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Content

1. Extraterrestrial cartography research areas.
2. Methods and technologies:
« Establish coordinate systems;

 Planetary surface analysis and planning future space
missions;




Conception: interdisciplinary approach

Planetary
mapping:
Hypsometric maps,
atlases, wall maps,

Photogrammetry: globes, .

Special maps: Fund |
3D control illuminations, un amenj[a
networks, hazards research:

DEMs, Shape of celestial

body, libration,
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orthomosaics

Extraterrestrial
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Web-mapping:

Geomorphology

Geoportal, and making
online-maps, deC|S|on.: '
intelligent data Surface quantitative

search analysis,

craters degradation,
landing selection
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Flowchart of extraterrestrial cartography

*Planetary Data System (PDS): storage, format

and metadata.

*Workflow: integration technologic chains.

*Produce basic data: DEM and orthoimages.

*Studied various celestial
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Planetary coordinate system

« 3D-control point networks: the base

data for planetary mapping.

 Fundamental parameters:
rotation.

« New software to provide coordinate

libration,

External sources

Planetary missions

archives SPICE Database
PDS, EPSA
4
Row data Orbital parameters
SPICE2WIN
Software
4 |
PHOTOMOD Origin Metadata
R — «—
softwa re (Exterior orientation parameters)
. " . Parameters of best fit
1 Radiometric correction spheroid (sphere, three-
2Control point measurements BodyParametersDefinition axial ellipsoid, ellipsoid
3 Adjustment B Software and shift of geometric

center between predicted

4 Control point catalogue position from SPICE)

5 Stereo vectorisation DTM SPACEmosaik ‘—,

6 DEM interpolation Software for Planetary bodies

PHOTOMOD Orthoi Images

Geomosaik Software rectification

Masking;

Mosaiking; Orthoimages,
Indexmap; orthomosaik, DEMs
Reprojecting




Results of photogrammetry
image processing

e 3D visualization: Producing local DEMs for Ganymede Orthomosaic of Phobos surface
_’ .. (Voyager-2, resolution ~100 m) (MIIGAIK, 2014),
* Image orthorectification; resolution — 5 m/px

Hypsometric mapping;
Geomorphological analysis.
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Cartographic support of future missions

Future space missions

 Roscosmos: Landing on the Moon:
Luna-25, 27.

« ESA: Flight to the Mercury: Bepi
Colombo.

« ESA: JUICE mission (Jovian system,
Ganymede).

* Roscosmos: Boomerang, sample

return mission to Phobos.

ArcGIS

Software
Multilingual Planetary Names
Geodatabase
(English, Russian)

Planetary Geodatabase:

’ vector and raster layers \
ArcMap ArcCatalog

} l

Read and edit spatial data
— Cross layers analysis —

Map representation

Symbolisation Read and edit metadata

Layout X Creating Image Catalog
Leaend Topology relations
v I
ArcGIS
Server

Roughness Quartile filtering
d/D- Calculation Scripts:

CraMO <«—  ArcGIS Model Builder;
C++, Pyton
Craterstat, CraterTools
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Surface analysis: crater measurements

Crater catalogues of areas

Methods:
 Automatic measurements of
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Moon: landing site selection

* Relief maps on different level of
details.

 Characteristics  of
landing sites.

potential

 Hazards detection:
-slopes >7°;

Hypsometric map

(crater Boguslavsky)
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Mercury: study of surface

Distribution of the images with flat-floored craters in

« Methods of roughness calculation:
interquartile range of slopes, Laplacian,

Hessian.
« Study of the flat-floored craters and hollows

for regolith depth analysis.

.....




