
MIGRATING THE CASSINI RADAR ARCHIVE TO PDS4.  P. E. Geissler, U.S. Geological Survey, 2255 N. 

Gemini Drive, Flagstaff, AZ, USA (pgeissler@usgs.gov).  

 

 

Introduction:  Since 2011, NASA has required that new data submitted to the Planetary Data System (PDS) for 

inclusion in their archive be in the modern PDS4 format [1-3]. This has necessitated both migration of data formatted 

in the older PDS3 format and establishment of new methods and tools for creating data archives that are fully com-

pliant with PDS4 formats [4-5]. The PDS provides a number of tools to support users in archive migration and creat-

ing and working with archived data in PDS4 formats (see https://pds.nasa.gov/tools/about/).  

Here we describe the steps taken to migrate the Cassini RADAR archive to PDS4 compliance while preserving 

the PDS3 archive intact so that it can continue to be used as it has been in the past.  

 

Archive Design and Approach:  Cassini RADAR data are organized into separate volumes corresponding to dis-

tinct close flybys of Saturn’s satellites. Each flyby was planned differently and documented as if it were a distinct 

mission. Therefore, it made sense to keep this organization and create PDS4 collections corresponding to each PDS3 

volume. The structures of these collections are similar to one another, so only a single bundle was needed. 

Cassini used a year-day_of_year system to designate start and stop times which must be converted to year-month-

day for PDS4. We found that the python time function could do the task and decided to do the entire migration 

using python scripts.  

We made a collection of sample data consisting of a handful of PDS3 volumes representative of the rest of the 

archive to test our scripts and validation. 

We decided to migrate everything in the PDS3 archive, including data products, documentation, index tables and 

EXTRAS. 

We altered the CART dictionary to include the Oblique Cylindrical map projection used by the BIDR images. 

https://pds.nasa.gov/tools/about/


 

Generating PDS4 Labels:  We used the PDS4 Generate tool (now known as MILabel) to produce PDS4 labels 

from PDS3 label input. The steps involved are detailed in [6]. First we used Oxygen XML Editor to write prototype 

labels for each of our 53 distinct file types, including all the information available from the PDS3 labels along with 

relevant citation and context information. After verifying that the labels were valid and correctly represented the data 

products in the PDS4 Viewer, we converted them to generalized label templates by replacing the product-specific 

information with Apache Velocity variables and expressions [6]. To test our templates, we used the PDS4 Generate 

tool together with our templates to re-create our prototype labels. 

Next we wrote 53 python scripts to hunt down each file type in our test archive, match them with the correct tem-

plate, and generate PDS4 labels. For data products with PDS3 labels, the scripts ran the Generate tool to extract spe-

cific information from the PDS3 labels for use in the corresponding PDS4 labels. For ancillary files without PDS3 

labels, we made generic templates and used python to replace variables such as $file_size with the actual file 

size. 

 

Generating Inventories, Collections, and Bundle: Inventories were produced by walking through each volume 

in our test archive, reading each xml file, and writing the urn to a collection_inventory_#volume file preceded by 

status and anteceded by the version number as determined from the file name. 

Collection labels were next generated using a generic collection label template and replacing variables with the 

correct urn, inventory file name, number of inventory records, collection type, md5 checksum and current date, all 

computed with python. 

The bundle was also produced from a generic template, with the bundle member entries appended by walking 

through the volumes in our test archive. 

 

PDS Review: The Cassini RADAR data had already been through a science review, but needed another pair of 

eyes on the PDS4 implementation. The PDS Atmospheres Node provided a careful review. Their most important 

suggestion was to further subdivide our collections so that data, documents, and ancillary files were in separate col-

lections. They also pointed out that certain strictly PDS3 files such as FMT files should not be migrated at all. 

We made the changes suggested, reviewed the revisions and were set to migrate the entire archive. 

 

Audit: Prior to the migration, a complete audit of the Cassini RADAR archive was carried out by the PDS Car-

tography and Imaging Node. They compared our holdings to those at JPL, eliminated superseded volumes, and add-

ed or updated volumes that had fallen behind to be sure that we were migrating all the data that should be migrated 

and no data that should not. The full audited archive was then copied to a scratch disk for migration and validation. 

 

Migration and Validation: Migration simply consisted of running the scripts on the full archive, capturing the 

output into text files, and checking to see that everything completed correctly. 

Validation was trickier. Many of the data products are stored as compressed .ZIP files for quicker download and 

had to be inflated for product level validation. Even with a relatively small archive of ~14,000 items, the PDS Vali-

date tool took about 36 hours to complete. The Validate tool was run with the PDS4 Bundle rules applied to enforce 

referential integrity checking. 

 

Errata and Oddballs: Validation of the complete archive found several errors among data products that were 

not included in our sample data set. For example, the length of the first field of INDEX.TAB changed twice during 

the course of the mission so a script was written to make them consistent. Many CSV files used ‘-Inf’ as a marker for 

bad data, so a script was written to replace those markers with ‘-9999’ to be PDS4 compliant. Two ASCII tables had 

a few obviously wonky values that were replaced with ‘-9999’ by hand-editing. 

Other errors could be fixed by modifying the PDS4 label rather than the data product. A couple of binary tables 

had PDS3 labels that incorrectly reported the number of records in the table. One binary image could only be ac-

commodated by including  

<error_constant>NaN</error_constant> among the <Special_Constants>. 

