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Why Python 

• Clean and simple 
• Expressive language 
• Dynamically typed 
• Automatic memory management 
• Interpreted 



Advantages 
• Minimizes time to develop, debug and 

maintain 

• Encourages good programming practices: 

• Modular and object-oriented 
programming 

• Documentation tightly integrated 

• A large standard library w/ many add-ons 



Disadvantages 
 

• Execution can be slow 

• Somewhat decentralized 

• Different environment, packages and 
documentation can be spread out at different 
places.  

• Can make it harder to get started. 

• Mitigated by available bundles (e.g. Anaconda) 
 



My Reasons 
Simply put -  I enjoy it more. 

• Open 

• Many applications I use prefer Python 

• ArcMap, QGIS, Blender, ….   and Linux 

• By using GDAL, I can open most data types 

• Growing community 

• Works well with other languages C, FORTRAN 



Python Scientific Add-ons 

Extensive ecosystem of scientific libraries, including: 

• GDAL – geospatial raster support 

• numpy: numpy.scipy.org - Numerical Python 

• scipy: www.scipy.org - Scientific Python 

• matplotlib: www.matplotlib.org - graphics 
library 



What is GDAL? 

✤GDAL library is accessible through C, C++, and Python 

✤GDAL is the glue that holds everything together 

✤ Reads and writes rasters 

✤ Converts image, in memory, into a format Numpy arrays 

✤ Propagates projection and transformation information 

✤ Handles NoData 



GDAL Data Formats (120+) 
Arc/Info ASCII Grid 
ACE2 
ADRG/ARC Digitilized Raster Graphics (.gen/.thf) 
Arc/Info Binary Grid (.adf) 
AIRSAR Polarimetric 
Magellan BLX Topo (.blx, .xlb) 
Bathymetry Attributed Grid (.bag) 
Microsoft Windows Device Independent Bitmap (.bmp) 
BSB Nautical Chart Format (.kap) 
VTP Binary Terrain Format (.bt) 
CEOS (Spot for instance) 
DRDC COASP SAR Processor Raster 
TerraSAR-X Complex SAR Data Product 
USGS LULC Composite Theme Grid 
Spot DIMAP (metadata.dim) 
ELAS DIPEx 
DODS / OPeNDAP 
First Generation USGS DOQ (.doq) 
New Labelled USGS DOQ (.doq) 
Military Elevation Data (.dt0, .dt1, .dt2) 
Arc/Info Export E00 GRID 
ECRG Table Of Contents (TOC.xml) 
ERDAS Compressed Wavelets (.ecw) 
ESRI .hdr Labelled 
Erdas Imagine Raw 
NASA ELAS 
ENVI .hdr Labelled Raster 
Epsilon - Wavelet compressed images 
ERMapper (.ers) 
Envisat Image Product (.n1) 
EOSAT FAST Format 
FIT 
FITS (.fits) 
Fuji BAS Scanner Image 
Generic Binary (.hdr Labelled) 
Oracle Spatial GeoRaster 
GSat File Format 
Graphics Interchange Format (.gif) 
WMO GRIB1/GRIB2 (.grb) 
GMT Compatible netCDF 
GRASS Rasters 
GRASS ASCII Grid 
GRASSASCIIGrid 
Golden Software ASCII Grid 
Golden Software Binary Grid 