Planetology-comparative analysis:
wall-maps and globe

Lunar relief parameters
MapameTpbl penbeda JlyHbl TOPOGRAPHIC ROUGHNESS OF MERCURY AND THE MOON
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New software and tools

» Software (XML, C++):
- XML-converter: for data

standardization and conversion W

from various format and uploading to
SQL-geodatabase;

- Modeling of surface shadows; 7 '
- Modeling visibility from celestial [

e / S i

- Calculation of the surface

anananan



Information system and web-mapping

- Friendly interface (English and Russian); Planetary database
« Spatial queries and access to the contents

selecting from the list of available data set;
* Quantitative and qualitative characteristics Vectondate

(local geodatabase)

Metadata

| |
. . . M (globat metadata) [
of the objects in graphical and tabular i u Thematic layers @ i
| |
forms; e T e 3
- 4 different projections, including polar. - Sendereyers 1} l[:" 3
. . | | ece management S, Y Beasiendaa -+ HiRasterdata) |
- Different levels of detail: from global to local | ‘e el | ;
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i detailed 0
T T
v v
Topology Attribute data
(local metadata)
v

Universal storage
of planetary data

Workspace Final product
ArcSDE for publication
on Geoportal

ArcGIS Administrator

Web planetary
map on
ArcGlS.com Planetary Geoportal




Extension of planetary data model

* Planetary data model (A. Naas & S. Van Gasselt):
standardization and classification of planetary data.

Lunar objects data model

+ Extensions: s
- Support of multi-scale representation of objects. P O ... [P oy ||
- Control of big data arrays. e 3
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Intelligent search of planetary data

Classification -
predefined criteria.
Cluster analysis - to create a self-expanding
and variable logic of the web-service.
Time-series analysis - to take into
consideration previous searches of the user.

to specify search by

ArcGIS online map

T AR

Algorithm of the intelligent search

/4.

ection of the spatial object on the on-line
map

b

Reading of the attribute
information

‘Object center coordinates

Object name

Mission narme

Automatic assignment of attributes weights

!

|

Querying with API

Querying with HTTP-
methods

- |Link is not included in

an array of web links
for publication

L.

Accessing Internet

resource

Condition mot

satisfied

Check the query
results

Condition is satisfied

Formation of an array of
web links

Sorting an array of web-links
according to the weight of the input

parameter query

Publication of an array of web links in the /
object information window




Design of planetary maps

Traditional
software;
Specially developed hypsometric
and color scales:

The hypsometric scale highlights
relief objects;
Conformity of color
multispectral images.

design in  modern

scales to

Phobos three-dimensional models
TpéxmepHble mogenu ®oboca

Hypsometric map of the Moon

Topographic map of the Moon, USGS
' - g q‘ ;\ R ) 3 =y : "' AT

840

Enceladus




New mapping: Phobos Atlas

Hypsometric map of Phobos

MUNCOMETPUYECKAR KAPTA
o o B s »

Structure - 4 chapters:
|.  History of Phobos mapping.
lI. Control point network, shape model and
gravity field of Phobos.
lll. Quantitative spatial analyses of Phobos
surface in GIS. N
V. Geomorphologic studies of Phobos. )




Content of atlas

List of maps
1. Map of surface in Bugaevsky projection 1:200 000
The Phobos atlas: results of study: 2. Map of control points network errors 1:250 000
e Sijze and Shape_mode| (Nadezhdina 3. Map of images resolution 1:250 000
and Zubarev, 2014); 4. Global map of surface 1:250 000
. Geology (Basilevsky et al., 2014); 5. Index of relief maps of Drunlo and Stickney 1:250 000
. Roughness estimation 6. Map of crater Stickney 1:60 000
(Karachevtseva et al., 2012); 7. Map of crat(?r Drunlo . 1:60 000
« Morphometry studies (Koknanov et 8. Map of gravity potential 1:250 000
: 9. Map of centrifugal potential 1:250 000
al" 2_012)’ 10. Map of tidal potential 1:250 000
* Multi-fractal approaCh (UChaeV Dm. et 11. Map of attractive potential 1:250 000
al., 2012); 12. Map of dynamic heights 1:250 000
» Surface compositional studies using 13. Index of base map 1:250 000
HRSC data (Patsyn et al., 2012); 14-21  Base map of surface (8 sheets) 1:75 000
* Phobos information system 22. Hypsometric map 1:250 000
(Karachevtseva et al., 2014). 23. Topographic map 1:250 000
24, Global map of craters distribution 1:250 000
25-30. Map of craters distribution by zones (6 sheets) 1:150 000
31. Map of craters density 1:250 000
32. Map of boulders distribution 1:40 000
33. Map of surface, based on Stooke mosaic (Stooke, 2012) 1:250 000
34. Map of albedo. Blue channel 1:250 000
35. Map of albedo. Green channel 1:250 000
36. Map of albedo. Red channel 1:250 000
37. Map of albedo. NIR channel 1:250 000
38. Map of color index V/NIR 1:250 000
39. Geomorphological map of craters 1:250 000
40. Geomorphological map of grooves 1:250 000
41-42. Map of slopes (dynamic and geometric heights) 1:250 000

