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GBS Lineshape Analysis Code Manual


Ground-based Spectrometer – Lineshape Analysis Code

The purpose of the program is to take slit functions measured using the ground-based spectrometer and interpolate them to derive a slit function for each of the spectrometer’s two thousand pixels. The interpolated functions can then be convoluted with the spectra of absorbing gases to predict the spectrum that would result from measuring those same gases using the ground-based spectrometer. 

The reason that this program exists is to (hopefully) correct inaccuracy in GBS analysis that results from modelling all CCD lineshapes as Gaussian. While some lineshapes are very close to Gaussian – usually those that are somewhere in the middle of the two-dimensional array of pixels on the CCD – many of them deviate wildly from the nice symmetric Gaussian shape, typically those from the edges of the device. 

There are two main MatLab scripts, slit_fn.m and spec_gen.m.  The first one reads a set of spectra from .csv files (listed in the file csv_lis.lis) and interpolates to get a lineshape for each pixel on the CCD. This is stored in a two-dimensional array in the file  slitfunctions.mat. The second script takes this array and convolutes it with a spectrum to simulate the effect of measuring that spectrum using the ground-based spectrometer. For example, we could measure the spectrum of O3 in the lab and then use spec_gen.m to predict the O3 cross section that would be measured by the GBS. This O3 cross section can then be used in the analysis of zenith sky spectra.  

MatLab notes:

The code is written entirely in MatLab. MatLab code is stored in .m files, which come in two varieties: scripts and functions. Either of them is run by typing the filename at the MatLab command prompt. The other important type of MatLab file is a .mat file. These files store the variables in memory from a MatLab session. They are stored using the save command and accessed using the load command. For example, to load bias_lookup.mat into the workspace, type load bias_lookup.mat at the command prompt.

There probably isn’t anything else useful to say about MatLab here, except that typing help [command] at the command line will give information on just about anything that MatLab can do. The program was written using MatLab version 5.3.0.10183 (R11) on PCWIN. 

slit_fn.m

This is the script that takes measured lineshapes, reads them in, and interpolates to create lineshapes for each of the CCD’s 2000 pixels. For example, one might read in ten lineshapes spaced out across the whole CCD, and the code would then generate the remaining 1990 lineshapes. 

The following m-files are required:
slit_fn.m


(main script)
read_csv_slit_fns.m
(reads in spectra from .csv files)
darkcurrent.m


(subtracts dark current)
bias.m



(subtracts pixel voltage bias)
bias_fit.m


(determines bias noise as a function of temperature)
dc_fit.m



(same as bias_fit.m, but for dark current)
find_centre.m


(finds weighted centre of lineshapes)
These are the input parameters that the user should set (by typing them in at the beginning of the slit_fn.m file) before running the script:
n_pix



(horizontal number of CCD pixels)
h_width



(half-width of lineshapes)
max_iterations

(max # of iterations used by find_centre.m)
slit_fn_op.[parameter] 

(e.g. slit_fn_op.norm; all options are boolean, 1 = yes, 0 = no)
.norm



(normalize the slit functions)
.noise


(do noise subtraction, dark current and bias)
.mf_disp


(plot the measured functions)
.compare


(compare an interpolated to a measured lineshape)
.stopwatch


(time the script)
dir_path



(directory path to the .csv files)
wv_fn
(polynomial giving fit of pixel centres to wavelength – not the same as the a,b parameters from the GBS analysis code)

norm_method
(set lineshape normalization method)
interp_method
(set degree of interpolation between measured slit functions)
There are also some input parameters at the beginning of the file read_csv_slit_fns.m pertaining to validation of the spectra read from .csv files. These parameters are described below in the “Validation of lineshape spectra” section.

These are the input files:
csv_lis.lis


(lists the filenames of the .csv files to be read)

These next two .mat files are generated by bias_fit.m and dc_fit.m,

respectively. These two scripts need only be run once, rather than every time that the 

script slit_fn.m  runs.

bias_lookup.mat
(stores array of polynomials that give bias noise as a function of temperature for each individual pixel (in the horizontal direction) on the CCD)
dc_lookup.mat
(same as bias_lookup.mat, but for dark current)

The input files for bias_fit.m and dc_fit.m are  spreadsheets in .wk1 format. 