Golden Software Surfer 7 Binary Grid 
GSC Geogrid 
Generic Tagged Arrays (.gta) 
TIFF / BigTIFF / GeoTIFF (.tif) 
NOAA .gtx vertical datum shift 
GXF - Grid eXchange File 
Hierarchical Data Format Release 4 (HDF4) 
Hierarchical Data Format Release 5 (HDF5) 
HF2/HFZ heightfield raster 
Erdas Imagine (.img) 
Image Display and Analysis (WinDisp) 
ILWIS Raster Map (.mpr,.mpl) 
Intergraph Raster 
USGS Astrogeology ISIS cube (Version 2) 
USGS Astrogeology ISIS cube (Version 3) 
JAXA PALSAR Product Reader (Level 1.1/1.5) 
Japanese DEM (.mem) 
JPEG JFIF (.jpg) 
JPEG-LS 
JPEG2000 (.jp2, .j2k) - JPEG2000 
JPEG2000 (.jp2, .j2k) - JP2ECW 
JPEG2000 (.jp2, .j2k) - JP2KAK 
JPEG2000 (.jp2, .j2k) - JP2MrSID 
JPEG2000 (.jp2, .j2k) - JP2OpenJPEG 
JPIP (based on Kakadu) 
KMLSUPEROVERLAY 
NOAA Polar Orbiter Level 1b Data Set (AVHRR) 
Erdas 7.x .LAN and .GIS 
FARSITE v.4 LCP Format 
Daylon Leveller Heightfield 
NADCON .los/.las Datum Grid Shift 
MBTiles 
In Memory Raster 
Vexcel MFF 
Vexcel MFF2 
MG4 Encoded Lidar 
Multi-resolution Seamless Image Database 
Meteosat Second Generation 
EUMETSAT Archive native (.nat) 
NLAPS Data Format 
NOAA NGS Geoid Height Grids 
NITF (.ntf, .nsf, .gn?, .hr?, .ja?, .jg?, .jn?, .lf?, .on?, .tl?, 
.tp?, etc.) 
NetCDF 
NTv2 Datum Grid Shift 

Northwood/VerticalMapper Classified 
Northwood/VerticalMapper Numeric 
OGDI Bridge 
OZI OZF2/OZFX3 
PCI .aux Labelled 
PCI Geomatics Database File 
PCIDSK 
PCRaster 
Geospatial PDF 
NASA Planetary Data System 
Portable Network Graphics (.png) 
PostGIS Raster (previously WKTRaster) 
Netpbm (.ppm,.pgm) 
R Object Data Store 
Rasdaman 
Rasterlite - Rasters in SQLite DB 
Swedish Grid RIK (.rik) 
Raster Matrix Format (*.rsw, .mtw) 
Raster Product Format/RPF (CADRG, CIB) 
RadarSat2 XML (product.xml) 
Idrisi Raster 
SAGA GIS Binary format 
SAR CEOS 
ArcSDE Raster 
USGS SDTS DEM (*CATD.DDF) 
SGI Image Format 
Snow Data Assimilation System 
Standard Raster Product (ASRP/USRP) 
SRTM HGT Format 
Terragen Heightfield (.ter) 
EarthWatch/DigitalGlobe .TIL 
TerraSAR-X Product 
USGS ASCII DEM / CDED (.dem) 
USGSDEM 
GDAL Virtual (.vrt) 
OGC Web Coverage Service 
WEBP 
OGC Web Map Service 
X11 Pixmap (.xpm) 
ASCII Gridded XYZ 
ZMap Plus Grid 
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PDS/ISIS support added to GDAL – 
2006/2007 

• Community improvements to GDAL critical 
  

As GDAL grew in use -- so did planetary support 
• QGIS/UDIG/Mirone 
• ArcMap 
• AMES Stereo-pipeline 

• More recent 
• Generic Mapping Tools 
• GRASS 
• TuiView 
• Socet GXP 

VICAR support 
officially added 2015 
(Sebastian Walter) 



What is Numpy? 
✤Numeric Python Library 

✤Simplifies Array manipulation within Python 

✤For example the mean of an array is: 

 theMean = numpy.mean(input_array)  

✤Performing mathematical functions are as easily 
called: 

     input_array *= -1 



SciPy is an extension of Numpy with additional 
scientific tools  

✤ Example functions: 

✤ Gaussian distributions 

✤ Calculating cumulative distribution functions 

✤ Prebuilt filtering kernels 

✤ Fourier transforms 

What is SciPy? 