We also altered the archive deliberately, for example replacing the essential Software Interface Specifications 

with PDF/A versions to be PDS4 compliant. We replaced each volume’s CUMINDEX.TAB with the final mission 

CUMINDEX.TAB for utility and consistency. 



All these modifications are recorded in the text file PDS4_errata.txt to facilitate synching our altered archive with 

the archive currently offered online. 

 

Last Steps: Now that we have a PDS4 archive that passes validation, we have two more steps to complete in or-

der to pass the finish line. The first is to obtain a DOI number from the PDS Engineering Node (EN) and include it in 

our bundle.xml. Second is to have the archive harvested into the PDS4 database, a task that will also be undertaken 

by the EN.  
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Figure 1. Example script to produce data product labels 
 

 

#!/usr/bin/env python 

import os, fnmatch, shutil, time, hashlib, datetime 

 

directory = "./RADAR/" 

template = "/usgs/shareall/pgeissler/RADAR_PDS4/DATA/BIFQ_template.vm" 

filePattern = "BIFQ*LBL" 

 

for path, dirs, files in os.walk(os.path.abspath(directory)): 

        for filename in fnmatch.filter(files, filePattern): 

            filepath = os.path.join(path, filename) 

     filename_root = filename.split(".") [0] 

     labelname = filename_root.lower()+".xml" 

     pds3labelname = filename_root+".LBL" 

     labelpath = os.path.join(path, labelname) 

     print labelpath 

            print (filepath) 

            print filename 

 

#     command = "setenv JAVA_HOME /usr" 

#            print command 

#            os.system(command) 

#           must be done in shell 

      

     command = "/usgs/shareall/pgeissler/generate-0.14.0/bin/generate -p 

"+filepath+" -t "+template 

            print command 

            os.system(command) 

 

 

 

 



Figure 2. Example data product label template 
 

<?xml version="1.0" encoding="UTF-8" standalone="no"?> 

 

<?xml-model href="https://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1D00.sch" 

  schematypens="http://purl.oclc.org/dsdl/schematron"?> 

<?xml-model href="https://pds.nasa.gov/pds4/cart/v1/PDS4_CART_1D00_1933.sch" 

    schematypens="http://purl.oclc.org/dsdl/schematron"?> 

<?xml-model href="https://pds.nasa.gov/pds4/disp/v1/PDS4_DISP_1900.sch" 

    schematypens="http://purl.oclc.org/dsdl/schematron"?> 

<?xml-model 

href="https://pds.nasa.gov/pds4/mission/msn/v1/PDS4_MSN_1B00_1100.sch"  

    schematypens="http://purl.oclc.org/dsdl/schematron"?> 

<?xml-model href="https://pds.nasa.gov/pds4/proc/v1/PDS4_PROC_1900.sch"  

    schematypens="http://purl.oclc.org/dsdl/schematron"?> 

 

<Product_Observational xmlns="http://pds.nasa.gov/pds4/pds/v1"  

  xmlns:cart="http://pds.nasa.gov/pds4/cart/v1"  

  xmlns:disp="http://pds.nasa.gov/pds4/disp/v1"  

  xmlns:dph="http://pds.nasa.gov/pds4/dph/v1"  

  xmlns:pds="http://pds.nasa.gov/pds4/pds/v1"  

  xmlns:msn="http://pds.nasa.gov/pds4/msn/v1" 

  xmlns:proc="http://pds.nasa.gov/pds4/proc/v1" 

  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"  

  xsi:schemaLocation="http://pds.nasa.gov/pds4/pds/v1 

https://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1D00.xsd    

  http://pds.nasa.gov/pds4/disp/v1 

https://pds.nasa.gov/pds4/disp/v1/PDS4_DISP_1900.xsd                          

  http://pds.nasa.gov/pds4/cart/v1 

https://pds.nasa.gov/pds4/cart/v1/PDS4_CART_1D00_1933.xsd 

  http://pds.nasa.gov/pds4/msn/v1 

https://pds.nasa.gov/pds4/mission/msn/v1/PDS4_MSN_1B00_1100.xsd 

  http://pds.nasa.gov/pds4/proc/v1 

https://pds.nasa.gov/pds4/proc/v1/PDS4_PROC_1900.xsd"> 

   

  <Identification_Area> 

    <logical_identifier>urn:nasa:pds:data:co-ssa-radar-5-bidr-

v1.0:$label.PRODUCT_ID.toLowerCase()</logical_identifier> 

    <version_id>1.0</version_id> 

    <title>co-ssa-radar-5-bidr-v1.0 $label.PRODUCT_ID.toLowerCase()</title> 

    <information_model_version>1.13.0.0</information_model_version> 

    <product_class>Product_Observational</product_class> 

    <Citation_Information>  

      <author_list>Elachi, C.; Allison, M. D.; Borgarelli, L.; Encrenaz, P.; 

Im, E.; Janssen, M. A.; Johnson, W. T. K.; Kirk, R. L.; Lorenz, R. D.; Lunine, 

J. I.; Muhleman, D. O.; Ostro, S. J.; Picardi, G.; Posa, F.; Rapley, C. G.; 

Roth, L. E.; Seu, R.; Soderblom, L. A.; Vetrella, S.; Wall, S. D. Wood, C. A.; 

Zebker, H. A.</author_list> 

      <publication_year>2004</publication_year> 

      <description> 

        Title: "Radar: The Cassini Titan Radar Mapper" 

        Publication: The Cassini-Huygens Mission, by Russell, Christopher T., 

ISBN 978-1-4020-3147-2. Kluwer Academic Publishers, 2004, p. 71 



        DOI: 10.1007/1-4020-3874-7_2 

        Abstract: The Cassini RADAR instrument is a multimode 13.8 GHz multi-

ple-beam sensor that can operate as a synthetic-aperture radar (SAR) imager, 

altimeter, scatterometer, and radiometer. The principal objective of the RADAR 

is to map the surface of Titan. This will be done in the imaging, scatterome-

ter, and radiometer modes. The RADAR altimeter data will provide information 

on relative elevations in selected areas. Surfaces of the Saturn's icy satel-

lites will be explored utilizing the RADAR radiometer and scatterometer modes. 

