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Agenda

& Quick introduction to planetary body definition lifecycle

¢ |AU Planetary Codes for OGC web services
¢ code by Jean-Christophe (on GitHub)

® OGC Planetary CRS Registry API

¢ Implemented by Jean-Christophe

® Codes in PROJ

¢ Implemented by Even Rouault (available from GitHub, OSGeo)
¢ binaries released with PROJ (GDAL, QGIS, Mapserver, ...), Lunaserv



Body Definition - typical lifecycle

The definition of body’s size typically follows this lifecycle
& Earth-based observations

¢ Refined using acquired data from planetary mission
& Published in the peer-reviewed literature
& Adopted by standards setting working groups (e.g., IAU)
& Definitions added to coordinate reference definitions (e.g., SPICE, OGC)
& Integrated into various libraries and applications (e.g., PROJ, ArcGIS)

& Used in the creation of derived cartographic data products.

& New mission, better data, repeat



Enceladus as an example

* moon of Saturn (tidally locked)
e orbits at a distance of 238,000 km, orbital

resonance with Dione
 radius ~206 km

» -200 Celsius, active hydrothermal vents




Enceladus as an example

& Enceladus was discovered by William Herschel in 1789.

¢ In 1980/81 NASA Voyager 1/2 missions imaged Enceladus as they flew by Saturn.
& Photogrammetric control methods for Enceladus were first employed by Davies and Katayama [1] in 1983.

¢ |AU Working Group on Cartographic Coordinates and Rotational Elements (WGCCRE) adopted updates in their
standardized body report (released ~3 years)

& Starting in 2005, the Cassini spacecraft greatly improved our knowledge based on Enceladus fly-bys.
¢ WGCCRE updates definition for 2006 report, SPICE libraries updated

¢ SPICE, body602_radii = ( 256.6, 251.4, 248.3 )
& No changes in the next WGCCRE reports, adopted by PROJ (IAU 2015 report)

& Latest solution provided in 2018 by Bland et al. (publication and data products).

& WGCCRE Will update definition for forthcoming publication
¢ SPICE, OGC registry, PROJ



JAU Coded Planetary Definitions

& Why do we need these codes ... interoperability of web services

IAU:version IAU Codes GEOIDS - Hﬂ A H S

TAU:2015 | 49900 | Mars 2015, sphere, aerocentric |II| W LONGITUDE  LATITUGE
IAU:2015 | '
IAU:2015 | 49902 | Mars 2015, ellipse, aerocentric

IAU:2015

[AU:2015 | 49904 | Mars 2015, triaxial, aerocentric

IAU:2015

IAU:2015

[AU:2015 49907 — 49909* | *Reserved for special cases

Non-triaxial map projections

Equirectangular (Simple Cyl.), clon=0°, ellipse, aerographic, west longitudes ===
..‘_# ':- .

[ I.I...'. ] 1;l' | III ) . iy i ] i. [

http://planetarygis.blogspot.com/2014/09/
tips-to-interact-with-astros-wms-maps.html



http://planetarygis.blogspot.com/2014/09/tips-to-interact-with-astros-wms-maps.html

JAU Codes Planetary Definitions

¢ Recall, all body size definitions based on IAU WGCCRE publications (Archinal et. al.,
20187, see poster)

& Current codes are a joint effort between planetary community (USGS and CNES)
and OGC.

& Really nearly 20 years in the making.

¢ Initial WKT1 versions incorporated in Esri's ArcView (planetary plug-in) -> AcMap and ArcGIS
Pro. Showed up in various other applications (commercial and open source). Only the body
size defined.

® 2005 - 2006 initiated EPSG-like coded (WKT1) versions for OGC services. Based on a
joint effort with JPL and USGS (first WMS services for Mars, called onMars). Codes
Implemented in a couple applications.

® Major updates needed with WKT2 standard release. Massive code refactor by Jean-
Christophe. https://qithub.com/PlanetMap/csvFor\'WKT

* Archinal, et al., (2018). do1: 10.1007/s10569-017-9805-5.



https://github.com/PlanetMap/csvForWKT
https://www.usgs.gov/centers/astrogeology-science-center/science/iau-wgccre

| digress -- what is WKT2 ?