GDAL and NumPy 

Since GDAL ~1.3 has supported Python bindings  

• Process: 

Open 
GDALDataset 

Get raster 
band(s) 

Convert the raster 
band(s) to a NumPy 

array using 
ReadAsArray() 

Process the raster 
band(s) using 

NumPy functionality 

Convert the 
NumPy array to 

GDAL raster 
bands using 

WriteAsArray() 

Write out 
GDALDataset 

from: geography.middlebury.edu/data/python/geoprogramming.ppt 



NumPy examples 

import numpy 
a = numpy.array([1,2,3]) 
b = numpy.array([4,5,6]) 
print a+b, a-b, a*b, a/b 
print a.min(), a.max(), b.min(), b.max() 
print numpy.shape(a), numpy.shape(b) 
c = numpy.append(a,b) 
d = c.reshape(2,3) 
print c, d 

from: geography.middlebury.edu/data/python/geoprogramming.ppt 



Getting Started 

1. Install Anaconda 

2. Add GDAL: 

open Anaconda terminal and type: 

$ conda install gdal 



Troubleshooting 

If GDAL doesn’t work, you can rollback 
a version: 

$ conda install gdal=1.11.2  



Hello World 
python 
>>> import numpy, gdal 
 
>>> image = gdal.Open("1_001.tif") 
>>> band1 = image.GetRasterBand(1) 
>>> st = band1.GetStatistics(False,True) 
>>> print("Mean=%.2f, Std=%.2f" % (st[2], st[3] )) 
 
   Mean=108.90, Std=45.26 
 
>>> array = band1.ReadAsArray() 
>>> print array.std() 
 
   45.2575154631 



Sandboxing 

Good for quickly testing an idea 

 

for example… 



 sandbox example: hsv_merge.py 
#assign RGB and hillshade bands 
rBand = colordataset.GetRasterBand(1) 
gBand = colordataset.GetRasterBand(2) 
bBand = colordataset.GetRasterBand(3) 
hillband = hilldataset.GetRasterBand(1) 
 
#check for same file size 
if ((rBand.YSize != hillband.YSize) or (rBand.XSize != hillband.XSize)): 
    print 'Color and hilshade must be the same size in pixels.' 
    sys.exit(1) 
 
#loop over lines to apply hillshade 
for i in range(hillband.YSize - 1, -1, -1): 
    #load RGB and Hillshade arrays 
    rScanline = rBand.ReadAsArray(0, i, hillband.XSize, 1, hillband.XSize, 1) 
    gScanline = gBand.ReadAsArray(0, i, hillband.XSize, 1, hillband.XSize, 1) 
    bScanline = bBand.ReadAsArray(0, i, hillband.XSize, 1, hillband.XSize, 1) 
    hillScanline = hillband.ReadAsArray(0, i, hillband.XSize, 1, hillband.XSize, 1) 
 
    #convert to HSV 
    hsv = rgb_to_hsv( rScanline, gScanline, bScanline ) 
    #replace v with hillshade 
    hsv_adjusted = numpy.asarray( [hsv[0], hsv[1], hillScanline] ) 
    #convert back to RGB 
    dst_rgb = hsv_to_rgb( hsv_adjusted ) 
 
    #write out new RGB bands to output one band at a time 

About: 
http://fwarmerdam.blogspot.com/2010/01/

hsvmergepy.html 

http://fwarmerdam.blogspot.com/2010/01/hsvmergepy.html
http://fwarmerdam.blogspot.com/2010/01/hsvmergepy.html


NASA AMES: hsv_merge 

Too slow – take idea and implement in C++ 
 
• This original “sandboxed” Python code is 

now rewritten in AMES Stereo Pipeline as 
hsv_merge 

http://ti.arc.nasa.gov/tech/asr/intelligent-robotics/ngt/stereo/


Numpy iteration (vectorization) 
# index #  0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30, 
FOMmap =  [0,0,1,3,4,3,3,3,3,3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 2,15,15,15,15,15,15, 3,15, 4, 
3, 3, 3, 3, 3, 3, 3, 3, 3,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,          
10,10,11,11,11,11,11,11,11,11,11,11,12,12,12,12,12,12,12,12,12,12,13,13,13,13,13,13, 
13,13,13,13,14,14,14,14,14,14,14,14,14,14, 
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0] 
 
