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Introduction  
 Two planetary characteristics addressed by imaging 
are the morphology and spectral properties of plane-
tary surfaces and atmospheres. These characteristics 
can inform questions about the geologic materials pre-
sent on a planetary surface, their histories, the nature 
and timing of tectonic deformation, the history of such 
processes as cratering, volcanism, and erosion, and the 
characteristics and dynamics of atmospheres. Fitting 
the images required to address such science questions 
into available resources, including onboard recorder 
space and downlink bandwidth, is a universal chal-
lenge. A data collection strategy commonly used is to 
collect higher-resolution, single-band images to char-
acterize morphology, and multispectral images that 
employ some strategy to reduce data volume and com-
pensate for the number of wavelengths. For example 
on the Mars Reconnaissance Orbiter (MRO) the High 
Resolution Imaging Science Experiment [1] collects 
color images at reduced spatial resolution, and the 
Compact Reconnaissance Imaging Spectrometer for 
Mars [2] collects most of its spectral measurements at 
reduced spatial resolution to extend coverage. Alterna-
tively, the Pancam imagers on the Mars Exploration 
Rovers (MERs) use a mix of strategies to control vol-
ume of multispectral images, including greater com-
pression for panoramas and less compression for nest-
ed "spots" [3]. Supporting objectives include imaging 
of stars to characterize alignment or for optical naviga-
tion, and imaging of a radiometric target to improve 
calibration accuracy.  
 MESSENGER’s Mercury Dual Imaging System 
(MDIS) [4] addresses these challenges with two min-
iature cameras, a monochrome narrow-angle camera 
(NAC) optimized for imaging morphology, and a mul-
tispectral wide-angle camera (WAC). With updates 
that incorporate newer technologies, these two designs 
have capabilities well matched to science questions at 
a variety of inner solar system and small-body targets. 
 
Design Approach to MDIS 
 Both MDIS cameras use a common focal plane de-
sign with a Thomson-Atmel 7887A charge-coupled 
device (CCD). The NAC is an off-axis reflective sys-
tem with a 550-mm focal length, a 1.5° square field of 
view (FOV), and an instantaneous field of view 
(IFOV) of 25 µrad/pixel, providing 10 m/pixel from 
400 km range. The WAC is a four-element refractive 
telescope with a 78-mm focal length, 10.5° FOV, 178 
µrad IFOV, and 12-position filter wheel. Eleven of the 
filters are narrow-band and were selected to measure 

absorptions due to Fe2+ in glass and silicates. A single 
clear filter is used for star imaging and optical naviga-
tion.  
 Both cameras are supported by Instrument Control 
Electronics that host instrument software, including au-
tomatic exposure control with an internal model of the 
camera filters and pixel-binning states that allow rapid 
switching between cameras or filters. Exposure times 
can be clamped by command, providing a simple way to 
prevent image saturation and smear without prior 
knowledge of the radiometry of any given scene, requir-
ing knowledge only of spacecraft altitude and velocity. 
 Four design challenges specific to a Mercury-orbiting 
spacecraft drove the integration of the WAC and NAC 
into a dual-camera system (Fig. 1) [5]. First, a relatively 
small mass for the payload forced miniaturization and 
light-weighting of the imagers. Second, the phased-array 
antenna's downlink capabilities require aggressive data 
compression to fit images with the best attainable resolu-
tion into available bandwidth. A menu of options in-
cludes pixel binning, conversion of image data from 12 
to 8 bits using look-up tables optimized to different types 
of scenes, and two methods of image compression: a 
lossless Fast algorithm performed in hardware, and a 
more aggressive wavelet algorithm. Wavelet compres-
sion is performed on "raw" images stored temporarily on 
the spacecraft solid-state recorder using the spacecraft 
main processor. A major limitation on imaging cam-
paigns is thus recorder space.  
 

 
Figure 1. The Mercury Dual Imaging System (MDIS), 
showing the WAC, NAC, radiators, and pivot. 
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Third, the spacecraft's pointing capability is limited 
by its need to keep a sunshade pointed toward the Sun. 
To point as required for imaging campaigns, both the 
WAC and NAC are mounted on and use the same piv-
ot platform. Fourth, a thermal control system including 
a Be radiator and heat pipes manages the thermal load 
from Mercury while keeping both camera CCDs at 
operating temperatures usually below -10°C. In addi-
tion, the spectral filters are narrow-band by design to 
prevent image saturation at Mercury's distance from 
the Sun and to attenuate input of Mercury thermal ra-
diation. 

The pivot provides additional capabilities for cali-
bration and serves to prevent contamination. MDIS is 
mounted inside of MESSENGER's launch adaptor 
ring. In its "stowed" position both cameras look into 
the shaded spacecraft deck and are protected from 
contamination by volatiles outgassed from hot, solar-
illuminated parts of the spacecraft. With 180° of rota-
tion, the boresights align with those of other instru-
ments. At an intermediate angle, both cameras view a 
solar-illuminated Spectralon plaque on the inside of 
the adaptor ring, which can be illuminated (at large 
heliocentric distances) by slewing the spacecraft. The 
plaque allowed WAC and NAC flat-field calibrations 
to be rederived in flight, enabling correction of shifts 
in the shadows cast by small particulates ("dust do-
nuts") during launch that otherwise would have per-
sisted as instrument calibration artifacts. 
 
