

    
      
          
            
  
Welcome to pymmaster’s documentation!

This is the documentation for MMASTER-workflows and pymmaster, a set of tools for the processing of improved
DEMs from ASTER.
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Installation and Setup

The following is a (non-exhaustive) set of instructions for getting setup to run MMASTER on your own machine. Note
that this can be an extremely computationally intensive process, so we don’t really recommend trying to run this on your
personal laptop.

As this is a (non-exhaustive) set of instructions, it may not work 100% with your particular setup.
We are happy to try to provide guidance/support, but we make no promises.


Installing MicMac

Detailed installation instructions for MicMac on multiple platforms can be found here [https://micmac.ensg.eu/index.php/Install/],
but we’ve added a short summary to help guide through the process.

First, clone the MicMac repository to a folder on your computer (you can also do this online via github):

/home/bob/software:~$ git clone https://github.com/micmacIGN/micmac.git
...
/home/bob/software:~$ cd micmac
/home/bob/software/micmac:~$ git fetch
/home/bob/software/micmac:~$ git checkout IncludeALGLIB





This will clone the MicMac git repository to your machine, fetch the remote, and switch to the IncludeALGLIB branch.
Check the README.md (or LISEZMOI.md) file to install any dependencies, then:

/home/bob/software/micmac:~$ mkdir build && cd build/
/home/bob/software/micmac/build:~$ cmake .. -DWITH_QT5=1 -DWERROR=0 -DWITH_CCACHE=OFF
...
/home/bob/software/micmac/build:~$ make install -j$n





where $n is the number of cores to compile MicMac with. The compiler flag -DWERROR=0 is needed, as some of the dependencies
will throw warnings that will force the compiler to quit with errors if we don’t turn it off.

Finally, make sure to add the MicMac bin directory (/home/bob/software/micmac/bin in the above example) to your $PATH
environment variable, in order to be able to run MicMac. You can check that all dependencies are installed by running
the following:

/home/bob:~$ mm3d CheckDependencies
git revision : v1.0.beta13-844-g21d990533

byte order   : little-endian
address size : 64 bits

micmac directory : [/home/bob/software/micmac/]
auxilary tools directory : [/home/bob/software/micmac/binaire-aux/linux/]

--- Qt enabled : 5.9.5
    library path:  [/home/bob/miniconda3/envs/bobtools/plugins]

make:  found (/usr/bin/make)
exiftool:  found (/usr/bin/exiftool)
exiv2:  found (/usr/bin/exiv2)
convert:  found (/usr/bin/convert)
proj:  found (/usr/bin/proj)
cs2cs:  found (/usr/bin/cs2cs





You should also see the following output from the mm3d SateLib ApplyParallaxCor command:

/home/bob:~$ mm3d SateLib ApplyParallaxCor
*****************************
*  Help for Elise Arg main  *
*****************************
Mandatory unnamed args :
  * string :: {Image to be corrected}
  * string :: {Paralax correction file}
Named args :
  * [Name=Out] string :: {Name of output image (Def=ImName_corrected.tif)}
  * [Name=FitASTER] INT :: {Fit functions appropriate for ASTER L1A processing (input '1' or '2' : version number)}
  * [Name=ExportFitASTER] bool :: {Export grid from FitASTER (Def=false)}
  * [Name=ASTERSceneName] string :: {ASTER L1A Scene name (Only for and MANDATORY for FitASTERv2)}





In a nutshell, the basic idea is: clone the MicMac git repository, then build the source code. Simple!




Optional: Preparing a python environment

If you like, you can set up a dedicated python environment for your MMASTER needs. This can be handy, in case any
packages required by pymmaster clash with packages in your default environment. Our personal preference is conda [https://docs.conda.io/en/latest/],
but your preferences may differ.

The git repository has a file, mmaster_environment.yml, which provides a working environment for pymmaster and conda.
Once you have conda installed, simply run:

conda env create -f mmaster_environment.yml





This will create a new conda environment, called mmaster_environment, which will have all of the various python packages
necessary to run pymmaster. To activate the new environment, type:

conda activate mmaster_environment





And you should be ready to go. Note that you will have to activate this environment any time you wish to run MMASTER
and pymmaster scripts and tools, if it is not already activated in your terminal.




Installing MMASTER and pymmaster

Once you have MicMac installed and an (optional) python environment set up, you can install pymmaster.

First, clone the git repository:

git clone https://github.com/luc-girod/MMASTER-workflows.git





Next, use pip to install the scripts and python modules:

pip install -e MMASTER-workflows





Note: the -e allows you to make changes to the code (for example, from git updates or through your own tinkering),
that will then be updated within your python install. If you run pip install without this option, it will install
a static version of the package, and any changes/updates will have to be explictly re-installed.

Assuming that you haven’t run into any errors, you should be set up. You can verify this by running:

mmaster_bias_correction.py -h





From the command line (in a non-Windows environment; Windows instructions coming soon-ish).

You should see the following output (or something very similar):

usage: mmaster_bias_correction.py [-h] [-s SLAVEDEM] [-a EXC_MASK]
                              [-b INC_MASK] [-n NPROC] [-o OUTDIR] [-p]
                              [-l]
                              masterdem indir [indir ...]

Run MMASTER post-processing bias corrections, given external elevation data.

positional arguments:
    masterdem             path to master DEM/elevations to be used for bias
                          correction
    indir                 directory/directories where final, georeferenced
                          images are located.

optional arguments:
    -h, --help            show this help message and exit
    -s SLAVEDEM, --slavedem SLAVEDEM
                        (optional) name of DEM to correct. By default,
                        mmaster_bias_correction.py looks for MMASTER DEMs of
                        the form AST_L1A_..._Z.tif
    -a EXC_MASK, --exc_mask EXC_MASK
                        exclusion mask. Areas inside of this shapefile (i.e.,
                        glaciers) will not be used for coregistration [None]
    -b INC_MASK, --inc_mask INC_MASK
                        inclusion mask. Areas outside of this mask (i.e.,
                        water) will not be used for coregistration. [None]
    -n NPROC, --nproc NPROC
                        number of processors to use [1].
    -o OUTDIR, --outdir OUTDIR
                        directory to output files to (creates if not already
                        present). [.]
    -p, --points          process assuming that master DEM is point elevations
                        [False].
    -l, --log             write output to a log file rather than printing to the
                        screen [False].





If you don’t see this, feel free to ask for help by sending an e-mail, though it can also be helpful to google around
for some solutions first. If you do send us an e-mail, be sure to include the specific error messages that you receive.
Screenshots are also helpful.

Good luck!







          

      

      

    

  

    
      
          
            
  
Running MMASTER with bias correction

This tutorial is designed to provide the basic steps for creating DEMs from raw ASTER imagery, using MMASTER.

If you are planning to run this process on many DEMs, it might be worth having a look at scripts such as
process_mmaster.sh, or RunMicMacAster_batch.sh, which are designed to automatically
process many, many scenes at a time.

And of course, you are always free/encouraged to write your own scripts as needed.


Downloading data

ASTER data can most easily obtained from NASA Earthdata [https://search.earthdata.nasa.gov/]. Be sure to
search the ASTER L1A Reconstructed Unprocessed Instrument Data, not the terrain-corrected data.

Once you have found a suitable number of scenes, be sure to order the Geotiff-formatted data.

After some time, you’ll get an e-mail containing links to download your data. Be sure to download both the zipped image and the metadata (.met) file.
At this point, you’re ready to run MMASTER.




Running MMASTER to process ASTER DEMs


Pre-processing/sorting

If you have downloaded one or more strips (i.e., more than one ASTER scene that were acquired continuously), you
can use sort_aster_strips.py to sort these scenes into strips of typically no more than three
individual scenes.




Processing

From there, you can use WorkFlowASTER.sh to run MMASTER and extract a DEM from the ASTER
imagery:

WorkFlowASTER.sh -s SCENENAME -z "utm zone +north/south" -a -i 2





This will run the MMASTER workflows on a folder called SCENENAME (usually of the form AST_L1A_003MMDDYYYHHMMSS),
with outputs in UTM ZONE N/S. It will use version 2 of the fitting routine (more details here), and it will
create track angle maps to be used in the bias removal stages. Support is also included for Polar Stereographic
coordinate systems; check WorkFlowASTER.sh for more details, and for other command-line options.

Depending on the number of scenes, this may take some time (on our 80-core processing server at UiO it’s about
1.5 hours per 3-scene strip; around 20-30 minutes for an individual scene). As stated in Installation and Setup, it will
likely take significantly longer on most personal laptops, and thus we don’t really recommend it.




Post-processing and cleaning

MicMac will produce a number of intermediate files, which most users will not find useful. Once you have finished
processing a directory, you can run PostProcessMicMac.sh, which will search each image directory
in the current folder. It creates a new directory called PROCESSED_FINAL, with sub-directories for each image within
the current folder. In that folder, it will create the following files:


	AST_L1A_003MMDDYYYYHHMMSS_Z.tif - the DEM, masked to the visible image (and to successful correlation values).


	AST_L1A_003MMDDYYYYHHMMSS_V123.tif - the orthorectified false-color composite of ASTER bands 1-3, typically
at a resolution of 15 m.


	AST_L1A_003MMDDYYYYHHMMSS_HS.tif - the hillshade of the DEM.


	AST_L1A_003MMDDYYYYHHMMSS_CORR.tif - the correlation score (from 0-100) for each pixel in the DEM.


	TrackAngleMap_3N.tif, 3B.tif - the track pointing angle for the 3N and 3B bands for each pixel in the DEM.


	AST_L1A_003MMDDYYYHHMMSS..zip.met - the original metadata files downloaded for each individual scenes.




You can also remove the intermediate files from the processing directories using CleanMicMac.sh,
which will create a new directory called PROCESSED_INITIAL, with sub-directories for each image within the current
folder. In those folders, it will save only the final steps of the MicMac automask, correlation, orthoimage, and DEM,
in addition to the zipped raw data. This is a useful way to save space, especially when dealing with hundreds or even
thousands of images.

As detailed in Girod et al (2017) [https://www.mdpi.com/2072-4292/9/7/704/], this process will
remove a significant portion of the cross-track bias in the DEM, as well as improve the matching, but
some cross-track bias will remain, as well as all of the along-track bias. In order to remove the remaining
biases, we have to use the pymmaster python tools.






Using pymmaster to remove remaining biases


External sources of elevation data

In order to correct the remaining biases in the ASTER DEMs, we first need an external elevation dataset. There are number
of potential sources, in addition to any DEMs that you may have, and we have listed some options here (in no particular order):


	SRTM - The Shuttle Radar Topography Mission (SRTM) covers the entire globe (between 60N and 56S) at a spatial
resolution of approximately 30m. It was acquired using a C-band radar instrument aboard the Space Shuttle Endeavour
in February 2000, and is one of the better globally-consistent products available. It can be obtained from many
different sources, including Earth Explorer [https://earthexplorer.usgs.gov/]. A less-complete X-band product
is available from DLR [https://geoservice.dlr.de/web/maps/srtm:x-sar/].


	ASTER GDEM - The ASTER Global DEM is a 30m DEM produced from a mosaic of ASTER imagery acquired before 2011. Tiles
can be downloaded from NASA Earthdata [https://search.earthdata.nasa.gov/].


	TanDEM-X 90m DEM - The TanDEM-X 90m DEM is a global DEM product from TanDEM-X imagery. It is freely available from
DLR, and more information can be found from DLR [https://geoservice.dlr.de/web/dataguide/tdm90/].


	ArcticDEM - The ArcticDEM covers the Arctic (most land above 60N plus all of Alaska). It is produced from high-resolution
optical imagery, and is available at a resolution of 2m. More information, and downloads, can be found at the
Polar Geopspatial Center [https://www.pgc.umn.edu/data/arcticdem/].


	REMA (Antarctica only) - The Reference Elevation Map of Antarctica covers Antarctica. Like the Arctic DEM, it
is produced from high-resolution optical imagery, and is provided at a resolution of 8m. More information, and downloads,
can be found at the Polar Geospatial Center [https://www.pgc.umn.edu/data/rema/].


	ICESat - At present, ICESat is supported through pybob [https://pybob.readthedocs.io/en/stable/], though the data
must be stored in a particular format. Files containing ICESat data for each of the RGI regions can be obtained from
one of the authors listed below. planning to put them on Google Drive, or somewhere similar




When selecting a reference dataset, several considerations should be made. The highest resolution datasets are not necessarily
the best options - storage and memory can be a concern, and the ASTER scenes have a resolution of at best 15m (the default
MMASTER processing is 30m). Radar-based DEMs such as the TanDEM-X 90m DEM and SRTM can have penetration biases over snow,
ice, and vegetation, which can have an affect on the bias removal process. ICESat is globally consistent, but sparse,
with relatively poor spatial coverage at lower latitudes. The important thing is to consider your application, and be sure
to familiarize yourself with the products you are using.




Masking non-stable terrain

In order to properly correct motion-related biases in the ASTER DEMs, it is important to mask non-stable terrain
(i.e., water bodies, glaciers, large landslides). The main routine in mmaster_tools,
mmaster_bias_removal, is set up to accept two types of masks:


	exclusion masks (i.e., glaciers, water bodies, landslides, areas of deforestation) - areas where large changes are
known to have occured, and will therefore mask the true bias signal. These are most easily provided as a path to
a shapefile outlining the areas to exclude.


	inclusion masks (i.e., land) - areas where the ground is expected to be stable, such as mask outlining land areas.
This is most easily provided as a path to a shapefile outlining the areas to include (in other words, the opposite
of an exclusion mask).




At present, only one mask of each type is supported. If both types are provided, the resulting mask created will be the
(symmetrical difference?) of the two masks.

For glaciers, a good globally-complete source of data is the Randolph Glacier Inventory [https://www.glims.org/RGI/].
In some areas where large changes have occurred in the past decade or so, it may be necessary to update the glacier mask.
It’s always a good idea to compare the glacier outlines provided with satellite images acquired around the same time as
the ASTER scenes (including the orthorectified ASTER scenes produced by MMASTER), as well as images acquired around
the same time as the reference dataset (where applicable).

