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Introduction:  On August 6th, 2012 (UTC), the 

Mars Science Laboratory (MSL) Curiosity rover suc-
cessfully touched down onto the surface of Mars and 
began sending back Hazcam [1] images within 30 sec-
onds of touchdown on Mars.  Navcam [2] images were 
acquired shortly after the rover’s Remote Sensing Mast 
(RSM) was deployed on Sol 2.  The MSL Engineering 
Camera [3] images play a key role in the operation of 
the Curiosity rover on the Martian surface and are used 
to target the science instruments, drive the rover, and 
operate the rover’s robotic arm. 

Touchdown Hazcam Images: Front/Rear Hazcam 
images were acquired with the transparent covers in 
the closed position and show dust/soil adhesion on the 
front surface of the covers (figure 1), indicating that 

 

  
Figure 1: Hazcam images acquired with the dust covers in 
the closed position immediately after touchdown. a) Front 
Hazcam (left) and b) Rear Hazcam (right).  
 
dust and soil were elevated to height of at least 0.8 
meters above the ground by the landing thruster ex-
haust.  Additionally, both the left and right Rear 
Hazcam images showed a dark plume on the horizon at 
a local azimuth of approximately 300 degrees (north-
westward).  The direction of this plume is consistent 
with the location of the descent stage impact site ap-
proximately 650 meters away [4].  The plume is ap-
proximately 6 degrees high by 6 degrees wide, which 
corresponds to a height of approximately 65 meters 
high by 65 meters wide.  The plume is not visible in 
Rear Hazcam images acquired 45 minutes later.  After 
the camera covers were opened, a set of full-resolution 
Hazcam images were acquired and showed the terrain 
in more detail.  The Front Hazcam images (figure 2) 
showed Mt. Sharp at a local azimuth of approximately 
130 degrees (southeastward).  Both sets of Hazcam 
images show that the rover had landed on a flat surface 
covered with small,  millimeter-sized rocks. 

 
Figure 2.  Front Hazcam image of Mt. Sharp, acquired on 
Sol 0, approximately one hour after landing. 
 
Navcam Images:  The RSM was deployed on Sol 2 
and Navcam images of the sun were used to determine 
the orientation of the rover on the Martian surface.  A 
360-degree Navcam panorama was acquired shortly 
afterwards and showed millimeter-sized rocks on top 
of the 1.1-meter high rover deck (figure 3). 
 

 
Figure 3. Sol 2 Navcam image of the rover top deck. 
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Operational Usage:  Stereo Hazcam and Navcam 
images are regularly acquired during surface opera-
tions to conduct robotic arm planning, assess target 
reachability, characterize arm performance, and docu-
ment the placement of contact instruments on the sur-
face (figure 4).  These images also enable the MSL 
science team to analyze the surrounding terrain and 
select targets for further observation by the rover’s 
science instruments. Navcam stereo images are also 
acquired to plan future rover traverse activites.  These 
Navcam images are typically acquired after a drive as 
a single-tier stereo panorama consisting of two parts: a 
5-image wide by 1-image high portion centered on the 
likely future “drive direction”, and a 7-image wide by 
 

 
(a) Sol 32 turret checkout 

 
(b) Sol 60 wheel assessment 

 
(c) Sol 57 Rocknest wheel 

track 

 
(d) Sol 55 Rocknest scoop 

site 

Figure 4. Navcam documentation/planning images. 
 
1-image high  “rearward looking” (i.e., anti-drive di-
rection) portion.  Together the images form a complete 
360-degree panorama of the terrain surrounding the 
rover.  Figure 5 shows an example of the stereo data 
from a single stereo pair of a Navcam panorama, and 
figure 6 shows a Navcam mosaic assembled from a set 
of 4 Navcam images.  These types of Navcam images 
are used to build 3-dimensional terrain maps for the 
traverse assessment, path planning, and science in-
strument targeting.  The operational image processing 
is performed by the Operational Product Generation 
Subsystem (OPGS) team, which is part of the Multi-
mission Image Processing Laboratory (MIPL) at the 
Jet Propulsion Laboratory (JPL). 
 

 
(a) Left Navcam image 

 
(b) XYZ Cartesian data 

 
(c) Range data 

 
(d)  Slope data 

 
Figure 5.  Navcam Stereo Imaging, Sol 57.  a. Left image of 
a Navcam stereo pair, b. the corresponding XYZ Cartesian 
data points from the stereo images, c. distance from the cam-
era, shown as radial contours, and d. local slope of the terrain 
(1 degree slopes shown as blue, 10 degrees as green, and 18 
degrees as red)  
 

 
Figure 6.   Navcam Mosaic of Mt. Sharp. 
 

Summary:  After returning the first images from 
surface at the MSL landing site, the Navcam and 
Hazcam cameras continue to play an integral role in 
the operation of the MSL rover.  Stereo data from the 
images are used to operate the robotic arm, drive the 
rover, and select targets for further investigation by the 
rover’s science instruments.  Navcam and Hazcam 
images are also used for standalone scientific studies 
of the surface and atmosphere. 
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