
THE HEIMDALL CAMERA SYSTEM:  A FLEXIBLE IMAGING SYSTEM FOR 
CONDUCTING LUNAR SCIENCE

R.Aileen Yingst1, Barbara A. Cohen2, W. Brent Garry2, Michelle E. Minitti3, Michael A. Ravine4, Ryan N. Watkins1 and Kelsey E. Young2
1Planetary Science Institute (1700 E. Fort Lowell, Suite 106, Tucson, AZ 85719; yingst@psi.edu); 2Goddard Spaceflight Center; 3Framework, Silver 

Spring, MD; 4Malin Space Science Systems, San Diego, CA. 

1. INTRODUCTION

The Heimdall camera system is a high flight-heritage (MSL, OSIRIS-REx,
GoSat) commercial instrument consisting of four 5-megapixel color CMOS
cameras (Figure 1) and DVR. Like its Norse namesake, the Heimdall
camera system has broad vision — it is designed to image a lunar landing
site from above the horizon to the ground directly below the lander. Also
like its namesake, it is a shapeshifter; the system has flexible mounting
options for multiple spacecraft configurations, adaptable to a range of
payload or mission goals. Heimdall is funded through NASA’s LSITP
program.

2. INSTRUMENT Heimdall consists of four CMOS cameras plus DVR 
(Fig.1). The nearfield and farfield cameras are 
mounted on the SAMPLR (Sample Acquisition, 
Morphology Filtering, and Probing of Lunar 
Regolith ) arm, provided by Maxar (Figure 1b).

• Descent imager acquires images of 500 µm/pxl on 
the surface, and 50 cm/pxl from 1 km altitude, at 3.4 
frames/second.

• Farfield panoramic camera maps context with 80°
FOV and 5 mm/pxl resolution at 10 m distance. 
Stereo images will be acquired by translating the 
arm.

• Nearfield regolith imager  acquires images of 35 
µm/pxl from 1 m distance.

• Workspace imager acquires images near the front of 
the lander in an area accessible by SAMPLR.

Figure 1a. The Heimdall camera system consists of four wide field of view (WFOV; 
left) CMOS cameras — a descent imager, a nearfield regolith imager, a farfield
panoramic imager, and a workspace imager, plus a digital video recorder (DVR, right). 
All Heimdall cameras have a 400-670 nm RGB bandpass, with a depth of field of 0.5 
m to infinity and an 80° diagonal FOV. Pixel scale is 536.6.

3. SCIENCE

• Characterize and map the landing site at multiple scales and perspectives for
contextual understanding of the geology;

• Characterize the regolith relevant to science, engineering risk, and resource
utilization;

• Record regolith/plume interaction during descent;
• Provide ground-truth and support development of autonomous navigation

capabilities for future lunar surface missions;
• Document and support lander activities, including support for other instrument

operations.

INSTRUMENT OBJECTIVES

• The combination of descent and surface imaging provided by Heimdall bridges
the gap between orbital and surface images (e.g., Figure 2).

• Panoramic camera images provide information to characterize lithologies,
constrain stratigraphic relationships among units, and identify site-specific
features such as pyroclastic deposits, mare deposits, impact structures or ISRU-
rich deposits.

• Resolution ranges from lithology to outcrop scale.

Mapping Geologic Context

Characterizing Landing 
Plume/Regolith Interaction

Documenting Mission Activities and HardwareFigure 2. Different views of the Chang’e 3 mission demonstrate the types of data products Heimdall 
produces.  (a) Orbital images provide landing site geology and combine with (b) panoramic surface 
images from Heimdall WFOV panoramic imagers, while (c) Heimdall descent images provide local 
geologic context for all mission activities. Image sources: (a) NASA/GSFC/ASU/LROC, (b) CNSA, and 
(c) TPS/Phil Stooke (http://www.planetary.org/multimedia/space-images/earth/yutu-route-map.html).

Figure 5. Apollo 15 descent video stills from the 16 mm sequence camera 
inside the Lunar Module. 

Regolith Characterization

• Most Apollo descent trajectory data
(e.g., Figure 5) are either lost or
inaccessible [Immer et al., 2011];
altitude information had to be
determined by voice transcripts.
Also, the Apollo datasets contain
no record of the actual camera
angle with respect to the surface.

• The Heimdall images and “video”
sequences at 2.8 frames/second
from the descent imager, combined
with quantitative information
(model, spacing, angle, etc.), yield a
more quantifiable, digital record of
changing conditions during descent.

Providing Ground-Truth for 
Autonavigation Development

4.  MISSION SUPPORT

• Images from the nearfield imager document the
disturbed regolith at ~35 µm/pixel to characterize
particle size distribution larger than ~100 µm, and
determine particle size, shape, cohesion, and slope
stability for particles ≥150-200 µm diameter. (e.g.,
Figure 3). Figure 6. Image of Curiosity rover left front wheel acquired on 

sol 2291. The rover team uses images such as these to document 

• Heimdall images provide
information on the interaction
of other hardware with the
surface, document sample
acquisition, and test methods
for assessing sample choice in
a workspace.

• Workspace images provide the
ability to monitor changes on
geologic or spacecraft surfaces
(e.g., Figure 6).

Figure 4. Stereo pair of Mars Science Laboratory (MSL) 
Navcams, used for autonavigation.  Images acquired sol 2481.

• Development of autonomous surface navigation is
identified as an enabling or enhancing technology for
operating on the lunar surface [LEAG, 2016].

• Panoramic stereo images permit measurements of clast
sizes, clast spacing, and slopes at the local scale, and
will yield a topographic model of the terrain against
which notional lunar rovers can be tested.

• The farfield camera resolves 10-cm objects (on the
order of the wheel diameter of the Mars Pathfinder
Sojourner rover) out to 60 m from the lander, and 40-
cm objects (the diameter of the Mars Science
Laboratory Curiosity rover wheels) out to ~250 m from
the lander.
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Figure 3. Martian 
soil fragment Jesse 
Chisolm, 30 mm 
long, imaged by the 
Mars Exploration 
Rover Opportunity 
Microscopic Imager 
at 31 µm/pixel, 
similar to the 
capabilities of 
Heimdall’s nearfield 
imager mounted on 
the SAMPLR arm.

Figure 1b. The Heimdall camera system notionally mounted on the SAMPLR arm. Nearfield 
regolith imager, red arrow; farfield panoramic imager, yellow arrow; workspace imager, blue 
arrow. The descent imager is not shown. 

http://psi.edu

