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Introduction:  The Planetary Data System (PDS) 

Analyst’s Notebook (AN, https://an.rsl.wustl.edu/msl) 

[1] for the Mars Science Laboratory (MSL) Curiosity 

rover [2] is an interactive web application containing 

peer-reviewed, publicly available data from surface 

operations, supported by documentation that describes 

context for the observations, processing methodology, 

and data formats. The Image Viewer tool within the 

Notebook provides functions to visualize and explore 

MSL mosaics, including source frame identification, 

location and distance measurement, and ground loca-

tion identification. These functions are available in 

Mars Science Interface (MSLICE) [3], a planning tool 

restricted to Curiosity rover science team members. 

Our intent is to make these tools available to the plane-

tary science community for use with archived data.  

Background and Methodology:  The MSL Cam-

era Software Interface Specification (SIS) document 

[4] provides details of the methods, algorithms, and 

models describing how MSL single frame and mosa-

icked Navigation Camera (Navcam) and Hazard 

Avoidance Camera (Hazcam) images are generated and 

processed. Raw Experiment Data Record (EDR) and 

most higher-order Reduced Data Record (RDR) data 

products include camera model information [5] within 

the metadata labels. The metadata are used to recon-

struct the geometric setting at the time of imaging and 

thus to build a mapping between the image domain and 

the 3D object domain. Navcam image mosaics are gen-

erated by Multimission Instrument Processing Labora-

tory (MIPL) [4], assembled from multiple source 

frames into a single RDR product.  

In addition to the camera model, the mosaic 

metadata includes the surface model and projection 

parameters used for mosaic generation. The surface 

model is a mathematical surface which approximates 

the actual scene. Most mosaics are created using the 

flat surface model, a flat plane, with normal direction 

pointing upwards. Mosaic projection parameters model 

the transformation between a point on the mosaic sur-

face model and a corresponding pixel on the mosaic 

image. We implement the mapping between a mosaic 

and its source frames so that any pixel on the mosaic 

can be traced back to the corresponding pixel in a par-

ticular source frame and vice-versa by following the 

process of mosaic generation in [4]. A mosaic has mul-

tiple source frames, and each source frame may have a 

derived XYZ RDR product (“XYZ file” in this ab-

stract), a three-band image that provides the site frame 

coordinates for a given pixel in the source image. From 

this, we are able to relate image pixel locations to Mars 

ground coordinates in local, rover, surface, and map 

reference frames. 

The relationship between image pixel locations and 

Mars ground coordinates is illustrated in Figure 1, 

where (xg, yg, zg) represent a ground coordinate on the 

martian terrain surface; (xm, ym, zm) is a coordinate on a 

mosaic surface model; (im, jm) and (is, js) represent im-

age pixel coordinates on the mosaic and source frames, 

respectively. A mosaic pixel coordinate (im, jm) can be 

converted to a coordinate (xm, ym, zm) on the mosaic 

surface model, and vice-verse through equations based 

on mosaic metadata [4]. A ground coordinate (xg, yg, 

zg) (i.e. values from XYZ file) can be converted to 

source image pixel (is, js) using camera model metada-

ta. On the other hand, a ground coordinate (xg, yg, zg) 

can be derived from a source image pixel (is, js) by us-

ing the value at the same pixel from a XYZ file. 

Results of this approach were compared to those 

obtained by visual inspection of the same features on 

source frame images. The validation test found a dif-

ference of less than 2 cm on the ground between the 

two methods, an acceptable difference given the preci-

sion of data in the XYZ files. 

 
  Figure 1. Relationship Diagram between source image 

pixel (is, js), mosaic surface model coordinates (xm, ym, zm), 

ground coordinate (xg, yg, zg) and mosaic image pixel (im, 

jm). 

Use within the Analyst’s Notebook Image View-

er:  The AN Image Viewer uses coordinate frame 

transformation calculations to support location and 

measurement functions from different frames, includ-

ing a map projection coordinate system, e.g., Universal 

Transverse Mercator (UTM). 

Source Frame Identification.  A user may want to 

work with one or more source frames that comprise a 
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given mosaic. Mosaic metadata are used to identify the 

source frames used, but do not allow specification of 

their locations on the mosaic. In order to register 

source images on a mosaic, we calculate the points of 

intersection between viewing rays from four edges of 

the source image and the mosaic surface model. Then 

we project the intersection coordinate (xm, ym, zm) on the 

mosaic surface model to the image plane of the mosaic 

to construct the source footprint. Any pixel (im, jm) on a 

mosaic can be located on its source frame footprint 

using the point in a polygon algorithm. When a user 

clicks a point on the mosaic, the source frame(s) are 

highlighted, as shown in Figure 2. 

 
Figure 2. AN Image Viewer screen capture showing a 

cylindrical mosaic with source footprints visible. The high-

lighted footprints in green and red identify the two source 

frames that include coverage of a user-identified location on 

the mosaic. Corresponding highlights on the left side are 

direct links to the individual image products.  

Location and Measurement Tools. Users may find 

the position of a point in a mosaic or measure the dis-

tance between two selected points. For any pixel on the 

mosaic, we compute the corresponding coordinate (xm, 

ym, zm) on the mosaic surface model. Using this coor-

dinate, the image pixel (is, js) on the source frame is 

calculated and the coordinate on the ground (xg, yg, zg) 

of pixel (is, js) can be read from the XYZ files. In addi-

tion, the Image Viewer provides length, distance to 

rover, and azimuth and elevation angle measurements, 

as shown in Figure 3. Locations can be shown in dif-

ferent reference frames. Measurement data can be 

downloaded in an Excel spreadsheet format as well as 

ESRI shapefiles.  

 
Figure 3. Feature and distance measurements on a verti-

cal mosaic in MSL AN Image Viewer.  

Finding a Point Based on a Known Ground Coor-

dinate. A user may want to find the pixel on the mosaic 

by providing an (x, y) or (x, y, z) ground coordinate. 

As noted, XYZ files do not exist for mosaic images, 

and searching each source frame’s XYZ file pixel by 

pixel is time consuming. Instead, we use the camera 

model and source frame metadata stored in a database 

to improve performance. To identify a ground coordi-

nate (xg, yg, zg) given by the user, the image pixel coor-

dinate (is, js) on source frames is obtained by querying 

the stored metadata. A viewing ray from (is, js) that 

intersects the mosaic surface is used to find the (xm, ym, 

zm) on the mosaic surface mode and the resulting image 

pixel coordinate (im, jm) on the mosaic. The perfor-

mance time to find a ground xyz value on a mosaic is 

less than 1 second even for a mosaic with 76 source 

frames. If a user does not provide z value, the corre-

sponding (is, js) is unable to be directly calculated using 

the camera model. In this case, stored metadata are 

used to narrow down candidate source frames, which 

are then searched pixel by pixel to locate the closest 

match. The performance time is typically two to four 

seconds. Figure 4 shows the Image Viewer dialog for 

finding a location on a mosaic using a UTM coordinate 

and the output result. The output result is automatically 

converted into site frame. 

 
Figure 4. Find a ground coordinate (x, y) on a mosaic. 

The Add location button marks the point on the mosaic. 

Future Work:  Our development is based on pre-

vious suggestions from our PDS users, and feedback 

continues to be sought. (User feedback should be sub-

mitted to an@wunder.wustl.edu or by using the online 

form.) Work continues to incorporate additional fea-

tures, especially in the areas of related observations 

and visualization, for example overlay observed targets 

on mosaics in the Image Viewer. 
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