For land and/or water masks, a good source of data is …




mmaster_bias_correction.py

Once you have the supplementary data needed, and have extracted the DEM(s) from raw ASTER imagery, you can run
mmaster_bias_correction.py. This script is most useful for areas where the reference (master)
DEM or elevation data is contained within a single, smaller file. In this case, you can run mmaster_bias_correction.py
as follows:

mmaster_bias_correction.py path/to/reference_dem.tif AST* -a path/to/exc_mask -b path/to/inc_mask





This will run on each subdirectory of the form AST*, masking unstable terrain using both an inclusion and an exclusion mask,
as discussed above. It will run each directory in sequence, printing the log to stdout. Results will be stored in the
default folder biasrem within each subdirectory.




bias_correct_tiles.py

For DEMs, or groups of DEMs, that cover a larger area, you can run the bias correction routines by using DEM tiles, rather
than a single DEM covering the whole region. Before running bias_correct_tiles.py, you
first have to produce a shapefile of the extents of the DEM tiles. You can do this by first navigating to the directory
where you have stored the DEM tiles, and running image_footprint.py [https://pybob.readthedocs.io/en/stable/scripts/image_footprint.html]:

image_footprint.py *.tif -o Reference_Tiles.shp





This will produce a shapefile, Reference_Tiles.shp, which contains a footprint for each .tif file in the directory,
as well as attributes with the path and filename of each DEM tile. bias_correct_tiles.py
will use this path, and the shapefile, to create a Virtual Dataset (vrt) with each of the files - thus, it’s important
to note that the tiles have the same spatial reference system.

With a shapefile of reference DEM tiles, you can run bias_correct_tiles.py in the
PROCESSED_FINAL directory created earlier. The following example will run on all folders in PROCESSED_FINAL,
using 4 cores and writing results to a subdirectory of each DEM folder called biasrem:

bias_correct_tiles.py path/to/Reference_Tiles.shp AST* -a path/to/exclusion_mask -b path/to/inclusion_mask -n 4 -o biasrem





When using more than one core, bias_correct_tiles.py will, like  bias_correct_tiles.py,
write a log for each directory to a log file in that directory, so as to not clutter up your screen with multiple outputs
from multiple DEMs at the same time. The end results will be the same as when running mmaster_bias_correction.py -
the only difference is the input reference DEM.

Good luck!









          

      

      

    

  

    
      
          
            
  
pymmaster

pymmaster modules and scripts, sorted by language.



	bash
	CleanMicMac.sh

	Link_MMASTER_Files.sh

	PostProcessMicMac.sh

	RunMicMacAster_batch.sh

	WorkFlowASTER.sh

	WorkFlowASTER_onescene.sh

	WorkFlowASTER_onestrip.sh

	WorkFlow_WaterMask.sh

	process_mmaster.sh





	python
	scripts

	modules













          

      

      

    

  

    
      
          
            
  
bash

pymmaster bash scripts



	CleanMicMac.sh

	Link_MMASTER_Files.sh

	PostProcessMicMac.sh

	RunMicMacAster_batch.sh

	WorkFlowASTER.sh

	WorkFlowASTER_onescene.sh

	WorkFlowASTER_onestrip.sh

	WorkFlow_WaterMask.sh

	process_mmaster.sh









          

      

      

    

  

    
      
          
            
  
CleanMicMac.sh





          

      

      

    

  

    
      
          
            
  
Link_MMASTER_Files.sh





          

      

      

    

  

    
      
          
            
  
PostProcessMicMac.sh





          

      

      

    

  

    
      
          
            
  
RunMicMacAster_batch.sh





          

      

      

    

  

    
      
          
            
  
WorkFlowASTER.sh





          

      

      

    

  

    
      
          
            
  
WorkFlowASTER_onescene.sh





          

      

      

    

  

    
      
          
            
  
WorkFlowASTER_onestrip.sh





          

      

      

    

  

    
      
          
            
  
WorkFlow_WaterMask.sh





          

      

      

    

  

    
      
          
            
  
process_mmaster.sh





          

      

      

    

  

    
      
          
            
  
python

pymmaster python modules and shell scripts



	scripts
	apply_mmaster_corrections.py

	batch_coregister_tiles.py

	bias_correct_tiles.py

	create_micmac_xml.py

	mmaster_bias_correction.py

	mosaic_micmac_tiles.py

	sort_aster_strips.py





	modules
	mmaster_tools













          

      

      

    

  

    
      
          
            
  
scripts



	apply_mmaster_corrections.py

	batch_coregister_tiles.py

	bias_correct_tiles.py

	create_micmac_xml.py

	mmaster_bias_correction.py

	mosaic_micmac_tiles.py

	sort_aster_strips.py









          

      

      

    

  

    
      
          
            
  
apply_mmaster_corrections.py

Apply MMASTER post-processing bias corrections to a MMASTER DEM.



usage: apply_mmaster_corrections.py [-h] [-i INPUT_DIR] [-m CORR_MASK]
                                    [-t THRESHOLD] [-c CROSS_TRACK_PARAMS]
                                    [-l] [-f ALONG_TRACK_FULL]
                                    [-w ALONG_TRACK_LOW] [-o OUTFILENAME]
                                    dem






Positional Arguments


	dem

	Filename of DEM to load.








Named Arguments


	-i, --input_dir

	Input directory to use. Default is current working directory.

Default: “.”



	-m, --corr_mask

	(optional) filename of correlation mask to apply.



	-t, --threshold

	(optional) correlation threshold to use. Default is 60.

Default: 60.0



	-c, --cross_track_params

	(Relative) path to cross-track correction parameter file. Default is                        [input_dir]/biasrem/params_CrossTrack_Polynomial.txt

Default: “biasrem/params_CrossTrack_Polynomial.txt”



	-l, --low_freq

	Only apply low-frequency along-track corrections. Default applies full frequency.

Default: False



	-f, --along_track_full

	(Relative) path to full-frequency along-track correction parameter file. Default is                        [input_dir]/biasrem/params_AlongTrack_SumofSines.txt

Default: “biasrem/params_AlongTrack_SumofSines.txt”



	-w, --along_track_low

	(Relative) path to low-frequency along-track correction parameter file. Default is                        [input_dir]/biasrem/params_AlongTrack_SumofSines_lowfreq.txt

Default: “biasrem/params_AlongTrack_SumofSines_lowfreq.txt”



	-o, --outfilename

	Output filename for corrected DEM. Default is inputdem_XAJ.tif











          

      

      

    

  

    
      
          
            
  
batch_coregister_tiles.py

Iteratively calculate co-registration                                      parameters for two DEMs, as seen in Nuth and Kaeaeb (2011).



usage: batch_coregister_tiles.py [-h] [-a EXC_MASK] [-b INC_MASK] [-n NPROC]
                                 [-p] [-f]
                                 master_tiles infiles [infiles ...]






Positional Arguments


	master_tiles

	path to master DEM tiles to be used for co-registration



	infiles

	path to slave DEM(s) to be co-registered








Named Arguments


	-a, --exc_mask

	Glacier mask. Areas inside of this shapefile will not be used for coregistration [None]



	-b, --inc_mask

	Land mask. Areas outside of this mask (i.e., water)                              will not be used for coregistration. [None]



	-n, --nproc

	number of processors to use [1].

Default: 1



	-p, --points

	Process assuming that master DEM is ICESat data [False].

Default: False



	-f, --full_ext

	Write full extent of master DEM and shifted slave DEM. [False].

Default: False











          

      

      

    

  

    
      
          
            
  
bias_correct_tiles.py

Run MMASTER post-processing bias corrections, given external elevation data.



usage: bias_correct_tiles.py [-h] [-s SLAVEDEM] [-a EXC_MASK] [-b INC_MASK]
                             [-n NPROC] [-t TMPDIR] [-o OUTDIR] [-p] [-l] [-z]
                             master_tiles indir [indir ...]






Positional Arguments


	master_tiles

	Shapefile of master DEM footprints to be used for bias correction



	indir

	directory/directories where final, georeferenced images are located.








Named Arguments


	-s, --slavedem

	(optional) name of DEM to correct. By default, mmaster_bias_correction.py                        looks for MMASTER DEMs of the form AST_L1A_003…_Z.tif



	-a, --exc_mask

	exclusion mask. Areas inside of this shapefile (i.e., glaciers)                        will not be used for coregistration [None]



	-b, --inc_mask

	inclusion mask. Areas outside of this mask (i.e., water)                             will not be used for coregistration. [None]



	-n, --nproc

	number of processors to use [1].

Default: 1



	-t, --tmpdir

	tmp directory to process files to [None]



	-o, --outdir

	directory to output files to (creates if not already present). [.]

Default: “biasrem”



	-p, --points

	process assuming that master DEM is point elevations [False].

Default: False



	-l, --log

	write output to a log file rather than printing to the screen [False].

Default: False



	-z, --zip

	extract from zip archive, keep a minimum of output files (logs and pdfs only) [False].

Default: False











          

      

      

    

  

    
      
          
            
  
create_micmac_xml.py

Given a GDAL dataset, create a MicMac xml worldfile.



usage: create_micmac_xml.py [-h] [-m MASK] [-g GEOM] filename






Positional Arguments


	filename

	List of DEM files to read and stack.








Named Arguments


	-m, --mask

	Path to mask file [./MEC-Malt/Masq_STD-MALT_DeZoom1.tif]

Default: “./MEC-Malt/Masq_STD-MALT_DeZoom1.tif”



	-g, --geom

	MicMac Geometry name [eGeomMNTEuclid]

Default: “eGeomMNTEuclid”











          

      

      

    

  

    
      
          
            
  
mmaster_bias_correction.py

Run MMASTER post-processing bias corrections, given external elevation data.



usage: mmaster_bias_correction.py [-h] [-s SLAVEDEM] [-a EXC_MASK]
                                  [-b INC_MASK] [-n NPROC] [-o OUTDIR] [-p]
                                  [-l]
                                  masterdem indir [indir ...]






Positional Arguments


	masterdem

	path to master DEM/elevations to be used for bias correction



	indir

	directory/directories where final, georeferenced images are located.








Named Arguments


	-s, --slavedem

	(optional) name of DEM to correct. By default, mmaster_bias_correction.py                        looks for MMASTER DEMs of the form AST_L1A_003…_Z.tif



	-a, --exc_mask

	exclusion mask. Areas inside of this shapefile (i.e., glaciers)                        will not be used for coregistration [None]



	-b, --inc_mask

	inclusion mask. Areas outside of this mask (i.e., water)                             will not be used for coregistration. [None]



	-n, --nproc

	number of processors to use [1].

Default: 1



	-o, --outdir

	directory to output files to (creates if not already present). [.]

Default: “biasrem”



	-p, --points

	process assuming that master DEM is point elevations [False].

Default: False



	-l, --log

	write output to a log file rather than printing to the screen [False].

Default: False











          

      

      

    

  

    
      
          
            
  
mosaic_micmac_tiles.py

Re-stitch images tiled by MicMac.



usage: mosaic_micmac_tiles.py [-h] [-filename FILENAME] [-imgdir IMGDIR]






Named Arguments


	-filename

	MicMac filename to tile [Z_Num9_DeZoom1_STD-MALT]

Default: “Z_Num9_DeZoom1_STD-MALT”



	-imgdir

	Directory containing images [.]

Default: “.”











          

      

      

    

  

    
      
          
            
  
sort_aster_strips.py

Sort ASTER scenes into folders based on whether     or not they form continuous strips.



usage: sort_aster_strips.py [-h] [--folder FOLDER] [--max_length MAX_LENGTH]






Named Arguments


	--folder

	Folder with raw, unsorted ASTER data.



	--max_length

	Maximum number of scenes to put into a strip [3].

Default: 3











          

      

      

    

  

    
      
          
            
  
modules



	mmaster_tools









          

      

      

    

  

    
      
          
            
  
mmaster_tools

pymmaster.mmaster_tools provides most of the routines used for removing jitter-related bias in ASTER DEMs produced using
MicMac ASTER [https://www.mdpi.com/2072-4292/9/7/704].


	
pymmaster.mmaster_tools.calculate_dH(mst_dem, slv_dem, pts)[source]

	Calculate difference between master and slave DEM. Master and slave DEMs must have the same shape. First,
differences are calculated, then data are filtered using a 5x5 median filter, and differences greater than 100 m,
or differences on high (>50deg) or low (< 0.5deg) slopes are removed.


	Parameters

	
	mst_dem – master DEM (i.e., external DEM/ICESat data)


	slv_dem – slave DEM (i.e., ASTER scene)


	pts – True if master DEM is ICESat data, False if master DEM is a DEM.






	Returns

	dH: filtered elevation differences between master and slave DEMs.










	
pymmaster.mmaster_tools.fitfun_sumofsin(xx, p)[source]

	The Base function for the sum of sines fitting to elevation differences in the along track (xx) direction
of the ASTER flightpath. DEPRECATED - uses only one angle instead of two. see fitfun_sumofsin_2angle






	
pymmaster.mmaster_tools.fitfun_sumofsin_2angle(xxn, xxb, p)[source]

	Fit sum of sines function for two track angles.


	Parameters

	
	xxn (array-like) – along-track distance in nadir direction


	xxb – along-track distance in back-looking direction


	p (array-like) – sum of sines parameters






	Returns sum_of_sines

	sum of sines evaluated at the given along-track distances.










	
pymmaster.mmaster_tools.get_aster_footprint(gran_name, proj4='+units=m +init=epsg:4326', indir=None, polyout=True)[source]

	Create shapefile of ASTER footprint from .met file


	Parameters

	
	gran_name (str) – ASTER granule name to use; assumed to also be the folder in which .met file(s) are stored.


	proj4 (str, dict) – proj4 representation for coordinate system to use [default: ‘+units=m +init=epsg:4326’, WGS84 Lat/Lon].


	indir (str) – Directory to search in [default: current working directory].


	polyout (bool) – Create a shapefile of the footprint in the input directory [True].






	Returns footprint

	shapely Polygon representing ASTER footprint, reprojected to given CRS.










	
pymmaster.mmaster_tools.get_atrack_coord(mst_dem, myangN, myangB)[source]

	Createx numpy arrays for along- and cross-track distances from DEM and angle maps.


	Parameters

	
	dem (pybob GeoImg) – DEM to get x,y positions from


	myangN (pybob GeoImg) – MMASTER 3N track angle (i.e., track angle in nadir image)


	myangB (pybob GeoImg) – MMASTER 3B track angle (i.e., track angle in back-looking image)






	Returns yyn, yyb

	along-track distances in 3N and 3B track directions.










	
pymmaster.mmaster_tools.get_fit_variables(mst_dem, slv_dem, xxn, pts, xxb=None)[source]

	Get input variables for bias fitting.


	Parameters

	
	mst_dem (pybob GeoImg, ICESat) – Master DEM to use for fitting


	slv_dem (pybob GeoImg) – Slave DEM to use for fitting


	xxn (array-like) – along- or cross-track distance in the nadir track direction


	pts (bool) – True if mst_dem is ICESat points, False if mst_dem is a GeoImg.


	xxb (array-like) – along- or cross-track direction in the back-looking track direction. If not provided, fit variables are
provided only for one angle.






