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Friday, September 18 
 
15:30   Registration / Setting Up Posters 
 
 
Chair persons:  J. Oberst, K. Di 
 

16:00   Welcome / Logistics 
 
16:00 - 16:30  HiJACK: correcting spacecraft jitter in HiRISE images of Mars 
    R.L. Kirk, D.A. Cook, E. Howington-Kraus, S. Mattson, and A. Boyd 
 
16:30 – 16:50  Status and results from Mars Express HRSC DTM and orthoimage  

generation 
    K. Gwinner, F. Scholten, F. Preusker, S. Elgner, T. Roatsch, R. Schmidt,  
    J. Oberst, R. Jaumann, C. Heipke, 
 
16:50 – 17:20  Automated Co-registration of MOLA, HRSC, CTX and HiRISE Mars DTMs 
    S.-Y. Lin, J.-P. Muller 
 
17:20 – 17:40  High-resolution Rhea atlas derived from Cassini-ISS images 

T. Roatsch, E. Kersten, M. Wählisch, A. Hoffmeister, R. Wagner, G.  
Neukum, C. Porco 

 
17:40 – 18:00  Digital Terrain Models from MESSENGER stereo images 
    F. Preusker, J. Oberst, R. J. Phillips, T. R. Watters, J. W. Head,  

M. T. Zuber, S. C. Solomon 
 
 
Welcome Party 
 



 

Saturday, September 19 
 
Chair persons:  R. Li, F. Scholten 

 
9:00 - 9:30  Early commissioning results from the Lunar Orbiter Laser Altimeter 
    G. Neumann, D.E. Smith, M. Zuber, the LOLA Team  
 
9:30 - 10:00  Lunar Reconnaissance Orbiter stereo imaging and topographic mapping  

opportunities 
    J. Oberst, F. Scholten, R. Li, B. Archinal, R. Beyer, A. McEwen,  

M. Robinson 
 
10:00 - 10:20  Historic Soviet planetary maps digitized in the international planetary  

cartography database 
    H. I. Hargitai, K. B. Shingareva, I. Y. Golodnikova, M. Gede 
 
10:20 - 10:30  Some aspects of Russian cartography work 

A. Lobanov, K. Zeljkov 
 
10:30 - 10:40  Progress in our Io map production 

I. Y. Golodnikova 
 
 
Coffee Break and Poster Viewing 
 
 
Chair persons:  M. Wählisch, R. Kirk 

 
11:15 - 11:45  Development of a Lunar Astronaut Spatial Orientation and Information  

System (LASOIS) 
    R. Li, B. Wu, B. Skopljak, S. He, A. Yilmaz, J. Jiang, M. Banks, C. Oman  
 
11:45 - 12:00  GIS-based realization of symbolization standards for planetary geological  

mapping 
    A. Nass, R. Jaumann, H. Asche 
 
12:00 - 12:30  Lunar and Planetary Informatics System based on geographical  

information 
    J. Terazono, R. Nakamura, S. Kodama, N. Yamamoto, H. Demura,  

N. Hirata, Y. Ogawa, S. Sobue, H. Okumura 
 
 
Lunch Break and Poster Viewing 
 
 
Chair persons:   G. Neumann, K. Willner 
 
13:30 - 14:00  Autonomous rock detection from Mars Exploration Rover imagery and 3-D  

point cloud data 
    K. Di, Z. Yue 



 
14:00 - 14:30  Integration of orbital and ground data for Mars topographic mapping and  

rover localization 
    R. Li, Y. Chen, J. Hwangbo, W. Wang, M. Tang 
 
14:30 - 14:45  ExoMars PanCam field testing during the 2009 Arctic Mars Analogue  
    Svalbard Expedition (AMASE) 
    N. Schmitz, A. Bauer, C.R. Cousins, D. Barnes, A.D. Griffiths, G. Paar,  

F. Trauthan, O. Peters, the AMASE 2009 team 
 
14:45 – 15:15  Wide baseline mapping for Mars rovers: accuracy analysis and automated  

bundle adjustment 
    K. Di, M. Peng 
 
 
Coffee Break and Poster Viewing 

 
16:00   Adjourn 



 
 

Posters 
 
Applications of two methods into urban digital map updating from satellite high resolution 
images using GIS data as a priori knowledge 
N. Najibi, S. Rahbar 
 
Digital Terrain Models from MESSENGER stereo images (Poster) 
F. Preusker, J. Oberst, R. J. Phillips, T. R. Watters, J. W. Head, M. T. Zuber, S. C. Solomon 
 
High-resolution Rhea atlas derived from Cassini-ISS images (Poster) 
T. Roatsch, E. Kersten, M. Wählisch, A. Hoffmeister, R. Wagner, G. Neukum, C. Porco 
 
Preliminary results from DLR stereo mapping tests of the LRO commissioning phase 
F. Scholten, J. Oberst, M. Wählisch, K.-D. Matz, T. Roatsch, I. Haase, M. Robinson 
 
A conceptual geodatabase-model for geoscientific planetary mapping approaches 
S. van Gasselt, G. Neukum 
 
MARSWEB:  GIS based Web 2.0 mapping application to measure impact craters on the surface 
of Mars  
C. A. Vargas Ruiz, J.-P. Muller, J. Morley 
 
High-resolution atlas of Phobos derived from Mars Express images 
M. Wählisch, K. Willner, J. Oberst, K.-D. Matz,  F. Scholten, T. Roatsch, H. Hoffmann, S. 
Semm, G. Neukum 
 
Publishing planetary maps using Open Standards and Open Source Software 
S. H. G. Walter, G. Neukum 
 
Processing of planetary image data (HRSC): GIS-based photometric corrections 
G. Wulf, S. van Gasselt, S. Walter, G. Neukum 



WIDE BASELINE MAPPING FOR MARS ROVERS: ACCURACY ANALYSIS AND AUTOMATED 
BUNDLE ADJUSTMENT.  K. Di, M. Peng, Institute of Remote Sensing Applications, Chinese Academy of Sci-
ences,  P. O. Box 9718, Datun Rd, Chaoyang District, Beijing 100101, P.R.China. (kcdi@irsa.ac.cn)  

 
In NASA’s Mars Exploration Rover (MER) mis-

sion, wide-baseline mapping technology was applied 
to improve the mapping capability of rover stereo im-
ages from tens of meters (hard baseline) to hundreds of 
meters. The wide baselines were generally designed 
empirically and cross-site (wide baseline) tie points for 
bundle adjustment (BA) were picked manually during 
mission operations. This paper presents a systematic 
accuracy analysis of wide baseline mapping and an 
approach to automatic wide-baseline tie point selection.   

Wide-baseline mapping accuracy is affected by 
geometric parameters of the hard-baseline stereo cam-
era, parallax measurement error, wide baseline error 
and orientation error. Based on theoretical analysis and 
numerical simulation, the optimal Pancam wide base-
lines are 6m for targets between 200m and 300m, 8m 
for targets between 400m and 500m, and 10m for tar-
gets between 600m and 700m. The corresponding 
mapping accuracy  is at sub-meter to meter level.  

The process of automatic wide-baseline tie point 
selection includes interest point extraction using Harris 
or Förstner operator, interest point matching by cross-
correlation, outlier rejection by RANSAC-based fun-
damental matrix computation, least squares image 
matching for the inliers, and selection of evenly-
distributed tie points in image grids.  

We tested the developed method using MER 
Spirit’s Pancam data acquired at sites APFI (on Sols 
774 and 775) and APGB (on Sols 776 to 778) to map 
McCool Hill with a range up to 400m.  The data was 
downloaded from the Planetary Data System 
(http://pds-imaging.jpl.nasa.gov/search/search.html). 
An image network was formed using the automatically 
selected tie points and BA is applied to the image net-
work subsequently. After BA, the 2D accuracy is sub-
pixel and 3D accuracy is 0.5m. This demonstrated the 
effectiveness of the automated BA and attainable accu-
racy of wide baseline mapping. 

Acknowledgements: Funding of this research by 
National Natural Science Foundation of China 
(40871202) and State Key Laboratory of Remote 
Sensing Science is acknowledged.  

 



AUTONOMOUS ROCK DETECTION FROM MARS EXPLORATION ROVER IMAGERY AND 3-D 
POINT CLOUD DATA.  K. Di, Z. Yue, Institute of Remote Sensing Applications, Chinese Academy of Sciences,  
P. O. Box 9718, Datun Rd, Chaoyang District, Beijing 100101, P.R.China. (kcdi@irsa.ac.cn)  

 
Rocks are one of the major features seen from 

images of Mars Rover Exploration (MER) rovers. The 
distribution and shape properties of rocks have 
important significance for studying a variety of 
processes, including impact, aeolian, volcanic, fluvial, 
and others that have shaped the surface of Mars. Rocks 
can become obstacles for rover traversing and can also 
be used as tie points for vision-based rover localization 
and navigation. Thus, autonomous rock detection will 
be very helpful for both scientific investigations and 
engineering operations in a Mars rover mission.  

We have developed a new algorithm that 
autonomously detects the locations and extracts the 
shapes of rocks from optical images and 3-D point 
cloud data. The optical images can be from navigation 
or science camera of a rover, e.g., Navcam or Pancam 
of the MER rovers, while the point cloud data are the 
derived XYZ data from the stereo images. The basic 
idea is that the 3-D point cloud data gives good 
separation of ground (soil) and above-ground (rock) 
features while rover imagery provides more accurate 
boundaries of the rocks; by using image and 3-D point 
cloud data together the rocks can be detected more 
reliably and accurately.  

The procedure of autonomous rock detection 
algorithm includes: mean-shift segmentation of rover 
imagery, above-ground object identification through 
local plane fitting of 3-D point cloud data, grouping 
and merging adjacent image segments with the help of 
the distances of the segments to the fitted planes, and 
final rock detection and boundary delineation. We 
tested the developed algorithm using MER Spirit’s 
Navcam data acquired at sites 1600, AK00, AQJI,  
ATAC, AVKC and, which were acquired on Sols 65, 
692, 803, 1184 and 1348 and respectively. The data 
were downloaded from the MER Analyst's Notebook 
website (http://an.rsl.wustl.edu/mer/). The test results 
show that most medium and large rocks are 
successfully detected. The algorithm is especially 
effective for the regions where rocks are not densely 
distributed. We will further enhance robustness and 
efficiency of the algorithm and validate it using more 
data sets. 

 
Acknowledgements: Funding of this research by 

National Natural Science Foundation of China 
(40871202) and the National High Technology 
Research and Development Program of China 
(2009AA12Z310) is acknowledged.  