MDIS Observations and Performance 

MESSENGER was launched in August 2004 and 
experienced a cruise of ~6.5 years prior to insertion 
into orbit about Mercury on 18 March 2011. 

MESSENGER’s trajectory included six planetary flybys: 
one of Earth (Aug. 2005), two of Venus (Oct. 2006, June 
2007), and three of Mercury (Jan. 2008, Sep. 2008, Sep. 
2009). During the Mercury flybys, images were acquired 
with both NAC and WAC, providing the first spacecraft 
images of Mercury since the Mariner 10 mission. Addi-
tionally, during the cruise phase, MDIS obtained images 
of stars, Earth, and Venus for calibration and end-to-end 
testing, to conduct repeated observations near perihelion 
to search for vulcanoids, and to capture a portrait of the 
Solar System from near Mercury orbit. A total of 13,080 
MDIS images were acquired during cruise. Cruise ob-
servations by MDIS refined instrument alignment and 
calibration knowledge, proved operational scenarios, and 
readied the instrument for Mercury orbit.  

During MESSENGER’s one-year primary mission, 
MDIS successfully acquired global imaging of Mercury 
for morphology, stereo, and color studies as well as tar-
geted high-resolution imaging of areas of high science 
priority, adding 88,746 images in all. Figure 2 shows 
orthographic projections of the global monochrome and 
color maps of Mercury acquired during the primary mis-
sion. The monochrome map, acquired with MDIS point-
ed near nadir at times of low-Sun illumination, is well 
suited for discerning surface morphology and covers 
>99% of the surface at an average resolution of 200 
m/pixel. MESSENGER’s orbit about Mercury is highly 
eccentric, passing low over the northern periapsis (~200-
400 km altitude) and high over the south (~15,000 km 
apoapsis altitude during the primary mission). To bal-
ance global resolution and manage data volume, the 
WAC is used for the northern part of the monochrome 
map and the NAC to image the southern regions. 

 

 
Figure 2. Monochrome and enhanced color global maps of Mercury assembled from MDIS orbital images acquired 
during MESSENGER’s primary mission. 
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A complementary map, acquired under similar illumi-
nation conditions but with an off-nadir viewing geom-
etry to provide stereo convergence, covers >92% of 
the surface. The color map was acquired through eight 
of the 11 narrow-band color filters on the WAC, em-
phasizing spectral coverage at the expense of resolu-
tion (1 km/pixel) to fit within available spacecraft re-
corder resources. The 8-color map covers >99% of 
Mercury’s surface. In general, images were acquired 
as 8-bit images with wavelet compression, to fit imag-
ing into available spacecraft resources.  

Due to MESSENGER’s highly eccentric orbit, NAC 
can image much of Mercury’s northern hemisphere at 
resolutions substantially higher than are regularly uti-
lized during global mapping. Targeted, high-resolution 
NAC images acquired by the MESSENGER mission 
to date have an average resolution of 26 m/pixel, and 
only ~4% of Mercury’s surface has been imaged at 
resolutions of 50 m/pixel or better. Despite the small 
fraction of Mercury’s surface covered to date, target-
ing of the high-resolution NAC images has enabled 
them to be of high scientific value, leading to observa-
tions of small-scale geologic features on Mercury, 
such as the previously unknown “hollows” [6] (Fig. 
3). 

In addition to acquiring global maps and high-
resolution targeted images, MDIS observations during 
MESSENGER’s primary mission included repeated 
imaging of Mercury’s south polar region to map re-
gions of permanent shadow; weekly imaging of Mer-
cury’s limb to help constrain global shape; other tar-
geted images to obtain color at high resolution or un-
der specific photometric conditions; simultaneous im-
aging with observations by other MDIS instruments to 
provide "context;" and regular imaging of stars to 
track possible drift of the camera alignment due to 
extreme thermal cycling in Mercury orbit. The MDIS 
thermal design and other instrument features have per-
formed as expected from instrument design and prior 
testing. 

MESSENGER is currently conducting an extended 
mission. New global maps are being acquired that are 
better optimized for terrain modeling, recognition of 
low-slope landforms, and smaller-scale color varia-
tions than was possible during the primary mission 
when the focus was on obtaining the first global maps. 
One pair of maps is designed for stereo with reduced 
gaps due to shadows: a near-nadir global map at ~200 
m/pixel with higher-Sun illumination than during the 
primary mission monochrome mapping, and a second, 
off-nadir map at the same illumination that is its stereo 
complement. A third new monochrome map, also at 
~200 m/pixel, is taken with very low-Sun illumination 
to accentuate subtle topography. In addition, the 
northern hemisphere is being mapped in color at much 
better resolution of ~100-400 m/pixel, this time using 

only three of 11 filters to fit within resources. Other im-
aging campaigns include repeated imaging of the north 
polar region to improve mapping of that pole's perma-
nently shadowed regions, and continued targeted, limb, 
and calibration imaging. To date, MDIS has acquired 
>130,000 images since launch. 
 

