Instruction Manual

For

Doran 2.2
Change 2005 November – the saved data in correlograms is y(t), standard deviation (t) and number of measurements.  The file extension is changed to ".8sg".

<Changes 2005 June – the intensity trace is saved as the count per interval. This makes the numbers shorter to be saved.  The filetype is changed to „.8se” >
Installation of non compiled version:

First install LabView 7.0 Professional Edition and the drivers from Correlator.com. The order does not matter. 
From the Doran disk, copy the folder /Doran on the desired location (for example C:/My Documents/)

If a LabView Basic Edition is used, the Multi-exponential fit will not work.  It will have to be reworked. 
General Warnings:

If you have several versions of DORAN, be careful to not open them together.  If you try to open a newer version when an old is present in the memory, the new version can get its subVI's replaced by the old version subVI with the same names.
Don’t name the data files with a “.” (dot) in the name.  Use dot only to separate the extension.  Avoid using \ in the text with the comments.

Using the programs.  

There are three main programs.  

1) Program “0 Main.Vi”  it is located in “Doran_G.llb”.  It is used to acquire and save data using the “Correlator.com”.  You can also see the fits of data files, but you cannot remove bad runs. For selecting bad/good runs you have to use “30 Manual Selection.vi”

A) Connect the correlator (blue box) to the computer.  Turn on the PMTs. Start the program by clicking on the arrow button ([image: image1.png]


 in the upper left).

B) Test: Click on the tab “Correlogram”. Click the “Test” button.  After 1-2 seconds of inactivity, the correlogram(s) and intensity(s) should appear.  In case that this does not happen, check the error message.  Usually you have to check the connections with the blue box, or to restart the LabView.  If the signal from a PMT is missing you have to press the reset button of the PMT box.

C) If you see a signal in the test run, you can go ahead and enter the parameters.  You may first enter the “intensity dust filter” values.  Next switch to “Exp Descr” tab.  There you can click “Load” if you have a file with similar parameters.  Manually enter/modify the file path, the sensors’ angles and the common info.

D) Press “Collect” button to start collecting.

E) During the measuring runs you can change “intensity dust filter” values, sensor and common info.  But you cannot change the file name.

F) To see fits click on the “Fit” tab. (see below for further info.

2) Program “33m Combines ALV.vi” in the "DorView.llb" can be used to convert multiple ALV runs (identical conditions like sample, temperature, etc., only the angle is varied) to one ‘.8sg’ file.

3) Program “30 Manual selection.vi” is the one for analysis of data.  (“30 … replaces program “34 ALV for manual.vi”. “34…” is a copy of ALVAN with little more whistles and bells.  It uses the same cumulants algorithm, and has added the Multi-exponents.)  It allows the user to select the good runs from a batch and to save the average and the fit results.  
4) Running the program. Select the “DorView.llb” and double click it. A menu will appear, where you have to select “34 ALV for manual.vi”.  Click “Operate/Run”, or the white arrow to start the program.  It will bring several Windows in the order described below. 
A) “Select file”.  Possible files to be selected are: ALV file with extension “.dat”, “.###” where # is a digit, or “.8sg”.  If the file is one (or the average) of sequence, the whole sequence will be opened.  
B) “82c Confirm parameters”.  The data are displayed for the user to edit it.  See chapter “Data structures”.  Some parts of data, like the correlogram itself, are hidden and will not be changed.  Other fields are self-explanatory.  The Button “Revert” can be used if the user makes an error to restore the settings.  The box “Apply to All” is by default selected, which means that all the files of the selection will be with the same Common parameters.  If the user deselects it, he will have to enter the Common parameters for each file of a sequence.  Click “Select” to apply the entered values.  For ‘safety reasons’ the correlograms from all the sensors are recorded; this leads to having sensors data with zeros.  
C) “35 Displays data for manual selection.vi” – Here you can see the data, how well it is fitted, the fitting parameters, and select a run to be included in averaging or not. Click “STOP” when you are ready with the data from one sensor. 
D) “52 Auto-Man Fit.vi” – here you have a little bit more freedom – you can adjust NBad and NLast for better Cumulant or ME fit (ME fit does not use NLast).  Click “CLOSE” when ready.
E) The program creates 2 files. To the original name is appended “-DOR” while the extension is changed to “.txt” or “.8sg”. The both files can be opened with a spreadsheet program, or even text editor.  The “.txt” file contains the fit results, “.8sg” contains the average correlogram(s) and rest of the data.  The d
Run time activity:  During the measuring runs you can:

a) Change the “intensity dust filter” values – if the intensity of one of the sensors goes above the entered value, the run will be stopped without being recorded (for all sensors), and a new run will be started.
b) Change the number of the runs collected or their length between the runs.
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To adjust the run parameters. Click (if needed) on “Exp Descr” tab and enter the angles the names.  If you know a file with the same settings, you can open it by clicking “LOAD”.  The parameters of the file will be loaded; you have to change the name (like "File name.8sg").  When the data is entered the collection of data can be started by pressing “COLLECT”.  The data is collected, every run is automatically saved with the entered name+ “-###”("File name-###.8sg") where ### is the number of the run.  At the end the averaged data is saved as a file with the entered name ("File name.8sg").
  During the run the fit of one sensor can be seen, or the Gamma vs. q2 by clicking on the tab "Fits" on the top of the window.  After collecting and saving a run, user can check the cumulants or MultiExponential fit, by clicking on “Fits” tab.  You can review an older file by loading it (Press “Exp Descr” tab and the button “Load”) The calculation results can be copied by triple clicking on the “G vs q2”/”Spreadsheet t,g2,Std” text box and “Ctrl-C” (see image below).  ”Spreadsheet t, g2, Std” has to be copied separately for all the sensors. 
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Data and basic functions
Inside the program the correlator gives the data as a function g(2)(t).  In the program the function is converted immediately to y(t)=(g(2)(t)-1).  A data set can contain data from several runs (y(t))i, i=1,N.  The individual runs are not stored, but only their sums “SUM(y)”, the sums of the squares “SUM(y2)” and the number of runs summed “Ns”
. This allow to calculate the average “y” and its standard deviation “sigma y”  The other functions used in DORAN I tried to name similarly to ALVAN names – Z, LNZ, U.  I added “W” for standard deviation of “Z”.  
Formulas

For “y”:
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For “sigma y”: 
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For “f”: 

f= (max y(t)) , in fact, only the first 10 channels after “AlwaysBad” are used.

Z(t)=y(t)/f
W(t) 
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For a single run, the method applied in ALVAN is utilized for calculation of Z, W and U – the data is split in 8 points segments, fitted with polynomial fit with 3 elements and the residual χ2 is taken as variance of the points.  The W and U values for an average of two runs are the bigger value calculated from population variance and the value calculated by splitting in 8 points segments.  If a very small variance is calculated, the relative uncertainty (ε) for a single word number is used: 1e-6. 
Cumulants fit:

It is almost a direct translation of the algorithm used in the ALVAN.  It was checked to give the same values.  There is a bug in the way the χ2 for the averaged run is calculated in ALVAN, so this number is different.  
The method of the cumulants is in fact weighted polynomial fit: 

LNZ(t)= A0+A1t+A2t2+A3t3+…
Where the number of the included coefficients -1 is called the order of the fit, and the Γ=-A1/2 is the decay rate; Polydispersity is given by: P=A2/Γ2 .

Multi-Exponential Fit

It is an algorithm based on the Levenberg-Marquardt supplied from LabView.  I selected the following function to fit: 
y(t)=
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before and after the fit the coefficients are recalculated to/from the more conventional
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The first transformation was made to enforce the coefficients Ai to be positive; the second – because the algorithm worked better with this presentation for the test examples.