	Returns xx, dH, grp_xx, grp_dH, xx2, grp_sts

	track distance, elevation differences, group distances, group
median dH group values, group distances in the back-looking direction, group statistics.










	
pymmaster.mmaster_tools.get_group_statistics(invar, indata, indist=500)[source]

	Calculate statistics of groups of pixels grouped by along-track distance.


	Parameters

	
	invar (array-like) – Input array that determines how to group data (i.e., along-track distance)


	indata (array-like) – Data to calculate group statistics for.


	indist (float) – Distance by which to group pixels.






	Returns grp_stats

	group statistics for input data.










	
pymmaster.mmaster_tools.get_track_angle(fprint, track_dist)[source]

	Calculate the angle made by the ASTER flight track from scene footprint.


	Parameters

	
	fprint (shapely Polygon) – Footprint of ASTER scene


	track_dist (float) – Distance along flight track within scene at which to calculate angle.






	Returns track_angle

	angle, in degrees, of flight track










	
pymmaster.mmaster_tools.get_xy_rot(dem, myang)[source]

	Rotate x, y axes of image to get along- and cross-track distances.


	Parameters

	
	dem (pybob GeoImg) – DEM to get x,y positions from.


	myang (float) – angle by which to rotate axes






	Returns xxr, yyr

	arrays corresponding to along (x) and cross (y) track distances.










	
pymmaster.mmaster_tools.make_group_id(inmat, grpid)[source]

	Make a unique ID for statistical analysis.


	Parameters

	
	inmat (array-like) – Input array to create ID for.


	grpid (array-like) – Array of input group IDs






	Returns outmat

	Output of group IDs










	
pymmaster.mmaster_tools.make_mask(inpoly, pts, raster_out=False)[source]

	Create a True/False mask to determine whether input points are within a polygon.


	Parameters

	
	inpoly (shapely Polygon) – Input polygon to use to create mask.


	pts (array-like, pybob.GeoImg) – Either a list of (x,y) coordinates, or a GeoImg. If a list of (x,y) coordinates,
make_mask uses shapely.polygon.contains to determine if the point is within inpoly.
If pts is a GeoImg, make_mask uses ogr and gdal to “rasterize” inpoly to the GeoImg raster.


	raster_out (bool) – Kind of output to return. If True, pts must be a GeoImg.






	Returns mask

	An array which is True where pts lie within inpoly and False elsewhere.










	
pymmaster.mmaster_tools.mask_raster_threshold(rasname, maskname, outfilename, threshold=50, datatype=<MagicMock id='140562390329664'>)[source]

	Filter values in an input raster if the correlation mask raster falls below a threshold value. Removes noise from
low-correlation areas (i.e., clouds) using a binary opening operation.


	Parameters

	
	rasname (str, pybob.GeoImg) – path to raster (i.e., DEM) to mask, or GeoImg object.


	maskname (str, pybob.GeoImg) – path to correlation raster to determine mask values, or GeoImg object.


	outfilename (str) – filename to write masked raster to.


	threshold (float) – correlation value to determine masked values.


	datatype (numpy datatype) – datatype to save raster as.






	Returns masked_ras

	GeoImg of masked input raster.










	
pymmaster.mmaster_tools.mmaster_bias_removal(mst_dem, slv_dem, glacmask=None, landmask=None, pts=False, work_dir='.', tmp_dir=None, out_dir=None, return_geoimg=True, write_log=False, zipped=False, robust=True)[source]

	Removes cross track and along track biases from MMASTER DEMs.


	Parameters

	
	mst_dem (str, pybob.GeoImg, pybob.ICESat) – Path to filename or GeoImg dataset representing “master” DEM or ICESat.


	slv_dem (str, pybob.GeoImg) – Path to filename or GeoImg dataset representing “slave” DEM (developed for ASTER).


	glacmask (str) – Path to shapefile representing points to exclude from co-registration
consideration (i.e., glaciers).


	landmask (str) – Path to shapefile representing points to include in co-registration
consideration (i.e., stable ground/land).


	pts (bool) – If True, program assumes that masterDEM represents point data (i.e., ICESat),
as opposed to raster data. Slope/aspect are then calculated from slaveDEM.
masterDEM should be a string representing an HDF5 file continaing ICESat data.


	work_dir (str) – Location where output files and directory should be saved [.]


	tmp_dir – Location where files are processed


	out_dir (str) – Location to save bias removal outputs.


	return_geoimg (bool) – Return GeoImg objects of the corrected slave DEM and the co-registered master DEM [True]


	write_log (bool) – Re-direct stdout, stderr to a log file in the work directory [False]


	zipped (bool) – extract from zip archive, keep a minimum of output files (logs and pdfs only) [False]


	robust (bool) – solve low-frequency and jitter components of along-track bias separately. If spatial sampling is limited,
this is a better approach than solving along-track as one single step.






	Returns slv_corr, mst_coreg

	corrected MMASTER DEM, co-registered master DEM (if return_geoimg)










	
pymmaster.mmaster_tools.nmad(data)[source]

	Calculate the Normalized Median Absolute Deviation (NMAD) of the input dataset.


	Parameters

	data (array-like) – input data on which to calculate NMAD



	Returns nmad

	NMAD of input dataset.










	
pymmaster.mmaster_tools.orient_footprint(fprint)[source]

	Orient ASTER footprint coordinates to be clockwise, with upper left coordinate first.


	Parameters

	fprint (shapely polygon) – footprint to orient



	Returns o_fprint

	re-oriented copy of input footprint.










	
pymmaster.mmaster_tools.plot_bias(xx, dH, grp_xx, grp_dH, title, pp, pmod=None, smod=None, plotmin=None, txt=None)[source]

	data : original data as numpy array (:,2), x = 1col,y = 2col
gdata : grouped data as numpy array (:,2)
pmod,smod are two model options to plot, numpy array (:,1)






	
pymmaster.mmaster_tools.polynomial_fit(x, y)[source]

	[DEPRECATED] A polynomial search function for orders 1-6 given dependent (x) and independent (y)
variables. Uses the numpy polynomial package.






	
pymmaster.mmaster_tools.preprocess(mst_dem, slv_dem, glacmask=None, landmask=None, work_dir='.', out_dir='biasrem', pts=False)[source]

	Pre-process ASTER scene to enable cross- and along-track corrections. Co-registers the
ASTER (slave) and external (master) DEMs/ICESat, and shifts the orthoimage and correlation mask
based on the offset calculated. Results are saved by default in a folder called ‘coreg’ which
is moved to the ‘bias_removal’ folder at the end of this function


	Parameters

	
	mst_dem (str, pybob.Geoimg, pybob.ICESat) – Path to filename or GeoImg dataset representing external “master” DEM or ICESat dataset.


	slv_dem (str, pybob.GeoImg) – Path to filename or GeoImg dataset representing ASTER DEM


	glacmask (str) – Path to shapefile representing areas to exclude from co-registration
consideration (i.e., glaciers).


	landmask (str) – Path to shapefile representing areas to include in co-registration
consideration (i.e., stable ground/land).


	work_dir – Working directory to use [Assumes ‘.’].


	out_dir (str) – Output directory for the new coregistration folder


	pts – True if mst_dem is point data, False if mst_dem is a DEM.






	Returns mst_coreg, slv_coreg, shift_params

	co-registered master, slave datasets, as well as a tuple containing
x,y,z shifts calculated during co-registration process.










	
pymmaster.mmaster_tools.reproject_geometry(src_data, src_crs, dst_crs)[source]

	Reproject a geometry object from one coordinate system to another.


	Parameters

	
	src_data (shapely geometry) – geometry object to reproject


	src_crs (str, dict) – proj4 description of source CRS


	dst_crs (str, dict) – proj4 description of destination CRS






	Returns dst_data

	reprojected data.










	
pymmaster.mmaster_tools.robust_polynomial_fit(xx, yy)[source]

	Given sample data xx, yy, compute a robust polynomial fit to the data. Order is chosen automatically by comparing
residuals for multiple fit orders.


	Parameters

	
	xx (array-like) – input x data (typically across-track distance)


	yy (array-like) – input y data (typically elevation differences)






	Returns coefs, order

	polynomial coefficients and order for the best-fit polynomial
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  Source code for pymmaster.mmaster_tools

"""
pymmaster.mmaster_tools provides most of the routines used for removing jitter-related bias in ASTER DEMs produced using
`MicMac ASTER`_.

.. _MicMac ASTER: https://www.mdpi.com/2072-4292/9/7/704
"""
from __future__ import print_function
# from future_builtins import zip
from functools import partial
import os
import sys
from glob import glob
import errno
import pyproj
import numpy as np
import numpy.polynomial.polynomial as poly
import gdal
import ogr
import fiona
import fiona.crs
import matplotlib.pylab as plt
import pandas as pd
import scipy.optimize as optimize
import time
import zipfile
import shutil
from skimage.morphology import disk
from scipy.ndimage.morphology import binary_opening, binary_dilation
from scipy.ndimage.filters import median_filter
from matplotlib.backends.backend_pdf import PdfPages
from shapely.geometry.polygon import Polygon, orient
from shapely.geometry import mapping, LineString, Point
from shapely.ops import cascaded_union, transform
from pybob.coreg_tools import dem_coregistration, false_hillshade, get_slope, create_stable_mask, RMSE
from pybob.GeoImg import GeoImg
from pybob.image_tools import nanmedian_filter
from pybob.plot_tools import plot_shaded_dem
from pybob.bob_tools import mkdir_p
from mpl_toolkits.axes_grid1 import make_axes_locatable


def extract_file_from_zip(fn_zip_in, filename_in, fn_file_out):
    with zipfile.ZipFile(fn_zip_in) as zip_file:

        for member in zip_file.namelist():
            filename = os.path.basename(member)
            if filename != filename_in:
                # skip directories
                continue

            # copy file (taken from zipfile's extract)
            source = zip_file.open(member)
            target = open(fn_file_out, 'wb')
            with source, target:
                shutil.copyfileobj(source, target)

def create_zip_from_flist(list_fn,fn_zip):

    with zipfile.ZipFile(fn_zip,'w') as zip_file:
        for fn in list_fn:
            zip_file.write(fn,arcname=os.path.basename(fn),compress_type=zipfile.ZIP_DEFLATED)

        zip_file.close()

def clean_coreg_dir(out_dir, cdir):
    search_str = glob(os.path.sep.join([out_dir, cdir, '*.tif']))
    for f in search_str:
        os.remove(f)


[docs]def make_mask(inpoly, pts, raster_out=False):
    """
    Create a True/False mask to determine whether input points are within a polygon.

    :param inpoly: Input polygon to use to create mask.
    :param pts: Either a list of (x,y) coordinates, or a GeoImg. If a list of (x,y) coordinates,
        make_mask uses shapely.polygon.contains to determine if the point is within inpoly.
        If pts is a GeoImg, make_mask uses ogr and gdal to "rasterize" inpoly to the GeoImg raster.
    :param raster_out: Kind of output to return. If True, pts must be a GeoImg.
    :type inpoly: shapely Polygon
    :type pts: array-like, pybob.GeoImg
    :type raster_out: bool
    :returns mask: An array which is True where pts lie within inpoly and False elsewhere.
    """
    if not raster_out:
        mask = []
        for pt in pts:
            mask.append(inpoly.contains(Point(pt)))
        return mask
    else:
        if type(pts) is not GeoImg:
            raise TypeError('raster_out is requested, but pts is not a GeoImg')
        # use gdal, ogr
        # first, create a layer for the polygon to live in.
        drv = ogr.GetDriverByName('Memory')
        dst_ds = drv.CreateDataSource('out')
        masklayer = dst_ds.CreateLayer('test', geom_type=ogr.wkbMultiPolygon, srs=pts.spatialReference)
        feature = ogr.Feature(masklayer.GetLayerDefn())
        feature.SetGeometry(ogr.CreateGeometryFromWkt(inpoly.wkt))
        #        feature.SetGeometry(ogr.CreateGeometryFromWkt(inpoly.crs_wkt))
        masklayer.CreateFeature(feature)
        feature.Destroy()
        # now, create the raster to burn the mask to.
        masktarget = gdal.GetDriverByName('MEM').Create('', pts.npix_x, pts.npix_y, 1, gdal.GDT_Byte)
        masktarget.SetGeoTransform((pts.xmin, pts.dx, 0, pts.ymax, 0, pts.dy))
        masktarget.SetProjection(pts.proj_wkt)
        masktarget.GetRasterBand(1).Fill(0)
        gdal.RasterizeLayer(masktarget, [1], masklayer)
        mask = masktarget.GetRasterBand(1).ReadAsArray()
        mask[mask != 0] = 1
        return mask == 1



[docs]def make_group_id(inmat, grpid):
    """
    Make a unique ID for statistical analysis.

    :param inmat: Input array to create ID for.
    :param grpid: Array of input group IDs
    :type inmat: array-like
    :type grpid: array-like

    :returns outmat: Output of group IDs
    """
    return np.floor(inmat / grpid) * grpid



[docs]def get_group_statistics(invar, indata, indist=500):
    """
    Calculate statistics of groups of pixels grouped by along-track distance.

    :param invar: Input array that determines how to group data (i.e., along-track distance)
    :param indata: Data to calculate group statistics for.
    :param indist: Distance by which to group pixels.
    :type invar: array-like
    :type indata: array-like
    :type indist: float

    :returns grp_stats: group statistics for input data.
    """
    xxid = make_group_id(invar, indist)  # across track coordinates (grouped 500m)
    # yyid = make_group_id(yyr,500) # along track coordinates (grouped 500m)

    # Calculate group statistics 
    mykeep = np.isfinite(indata)
    data = pd.DataFrame({'dH': indata[mykeep], 'XX': xxid[mykeep]})
    xxgrp = data['dH'].groupby(data['XX']).describe()

    return xxgrp



[docs]def reproject_geometry(src_data, src_crs, dst_crs):
    """
    Reproject a geometry object from one coordinate system to another.

    :param src_data: geometry object to reproject
    :param src_crs: proj4 description of source CRS
    :param dst_crs: proj4 description of destination CRS
    :type src_data: shapely geometry
    :type src_crs: str, dict
    :type dst_crs: str, dict

    :returns dst_data: reprojected data.
    """
    # unfortunately this requires pyproj>1.95, temporary fix to avoid shambling dependencies in mmaster_environment
    src_proj = pyproj.Proj(src_crs)
    dst_proj = pyproj.Proj(dst_crs)

    project = partial(pyproj.transform, src_proj, dst_proj)
    return transform(project, src_data)



[docs]def nmad(data):
    """
    Calculate the Normalized Median Absolute Deviation (NMAD) of the input dataset.

