turbidity sensor.  OBS3+ can operate within 2 ranges (1X and 4X).  To use 4X range, OBS3+ must be connected to both SE channels 3 and 6, so 4X range is limited to CR10X in this implementation. (Channel 4 is reserved for air temperature.).  
Added option for polynomial calibration of OBS3 or OBS3+.

Added option for Analite NEP395 sensor.  Fault conditions for an NEP395 wipe should be detectable by examining the variable “nep_wipe”.  Values other than zero usually indicate a dirty or dried out wiper pad.
Water temperature device is now specified by “wtemp_dev” parameter.  Flag 5 just controls whether water temperature is written to output or not. 

Better sampling logic eliminates need for thresholds at 0 and 9999

Fixes bug at reversals.  Now checks whether above highest threshold on a switch to falling condition, or below the lowest threshold on a switch to rising condition.  Without this fix, previous versions occasionally took an extra sample (by grabbing a false threshold past the actual threshold array).
New parameter “startwait” defaults to 72 intervals.  Replaces hardwired condition that startup samples could not occur within 18 intervals of a prior sample.
Input Locations (Addr) modified:

· Added “nep_med”, “nep_min”, “nep_max”, “nep_wipe”, “nep_temp”

· Added “wtemp_dev”, “wipe_stg”, “startwait”, “obs3_poly”, “obs3range”
· Added “nfalling”, “nrising”, “didsample”, “threshptr”, “last_ptr”

· Added “upstart”, “upend”, “downstart”, “downend”, “lrstart”, “lfstart”
· Dropped “rep_inter”, “timer”, “rem”, and “dummy” in favor of “scratch” to avoid Edlog limitation of 254 Input Locations
FOR NEXT REVISION

From Rand: I'm starting to test the Drucks that I picked up from the lab and I noticed that under "Volt Range" you can select "automatic" a feature that scales the range on the fly, a good idea.  After comparing the Edlog code to CRBasic I noticed that there is also an "automatic" range as well--I never noticed it before.  I'd suggest on the next 5.x Edlog upgrade we should change L342 parameter 2 from "3" to "0" to automate range scaling.  I'm not aware of any downside to doing this but it makes you wonder in the code examples why this wouldn't be the default selection.  Since I don't have Edlog data logger I can't test it, but I am running 2 PTs side-by-side in CRBasic using different settings.
Also from Rand: The more I look at wiring examples from Campbell and D&A the more I'm convinced we should be connecting the OBS-3s as differential devices rather than single-ended.  As a single-ended connection we are only using half the bridge, and although we have had fairly reliable data from these connections, I don't think we should be recommending them.  To run the sensors from one side of the bridge they should still be connected to H and L, but L is jumpered to G, rather than left 'floating" like our single-ended configuration.  I think the original wiring for Caspar sensors was done because of other limitations in the system.   We should recommend differential wiring, and for the OBS-3+ the user can connect either the 1X or 4x as a differential connection.  We can still present the wiring and the code for the single-ended connection.
Revision 5_1 (CR10X and CR510) E. Keppeler 10/29/09
Added additional hardware option for using an SDI stage device (Campbell Scientific CS450).  
Subroutine 7:  inserted Instruction to chooses a stage device. 1= druck, 2= CS450.  Variable = “stg_dev” input location 255
Subroutine 80:  Added if/then to specify pressure transducer option.  Druck uses same code as previous version. SDI (cs450) uses instruction P105 to read the SDI (stage device) on C2.  

Subroutine 80:  modified stage reading instruction for the SDI (Cs450) to use address 4 instead of default address of 0.  The 0 default has been used in previous versions by the DTS-12 turbidity device.  User’s need to reassign the address of any SDI stage device they intend to use with this version. This can be done using the terminal emulator with the stage device connected to any data logger. 