The fitting parameters are given in an array (Γ0, A0, Γ1, A1, … ΓN, AN, baseline).  If the total number of parameters is even, then baseline=0. 

The subroutine “55i All the MExp fitting.vi” is made to be quite autonomous.  It generates an initial estimate for the fit, and runs afterwards.  Usually it should be called with a set of data Lagt(), Z(), W(), NBad, Nsize, "ME Terms", Iterations. "Fit Coeff Est." can be used; the rest of the entry values are neglected.  The default number for Iterations (300) is usually sufficiently big – the program converges and stops before reaching it.
It has different behavior for positive and negative "ME Terms" as calling parameters.

· Positive "ME Terms":
If "Fit Coeff Est." is an empty array, it generates its own initial parameters and executes. Returns the best fit that is found with the same number of parameters (Γ0, A0, Γ1, A1, … ΓN, AN, baseline).

· Negative "ME Terms":
The best fit with number of parameters between 2 and (ABS("ME TERMS")) is returned.  For the selection between fits with different number of parameters the F test (see Bevington p200) is used.  (There is assumption that χ2 vs. # of parameters is a smooth function)
This subroutine returns the answer in several formats - as graph, as numbers and as a ASCII string.  

Data structure
Most of the clusters (or all?) are saved as Strict Type Definitions.  This means, that when you right-click and select “Open Type definition” you will get a windows, where you can edit the cluster.  All the changes (adding/deleting a variable, change in the sizes or colors) can be automatically transferred to all the instances of the cluster.  

The data from a single run is combined in the cluster “Run Data Set.ctl”. It consists of “Common Info”, “N of Runs averaged” “Lag time” and “Sensors”.  
“Common Info” contains sample description – temperature, concentration(s), etc.  The “N of Runs averaged” can be used to judge is the data from a single run or averaged.  “Lag Time” contains the lag-time intervals for the correlator.  The “Sensors” is an array of clusters of data.  Each element of the array contains the data specific for one PMT. They are “A, deg” - Angle in degrees at which the signal is collected, “S” for sensitivity, if it is calibrated later for Static Light Scattering, “Name” – letter code to denote the sensor.  And there are three arrays for the Ns, SUM(y), SUM(y2) and intensity data.  The sensor names and colors are shown on the “Blue box” – and are matching the ones in the software. 
“Lag time” is coded into the program.  For ALV files, it is in “88a ALV to MALS format.vi”; for “.8se” files it is in “10 8ch data collections.vi”. 
Important VI
A short description for the VI and their place in the “Doran” folder.  I tried to make the names with unique beginning of the title, so I can mention some subroutines just by their beginning (like “0 …” instead of “0 Main.vi”).
DORAN_G.llb/”0 Main.vi”   This is the program for collection and saving data.

DORAN_G.llb/”10 8ch data collection.vi”  - This is the subroutine that communicates with the “Correlator.com”.  It can be run independent if you are just wanting to troubleshoot the work of the “Correlator.com”.
DORView.llb/"30x Fit with individual baseline subtraction.vi"  This program allows to open runs and select an baseline to subtract. The new correlograms are saved in a file whose name is extended with "b" symbol.  There two possible methods of baseline subtraction – 1) entering a number to be subtracted from each value, or selecting interval of lagtimes that to be used for each correlogram to calculate the average value, which is later used as a baseline. 

DORVIEW.llb/”31 converts to Fit.vi”  After starting you have to select a ".8sg" file and it is transformed to a ".fit" file for the Laplace program.

DORVIEW.llb/”33x....vi”  This subroutine is used to convert series of measurements with ALV to .8se file.  – This decreases the clutter since all the different angles are put in one file.  The files afterwards can be opened to remove the bad runs with DORVIEW.llb/”30 .... .vi”
DORAN_G.llb/”35 Displays data for manual selection.vi”  - This is subroutine, that has to be called with arrays of data.  DORVIEW/”34 …“ is an example of how it can be used.

