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UKIS system: display of planetary data
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TOWA R D S				a				P R O TO T Y P E

The (2) step will be the implemen-
tation of a geospatial information 
system using UKIS. Within this, the 
visualization and utilization of the 
exemplarily data package will be 
realized in an interactive, web-based 
system that displays all different 
datasets with the individual spatial 
reference system. Herefore the 
adaptation for planetary usage, 
implementation of  additional 
functionalities (e.g. a dashboard, 
spatiotemporal �iltering) is needed. 

The (3) and currently �inal step is to 
con�igure generic interfaces. These 
will enable the connection to 1. 
other DLR systems and databases 
like the electronic library (ELIB), 
and 2. to other systems archiving 
scienti�ic information outside the 
DLR, which are substantially related 
to the internal stored data, but were 
c o n d u c t e d  w i t h o u t  D L R 
involvement. 

   

Starting the implementation of a prototype, as  step (1)	
a user analysis and inventory of the available data and 
information diversity in PF is needed. Here, the 
complementary character and delimitation of this 
prototype to existing projects is stated. Within the 
analysis, question should be answered like: Which data 
should be provided in a combinable way? How existing 
data structures have to be processed in order to be 
integrated into an information system? Who is the 
addressed user group and what kind of information 
system does this require? 

 

With the integration of a �lexible user management 
system, the prototype could also easily integrate rules 
for data restriction, needed for ongoing missions. Thus 
different datasets showing both remote sensing data 
and scienti�ic mapping results of Ceres could be  
ef�iciently visualize and handle. Linking also the DLR-
internal library a great potential can be offered for 
establish crosslinks between differend scienti�ic 
results for further investigations.

Bundling existing expertise and the resulting synergies 
offer signi�icant advantages: existing expertises offer 
signi�icant advantages: 
For PF, ef�icient and cross-divisional and cross-
departmental access to existing information and 
insights can be achieved. 
For DFD, the UKIS framework can signi�icantly improve 
and expand. Just as PF can bene�it from previous UKIS 
developments, future UKIS-based projects can bene�it 
from the technical innovations of this collaboration. 

B E N E F I T	

via Server structure 

UKIS system: user login

Data p rovision  with  GeoServer
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Example - User defined area

Area of interest and 
polygons definition Spectra in the area

Polygons and measure-
ments intersetion

(automatically updated)

Spectra extraction

9740 spectra, 
in 4442.510 ms

3. general automated multi instrument mapping  
framework [ 6].

2. the identification of Olivine outcrops on the surface of 
Vesta v ia D AWN d ata a nalysis [ 5], 

1. the comparison spectral behaviour with radial distance in 
more than 100 craters on the surface of Mercury [4]      
(see  data  and mapping examples below), 

Three e xamples o f t his a pproach a re

Basis for protoype: recent approach at DLR/PF were spectral data 
meets interpretation results as geological mapping [5].

D a ta Av a i l a b i l i t y 

via Web Frontend
based on OGC services

D a ta ba s e Ma na ge m e nt

I N T R O
Current and upcoming planetary missions deliver a 
huge amount of different data (remote sensing data, 
in-situ data, and derived products). For the planetary 
sciences, the main archives to archived access to 
archived mission data are ESA's Planetary Science 
Archive (PSA [1]) and the Planetary Data System 
(PSA) Nodes in the USA [2]. These data serve as basis 
for scienti�ic research, and thus result in newly 
developed information archived in scienti�ic data. 
Along with recent and upcoming missions to Mercury 
(BepiColombo), the Outer Solar System moons 
(JUICE), and asteroids (NASA`s Dawn mission), 
systematic mapping of surfaces has received new 
impulses. These systematic surface analyses are based 
on the comparison and combination of different 
remote sensing data sets, such as optical image data, 
spectral-/hyperspectral sensor data, radar images, 
and/or derived products like digital terrain models. 