    :param data: input data on which to calculate NMAD
    :type data: array-like

    :returns nmad: NMAD of input dataset.
    """
    return np.nanmedian(np.abs(data) - np.nanmedian(data))



[docs]def get_aster_footprint(gran_name, proj4='+units=m +init=epsg:4326', indir=None, polyout=True):
    """
    Create shapefile of ASTER footprint from .met file

    :param gran_name: ASTER granule name to use; assumed to also be the folder in which .met file(s) are stored.
    :param proj4: proj4 representation for coordinate system to use [default: '+units=m +init=epsg:4326', WGS84 Lat/Lon].
    :param indir: Directory to search in [default: current working directory].
    :param polyout: Create a shapefile of the footprint in the input directory [True].

    :type gran_name: str
    :type proj4: str, dict
    :type indir: str
    :type polyout: bool
    :returns footprint: shapely Polygon representing ASTER footprint, reprojected to given CRS.
    """

    ### MADE AN ADJUSTMENT TO ASSUME THAT THE .MET FILE IS IN THE CURRENT FOLDER OF OPERATION
    if indir is None:
        metlist = glob(os.path.abspath('*.met'))
    else:
        metlist = glob(os.path.abspath(os.path.sep.join([indir, '*.met'])))

    if polyout:
        schema = {'properties': [('id', 'int')], 'geometry': 'Polygon'}
        outshape = fiona.open(gran_name + '_Footprint.shp', 'w', crs=proj4,
                              driver='ESRI Shapefile', schema=schema)

    footprints = []
    for m in metlist:
        clean = [line.strip() for line in open(m).read().split('\n')]

        if os.path.sep in m:
            m = m.split(os.path.sep)[-1]

        latinds = [i for i, line in enumerate(clean) if 'GRingPointLatitude' in line]
        loninds = [i for i, line in enumerate(clean) if 'GRingPointLongitude' in line]

        latlines = clean[latinds[0]:latinds[1] + 1]
        lonlines = clean[loninds[0]:loninds[1] + 1]

        lonvalstr = lonlines[2]
        latvalstr = latlines[2]

        lats = [float(val) for val in latvalstr.strip('VALUE  = ()').split(',')]
        lons = [float(val) for val in lonvalstr.strip('VALUE  = ()').split(',')]

        coords = list(zip(lons, lats))
        footprints.append(Polygon(coords))

    footprint = cascaded_union(footprints)
    footprint = footprint.simplify(0.0001)
    outprint = reproject_geometry(footprint, {'init': 'epsg:4326'}, proj4)
    if polyout:
        outshape.write({'properties': {'id': 1}, 'geometry': mapping(outprint)})
        outshape.close()
    return outprint



[docs]def orient_footprint(fprint):
    """
    Orient ASTER footprint coordinates to be clockwise, with upper left coordinate first.

    :param fprint: footprint to orient
    :type fprint: shapely polygon
    :returns o_fprint: re-oriented copy of input footprint.
    """
    # orient the footprint coordinates so that they are clockwise
    fprint = orient(fprint, sign=-1)
    x, y = fprint.boundary.coords.xy
    x = x[:-1]  # drop the last coordinate, which is a duplicate of the first
    y = y[:-1]
    # as long as the footprints are coming from the .met file, the upper left corner 
    # will be the maximum y value.
    upper_left = np.argmax(y)
    new_inds = list(range(upper_left, len(x))) + list(range(0, upper_left))
    return Polygon(list(zip(np.array(x)[new_inds], np.array(y)[new_inds])))



[docs]def get_track_angle(fprint, track_dist):
    """
    Calculate the angle made by the ASTER flight track from scene footprint.

    :param fprint: Footprint of ASTER scene
    :param track_dist: Distance along flight track within scene at which to calculate angle.
    :type fprint: shapely Polygon
    :type track_dist: float

    :returns track_angle: angle, in degrees, of flight track
    """
    # orient the footprint
    fprint = orient_footprint(fprint)
    x, y = fprint.boundary.coords.xy
    # upper_left = np.argmax(y)
    upper_right = np.argmax(x)
    lower_right = np.argmin(y)
    lower_left = np.argmin(x)

    lside = range(len(x) - 1, lower_left - 1, -1)
    rside = range(upper_right, lower_right + 1)

    left_side = LineString(list(zip(np.array(x)[lside], np.array(y)[lside])))
    right_side = LineString(list(zip(np.array(x)[rside], np.array(y)[rside])))

    lproj = left_side.interpolate(track_dist)
    rproj = right_side.interpolate(track_dist)
    # get the angle of the line formed by connecting lproj, rproj
    dx = lproj.x - rproj.x
    dy = lproj.y - rproj.y

    return 90 + np.rad2deg(np.arctan(dx / dy))



[docs]def preprocess(mst_dem, slv_dem, glacmask=None, landmask=None, work_dir='.', out_dir='biasrem', pts=False):
    """
    Pre-process ASTER scene to enable cross- and along-track corrections. Co-registers the
    ASTER (slave) and external (master) DEMs/ICESat, and shifts the orthoimage and correlation mask
    based on the offset calculated. Results are saved by default in a folder called 'coreg' which
    is moved to the 'bias_removal' folder at the end of this function

    :param mst_dem: Path to filename or GeoImg dataset representing external "master" DEM or ICESat dataset.
    :param slv_dem: Path to filename or GeoImg dataset representing ASTER DEM
    :param glacmask: Path to shapefile representing areas to exclude from co-registration
        consideration (i.e., glaciers).
    :param landmask: Path to shapefile representing areas to include in co-registration
        consideration (i.e., stable ground/land).
    :param work_dir: Working directory to use [Assumes '.'].
    :param out_dir: Output directory for the new coregistration folder
    :param pts: True if mst_dem is point data, False if mst_dem is a DEM.
    :type mst_dem: str, pybob.Geoimg, pybob.ICESat
    :type slv_dem: str, pybob.GeoImg
    :type glacmask: str
    :type landmask: str
    :type cwd: str
    :type out_dir: str

    :returns mst_coreg, slv_coreg, shift_params: co-registered master, slave datasets, as well as a tuple containing
        x,y,z shifts calculated during co-registration process.
    """
    # if the output directory does not exist, create it.
    # out_dir = os.path.sep.join([work_dir, out_dir])
    # print(out_dir)
    try:
        os.makedirs(out_dir)
    except OSError as exc:  # Python >2.5
        if exc.errno == errno.EEXIST and os.path.isdir(out_dir):
            pass
        else:
            raise
    # Get the ASTER names
    ast_name = slv_dem.rsplit('_Z.tif')[0]
    mask_name = os.path.sep.join([work_dir, '{}_CORR.tif'.format(ast_name)])
    slv_name = os.path.sep.join([work_dir, '{}_filtZ.tif'.format(ast_name)])
    # filter DEM using correlation mask !!! NEED to update to allow for either GeoIMG or pathname as INPUT
    mask_raster_threshold(slv_dem, mask_name, slv_name, 60, np.float32)

    # co-register master, slave
    coreg_dir = os.path.sep.join([out_dir, 'coreg'])
    mst_coreg, slv_coreg, shift_params = dem_coregistration(mst_dem, slv_name, glaciermask=glacmask,
                                                            landmask=landmask, outdir=coreg_dir, pts=pts)[0:3]
    if shift_params == -1:
        return mst_coreg, slv_coreg, shift_params
    #    print(slv_coreg.filename)
    # remove coreg folder, save slv as *Zadj1.tif, but save output.pdf
    #    shutil.move(os.path.sep.join([out_dir, 'CoRegistration_Results.pdf']),
    #                os.path.sep.join([cwd, 'CoRegistration_Results.pdf']))
    #    shutil.move(os.path.sep.join([out_dir, 'coreg_params.txt']), os.path.sep.join([cwd, 'coreg_params.txt']))
    #    shutil.rmtree(out_dir)

    ### EXPORT and write files. Move directory to main Bias Corrections directory
    ### *** NOTE: GeoImg.write replaces the mask !!!***
    slv_coreg.write(os.path.sep.join([out_dir, '{}_Z_adj.tif'.format(ast_name)]))
    # shift ortho, corr masks, save as *adj1.tif
    ortho = GeoImg(ast_name + '_V123.tif')
    corr = GeoImg(ast_name + '_CORR.tif')

    ortho.shift(shift_params[0], shift_params[1])
    ortho.write(os.path.sep.join([out_dir, '{}_V123_adj.tif'.format(ast_name)]), dtype=np.uint8)

    corr.shift(shift_params[0], shift_params[1])
    corr.write(os.path.sep.join([out_dir, '{}_CORR_adj.tif'.format(ast_name)]), dtype=np.uint8)

    plt.close("all")

    return mst_coreg, slv_coreg, shift_params



[docs]def mask_raster_threshold(rasname, maskname, outfilename, threshold=50, datatype=np.float32):
    """
    Filter values in an input raster if the correlation mask raster falls below a threshold value. Removes noise from
    low-correlation areas (i.e., clouds) using a binary opening operation.

    :param rasname: path to raster (i.e., DEM) to mask, or GeoImg object.
    :param maskname: path to correlation raster to determine mask values, or GeoImg object.
    :param outfilename: filename to write masked raster to.
    :param threshold: correlation value to determine masked values.
    :param datatype: datatype to save raster as.

    :type rasname: str, pybob.GeoImg
    :type maskname: str, pybob.GeoImg
    :type outfilename: str
    :type threshold: float
    :type datatype: numpy datatype

    :returns masked_ras: GeoImg of masked input raster.
    """
    myras = GeoImg(rasname)
    mymask = GeoImg(maskname)
    mymask.img[mymask.img < threshold] = 0

    rem_open = binary_opening(mymask.img, structure=disk(5))
    myras.img[~rem_open] = np.nan
    myras.write(outfilename, driver='GTiff', dtype=datatype)

    return myras



[docs]def calculate_dH(mst_dem, slv_dem, pts):
    """
    Calculate difference between master and slave DEM. Master and slave DEMs must have the same shape. First,
    differences are calculated, then data are filtered using a 5x5 median filter, and differences greater than 100 m,
    or differences on high (>50deg) or low (< 0.5deg) slopes are removed.

    :param mst_dem: master DEM (i.e., external DEM/ICESat data)
    :param slv_dem: slave DEM (i.e., ASTER scene)
    :param pts: True if master DEM is ICESat data, False if master DEM is a DEM.

    :returns: dH: filtered elevation differences between master and slave DEMs.
    """
    if not pts:
        zupdate = np.ma.array(mst_dem.img.data - slv_dem.img.data, mask=slv_dem.img.mask)
        #        zupdate2 = np.ma.array(ndimage.median_filter(zupdate, 7), mask=slv_dem.img.mask)

        # JIT_FILTER_FUNCTION DOESNT WORK IN WINDOWS
        # Create conditional for windows system. jit_filter_function is currently 
        # failing due to Windows incompatibility with numba
        # https://github.com/numba/numba/issues/2578
        #
        if os.name == 'nt':
            # first get the mask of nans
            kernel = np.ones((3, 3), np.uint8)
            mymask = np.multiply(np.isnan(zupdate), 1, dtype='uint8')
            mymask2 = binary_dilation(mymask, kernel)
            zupdate2 = median_filter(zupdate, 7)
            zupdate2[mymask2 == 1] = np.nan
            zupdate2 = np.ma.array(zupdate2, mask=slv_dem.img.mask)

        else:  # on UNIX
            zupdate2 = np.ma.array(nanmedian_filter(zupdate, size=7), mask=slv_dem.img.mask)

        dH = slv_dem.copy(new_raster=zupdate2)

        master_mask = isinstance(mst_dem.img, np.ma.masked_array)
        slave_mask = isinstance(slv_dem.img, np.ma.masked_array)

        myslope = get_slope(slv_dem)
        fmask = np.logical_or.reduce((np.greater(np.abs(dH.img), 100),
                                      np.less(myslope.img, 0.5),
                                      np.greater(myslope.img, 25)))
        # if we have two masked arrays, take the logical 'or' of those masks
        # and apply it to dH
        if master_mask and slave_mask:
            smask = np.logical_or(mst_dem.img.mask, slv_dem.img.mask)
        elif master_mask:
            smask = mst_dem.img.mask
        elif slave_mask:
            smask = slv_dem.img.mask
        else:  # needs to have an option where none of the above
            smask = np.zeros(dH.img.shape, dtype=bool)  # should be all false
        mask = np.logical_or(smask, fmask)
        dH.mask(mask)
    else:
        # NEED TO CHECK THE MASKING
        slave_pts = slv_dem.raster_points2(mst_dem.xy, nsize=3, mode='cubic')
        dH = mst_dem.elev - slave_pts

        myslope = get_slope(slv_dem)
        slope_pts = myslope.raster_points2(mst_dem.xy, nsize=3, mode='cubic')

        fmask = np.logical_or.reduce((np.greater(np.abs(dH), 100), np.less(slope_pts, 0.5), np.greater(slope_pts, 25)))

        dH[fmask] = np.nan
    return dH



[docs]def get_xy_rot(dem, myang):
    """
    Rotate x, y axes of image to get along- and cross-track distances.

    :param dem: DEM to get x,y positions from.
    :param myang: angle by which to rotate axes
    :type dem: pybob GeoImg
    :type myang: float

    :returns xxr, yyr: arrays corresponding to along (x) and cross (y) track distances.
    """
    # creates matrices for along and across track distances from a reference dem and a raster angle map (in radians)

    xx, yy = dem.xy(grid=True)
    xx = xx - np.min(xx)
    yy = yy - np.min(yy)
    # xxr = np.multiply(xx,np.rad2deg(np.cos(myang))) + np.multiply(-1*yy,np.rad2deg(np.sin(myang)))
    # yyr = np.multiply(xx,np.rad2deg(np.sin(myang))) + np.multiply(yy,np.rad2deg(np.cos(myang)))
    xxr = np.multiply(xx, np.cos(myang)) + np.multiply(-1 * yy, np.sin(myang))
    yyr = np.multiply(xx, np.sin(myang)) + np.multiply(yy, np.cos(myang))

    # TO USE FOR INITIALIZING START AT ZERO
    xxr = xxr - np.nanmin(xxr)
    yyr = yyr - np.nanmin(yyr)

    plt.figure(figsize=(5, 5))
    plt.imshow(xxr, interpolation='nearest')
    # plt.show()

    plt.figure(figsize=(5, 5))
    plt.imshow(yyr, interpolation='nearest')
    # plt.show()

    return xxr, yyr



[docs]def get_atrack_coord(mst_dem, myangN, myangB):
    """
    Createx numpy arrays for along- and cross-track distances from DEM and angle maps.

