ntroduction

is continuing the process of migrating | 25 ®,.., wec .

“TABLE

its archived PDS3 data holdings to s tpisation oot lesents =

DATA_SET_ID
- - PRODUCT_ID

the PDS4 archiving standard. SPACECRAFT_AHE

INSTRUMENT_ID

MISSION_PHASE_NAME

TARGET_NAME

START_TIME

o Th I f th iS WO rk iS to brin a ” glngI;XIET CLOCK_START_COUNT
e g Oa O g SPACECRAFT_CLOCK_STOP_COUNT

PRODUCT_CREATION_TIME

data hOIdingS up tO the PDS4 élé’fﬁ?cgﬁéi“ Definitions */
standard. This will have benefits for o B
PDS'Wide SearCh When a” archived ;g"’I'UERCHANGE_FORMAT

COLUMNS
ROW_BYTES

data can be included. T

END

e The PDS Atmospheres Node (ATM) | PDS3 Label (.LBL)

PDS3

"GLOBALO2.TAB"

"GALILEO ORBITEH
"G0-J-PPR-3-RDR
"C9GNGLOBAL@2-RI
"GALILEO ORBITEH
"PHOTOPOLARIMET
PPR

"JUPITER ORBIT (
"GANYMEDE"
1997-06-26T21:5¢
1997-06-26T22:1¢
"4016928:84"
"4016948:80"
1998-188

1893
FIXED_LENGTH
130

TABLE

ASCII

1893

17

130
"RDRTAB.FMT"
TABLE

PDS4 Label Template (.xml) @

Atmospheres Data: Galileo, Mariner, Juno Migration

L.F. Huber, T. Guth, J. Emmett, N. Chanover, L.D.V. Neakrase

Planetary Data System (PDS) Atmospheres Node, Department of Astronomy, New Mexico State University,
P.O.Box 30001, MSC 4500, Las Cruces, New Mexico 88003-8001, USA

<Product_Observational xmlns="http://pds
s:xsi="http://www.w3.0rg/2001/XMLSchema-1
//pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1F00
<Identification_Area>
<logical_identifier/>
<version_id/>
<title/>
<information_model_version>1.15.(
<product_class>Product_Observatiq
<Modification_History>
<Modification_Detail>
<modification_date/>
<version_id/>
<description/>
</Modification_Detail>
</Modification_History>
</Identification_Area>
<Observation_Area>
<Time_Coordinates>
<start_date_time/>

PDS3-PDS4 Translation Table

directory_index == $8
<logical_identifier> == $urn:
<version_id> == $1.0

<title> == ${0} {1}~INSTRUMEN
<target_name> == TARGET_NAME
<data_set_name> == DATA_SET_I
<last_modification_date_time>

<start_date_time> == START_TI

nag

T_H

D

ME

PDS4 Label (.xml)

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

<?xml-model href="http://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1F00.sch" schematypens="http://purl.oclc.org/dsdl/sc

hematron" ?>

<Product_Observational xmlns="http://pds.nasa.gov/pds4/pds/v1l" xmlns:pds="http://pds.nasa.gov/pds4/pds/v1l" xmln
s:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemalLocation="http://pds.nasa.gov/pds4/pds/vl http:

//pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1F00.xsd">
<Identification_Area>

<logical_identifier>urn:nasa:pds:go_ppr:data_raw_c9:global@2</logical_identifier>

<version_id>1.0</version_id>

<title>GALILEO ORBITER PHOTOPOLARIMETER RADIOMETER</title>

<information_model_version>1.15.0.0</information_model_version>

<product_class>Product_Observational</product_class>

<Modification_History>

<Modification_Detail>

<modification_date>2021-04-28</modification_date>
<version_id>1.0</version_id>

<description>This label was modified to convert to PDS4.</description>

Geometry (GEOM) .xsd/.sch

SIESS
PDS4 XML/Schema for Name Space Id:geom Version:1.6.1.0 — Wed Dec @5 10:21:57 CST 2018
—>
Bl=
Generated from the PDS4 Information Model Version 1.11.0.0 - System Build 9a
—>
Bl=
x4k This PDS4 product schema is an operational deliverable. sk
—>

<!— —-—>
</I— Dictionary Stack —>
<!-—— 1.11.0.0 - pds: - Common Dictionary - N/A —>

