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[bookmark: _Toc227578107]STEREO L1 MAG (125 msec) and MAGB (31 msec) Data Processing
(Documented by Perla Bravo; edited by Xinping Liu and William Leung)

[bookmark: _Toc227578108]Processing schedules
Data processing occurs once a month, typically at the beginning of each month. We utilize the input L1_0 data from UC Berkeley. However, there is usually a one-month delay in data availability. For instance, at the start of a given month (Nth month), the entire month of L1_0 data becomes available for the {N-2}th month. This newly available data is then utilized to calculate the instrument sensor offsets for the previous months, as part of the official data processing. Hence, at the beginning of a month, we are set to process a month of data lagged by more than two months in real-time.

[bookmark: magl1_location][bookmark: _Toc227578109]Location
The production code is accessible on MARS2020.epss.ucla.edu at the following directory:
/mnt/MissionRepo/stereo_processing/l1/stereo-fullproc

Additionally, code developed by Perla Bravo can be found and downloaded at the following GitHub repository:
https://github.com/igpp-ucla/stereo-fullproc

[bookmark: magl1_desc][bookmark: _Toc227578110]Description
step1.py downloads the Berkeley’s L1_0 CDFs and creates 1 second averaged data directly from these files for offset calculations. It takes a year and month as its parameters.

After this is executed, the designated researcher, currently Hanying Wei, should be notified to generate the monthly offset file, STEREO_A_offset_{yyyy}{mon}_avg.txt and place it in the following directory: 
/mnt/MissionRepo/stereo_processing/l1/stereo-fullproc/input_offsets

Copy the above offset file to create a new offset file named STEREO_A_offset_{yyyy}{mon}.txt for use in subsequent data processing.

step2.py runs the processing script, correct.py, on each day in the month, and does the job of finding which files correspond to which days since sometimes there may be additional burst data files for a given day. It takes a year and month as its parameters. Once this job is completed, the finalized CDFs and flat files should be placed in the processing archive.

[bookmark: magl1_run][bookmark: _Toc227578111]Running

Option 1 (manual execution):
To activate the virtual environment, use the following command:
$ source env/bin/activate

To download the latest CDFs and create 1min averages, run the command:
$ step1.py [year]-[month as number] 
Example:
$ step1.py 2020-06 (download June 2020 data)

To generate final CDFs after offset files are provided by the researcher, use:
$ step2.py -s=[yyyy]-[mm]-[dd] -e=[yyyy]-[mm]-[dd]
$ step2.py [yyyy]-[mm] -sc=B
Examples: 
$ step2.py -s=2023-12-01 -e=2024-01-01 
(process STEREO A data for 12/1/2023 through 12/31/2023)
$ step2.py 2014-02 -sc=B 
(process STEREO B data for February 2014)

For a description of command options, run:
	$ step2.py –help

Option 2 (automated with shell scripts):
The shell scripts process the scripts based on the current month.
Run the step 1 shell script:
	$ ./auto_step1.sh
Wait for the offsets to be provided by the researcher, then run step 2:
	$ ./auto_step2.sh

[bookmark: magl1_in_out][bookmark: _Toc227578112]Input and output file locations
· `input_offsets`: Location of input offset files before re-formatting
· `offsets`: Location of final offset files passed to script step2.py
· `l1_0_cdf`: Location of input L1_0 CDF files from Berkeley
· `l1_0_avg`: Location of flat files of 1-second averages from l1_0 cdfs
· `l1_final_cdf`: Location of final L1 CDF files
· `l1_final_flat`: Location of final L1 flat files

[bookmark: _Toc227578113]Check processed CDF data
1. Change the directory to:
/mnt/MissionRepo/stereo_processing/l1/stereo-fullproc/
l1_final_cdf/merge_cdf_for_review
2. Merge daily CDF files into monthly CDFs for data check:
a) Option 1:
a. Update the following merge list files for the month of interest:
merge_sc_MAG.list
merge_rtn_MAG.list
merge_sc_MAGB.list
merge_rtn_MAGB.list
b. Run the command:
$ cdfmerge -dataonly -f {all four merge lists}
b) Option 2:
a. Run the shell script:
$ ./merge.sh YEAR-MON (ex. 2026-01)
3. Visually inspect the monthly CDF files using MagPy.