#Make the values list into a numpy array 
FOMarray = numpy.array(FOMmap) 
 
for iBand in xrange(1, indataset.RasterCount + 1): 
    inband = indataset.GetRasterBand(iBand) 
    outband = outdataset.GetRasterBand(iBand) 
 
    for i in xrange(inband.YSize - 1, -1, -1): 
        scanline = inband.ReadAsArray(0, i, inband.XSize, 1, inband.XSize, 1) 
 
        #Numpy.choose bug (some versions) which only allows 32 elements - so changed to iteration 
        #scanline = numpy.choose(scanline, FOMmap, mode='clip') 
        #Let numpy iterate and replace... 
        scanline[:] = FOMarray[scanline]   
        outband.WriteArray(scanline, 0, i) 



Community Initiatives 

• PlanetaryPy - https://github.com/planetarypy 

• AstroPython - resources for Python users in 
Astronomy (tutorials, packages, snippets) 

• AstroStat - Weaving together Astronomy, 
Statistics, Computer Science, Engineering, and 
Instrumentation 

• .py in the sky - Python in Astronomy, Open Science 

https://github.com/planetarypy


https://github.com/planetarypy


Examples 

Astrogeology Github 

https://github.com/USGS-Astrogeology 

 

 

https://github.com/USGS-Astrogeology


https://github.com/USGS-Astrogeology


Rover “Baseline” Slopes 
gdal_baseline_slope.py - Calculates 1, 2, 5 pixel 
baseline slopes (or typical 3x3 Horne) 

• Shows: how to easily apply custom filters 

https://github.com/USGS-Astrogeology/GDAL_scripts/blob/master/gdal_baseline_slope/gdal_baseline_slope.py


Histogram/Cumulative Plot 
slope_histogram_cumlative_graph.py 

• Shows: simple plotting using matplotlib 

https://github.com/USGS-Astrogeology/GDAL_scripts/blob/master/gdal_baseline_slope/slope_histogram_cumlative_graph.py


  gdal2gores.py 
Shows: simple pixel remapping (code) 

https://github.com/USGS-Astrogeology/GDAL_scripts/blob/master/gdal2Gores/gdal2gores.py


   PyStretch (sandbox) 
Linear Stretches 

Linear contrast stretch with % clip 

Inverse Stretch 

Binary (0,255) Stretch 

Various Cut Stretches 

Non-linear Stretches 

Histogram Equalization 

Gamma 

Logarithmic (Radar guys like this one) 

Filters 

High Pass, Low Pass, Laplacian, Gaussian, Gaussian 
High Pass, Mean, Median, Conservative 

link 

https://github.com/jlaura/PyStretch


pystretch_test.py - Some Samples 

Original Histogram  
Equalization (128 bins) 

Standard Deviation 
sigma = 2 

Binary 
Threshold 64 

Laplacian 
5x5 Kernel 

Gamma Stretch 
Gamma = 2.4 

link 

https://github.com/jlaura/PyStretch


Latitude Variable Scalebar 
• Create variable scalebars for many projections, 

input is a map projected image or projection string 
(WKT, proj4) 

• Will be made a simple web service soon 

https://github.com/USGS-Astrogeology/variable_scalebar


 

PySAT (by J. Laura) link 

http://jlaura.github.io/pysat
http://jlaura.github.io/pysat


PySAT (by J. Laura) 

 

link 

http://jlaura.github.io/pysat


More 
• Python tutorial from 2015 Data 

Workshop (from my co-authors) 

http://bit.ly/PythonTutorial 

shows: Python introduction,  Ipython 
notebooks, GDAL, Numpy, Pandas, 

scikit-image (remove stripping, denoise) 

http://bit.ly/PythonTutorial
http://nbviewer.ipython.org/github/USGS-Astrogeology/python_tutorials/blob/master/08_Scikit.ipynb


More 
Programming Computer Vision with Python 

by Jan Erik Solem 

      Free PDF all code/data 

Shows:  
• image matching  
• chapter on camera models 
• Including a pin-hole example 
• stereo images,  
• epipolar geometry 
• clustering 

http://programmingcomputervision.com/
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