DORAN_G.llb/”51 Sums Correlograms.vi”  This allows to merge two data sets into one.
DORAN_G.llb/”51a Sums Sensors.vi”  This allows to merge the data from two runs for a sensor.  It is used by “51 …”.  It has a check that the parameters of the summed sensors are the same, and attaches a warning to the “Note” of the summed sensor.  The warning looks like “(**Angle?**)” if there is an inconsistency in the angle. 
DORVIEW.llb/”34 ALV for Manual.vi”  - it is described in more details in the previous chapters.  It can be used not only with ALV files, but also with “.8ch” files.
DORVIEW.llb/”82c Confirm Parameters.vi”  it allows to check/edit parameters that describe the experimental set-up.
DOR_I_O.llb/”81 Opens saved runs.vi”  - this program recognizes the type of the file (ALV dat file, .8ch file) and looks for a series. After that opens/convert the series to an array of .8ch data clusters, that can be used from the other subroutines (for example “35 …”).

DOR_I_O.llb/”82 Opens saved runs.vi” – opens one “.8ch” type of file and converts it to an .8ch cluster that can be used from the other subroutines.
DOR_I_O.llb/”83 Saves a run data.vi” – saves a .8ch cluster as a .8ch file.  It has the option to save it as a packet of “.fit” files.  In this case, the name is extended with the name of the sensor, in order to ensure uniqueness of the names.  The “.fit” format is the one that was used to call “Laplace” for CONTIN fit.  It has the option to save the data with Tab or comma as delimeters.

DORFIT.llb/”52 Auto-Man fit.vi”  - this is a subroutine that has to be called with a .8ch cluster data. It calls the subroutines for Multi-Exponential and Cumulant fits.  If it is called to allow the user to modify parameters, it has to be called with “code:” “manual (-1)” and the front panel to be open.  In such case the program will wait the parameters for the fit to be modified, and the button “CLOSE” to be clicked, before to return the results.  
Data files:

The data files have:

1) line with the name of the version, and a separator (tab or comma; the same symbol should be used in the whole file) at the end. 

2) times – shows when the file is saved

3) Number of runs averaged

4) Description – text information entered by the user

The data that is recorded contains rows that start with “\” and codename, after the name is the separator, the value and end of line symbols. There is a set of parameters that have values right below their names (“right below” when the file is opened in Excel). 

 The values that are specific to the sensor should be in the same column as the correlogram values. They are Angle, Sensitivity (no real info, it is for future modification to allow SLS) Notes, Sensor Names.
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The correlogram block – It contains 4 arrays of data – 1)a column with log times; column with “:”, 2)a block of Average(y) – this columns are aligned with the Angle, etc. values, 3) the next block (separated with”;”) has the values of Standard deviation of y; 4) (again separated with “;”) has the number of correlograms used to average y values.
The next is the intensity trace. It contains the number of counts per “intensity_time_interval”. The intensity traces are in the same columns as Angle, etc. values.
Old formats.
The previous versions of DORAN created file with different presentation of the data. The files were with extensions ".8ch" and ".8se".  Now the software can open and transfer this type of data correctly. Most probably you will not encounter them.
Known Bugs


In “nonlinear Lev-Mar fit for correlograms.llb”, the “1 Non linear Lev-Mar fit.vi” often returns error code “23456” when called from a minimum.  This is going up to “DORFIT.llb/55i All the MExp fitting.vi”, where the “1 Non….vi” is called once again from an optimum.  Solution: Ignore code “23456” if the fit is fine, or add some “If-then” cases.
DORAN_G.llb/”51 Sums…”  When you call with “Sensor Sum”=-1 (all channels) and “Sensor” =/= -1, I do not what is going to happen.  Anyway I do not expect such a combination to be needed. 







� The number of runs summed can be different for each channel if correlograms for different length runs are averaged.  While this can affect only the long-time channels and for the present moment can be neglected, it is still stored in an array instead of just a scalar number.
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