 

 



STATUS AND RESULTS FROM MARS EXPRESS HRSC DTM AND ORTHOIMAGE GENERATION  
K. Gwinnera, F. Scholtena, F. Preuskera, S. Elgnera, T. Roatscha, R. Schmidtc, J. Obersta, R. Jaumanna, C. Heipkec 
 
aInstitute of Planetary Research, German Aerospace Center (DLR), Rutherfordstr. 2, 12489 Berlin, Germany 
(Klaus.Gwinner@dlr.de); b Photogrammetry and Remote Sensing, Technische Universität München, Arcisstr. 21, 
D-80333 München, Germany; c Institute of Photogrammetry and GeoInformation, Leibniz Universität Hannover, 
Nienburger Str. 1, D-30167 Hannover, Germany 

 
Abstract: We report on the results of the Mars Ex-
press High-Resolution Stereo Camera (HRSC) ex-
periment pertaining to one of its major aims, mapping 
the surface of Mars by high-resolution digital terrain 
models (DTM, up to 50 m grid spacing) and orthoi-
mages (up to 12.5 m resolution). We introduce the 
specifications and characteristics of these data prod-
ucts and give an overview of the procedures applied 
for their derivation. We also address the performance 
characteristics of the mapping project related to differ-
ent aspects of internal accuracy, accuracy with respect 
to the global reference system, and regional aspects. 
Using adaptive processing techniques for terrain re-
construction and a revised approach to the improve-
ment of orientation data, a mean precision of the re-
sulting 3D points of about 12 m is obtained, exceeding 
the mean ground resolution of the stereo images. Us-
ing Mars Orbiter Laser Altimeter (MOLA) data, the 
HRSC models are firmly tied to the global reference 
system at the scale of the HRSC DTM grid spacing in 
the lateral dimension, and to within few meters verti-
cally. HRSC high resolution DTMs are typically gen-
erated using a grid size of about 2 times the mean 
ground resolution, but usually not larger than 3 times 
the mean ground resolution, and not smaller than 3 
times the precision of the integrated 3D points derived 
from stereo image analysis. Statistically, every grid 
cell is based on at least one measured 3D point. Thus, 
horizontal DTM resolution is well established with 
regard to the precision and density of the derived 3D 
points, while the concurrent aim of a detailed terrain 
representation at maximum possible resolution is pur-
sued. Comparison with the DTM derived from MOLA 
data allows us to identify specific advancements re-
lated to this updated view of Martian topography. We 
also address the mapping performance of HRSC in 
comparison to MOLA with respect to latitude and to 
different surface types and morphologies. Finally, 
comparison with MOLA highlights typical comple-
mentarities of the two different approaches for map-
ping planetary surfaces. 

HRSC “Level-4” photogrammetric data products for MEX 
orbit 1066 (Tiu Vallis and Hydaspis Chaos, Margaritifer 

Terra). Left to right: shaded relief map of DTM, panchro-
matic orthoimage (nadir channel); RGB orthoimage. 

 



HISTORIC SOVIET PLANETARY MAPS DIGITIZED IN THE INTERNATIONAL PLANETARY 

CARTOGRAPHY DATABASE.  Henrik I. Hargitai1, Kira B. Shingareva2, Irina Yu.Golodnikova2, Mátyás Gede3 
1Eötvös Loránd University, Institute of Geography and Earth Sciences, Planetary Science Research Group Budapest 
1117 Pázmány P st 1/A hargitai@emc.elte.hu 2 Moscow State University for Geodesy and Cartography, Moscow, 
Russia, kirash1@yasenevo.ru, nika_saige@mail.ru 3 Eötvös Loránd University, Department of Cartography and 
Geoinformatics, Budapest, 1117 Pázmány P st 1. Hungary saman@map.elte.hu 

 
Introduction:  The International Planetary Carto-

graphy Database (IPCD) is an online collection of re-
cent and historic international planetary maps and 
globes published in various languages [1]. 

 The IPCD is maintained by the Commission on 
Planetary Cartography of the International Cartograph-
ic Association [2] and the Eötvös Loránd University, 
Budapest, in close cooperation with the Planetology 
Cartography Laboratory of the Moscow State Universi-
ty for Geodesy and Cartography (MIIGAiK). MII-
GAiK’s collection of historic Soviet planetary maps 
and globes has been digitized and made part of the 
database to make them available for the international 
planetary science community. These maps are not 
available in electronic format and are out of print. 
Making these maps accessible is not only important for 
the study of the history of planetary science, planetary 
cartography and multilingual planetary nomenclature 
[3], but also presents the characteristic style developed 
by and reflecting Soviet cartographic traditions. The 
collection also includes other historic Central and East 
European planetary maps and recent Russian planetary 
maps from MIIGAiK’s collection which are not subject 
of this paper. The maps and information of the collec-
tion may also be used by educators [4]. 

The digital collection:  MIIGAiK’s collection 
represents an almost complete part of the planetary 
maps and globes created by Soviet planetary carto-
graphers published in the Soviet Union. The maps in 
the database includes  

(1) individual map sheets  
(2) map sheet series 
(3) thematic maps appearing in books or Soviet 

planetary science journals 
(4) atlases 
(5) globes. 
Most maps have been produced in the 1960s-1980s 

by Sternberg Astronomical Institute of Moscow State 
Lomonosov University (GAISh); Vernadski Institute of 
Geochemistry and Analytical Chemistry (RAS), Chief 
Administration of Geodesy and Cartography (GUGK), 
MIIGAiK and military cartographers. 

Some features of the digital collection:  
Maps available in high quality: Selected Planeta-

ry maps and globes produced in the Soviet Union are 
now included in the database in high resolution (300 
dpi) format, scanned from originals of the MIIGAiK 

collection. One such example is the First Complete 
Map of the Far Side of the Moon (Polnaya karta Luny) 
(Fig 1.) produced by GAISh and the Topographic and 
Geological Service of Soviet Union under the supervi-
sion by Yu. N. Lipsky, using Luna-3 (1959) and Zond-
3 (1965) images. The series consists of nine sheets of 
1:5M (including cylindrical and polar projections) and 
a globe of the Moon 1:10M which reflects 95% of the 
lunar surface. In the index sheets it lists the Latin tran-
scriptions of the Cyrillic nomenclature [5]. 

 

 
Fig 1. Sheet 2 from the First Complete Map of the Far Side 
of the Moon 1967. 

Some sheets of the 1979 edition are also scanned; 
just as the last, one-sheet edition (1985). Another high 
resolution example is the Photomap of the Visible Side 
of the Moon (Fotokarta Vidimogo Polusariya Luny) 
(1967) which was used for landing site selection of 
Luna spacecrafts. MIIGAiK’s 2-sheet 1:20M Map of 
Mars (1982) also presents a unique cartographic style 
(Fig 2).  

 
Fig 2, Karta Marsa, MIIGAiK, 1982 (detail). 



Maps available in moderate quality: Other maps 
have been photographed at moderate to high resolution 
with considerable geometric and radiometric distortion 
in some cases. They include the subsequent, improved 
editions of the general maps of the Moon; thematic 
maps like the trilingual Tectonic Map of the Moon 
(1969); Zond-6 and Zond-8 thematic maps, examples 
of the Venus Photomaps series that have used Venera-
15, -16 radar images of the Northern hemisphere of 
Venus (GUGK 1987), and few of the Mars map series 
that have used the imagery of the the only Soviet 
spacecraft (Mars-5, 1974) that provided images of 
Mars in a resolution sufficient for 1:500k mapping 
(Karta Utsastka Poverhnosti Marsa, 1976-1980, 
TSIIGAiK/GUGK) 

Some maps of MIIGAiK’s grandiose project, Atlas 

of Terrestrial Planets and Their Satellites (1992) are 
also included. This Atlas presents more than 70 maps 
and map-diagrams and it was the first attempt to 
present the existing information in the comparative 
planetological aspect. The preparation of the Atlas had 
been started in 1980, and it was finished by 1990. Ar-
rangements for publishing took 2 additional years. The 
full digital edition of this Atlas is now available at 
MIIGAiK’s own website [6].  

Globes: Soviet globes of the collection have been 
photographed. These include the globes of Mars and 
the Moon. If the original prints were available, they 
have been scanned and this way the original globe 
could be re-created as virtual globe in VRML virtual 
reality or as Zipped Keyhole Markup Language 
(Google Earth Saved Working Session) file. These 
virtual globes have been created in cooperation with 
the Virtual Globes Museum maintained by the Depart-
ment of Cartography and Geoinformatics of Eötvös 
Loránd University [7, 8] 

One such globe is the 1:10 000 000 globe of the 
Moon made in the 1980s by Sternberg Institute, using 
Terrestrial, Luna-3 and Zond-3 imagery;  colored shad-
ing was made by painter-cartographer V.V. Solokolov 
[5, 10] The method of the production of these globes 
are also discussed. (Fig. 3, 4). 

 
Figure 3. Soviet Globe of the Moon with Cyrillic nomencla-
ture. 

 
Fig. 4. The same globe as in Fig. 3, but recreated in the vir-
tual space (VRML) for the Database. 

 
Papers: The database includes several scientific 

papers related to Planetary Cartography, and in particu-
lar, Soviet Planetary Cartography. Some of these pa-
pers are available only in Russian [9]. 

 
References: [1] http://planetologia.elte.hu/ipcd/  

[2] Shingareva, K.B., Zimbelman, J., Buchroithner, 
M.F. and Hargitai H.I., 2005. The Realization of ICA 
Commission Projects on Planetary Cartography  Car-

tographica, vol. 40, no. 4 /Winter 2005 pp 105-114 [3] 
Hargitai H.I. 2006.  Planetary Maps: Visualization and 
Nomenclature. Cartographica vol. 41, no 2 / Summer 
2006 pp 149-167 [4] Kereszturi Á and Horvai F 2009. 
Geology of Mars: new university course in Hungary. F. 
Lunar and Planetary Science Conference (LPSC) XL 
#1673 [5] Rodionova Zh F 1991. Otobrazhenie dostiz-
heniy kosmonavtiki v kartografitseskih proizvedeniyah 
(Space acievements and maps and globes of planets). 
Geodeziya i Kartografiya Moscow, 1991, Nr 7 / p 15-
22. [6] Атлас планет земной группы и их спутников 
http://www.planetmaps.ru/ru/projects/onlineatlas [7] 
Gede M  2009a. The Projection Aspects of Digitising 
Globes. ICC 2009, Chile [8] Gede, M. 2009b. Publish-
ing Globes on the Internet Acta Geodaetica et Geophy-
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Abstract: Since arriving at Mars orbit in March 

2006, the High Resolution Imaging Science Experi-

ment (HiRISE) onboard the Mars Reconnaissance Or-

biter (MRO) has returned thousands of images of the 

surface of Mars at ~0.25 m/pixel ground sample dis-

tance [1]. The high resolution of HiRISE also makes it 

sensitive to geometric distortions due to spacecraft 

motion, which we call “jitter.” We describe ongoing 

work involved in modelling the jitter motion in each 

observation and implementing a solution to update the 

camera pointing to produce images with minimal geo-

metric distortions. This processing pipeline will be 

called HiRISE Jitter-Analyzed CK, or HiJACK.  Jitter 

correction as shown here improves results from digital 

elevation modelling using HiRISE stereo pairs [2]. The 

HiRISE operations team plans to release precision 

geometric products to the Planetary Data System 

(PDS), including updated pointing kernels for use by 

the wider scientific community.  The same techniques 

are applicable to images from the Lunar Reconnais-

sance Orbiter Camera narrow-angle subsystem 

(LROC-NAC) and may be applied to these images as 

well. 

HiRISE Focal Plane Characteristics:  HiRISE is 

a pushbroom camera, with 14 Charge-Coupled Devices 

(CCDs) arranged in a staggered array on a fixed focal 

plane (Fig. 1). Each CCD is 2048 pixels wide. The 

focal plane is covered by a three-band filter, collecting 

red visible wavelengths (RED) across the full width of 

an image, with two additional detectors in the visible 

blue-green (BG) and two in the near infrared (IR) in 

the center of the array. We take advantage of the cross-

track overlap and the along-track time separation of the 

CCDs to gather information about the spacecraft mo-

tion [1]. 