Saturn's atmosphere and rings will be probed in the radiometer mode only. The 

instrument is a joint development by JPL/NASA and ASI. The RADAR design fea-

tures significant autonomy and data compression capabilities. It is expected 

that the instrument will detect surfaces with backscatter coefficient as low 

as -40 dB. 

      </description> 

    </Citation_Information> 

    <Modification_History> 

      <Modification_Detail> 

        <modification_date>$date</modification_date> 

        <version_id>1.0</version_id> 

        <description>Apache Velocity Template for CORADR BIFQ imag-

es</description> 

      </Modification_Detail> 

    </Modification_History> 

  </Identification_Area> 

 

  <Observation_Area> 

     

    <Time_Coordinates> 

      <start_date_time>$label.START_TIME</start_date_time> 

      <stop_date_time>$label.STOP_TIME</stop_date_time> 

    </Time_Coordinates> 

    <Primary_Result_Summary> 

      <purpose>Science</purpose> 

      <processing_level>Derived</processing_level> 

      <description>"The data values in this file are Synthetic Aperture Radar 

(SAR)  

        normalized backscatter cross-section values.  The values are physical 

scale  

        (not in dB) and have been corrected for incidence-angle effects and 

biases  

        due to thermal and quantization noise have been removed.  The raw 

backscatter  

        values have been multiplied by the function f(I), where I is the inci-

dence  

        angle and f(I) = 0.2907/(f1(I)+f2(I)+f3(I)),  

        for f1(I)=2.8126*(cos(I)^4+893.9677*sin(I)^2)^(-1.5),  

        f2(I)=0.5824*(cos(I)^4+34.1366*sin(I)^2)^(-1.5), and  

        f3(I)=0.3767*cos(I)^1.9782."</description> 

    </Primary_Result_Summary> 

    <Investigation_Area> 

      <name>cassini-huygens</name> 

      <type>Mission</type> 

      <Internal_Reference> 



        <lid_reference>urn:nasa:pds:investigation.cassini-

huygens</lid_reference> 

        <reference_type>data_to_investigation</reference_type> 

      </Internal_Reference> 

    </Investigation_Area> 

    <Observing_System> 

      <Observing_System_Component> 

        <name>cassini orbiter</name> 

        <type>Spacecraft</type> 

      </Observing_System_Component> 

      <Observing_System_Component> 

        <name>cassini radar</name> 

        <type>Instrument</type> 

      </Observing_System_Component> 

    </Observing_System> 

    <Target_Identification> 

      <name>$label.TARGET_NAME</name> 

      <type>Satellite</type> 

    </Target_Identification> 

    <Mission_Area> 

      <Mission_Information xmlns="http://pds.nasa.gov/pds4/msn/v1"> 

        <mission_phase_name>$label.MISSION_PHASE_NAME</mission_phase_name> 

        <space-

craft_clock_start>$label.SPACECRAFT_CLOCK_START_COUNT</spacecraft_clock_start> 

        <space-

craft_clock_stop>$label.SPACECRAFT_CLOCK_STOP_COUNT</spacecraft_clock_stop> 

      </Mission_Information> 

    </Mission_Area> 

    <Discipline_Area> 

      <disp:Display_Settings> 

        <Local_Internal_Reference> 

 #set($suffix =".IMG") 

          <lo-

cal_identifier_reference>$label.PRODUCT_ID$suffix</local_identifier_reference> 

          <lo-

cal_reference_type>display_settings_to_array</local_reference_type> 

        </Local_Internal_Reference> 

        <disp:Display_Direction> 

          <disp:horizontal_display_axis>Sample</disp:horizontal_display_axis> 

          <disp:horizontal_display_direction>Left to 

Right</disp:horizontal_display_direction> 

          <disp:vertical_display_axis>Line</disp:vertical_display_axis> 

          <disp:vertical_display_direction>Top to Bot-

tom</disp:vertical_display_direction> 

        </disp:Display_Direction> 

      </disp:Display_Settings>      

      <cart:Cartography> 

        <Local_Internal_Reference> 

          <lo-

cal_identifier_reference>$label.PRODUCT_ID$suffix</local_identifier_reference> 

          <lo-

cal_reference_type>cartography_parameters_to_image_object</local_reference_typ

e> 

        </Local_Internal_Reference>  



        <cart:Spatial_Domain> 

          <cart:Bounding_Coordinates> 

            <cart:west_bounding_coordinate 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.WESTERNMOST_LONGITUDE

</cart:west_bounding_coordinate><!-- $la-

bel.IMAGE_MAP_PROJECTION.WESTERNMOST_LONGITUDE --> 

            <cart:east_bounding_coordinate 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.EASTERNMOST_LONGITUDE