The description below gives some more details.

Output files:

slitfunctions.mat
(contains two dimensional array storing the slit functions (aka lineshapes))
How to use the script:

All of the input parameters are listed at the beginning of slit_fn.m. Set these as desired, and go to the file csv_lis.lis and enter the names of the .csv files that are to be analyzed. Make sure that bias_lookup.mat and dc_lookup.mat exist (because running slit_fn.m does not automatically run bias_fit.m and dc_fit.m). The program will automatically load these .mat files. Also, if the program has run before and the file slitfunctions.mat already exists, it is probably a good idea to save the old file under a different name before running the program again. Then, if the new results are not very good, old results won’t be erased (the program probably takes around twenty minutes to run because of its heavy use of MatLab’s interp1 function, so accidentally deleting useful results can be kind of annoying).

After the program has finished, slitfunctions.mat will contain the following variables: 

s_fn 


(contains the array of slit functions)
max_len 


(maximum width of slit functions)
n_pix 


(number of pixels on the CCD)
centre 


(weighted pixel centre of the slit functions)
coord 


(absolute pixel location of each centre coordinate)
meas_fn 


(array of measured slit functions that were used)
n_fns


(number of measured slit functions that were used)
These variables are used by spec_gen.m to convolute the slit functions with spectra. 

Validation of lineshape spectra

Many of the spectra read from .csv files will be discarded on the basis of several criteria:

CCD temperature – if the temperature read from the file is outside of the range of temperatures for which the noise can be safely calculated, then the spectrum is discarded.

Saturation and cutoff – if the maximum reading in a spectrum is greater then the saturation point (65540 counts) or less than the minimum number of counts (15000, kind of an arbitrary number), then the spectrum will be discarded.

Falling off the edge – if a slit function falls off of the beginning or end of the CCD’s horizontal direction, then it is discarded. [Actually, I’m not sure if this is such a good idea – maybe fix later? Aug 24]

Different centres – each .csv file contains at least one, but probably several spectra. If any spectra in a file do not have the same pixel centre as the first spectrum in the file, then they are discarded. 

Note that all of this validation is done in the function read_csv_slit_fns.m. There are several parameters at the beginning of the file that the user should set: 
counts_cutoff

(low cutoff for counts)
counts_sat

(saturation cutoff for counts)
T_max


(max temperature for which we can calculate the noise)
T_min


(min temperature for which we can calculate the noise)

Example of the csv_lis.lis file:

27060014

27060015

27060016

28060015

28060016

28060017
Note that the .csv extension doesn’t need to be written in. The first filename (always eight numeric characters) is the first line of the file, and each line ends with a carriage return.

spec_gen.m
After running slit_fn.m once to generate the slitfunctions.mat file, one can then run spec_gen.m as many times as desired. For a given spectrum, spec_gen.m will convolute it with the slit functions for each pixel of the CCD, producing the same spectrum as one would expect it to be measured by the GBS.  

There isn’t very much to this program – all it does is some summing for the convolution (i.e. the discreet version of a convolution integral). The output is the new spectrum, stored in the variable spec_out. The program doesn’t call any other m-files (except of course for standard MatLab functions).

The following parameter should be set (at the beginning of the m-file) by the user:

dir_input

(path to the input files)
The user also needs to specify the input file containing the spectrum to be convoluted. Another input file, A_B.REF, is also required if the input spectrum is given in wavelength space instead of pixel space (which of course it most likely will be, since the whole point of the program is to take spectra that were not measured on the GBS and transform them into spectra that look like they were measured on the GBS). 

Semi-autobiographical information:

Program was written by James Anstey (that’s me) with Koruger Adcock (aka Lunchmaster and Climate Modeller of the Universe) telling me what it’s supposed to do.

Last time this manual was updated: August 25, 2000







