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• Quick intro: Astrogeology

• Web Map Services (WMS)

• Tiled WMS (or TMS) services

• STAC/COG

• QGIS
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USGS Astrogeology Science Center
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International Cartography Association

• Members working towards in situ (rover) symbologies

MAPSIT

• Spatial Data Infrastructure and Planetary Data Ecosystem

IAU

• Nomenclature

• Coordinate Systems

Open Geospatial Consortium

• Planetary Domain Working Group

Groups to help or join



Evolution of planetary GIS services (my viewpoint)
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What is WMS

Web Map Service Interface Standard (WMS) provides a simple 

https interface for requesting geo-registered map images.

Available since late 90s. Requires map server.

OGC WMTS (Web Map Tile Service, aka TMS): For heavy use and high scalability the   

OGC has developed the WMTS service standard. It is an area-wide collection of consistently 

addressable seamless map image tiles organized in a pyramid with fixed scales. Clients 

request as many tiles as needed to cover the requested area. Available since mid-2000s. 

Required pre-processing tiles and simple https address (map server optional).

More: 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


WMS

Some Staying Power

• Simple API, thus it can still be useful

• Interfaces can “deal” with earth-centric issues (e.g. web map libraries, QGIS, ArcMap, …)

• Strive to implement IAU 2015 codes across standard (is it too late?)

• Tiled WMS can support TB-sized mosaics

Challenges remain

• Based on Earth-centric Open Geospatial Consortium (OGC) standard

• IAU 2000 codes only implemented in retired USGS WMS server, ASU’s Lunaserv and 

Mapserver branch (by Jean-Christophe M.)

• Technology dated (large move toward tiles and streaming formats like COG)



Astrogeology WMS Layers  (in degrees or polar stereographic)

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


Tiled WMS Layers  (in degrees or polar stereogrphic)

https://bit.ly/HiRISE_mosaic

https://bit.ly/HiRISE_mosaic


Tiled WMS Layers  (in degrees or polar stereographic)

https://bit.ly/HiRISE_mosaic

https://bit.ly/HiRISE_mosaic


Tiled WMS Layers  (in degrees or polar stereographic)

https://github.com/nasa-gibs/mrf

HiRISE helper:

https://github.com/lucianpls/mbuilder

https://github.com/nasa-gibs/mrf
https://github.com/lucianpls/mbuilder


Spatial Temporal Asset Catalog (STAC)

The STAC specification provides a common language to describe a range of 

geospatial information, so it can more easily be indexed and discovered. A 

'spatiotemporal asset' is any file that represents information about the earth 

captured in a certain space and time.

The goal is for all providers of spatiotemporal assets (Imagery, SAR, Point Clouds, 

Data Cubes, Full Motion Video, etc) to expose their data as SpatioTemporal Asset 

Catalogs (STAC), so that new code doesn't need to be written whenever a new 

data set or API is released.

from: https://stacspec.org/

https://stacspec.org/


The core JSON pages can be transformed into browsable, interactive HTML pages with tools like STAC Browser. When 
STAC is used in concert with emerging formats like Cloud Optimized GeoTIFF or TileDB arrays the result vastly lowers 
the barriers for anybody to find and use geospatial assets like satellite imagery:
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https://github.com/radiantearth/stac-browser/
http://cogeo.org/
https://github.com/TileDB-Inc/TileDB/blob/dev/format_spec/FORMAT_SPEC.md
https://stacspec.org/overview.html


Spatial Temporal Asset Catalog (STAC)

Beta docs: https://stac.astrogeology.usgs.gov/

Beta STAC browser: https://stac.astrogeology.usgs.gov/browser

STAC help for QGIS: https://stac.astrogeology.usgs.gov/docs/examples/to_qgis

https://stac.astrogeology.usgs.gov/
https://stac.astrogeology.usgs.gov/browser
https://stac.astrogeology.usgs.gov/docs/examples/to_qgis