 

Figure 1. HiRISE focal plane layout (not to scale). 

Resolving the Jitter: We begin with a set of CCDs 

that overlap a common CCD (e.g. RED3-4, RED4-5, 

BG12-RED4). Data from each CCD are radiometri-

cally and geometrically calibrated [2, 3]. Any binned 

data are enlarged so the pixel dimensions from all 

CCDs are the same. We then measure the pixel coordi-

nates of features in the overlap area of each CCD pair 

by using the ISIS 3 program hijitreg [4]. 

Relating the Offsets to Jitter:  The key to recon-

structing the jitter in a HiRISE observation is the fixed 

and well-known along-track separation of each CCD 

pair. If the ground coordinates of the features were 

known a priori, we could solve directly for the jitter 

displacement j(t) between the expected and measured 

pixel coordinates of the feature at the time t of obser-

vation. Because the ground coordinates are not known, 

however, we can only measure the ‘offset’ f(t) between 

the feature position in the second CCD of the pair and 

the location we would predict based on the first CCD 

and steady jitter-free motion. This is described by the 

equation 

    f(t ) =j(t+ t ) j(t )                 (1) 

where tis the along-track time separation between 

the overlapping detectors.  

 

Figure 2. Results of jitter correction for HiRISE image 

PSP_008825_2040. Sample (x) and line (y) pixel off-

sets from the RED4-5 CCD pair are plotted before 

(red) jitter correction, and after (blue). 

We estimate jitter separately in the x and y direc-

tions. After filtering to remove outlier points, the offset 

data are spline-interpolated to a uniform time sam-

pling. The uniformly sampled offsets are then trans-

formed into the frequency domain by a fast Fourier 

transform (FFT). In this domain, the difference equa-

tion (1) corresponds to an explicit algebraic relation 

between the Fourier series coefficients for offsets and 

those for jitter. The jitter coefficients are solved for, 

results for the three CCD pairs are combined as de-

scribed below, and a jitter time series is obtained by 



inverse FFT. As a check, offsets are computed from 

the reconstructed jitter series and compared to the ob-

servations.  Average error is typically 0.l–0.3 pixel 

(Fig. 2). 

Each CCD pair is effectively “blind” to jitter at fre-

quencies with an integer number of cycles during the 

time offset t. HiRISE was designed to have different 
t for different CCD pairs, so that these blind spots 

fortunately do not overlap. Jitter coefficients at fre-

quencies to which a given detector pair is blind are 

based on the average coefficients obtained from the 

other two pairs, whereas at other frequencies the co-

efficients from all three pairs are averaged. 

Applying the Correction: The x and y components 

of j(t) describe the unwanted motion of features in the 

HiRISE focal plane.  Producing a jitter-corrected 

image in which these unwanted displacements do not 

occur consists of three steps: interpreting j(t) in terms 

of camera pointing angles, merging the new pointing 

data with the existing pointing information (in the form 

of a NAIF SPICE CK file [5]), and resampling the 

image. 

Rotations of the spacecraft about the roll and pitch 

axes correspond directly to feature shifts in the x and y 

directions. The amount of rotation per pixel of dis-

placement is given by the instantaneous field of view 

(IFOV),  which is 1 Rad/pixel. 

The “jitter angles” in roll and pitch are strictly rela-

tive to the nominal orientation of the camera. To merge 

these angles with the absolute pointing information in 

the SPICE CK, we factor the latter into a fixed rotation 

(the average orientation of the camera in inertial space 

during the image) and a time-varying relative rotation. 

The time-varying roll and pitch from the CK can then 

be replaced by the corresponding jitter angles (the third 

rotation angle, around the camera axis, is not con-

strained by the jitter model and is left unchanged). In 

practice, the jitter analysis described above does not 

recover the lowest frequency motions of the camera 

(average roll and pitch rates) so we estimate these rates 

separately, based on the average sample and line off-

sets <j(t)> over the whole image. The absolute orienta-

tion, average rates, and jitter angles are then recom-

bined to yield an improved CK that describes the jit-

tery pointing with which the image was actually ob-

tained. An idealized, jitter-free CK is also created from 

the absolute pointing and average rates only. 

If the CK including the jitter model is used to map 

project the image, jitter distortions will be accounted 

for and removed. To prepare the image for ste-

reoanalysis [2], we use the ISIS 3 program noproj, 

which projects the image to the ground and then back 

up into an “ideal” version of the camera which has no 

optical distortion and no along-track offsets of its de-

tector segments. If the jittery CK is used in the Hi-

RISE-to-ground portion of this process and the jitter-

free CK is used for the ideal camera portion, the resul-

ting image will be jitter-free.  Data from all ten RED 

CCDs can then be mosaicked in the ideal camera focal 

plane to yield a single large image with internal distor-

tions limited to a fraction of a pixel. 

 
Figure 3. : Shaded relief models of part of Nili Fossae, 

based on stereoanalysis of images before (left) and 

after (right) correction for jitter distortions.  Rough 

texture at left is caused by jitter in y, which misaligns 

features for stereo matching. Lines running from upper 

left to lower right are caused by x-direction jitter, 

which changes discontinuously at the CCD boundaries.  

These jumps are reduced from >5 m to <0.5 m at right. 

Conclusion: The algorithm described here success-

fully recovers the jitter function in a HiRISE image, 

which is then used to correct the pointing information, 

resulting in an image with almost no geometric distor-

tions. The one condition that must be met to ensure 

success is the presence of a sufficient number of 

matchable features in the overlap between adjacent 

CCDs. This method has already been used to improve 

digital elevation model production (Fig. 3). Future 

plans include applying the method systematically to 

the complete set of HiRISE images and archiving high 

precision CK solutions for all images for which the 

analysis is successful.  Similar processing may be ap-

plied to images of the Moon from the LROC-NAC 

camera, though minor modifications will be necessary.  

The NAC has only two separate detectors with cross-

track overlap and along-track separation, so motions at 

the frequencies to which this detector pair is blind can-

not be reconstructed.  The removal of distortions 

caused by other vibration frequencies should neverthe-

less improve the precision of georeferencing for appli-

cations such as stereo mapping and change detection. 

References: [1] McEwen, A. et al. (2007) JGR, 

112, E05S02. [2] Kirk, R. et al. (2008) JGR, 113, 

E00A24. [3] Eliason, E. et al. (2007) LPS XXXVIII, 

2037. [4] Becker, K. et al. (2007) LPS XXXVIII, 1779. 

[5] Acton, C. (1999) LPS XXX, 1233. 
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The High Resolution Imaging Science 
Experiment (HiRISE) camera onboard the Mars 
Reconnaissance Orbiter (LRO) acquires 0.3 
meter-resolution images from its orbit 300 km 
above the Martian surface. The availability of 
this new, higher resolution imagery provides 
the opportunity to observe and model the 
Martian surface in unprecedented detail. In 
addition, it is possible to integrate these HiRISE 
images with ground-based imagery acquired by 
the twin MER rovers.  

We will present a methodology to process 
HiRISE stereo imagery for mapping Martian 
surface features. High-accuracy Digital Terrain 
Models (DTMs) have been generated for the 
Spirit and Opportunity landing sites (Husband 
Hill and Victoria Crater, respectively) to 
support rover mission operations. The accuracy 
of these DTMs is about 0.6 meter. The 
generated products and the integrated 
information from both orbit and ground images 
were used to support mission operations. For 
example, before the third Martian winter, the 
Spirit rover faced a decision on where to park 

over the winter in order to ensure sufficient 
solar energy to survive. HiRISE stereo images 
were acquired along with wide-baseline 
Pancam rover images in the Home Plate area. 
Because of the obstacle angles of the rover 
cameras and the vertical view of the orbital 
camera, it was the combination of long-baseline 
stereo Pancam imagery and HiRISE stereo 
imagery that made it possible to have a 
complete set of topographic data sets needed for 
this task 

Furthermore, with the use of the HiRISE 
orthophoto, we also have developed a new and 
more efficient method for rover localization. In 
this method, ground orthophotos are registered 
to the HiRISE orthophoto by comparing the 
same local features appearing in both. The same 
features are matched from orbit and ground, the 
center of the registered ground orthophoto is 
used as the rover position. Using this method, 
we have performed localization for the 
Opportunity rover traverse. A discussion on a 
comparison with the ground-imagery based 
bundle adjustment method will be given. 

 



DEVELOPMENT OF A LUNAR ASTRONAUT SPATIAL ORIENTATION AND INFORMATION 
SYSTEM (LASOIS). R. Li1, B. Wu1, B. Skopljak1, S. He1, A. Yilmaz2, J. Jiang2, M. Banks3, and C. Oman4, 
1Mapping and GIS Laboratory, The Ohio State University Dept. of Civil & Env. Eng. & Geodetic Science, 470 
Hitchcock Hall, 2070 Neil Avenue, Columbus, OH 43210-1275 [li.282@osu.edu], 2Photogrammetric Computer 
Vision Laboratory, CEEGS, The Ohio State University, 3Visual Space Perception Laboratory, University of Cali-
fornia, Berkeley, 4Man Vehicle Laboratory, Massachusetts Institute of Technology 

 
 
In future manned lunar missions, the ability of 

surface-based astronauts to remain spatially oriented 
on the lunar surface could have serious impacts on 
mission success and safety. It is highly desirable to 
develop technologies to enhance the spatial-
orientation capabilities of astronauts on the Moon. 
With funding from NASA’s Human Research Pro-
gram and the National Space Biomedical Research 
Institute (NSBRI), the Mapping and GIS Laboratory 
at The Ohio State University is developing a Lunar 
Astronaut Spatial Orientation and Information Sys-
tem (LASOIS) collaborating with University of Cali-
fornia, Berkeley, NASA Glenn Research Center, and 
Massachusetts Institute of Technology. The LASOIS 
system is based on an integrated sensor network and 
advanced spatial information technologies. It will 
provide astronauts with a “GPS-like” system with 
“continuous” navigation information. 

This paper presents the initial efforts and results 
in development of a prototype of the LASOIS. Input 

measurements from all available sensors including 
stereo cameras, MEMS IMUs, step sensors, beacons, 
and orbiter imagery will be integrated using an ex-
tended Kalman filter. The optimized spatial informa-
tion and derivatives will be provided to Lunar astro-
nauts through a wrist-mounted OLED (Organic 
Light-Emitting Diode) interface. A set of tests of the 
LASOIS prototype system were performed at The 
Ohio State University. For example, a trajectory was 
derived using a MEMS IMU and a step sensor. Com-
paring the derived trajectory to a trajectory deter-
mined using GPS, a disclosure of 11 m for a traverse 
of 122 m was obtained (9%). By incorporating addi-
tional observations from stereo cameras and beacons, 
we expect that an improved localization accuracy of 
less than 2% can be achieved. This paper will also 
present the results from a systematic field analolog 
test for the LASOIS prototype in a moon-like envi-
ronment at Moses Lake, Washington. 
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Abstract 

Martian topographic data have been collected by 
various exploration missions over the last decade. 
These products derived from Mars Orbiter Laser 
Altimeter (MOLA), High Resolution Stereo 
Camera (HRSC), Context Camera (CTX) and 
High Resolution Imaging Science Experiment 
(HiRISE) have provided detailed topographic 
information and are invaluable for scientists to 
interpret and understand the geological and 
climate evolution which has occurred on Mars. In 
order to fully utilise these multi-sensor, multi-
resolution and multi-scale Martian topographic 
products, a co-registration process was developed 
to co-align these multiple sets of Digital Terrain 
Models (DTMs). Surface matching is the core 
technique to implement the task and it was 
assessed to determine the parameters of a robust 
algorithm for DTM co-registration. Since this task 
was finished, the matching tool was developed 
accordingly with a decision algorithm [1]. This 
algorithm was then employed to align MOLA, 
HRSC, CTX and HiRISE DTMs. 