Conditioned by the spatial component, the derived 
information of such analyses mainly results in map 
�igures, data, and pro�iles/ diagrams, and serves for 
describing research investigations within scienti�ic 
publications. The spatial relation enables combined 
storage across different topics and subsequently 
interrelate these data and information. In the last 
years web-based GI systems became a common mean 
to impart spatial knowledge to all kinds of possible 
users. Beside these, further platforms and initiatives 
came up handling planetary data within web-based 
GIS, services, or/and virtual infrastructures: e.g. 
PIGWARD (reteired) and Map-a-planet (USGS), 
PlanetServer (Jacobs University, Bremen), HRSC 
server and WebGIS (FU Berlin, i-Mars), Planetary 
Geoportal  (MexLab MIIGAIK),  JMars (ASU), 
SolarSystemTrek (JP ), VESPA (EuroPlanet). 

A I M			a n d			B A S I S
The project presented here aims to a prototypical 
system for the structured storage and visualization of 
planetary data compiled and developed within with 
the contribution of Institute for Planetary Research 
(PF) at DLR. The system enables different user groups 
to store and spatially explore scienti�ic data and 
results centrally, sustainably across multiple missions 
and scienti�ic disciplines in planetary science. The 
topic is proposed jointly by PF and German Remote 
Sensing Data Center (DFD/DLR). Technically, the 
prototype will be based on two main components: (1) 
An infrastructure that provides data storage and 
management capabilities as well as OGC-compliant 
interfaces for collaborative and web-based data 
access services, such as the EOC Geoservice [3]. (2) 
UKIS (Environmental and Crisis Information 
Systems), a framework developed at DFD for the 
implementation of geoscienti�ic web applications [4]. 

While PF bene�its from software and infrastructure  
developed at DFD, DFD bene�its from a new use case 
that  al lows for the implementation of  new 
functionalities such as planetary reference systems or 
generic interfaces to other systems (e.g. DLR’s 
electronic library, ELIB). The basis of this prototype is 
a recent approach developed within PF (see �igure 
below, [5]) where an existing database established at 
Planetary Spectroscopy Laboratory (PSL), handling 
different kind of spatial data (PART I), meets a vector-
based data collection of thematic, mainly geologic and 
geomorphologic mapping results  (PART II) [6, 7, and 
8], as well as raster based global mosaics in different 
resolutions [9, 10] as background. This data merging 
enables a multi-parameterized querying across 
different data types, multiple missions, and scienti�ic 
disciplines in planetary science. These data collection 
(mission DAWN/NASA) was used as �irst exemplarily 
data packages for developing the prototype.

F R AM EWO R K				a n d			I M P L E M E N TAT I O N
Those systems built upon a well-established stack of 
open source software such as PostgreSQL (database) 
[11], GeoServer (server for sharing geospatial data) 
[12] and a graphical user interface based on JavaScript 
[13]. Standards developed by the Open Geospatial 
Consortium (OGC), such as the Web Map Service 
(WMS) [14] and the Web Feature Service (WFS) [15], 
serve as interface between the user interface and the 
server. While those technologies were developed with 
geographic data in mind, our present study applies 
them in the context of planetary data. 

UKIS system: link with DLR electronic library
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C O N C L U S I O N

Finally the visability and utilization of scienti�ic data 
and results is increasingly demanded by third-party 
funding agencies (e.g. DFG, EU). 

After prototyping and testing this structure internally, 
it is planned to make the system also available to the 
scienti�ic community outside DLR, and the open 
public. Furthermore, as the system is easily adaptable 
to other reference systems (after individual system 
con�iguration), we currently build a prototype version 
for handling Mercury data. Within this the aim is to 
combine already existing MESSENGER observations 
(NASA), with highly accurate and comprehensive data 
sets of the BepiColomo mission (ESA/JAXA) expected 
in 2026 [16].