    :param dem: DEM to get x,y positions from
    :param myangN: MMASTER 3N track angle (i.e., track angle in nadir image)
    :param myangB: MMASTER 3B track angle (i.e., track angle in back-looking image)
    :type dem: pybob GeoImg
    :type myangN: pybob GeoImg
    :type myangB: pybob GeoImg

    :returns yyn, yyb: along-track distances in 3N and 3B track directions.
    """

    myangN = np.deg2rad(myangN.img)
    myangB = np.deg2rad(myangB.img)

    xx, yy = mst_dem.xy(grid=True)
    xx = xx - np.min(xx)
    yy = yy - np.min(yy)
    # xxr = np.multiply(xx,np.rad2deg(np.cos(myang))) + np.multiply(-1*yy,np.rad2deg(np.sin(myang)))
    # yyr = np.multiply(xx,np.rad2deg(np.sin(myang))) + np.multiply(yy,np.rad2deg(np.cos(myang)))
    # xxr = np.multiply(xx,np.cos(myang)) + np.multiply(-1*yy,np.sin(myang))

    yyn = np.multiply(xx, np.sin(myangN)) + np.multiply(yy, np.cos(myangN))
    yyb = np.multiply(xx, np.sin(myangB)) + np.multiply(yy, np.cos(myangB))

    yyn = yyn - np.nanmin(yyn)
    yyb = yyb - np.nanmin(yyb)
    plt.figure(figsize=(5, 5))
    plt.imshow(yyn, interpolation='nearest')
    # plt.show()

    plt.figure(figsize=(5, 5))
    plt.imshow(yyb, interpolation='nearest')
    # plt.show()

    return yyn, yyb



[docs]def get_fit_variables(mst_dem, slv_dem, xxn, pts, xxb=None):
    """
    Get input variables for bias fitting.

    :param mst_dem: Master DEM to use for fitting
    :param slv_dem: Slave DEM to use for fitting
    :param xxn: along- or cross-track distance in the nadir track direction
    :param pts: True if mst_dem is ICESat points, False if mst_dem is a GeoImg.
    :param xxb: along- or cross-track direction in the back-looking track direction. If not provided, fit variables are
        provided only for one angle.
    :type mst_dem: pybob GeoImg, ICESat
    :type slv_dem: pybob GeoImg
    :type xxn: array-like
    :type pts: bool
    :type xxb: array-like
    :returns xx, dH, grp_xx, grp_dH, xx2, grp_sts: track distance, elevation differences, group distances, group
        median dH group values, group distances in the back-looking direction, group statistics.
    """
    if not pts:
        dHmat = calculate_dH(mst_dem, slv_dem, pts)
        dH = dHmat.img.reshape((1, dHmat.img.size))
        xx = xxn.reshape((1, xxn.size))
        if xxb is not None:
            xx2 = xxb.reshape((1, xxb.size))
        masked = isinstance(dH, np.ma.masked_array)
        if masked:
            xx = np.ma.masked_array(xxn.reshape((1, xxn.size)), dH.mask)
            if xxb is not None:
                xx2 = np.ma.masked_array(xx2, dH.mask)
                xx2 = xx2.compressed()
            xx = xx.compressed()
            dH = dH.compressed()
    elif pts:
        XXR = slv_dem.copy(new_raster=xxn)
        xx = XXR.raster_points2(mst_dem.xy, nsize=3, mode='cubic')
        dH = calculate_dH(mst_dem, slv_dem, pts)
        if xxb is not None:
            XXR2 = slv_dem.copy(new_raster=xxb)
            xx2 = XXR2.raster_points2(mst_dem.xy, mode='cubic')
    # Mask and filter (remove outliers)
    mynan = np.logical_or.reduce((np.invert(np.isfinite(dH)),
                                  np.invert(np.isfinite(xx)),
                                  (np.abs(dH) > np.nanstd(dH) * 3)))

    dH = np.squeeze(dH[~mynan])
    xx = np.squeeze(xx[~mynan])

    # get group statistics of dH, and create matrix with same shape as orig_data
    grp_sts = get_group_statistics(xx, dH, indist=500)
    grp_xx = grp_sts.index.values
    grp_dH = grp_sts['50%'].values

    if xxb is None:
        xx2 = np.nan
    else:
        xx2 = np.squeeze(xx2[~mynan])

    return xx, dH, grp_xx, grp_dH, xx2, grp_sts



def fitfun_polynomial(xx, params):
    #    myval=0
    #    for i in np.arange(0,params.size):
    #        myval = myval + params[i]*(xx**i)
    # myval=myval + params[i]*(xx**i)
    return sum([p * (np.divide(xx, 1000) ** i) for i, p in enumerate(params)])


[docs]def robust_polynomial_fit(xx, yy):
    """
    Given sample data xx, yy, compute a robust polynomial fit to the data. Order is chosen automatically by comparing
    residuals for multiple fit orders.

    :param xx: input x data (typically across-track distance)
    :param yy: input y data (typically elevation differences)
    :type xx: array-like
    :type yy: array-like

    :returns coefs, order: polynomial coefficients and order for the best-fit polynomial
    """
    print("Original Sample size :", yy.size)
    # mykeep=np.isfinite(yy) and np.isfinite(xx)
    #    mykeep = np.logical_and(np.isfinite(yy), np.isfinite(xx))
    mykeep = np.logical_and.reduce((np.isfinite(yy), np.isfinite(xx), (np.abs(yy) < np.nanstd(yy) * 3)))
    xx = xx[mykeep]
    yy = yy[mykeep]

    print("Final Sample size :", yy.size)
    print("Remaining NaNs :", np.sum(np.isnan(yy)))
    sampsize = min(int(0.15 * xx.size), 25000)  # np.int(np.floor(xx.size*0.25))
    if xx.size > sampsize:
        mysamp = np.random.randint(0, xx.size, sampsize)
    else:
        mysamp = np.arange(0, xx.size)

    plt.figure(figsize=(7, 5), dpi=200)
    # fig.suptitle(title, fontsize = 14)
    plt.plot(xx[mysamp], yy[mysamp], '^', ms=1, color='0.5', rasterized=True, fillstyle='full')

    myorder = 6
    mycost = np.empty(myorder)
    coeffs = np.zeros((myorder, myorder + 1))
    xnew = np.arange(np.nanmin(xx), np.nanmax(xx), 1000)

    def errfun(p, xx, yy):
        return fitfun_polynomial(xx, p) - yy

    for deg in np.arange(1, myorder + 1):
        #        p0 = np.zeros(deg + 1)
        p0 = poly.polyfit(np.divide(xx[mysamp], 1000), yy[mysamp], deg)
        print("Initial Parameters: ", p0)
        #        lbb = np.zeros(deg + 1)-1000
        #        ubb = np.zeros(deg + 1)+1000

        #        myresults = optimize.least_squares(errfun, p0, args=(xx[mysamp], yy[mysamp]))
        myresults = optimize.least_squares(errfun, p0, args=(xx[mysamp], yy[mysamp]), method='trf', loss='soft_l1',
                                           f_scale=0.5, ftol=1E-8, xtol=1E-8)
        #        print("Status: ", myresults.status)
        print("Polynomial degree - ", deg, " --> Status: ", myresults.success, " - ", myresults.status)
        print(myresults.message)
        print("Lowest cost:", myresults.cost)
        print("Parameters:", myresults.x)

        mycost[deg - 1] = myresults.cost
        coeffs[deg - 1, 0:myresults.x.size] = myresults.x

        mypred = fitfun_polynomial(xnew, myresults.x)
        plt.plot(xnew, mypred)

    fidx = mycost.argmin()
    plt.ylim(-75, 75)

    # This is to check whether percent improvement is a better way to choose the best fit. 
    # For now, comment out... 
    #    perimp=np.divide(mycost[:-1]-mycost[1:],mycost[:-1])*100
    #    fmin=np.asarray(np.where(perimp>5))
    #    if fmin.size!=0:
    #        fidx = fmin[0,-1]+1
    # print('fidx: {}'.format(fidx))

    print("Polynomial Order Selected: ", fidx + 1)

    return np.trim_zeros(coeffs[fidx], 'b'), fidx + 1



[docs]def polynomial_fit(x, y):
    """
    [DEPRECATED] A polynomial search function for orders 1-6 given dependent (x) and independent (y)
    variables. Uses the numpy polynomial package. 
    """
    # edge removal
    #    x = x[5:-5]
    #    y = y[5:-5]

    max_poly_order = 6

    plt.figure(figsize=(7, 5))
    plt.plot(x, y, '.')
    rmse = np.empty(max_poly_order - 1)
    coeffs = np.zeros((max_poly_order - 1, max_poly_order + 1))
    xnew = np.arange(np.nanmin(x), np.nanmax(x), 1000)
    for deg in np.arange(2, max_poly_order + 1):
        # print(deg)
        p, r = poly.polyfit(x, y, deg, full=True)
        p2 = poly.polyval(xnew, p)
        plt.plot(xnew, p2)
        coeffs[deg - 2, 0:p.size] = p
        rmse[deg - 2] = np.sqrt(np.divide(r[0], y.size - deg))

    plt.figure(figsize=(7, 5))
    plt.plot(np.arange(2, max_poly_order + 1), rmse)

    # Choose order of polynomial - 2 options 
    # a) lowest RMSE or 
    # b) by checking the percent improvemnt (more robust?)

    # a) lowest RMSE
    fidx = rmse.argmin()

    # b) [DEFAULT??] find the highest order which gave a 5% improvemnt in the RMSE
    perimp = np.divide(rmse[:-1] - rmse[1:], rmse[:-1]) * 100
    # print(perimp)
    # print(rmse)
    fmin = np.asarray(np.where(perimp > 5))
    if fmin.size != 0:
        fidx = fmin[0, -1] + 1
    # print('fidx: {}'.format(fidx))

    print("Polynomial Order Selected: ", fidx + 2)
    return coeffs[fidx], rmse[fidx]



[docs]def fitfun_sumofsin(xx, p):
    """
    The Base function for the sum of sines fitting to elevation differences in the along track (xx) direction
    of the ASTER flightpath. DEPRECATED - uses only one angle instead of two. see fitfun_sumofsin_2angle
    """
    #    myval = 0
    #    for bb in np.arange(0, p.size - 1, 3):
    #        myval = myval + p[bb] * np.sin(p[bb + 1] * xx + p[bb + 2])
    #
    p = np.asarray(p)
    aix = np.arange(0, p.size, 3)
    bix = np.arange(1, p.size, 3)
    cix = np.arange(2, p.size, 3)
    #    if len(xx.shape) == 1:
    #        myval = np.sum(p[aix] * np.sin(p[bix] * xx[:,np.newaxis] + p[cix]),axis=1)
    #    elif len(xx.shape) == 2:
    #        myval = np.sum(p[aix] * np.sin(p[bix] * xx[:,:,np.newaxis] + p[cix]),axis=2)
    if len(xx.shape) == 1:
        myval = np.sum(p[aix] * np.sin(np.divide(2 * np.pi, p[bix]) * np.divide(xx[:, np.newaxis], 1000) + p[cix]),
                       axis=1)
    elif len(xx.shape) == 2:
        myval = np.sum(p[aix] * np.sin(np.divide(2 * np.pi, p[bix]) * np.divide(xx[:, :, np.newaxis], 1000) + p[cix]),
                       axis=2)

    return myval



[docs]def fitfun_sumofsin_2angle(xxn, xxb, p):
    """
    Fit sum of sines function for two track angles.

    :param xxn: along-track distance in nadir direction
    :param xxb: along-track distance in back-looking direction
    :param p: sum of sines parameters
    :type xxn: array-like
    :type yyn: array-like
    :type p: array-like

    :returns sum_of_sines: sum of sines evaluated at the given along-track distances.
    """
    p = np.squeeze(np.asarray(p))
    aix = np.arange(0, p.size, 6)
    bix = np.arange(1, p.size, 6)
    cix = np.arange(2, p.size, 6)
    dix = np.arange(3, p.size, 6)
    eix = np.arange(4, p.size, 6)
    fix = np.arange(5, p.size, 6)

    if len(xxn.shape) == 1:
        myval = np.sum(p[aix] * np.sin(np.divide(2 * np.pi, p[bix]) *
                                       np.divide(xxn[:, np.newaxis], 1000) +
                                       p[cix]) + p[dix] * np.sin(np.divide(2 * np.pi, p[eix]) *
                                                                 np.divide(xxb[:, np.newaxis], 1000) + p[fix]), axis=1)
    elif len(xxn.shape) == 2:
        myval = np.sum(p[aix] * np.sin(np.divide(2 * np.pi, p[bix]) *
                                       np.divide(xxn[:, :, np.newaxis], 1000) +
                                       p[cix]) + p[dix] * np.sin(np.divide(2 * np.pi, p[eix]) *
                                                                 np.divide(xxb[:, :, np.newaxis], 1000) + p[fix]),
                       axis=2)
    return myval



def huber_loss(z):
    out = np.asarray(np.square(z) * 1.000)
    out[np.where(z > 1)] = 2 * np.sqrt(z[np.where(z > 1)]) - 1
    return out.sum()


def soft_loss(z):  # z is residual
    return 2 * (np.sqrt(1 + z) - 1)  # SOFT-L1 loss function (reduce the weight of outliers)


def costfun_sumofsin(p, xxn, yy, xxb=None, myscale=0.5):
    if xxb is not None:
        myval = fitfun_sumofsin_2angle(xxn, xxb, p)
    else:
        myval = fitfun_sumofsin(xxn, p)
    # DEFINE THE COST FUNCTION
    #    myerr = RMSE(yy - myval)
    #    myerr = nmad(yy - myval)
    #    myerr = np.sum(np.abs(yy-myval))    # called MAE or L1 loss function
    #    myerr = np.linalg.norm(yy-myval)
    #    myerr = np.sqrt(np.sum((yy-myval) ** 2))
    #    myerr = huber_loss(yy-myval)    # HUBER loss function (reduce the weight of outliers)
    #    myerr = np.sum((np.sqrt(1+np.square(yy-myval))-1))    # SOFT-L1 loss function (reduce the weight of outliers)
    # myscale = 0.5
    myerr = np.sum(np.square(myscale) * soft_loss(np.square(np.divide(yy - myval, myscale))))
    #    myerr = np.sum( np.square(myscale)*2*(np.sqrt(1+np.square(np.divide(yy-myval,myscale)))-1) ) 
    # SOFT-L1 loss function  with SCALING
    return myerr


[docs]def plot_bias(xx, dH, grp_xx, grp_dH, title, pp, pmod=None, smod=None, plotmin=None, txt=None):
    """
    data : original data as numpy array (:,2), x = 1col,y = 2col
    gdata : grouped data as numpy array (:,2)
    pmod,smod are two model options to plot, numpy array (:,1)
    """

    mykeep = np.isfinite(dH)
    xx = xx[mykeep]
    dH = dH[mykeep]
    sampsize = min(int(0.15 * xx.size), 25000)
    if xx.size > sampsize:
        mysamp = np.random.randint(0, xx.size, sampsize)
    else:
        mysamp = np.arange(0, xx.size)
    # mysamp = mysamp.astype(np.int64) #huh?