</cart:east_bounding_coordinate><!-- $la-

bel.IMAGE_MAP_PROJECTION.EASTERNMOST_LONGITUDE --> 

            <cart:north_bounding_coordinate 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAXIMUM_LATITUDE</car

t:north_bounding_coordinate><!-- $label.IMAGE_MAP_PROJECTION.MAXIMUM_LATITUDE 

--> 

            <cart:south_bounding_coordinate 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MINIMUM_LATITUDE</car

t:south_bounding_coordinate><!-- $label.IMAGE_MAP_PROJECTION.MINIMUM_LATITUDE 

--> 

          </cart:Bounding_Coordinates> 

        </cart:Spatial_Domain> 

        <cart:Spatial_Reference_Information> 

          <cart:Horizontal_Coordinate_System_Definition> 

            <cart:Planar> 

              <cart:Map_Projection> 

                <cart:map_projection_name>Oblique Cylindri-

cal</cart:map_projection_name> 

                <cart:Oblique_Cylindrical> 

                  <cart:latitude_of_projection_origin 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.CENTER_LATITUDE</cart

:latitude_of_projection_origin><!-- $la-

bel.IMAGE_MAP_PROJECTION.CENTER_LATITUDE --> 

                  <cart:longitude_of_central_meridian 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.CENTER_LONGITUDE</car

t:longitude_of_central_meridian><!-- $la-

bel.IMAGE_MAP_PROJECTION.CENTER_LONGITUDE --> 

                  <cart:reference_latitude 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.REFERENCE_LATITUDE</c

art:reference_latitude><!-- $label.IMAGE_MAP_PROJECTION.REFERENCE_LATITUDE --> 

                  <cart:reference_longitude 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.REFERENCE_LONGITUDE</

cart:reference_longitude><!-- $label.IMAGE_MAP_PROJECTION.REFERENCE_LONGITUDE 

--> 

                  <cart:map_projection_rotation 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_PROJECTION_ROTATI

ON</cart:map_projection_rotation><!-- $la-

bel.IMAGE_MAP_PROJECTION.MAP_PROJECTION_ROTATION --> 

                  <cart:oblique_proj_pole_latitude 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_POLE_LAT

ITUDE</cart:oblique_proj_pole_latitude><!-- $la-

bel.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_POLE_LATITUDE --> 

                  <cart:oblique_proj_pole_longitude 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_POLE_LON

GITUDE</cart:oblique_proj_pole_longitude><!-- $la-

bel.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_POLE_LONGITUDE --> 



                  <cart:oblique_proj_pole_rotation 

unit="deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_POLE_ROT

ATION</cart:oblique_proj_pole_rotation><!-- $la-

bel.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_POLE_ROTATION --> 

                  

<cart:oblique_proj_x_axis_vector>$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION

.OBLIQUE_PROJ_X_AXIS_VECTOR</cart:oblique_proj_x_axis_vector><!-- $la-

bel.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_X_AXIS_VECTOR --> 

                  

<cart:oblique_proj_y_axis_vector>$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION

.OBLIQUE_PROJ_Y_AXIS_VECTOR</cart:oblique_proj_y_axis_vector><!-- $la-

bel.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_Y_AXIS_VECTOR --> 

                  

<cart:oblique_proj_z_axis_vector>$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION

.OBLIQUE_PROJ_Z_AXIS_VECTOR</cart:oblique_proj_z_axis_vector><!-- $la-

bel.IMAGE_MAP_PROJECTION.OBLIQUE_PROJ_Z_AXIS_VECTOR --> 

                  

<cart:look_direction>$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.LOOK_DIRECT

ION</cart:look_direction><!-- $label.IMAGE_MAP_PROJECTION.LOOK_DIRECTION --> 

                </cart:Oblique_Cylindrical> 

              </cart:Map_Projection> 

              <cart:Planar_Coordinate_Information> 

                <cart:planar_coordinate_encoding_method>Coordinate 

Pair</cart:planar_coordinate_encoding_method> 

                <cart:Coordinate_Representation> 

                  <cart:pixel_resolution_x 

unit="m/pixel">$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_SCA

LE , 1000.0)</cart:pixel_resolution_x><!-- $la-

bel.IMAGE_MAP_PROJECTION.MAP_SCALE * 1000 --> 

                  <cart:pixel_resolution_y 

unit="m/pixel">$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_SCA

LE , 1000.0)</cart:pixel_resolution_y><!-- $la-

bel.IMAGE_MAP_PROJECTION.MAP_SCALE * 1000 --> 

                  <cart:pixel_scale_x 

unit="pixel/deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_RESOLUTION<

/cart:pixel_scale_x><!-- $label.IMAGE_MAP_PROJECTION.MAP_RESOLUTION --> 

                  <cart:pixel_scale_y 

unit="pixel/deg">$label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_RESOLUTION<

/cart:pixel_scale_y><!-- $label.IMAGE_MAP_PROJECTION.MAP_RESOLUTION --> 

                </cart:Coordinate_Representation> 

              </cart:Planar_Coordinate_Information> 

              <cart:Geo_Transformation> 

                #set( $loffset = 

$math.add($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.LINE_PROJECTION_OFFSET

, 0.5 ) ) 

                #set( $soffset = 

$math.add($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.SAMPLE_PROJECTION_OFFS

ET, 0.5 ) ) 