® GeOg raphic information — \Well-known GEOGCRS|["Enceladus (2015) - Sphere / Ocentric",
DATUM|"Enceladus (2015) - Sphere",

text representation of coordinate ELLIPSOID["Enceladus (2015) - Sphere", 252100, 0,
reference systems, 2019 LENGTHUNIT["metre", 1, ID["EPSG", 9001]]],
ANCHOR["Salih : 5 W"]],
& http://www.opengis.net/doc/is/wkt-crs/2.0.6 PRIMEM]"Reference Meridian", 0,
ANGLEUNIT["degree", 0.0174532925199433, ID["EPSG", 9122]]],
1E-ED::IE-I;?_G;-Dgraphli;:_;:fnrmai::_dWelI-knl-l:ulw:_text_representatiun_nf_cl:ul:url:linate_reference_s:,.rstems{1].p|:|f-AduheAcrnbatF‘rD DC (32-bit) — CS[ellipSOidal’ 2],
e AXIS["geodetic latitude (Lat)", north,
H*BERQO®O© /2 KR MO w- B P OB L& - ORDER]|1],

ANGLEUNIT]["degree", 0.0174532925199433]],
AXIS["geodetic longitude (Lon)", east,
ORDER]|2],
ANGLEUNIT|["degree", 0.0174532925199433]],
ID["IAU", 60200, 2015],
REMARK]"Use mean radius as sphere for interoperability.
Source of IAU Coordinate systems: doi://10.1007/s10569-017-9805-5"]]
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Geographic information — Well-known text representation of
coordinate reference systems



http://www.opengis.net/doc/is/wkt-crs/2.0.6

put 1t all together

IAU Codes + WKT2
in a searchable API



- C 1} A Notsecure voparis-vespa-crs.obspm.fr = 1w W% [0 f}

WELCOME TO CRS REGISTRY

find the well known text for comets

HHHHHHHHHHH


http://voparis-vespa-crs.obspm.fr:8080/web/

CRS Registry example

Map projection for Mars “499” + "10" = Equirectangular, clon=0, clat=0, East:

» http://voparis-vespa-crs.obspm.fr:8080/ws/wkts/IAU:2015:49910
Note versioning: 1AU:2015:49910 --options IAU 2015:49910 suggestion /IAU/2015/49910

TPROTCRSH "Maiesse (2 15 = —S o ) cire & /» O centnic/asl glhrrectanglilar Srelony — O\ BASEGEOGCRS [ \"Mars (2015) -
SpheRctS VM) c cnttasitc \E A\ T DARUM S aaas (2400 SRS S o laleliae il o\ 1) \EIRIIL, L2 O TR} WM RS (0 HLS )L = CSjolfainchek

SB9GIRG0;, TR0 S S NG TN eSS et s =L DI - RS @t SO0 0SS Fan Soh §sA N CHIOR e\ "Veackiiinieas SBESK A nicieds S G50 5. <377

W\ R S el \tPRIMEM[\"Reference Meridian\", 0, \n ENGMEUNFSS e one e My, SN OMFRAST RGNS NGO 3 3,

T DI RS Ea Lo Ouln 7 0s w Le Wi RS AR SR 16.0.0), 07~ 2 OFSoM o EONMERSECNF IR ML rvSaTre € mam ciiilietn s clon . 0\:'%, \Nn
METHOR B\ MR e =t we e neiacc o\ ™, n

E DI FANGE PIS GRNTE LS00 SHi] =\l PARANMELER LD =l ildc T ot il sit
standard parallel\", 0, \n

ANGLEUNTE R RS cctepe e e NORREe4:532:0 2’57 Oi9/E8a S iRmr RN SGN T, a5 01055 Sl Wr)
ED [ \NEPSGNE-S3IC288 W=\ 1\ 65\ C PARAMETER [ ' Longi culde oswnattira 1 or kg in\Y;

O\t
ANGEEUNEINR S clcomac e O QN 7 A58 9 920541 6 O/:ai 3w ST NP S (G S OREOD N\ 1 RN EESIENE
SRI02N [ Set S SRR RANEIE RSV S'e easting\", S\ PEN G HUNE T e e et S i e S imr e Es Ry = O O s = e
T DA\ EESEATISSSEGSIIcY =, S M E PA RAMBTTER |\ ""Eadisetvne rthiatnegh'™ . 0, A\ n FERNGIT FRUNER " meE e .18 " TRPAREEE PS G\,
OHONOMET ]\ i EENETIEES G\ s 8 R0 /s S el 8 [ Ceurit et 42 et vl Sy [\SBE aisi iR e e FleiEy B
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http://voparis-vespa-crs.obspm.fr:8080/ws/wkts/IAU:2015:49910

JAU Codes in PROJ

& To support broader adoption
& Continue to work with OGC members for help.
& Still need standard WKT2 updates (working with CRS WG, “Ocentric 2D")
¢ Even Rouault implement new implementation using same scheme (2021):
¢ https://github.com/OSGeo/PROJ/blob/master/scripts/build db from iau.py
¢ Available in PROJ in late 2001


https://github.com/OSGeo/PROJ/blob/master/scripts/build_db_from_iau.py

JAU Codes in PROJ

® makes it easier to share (GDAL,
QGIS, Mapserver, ...)

