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Introduction: ExoMars is the flagship mission of 

the European Space Agency (ESA) Exploration 
Programme Aurora [1]. In order to achieve the 
scientific objectives of this mission, the ExoMars 
mobile scientific platform (rover) will need to be 
highly mobile and capable of traveling approximately 
100 m per Sol across a potentially hostile terrain [2]. 
For such a highly mobile platform, high-precision 
localization and topographic mapping are critical for 
safe Martian surface operations, traverse path 
planning, and coordinated multidisciplinary scientific 
experiments. Quantitative awareness of the 
uncertainties associated with the rover localization 
results and the mapping products is equally important 
to enable scientists to make decisions with appropriate 
situational awareness. 

 

 
Figure 1. Artist’s concept of the ExoMars rover. 

Photo Credit: European Space Agency. 
 

This paper presents the concept of geometric 
modeling approaches for enhancing the localization 
and mapping capabilities of the ExoMars rover and 
advancing quantitative awareness of uncertainties in 
the results. To achieve full utilization of the Panoramic 
Camera system (PanCam) designed to be carried by 
the ExoMars rover for precision 3-D mapping and 
rover localization [3], pre-launch PanCam modeling 
and error analysis will be conducted. We will consider 
long rover traverse strategies. Results from these 
experiments will help develop rover operation strategy 
and specifically, algorithms for precision rover 
localization and mapping. 

Panoramic Camera System (PanCam): The 
ExoMars PanCam is designed to support: 1) 
localization of the landing site and rover positions, and 

provision of contextual information about the rover 
within its environment for traverse planning; 2) 
geological investigation and mapping of the rover 
sites; and 3) study of atmospheric properties and other 
variable phenomena [2]. The ExoMars PanCam system 
consists of two main subsystems: WAC (Wide-Angle 
Camera), which is a two-camera system for multi-
spectral stereoscopic panoramic imaging, and HRC 
(High-Resolution Camera), which is a single-camera 
system for high-resolution color imaging. The WAC 
will have a 34° field-of-view (FOV) and the HRC will 
have a 5° FOV, which may be changed to 4.8° FOV 
[3,4,5]. 

 

 
Figure 2. Preliminary configuration of ExoMars 

PanCam system (under development).  
Photo Credit: PRoVisG PanCam Team. 

 
As shown in Figure 2, this stereo plus single-

camera imaging system will be mounted on the 
crossbar of the rover mast at a height of approx. 1.5 m 
above the Martian surface. The novel design of HRC 
will allow magnification (with respect to the wide-
angle optics) of selected targets as well as high-
resolution imaging of inaccessible locations. It is 
expected that the ExoMars PanCam system’s 
integration of WAC with HRC data will further 
improve the level of accuracy for topographic 
products. However, rigorous geometric modeling of 
this integration is required. Initial concept and some 
preliminary data of the integration method are 
presented. 

Pre-launch PanCam Modeling and Error 
Analysis: Panoramic imagery acquired by the 
ExoMars PanCam will be one of the main data sources 
for high-precision rover localization and topographic 
mapping. Based on a PanCam image network, 
automatic incremental bundle adjustment (BA) (Figure 
3) will be routinely performed during surface 
operations for accurate localization of the rover and 
high-precision 3-D mapping (Figure 4) [6]. Current 
understanding of the level of accuracy for localization 
results and 3-D mapping products achievable with the 
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ExoMars PanCam design is limited. This research is 
intended to significantly increase this understanding. 

 

 
Figure 3. PanCam image network and incremental BA. 

 

 
Figure 4. Geo-spatial information (rover traverse and 
topographic maps) that can be derived from PanCam 

images. 
 

We are developing a rigorous mathematical model 
for estimating the expected mapping and localization 
accuracy achievable by the incremental BA technique. 
This model is based on the photogrammetric principle 
that considers a variety of factors known to influence 
mapping and localization accuracy. Generally, higher 
accuracy is found with longer stereo baselines, longer 
focal lengths, smaller pixel sizes and larger numbers of 
tie points. Therefore the attainable accuracy will be 
impacted by PanCam’s geometric parameters (length 
of stereo hard-baseline, focal length, pixel size, etc.), 
distances between adjacent rover sites, number and 
distribution of tie points, and convergence angles. An 
initial theoretical least-squares analysis of these 
different factors is based on the case where the cross-
site tie points (landmarks) are evenly distributed 
between two sites. Figure 5 illustrates a two-site 
example with nine landmarks; for different numbers of 
landmarks, the convergence angles and traverse 
lengths will be adjusted for operational capabilities and 
optimal results. Our findings may be used to improve 
the design of the PanCam system before the launch, 
and to develop traverse strategies after landing. 

In addition to the theoretical analysis, a numerical 
simulation will be carried out. Figure 6 shows the 
resulting mapping accuracy generated by a simulation 
within a 20-m range covered by the assumed WACs.  

 

 
Figure 5. Example of traverse configuration (nine 

landmarks distributed across two sites). 
 

 
Figure 6. Numerically simulated accuracy analysis. 

 
The initial two-site analysis will be extended to 

multiple sites, and a PanCam prototype will be 
assembled to further test the developed mathematic 
model and methodology. We will analyze the overall 
localization accuracy along a long-range traverse. 
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