                #set( $lscale = 

$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_SCALE , 1000.0) ) 

                #set( $sscale = 

$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.MAP_SCALE , -1000.0) ) 



                <cart:upperleft_corner_x unit="m">$math.mul($sscale, $soffset 

)</cart:upperleft_corner_x><!-- (SAMPLE_PROJECTION_OFFSET + 0.5) * -1 * 

MAP_SCALE * 1000 --> 

                <cart:upperleft_corner_y unit="m">$math.mul($lscale, $loffset 

)</cart:upperleft_corner_y><!-- (LINE_PROJECTION_OFFSET + 0.5) * MAP_SCALE * 

1000 --> 

              </cart:Geo_Transformation> 

            </cart:Planar> 

            <cart:Geodetic_Model> 

              <cart:latitude_type>Planetographic</cart:latitude_type> 

              <cart:spheroid_name>$label.TARGET_NAME</cart:spheroid_name><!-- 

$label.TARGET_NAME --> 

              <cart:a_axis_radius 

unit="m">$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.A_AXIS_RADIUS 

, 1000)</cart:a_axis_radius><!-- $label.IMAGE_MAP_PROJECTION.A_AXIS_RADIUS * 

1000 --> 

              <cart:b_axis_radius 

unit="m">$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.B_AXIS_RADIUS 

, 1000)</cart:b_axis_radius><!-- $label.IMAGE_MAP_PROJECTION.B_AXIS_RADIUS * 

1000 --> 

              <cart:c_axis_radius 

unit="m">$math.mul($label.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.C_AXIS_RADIUS 

, 1000)</cart:c_axis_radius><!-- $label.IMAGE_MAP_PROJECTION.C_AXIS_RADIUS * 

1000 --> 

              <cart:longitude_direction>#if ($la-

bel.UNCOMPRESSED_FILE.IMAGE_MAP_PROJECTION.POSITIVE_LONGITUDE_DIRECTION == 

"WEST")Positive West#{else}Positive East#end</cart:longitude_direction><!-- 

$label.IMAGE_MAP_PROJECTION.POSITIVE_LONGITUDE_DIRECTION --> 

            </cart:Geodetic_Model> 

          </cart:Horizontal_Coordinate_System_Definition> 

        </cart:Spatial_Reference_Information> 

      </cart:Cartography> 

      <proc:Processing_Information> 

        <Local_Internal_Reference> 

          <lo-

cal_identifier_reference>$label.PRODUCT_ID$suffix</local_identifier_reference> 

          <lo-

cal_reference_type>processing_information_to_data_object</local_reference_type

> 

        </Local_Internal_Reference> 

        <proc:Input_Product_List> 

          <proc:Input_Product> 

            

<proc:local_identifier>$label.SOURCE_PRODUCT_ID</proc:local_identifier> 

          </proc:Input_Product> 

        </proc:Input_Product_List> 

        <proc:Process> 

          <proc:process_owner_name>RANDOLPH L. KIRK</proc:process_owner_name> 

          <proc:process_owner_institution_name>U.S.G.S. 

FLAGSTAFF</proc:process_owner_institution_name> 

        </proc:Process> 

         

      </proc:Processing_Information> 

    </Discipline_Area> 



  </Observation_Area> 

  <File_Area_Observational> 

    <File> 

      <file_name>$label.PRODUCT_ID$suffix</file_name> 

      <creation_date_time>$label.PRODUCT_CREATION_TIME</creation_date_time> 

    </File> 

    <Array_2D_Image> 

      <local_identifier>$label.PRODUCT_ID$suffix</local_identifier> 

      <offset unit="byte">$math.mul($label.UNCOMPRESSED_FILE.LABEL_RECORDS, 

$label.UNCOMPRESSED_FILE.RECORD_BYTES)</offset> 

      <axes>2</axes> 

      <axis_index_order>Last Index Fastest</axis_index_order> 

      <Element_Array> 

        <data_type>IEEE754LSBSingle</data_type> 

        <scal-

ing_factor>$label.UNCOMPRESSED_FILE.IMAGE.SCALING_FACTOR</scaling_factor> 

        <value_offset>$label.UNCOMPRESSED_FILE.IMAGE.OFFSET</value_offset> 

      </Element_Array> 

      <Axis_Array> 

        <axis_name>Line</axis_name> 

        <elements>$label.UNCOMPRESSED_FILE.IMAGE.LINES</elements> 

        <sequence_number>1</sequence_number> 

      </Axis_Array> 

      <Axis_Array> 

        <axis_name>Sample</axis_name> 

        <elements>$label.UNCOMPRESSED_FILE.IMAGE.LINE_SAMPLES</elements> 

        <sequence_number>2</sequence_number> 

      </Axis_Array> 

      <Special_Constants> 

        <miss-

ing_constant>$label.UNCOMPRESSED_FILE.IMAGE.MISSING_CONSTANT</missing_constant

> <!-- missing data denoted by $label.MISSING_CONSTANT --> 

      </Special_Constants> 

    </Array_2D_Image> 

  </File_Area_Observational> 

</Product_Observational> 

 

 



Figure 3. Example script to generate data product inventories 
 

#!/usr/bin/env python 

import os, fnmatch, shutil, time, hashlib, datetime 

 

# directory = "/pds_san/PDS_Archive/Cassini/RADAR/" 

directory = "./RADAR/" 

dirPattern = "CORADR_*" 