We here introduce a platform for DLR-PF, which can 
retrievably provide and visualize various scienti�ic 
data and information of individual planetary bodies. 
Therefore UKIS, as DFD-developed software frame for 
web-based GIS, together with an infrastructure 
providing geospatial data access and -management 
services, such as the DFD-hosted EOC Geoservice, are 
the ideal basis for such a spatial  platform due to their 
stable architecture. A system like this is essential to 
ensure the ef�icient and sustainable utilization of the 
information already obtained and published. This is 
considered a prerequisite for guaranteeing a 
continuous and long-term use of scienti�ic information 
and knowledge within the departments, the institute 
and potentially also outside of DLR. 
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on 15 individual Geological Maps of Ceres
 Review of a Compilation Process: A Map Package based
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within the ArcGIS environment and enables a geometri-
cally and visually homogeneous map project. Templates 
like this are very established in multi-user projects (e.g. 
within the Geological Mapping Program conducted and 
guided by the USGS Astrogeology Science Center, ASC) 
and improves the result of mapping process through 
pre-de�ined symbols, object attributes, geometric 
properties and map sheet elements. The template 
presented here contains different layers) for different 
object/geometry types including prede�ined attribute 
values and cartographic symbol speci�ications. The 
symbols follow guides set up in [8] as far as possible, 
and colors for geological units were de�ined according 
to individual needs and requests within the mapping 
team. Previous statuses of the mapping compilation 
process are described in [9, 10].

One aim of the NASA Dawn mission was to generate 
global geologic maps of the asteroid Vesta and the dwarf 
planet Ceres. The geological mapping campaign of Vesta 
was completed and results have been published in e.g. 
[1]. Recently also geologic mapping of Ceres has been 
completed. The tiling used in this mapping project is 
based on recommendations by [2], and is divided into 
two parts (for Ceres described in [3,4]): four overview 
quadrangles (Survey Orbit, 415 m/pixel) and 15 more 
detailed quadrangles (High Altitude Mapping HAMO, 
140 m/pixel). The atlases are available to the public 
through the Dawn webpage (dawngis.dlr.de/atlas) and 
the NASA PDS (pdssbn.astro.umd.edu). 

I N T R O

The �irst global geologic map at a scale of 1:2.5 M is 
based on survey and HAMO images [5]. A more detailed 
view could be expected within the 15 quadrangles 

(HAMO tiles, [4]) which were completed by the Low 
Altitude Mapping (LAMO) data (over 31,300 clear �ilter 
images during 11 cycles, 35 m/pixel). Based on these 
data a global mosaic was created that serves as basis for 
a high-resolution LAMO atlas that consists of 62 tiles 
mapped at a scale of 1:250K [6, availability see links 
above] and was also used as basemap for the mapping 
project. For this interpretative mapping one  respons-
ible mapper was assigned for each quadrangle. Thus, 15 
individual quadrangle maps were conducted at a scale 
of 1:100K- 125K, and published at a scale of 1:1M in the 
special volume on “The geological mapping of Ceres” 
[7]. Once the individual tile mapping has been �inished, 
datasets are expected to be “combinable” within ESRI’s 
ArcGIS platform. Therefore, the mapping process was 
supported by a mapping template which was developed 
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to support the general understanding of the map 
content it will be useful to provide additional 
information (like DTM sources, quad schema, or CoMU) 
on the map sheet. If so, this information should be 
included uniformly and consistently for all map sheets.

every map sheet, quadrangle map project and also the 
whole global map dataset should include additional 
metadata for a clear and distinct description of the map 
content and the compiling process.

describe the different units and features generically 
and visually it would be useful to combine an updated 
version of the already existing feature catalog and the 
generated map legend (applicable to all map quads). 
This will provide a �irst global overview of the objects 
and units identi�ied on Ceres, could be used for a �inal 
discussion on individual interpretations and serves as 
base for a more detailed investigation in the future!!