[bookmark: _Toc227578114]Make zipped products for delivery to UC Berkeley
1. Sign into machine MARS2020 use your account via the putty interface.
2. Change directory to: /mnt/MissionRepo/stereo_processing/prep_zips/l1_MAG
3. Option 1:
a. Create a new directory named:
stereo_MAG_MAGB_CDF_{yyyy}{mmm}
	Under the above directory, create 4 new sub-directories:
		sc/Afgy{yyyy}
sc/Abfgy{yyyy}
rtn/Afgy{yyyy}
rtn/Abfgy{yyyy}
b. Copy the newly generated CDF daily files in SC and RTN from the processing output directories to the above sub-directories.
c. Copy {yyyy}{mm}StereoACounts.asc from the following directory to the directory created in Step 3:
/mnt/MissionRepo/stereo_processing/l1/stereo-fullproc/offsets
d. Generate a zip file named (with an encryption password of stereo123qwe):
stereo_MAG_MAGB_CDF_{yyyy}{mmm}.zip

Option 2:
a. Run:
$ ./make_zip.sh YEAR MON (ex. 2026 01)
4. Upload the zip file to UCLA box and create a shared link URL.
5. Send an email to Peter Schroeder and Co. with the CDF data downlink 

[bookmark: _Toc227578115]Request Pier Muti to copy the flat files to the UCLA web serving locations
1. Visually inspect a few daily flat files using MagPy
2. Send an email to Pier Muti to copy the daily flat files from the processing output directories to web-serving directories and load the data to UCLA data servers:
$ cd /mnt/MissionRepo/stereo/data/{ L1_sc,L1_rtn}/
$ cp -pu /mnt/MissionRepo/stereo_processing/l1/
stereo-fullproc/l1_final_flat/{ L1_sc,L1_rtn}/

[bookmark: magl1_in_import][bookmark: _Toc227578116]Import structure
The structure of the scripts is as follows:
step1.py [year]-[month]
download.py
avg.py [l1 cdf filepath]

step2.py [year]-[month]
update_offset_tables.py [input offset file]
correct.py [l1 normal cdf filepath] [optional l1 burst cdf filepath]
timing_corr.py
correct_data.py
split_datarate.py
add_offsets.py
coord_transf.py
avg.py
[bookmark: magl1_in_rebuild]
[bookmark: _Toc227578117]Moving/rebuilding 
If the scripts need to be moved to a new location, the following steps must be performed. 
1. Re-download the kernels by running: 
    $ download_spice.py.py 
    (Kernels are downloaded from SolarSoft's spice kernels tree.) 

2. Re-install libraries and set up virtual environment by running: 
    $ python3 -m venv env 
    $ source env/bin/activate 
$ pip3 install -r requirements.txt 

Alternatively, one can run setup/setup.sh to run all these steps at once. 

[bookmark: magl1_in_submodule][bookmark: _Toc227578118]Submodule descriptions 
download.py [start year] [month] [day] [end year] [month] [day] 
Downloads the L1 unvalidated files from Berkeley. 
avg.py [start year] [month] [day] [end year] [month] [day] 
Creates 1 second averages used to generate offset file. 
update_offset_tables.py [offset_file] 
Restructures a copy of the offset file and adds offsets to yearly file. 
process.py [cdf file] 
Fully corrects the L1 unvalidated CDF file and generates all the expected output files (burst, normal, 1s avg, 1min avg), (RTN vs SC coordinates)
constants.py
constants used by all the processing scripts.
timing_corr.py
Adjusts timing bugs.
add_offsets.py.py
Adds offset values from table to data.
split_datarate.py
Creates 125ms avgs from 31ms data in mixed input data file.
correct_data.py
Corrects the data and wrappers for stereoalg.

[bookmark: beaconl1][bookmark: _Toc227578119](Currently inactive) Process STEREO IMPACT Beacon MAG Data (10 sec) 
[bookmark: beaconl1_desc][bookmark: _Toc227578120]Description
There are no fixed time schedules for processing the Beacon data. It is conducted on an as-needed basis in the past. Beacon Data was previously processed by UCLA only once, covering the period from August 27, 2014, to November 17, 2015, when regular MAG data contained more gaps.

The IMPACT Beacon data originates from the STEREO space weather beacon telemetry stream broadcasted continuously by the spacecraft 24 hours per day. These data are highly compressed with a very low rate (10 sec). Due to the real-time nature of the data production, the calibrations may not match those used for the final data product.

The input LB daily CDF files are available in near real-time and can be found on the following website:

https://stereo.ssc.nascom.nasa.gov/data/ins_data/impact/beacon/
{ahead,behind}/mag/

[bookmark: _Toc227578121]Processing code location
[bookmark: mergel2]The Beacon MAG data were previously processed on machine `Solaris mars` in the following disk location (sign in as stereoprod):

	/users/stereoprod/impact

[bookmark: _Toc227578122]Process L2 STEREO Plastic Data and Merge with L1 MAG Data
[bookmark: _Toc227578123]Processing schedules
There is no fixed schedule for processing and generating merged data. The input L2 Plastic data is released irregularly. It is advisable to check the L2 data website periodically, ideally once a month or whenever a data request is received.

[bookmark: mergel2_dsc][bookmark: _Toc227578124]Description
Since September 2023, the processing and merging of data have been conducted on two separate machines to generate the final data product: a yearly merged CDF file intended for delivery to UC Berkeley. Due to the partial functionality of the old processing machine and the incomplete migration of processing software to the new machine, a hybrid software approach has been employed to facilitate data processing during this transitional period.
In November 2025, the L2 processing code is fully functional on Mars2020 and has been used to reprocess data from 2006-2025 delivered to UC Berkely as V07. 