    # title = 'Cross'
    fig = plt.figure(figsize=(7, 5), dpi=200)
    # fig.suptitle(title + 'track bias', fontsize=14)
    plt.title(title + 'track bias', fontsize=14)
    if plotmin is None:
        plt.plot(xx[mysamp], dH[mysamp], '^', ms=0.75, color='0.5', rasterized=True, fillstyle='full',
                 label="Raw [samples]")
        plt.plot(grp_xx, grp_dH, '-', ms=2, color='0.15', label="Grouped Median")
    else:
        plt.plot(grp_xx, grp_dH, '^', ms=1, color='0.5', rasterized=True, fillstyle='full', label="Grouped Median")

    # xx2 = np.linspace(np.min(grp_xx), np.max(grp_xx), 1000)
    if pmod is not None:
        plt.plot(pmod[0], pmod[1], 'r-', ms=2, label="Basic Fit")
    if smod is not None:
        plt.plot(smod[0], smod[1], 'm-', ms=2, label="SumOfSines-Fit")

    plt.plot(grp_xx, np.zeros(grp_xx.size), 'k-', ms=1)

    plt.xlim(np.min(grp_xx), np.max(grp_xx))
    # plt.ylim(-200,200)
    ymin, ymax = plt.ylim((np.nanmean(dH[mysamp])) - 2 * np.nanstd(dH[mysamp]),
                          (np.nanmean(dH[mysamp])) + 2 * np.nanstd(dH[mysamp]))

    # plt.axis([0, 360, -200, 200])
    plt.xlabel(title + ' track distance [meters]')
    plt.ylabel('dH [meters]')
    plt.legend(loc='upper right')
    #    plt.legend(('Raw [samples]', 'Grouped Median', 'Fit'), loc=1)

    if txt is not None:
        plt.text(0.05, 0.05, txt, fontsize=12, fontweight='bold', color='black',
                 family='monospace', transform=plt.gca().transAxes)

    # plt.show()
    pp.savefig(fig, dpi=300)



def final_histogram(dH0, dH1, dH2, dHfinal, pp):
    fig = plt.figure(figsize=(7, 5), dpi=600)
    plt.title('Elevation difference histograms', fontsize=14)
    if isinstance(dH0, np.ma.masked_array):
        dH0 = dH0.compressed()
        dH1 = dH1.compressed()
        dH2 = dH2.compressed()
        dHfinal = dHfinal.compressed()
    dH0 = np.squeeze(np.asarray(dH0[np.logical_and.reduce((np.isfinite(dH0), (np.abs(dH0) < np.nanstd(dH0) * 3)))]))
    dH1 = np.squeeze(np.asarray(dH1[np.logical_and.reduce((np.isfinite(dH1), (np.abs(dH1) < np.nanstd(dH1) * 3)))]))
    dH2 = np.squeeze(np.asarray(dH2[np.logical_and.reduce((np.isfinite(dH2), (np.abs(dH2) < np.nanstd(dH2) * 3)))]))
    dHfinal = np.squeeze(np.asarray(dHfinal[np.logical_and.reduce((np.isfinite(dHfinal),
                                                                   (np.abs(dHfinal) < np.nanstd(dHfinal) * 3)))]))

    if dH0[np.isfinite(dH0)].size < 2000:
        mybins = 40
    else:
        mybins = 100

    j1, j2 = np.histogram(dH0[np.isfinite(dH0)], bins=mybins, range=(-60, 60))
    jj1, jj2 = np.histogram(dH1[np.isfinite(dH1)], bins=mybins, range=(-60, 60))
    jjj1, jjj2 = np.histogram(dH2[np.isfinite(dH2)], bins=mybins, range=(-60, 60))
    k1, k2 = np.histogram(dHfinal[np.isfinite(dHfinal)], bins=mybins, range=(-60, 60))

    stats0 = [np.nanmean(dH0), np.nanmedian(dH0), np.nanstd(dH0), RMSE(dH0)]
    stats_fin = [np.nanmean(dHfinal), np.nanmedian(dHfinal), np.nanstd(dHfinal), RMSE(dHfinal)]

    plt.plot(j2[1:], j1, 'k-', linewidth=2, label="original")
    plt.plot(jj2[1:], jj1, 'b-', linewidth=2, label="After X-track")
    plt.plot(jjj2[1:], jjj1, 'm-', linewidth=2, label="After A-track (low freq)")
    plt.plot(k2[1:], k1, 'r-', linewidth=2, label="After A-track (all freq)")

    plt.xlabel('Elevation difference [meters]')
    plt.ylabel('Number of samples')
    plt.xlim(-50, 50)

    # numwidth = max([len('{:.1f} m'.format(xadj)), len('{:.1f} m'.format(yadj)), len('{:.1f} m'.format(zadj))])
    plt.text(0.05, 0.90, 'Mean: ' + ('{:.1f} m'.format(stats0[0])),
             fontsize=8, fontweight='bold', color='black', family='monospace', transform=plt.gca().transAxes)
    plt.text(0.05, 0.85, 'Median: ' + ('{:.1f} m'.format(stats0[1])),
             fontsize=8, fontweight='bold', color='black', family='monospace', transform=plt.gca().transAxes)
    plt.text(0.05, 0.80, 'Std dev.: ' + ('{:.1f} m'.format(stats0[2])),
             fontsize=8, fontweight='bold', color='black', family='monospace', transform=plt.gca().transAxes)
    plt.text(0.05, 0.75, 'RMSE: ' + ('{:.1f} m'.format(stats0[3])),
             fontsize=8, fontweight='bold', color='black', family='monospace', transform=plt.gca().transAxes)

    plt.text(0.05, 0.60, 'Mean: ' + ('{:.1f} m'.format(stats_fin[0])),
             fontsize=8, fontweight='bold', color='red', family='monospace', transform=plt.gca().transAxes)
    plt.text(0.05, 0.55, 'Median: ' + ('{:.1f} m'.format(stats_fin[1])),
             fontsize=8, fontweight='bold', color='red', family='monospace', transform=plt.gca().transAxes)
    plt.text(0.05, 0.50, 'Std dev.: ' + ('{:.1f} m'.format(stats_fin[2])),
             fontsize=8, fontweight='bold', color='red', family='monospace', transform=plt.gca().transAxes)
    plt.text(0.05, 0.45, 'RMSE: ' + ('{:.1f} m'.format(stats_fin[3])),
             fontsize=8, fontweight='bold', color='red', family='monospace', transform=plt.gca().transAxes)

    plt.legend(loc='upper right')

    pp.savefig(fig, bbox_inches='tight', dpi=200)


def correct_cross_track_bias(mst_dem, slv_dem, inang, pp, pts=False):
    # calculate along/across track coordinates
    myang = np.deg2rad(inang.img)
    xxr, yyr = get_xy_rot(slv_dem, myang)  # across,along track coordinates calculated from angle map

    # arrange the dependent (dH) and independent variables (ANGLE) into vectors
    # ALSO, filters the dH > threshold (40), and provides grouped statistics... 
    xx, dH, grp_xx, grp_dH, _, _ = get_fit_variables(mst_dem, slv_dem, xxr, pts)

    # #
    # Need conditional to check for large enough sample size... ?
    # #

    # POLYNOMIAL FITTING - here using my defined robust polynomial fitting
    #    pcoef, myorder = robust_polynomial_fit(grp_xx, grp_dH)
    xx2 = np.linspace(np.min(grp_xx), np.max(grp_xx), 1000)
    pcoef, myorder = robust_polynomial_fit(xx, dH)
    polymod = fitfun_polynomial(xx, pcoef)
    polymod_grp = fitfun_polynomial(xx2, pcoef)
    polyres = RMSE(dH - polymod)
    print("Cross track robust Polynomial RMSE (all data): ", polyres)

    #   # USING POLYFIT With ALL/GROUPED data
    #    pcoef, _ = polynomial_fit(grp_xx,grp_dH) #mean
    #    pcoef2, _ = polynomial_fit(xx,dH) # USE ALL DATA
    #    polymod=poly.polyval(xx,pcoef2)
    #    polyres=RMSE(dH-polymod)
    #    print("Cross track standard Polynomial RMSE (all data): ", polyres)

    mytext = "Polynomial order: " + np.str(myorder)
    plot_bias(xx, dH, grp_xx, grp_dH, 'Cross', pp, pmod=(xx2, polymod_grp), txt=mytext)

    # Generate correction for DEM
    #    out_corr = poly.polyval(xxr, pcoef)
    out_corr = fitfun_polynomial(xxr, pcoef)

    # Correct DEM
    zupdate = np.ma.array(slv_dem.img + out_corr, mask=slv_dem.img.mask)  # shift in z
    slv_dem = slv_dem.copy(new_raster=zupdate)

    return slv_dem, out_corr, pcoef


def get_filtered_along_track(mst_dem, slv_dem, ang_maps, pts):
    ang_mapN, ang_mapB = ang_maps
    # across,along track coordinates calculated from angle map
    xxn_mat, xxb_mat = get_atrack_coord(slv_dem, ang_mapN, ang_mapB)

    # arrange the dependent (dH) and independent variables (ANGLE) into vectors
    # ALSO, filters the dH > threshold (40), and provides grouped statistics...     
    xxn, dH, grp_xx, grp_dH, xxb, grp_stats = get_fit_variables(mst_dem, slv_dem, xxn_mat, pts, xxb=xxb_mat)

    # # # # # # # # # # #
    # Need conditional to check for enough sample size... HERE it is.. ->
    xxid = make_group_id(xxn, 500)
    # percent sample size for the groups
    psize = np.divide(grp_stats['count'].values, np.sum(grp_stats['count'].values)) * 100
    pthresh = 0.1
    # create mask for dh and xx values    
    myix = np.isin(xxid, grp_xx[psize < pthresh], invert=True).flatten()
    # mask group values
    grp_dH = np.delete(grp_dH, [psize < pthresh])
    grp_xx = np.delete(grp_xx, [psize < pthresh])
    # # # # # # # # # # #

    yy = dH
    print("Original Sample Size: ", np.where(np.isfinite(xxn))[0].size)
    mykeep = np.logical_and.reduce((np.isfinite(yy),
                                    np.isfinite(xxn),
                                    np.isfinite(xxb),
                                    (np.abs(yy) < np.nanstd(yy) * 2.5),
                                    myix))
    xxn = np.squeeze(xxn[mykeep])
    xxb = np.squeeze(xxb[mykeep])
    yy = np.squeeze(yy[mykeep])
    print("Filtered Sample Size: ", xxn.size)

    return grp_xx, grp_dH, xxn, xxb, yy, xxn_mat, xxb_mat


def get_sample(vsize, n=15000):
    # sampsize = np.int(np.floor(xx.size*0.25)) # for use as a percentage
    sampsize = min(int(0.15 * vsize), n)
    if vsize > sampsize:
        mysamp = np.random.randint(0, vsize, sampsize)
    else:
        mysamp = np.arange(0, vsize)
    return mysamp


def correct_along_track_bias(mst_dem, slv_dem, ang_mapN, ang_mapB, pp, pts, robust=True):
    # calculate along/across track coordinates
    # myang = np.deg2rad(np.multiply(inang,np.multiply(dH,0)+1))# generate synthetic angle image for testing
    grp_xx, grp_dH, xxn, xxb, yy, xxn_mat, xxb_mat = get_filtered_along_track(mst_dem, slv_dem, (ang_mapN, ang_mapB),
                                                                              pts)
    # fig = plt.figure(figsize=(7, 5), dpi=200)
    # fig.suptitle(title, fontsize = 14)
    # plt.plot(xxn[mysamp], yy[mysamp], '^', ms=0.5, color='0.5', rasterized=True, fillstyle='full')

    # Define the bounds of the three sine wave coefficients to solve
    order = 2
    lb1 = [0, 50, -np.pi]  # long-wave amplitude, frequency, phase
    ub1 = [20, 140, np.pi]  #
    lb2 = [0, 20, -np.pi]  # mid-range
    ub2 = [10, 40, np.pi]
    lb3 = [0, 2, 0]  # jitter
    ub3 = [3, 10, 2 * np.pi]

    # RUN THE FIT ALL TOGETHER IF GOOD SAMPLING AND DATA AVAILABLE. IF SPATIAL SAMPLING IS LIMITED, THEN
    # IT IS BEST TO RUN THE ROBUST OPTION WHICH SOLVES FIRST THE LOW FREQUENCY AND THEN THE JITTER...
    if not robust:

        lbb = np.concatenate((np.tile(lb1, 2 * order), np.tile(lb2, 2 * order), np.tile(lb3, 2 * order)))
        ubb = np.concatenate((np.tile(ub1, 2 * order), np.tile(ub2, 2 * order), np.tile(ub3, 2 * order)))
        p0 = np.divide(lbb + ubb, 2)  # INITAL ESTIMATE
        # print(p0.size)
        # use the grouped statistics to get an initial estimate for the sum of sines fit
        # NOTE: only using one angle, needs two angles to be correct
        print("Fitting smoothed data to find initial parameters.")
        tt0 = time.time()
        init_args = dict(args=(grp_xx, grp_dH), method="L-BFGS-B",
                         bounds=optimize.Bounds(lbb, ubb), options={"ftol": 1E-4, "xtol": 1E-4})
        init_results = optimize.basinhopping(costfun_sumofsin, p0, disp=True,
                                             T=70,
                                             minimizer_kwargs=init_args)
        init_results = init_results.lowest_optimization_result
        # print(init_results.x)
        # use the initial estimate to start, USING two angles to get the lowest 2
        # frequencies for the sum of sines fit

        lbb = np.concatenate((np.tile(lb1, 2 * order), np.tile(lb2, 2 * order), np.tile(lb3, 2 * order)))
        ubb = np.concatenate((np.tile(ub1, 2 * order), np.tile(ub2, 2 * order), np.tile(ub3, 2 * order)))