As the Mars MOLA data provides an accurate 
global topographic dataset [2], the MOLA DTM is 
used as the reference surface and the other DTMs 
are aligned to fit MOLA. However, considering 
the magnitude difference in resolution of various 
DTMs, it would be difficult to directly apply the 
MOLA data as a reference in the surface matching. 
Instead a hierarchical approach is introduced. The 
HRSC DTM was first employed as an intermediate 
dataset and it was matched to the MOLA DTM. 
The matched HRSC DTM was subsequently 
adopted as the reference surface in a surface 
matching with the associated CTX DTM. The 
HRSC DTM could provide more terrain features 
than MOLA and additionally it has been co-
registered with MOLA, so it was suitable to 
replace MOLA in the case of fusion with a CTX 
DTM. Following the same manner, the co-
registered CTX DTM was employed as the 
reference terrain model in a surface matching with 

HiRISE DTM. As a result, a co-registration of all 
four sets of DTMs was achieved. 

To prove the feasibility, the DTMs covering the 
Eberswalde Crater were produced [3] (Figure 1) 
and then co-registered with the MOLA DTM. 
Once the co-registration was finished, the vertical 
height differences between the reference DTM and 
the matched DTM were computed. The statistics 
are listed in Table 1. As the MOLA DTM was 
introduced in the production of HRSC DTM, also 
the HRSC and CTX datasets were respectively 
used as the ground control during the CTX and 
HiRISE DTM creation, the insignificant bias of 
the DTMs before surface matching was therefore 
expected. Even so, the implementation of surface 
matching was still capable of further minimising 
the difference between the various DTMs. 

 

  
Figure 1: DTMs of Eberswalde Crater (top: 

HRSC; bottom left: CTX; bottom right: HiRISE) 
The DTMs are overlain by transparent ortho-

imagery. 



Table 1. Statistics of height differences for 
assessing co-registered DTM in Eberswalde 

Crater. 
 Status Mean 

(m) 
Std. 

Dev. (m) 
Max 
(m) 

Min 
(m) 

Original -3.4 ±37.1 640.2 -254.2 HRSC 
to 

MOLA Matched 1.7 ±36.6 626.2 -259.2 

Original 1.7 ±38.5 166.3 -354.4 CTX   
to 

HRSC Matched 1.5 ±34.5 131.8 -252.4 

Original -1.1 ±9.2 60.7 -125.1 HiRISE 
to   

CTX Matched -0.2 ±6.5 59.6 -87.7 

 
The performance of co-registered MOLA, HRSC, 
CTX and HiRISE DTMs was assessed based on 
the profiles across the aligned DTMs. Two profiles 
crossing the four types of DTMs are extracted and 
depicted in Figure 2. Examination of these profiles 
reveals that the four DTMs were well fitted to each 
other. Differences between elevation profiles only 
occurred locally and this was due to different level 
of terrain roughness inherited from different 
DTMs. 

 

 

 
Figure 2. Alignment of the co-registered DTMs in 

Eberswalde Crater (red box: HRSC; blue box: 
CTX; green box: HiRISE). Profiles A and B across 

the topographic datasets are illustrated in the 
below. 

 
Overall, it was demonstrated that the hierarchical 
method is feasible and that the four types of DTMs 
were co-registered effectively. Due to the success, 
the surface matching tool is recommended to be 

applied to DTMs derived from multiple sources 
before these data are further used. 
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      Abstract:  In this paper, we propose two methods 
aiming at updating Geospatial Information System 
(GIS) urban maps using satellite high-resolution     
remote sensed images. Both methods are based on the 
input of a priori knowledge provided by GIS data, and 
a Digital Surface Model (DSM). This article           
introduces theoretical aspects of our methods;         
implementation is currently ongoing. 

Introduction: Computerized map updating is a 
challenging task that has been tackled for more than 
twenty years. Indeed, manual map revision is a time 
and cost consuming process that makes automatic or 
semi automatic updating attractive. The need of up to 
date urban maps is worldwide; however it may be even 
more desirable in countries where the urban             
development is higher. Beijing, capital city of China is 
a site of special interest for urban change monitoring 
and map updating because of its rapid urban growth. 
The main reasons are the will to populate outskirts of 
Beijing city, the preparation of the Olympic Games in 
2008 and the development of a sustainable              
environment. The objective of this work is to update 
outdated digital urban maps using recent information 
from high-resolution satellite imagery and prior      
information provided by maps. In other words, our task 
is to detect and analyze changes with localization  
(spatial detection), and identification       (semantic 
interpretation). Two approaches are proposed for this 
purpose: the first makes use of a contour based      
segmentation     approach; the second one focuses on a 
region-based segmentation. Both approaches are based 
on the use of a priori knowledge derived from outdated 
GIS data that constrains the segmentation process. The 
use of existing maps enables to gain   specific informa-
tion from the satellite imagery. It increases the        
confidence in object extraction processes compared to 
regular “bottom-up” approaches, which fail in dense 
urban environment sensed with a high resolution. Both 
methods will be tested on images and GIS data        
covering the north part of Beijing city 

 
A. Input Data Sets 
Multi-temporal acquisitions of Quickbird-2            
multispectral images over the north part of Beijing city 
will be used. These images cover two main spots of 
interest: the future Olympic Village and the new    
“Silicon Valley”. Satellite images have a 2.8 m       

resolution with a 14 m root mean square error         
accuracy; four spectral channels are available: regular 
red, green, blue (RGB) and NIR bands. Radiometric 
and geometric corrections were applied. Geometric 
corrections only deal with terrain rectification; super 
structures such as buildings are not ortho-rectified. The 
first satellite image acquisition was in March 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Tshinghua University area, Beijing, China: GIS road 
layer displayed in white (1996) registered by global affine 
transformation on a Quickbird satellite image (2002). The 

white arrow points some changes. 
 

Besides, a DSM will be computed using aerial 
RGB stereo-pair images. Aerial imagery is 1:10,000 
scales, with 15 cm focal length and scanned with 21 
microns resulting in 21 cm footprint images. The need 
of a DSM is twofold: first it is required to ortho rectify 
the satellite image from perspective distortion that  
affects its accuracy, second it is an additional source of 
information that may help the updating process in a 
complex and dense urban environment. The DSM will 
be computed by an edge preserving stereo correlation 
technique after having been projected into epipolar 
geometry [10]. Outdated urban digital maps are GIS 
data from 1996 and 2001 with a 1:10,000 scale. This 
vectoring data covers the Quickbird images area and 
contains the layers we will focus on: roads, residential 
areas, green spaces, rivers and stretches of water. 



Buildings are modeled by polygons fitting the       
footprint; lakes and green spaces are delineated by the 
same kind of polygon. Open polygonal lines fit the 
sides of rivers and roads. GIS data does not provide 
any 3D information and has a 5 m geometric accuracy. 
Fig. 1 shows a GIS road layer from 1996 overlaid on a 
2002 Quickbird image. Many changes are noticeable, 
especially concerning the road network. The white 
arrow points out a network of narrow streets replaced 
by a broad avenue. 

 
B. First Method: Use of GIS Data and One Image 
 
The main issue of this approach is to detect changes 
between outdated GIS data and a recent satellite image 
using a priori knowledge and deformable models.   
Assuming that over a one year period a few percentage 
of a urban environment has changed, we take          
advantage of a priori knowledge provided by existing 
GIS data to ease change detection: unchanged areas 
will be used for model refinement the models         
describe each “object”, that is building, lake, road, etc 
that will enable pattern recognition on areas of the  
image subject to changes. Additional knowledge such 
as height or spectral information derived respectively 
from the DSM and satellite imagery will help to     
disambiguate the dense urban scene complexity.   
Buildings of the satellite image should be ortho       
rectified in order to improve the final updating        
accuracy of the GIS data. The method illustrated in fig. 
2 can be described through the following steps: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 2. Diagram synthesizing the first method for GIS data 
updating. 

1) Global Registration: GIS data is overlaid on the 
satellite image by affine transformation based on an 
automatic method or manually detected control points 
(cf. Fig. 1). Unchanged areas between the existing 
digital map and the image should fit. First registration 
tries showed a good matching towards objects located 
on the ground (roads, lakes, rivers). 
2) Knowledge database build-up: A priori knowledge 
provided by existing outdated GIS data (or layer maps) 
is used to define “object” models. The object classes 
are given by the layers of interest of the GIS data 
(roads, buildings...). Models are defined by the spatial 
and geometric information gained from the GIS data. 
General rules towards the objects composing the urban 
scene are also input to the knowledge database (e.g. 
buildings and roads do not overlap). At this step, the 
modeling is quite coarse. It will be later refined using 
some information specific to the image. This approach 
is similar to the work achieved in [13] towards road 
extraction. 
3) Change detection: Deformable models initialized on 
the GIS objects are used to fit the corresponding     
objects of the image. If the matching succeeds for a 
given object, we can assume that no change occurred 
at that location. On the contrary,mismatching indicates 
change. Geometric constraints of the initialization  
enable to set up automatically the parameters of the 
models. Deformable models will be also constrained 
by previously defined rules and additional data (e.g. a 
deformable model initialized on a road side can not fit 
an object above the ground). Quantification of change 
detection reliability will be needed. At the opposite of 
the works achieved with snakes active contour ([1], 
[2], [11]), we do not expect deformable models to  
extract objects from the scene since this task is too 
complex and cannot handle new objects detection.  
Deformable models are constrained to change         
detection only. 
4) Model refinement: Unchanged areas will be used to 
improve object modeling by gaining radiometric,   
texture and height information from the image and the 
DSM. 
5) New objects recognition: Regions previously      
detected as “changed areas” are subjected to           
classification using the refined models. The output of 
this task is a semantic interpretation and localization of 
the changes: new objects are identified and spatially 
localized. Newly detected objects are vectorized to 
have a consistent representation with the GIS data. The 
confidence in new detected objects will also have to be 
evaluated. 
 
6) Map updating: newly detected and unchanged GIS 
objects 



With the highest confidence rate are merged to make 
the final updated GIS data. Buildings height derived 
from DSM is added. 
 