6)	Global			relevant			feature			catalogue	

5)Metadata 

4) Addit ional	 	 information	 	 on	 	 the	 	 map		
sheet

F I N A L			PA C K A G E

The entire mapping project will be available to the 
community via the PDS annex. All mapping data is saved 
in an ArcGIS File Geodatabase (fgdb): this ontains two 
feature data (fd) sets: the map sheet layer with 
boundary data and graticule, and mapping layers 
divided into contacts, units, linear, point, and surface 
features. All layers are organized as so called feature 
classes (fc). The needed meta information is also 
de�ined within the ArcGIS environment. 

Furthermore, additional data are included: 
  	 �iles contain the cartographic visuali-layer
zation stored for every individual thematic layer (*.lyr). 
Also needed if *.shp are being used instead of fc to 
receive comparable cartographic visualization. 

  	(*.shp) were extracted from the fgdb for shapes
using in other GIS environments. 

   describes the four primary projection
projections for the global data set with a minimum of 
distortion.

within the review process the mappers again should 
engage in a discussion with all quad neighbors to allow 
for a clean and consistent description of Ceres. 

mapping dimension of planetary objects have to be 
�ixed. Otherwise some regions show more features than 
others, just as a result of the different mapping 
techniques and lack of mapping constraints.

visualized as separate map sheet (in plate carree and

3)Addit ional			units			and			colors	

  	as *.png show 1. the cartographic image	 �iles
legend of the global map, and 2. the global geologic 
dataset conducted by the merged quadrangle maps is

  

2 ) 	 M a p 	 s c a l e 	 	 a n d 	 	 m i n i m u m	 o b j e c t	
dimension

  has served as a necessary basis for mappers to 
generate their individual – but still comparable – maps, 

   are created as *.mxd which shows project	�iles
the whole mapping project within a proprietary map 
document. *.mpk, *.lpk stores the map project within a 
compressed map document (proprietary).

the color scheme was generated by de�ining one color 
for each of the units expected by the mappers. It has to 
decide very carefully if additional colors for individual 
and regional phenomena should be used because they 
should be distinguishable on the map sheet but still 
allow a visual af�iliation or distinction of the units. 

  gives the possibility and solve the requirements 
to merge the 15 quads in the future to one global map. 

However, 
because the creation of the mapping template was an 
iterative process, there are still some topics (focus on 
GIS and cartographic visualization)  to discuss on the 
way to a homogeneous and comparable map layout: 

stereographic projection, as *.pdf).

C R I T I C A L			R E V I EW			O F			T H E		P R O C E S S

The current template 

1)	Boundary			regions

Schematic view on filegeodatabase-driven
Geological Mapping Template for Ceres

15 different quadrangles 
are mapped independent of each other ...

 

   and  of scienti�ic map Reuse longtime	archive
results for future sciences will be possible.

C O N C L U S I O N

Using such a template 

  map results are and comparable controllable	
via common visual and structural language. 

   and  of individual maps Merge synchronize
and joint map projects will be far more ef�icient. 

  Easily  to other planetary body and or adapted
within future discovery missions. 

  represents the �irst global map showing the 
geology of Ceres on LAMO resolution data at a mapping 
scale of 1:100-125K within an GIS-based map package, 
and is published digitally at a scale of 1:2.5M in A0 (as 
combination of 15  1:1M quadrangle maps [in 9]).
 
  serves as an accessible basis for upcoming 
investigations

However,	 while the map template allows for 
consistency, human interaction, iteration and a certain 
degree of �lexibility, a homogenization of the global 
interpretation is still indispensable in order to arrive at 
common understanding of mapping boundaries. 
Thus,	 through a �inal scienti�ic review of the dataset 
and adjustment of remaining cartographic issues 
would create a homogenous and uni�ied map product.

The �inal map package

. 
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 Global unified dataset based on quadrangle mapping done by Dawn Team and is published in Icarus Volume 316 (Dec 2018).
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individual map quads can be combined to one
one consistant global map by a predefined database !
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