        #        j2=np.reshape(init_results.x,(3,int(init_results.x.size/3)))
        #        j3=np.hstack((j2,j2))
        #        j4 = j3.reshape((j3.size,))
        #        p1 = j4 # Duplicate initial estimate for both angles
        #        print(lbb.size)
        #        print(p1.size)
        p1 = init_results.x

        mysamp = get_sample(xxn.size, n=20000)

        tt1 = time.time()
        print("Initial paramaters found in : ", (tt1 - tt0), " seconds")
        print("Sum of Sines Fitting using ", mysamp.size, "samples")
        minimizer_kwargs = dict(args=(xxn[mysamp], yy[mysamp], xxb[mysamp]),
                                method="L-BFGS-B",
                                bounds=optimize.Bounds(lbb, ubb),
                                options={"ftol": 1E-3, "xtol": 1E-2})
        myresults = optimize.basinhopping(costfun_sumofsin, p1, disp=True,
                                          T=700,  # niter_success=40,
                                          minimizer_kwargs=minimizer_kwargs)
        myresults = myresults.lowest_optimization_result
        tt2 = time.time()
        print("Sum of Sinses fitting finished in : ", (tt2 - tt1), " seconds")

        xxn2 = np.linspace(np.min(xxn), np.max(xxn), 1000)
        xxb2 = np.linspace(np.min(xxb), np.max(xxb), 1000)
        # mypred0 = fitfun_sumofsin(xxn2, init_results.x)
        mypred = fitfun_sumofsin_2angle(xxn2, xxb2, myresults.x)
        sinmod = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, myresults.x)

        ## GET ONLY LOWER FREQUENCY RESULTS [REMNANT FROM ORIGINAL APPROACH TO SOLVE ALL FREQUENCIES AT ONCE]
        acoeff = myresults.x[:24]
        mypred2 = fitfun_sumofsin_2angle(xxn2, xxb2, acoeff)
        sinmod2 = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, acoeff)

        plot_bias(xxn, yy, grp_xx, grp_dH, 'Along', pp, pmod=(xxn2, mypred2), smod=(xxn2, mypred))

        out_corr = np.reshape(sinmod, slv_dem.img.shape)
        out_corr2 = np.reshape(sinmod2, slv_dem.img.shape)
        jitter_corr = out_corr - out_corr2  # have to extract only the jitter component, even though we solved it all in one step.

        zupdate = np.ma.array(slv_dem.img + out_corr2, mask=slv_dem.img.mask)
        slv_dem_low = slv_dem.copy(new_raster=zupdate)

        zupdate2 = np.ma.array(slv_dem_low.img + jitter_corr, mask=slv_dem_low.img.mask)  # low frequencies
        slv_dem2 = slv_dem.copy(new_raster=zupdate2)

        fig2 = plt.figure(figsize=(7, 5), dpi=200)
        ax = fig2.gca()
        # fig.suptitle(title, fontsize = 14)
        plt1 = plt.imshow(out_corr)
        plt1.set_clim(np.nanmin(out_corr), np.nanmax(out_corr))
        divider = make_axes_locatable(ax)
        cax = divider.append_axes("right", size="5%", pad=0.05)
        plt.colorbar(plt1, cax=cax)
        ax.set_title('Along-track Correction', fontsize=14)
        ax.set_xlabel('column', fontsize=14)
        ax.set_xlabel('row', fontsize=14)
        plt.tight_layout()
        pp.savefig(fig2, dpi=200)

        return (slv_dem_low, out_corr2, acoeff), (slv_dem2, jitter_corr, myresults.x)

    else:
        # get a random sample according to sample size
        mysamp = get_sample(xxn.size, n=20000)

        # Concatenate the bounds variables, This will determine the number of parameters
        # in the sum of sines equation, through the length of the p0, the initial estimate
        # lbb = np.concatenate((np.tile(lb1, 2 * order), np.tile(lb2, 2 * order), np.tile(lb3, 2 * order)))
        lbb = np.concatenate((np.tile(lb1, 2 * order), np.tile(lb2, 2 * order)))
        # ubb = np.concatenate((np.tile(ub1, 2 * order), np.tile(ub2, 2 * order), np.tile(ub3, 2 * order)))
        ubb = np.concatenate((np.tile(ub1, 2 * order), np.tile(ub2, 2 * order)))
        p0 = np.divide(lbb + ubb, 2)

        # use the grouped statistics to get an initial estimate for the sum of sines fit
        # NOTE: only using one angle, needs two angles to be correct
        print("Fitting smoothed data to find initial parameters.")
        tt0 = time.time()
        init_args = dict(args=(grp_xx, grp_dH), method="L-BFGS-B",
                         bounds=optimize.Bounds(lbb, ubb), options={"ftol": 1E-4})
        init_results = optimize.basinhopping(costfun_sumofsin, p0, disp=True,
                                             T=200,
                                             minimizer_kwargs=init_args)
        init_results = init_results.lowest_optimization_result
        # init_results = optimize.least_squares(costfun_sumofsin, p0, args=(grp_xx, grp_dH),
        #                                      method='dogbox', bounds=([lbb, ubb]), loss='linear',
        #                                      f_scale=5, ftol=1E-8, xtol=1E-8)
        # init_results = optimize.least_squares(costfun_sumofsin, p0, args=(grp_xx, grp_dH),
        #                                            method='trf', bounds=([lbb, ubb]), loss='soft_l1',
        #                                            f_scale=0.8, ftol=1E-6, xtol=1E-6)

        #    myresults0 = optimize.minimize(fitfun_sumofsin_2angle2, p0, args=(xxn[mysamp], xxb[mysamp], yy[mysamp]),
        #                                  bounds=optimize.Bounds(lbb,ubb), method='L-BFGS-B',
        #                                  options={'maxiter': 1000,'maxfun':1000, 'ftol':1E-8})

        # use the initial estimate to start, USING two angles to get the lowest 2
        # frequencies for the sum of sines fit
        tt1 = time.time()
        print("Initial paramaters found in : ", (tt1 - tt0), " seconds")
        print("Sum of Sines Fitting using ", mysamp.size, "samples")
        minimizer_kwargs = dict(args=(xxn[mysamp], yy[mysamp], xxb[mysamp]),
                                method="L-BFGS-B",
                                bounds=optimize.Bounds(lbb, ubb),
                                options={"ftol": 1E-4})
        myresults = optimize.basinhopping(costfun_sumofsin, init_results.x, disp=True,
                                          T=1000, niter_success=40,
                                          minimizer_kwargs=minimizer_kwargs)
        myresults = myresults.lowest_optimization_result
        tt2 = time.time()
        print("Sum of Sinses fitting finished in : ", (tt2 - tt1), " seconds")

        xxn2 = np.linspace(np.min(xxn), np.max(xxn), 1000)
        xxb2 = np.linspace(np.min(xxb), np.max(xxb), 1000)
        # mypred0 = fitfun_sumofsin(xxn2, init_results.x)
        mypred = fitfun_sumofsin_2angle(xxn2, xxb2, myresults.x)
        # init_fig = plt.figure(figsize=(7, 5), dpi=200)
        # plt.plot(xxn[mysamp], yy[mysamp], '^', ms=0.5, color='0.5', rasterized=True, fillstyle='full', label='initial data')
        # plt.plot(grp_xx, grp_dH, 'k', label='grouped medians')
        # plt.plot(xxn2, mypred0, '-', ms=2, color='k', label='initial')
        # plt.plot(xxn2, mypred, '-', ms=2, color='r', label='final')
        # plt.legend()
        # pp.savefig(init_fig, dpi=200)

        ### GET ONLY LOWER FREQUENCY RESULTS [REMNANT FROM ORIGINAL APPROACH TO SOLVE ALL FREQUENCIES AT ONCE]
        # acoeff = myresults.x[:-18]
        # mypred2 = fitfun_sumofsin_2angle(xxn2, xxb2, acoeff)
        # sinmod2 = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, acoeff)

        # plot_bias(orig_data,grp_data,mytype,pp)
        # plot_bias(xxn, yy, grp_xx, grp_dH, 'Along', pp, pmod=(xxn2, mypred2), smod=(xxn2, mypred))
        plot_bias(xxn, yy, grp_xx, grp_dH, 'Along', pp, smod=(xxn2, mypred))

        # out_corr2 = np.reshape(sinmod2, slv_dem.img.shape)
        # apply the low-frequency correction
        sinmod = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, myresults.x)
        out_corr = np.reshape(sinmod, slv_dem.img.shape)

        zupdate = np.ma.array(slv_dem.img + out_corr, mask=slv_dem.img.mask)
        slv_dem_low = slv_dem.copy(new_raster=zupdate)

        fig2 = plt.figure(figsize=(7, 5), dpi=200)
        ax = fig2.gca()
        # fig.suptitle(title, fontsize = 14)
        plt1 = plt.imshow(out_corr)
        plt1.set_clim(np.nanmin(out_corr), np.nanmax(out_corr))
        divider = make_axes_locatable(ax)
        cax = divider.append_axes("right", size="5%", pad=0.05)
        plt.colorbar(plt1, cax=cax)
        ax.set_title('Along-track Correction', fontsize=14)
        ax.set_xlabel('column', fontsize=14)
        ax.set_xlabel('row', fontsize=14)
        plt.tight_layout()
        pp.savefig(fig2, dpi=200)

        # now, estimate the jitter correction using the corrected slave dem
        grp_xx, grp_dH, xxn, xxb, yy, xxn_mat, xxb_mat = get_filtered_along_track(mst_dem, slv_dem_low,
                                                                                  (ang_mapN, ang_mapB), pts)
        sampsize = min(int(0.15 * xxn.size), 50000)
        if xxn.size > sampsize:
            mysamp = np.random.randint(0, xxn.size, sampsize)
        else:
            mysamp = np.arange(0, xxn.size)

        lb2 = [0, 20, 0]  # mid-range
        ub2 = [5, 40, 2 * np.pi]
        lb3 = [0, 3, 0]  # jitter
        ub3 = [3, 10, 2 * np.pi]
        lbb = np.concatenate((np.tile(lb2, 2 * order), np.tile(lb3, 2 * order)))
        ubb = np.concatenate((np.tile(ub2, 2 * order), np.tile(ub3, 2 * order)))

        p0 = np.divide(lbb + ubb, 2)

        if xxn.size < 10000:
            Tparam = 50
            myscale = 0.5
        else:
            Tparam = 500
            myscale = 0.1

        tt0 = time.time()
        minimizer_kwargs = dict(args=(xxn[mysamp], yy[mysamp], xxb[mysamp], myscale),
                                method="L-BFGS-B",
                                bounds=optimize.Bounds(lbb, ubb),
                                options={"ftol": 1E-4})
        jitter_res = optimize.basinhopping(costfun_sumofsin, p0, disp=True,
                                           T=Tparam, minimizer_kwargs=minimizer_kwargs)
        jitter_res = jitter_res.lowest_optimization_result
        tt1 = time.time()
        print("Sum of sines finished in : ", (tt1 - tt0), " seconds")

        #    xxn2 = np.linspace(np.min(xxn), np.max(xxn), 1000)
        jitt_pred = fitfun_sumofsin_2angle(xxn2, xxb2, jitter_res.x)
        plot_bias(xxn, yy, grp_xx, grp_dH, 'Jitter', pp, smod=(xxn2, jitt_pred))

        jitter_mod = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, jitter_res.x)
        jitter_corr = np.reshape(jitter_mod, slv_dem_low.img.shape)
        # export slave dem with three constraing along track frequences
        zupdate2 = np.ma.array(slv_dem_low.img + jitter_corr, mask=slv_dem_low.img.mask)  # low frequencies
        slv_dem2 = slv_dem.copy(new_raster=zupdate2)

        fig3 = plt.figure(figsize=(7, 5), dpi=200)
        ax = fig3.gca()
        # fig.suptitle(title, fontsize = 14)
        plt1 = plt.imshow(jitter_corr)
        plt1.set_clim(np.nanmin(jitter_corr), np.nanmax(jitter_corr))
        divider = make_axes_locatable(ax)
        cax = divider.append_axes("right", size="5%", pad=0.05)
        plt.colorbar(plt1, cax=cax)
        ax.set_title('Jitter-track Correction', fontsize=14)
        ax.set_xlabel('column', fontsize=14)
        ax.set_xlabel('row', fontsize=14)
        plt.tight_layout()
        pp.savefig(fig3, dpi=200)

        return (slv_dem_low, out_corr, myresults.x), (slv_dem2, jitter_corr, jitter_res.x)


[docs]def mmaster_bias_removal(mst_dem, slv_dem, glacmask=None, landmask=None,
                         pts=False, work_dir='.', tmp_dir=None, out_dir=None,
                         return_geoimg=True, write_log=False, zipped=False, robust=True):
    """
    Removes cross track and along track biases from MMASTER DEMs.

    :param mst_dem: Path to filename or GeoImg dataset representing "master" DEM or ICESat.
    :param slv_dem: Path to filename or GeoImg dataset representing "slave" DEM (developed for ASTER).
    :param glacmask: Path to shapefile representing points to exclude from co-registration
        consideration (i.e., glaciers).
    :param landmask: Path to shapefile representing points to include in co-registration
        consideration (i.e., stable ground/land).
    :param pts: If True, program assumes that masterDEM represents point data (i.e., ICESat),
        as opposed to raster data. Slope/aspect are then calculated from slaveDEM.
        masterDEM should be a string representing an HDF5 file continaing ICESat data.
    :param work_dir: Location where output files and directory should be saved [.]
    :param tmp_dir: Location where files are processed
    :param out_dir: Location to save bias removal outputs.
    :param return_geoimg: Return GeoImg objects of the corrected slave DEM and the co-registered master DEM [True]
    :param write_log: Re-direct stdout, stderr to a log file in the work directory [False]
    :param zipped: extract from zip archive, keep a minimum of output files (logs and pdfs only) [False]
    :param robust: solve low-frequency and jitter components of along-track bias separately. If spatial sampling is limited,
        this is a better approach than solving along-track as one single step.