 

for path, dirs, files in os.walk(os.path.abspath(directory)): 

        for dirname in fnmatch.filter(dirs, dirPattern): 

            dirpath = os.path.join(path, dirname) 

     volume = dirname.lower() 

     inventory = dirpath+"/collection_inventory_"+volume+".data" 

     print inventory 

            f0 = open(inventory, 'w') 

            filePattern = "*.xml" 

            for paths, dirss, filess in os.walk(os.path.abspath(dirpath)): 

               for filename in fnmatch.filter(filess, filePattern): 

                    filepath = os.path.join(paths, filename) 

                    f1 = open(filepath, 'r') 

                    for line in f1: 

                        if ' <logical_identifier>' in line : 

                         string1 = line.split("<logical_identifier>")[1] 

                         urn = string1.split("</logical_identifier>")[0] 

                         print urn 

                         if '.data' in urn : 

                  if 'v02' in urn.rsplit("_",1) : 

f0.write("P,"+urn+"::2.0"+'\r'+'\n') 

                  elif 'v03' in urn.rsplit("_",1) : 

f0.write("P,"+urn+"::3.0"+'\r'+'\n')  

                  else : f0.write("P,"+urn+"::1.0"+'\r'+'\n') 

 

        f1.close() 

        f0.close() 

 

 

 

 

 

 



Figure 5. Example script to generate data collection labels 
 

#!/usr/bin/env python 

import os, fnmatch, shutil, time, hashlib, datetime 

 

# directory = "/pds_san/PDS_Archive/Cassini/RADAR/" 

directory = "./RADAR/" 

# template = 

"/usgs/shareall/pgeissler/RADAR_PDS4/MAKE_LABELS/collection_label_template.xml

" 

template = "./collection_label_template.xml" 

dirPattern = "CORADR_*" 

 

for path, dirs, files in os.walk(os.path.abspath(directory)): 

        for dirname in fnmatch.filter(dirs, dirPattern): 

            dirpath = os.path.join(path, dirname) 

     volume = dirname.lower() 

     collection = dirpath+"/collection_"+volume+".data.xml" 

     inventory = dirpath+"/collection_inventory_"+volume+".data" 

     print collection 

     with open(inventory) as f: 

       for i, l in enumerate(f): 

          pass 

     records = i +1 

     recordstring = str(records) 

     f1 = open(template, 'r') 

     f2 = open(collection, 'w') 

            for line in f1: 

                 if '$urn' in line : 

                   string1 = line.split("$") [0] 

                   string2 = "urn:nasa:pds:cassini-huygens-

coradar:"+volume+".data" 

     string3 = line.split('$urn')[1] 

                   f2.write(string1+string2+string3)                 

                 elif '$inventory' in line : 

     string1 = line.split("$") [0] 

                   string2 = "collection_inventory_"+volume+".data" 

     string3 = line.split('$inventory')[1] 

                   f2.write(string1+string2+string3) 

                 elif '$records' in line : 

                   string1 = line.split("$") [0] 

                   string2 = line.split("$records")[1] 

                   f2.write(string1+recordstring+string2) 

                 elif '$type' in line : 

                   string1 = line.split("$")[0] 

                   string2 = line.split("$type")[1] 

                   f2.write(string1+"Data"+string2) 

                 elif '$file_md5_checksum' in line : 

                   string1 = line.split("$")[0] 

                   string2 = line.split("$file_md5_checksum")[1] 

                   with open(filepath) as file_to_check: 

                            data = file_to_check.read() 

                            md5_returned = hashlib.md5(data).hexdigest() 



                   f2.write(string1+md5_returned+string2) 

                 elif '$date' in line : 

                   string1 = line.split("$")[0] 

                   string2 = line.split("$date")[1] 

                   f2.write(string1+datetime.datetime.now().strftime("%Y-%m-

%d")+string2) 

                 else: 

                   f2.write(line) 

            f1.close() 

            f2.close() 

 

 

 

 

 

 

 



Figure 6. Example collection label template 
 

<?xml version="1.0" encoding="UTF-8"?> 

<?xml-model href="http://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1D00.sch" sche-

matypens="http://purl.oclc.org/dsdl/schematron"?> 

 

 

<Product_Collection xmlns="http://pds.nasa.gov/pds4/pds/v1" 

    xmlns:pds="http://pds.nasa.gov/pds4/pds/v1" 

    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

    xsi:schemaLocation="http://pds.nasa.gov/pds4/pds/v1 

http://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1D00.xsd"> 

     

    <Identification_Area> 

        <logical_identifier>$urn</logical_identifier> 

        <version_id>1.0</version_id> 

        <title>Cassini RADAR Volume Collection</title> 

        <information_model_version>1.13.0.0</information_model_version>         

        <product_class>Product_Collection</product_class> 

        <Citation_Information>  

            <author_list>Elachi, C.; Allison, M. D.; Borgarelli, L.; Encrenaz, 

P.; Im, E.; Janssen, M. A.; Johnson, W. T. K.; Kirk, R. L.; Lorenz, R. D.; 

Lunine, J. I.; Muhleman, D. O.; Ostro, S. J.; Picardi, G.; Posa, F.; Rapley, 

C. G.; Roth, L. E.; Seu, R.; Soderblom, L. A.; Vetrella, S.; Wall, S. D. Wood, 

C. A.; Zebker, H. A.</author_list> 

            <publication_year>2004</publication_year> 

            <description> 

                Title: "Radar: The Cassini Titan Radar Mapper" 