SIESS
1.6.1.0 — geom: - Geometry Dictionary Full - ingest-PDS4_GEOM_1B00@_1610.x
—>
<!— —>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" xmlns:geom="http://pds.nasa.gov/pds4/geom/v1" xmlns:pds="http://pds.nasa.gov/pds4/pds/v1"
targetNamespace="http://pds.nasa.gov/pds4/geom/v1" elementFormDefault="qualified" attributeFormDefault="unqualified" version="1.6.1.0">
<xs:import namespace="http://pds.nasa.gov/pds4/pds/v1" schemaLocation="https://pds.nasa.gov/pds4/pds/v1/PDS4_PDS_1B00@.xsd"/>
<xs:annotation>
<xs:documentation>...</xs:documentation>
</xs:annotation>
<xs:element name="Geometry" type='"geom:Geometry"></xs:element>
<xs:complexType name="Articulation_Device_Parameters">
<xs:annotation>
<xs:documentation>
The Articulation_Device_Parameters class contains those attributes and sub-classes that describe an articulation device. An articulation device is
anything that can move independently of the spacecraft to which it is attached. Examples include mast heads, wheel bogies, arms, filter wheel, scan
platforms.
</xs:documentation>
</xs:annotation>
<Xs:sequence>
<xs:element name="device_id" type="geom:device_id" minOccurs="0" maxOccurs="1"></xs:element>
<xs:element name="device_name" type='"geom:device_name" minOccurs="1" maxOccurs="1"></xs:element>
<xs:element name="device_mode" type='"geom:device_mode" minOccurs="0" maxOccurs="1"></xs:element>
<xs:element name="device_phase" type="geom:device_phase" minOccurs="0" maxOccurs="1"></xs:element>
<xs:element name="selected_instrument_id" type="geom:selected_instrument_id" minOccurs="0" maxOccurs="1"></xs:element>
<xs:choice minOccurs="1" maxOccurs="unbounded">
<xs:element name="Coordinate_Space_Present" type="geom:Coordinate_Space_Present'></xs:element>
<xs:element name="Coordinate_Space_Reference" type="geom:Coordinate_Space_Reference'"></xs:element>

e Use of local data dictionaries (LDDs) has become
necessary as we have moved into migrating more
complex data sets.

* These may incorporate mission attributes within a
mission dictionary or discipline specific attributes
(e.g., display, geometry, cartography, etc.) that are
defined outside the core PDS4 Information Model

(IM).

ATMOSPHERES

Local Data Dictionaries

UNIVERSITY

and scripts to make the migration process as
automatic as possible.

e The ATM migration code (including the PDS

and Juno (Jupiter) and Mariner (Mars) data,
demonstrating the breadth of use of our process.

PDS Module

robust after each migration.

us to modify the output .xml files accordingly.

above right.)

migration efforts beyond ATM.

Juno:

Galileo Orbiter:

for different types of tables.

Mariner 6, 7, 9:

of the LASP group.

e ATM has developed a collection of Python routines

Module) have most recently been used with Galileo

<stop_date_time/> scripti )
</Modification_Detail>

</T%me_c°°rd1“ateS> <stop_date_time> == STOP_TIME </Modification_History>
<Primary_Result_Summary> </Identification_Area>
<purpose>Science</purpose> <software_name> == SOFTWARE_NAME SR SIS
<processing_level>Raw</proce <start_date_time>1997-06-26T21:58:112</start_date_time>
<Sc1ence_Facets> <filter number> == FILTER NUMBER| <stop_date_time>1997-06-26T22:18:22Z</stop_date_time>
<domain>Atmosphere</doma - - <p}m¢ﬁ°;M1QT§S>
1 1 1 - <Primary_Result_Summary>
<discipline_name>Atmosphg <filter_name> == FILTER_NAME <purpose>Science</purpose>
<facetl>Structure</facet <processing_level>Raw</processing_level>
</Science_Facets> : o <Science_Facets>
</Prié rv R _lt Summary> <azimuth> == AZIMUTH <domain>Atmosphere</domain>
a_y_ ?Su _Summary <discipline_name>Atmospheres</discipline_name>
<Investigation_Area> <elevation> == ELEVATION <facetl>Structure</facetl>
<name/> /;/§cienc:_Fa;:.:t§>
</Primary_Result_Summary>
<type/> <derotate> == DEROTATE <Investigation_Area>
<Internal_Reference> <name>GALILEO ORBITER</name>
<lid_reference>urn:nasa:j <fov> == FOV <type>Mission</type>