C. Second Method: Use of GIS Data and Two Images 
 
The input data of the second method should fulfill the 
following requirements: two satellite images represent 
a same scene acquired at a different time. The content 
of one satellite image is consistent with the GIS data 
that means no changes occurred between this image 
acquisition and the GIS data. Satellite imagery has to 
be ortho-rectified to enable accurate later registration 
with the GIS data. Since the content of one image is 
the same as the GIS data, we expect to discover 
changes between digital maps and the recent image 
through the changes between the two images. Prior 
spatial and thematic knowledge provided by the     
existing digital maps will provide training areas for 
subsequent supervised learning ([6], [12]). Besides, 
image-to-image change detection may divide the    
recent image into two regions: changed and unchanged 
areas. Then, changed areas of this image can be      
subject to classification with spectral, radiometric, or 
other statistical information gained from the former 
image. The output of that process is the extraction of 
new objects of the urban scene. At last, GIS data is 
updated according to classification results. The method 
can be summarized through the four following steps 
and fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Second method diagram for GIS data updating. 
 
 

1) Registration: GIS data and the former                 
ortho-rectified image are overlaid by an affine      
transformation. 
2) Change detection: Segmentation by region growing 
is performed on both images for change detection. 
Each GIS object allows to determine a seed that     
initiates a region growing process at the same location 
of the sensed scene in the two images. A comparison 
of the two segmented regions in both images enables to 
state whether a change occurred or not. Moreover, the 
output of this process provides a segmented region in 
the former image for each GIS object. This may    
overcome erroneous registration and map digitization 
that prevent from perfect matching between the former 
image and the GIS data. Change detection based on 
region growing should yield: (i) areas in both images 
where no changes occurred. The corresponding areas 
in the former image enhance the spatial localization of 
registered GIS data. (ii) Areas in the recent image 
where changes occurred. 
3) GIS-guided supervised learning and object         
recognition:  
Regions without changes of the former image define 
areas for supervised learning. Therefore, layers of  
interest of the GIS data can be characterized by some 
radiometric, statistical, or geometric properties of the 
image. Objects can be recognized in areas of change 
belonging to the recent image according to the     
knowledge gained by this learning. New objects are 
then extracted by classification. 
 
4) GIS data updating: objects extracted from changed 
areas are vectorized and inserted to the GIS database. 
 

Conclusion 
 

We have introduced two methods aiming at GIS map 
updating in an urban environment. The two approaches 
are based on image-GIS data fusion to make the urban 
map updating process more reliable. Compared to  
other methods using existing maps as prior             
information, our methods do not use GIS data as a 
rough approximation of objects that may be extracted 
in the image. We make use of high-resolution digital 
maps that can outline objects of the image. As a result, 
we take advantage of high quantity and quality of 
learning areas for later classification. A theoretical 
limitation of the first methodology is its intrinsic con-
tour-based change detection. Therefore an object in the 
image that is semantically different from its GIS     
representation but which contours did not change, has 
no chance to be detected as different. This problem 
may only arise for object located on the ground since 
the DSM can disambiguate this critical situation. A 



limitation of both proposed schemes is the sensitivity 
towards GIS to image registration. Indeed, a mistaken 
registration may cause wrong change detection and 
inaccurate supervised classification for both            
approaches. Further works will be dedicated to reduce 
the  dependence towards the registration quality.    
Confidence quantification of change detection and 
object extraction will be carried out in the future               
implementation of the methods. 
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Abstract: Planetary evolution and the geological 

context of life are main research topics within the 
Helmholtz Alliance [1] and the European Planetary 
Network [2]. This contains questions like “Are there 
habitable zones on Mars?” or “Where are possible 
landing sites on Mars?” To answer these questions 
geological maps, analysis of fluvial features and 
morphometric measurements have to be performed and 
a strategy how to manage and archive highly 
inhomogeneous datasets and derived information for 
the utilisation by different operators has to be 
developed.  

To enable a consistant representation of all the 
different mapping results we currently work at a GIS-
based realization of symbolization standards developed 
for planetary geological mapping [3]. Thus the user 
will sustain the possibility to access the pre-built 
signatures and apply them scale-dependent to 
individual components. This serves the simplification 
of mapping procedure as well as the comparability of 
different map results. 

Further we presently work at an improvement of 
the traceability of the derived data on network level. 
Therefore the user will be asked for a detailed data 
description after using the pre-build symbologies. This 
is essential for understanding the individual geological 
interpretation of the surface. This discription enables 
the economic storage on a local server and the 
utilisation of interpreted data and further a 
representation on a mapserver structure.  
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LRO Stereo Imaging: Lunar Reconnaissance Or-

biter (LRO) was launched on June 18, 2009 and ar-
rived safely in Lunar orbit. The Lunar Reconnaissance 
Orbiter Camera (LROC) has two Narrow Angle Cam-
eras (NACs), working jointly to provide a combined 
(in the cross-track direction) field of view, as well as a 
Wide Angle Camera (WAC). While LRO is equipped 
with the powerful Laser altimeter LOLA (Lunar Orbit-
ing Laser Altimeter), stereo imaging will be carried out 
by both cameras to derive high-resolution terrain mod-
els that will complement the coverage of LOLA.   

From its polar circular 50-km orbit of the nominal 
mapping mission, LROC will obtain two types of ste-
reo coverage.   The NAC camera will obtain coverage 
of targets selected by the LROC team that will be real-
ized with one nadir and one off-pointed image (20° 
roll).  Alternatively, pairs can be obtained with two 
spacecraft rolls (one to the left and one to the right) 
providing a stereo convergence angle up to 40°. 
 Likewise, because of the wide field of view, overlap-
ping WAC images from adjacent approx. 2-hour orbits 
can be used to generate topography of near-global cov-
erage at few hundred meter effective spatial resolution.  
As the WAC will provide repeated surface coverage, 
images can be selected with illumination conditions 
that are favorable for stereo processing.  With varying 
solar incidence angles (and availability of good radio-
metric calibration data), also the opportunity opens up 
for topographic mapping involving photometric model-
ing („shape from shading“). 

Commissioning Results and Discussion: The 
analysis of the stereo image data is being carried out 
by several groups within the LRO team in a coordi-
nated effort, with preliminary results being presented 
separately at this meeting [1].  The assessment of the 
WAC images using early calibration and ancillary data 
suggests that is feasible to derive a global lunar terrain 
model, if the nominal mission and scheduled mapping 
proceeds as planned.  While the polar areas will be 
covered by the densely spaced merging LOLA tracks, 
the WAC stereo terrain model will exceed the spatial 
resolution of the LOLA data in the low-latitude areas 
and fill gaps between LOLA tracks nicely.  Note that 
the spacing of LOLA tracks at the equator will be ap-
prox. 30 km after one month, i.e., one global pass.  
LOLA data will be used to calibrate the stereo topog-
raphic models for absolute lateral and vertical position-
ing and for possible long-wavelength trends in eleva-
tion.  The multiple overlap and the comparably large 

stereo angles will allow us to construct a stable image 
block.  Using image data from the Apollo landing sites, 
with the known coordinates of the landed spacecraft, 
radio transmitters, and Laser retroreflectors, the DTM 
can be firmly tied to the Lunar-fixed coordinate sys-
tem. 

The high quality of the NAC images suggests that 
large-size terrain models of unsurpassed high resolu-
tion, with DTM accuracies approaching the image 
resolution (1 m or better), can be obtained.   

 

 
 

Fig. 1:  Lunar Reconnaissance Orbiter (LRO) artists’ view 
(image credit:  NASA) 
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Introduction: Procedures have been developed to 

derive digital terrain models (DTMs) from stereo im-
ages obtained by the MESSENGER narrow-angle 
camera. A DTM with an effective spatial resolution of 
1km was produced from 208 stereo images covering 
Caloris, the largest well-preserved impact basin on 
Mercury.  

Initial data: The Mercury Dual Imaging System 
(MDIS) [1,2] consists of wide and narrow angle cam-
eras, coaligned on a pivot platform. Both cameras are 
equipped with identical 1024x1024-pixel charge-
coupled devices.  The narrow-angle camera (NAC), 
the current principal tool for stereo data analysis con-
sists of a compact off-axis optical system that has been 
geometrically calibrated with laboratory as well as in-
flight stellar observations (to be reported separately, S. 
Turner, APL, pers. comm., 2009).   Image mosaics are 
obtained by scanning the pivot platform in combina-
tion with turning the spacecraft. This powerful capabil-
ity was used to acquire several contiguous image mo-
saics during MESSENGER’s first Mercury flyby on 
14 January 2008 [3,4]. The DTM displayed here was 
produced from 208 NAC stereo images, which formed 
three separate image mosaics.  The stereo processing 
followed algorithms and software realizations that 
have been used extensively on previous planetary im-
age data sets [5,6]. The processing involves several 
stages, involving sophisticated pointing correction, 
digital image matching, and DTM interpolation. The 
DTM is computed purely on the basis of image dispar-
ity effects and does not rely on assumptions regarding 
surface photometric properties. 

Results: All object points were interpolated to 
form a contiguous DTM grid at a size of 16.4 million 
pixels and a spatial resolution of 1km (Fig. 1). The 
DTM covers 17% (12.8x106 km²) of Mercury surface. 
The spatial resolution of the DTM was chosen to 
match its effective resolution, which is estimated to be 
a factor of three larger than the mean resolution of the 
images.  No adjustments for absolute height or trend 
and no lateral shifts were applied. Through the point-
ing correction, the DTM is correctly referenced to a 
Mercury-fixed coordinate system. Heights of the DTM 
are given with respect to a Mercury standard sphere of 

2440 km radius. The total range in heights is approx. 8 
km.  

A variety of DTM representations will be shown at 
the meeting, including the raw-grey-scale and color-
coded DTM, as well as shaded relief maps produced 
from DTMs that have been merged with the image 
data. In addition, slope and roughness maps were pro-
duced. The DTM is a rich source of information on 
many aspects of Caloris geology, including the basin’s 
rim, its ring structure, as well as its interior and exte-
rior volcanic plains. 

Discussion: Because the flybys permitted only 
oblique viewing and (partially) very small stereo an-
gles, image data were far from perfect for stereo work.  
In particular, small errors in image matching intro-
duced large height errors and noise in the terrain 
model. On the other hand, the illumination condition 
were uniform; therefore image matching performance 
was excellent, and the number of blunders was small. 
With some remaining errors in spacecraft navigation or 
camera calibration data, we cannot rule out small off-
sets in absolute height and errors in absolute trend of 
the model. However, owing to the large number of 
interlinked images and the wide range of involved ste-
reo and viewing angles, we expect that the relative 
orientations of images within the block is rather stable. 
Indeed, the analysis of residuals of control point coor-
dinates does not show evidence of any “stresses” in the 
image block, i.e. displacements or vertical offsets of 
the individual DTM segments. Consequently, any sys-
tematic errors within the model should be small. 