                Publication: The Cassini-Huygens Mission, by Russell, Christo-

pher T., ISBN 978-1-4020-3147-2. Kluwer Academic Publishers, 2004, p. 71 

                DOI: 10.1007/1-4020-3874-7_2 

                Abstract: The Cassini RADAR instrument is a multimode 13.8 GHz 

multiple-beam sensor that can operate as a synthetic-aperture radar (SAR) im-

ager, altimeter, scatterometer, and radiometer. The principal objective of the 

RADAR is to map the surface of Titan. This will be done in the imaging, scat-

terometer, and radiometer modes. The RADAR altimeter data will provide infor-

mation on relative elevations in selected areas. Surfaces of the Saturn's icy 

satellites will be explored utilizing the RADAR radiometer and scatterometer 

modes. Saturn's atmosphere and rings will be probed in the radiometer mode on-

ly. The instrument is a joint development by JPL/NASA and ASI. The RADAR de-

sign features significant autonomy and data compression capabilities. It is 

expected that the instrument will detect surfaces with backscatter coefficient 

as low as -40 dB. 

            </description> 

        </Citation_Information> 

        <Modification_History> 

            <Modification_Detail> 

                <modification_date>$date</modification_date> 

                <version_id>1.0</version_id> 

                <description> 

                    conversion of PDS3 CO RADAR archive to comply with PDS4 

Information Model 

                </description> 



            </Modification_Detail> 

        </Modification_History> 

    </Identification_Area> 

    <Reference_List> 

        <Internal_Reference> 

            

<lid_reference>urn:nasa:pds:context:node:node.imaging</lid_reference> 

            <reference_type>collection_to_associate</reference_type> 

        </Internal_Reference> 

        <Internal_Reference> 

            <lid_reference>urn:nasa:pds:context:investigation:mission.cassini-

huygens</lid_reference> 

            <reference_type>collection_to_investigation</reference_type> 

        </Internal_Reference> 

    </Reference_List> 

 

     

    <Collection> 

        <collection_type>$type</collection_type> 

    </Collection> 

     

    <File_Area_Inventory> 

        <File> 

            <file_name>$inventory</file_name> 

        </File> 

         

        <Inventory> 

            <offset unit="byte">0</offset> 

            <parsing_standard_id>PDS DSV 1</parsing_standard_id> 

            <records>$records</records> 

            <record_delimiter>Carriage-Return Line-Feed</record_delimiter> 

 

            <field_delimiter>Comma</field_delimiter> 

            <Record_Delimited> 

                <fields>2</fields> 

                <groups>0</groups>                 

                <Field_Delimited> 

                    <name>Member Status</name> 

                    <field_number>1</field_number> 

                    <data_type>ASCII_String</data_type> 

                    <maximum_field_length unit="byte">1</maximum_field_length> 

                    <field_format>%1s</field_format> 

                </Field_Delimited> 

                <Field_Delimited> 

                    <name>LIDVID_LID</name> 

                    <field_number>2</field_number> 

                    <data_type>ASCII_LIDVID_LID</data_type> 

                    <maximum_field_length 

unit="byte">255</maximum_field_length> 

                    <field_format>%255s</field_format> 

                </Field_Delimited> 

            </Record_Delimited> 

            <reference_type>inventory_has_member_product</reference_type> 

        </Inventory> 



    </File_Area_Inventory> 

</Product_Collection> 

 

 

 

 

 

 

 

 



Figure 7. Example script to generate bundle 

 

#!/usr/bin/env python 

import os, fnmatch, shutil, time, hashlib, datetime 

 

# directory = "/pds_san/PDS_Archive/Cassini/RADAR/" 

directory = "./RADAR/" 

 

# template = 

"/usgs/shareall/pgeissler/RADAR_PDS4/MAKE_LABELS/bundle_label_template.xml" 

template = "./bundle_label_template.xml" 

 

dirPattern = "CORADR_*" 

bundle = directory+'/bundle_cassini-huygens-coradar.xml' 

f1 = open(template, 'r') 

f2 = open(bundle, 'w') 

for line in f1: 

  if '</Product_Bundle>' in line : 

     break 

  elif '$date' in line : 

      string1 = line.split("$")[0] 

      string2 = line.split("$date")[1] 

      f2.write(string1+datetime.datetime.now().strftime("%Y-%m-%d")+string2) 

  else : 

     f2.write(line) 

for path, dirs, files in os.walk(os.path.abspath(directory)): 

        for dirname in fnmatch.filter(dirs, dirPattern): 

            dirpath = os.path.join(path, dirname) 

     volume = dirname.lower() 

            f2.write('        <Bundle_Member_Entry>'+'\r'+'\n') 

            f2.write('            <lid_reference>urn:nasa:pds:cassini-huygens-

coradar:'+volume+'.data</lid_reference>'+'\r'+'\n') 

     f2.write('            <mem-

ber_status>Primary</member_status>'+'\r'+'\n') 

            f2.write('            <refer-

ence_type>bundle_has_data_collection</reference_type>'+'\r'+'\n')      

            f2.write('        </Bundle_Member_Entry>'+'\r'+'\n')                    

            f2.write('        <Bundle_Member_Entry>'+'\r'+'\n') 

            f2.write('            <lid_reference>urn:nasa:pds:cassini-huygens-

coradar:'+volume+'.document</lid_reference>'+'\r'+'\n') 