<reference_type/> <Internal_Reference>

<lid_reference>urn:nasa:pds:context:investigation:mission.galileo</lid_reference>

<xs:element
<xs:element

</xs:choice>
</Xs:sequen

<xs:element name="Device_Angle" type="geom:Device_Angle"></xs:element>
jce_Component_State" type="geom:Device_Component_State'></xs:element>

4 o I - " = . L] L] L]
e e e ® The Python migration scripts and

<xs:element 'Vector_Device_Gravity" type="geom:Vector_Device_Gravity"></xs:element>

supporting files have been

modified to properly handle these

<!-—-

PDS4 XML/Schema f

—>

</Internal_Reference> <exptime> == EXPTIME <reference_type>data_to_investigation</reference_type> <!l—
</Investigation_Area> /;/Int:[‘natTRef:renc» Generated from th
g . . </Investigation_Area> -—
<Observing_System> <creation_date_time> == PRODUCT_ <Observing_System> <!—
<name/> <name>G0</name> *xk* This PDS4 pro
<description/> <file_name> == FILE_NAME R e S
<Observing_System_Component> <type-Instrument</types ! bic
<name/> <file size> == file size <Internal_Reference> —>
<type/> = = <lid_reference>urn:nasa:pds:context:instrument:go.ppr</lid_reference> <!—
<reference_type>is_instrument</reference_type> 1.16.0.0 — pds: -
<Interqa1_Reference> <max_record_bytes> == RECORD_BYT </Internal_Reference> s P
<lid_reference/> </Observing_System_Component>
<reference type/> . <Observing_System_Component> —>
</Internal R f_ryz /> <records> == FILE_RECORDS <name>GALILEO ORBITER</name> <xs:schema targetN
Lternal_nerernence <type>Host</type> <xs:import namespa
</0Observing_System_Componentj <axes> == NAXIS <Internal_Reference> <xs:import namespa
</0bserving_System> <1it:_refere:ce>u rn: r_las: ipds: :o:te)t(t;in:t rumentihost :spacecraft.go</lid_reference> <xs:annotation>
r g . . . <reference_type>is_instrument_host</reference_type> <xs:documentation>
<Target_Identification> #<axis_index_order> == $Last_Ind </Internal_Reference> </xs:documentation
<name/> </0bserving_System_Component> </xs:annotation>
<type/> . —— R4 </Observing_System> <xs:element name="
<Iy‘[t’ / 1 Ref > <encoding_type> == Binary <Target_Identification> <xs:complexType na
n er':'a _Rererence <name>GANYMEDE</name> <xs:annotation>
<lid_reference/> <data_type> == HEADER_TYPE <type>Satellite</type> <xs:documentation>
<reference_type/> <Intg;nal?Reference> g cextit t:satellite. junit . . . The Bounding_Coord
. <lid_reference>urn:nasa:pds:context:target:satellite.jupiter.ganymede</lid_reference: eastern-most, nort
</InternalTR?fer?nce> <scaling_factor> == BSCALE <reference_type>data_to_target</reference_type> SrSEdEEEE e
</Target_Identification> </Internal_Reference> </xs:annotation>
</0bservation_Area> <va1ue_offset> == BZERO </Target_Identification> <xs:sequence>

</Observation_Area>

<Reference_List> <Reference_List>

<Internal_Reference> <first line> == first line <Internal_Reference>
<lid reference>urn:nasa: pds . d - - <lid_reference>urn:nasa:pds:go_ppr:document:dataset</lid_reference>
= . . . . <reference_type>data_to_document</reference_type>
<reference_type>data_to_docui <first_line_sample> == first_lin </Internal_Reference>

</Reference_List>

e The PDS_Module is the core functionality for the
migration code. As we migrate more data sets, we add | =~
more PDS3 to PDS4 options making the code more

e PDS3 labels often contain specialized metadata that

(See

Juno, Galileo and Mariner Progress

<File_Area_Observational>

<line_display_direction> == 1lin File>

<records>1893</records>
</File>
<Table_Character>

<offset unit="byte">0</offset>
<records>1893</records>

<Record_Character>
<fields>17</fields>
<groups>0</groups>

<Field_Character>
<name>ADJUSTED_RIM</name>

<file_name>GLOBALO2.TAB</file_name>
<local_identifier>GLOBAL02_file</local_identifier>
<creation_date_time>1998-07-07</creation_date_time>

<local_identifier>GLOBAL@2_table_character</local_identifier>

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

<record_length unit="byte">130</record_length>

<field_location unit="byte">1</field_location>
<data_type>ASCII_Integer</data_type>

PDS Module (.py) @ ATM

# PDS3 Label Readers

def read_pds3(self, file_name, blank=True):

FUNCTION read_pds3:

Reads in a pds3 label of any type and returns a dictionary that contains the label's
information.