What is a Cloud Optimized GeoTIFF (COG)

COG: https://www.cogeo.org/

An imagery format for cloud-native geospatial processing

https://www.cogeo.org/


QGIS Current Version: 3.22.3 (Jan. 2022)

Qt version 5.15.2

Python version 3.9.5

GDAL/OGR version 3.4.1

PROJ version 8.2.1

EPSG Registry database v10.041 (2021-12-03)

GEOS version 3.10.0-CAPI-1.16.0

SQLite version 3.35.2

PDAL version 2.3.0

PostgreSQL client version 13.0

SpatiaLite version 5.0.1



Planetary Projections

now built in

IAU_2015:aaabb

IAU_2015 report
doi.org/10.1007/s10569-017-9805-5

aaa = NAIF body code

bb   = projections



Adding Mars to QGIS 3.22+
http://planetarymaps.usgs.gov/cgi-

bin/mapserv?map=/maps/mars/mars_simp_cyl.map

1.

2.

3.

4.

5.

Okay for now…

6.

http://planetarymaps.usgs.gov/cgi-bin/mapserv?map=/maps/mars/mars_simp_cyl.map


Now Override 

WMS layer 

(if needed)

1.

2.

3.

4.



Do the same: 

nomenclature WMS

(simple labels)

http://wms.wr.usgs.gov/cgi-bin/

mapserv?map=/maps/mars/

mars_nomen_wms.map



Custom or local projection

Warning: nomenclature WMS layer may not work 



Copy from layer’s 

properties and

create new custom

projection

1.

3. 

Paste here

4.

2.

5.



Now set project’s 

CRS to your 

custom projection

1. Click here

2.

3.



Coordinate capture plug-in (report/copy degrees)

1. Set to Mars degree (49900)

2. Use stream button or single 

point “start capture”
1.

2.

in meters

in projection you set



TMS: download zip file (https://bit.ly/HiRISE_mosaic)

or directly: 

https://www.dropbox.com/s/

hhuqj7m9kc127us/OnMars

_Esri_TiledWMS_layers_0

4282020.zip?dl=1

Simply drag *.til or *.dem

into QGIS to load

https://bit.ly/HiRISE_mosaic
https://www.dropbox.com/s/hhuqj7m9kc127us/OnMars_Esri_TiledWMS_layers_04282020.zip?dl=1


What is a *.til and *.dem – a simple TMS definition



Let’s load a COG from a STAC catalog

Beta STAC browser: https://stac.astrogeology.usgs.gov/browser

Find an image and copy the link (3N221W)

Direct COG link for DEM: https://asc-mars.s3.us-west-

2.amazonaws.com/ctx_dtms/B20_017298_1830_XN_03N221W__B19_017153_1

825_XN_02N221W/B20_017298_1830_XN_03N221W__B19_017153_1825_XN_

02N221W_DEM.tif

Ortho: https://asc-mars.s3.us-west-

2.amazonaws.com/ctx_dtms/B20_017298_1830_XN_03N221W__B19_017153_1

825_XN_02N221W/B20_017298_1830_XN_03N221W__B19_017153_1825_XN_

02N221W_ORTHO.tif

https://stac.astrogeology.usgs.gov/browser
https://asc-mars.s3.us-west-2.amazonaws.com/ctx_dtms/B20_017298_1830_XN_03N221W__B19_017153_1825_XN_02N221W/B20_017298_1830_XN_03N221W__B19_017153_1825_XN_02N221W_DEM.tif
https://asc-mars.s3.us-west-2.amazonaws.com/ctx_dtms/B20_017298_1830_XN_03N221W__B19_017153_1825_XN_02N221W/B20_017298_1830_XN_03N221W__B19_017153_1825_XN_02N221W_ORTHO.tif


STAC

browser



Let’s load a COG from a STAC catalog

If available, increase NUM_THREADS



Loaded COG