     f2.write('            <mem-

ber_status>Primary</member_status>'+'\r'+'\n') 

            f2.write('            <refer-

ence_type>bundle_has_document_collection</reference_type>'+'\r'+'\n')      

            f2.write('        </Bundle_Member_Entry>'+'\r'+'\n')                    

            f2.write('        <Bundle_Member_Entry>'+'\r'+'\n') 

            f2.write('            <lid_reference>urn:nasa:pds:cassini-huygens-

coradar:'+volume+'.ancillary</lid_reference>'+'\r'+'\n') 

     f2.write('            <mem-

ber_status>Primary</member_status>'+'\r'+'\n') 

            f2.write('            <refer-

ence_type>bundle_has_context_collection</reference_type>'+'\r'+'\n')      

            f2.write('        </Bundle_Member_Entry>'+'\r'+'\n')                    

f2.write(line) 



f1.close() 

f2.close() 

 

 

 

 

 



Figure 8. Example bundle template 
 

<?xml version="1.0" encoding="UTF-8"?> 

<?xml-model href="http://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1D00.sch" sche-

matypens="http://purl.oclc.org/dsdl/schematron"?> 

 

 

<Product_Bundle xmlns="http://pds.nasa.gov/pds4/pds/v1" 

    xmlns:pds="http://pds.nasa.gov/pds4/pds/v1" 

    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

    xsi:schemaLocation="http://pds.nasa.gov/pds4/pds/v1 

http://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1D00.xsd"> 

     

    <Identification_Area> 

        <logical_identifier>urn:nasa:pds:cassini-huygens-

coradar</logical_identifier> 

        <version_id>1.0</version_id> 

        <title>Cassini RADAR Data Archive</title> 

        <information_model_version>1.13.0.0</information_model_version>         

        <product_class>Product_Bundle</product_class> 

        <Citation_Information>  

            <author_list>Elachi, C.; Allison, M. D.; Borgarelli, L.; Encrenaz, 

P.; Im, E.; Janssen, M. A.; Johnson, W. T. K.; Kirk, R. L.; Lorenz, R. D.; 

Lunine, J. I.; Muhleman, D. O.; Ostro, S. J.; Picardi, G.; Posa, F.; Rapley, 

C. G.; Roth, L. E.; Seu, R.; Soderblom, L. A.; Vetrella, S.; Wall, S. D. Wood, 

C. A.; Zebker, H. A.</author_list> 

            <publication_year>2004</publication_year> 

            <description> 

                Title: "Radar: The Cassini Titan Radar Mapper" 

                Publication: The Cassini-Huygens Mission, by Russell, Christo-

pher T., ISBN 978-1-4020-3147-2. Kluwer Academic Publishers, 2004, p. 71 

                DOI: 10.1007/1-4020-3874-7_2 

                Abstract: The Cassini RADAR instrument is a multimode 13.8 GHz 

multiple-beam sensor that can operate as a synthetic-aperture radar (SAR) im-

ager, altimeter, scatterometer, and radiometer. The principal objective of the 

RADAR is to map the surface of Titan. This will be done in the imaging, scat-

terometer, and radiometer modes. The RADAR altimeter data will provide infor-

mation on relative elevations in selected areas. Surfaces of the Saturn's icy 

satellites will be explored utilizing the RADAR radiometer and scatterometer 

modes. Saturn's atmosphere and rings will be probed in the radiometer mode on-

ly. The instrument is a joint development by JPL/NASA and ASI. The RADAR de-

sign features significant autonomy and data compression capabilities. It is 

expected that the instrument will detect surfaces with backscatter coefficient 

as low as -40 dB. 

            </description> 

        </Citation_Information> 

        <Modification_History> 

            <Modification_Detail> 

                <modification_date>$date</modification_date> 

                <version_id>1.0</version_id> 

                <description> 

                    conversion of PDS3 CO RADAR archive to comply with PDS4 

Information Model 



                </description> 

            </Modification_Detail> 

        </Modification_History> 

    </Identification_Area> 

    <Reference_List> 

        <Internal_Reference> 

            

<lid_reference>urn:nasa:pds:context:node:node.imaging</lid_reference> 

            <reference_type>bundle_to_associate</reference_type> 

        </Internal_Reference> 

        <Internal_Reference> 

            <lid_reference>urn:nasa:pds:context:investigation:mission.cassini-

huygens</lid_reference> 

            <reference_type>bundle_to_investigation</reference_type> 

        </Internal_Reference> 

    </Reference_List> 

 

     

    <Bundle> 

       <bundle_type>Archive</bundle_type> 

     </Bundle> 

 

 

</Product_Bundle> 

 

 

 

 



Figure 9. Example script to replace ‘NaN’ 
 

#!/usr/bin/env python 

import os, fnmatch, shutil, time, hashlib, datetime 

 

 

directory = "./RADAR/" 

filePattern = "*.CSV" 

 

find = "NaN" 

replace = "-9999" 

 

for path, dirs, files in os.walk(os.path.abspath(directory)): 

        for filename in fnmatch.filter(files, filePattern): 

            filepath = os.path.join(path, filename) 

            filename_root = filename.split(".")[0] 

            print (filepath) 

  #          print filename 

            with open(filepath) as f: 

                s = f.read() 

            s = s.replace(find, replace) 

            with open(filepath, "w") as f: 

                f.write(s) 