Inputs: File name (the pds3 label), blank (default = True), set to False if you want
to add on to an existing pds3_dict instead of making one from scratch

import textwrap
import traceback
import string

if blank:

e The methods in this module also utilize Ixml| which

# read_file = open(file_name, 'r').readlines()
## if same number of initial lines in label (.LBL) need to be skipped (recall line index starts
## with 0 not 1) then use next line (i.e. skipping first 4 lines of label file); TG 10/07/2020

p rocess Xxm | wit h int h e Pyt h on | an g ua g e. Th IS ena b | es el s NI e

start =[]
end =[]
vector_start = []

=[1

spice_kernels
for x in range(len(read_file)):
#puts easy, non-repeating ID's and values into pds3_dict; fills start and end with the
#line numbers of OBJECT's and END_OBJECT's respectively, does some spice kernel stuff

if read_file[x].strip() == 'END':
read_file = read_file[:x] #cuts actual table out of read_file to save time (for
#attached labels, does nothing for detached)
break

#.

try: #lines without an '=' will raise an IndexError

are not included in the main PDS4 dictionary but are e tahery

if ID == '~STRUCTURE':
formatfile = value#.lower()
self.pds3_dict['formatfile'] = formatfile

contained in local data dictionaries (LDDs). Modules
for handling these have also been developed.

if 'SPECTRUM' in value:
table = x #temporarily store table start
elif ID == 'END_OBJECT':
if 'SPECTRUM' in value:
end.insert(start.index(table), x)
else:
end.append(x)

#

elif any(y in ID for y in ['QUATERNION' , 'VECTOR']):

#if the value is a vector that spans more than one line.
vector_start.append(x)

except IndexError:
pass

try:
self.pds3_dict[ID] # check if ID is already in dictionary

* This in-house Python module comprises the core of S

#"88.3456 <degrees>", and we don't want those
value = value.split(' ')[0]

the translation routines and is becoming more robust
with each migration. This module could be of use to

#print ID + ' = ' + value #uncomment for testing- re-prints label (as read by this)
# into the console
#

try: #adds information from a format file (if there is one, and only one) to start, end, and read_file
formatfile
read_formatfile = open(formatfile, 'r').readlines()
read_file = read_file + read_formatfile #for later- adds format file information to the
# end of the main label's lines

<xs:element name="
<xs:element name="
<xs:element name="
<xs:element name="
</xs:sequence>

</xs:complexType>
<xs:complexType na
<xs:annotation>

<xs:documentation>
The Camera_Model_0O
is not the center

</xs:documentation
</xs:annotation>

Cartography (CART) .xsd/.sch

Perspective lander map projection.

dictionaries.

or Name Space Id:cart Version:1.9.5.0 — Tue May 04 05:11:42 UTC 2021

L] [ ] °
[ ]
e PDS4 Information Model Version 1.16.0.0 — System Build 11.1 . EaCh LD D IS g Iven I n th ree pa rts’
duct schema is an operational deliverable. sk 1 o XM L SCh e m a fi I e (.XSd ),
tionary Stack h ° °
2. Schematron file containing
o L[]
validation rules (.sch)

amfﬁpacef"http://pds.nasa.gov/pds4/sart/v1" elemgntfgrmDef?ult:"qualified" attributeFormDefault:"unqual}fied" version="1.9.5.0"> .
e oL/ nesa. Bov i peoh/ i SChenaLoceLSamrnLLpet e masas g0, 1A gcon 3/ PoEa, GEOH TG00 1630. x5/ 3. PDS4 label that describes
>

them both (.xml). [1]

Cartography" type="cart:Cartography"> </xs:element>
me="Bounding_Coordinates'">

Common Dictionary

inates class defines the limits of coverage of a set of data expressed by latitude and longitude values in the order western-most,
hern-most, and southern-most.
>

west_bounding_coordinate" type="cart:west_bounding_coordinate" minOccurs="1" maxOccurs="1"> </xs:element>
east_bounding_coordinate" type="cart:east_bounding_coordinate" minOccurs="1" maxOccurs="1"> </xs:element>
north_bounding_coordinate" type="cart:north_bounding_coordinate" minOccurs="1" maxOccurs="1"> </xs:element>
south_bounding_coordinate" type="cart:south_bounding_coordinate" minOccurs="1" maxOccurs="1"> </xs:element>

me="Camera_Model_Offset">

ffset class specifies the location of the image origin with respect to the camera model's origin. For CAHV/CAHVOR models, this origin
of the camera, but is the upper-left corner of the "standard"-size image, which is encoded in the CAHV vectors. Applies to the