43. Mabp of roughness 1:250 000



Cartographic heritage and traditions

The Phobos atlas is dedicated to the
memory of Russian cartographers:

| p 'ﬂ;‘

/,

Lev Bugaevsky Kira Shingareva
(18.03.1921 — 04.08.2010)  (09.01.1938 — 15.09.2013)

e




Cartographic heritage and traditions

Phobos three-dimensional models
TpéxmepHble moaenu doboca

Sut-Mars hem
Buamaco ¢ Mapca

GEOMORPHOLOGICAL MAP OF GROOVES
FEOMOP®OJIOM'MYECKASA KAPTA BOPO3[

tars hemisphara
Mapoy nonyuispme
/pa ®oboca

Mpoexuus Mepratopa

Macwra6 1:100 000

Cenepuan nonnpan oBnacTs MpoeKumA NONAPHaN CTepeorpadmuectan I0Has nonApwan oBRacTs



Cartographic heritage and traditions

__ MERKUR

5] Multilingual map series of terrestrial planets, 2005

(under support of ICA)

Further work:



Planetary Geoportal: Geodesy and Cartography Node
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http://cartsrv.mexlab.ru/geoportal/#body/

Innovation: 3D-web GIS as online Laboratory

We are developing a new software architecture which provides:

- web-GIS tools for planetary surface study;

- modular approach with possibilities for system reconfiguration;

- cross-platform solutions: an application for the three types of platforms: desktop
(Windows, Linux, OSX), web platform (any HTMLS5 browser), and mobile application
(Android, i0S);

- Common spatial context with teleconference regime, including video/audio broadcasting,
for geo-collaboration of scientific community.

Native-version HTML-version

moon:LandingSite sample .

moon:KaguyaTC sample [}

moon:route sample [

Moon LRO WAC mosaic (100m/px) sample .

Moon LOLA shaded relief (236m/px) sample . o

Moon LRO WAC norm reflectance (64p) samp!e. = - -
B Moon LRO WAC norm reflectance color (64p) sample -2,

| Moon Airbrushed Global Warp sample .
Lunokhod NAC sample [l
Moon LRO GLD 100(m/px) sample [l
M Moon LOLA DTM 236(m/px) sample
M Lunokhod NAC DTM sample [l —_—

lat: -22.8888

I lon: -96.154

| orbit: 11.0625

N distance: 1.0625
X:1.10065
Y:-4.33467

N Z:-10.208




International Map Year

Planetary maps exhibitions:

- Berlin, WG 1V/8-meeting “Planetary Mapping and Spatial Databases”, September,
2015.

- Moscow, “6% International Solar system symposium”, October, 2015.

- Zvezdny gorodok (Moscow region, ROSCOSMOS, Cosmonautic operation Center),
“IV International conference Manned space flight”,

10-12, November, 2015.

- Maps production:

- The Phobos Atlas, December, 2015.

- Wall geomorphologic map of Phobos, 2016.
- Set of outer planets maps, 2016-2017.
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