Q Project Properties — CRS

Project Coordinate Reference System (CRS)

S
A4 General No C

—unknown/non-Earth projection)
m Metadata Filter @

Recently Used Coordinate Reference Systems

View
Settings

.
ﬁ Transformatic

Coordinate Reference System

Predefined Coordinate Reference Systems

V Default

Styles Coordinate Reference System

. Data

Sources

.. Relations

Variables

E@ Macros

=F. QGIS Server

. Temporal

Il

¥ QOrthographic

Mars (2015) - Sphere / Ocentric / Orthographic, clon = 0

Mars (2015) - Sphere / Ocentric / Orthographic, clon = 180

Mars (2015) / Ocentric / Orthographic, clon = 0
Mars (2015) / Ocentric / Orthographic, clon = 180
Mars (2015) / Ographic / Orthographic, clon = 0
Mars (2015) / Ographic / Orthographic, clon = 180

¥ Robinson

Mars (2015) - Sphere / Ocentric / Robinson, clon = 0
Mars (2015) - Sphere / Ocentric / Robinson, clon = 180
Mars (2015) / Ocentric / Robinson, clon = 0

Mars (2015) / Ocentric / Robinson, clon = 180

Mars (2015) / Ographic / Robinson, clon = 0

Mars (2015) / Ographic / Robinson, clon = 180

¥ Sinusoidal (Sanson-Flamsteed)
Mars (2015) - Sphere / Ocentric / Sinusoidal, clon = 0
Mars (2015) - Sphere / Ocentric / Sinusoidal, clon = 180
Mars (2015) / Ocentric / Sinusoidal, clon = 0

Mars (2015) / Ocentric / Sinusoidal, clon = 180

Mars (2015) / Ographic / Sinusoidal, clon = 0

B e S [ 1 S I B e

ANGLEUNIT ["degree”™

0.017453292519%433],

ID["EPSG" 880211,
PARAMETER["False easting™, 0,
LENGTHUNIT|["metre™, 1],
ID["EPSG", 880611,
PAEAMETEER ["False I'Lu:::-rthing ", 0,
LENGTHUNIT|["metre™, 1],

e N R e W B i T e O e O I |

Authority 1D

»

Hide deprecated CRSs

Authority 1D

IAU_2015:49965
IAU_2015:49970
IAU_2015:49967
|AU_2015:49972
IAU_2015:49966
|AU_2015:49971

|IAU_2015:49950
|AU_2015:49955
|AU_2015:4995.2
|AU_2015:49957
|AU_2015:49951
IAU_2015:49956

IAL_2015:49920
IAU_2015:49925
IAU_2015:49922
|AU_2015:49927
IAU_2015:49921

Cancel Apply

il

Help



PROJ/GDAL example (Venus)

» gdalsrsinfo AU 2015:29900

PROJ.4 : +proj=longlat +R=6051800 +no_defs

OGC WKT2:2018 :
GEOGCRS["Venus (2015) - Sphere / Ocentric",
DATUM["Venus (2015) - Sphere”,
ELLIPSOID["Venus (2015) - Sphere",6051800,0, LENGTHUNIT["metre",1]],

ANCHORJ["Ariadne: 0.0"]],
PRIMEM["Reference Meridian",0, ANGLEUNIT["degree",0.0174532925199433]],
CSJellipsoidal,2], AXIS["geodetic latitude (Lat)",north,
ORDER][1], ANGLEUNIT["degree",0.0174532925199433]],
AXIS["geodetic longitude (Lon)",east, ORDER[2], ANGLEUNIT["degree",0.0174532925199433]],

ID["IAU",29900,2015],
REMARK]["Source of IAU Coordinate systems: doi://10.1007/s10569-017-9805-5"]]



Connecting OGC and International Virtual Observatory Alliance
(IVOA) web/map services
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Implementation 1n MapProxy, currently being
officially accepted in codebase.
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HIPS
Metadata
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Promote across both OGC and IVOA domains

https://pypi1.org/project/mapproxy-hips/
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