>

o All 4 ATM instruments (MWR, JIRAM, UVS, Gravity) have been migrated to PDS4.
e MWR and UVS were straightforward with few complicating factors.

e JIRAM required extensive use of LDDs and special migration programming to allow for
multiple images (L and M) at different observing geometries.
Gravity (Radio Science) required separate migration scripts for ~10 different types of products.

e PPR and UVS have been migrated - awaiting final validation.
e Geometry and pointing files for both instruments required additional programming to allow

e UVS instruments for all 3 spacecraft are nearing completion.
e Documentation is somewhat limited about the structure of the files, which was solved with the help

1) Several different Python scripts and supporting files work
together to properly execute a migration.

Migration Process

2)A blank .xml template (gray box

### THIS COPY IS SET UP FOR: Galileo Orbiter PPR .LBL files

###

### Imports modules and support files, creates enumerable list of input files, sets output location, etc (zs)
#HiH#

import glob

import pds_module

from 1xml import etree

from subprocess import call

import time

import os

import textwrap

import traceback #this right here is your new best friend

from stat import ST_SIZE #add this when there are .FMT files in the DATA directory

### Where our PDS3 labels are located
filename ='/home/atmos7/PDS/tmp/Migrations/Galileo_Orbiter/ppr/gopr_5001/geometry/geo/C3/CALLISTO/*.LBL"

### The dictionary is used to fill out specific information within the final xml

dictionary = '/home/atmos7/PDS/tmp/Migrations/Galileo_Orbiter/ppr/gopr_5001/BUILD/character_definitionstablecha
r_dict.txt'

base_template = '/home/atmos7/PDS/tmp/Migrations/Galileo_Orbiter/ppr/gopr_5001/BUILD/base_templatel.xml'

### glob.glob finds all the pathnames inside 'filename' and puts them in a list
file_list = glob.glob(filename)

file_list.sort()

### Gives the amount of pathnames in file_list

length = len(file_list)

### Keeps track on time elapsed when compiling python code; total time given at end (in seconds)
tl = time.time()

###

### Big loop that goes through the files in file_list, creates a pds4 xml label for each
#HiH#

for prog, file_name in enumerate(file_list):
#ts = time.time() #timing of individual files; use when things get really slow
output = '/home/atmos7/PDS/tmp/Migrations/Galileo_Orbiter/ppr/gopr_5001/geometry/output/geo/C3'
# output = '/home/atmos7/PDS/tmp/Migrations/mpam_0001/0UTPUT' #use this when using test.lbl; TG (1/18/2019)
pds = pds_module.PDS()
template = '/home/atmos7/PDS/tmp/Migrations/Galileo_Orbiter/ppr/gopr_5001/BUILD/templatetablechar.xml’

print file_name #prints file name paths to the screen; easy check

### Build pds3_dict (dictionary that contains all of the information from the pds3 label), through pds_module m
ethod
### read_pds3 and manually adding some entries

pds3_dict = pds.read_pds3(file_name)

### add the next lines if there are .FMT files within DATA directory; also copy those .FMT files to BUILD

Python Migration Script (.py) @ ATM

above left) that corresponds to the
overall structure of the PDS3 label is
the starting point. The declaration at
the top of this template must include
the appropriate targetNamespace and
schemalocation in order for those tags

to show up and validate within the
label.

3)A .txt file (definitions dictionary)

serves as a key to translate between
the ODL keywords of PDS3 to the XML

tags in PDS4. This file is used to fill
many of the repeated tags of the label,
the LID’s and/or LIDVID's, and points
to the tags used within the local data
dictionaries.

4)A compilation of student-written Python methods
(PDS_Module) capable of handling different tables, file types,
and tag-filling methods is continuously being
updated/modified.

5)One main Python script is generally used per dataset to
read through the PDS3 label, call the respective functions
from the PDS_Module, and output PDS4 .xml files that
correspond to the blank .xml template that was initially
created.

4
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