[bookmark: mergel2_web][bookmark: _Toc227578125]Download PLASTIC Data
1. Sign into the MARS2020 machine using your account via the Putty interface.
2. Change directory to:
/mnt/MissionRepo/stereo_processing/download_L2_plastic
3. Edit the Perl script `download_daily_ascii.pl` to specify variables `year` and `month`.
4. Execute the Perl script:
$ ./download_daily_ascii.pl.
5. Move the downloaded files (`.txt`) into their corresponding yearly directory for transfer to another machine.

[bookmark: mergel2_scp][bookmark: _Toc227578126]Transfer downloaded Plastic data
1. Sign into the MARS2020 machine using your account via putty interface.
2. Change directory to:
/mnt/MissionRepo/stereo_processing/merge_l2-PLASTIC_l1-MAG/unh/1DMax_ascii/A/{YEAR}
3. Copy downloaded files using the command: 
% cp -p /mnt/MissionRepo/stereo_processing/download_L2_plastic/
{yyyy}/*txt .

[bookmark: mergel2_run][bookmark: _Toc227578127]Running processing code

1. Navigate directory to `/mnt/MissionRepo/stereo_processing/merge_l2-PLASTIC_l1-MAG_20250512_william/`
2. Enable environment `source env/bin/activate` and run the processing code:
a. NOTE: Currently as of Dec 2025, use the NEW fflib to process the merge code and OLD fflib for the monthly and average Python scripts.
b. Merge: python merge_plastic_mag.py –datatype=1DMax –spacecraft={A/B} –year={YEAR} –vnum={PLASTIC file version}
c. Monthly: python make_monthly_files.py –spacecraft={A/B} –year={YEAR}
d. Average: python make_average_files.py –spacecraft={A/B} –year={YEAR}
e. Alternatively, edit and run the shell script for these processing code in order:
i. ./run_merge.sh
ii. ./run_average.sh
iii. ./run_monthly.sh
[bookmark: mergel2_replace]
[bookmark: mergel2_zip][bookmark: _Toc227578128]Zip yearly CDF file for delivery to UC Berkeley
1. Sign into machine MARS2020 using your account via putty interface.
2. Change directory to: /mnt/MissionRepo/stereo_processing/prep_zips/l2_merge
3. Create a new directory named:
stereo_PLASTIC_MAG_yearly_cdf_{yyyy}
4. Copy the newly generated CDF yearly file from:   
/mnt/MissionRepo/stereo_processing/merge_l2-PLASTIC_l1-MAG/yearly_cdf/ 
to the above directory
5. Generate a zip file named (with encryption password ‘stereo123qwe’):
stereo_PLASTIC_MAG_yearly_cdf_{yyyy}.zip
· Zip -er output input
6. Create a download link using UCLA box (URL: https://ucla.account.box.com/login?redirect_url=%2Ffolder%2F0)
7. Send an email to Peter Schroder with the download link.
8. Send an email to Pier Muti to copy the monthly flat files from the processing output directories to the web-serving directories and load the data to the UCLA servers:
$ cd /mnt/MissionRepo/stereo_public/L2/MP/MONTHLY/Afgy{yyyy}
$ cp -pu /mnt/MissionRepo/stereo_processing/merge_l2-PLASTIC_l1-MAG/monthly_flatfile/Afgy{yyyy}/{mmm}_* .

	These steps will help you prepare and deliver the yearly CDF file to 
UC Berkeley.
[bookmark: somag]
[bookmark: _Toc227578129]Designed file/directory structure for Executing Data Merge code
The data merging code can be run on the following directory:

	/mnt/MissionRepo/stereo_processing/merge_l2-PLASTIC_l1-MAG

There are 5 sub-directories hosting input and output files for data merging:

	Input:
		unh/ - PLASTIC daily ascii files
		/mnt/MissionRepo/stereo_processing/l1/stereo-fullproc/l1_final_flat
· MAG daily flat files

 	Output:
	daily_cdf/ - merged daily CDF files
	yearly_cdf/ - merged yearly CDF files
	daily_flatfile/ - merged daily flat files
	monthly_flatfile/ - merged monthly flat files

[bookmark: _Toc227578130]Current STEREO Web Data Serving Directories on Machine ‘MARS2020’
The data processing is carried out in separate directories. Upon completion of the processing, the output flat files are then transferred to the designated web data serving directories for the UCLA data servers, including 'ops' and 'dev'.

[bookmark: _Toc227578131]STEREO L1 MAG flat files
/mnt/MissionRepo/stereo/data/L1_sc/{A,B}{b}fgy{yyyy}
/mnt/MissionRepo/stereo/data/L1_rtn/{A,B}{b}fgy{yyyy}

[bookmark: _Toc227578132]Merged L2 PLASTIC and L1 MAG monthly flat files
/mnt/MissionRepo/stereo_public/L2/MP/MONTHLY/Afgy{yyyy}
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