Nevertheless, confirmation of the long-wavelength 
topography of the DTM must await altimetry and ste-
reo data from MESSENGER’s orbital mission phase. 
Stereo sequences with global coverage from closer 
range and under suitable lighting and viewing condi-
tions are being planned. These will result in topog-
raphic models that exceed the spatial resolution of the 
current Caloris model by a factor of four. With a more 
favorable viewing geometry, the noise in the terrain 
models will be very much reduced. Laser topographic 
profiles with their superior height precision obtained 
during the MESSENGER orbit phase will be used to 
provide “ground truth” and calibration data to remove 



ambiguities regarding absolute elevations and possible 
trends in long-wavelength topography.  
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Fig. 1:  Digital Terrain Model of the Mercury Caloris area, produced from MESSENGER stereo images 
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The Cassini Imaging Science Sub-system (ISS) acquired many high-resolution images (< 1 
km/pixel) during close flybys of Rhea in 2005 and 2007. We combined these images with 
lower-resolution coverage and a few images taken by Voyager cameras to produce a high-
resolution (400 m/pixel) semi-controlled mosaic of Rhea. This global mosaic is the baseline 
for a high-resolution Rhea atlas that consists of 15 tiles each mapped at a scale of 1: 
1,500,000. This Rhea atlas is the final part in the set of atlases of the medium-sized satellites 
of Saturn. A few examples of the map tiles will be shown in this presentation. The 
nomenclature used in this atlas was suggested by the Cassini-ISS team and is currently under 
evaluation by the International Astronomical Union (IAU). The whole atlas will become 
available to the public through the Imaging Team's website (http://ciclops.org/maps/). 
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Abstract:  The ExoMars mission as the first ele-

ment of the ESA Aurora program is scheduled to be 
launched to Mars in 2016.The ExoMars rover will be 
equipped with a suite of analytical instruments for 
exobiology research (the Pasteur payload). As Part of 
Pasteur, the Panoramic Camera system PanCam is spe-
cifically designed for visual characterization of the 
rover’s surroundings and remote detection of potential 
sample sites. It consists of two wide angle multispec-
tral cameras (WAC), each with a field-of-view (FoV) 
of 34° square, and a monoscopic camera (High Resolu-
tion Camera, HRC) currently designed to have a 5° 
FoV. PanCam is the primary source for 3D overviews 
and context for the ExoMars experiment locations, 
required to enabling the exobiological aims of the mis-
sion. [3] 
For field testing of a PanCam demonstrator in a repre-
sentative environment the ExoMars PanCam team 
joined the Arctic Mars Analogue Svalbard Expeditions 
(AMASE) in 2008 and 2009. This annual expedition 
takes place in the Svalbard archipelago, Norway, 
which is considered to be an excellent site, analogue to 
ancient Mars. In each of these expeditions an interna-
tional crew of scientists and engineers involved in 
Mars exploration including the MER, MSL and 
ExoMars robotic missions, as well as human space 
flight planning, conducted instrument testing and simu-
lated Mars mission training exercises. Twelve instru-
ments were deployed in the field, testing their individ-
ual capabilities and utility within an instrument suite, 
as well as the performance during simulated Mars mis-
sion conditions. This work has been carried out by 
using instruments, a rover (NASA’s Athena and Cliff-
Bot rover), and techniques that will/may be used in 
future planetary missions, thereby providing the capa-
bility to simulate a full mission environment in a Mars 
analogue terrain. 
Main objectives for PanCam were the test and verifica-
tion of the interpretability of PanCam data for in-situ 
geological context determination and scientific target 
selection. During integrated instrument deployments 
and mission training exercises, PanCam’s stereo capa-
bilities have been used to produce Digital Elevation 
Models (DEMs), and rendered virtual reality views of 
the of the science sites, being the main means for quick 
decisions on further scientific operations in the whole 
(simulated) mission context. In addition, the mosaiking 
of panoramas in a true spherical coordinate system 

enabled the identification and location of scientifically 
interesting sites and their incorporation in the overall 
context. Telephoto imaging of distant or hard to access 
features from HRC within selected regions of the 
panorama provided high resolution information of re-
gions of special interest. [1] 

To process the collected data, a first version of the 
preliminary PanCam 3D reconstruction processing & 
visualization chain was used. The current status of 
implementation of the PanCam vision ground process-
ing workflow supports key functionalities such as 
panorama mosaiking, generation of textured triangular 
meshes and Digital Elevation Models (DEMs) in dif-
ferent projection geometries (Cartesian, spherical, cy-
lindrical) from stereo images, and the fusion of WAC 
(filtered in various wave lengths) and HRC image data. 
[2] 

Airborne images with the HRSC-AX camera (airborne 
camera with heritage from the Mars Express High 
Resolution Stereo Camera HRSC), collected during a 
flight campaign over Svalbard in June 2008, provided 
large-scale geological context information for all field 
sites. 
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LROC Cameras: The Lunar Reconnaissance 
Orbiter (LRO) camera system (LROC) consists of 
two Narrow Angle Cameras (NAC-L and NAC-R) 
providing panchromatic data of up to 0.5 m/pxl and 
a Wide Angle Camera (WAC) providing multi-
spectral data at the 100 m scale.  Besides other joint 
efforts within the LROC team [1], e.g. concentrating 
on NAC stereo processing, we here provide first 
results of WAC topography mapping activities at the 
German Aerospace Center (DLR) and the Technical 
University of Berlin (TUB). 

LROC WAC data: The LROC WAC is a 
pushframe camera with five 14-line by 704-sample 
framelets for visible light bands and two 16-line by 
512-sample (summed to 4 lines by 128 samples) UV 
bands. The WAC can also acquire moncohrome ima-
ges with a 14-line by 1024-sample format.  Overlap-
ping WAC images from adjacent orbits can be used 
to derive topography data of near-global coverage at 
few hundred meters effective scale and will at least 
complement other Lunar topography data, e.g. LRO 
LOLA [2] or Kaguya LALT [3] laser altimetry data, 
which serve as a priori topography data for our data 
processing.  

The LRO commissioning phase LRO’s orbit is 
slightly elliptical (45 km periapsis altitude near the 
South pole and 190 km at apoapsis). Thus, ground 
scale for the visible band varies from approx. 70 m 
to 260 m/pxl. During the circular orbit of the 
nominal mapping mission ground scales will be 100 
m/pxl (visible) and 510 m/pxl (UV). 

 

 
 

 
 

Fig. 1:  Near (a) and far (b) side of Moon. North (c) 
and South (d) polar areas (|lat| > 80°) 

 

 Figs. 1a,b show the Moon’s near and far side as 
mapped by LROC WAC during the first 7 weeks of 

the commissioning phase. Lambert reflectance 
function has been applied for first order correction of 
incidence angles, which vary from almost 90° to 40°. 
These data, which provide a stereo-angle of about 
18° at the equator between adjacent orbits, serve as 
input for the subsequent stereo analysis. Polar 
regions have also been mapped extensively within 
this time period (see Fig. 1c,d, illuminated areas 
accentuated, all mosaics in Lambert Azimuthal 
Equal-Area projection) 

LROC WAC stereo: Altough WAC provides 
stereo coverage for all latitudes, we first started to 
investigate WAC’s potential for topography recon-
struction at |latitudes| < 70°, where laser altimeter 
datasets derived from polar orbits typically lack 
point density. We first checked and corrected for 
camera/spacecraft mis-alignment. Based on a subset 
of WAC stereo models first angular alignment 
corrections have been derived. We combined this 
alignment information with laboratory calibration 
and reconstructed orbit and pointing data (no 
additional bundle block adjustment) and started a 
first global image matching procedure. Fig. 2 
illustrates the achieved coverage by a global DTM 
with 1 km grid. 

 

   

Fig. 2: Northern (a) and Southern (b) hemisphere 
DTMs of Moon, Stereographic Projection, altitude 
range from -9,000 m (blue) to 11,000 m (red/brown) 
 

WAC data of the first 7 weeks of the 
commissioning phase provide a coverage of about 
90% for the Northern hemisphere and 60% for the 
Southern hemisphere. Gaps (black) currently remain 
in case of cast shadows, when LROC was not 
oriented to the Moon’s surface (e.g. for Earth 
observations, also visible in Fig. 1a,b), where stereo 
models do not overlap (primarily in Southern 
latitudes / low orbit altitudes), or when interframe 
delays (“scan”rates of framelets) were not optimal. 

A subset of the global dataset is given in Fig. 3, 
where Fig. 3a shows the current WAC DTM while 
Kaguya-LALT data for this area (with gaps between 
LALT tracks of up to 12 km) shown in Fig. 3b.  

 



 
 

Fig. 3: Mare Orientale DTM from LROC-WAC (a) 
and Kaguya-LALT data (b), 650 x 650 km, altitude 
range from -4,800 m (blue) to 5,400 m (red/brown)  
 

Discussion: The assessment of the data quality 
and first DTM computations (at global scale and 
locally in full WAC resolution) provide promising 
results, i.e.: 
- the coverage of the Moon’s surface by LROC-
WAC during the first 7 weeks of the commissioning 
phase already allows for almost global DTM 
processing. 
- the image quality allows for detailed topography 
derivation, at least to a resolution of a few hundred 
meters 
- the quality of orientation data need further analyses 
by bundle adjustment, but accuracy of topography 

based upon current orientation appears to be close to 
WAC’s ground scale 
- comparison of topography models derived from 
different spectral WAC bands indicate, that the 
current camera distortion model can be further 
optimized by analyses of just these different models. 
This will also refine the alignment correction. 

 

We can summarize, that it will be feasible to 
derive a global lunar topography dataset from WAC 
stereo data, if nominal orbit mapping will be 
performed as planned. While the polar areas will be 
well-covered by LOLA, such WAC models will 
exceed the spatial resolution of the data from the 
LRO laser altimeter at least for low and medium 
latitudes. 
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Background and Motivation. In the context of recent 
missions to Earth’s moon new data obtained by 
planetary remote sensing instruments will become 
available to the public in the near future for scientific 
analysis as well as for future exploration planning 
purposes [1]. Such mission endeavors are 
accompanied by agency-funded projects in order to 
make lunar spacecraft data that has been obtained in 
the last 40 years available to the general public. These 
projects involve the Lunar Orbiter Digitizing Project 
led by the USGS Astrogeology Research program [2] 
or the Digital Lunar Orbiter Photographic Atlas [3] 
and ongoing efforts by NASA Johnson Space Center 
and partners (ASU and LPI) to make the Apollo 15-17 
Metric as well as Panoramic Camera data available to 
the public and interested researchers through the 
Apollo Image Archive [4]. For the scientific approach 
of data viewing, querying and basic analyses, the 
USGS Astrogeology Branch has been playing a major 
role in the planetary community by providing not only 
pre-processed data for download but also by 
employing a web-based GIS (the USGS Planetary GIS 
Web Server PIGWAD) to which one can connect 
either directly via web browser or via WCS/WMS 
services [5]. Although state-of-the art technology has 
been employed for providing web-based information 
systems, all such systems lack the possibility of 
adding, analyzing, modelling and as re-organizing 
data. Although these issues are beyond the aim of such 
systems, such possibilities are of utmost importance 
for performing in-depth scientific analyses. 
Terrestrial GIS technology is predominantly used for 
data organization, data revision, data modelling and 
data analysis in all sorts of scientific and public 
branches and it forms a well-established platform for 
planning purposes. Consequently, such possibilities 
can easily be transferred to other planning 
requirements, such as planetary landing site selection, 
planning of orbital imaging, or for data organization 
by means of large-scaled database systems. The basis 
for such goals is the consistent and coherent storage of 
data within a proper geospatial context. In this way, a 
lunar IS, comprising of data from past lunar missions 
and providing a platform for incorporating new 
mission data, will be a valuable source of information 
for organizing data, planning of adequate landing sites 
for automated and manned missions, planning of areas 
suitable for the constructions of lunar bases, 
identification of resource potentials, and - most 
importantly - assessing possible hazards and economic 
risks. 