    :type mst_dem: str, pybob.GeoImg, pybob.ICESat
    :type slv_dem: str, pybob.GeoImg
    :type glacmask: str
    :type landmask: str
    :type pts: bool
    :type work_dir: str
    :type out_dir: str
    :type return_geoimg: bool
    :type write_log: bool
    :type zipped: bool
    :type robust: bool

    :returns slv_corr, mst_coreg: corrected MMASTER DEM, co-registered master DEM (if return_geoimg)
    """
    orig_dir = os.getcwd()
    if tmp_dir is not None:
        if os.path.exists(os.path.join(tmp_dir,work_dir)):
            shutil.rmtree(os.path.join(tmp_dir,work_dir))
        shutil.copytree(os.path.join(orig_dir,work_dir),os.path.join(tmp_dir,work_dir))
        proc_dir=tmp_dir
    else:
        proc_dir=orig_dir

    final_dir = None
    if out_dir is None:
        out_dir = os.path.join(orig_dir,work_dir,'biasrem')
    else:
        if tmp_dir is None:
            out_dir = os.path.join(out_dir,work_dir)
        else:
            # we want the outputs to be written in the tmp directory, then moved to out_dir at the end, for speed
            final_dir = os.path.join(out_dir,work_dir)
            out_dir = os.path.join(proc_dir,work_dir,'tmp_biasrem')

    os.chdir(proc_dir)
    os.chdir(work_dir)

    if zipped:
        # we assume that the .zip has the same name as the L1A strip directory:
        strip_ref = '_'.join(os.path.basename(slv_dem).split('_')[:-1])
        # zip file
        fn_zip = os.path.join(proc_dir, work_dir, strip_ref + '.zip')
        # filenames to extract
        fn_slv = strip_ref + '_Z.tif'
        fn_corr = strip_ref + '_CORR.tif'
        fn_along3B = 'TrackAngleMap_3B.tif'
        fn_along3N = 'TrackAngleMap_3N.tif'
        fn_v123 = strip_ref + '_V123.tif'
        # files to extract to
        fn_slv_tif = os.path.join(proc_dir,work_dir, fn_slv)
        fn_corr_tif = os.path.join(proc_dir,work_dir, fn_corr)
        fn_along3B_tif = os.path.join(proc_dir,work_dir, fn_along3B)
        fn_along3N_tif = os.path.join(proc_dir,work_dir, fn_along3N)
        fn_v123_tif = os.path.join(proc_dir,work_dir, fn_v123)
        # extract
        extract_file_from_zip(fn_zip, fn_slv, fn_slv_tif)
        extract_file_from_zip(fn_zip, fn_corr, fn_corr_tif)
        extract_file_from_zip(fn_zip, fn_along3B, fn_along3B_tif)
        extract_file_from_zip(fn_zip, fn_along3N, fn_along3N_tif)
        extract_file_from_zip(fn_zip, fn_v123, fn_v123_tif)

        fn_filtz = os.path.join(proc_dir, work_dir, os.path.splitext(slv_dem)[0][:-2] + '_filtZ.tif')
        fn_z_adj = os.path.join(out_dir, os.path.splitext(slv_dem)[0][:-2] + '_Z_adj.tif')
        fn_corr_adj = os.path.join(out_dir, os.path.splitext(slv_dem)[0][:-2] + '_CORR_adj.tif')
        fn_v123_adj = os.path.join(out_dir, os.path.splitext(slv_dem)[0][:-2] + '_V123_adj.tif')

        list_fn_rm = [fn_slv_tif, fn_corr_tif, fn_along3N_tif, fn_along3B_tif, fn_v123_tif, fn_filtz, fn_z_adj,
                      fn_corr_adj, fn_v123_adj]

    mkdir_p(out_dir)

    # Prepare LOG files 
    if write_log:
        print(os.getcwd())
        logfile = open(os.path.join(out_dir, 'mmaster_bias_correct_' + str(os.getpid()) + '.log'), 'w')
        errfile = open(os.path.join(out_dir, 'mmaster_bias_correct_' + str(os.getpid()) + '_error.log'), 'w')
        sys.stdout = logfile
        sys.stderr = errfile

    # import angle data
    ang_mapN = GeoImg('TrackAngleMap_3N.tif')
    ang_mapB = GeoImg('TrackAngleMap_3B.tif')
    ang_mapNB = ang_mapN.copy(new_raster=np.array(np.divide(ang_mapN.img + ang_mapB.img, 2)))

    # pre-processing steps (co-registration,Correlation_masking)
    mst_coreg, slv_coreg, shift_params = preprocess(mst_dem, slv_dem, glacmask=glacmask, landmask=landmask,
                                                    work_dir='.', out_dir=out_dir, pts=pts)
    if shift_params == -1:
        print("Too few points for initial co-registration. Exiting.")
        clean_coreg_dir(out_dir, 'coreg')
        if write_log:
            sys.stdout = sys.__stdout__
            sys.stderr = sys.__stderr__
            logfile.close()
            errfile.close()
        if zipped:
            for fn_fil in list_fn_rm:
                if os.path.exists(fn_fil):
                    os.remove(fn_fil)
        if tmp_dir is not None:
            shutil.rmtree(os.path.join(proc_dir, work_dir))
        os.chdir(orig_dir)
        if return_geoimg:
            return slv_coreg, mst_coreg
        else:
            return
    clean_coreg_dir(out_dir, 'coreg')

    # OPEN and start the Results.pdf
    pp = PdfPages(os.path.sep.join([out_dir, 'BiasCorrections_Results.pdf']))

    ### Create the stable terrain masks
    stable_mask = create_stable_mask(slv_coreg, glacmask, landmask)
    fmaskpoly = get_aster_footprint(slv_dem.rsplit('_Z.tif')[0], proj4='+units=m +init=epsg:{}'.format(slv_coreg.epsg))
    fmask = make_mask(fmaskpoly, slv_coreg, raster_out=True)

    ### PREPARE numpy masked arrays for .img data
    smask = np.logical_or.reduce((np.invert(fmask), stable_mask, np.isnan(slv_coreg.img)))
    slv_coreg.unmask()
    slv_coreg.mask(smask)
    if pts:
        mst_coreg.clean()
        stable_mask = slv_coreg.copy(new_raster=smask)
        mst_coreg.mask(stable_mask.raster_points2(mst_coreg.xy) == 0)

    ### Create initial plot of where stable terrain is, including ICESat pts
    fig1 = plt.figure(figsize=(7, 5), facecolor='w', dpi=200)
    fig1, cimg = plot_shaded_dem(slv_coreg, fig=fig1)
    ax = fig1.gca()
    ax.set_title('Slave DEM Shaded Relief')
    ax.set_xlabel('UTM Easting (m)')
    ax.set_ylabel('UTM Northing (m)')

    if pts:
        plt.plot(mst_coreg.x[~np.isnan(mst_coreg.elev)], mst_coreg.y[~np.isnan(mst_coreg.elev)], 'k.')
    divider = make_axes_locatable(ax)
    cax = divider.append_axes("right", size="5%", pad=0.05)
    plt.colorbar(cimg, cax=cax)
    pp.savefig(fig1, dpi=200)

    ### cross-track bias removal 
    slv_coreg_xcorr, xcorr, pcoef = correct_cross_track_bias(mst_coreg, slv_coreg, ang_mapNB, pp, pts=pts)
    plt.close("all")

    ### along-track bias removal
    low_freq, all_freq = correct_along_track_bias(mst_coreg, slv_coreg_xcorr, ang_mapN, ang_mapB,
                                                  pp, pts=pts, robust=robust)
    slv_coreg_xcorr_acorr, acorr, scoef = low_freq
    slv_coreg_xcorr_acorr_jcorr, jcorr, jcoef = all_freq
    plt.close("all")

    ### Calculate dH and statistics    
    dH0 = calculate_dH(mst_coreg, slv_coreg, pts)
    dH1 = calculate_dH(mst_coreg, slv_coreg_xcorr, pts)
    dH2 = calculate_dH(mst_coreg, slv_coreg_xcorr_acorr, pts)
    dH_final = calculate_dH(mst_coreg, slv_coreg_xcorr_acorr_jcorr, pts)

    ### mask dH for 
    if not pts:
        # Calculate initial differences
        mytitle = 'dH Initial'
        false_hillshade(dH0, mytitle, pp=pp)

        # Calculate After Cross Track Changes
        mytitle = 'dH After Cross Track Corrections'
        false_hillshade(dH1, mytitle, pp=pp)

        # Calculate After Cross Track Changes
        mytitle = 'dH After Low Frequency Along Track Corrections'
        false_hillshade(dH2, mytitle, pp=pp)

        # Calculate After Cross Track Changes - TWICE TO SHOW THE ENHANCED SCALE
        mytitle = 'dH After Low Frequency Along Track Corrections'
        false_hillshade(dH2, mytitle, pp=pp, clim=(-7, 7))

        # Calculate post correction differences
        mytitle = 'dH After ALL Along Track Corrections'
        false_hillshade(dH_final, mytitle, pp=pp, clim=(-7, 7))

        final_histogram(dH0.img, dH1.img, dH2.img, dH_final.img, pp)
    elif pts:
        # Calculate initial differences
        final_histogram(dH0, dH1, dH2, dH_final, pp)
    #        final_histogram(dH0, dH1, dH_final, pp)

    #### PREPARE OUTPUT - have to apply the corrections to the original, unfiltered slave DEM.
    # first, we apply the co-registration shift.
    orig_slv = GeoImg(slv_dem)
    orig_slv.shift(shift_params[0], shift_params[1])
    orig_slv.img = orig_slv.img + shift_params[2]

    # now, calculate and apply the cross-track correction
    myang = np.deg2rad(ang_mapNB.img)
    xxr, _ = get_xy_rot(orig_slv, myang)
    cross_correction = fitfun_polynomial(xxr, pcoef)
    orig_slv.img = orig_slv.img + cross_correction

    outname = os.path.splitext(slv_dem)[0] + "_adj_X.tif"
    if not zipped:
        orig_slv.write(outname, out_folder=out_dir)
    np.savetxt(os.path.sep.join([out_dir, 'params_CrossTrack_Polynomial.txt']), pcoef)
    plt.close("all")

    # now, calculate and apply the along-track corrections
    xxn_mat, xxb_mat = get_atrack_coord(orig_slv, ang_mapN, ang_mapB)
    sinmod_low = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, scoef)
    along_correction_low = np.reshape(sinmod_low, orig_slv.img.shape)
    orig_slv.img = orig_slv.img + along_correction_low

    outname = os.path.splitext(slv_dem)[0] + "_adj_XA.tif"
    if not zipped:
        orig_slv.write(outname, out_folder=out_dir)
    np.savetxt(os.path.sep.join([out_dir, 'params_AlongTrack_SumofSines.txt']), scoef)
    plt.close("all")

    # finally, calculate and apply the full-frequency along-track correction.
    sinmod = fitfun_sumofsin_2angle(xxn_mat, xxb_mat, jcoef)
    along_correction = np.reshape(sinmod, orig_slv.img.shape)
    # don't need to remove low freq correction with the new jitter approach
    orig_slv.img = orig_slv.img + along_correction

    outname = os.path.splitext(slv_dem)[0] + "_adj_XAJ.tif"
    if not zipped:
        orig_slv.write(outname, out_folder=out_dir)
    np.savetxt(os.path.sep.join([out_dir, 'params_AlongTrack_Jitter.txt']), jcoef)
    plt.close("all")

    pp.close()

    ### re-coregister
    print('Re-co-registering DEMs.')
    recoreg_outdir = os.path.sep.join([out_dir, 're-coreg'])
    mst_coreg, slv_adj_coreg, shift_params2 = dem_coregistration(mst_dem, slv_coreg_xcorr_acorr_jcorr,
                                                                 glaciermask=glacmask, landmask=landmask,
                                                                 outdir=recoreg_outdir, pts=pts)[0:3]
    if shift_params2 == -1:
        print("Too few points for final co-registration. Exiting.")
        clean_coreg_dir(out_dir, 're-coreg')
        if write_log:
            sys.stdout = sys.__stdout__
            sys.stderr = sys.__stderr__
            logfile.close()
            errfile.close()
        if zipped:
            for fn_fil in list_fn_rm:
                if os.path.exists(fn_fil):
                    os.remove(fn_fil)
        if tmp_dir is not None:
            shutil.rmtree(os.path.join(proc_dir, work_dir))
        os.chdir(orig_dir)
        if return_geoimg:
            return slv_coreg, mst_coreg
        else:
            return

    #write final outputs
    ast_name = slv_dem.rsplit('_Z.tif')[0]
    fn_z_final = os.path.join(out_dir,ast_name + '_Z_adj_XAJ_final.tif')
    fn_corr_final = os.path.join(out_dir,ast_name + '_CORR_adj_final.tif')
    fn_v123_final = os.path.join(out_dir, ast_name + '_V123_adj_final.tif')

    clean_coreg_dir(out_dir, 're-coreg')
    orig_slv.shift(shift_params2[0], shift_params2[1])
    orig_slv.img = orig_slv.img + shift_params2[2]
    orig_slv.write(os.path.basename(fn_z_final), out_folder=out_dir)

    corr = GeoImg(ast_name + '_CORR.tif')
    corr.shift(shift_params2[0], shift_params2[1])
    corr.write(os.path.basename(fn_corr_final), out_folder=out_dir, dtype=np.uint8)

    #commented writing of V123 for disk usage
    # ortho = GeoImg(ast_name + '_V123.tif')
    # ortho.shift(shift_params2[0], shift_params2[1])
    # ortho.write(os.path.basename(fn_v123_final), out_folder=out_dir, dtype=np.uint8)

    plt.close("all")
    # clean-up 
    print("Fin. Final. Finale.")

    if write_log:
        sys.stdout = sys.__stdout__
        sys.stderr = sys.__stderr__
        logfile.close()
        errfile.close()

    if zipped:
        #we want to copy metadata here, easier to get image extent when zipped...
        list_fn_met = glob(os.path.join(proc_dir, work_dir,'*.met'))
        for fn_met in list_fn_met:
            shutil.copy(fn_met,out_dir)
        #create zip archive with existing output files
        fn_zip_final = os.path.join(out_dir,ast_name+'_final.zip')
        list_fn_tozip = [fn_z_final,fn_corr_final,fn_v123_final]
        for fn_tozip in list_fn_tozip:
            if not os.path.exists(fn_tozip):
                list_fn_tozip.remove(fn_tozip)
        if len(list_fn_tozip)>0:
            create_zip_from_flist(list_fn_tozip,fn_zip_final)
        # remove all files but final zip file and stats/metadata
        list_fn_rm += list_fn_tozip
        for fn_fil in list_fn_rm:
            if os.path.exists(fn_fil):
                os.remove(fn_fil)

    if tmp_dir is not None:
        if final_dir is not None:
            if os.path.exists(final_dir):
                shutil.rmtree(final_dir)
            mkdir_p(os.path.basename(final_dir))
            shutil.move(out_dir,final_dir)
        shutil.rmtree(os.path.join(proc_dir,work_dir))

    os.chdir(orig_dir)
    if return_geoimg:
        return slv_adj_coreg, mst_coreg
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