  
Figure 3. Strip of targeted NAC images of “hollows” on 
Mercury, with enhanced WAC color overlaid. Image width 
is 20 km. 

Adapting the WAC and NAC to New Missions 
 The basic designs of the NAC and WAC are capable 
of addressing morphologic and multispectral investiga-
tions at a variety of planetary bodies. In terms of spatial 
sampling and usage, NAC is comparable to the MRO 
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Context Imager [8] but with a framing camera instead 
of a line scanner design. WAC is comparable to MER 
Pancam [3] but with better spatial resolution. Without 
the temperature environment specific to 
MESSENGER that drives the needs for sophisticated 
thermal control and pivoting, the WAC and NAC each 
become a free-standing imager (Fig. 4), with a mass of 
2.6 or 2.3 kg, respectively.  

Lessons learned from in-flight performance of 
MDIS [7] and newer technology developed internally 
at the Johns Hopkins University Applied Physics La-
boratory enable four design updates that suit the WAC 
and NAC well for missions to small bodies at distanc-
es to ~5 AU, where downlink bandwidth and recorder 
size are limitations. First, replacement of the Thom-
son-Atmel 7887A with a back-thinned E2V 47-20 
CCD, currently used by the Long Range Reconnais-
sance Imager (LORRI) camera on the New Horizons 
mission, provides a fourfold increase in quantum effi-
ciency and eliminates scattered light from the 7887A 
CCD’s structure, which functions as a diffraction grat-
ing [7]. Second, widening of filter bandpasses pro-
vides additional throughput and enables short expo-
sure times for low-albedo bodies, and for optical navi-
gation or alignment calibrations imaging of at least 
three stars per frame with vmag (visual magnitude) <6.5 
in the WAC and vmag<11 in the NAC. Third, optional-
ly, a re-closeable cover can be added for protection 
during activities that risk contamination; the optional 
re-closable cover and cover motor are shown in the 
CAD models in Fig. 4. The inside of the cover, painted 
white, provides an easily accessible calibration target 
when illuminated by the Sun. The cover can be con-
trolled by a copy of the CRISM shutter stepper motor 
[2], which has seen >400,000 cycles in-flight without 
incident.  

Fourth, data compression routines that on 
MESSENGER [4] (and MER [3] and MRO [1]) are 
performed by the spacecraft processor can be imple-
mented in real time by instrument control electronics, 
relieving limitations driven by recorder size [9]. Test-
ing on prototype instrument electronics demonstrates 
application to full-size images acquired at a 1 Hz rate, 
with compression artifacts no larger than those from 
the current MESSENGER flight software implementa-
tion. 

 
Example Use in New Missions 
 Versions of the NAC and WAC have recently been 
included in several missions proposed for flight in the 
Discovery Program. One example is the Mars Moon 
Reconnaissance, Orbital, and Landed Investigation 
(MERLIN) [10]. In that mission concept, a spacecraft 
would rendezvous with one of the moons of Mars, 
conduct orbital measurements, make low flyovers to 
certify a site for landing, and then land and conduct in 
situ measurements. In the MERLIN mission profile, 

WAC images address geologic processes and effects of 
space weathering with near-global color mapping. WAC 
color images at millimeters-resolution that remain in 
focus during descent to the surface also address regolith 
heterogeneity. Near-global, morphologic and stereo im-
aging with the NAC addresses surface geologic process-
es and internal structure. NAC images also help certify a 
candidate landing site during low flyovers, and NAC is 
the primary optical navigation imager.  
  
 

a  

b  
Figure 4. CAD renderings of a next-generation (a) WAC 
and (b) NAC as free-standing instruments. 
 

A modified version of the NAC has also been pro-
posed for the Comet Hopper (CHopper) mission current-
ly under consideration by NASA for the next Discovery 
Mission selection. In that mission, an Advanced Stirling 
Radioisotope Generator (ASRG) powered spacecraft will 
rendezvous with a comet near its aphelion at 4.5 AU and 
follow the comet to perihelion near 0.7 AU. The CHop-
per Imager (CHI) has been adapted for the low light 
conditions expected at 4.5 AU. CHI is responsible for 
first acquiring the comet and then imaging the comet to 
develop a shape model. CHI takes advantage of the well-
understood MDIS NAC optical design, with only its ap-
erture increased to allow more light, and the sensitive 
E2V detector used by the LORRI camera currently fly-
ing aboard the New Horizons spacecraft. 
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Figure 5. CAD rendering of the proposed CHI camera 
derived from the MDIS NAC for the Comet Hopper 
mission. 
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