Data Basis and Implementation. In the context 
outlined above we have been working on an 
implementation of a lunar IS within the commercial 
ArcGIS framework by ESRI by building a consistent 
geodatabase of lunar mission data and setting up a file 
management infrastructure for performing analyses 
making use of different data types and a variety of 
scales, i.e. global scales for orbiting spacecraft to local 
scales for manned missions and experiments during the 
Apollo program. The implementation procedure is 
aiming at acquiring and referencing data obtained from 
various sources (USGS, Planetary Data System, 
Planetary Science Archive, mission/agency sources). 
This step involves consistency checks and - if possible 
and necessary - referencing data making use of the 
Unified Lunar Control Network 2005 [6]. By doing 
this we transfer data from a simple geographic 
coordinate system to properly projected data. During 
the implementation we focus on consolidating datasets 
in sequence and by scale so that global datasets are 
treated first.  

A major work package deals with consolidating and 
homogenizing the 1:5M geologic maps made in the 
early 1970s. Six map sets covering the lunar globe 
have been digitized by USGS and were converted to 
shapefiles or feature datasets within a personal 
geodatabase. While data are topologically clean, a 
consistent global map could not be derived yet due to 
geologic boundary offsets and different map-unit 
identifications by different mappers. With the help of 
high-resolution geologic map scans provided by LPI at 
a map scale of 1:1M, these inconsistencies have been 
cleaned in most overlapping areas. The global map has 
been transformed to fit to the Unified Lunar Control 
Network 2005. Unit boundaries and labelling are 
currently updated to form a homogeneous map basis 
for global studies and analysis. All items have been 
transferred to a file database and will be incorporated 
into the lunar global datasbase model as a feature 
dataset with proper relations. At the workshop we will 
present the current status of the global database model 
prototype and the recent work of the global geologic 
map implementation. 
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Abstract
Geographical Information System (GIS) is now becoming an essential platform as digital maps 
globally. In lunar and planetary exploration field, the application of GIS technology to display maps 
and data are becoming important part of data handling, browsing and sharing, as these system can 
process large amount of data efficiently and network bandwidth and computer processing power is 
increasing. Particularly, web-based GIS, called Web-GIS, is one of the most important infrastracture 
also in lunar and planetary exploration field as users can easily access maps or other data only by 
web browsers and data suppliers also can easily construct their system based on web servers. Now 
we develop the system that can share, browse and search data obtained by past lunar explorations. 
This system will grow up through the coalition of other system such as search system and addition 
of security control function. These extension will make the system not only just a map displaying 
capability but also the platform which support the researchers' activity that can find new knowledge 
from the exploration data. 



A CONCEPTUAL GEODATABASE-MODEL FOR GEOSCIENTIFIC PLANETARY MAPPING 
APPROACHES.  S. van Gasselt, G. Neukum, Institute of Geosciences, Freie Universitaet Berlin, Germany. 
 
Background and Mapping Approaches. GIS-based 
geologic mapping of planetary surfaces is often 
conducted as a combined approach of digitizing and 
interpreting geological as well as geomorphological 
surface units in a way that a set of pre-processed image 
and topography data products (raster and vector) are 
stacked individually ontop of each other within a 
stand-alone mapping project and a set of user-defined 
mapping files are generated that form individual 
feature classes. The connection between mapping files 
is usually established through a common spatial 
reference. A mapping project is considered finished 
when the final map output has been generated and the 
results have been stored in a map file. 

In the context of semi-systematic mapping approaches 
with the help of high-resolution image- as well as 
topographic terrain-model data, mapping projects grow 
considerably larger and usually end up with gigabytes 
of cluttered image data, pyramid files, auxiliaries with 
low-performance file access or even stalled 
applications. In mapping projects where multi-user 
access is required, projects and project management 
often deal with versioning problems and redundancy 
problems. Individual mapping projects can not be 
easily transferred and efficiently homogenized, mostly 
because of lack of project interoperability and 
inaccessible configurations and defaults on the GIS 
software levels. Though multi-user access as well as 
reliable and efficient data management is especially 
needed for commercial applications, geoscientific 
planetary mapping projects performed in the context 
of, e.g., scientific projects or student education could 
be significantly improved by establishing a 
configurable data platform. Apart from data 
management issues, multi-user mapping projects 
require a certain level of standardization. 
Unfortunately, such standards do usually not exist and 
are defined on agency or institutional level even for 
terrestrial geologic mapping projects. 

In this work we focus on GIS-based data-management 
issues and present a conceptual geodatabase model for 
generic planetary mapping tasks. Main aim of our 
geodatabase model is to allow a high level of user 
customization and easy integration for a given 
mapping project in order to maintain data consistency 
and provide 'recyclable' definitions. At the FUB 
planetary sciences and remote sensing group a number 
of currently 21 mapping projects by students are 
currently conducted (3 projects were finished 
recently). Most of the mapping targets are located on 

Mars and are carried out at various scales and on the 
basis of several global maps and additional high-
resolution data that have been processed and 
incorporated on demand for a specific project. Global 
data, such as the MOLA topographic basemaps 
(shaded relief, terrain model and derivatives) and 
medium-resolution image-data maps (THEMIS, 
Viking, Mars Global Surveyor Wide-Angle) are 
utilized by all workers in the same way so that 
concurrent file access is required. Concurrent access 
leads to latencies but also to a considerable degree of 
redundancy, especially when data analysis is 
performed repeatedly by all users and when 
comparable derivatives are produced (e.g.,  image-
based spectral classification maps, terrain model data). 
Such data products are usually not fed back into a 
central repository so that other workers have the 
chance to benefit from previous work within their own 
mapping project. 

A well-known and established method to avoid such 
problems are database-managed systems on which - in 
principle - every GIS is based. GIS environments are 
capable to work with an efficient geospatial database 
backend which can be exploited to not only enable 
people to work with that common basis in a concurrent 
way but also to transfer projects easily and to store 
work within a common system. Currently, work at 
FUB is carried out to define, layout and implement a 
large-scale geodatabase model and to transfer finished 
and ongoing mapping projects into such a system. On 
the current conceptual level, a database model is 
presented which is as unspecific as necessary to allow 
integration of mapping projects of other solar-system 
bodies but which is highly specific with respect to 
issues such as properties of, e.g., certain feature classes 
and (entity) relationship classes that are common to all 
such projects. Moreover, the datamodel holds an 
significant amount of freely configurable entries that 
allow mapping of geologic units as well as focussing 
on geomorphology within a mixed approach. 
Implementation of the database-model allows any 
mapper to import XML-based specification for data-
model defintions and to work with predefined but 
customizable style files and layers that fit individual 
needs. Due to size, storage and access limitations, 
personal and file-based geodatabases (FGDB) will not 
work and appropriate enterprise solutions are 
necessary. Though the conceptual and logical design is 
carried out using a FGDB,  a migration to a 
commercial system is envisaged for massive data 



storage which needs to hold >1TByte of data. The 
conceptual model comprises of a definition of layer 
sets and information requirements at defined scales 
and arrangements in dataset groups. Instead of 
working with individual filesystem-based shapefiles, 
mapping is performed using standard tools in classes 
connected by sets and through a entity-relationship 
design.  

A mapper using such a model-based system does not 
necessarily need to be involved in the implementation 
and geodatabase design as work is conducted on the 
toolset level.  

Output, i.e., map presentation, is left to the user 
although definitions of certain map elements and 
dataframes are provided and are based on appropriate 
(and customizable) styles and templates. 

Current implementation tests and prototyping lead to 
refinements of the geodatabase model for which the 
results are presented at the conference. The presented 
model focuses on Mars-based mapping projects but is 
easily transferable to any other (terrestrial) planetary 
body. The model subset is connected to a much larger 
system allowing characterization and complex query 
of planetary data in general to aid data search and 
access through data repositories. 
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Abstract: This project is concerned with the de-

velopment of a web-based mapping application to al-

low both professional and amateur geologists to partic-

ipate in a large-scale web-GIS project to map craters 

on extra-terrestrial bodies, starting with the planet 

Mars. The context is the dating of the surface of Mars 

which can be retrieved using crater size frequency dis-

tributions (Kim et al., 2005 [1]) or crater 3D shape 

(Kim & Muller, ISPRS 2008. Web 2.0 is based on 

sharing information dynamically and interactively over 

the Internet, and has a huge potential for such commu-

nity mapping efforts. 

This paper describes a GIS-based Web 2.0 map-

ping application developed at UCL to identify and 

measure the shape of impact craters of Mars interac-

tively. The system provides a generic framework for 

users, both professional and amateur, to actively en-

gage in mapping Mars by creating, sharing, aggregat-

ing and using crater information in a variety of formats 

that work in traditional GIS and planetary software.  

The system is composed of four components. A 

Persistent RDBMS part developed using Postgres with 

PostGIS, a Server component based on a J2EE Multi 

Layer Architecture Platform, a web client based on 

OpenLayers, ExtJS, and ExtFlot, AJAX opensource 

frameworks; and a Web Map Server to deliver the cra-

ter information generated by the users. 

Taking advantage of OGC standard-oriented archi-

tecture, the system is able to access layers from distri-

buted map services [2-4], including cascaded WMS 

services added by the users allowing them to create 

new views of the maps by using WMS layer transpa-

rency. Users can draw simple impact crater boundaries 

with minimal manual input or can import previously 

measured craters from shapefile or text files; they can 

also indicate characteristics of each crater via the gen-

eration of tags. After creating their own crater cata-

logues, users can share these crater measurements with 

others in the online community. Finally the system 

provides two basic crater analysis functionalities: Plot 

Crater Profiles and Plot Crater Count Size-Frequency 

Distribution which are based on previous work by G. 

Michael (Freie Universität Berlin)[5]. Examples of 

different aspects of the tool are shown in Figure 1. 
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Figure 1. MarsWeb screenshots showing display of 

pre-existing craters (upper panel) and measured 

craters (red) superimposed on a hill-shaded and co-

lourised MOLA DTM (using the USGS Flagstaff 

colour LUT). Other layers can be cascaded such as 

those from the J-Mars [4] WMS server shown here. 
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Over 800 images of the Martian moon Phobos were 
acquired by the High Resolution Stereo Camera 
(HRSC) and its Super Resolution Channel (SRC) 
during more than 110 flybys of the Mars Express 
spacecraft in the last four years [1], [2]. 
Orientations of 53 SRC images and 16 Viking 
images were improved during a control point 
network computation for Phobos [3]. The improved 
orientation parameter were applied to 26 SRC and 8 
Viking images and projected onto a Digital Terrain 
Model to derive a high-resolution digital 
orthomosaic in 12m/pixel resolution (see fig. 1). 
The mosaic is primarily stored in a Simple 
Cylindrical projection. The underlying Digital 
Terrain Model has a resolution of 100 m per pixel, 
exceeding the accuracy of previous models by a 
factor four. The atlas of Phobos consisting of four 
quadrangles on three sheets with a resolution of 
1:50 000 was produced on the basis of this mosaic.  
We will show the three sheets during our 
presentation. For the equatorial parts of the atlas a 
Mercator map projection was used while the poles 
are in polar Stereographic map projection. 
Nomenclature of the surface features is marked 
according to the International Astronomical Union 
(IAU) conventions. The individual map sheets and 

the complete Phobos atlas will be available for 
download at [http://europlanet.dlr.de/] after 
publishing [4]. 
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Fig. 1: Orthomosaic of entire Phobos, 0° is in the center. 

 



Publishing Planetary Maps using Open Standards and Open Source Software
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Introduction

Map Servers based on standards defined by the Open
Geospatial Consortium (OGC) [1] are very common to
serve planetary data sets over the internet. We will
demonstrate techniques to deliver HRSC and SRC image
data as well as OMEGA footprint data based on OGC’s
Web Services (OWS). As many applications on the mar-
ket are equipped with interfaces to these services, plenty
of tools are already available that can be applied to the
data. By using open source software, we can focus our
efforts on providing data instead focussing on developing
and maintaining software.

Motivation

Several existing services defined by the OGC are avail-
able for planetary data delivery. Here we will examplar-
ily focus on the following services which are well suited
for a prototype HRSC/OMEGA data delivery and appli-
cation system.

The Web Feature Service (WFS) defines an interface
for specifying requests for retrieving geographic features
as vector data across the web. We will be evaluating this
service for delivering footprints (geometric outlines of
image data projected on the ground) of HRSC, SRC and
OMEGA data combined with additional metadata.

The Web Map Service (WMS) interface standard
provides a simple HTTP interface for requesting geo-
registered map images from geospatial databases. A
WMS request defines the geographic layer(s) and area
of interest to be processed. The response to the request
is one or more geo-registered map images (returned as
JPEG, PNG, etc) that can be displayed in a browser ap-
plication. The interface also supports the ability to spec-
ify whether the returned images should be transparent (so
that layers from multiple servers can be combined) or
not. This service is evaluated for distributing the HRSC
and SRC image data themselves.

The Web Coverage Service (WCS) standard defines
interface and operation that enable interoperable access
to geospatial coverages, such as satellite images, digital
elevation data and other gridded datasets. Because the
coverages are delivered together with detailed metadata
and their original semantics, WCS delivered data is in-
tended for further processing of the gridded datasets.

OGC Compliant Footprint Database

As the amount of HRSC/SRC image data is rising dur-
ing the further extension of the mission, there is a fun-
damental need for selecting, visualising and overlaying
the ground footprints of the images. Speed, handling
and extended capabilities are the reasons for using geo-
databases to store and access these data types. Tech-
niques for such a spatial database of image metadata
are demonstrated using the Relational Database Manage-
ment System (RDBMS) PostgreSQL [2], spatially en-
abled by the PostGIS extension [3]. PostGIS follows
the OGC’s OpenGIS Simple Features Interface Stan-
dard (SFS) as a well-defined and common way for ap-
plications to store and access feature data in relational
or object-relational databases, so that the data can be
used to support other applications through a common
feature model, data store and information access inter-
face. OpenGIS Simple Features are geospatial features
described using vector data elements such as points, lines
and polygons.

As an example, footprints of the HRSC/SRC and the
OMEGA instruments are generated and connected to at-
tribute information such as orbit name, ground- and im-
age resolution, solar constellation and illumination con-
ditions. The footprint and label of HRSC/SRC sequences
are read out by the VICAR RTL developed at JPL, addi-
tional meta information is calculated using SPICE soft-
ware routines [4]. This process is included in the au-
tomatic processing chain of HRSC images, so the foot-
print database is always up to date. OMEGA footprints
and their attributes are generated using the IDL software
provided by the OMEGA team. The data are then trans-
ferred into the database by PostgreSQL’s libq C library
using the Well-Known Text (WKT) notation for the geom-
etry. PostgreSQL’s advanced features such as geometry
types, rules, operators and functions allow complex spa-
tial queries and on-the-fly processing of data on DBMS
level e. g. generalisation of the outlines.

Global Mosaics of Image Data

As a very simple approach for the creation of a global
HRSC mosaic, preliminary map projected sequences of
HRSC and SRC images are queried from the footprint
database for each colour channel, are brought to a com-
mon mapscale (here exemplary 200 m per pixel) and are



combined to mosaics by use of VICAR software routines
developed at JPL and DLR. Without any further correc-
tion, strong seams are visible due to different illumina-
tion conditions of the images.

For the reason of speed and realtime availability, the
planet’s global surface is divided in to a limited num-
ber of tiles connected by a geometric index. These tiles
are referenced on the planetary body using world files to
make them accessible by spatially enabled applications.
Additionally, internal and external overviews are calcu-
lated, resulting in better display speeds for low resolution
(global scale) as well as high resolution (image scale)
map requests.

MapServer [5] is a popular open source project
whose purpose is to display dynamic spatial maps
over the Internet. It connects directly to the Post-
greSQL/PostGIS footprint database and serves the data
as WFS. To speed up drawing performance of the re-
quest call, a spatial (GiST) index is built for the feature
table. For layer queries, an additional object id (oid) in-
dex should be established on the table.

Image data of HRSC and SRC are served as WMS.
MapServer enables the creation of a network of Map
Servers from which clients can build customised maps
containing e. g. MOC, THEMIS and MOLA imagery
(these data sets are already available as WMS). Defi-
nition of the Spatial Reference System (SRS) is made
by the use of OGP Surveying and Positioning Commit-
tee’s EPSG projection codes [6]. For extended support
of planetary reference systems, the implementation of
OGC’s Well Known Text (WKT) notation of the coordi-
nate system would be favourable. MS RFC 37 describes
a mechanism to establish more flexible SRS definitions
than the actual capabilities of MapServer [7].

As connectors to WMS-compliant mapping applica-
tions such as NASA World Wind or Google EarthTM are
freely available, the data is instantly available in well-
funded 3D interpretation environments.

Outlook

The methods presented here are well suited for con-
structing OGC Web Services without the additional
effort to develop and maintain software. A sim-
ple HRSC/OMEGA prototype application demonstrat-
ing footprint representation and orbit selection based on
the open source CartoWeb framework [8] has been im-
plemented (see figure 1). Getting updated during the
HRSC processing chain, the footprint database is al-

ways up to date. For an officially released WMS ver-
sion of the HRSC/SRC images, the resolution should be
adjusted to the best possible image resolution. For this
to be achieved, the automated image mosaicking process
must be improved and further performance considera-
tions have to be made. WMS-served elevation informa-
tion will lead to promising 3-D viewing applications of
planetary data.

Figure 1: A prototype mapserver application based on
the CartoWeb framework. The view shows footprint out-
lines on top of a mapping of Martian valley networks.
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Introduction:  Remote Sensing image data are 

usually affected by various unwanted effects due to 
technical characteristics of the employed optics and 
sensors as well as to exterior effects such as 
atmospheric and photometric characteristics. While, in 
general, optical distortion effects are handled during 
radiometric correction using ground-based calibration 
data, atmospheric effects have to be treated separately 
and need to be considered in the context of performing 
photometric corrections. Apart from illumination and 
observation conditions, i.e., geometries, the terrain 
geometry plays an important role as solar incidence 
and phase angles can change significantly during 
mapping. In order to cope with such photometric 
effects (assess/quantify effects and correct data), a 
variety of software implementations for planetary 
image data have been established (USGS ISIS2 and 3 
packages, VICAR routines). The rather cumbersome 
procedures have led to generally avoiding photometric 
corrections during systematic data processing. Apart 
from the geometric dependences, i.e. observation, 
illumination and terrain geometry, the spectral 
intensity of a given surface pixel is strongly controlled 
by surface properties (e.g. roughness, grain size, 
porosity, composition) which can vary on a small 
scale. Navigation data for each pixel, as obtained from 
NAIF/SPICE, determine the position of the sun and 
the imaging platform and instrument with respect to 
the observed surface, whereas terrain model data as 
derived from stereo or altimetry data decribe the 
observed and illuminated surface geometry at a given 
time. To account for such variations in spectral 
intensities several photometric functions have been 
employed to correct such issues ranging from rather 
simplistic models parameterized by the incidence angle 
only to complex multi-parameter models that 
additionally take into account certain surface 
properties. Application of such photometric functions 
provide improvements of image data with respect to 
pixel intensities and allow the correction of these data 
to a common reference geometry and observation 
conditions. Normalized image data permits substantial 
improvements to combine and form a homogeneous 
data mosaic without such photometric effects.  

 
Methodology: The goal of this work is to be able 

to load planetary raster image data into a standard GIS 
environment and perform selected corrections with 
user-defined parameterization so that photometric 

effects are minimized and subsequent image 
mosaicking by performing histogram matching and 
additional (non-photometric) color corrections and 
seam blending lead to best-possible results. We set up 
an environment which allows performing end-user 
photometric corrections by implementing basic raster-
tools routines within a ArcGIS by ESRI. Mars Express 
High Resolution Stereo Camera (HRSC) forms the 
data basis for which a proper selection of the 'correct' 
function and user-defined parameterization is of 
utmost importance in order to be able to create color-
image mosaics. The HRSC instrument is a pushbroom 
scanning device with nine CCD line detectors which 
has been operating in an elliptical orbit about Mars 
since 2004. The instrument provides high-resolution 
stereo image data with a pixel scale up to 12.5 m with 
a panchromatic nadir-looking channel, four colour 
channels and along-track triple stereo. The stereo 
performance of the instrument allows for derivation of 
high-resolution digital terrain models with a scale up 
to 50 m/px. In the course of this work we make use of 
the HRSC image data and terrain model derived from 
the stereo channels. Additional auxiliary geometric 
information, i.e. incidence angle/azimuth and emission 
angle/azimuth, are generated by making use of the 
NAIF/SPICE toolkit using reconstructed orbit data. 
For the derivation of correct geometries and correction 
factors we use standard Arc-GIS tools and extensions, 
for slopes and aspects, and several new procedures 
using the model builder function with map algebra 
routines to prepare the data basis for subsequent 
photometric corrections (see figure 1). 

  

 
Figure 1: Flowchart describing the general procedures 
and work flow. 



 
As a test bed, we have implemented simple 
photometric models, such as Lambert, Minnaert [1] 
and Lommel-Seeliger [2]. More sophisticated models, 
such as Hapke photometric function [3-6], will require 
a thorough knowledge of the surface properties and 
more complex mathematics and will not be treated 
initially. However, it has been shown [7] that for 
planetary surface more simple models, such as 
Minnaert, provides good results (see figure 2). 
 
We have successfully implemented the basic 
photometric routines and the ArcGIS environment has 
shown to be capable of dealing with large planetary 
data sets in an efficient way. Once the angle 
conversions from SPICE and the proper terrain 
geometry has been defined, subsequent calculations 
and corrections are performed automatically using the 
Model Builder routines. The current work flow will 
significantly support the choice of a reasonable 
parameterization not only for nadir observations but 
also for HRSC colour data, for which phase angles and 
wavelength parameters still need to be established. 
Results and procedures of this semi-automatic process 
are incorporated into the systematic data processing 
workflow for the corrections and mosaicking of HRSC 
image data which will be established using non-
interactive routines outside any GIS and within a 
VICAR/ISIS environment allowing exchange of data 
between different processing levels. 

 
Figure 2: Part from the HRSC orbit 1235 (Valles 
Marineris): nadir image before (left) and after (right) 
photometric correction (Minnaert, k=0,5). 
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