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Introduction: Due to their proximity to Mars and 

mysteries of their origins, Phobos and Deimos provide 
perfect targets to address key human exploration and 
decadal science objectives. As interest in these targets 
increases from science and human exploration perspec-
tives, precursor / science discovery missions become 
increasingly appetizing as they provide an opportunity 
to kill two birds with one stone.  The Phobos Surveyor 
mission concept is a perfect example of a focused mis-
sion that would address both precursor measurements 
that are strategic knowledge gaps and decadal science, 
including soil physical properties at the global and 
local (human) scale and the search for in situ re-
sources. 

Why Phobos and Deimos: By themselves, Phobos 
and Deimos are scientific targets of strong signifi-
cance. Unlike the Earth’s moon, the origins of the two 
small moons of Mars are still open to debate despite 
the numerous missions sent to study the Mars sys-
tem[1].  Resolving the origins of these moons not only 
provides insight to the formation of solar system, but 
also may reveal their relevance as astrobiological tar-
get by assessing the volatile and organic surface mate-
rial. 

As potential targets for human exploration, Phobos 
provides a critical role in reducing risk, cost, and opti-
mizing performance for human exploration in the Mars 
vicinity. A Phobos precursor mission would be used to 
measure radiation flux and biological effects, electro-
static charging and plasma fields, quantification of the 
flux of micrometeorites, assessment of surface mobili-
ty (gravity fields, slopes), chemical composition and 
characterization of regolith during transit, Mars orbit, 
or in the vicinity of the moons (including on the sur-
face).  

Realizing that objectives for both human explora-
tion and decadal science share a common set of meas-
urements, a single focused mission is capable of cross 
cutting both NASA directorates.  The Phobos Surveyor 
mission concept provides a perfect example of an in-
novative approach to address objectives defined by 
both Human Exploration and Science Mission direc-
torates. 

The Spacecraft Approach:  The Phobos Surveyor 
spacecraft would be an innovative approach to explor-
ing the Martian system.  Comprised of currently avail-
able, flight proven components, the Surveyor space-
craft concept is a low cost, extremely flexible solar 
electric propulsion (SEP) architecture designed to 
study the Martian moons in detail.  Developed for geo-

stationary communication satellites, commercially 
available SEP system such as the SPT-100 or BPT-
4000[2] would provide the capability required for the 
Phobos Surveyor spacecraft to launch as a secondary 
payload on any Mars direct, lunar, or geosynchronous 
transfer orbit (GTO) launches, significantly increasing 
launch opportunities and reducing the cost of a poten-
tial mission. 

Designed to be single string, the Surveyor space-
craft architecture reduces system complexity while 
maintaining redundancy by launching two spacecraft.  
The two Surveyor spacecraft would be launched 
aboard the CSA Moog produced ESPA Grande ring[3] 
requires just under ~1000 kg of additional launch mass 
to the hosted payload.  The flexibility of this type of 
architecture allows for easy access to space by provid-
ing more opportunities to launch.  No longer does a 
Mars mission require a dedicated launch vehicle, but 
could benefit from commercial or future NASA 
launches to deliver the spacecraft to space.  

 
Figure 1 Phobos Surveyor is a low cost, robust 
spacecraft providing flexible access to study the 
Mars system 

The Surveyor spacecraft’s propulsion system is the 
backbone of the mission concept.  Baselining the Rus-
sian made Fakal SPT-100, the SEP system would ca-
pable of providing up to 4.5 km/s ΔV.  This particular 
thruster would provide the perfect balance of low pow-
er and high Isp allowing for a low mass, highly flexible 
mission architecture.  Two deployable ATK Ultraflex 
solar arrays would allow for full-power thrusting in 
Mars vicinity. Originally developed for the DAWN 
mission, the Surveyor spacecraft would utilize a slight-
ly modified version of the High Voltage Electrical As-
sembly (HVEA) to manage the high voltage power 
(80-140V depending on distance from the sun) coming 
off the solar arrays.  The HVEA would pass the high 
voltage power to the EP system’s power processing 
unit (PPU) and down-converts the spacecraft bus pow-
er before distributing the lower voltage power to the 
spacecraft components. Though designed for opera-
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tions in geosynchronous orbit, the SPT-100 PPU is 
capable of handling input voltages between 80 and 
120V[4], allowing for interplanetary travel without 
modification. 

Getting to Phobos: The flexible SEP architecture 
utilized for Surveyor allows the mission concept to 
benefit from a variety of launch opportunities includ-
ing Mars direct transfers, potential lunar, and augment-
ed GTO launches.  Though Mars rideshare opportuni-
ties are the most efficient, lunar and GTO opportunities 
can leverage the Moon to depart for Mars. Leveraging 
the Moon, though increasing potential launch opportu-
nities, comes at a cost.  Lunar launches would require 
up to 6 months and 10-50 m/s ΔV for flyby targeting 
while the GTO launches would require up to 8 months 
and 300 m/s ΔV[5]. 

Once the spacecraft departs the Earth, the mission 
would utilize a standard SEP trajectory to Mars in 
which constant thrusting is required in the latter half of 
the trajectory, slowing the spacecraft down until it is 
captured by Mars. Once inside the sphere of influence 
of Mars, the spacecraft would begin to lower the 
apoapsis altitude by performing thrust arcs in the anti-
velocity direction while at periapsis[6].  Depending on 
available propellant at Mars arrival, the speed of the 
Phobos arrival trajectory could be adjusted.  Initial 
design analysis constrained the transfer time to one 
year between Mars arrival and Phobos orbit rendez-
vous. 

A variety of potential trajectories could be used for 
science operations at Phobos, depending on the desired 
science altitude.  The simplest of these trajectories is 
the distant retrograde orbit, which is essentially a mars 
orbit similar to that of Phobos, with a slightly eccentric 
variation to avoid impact. This stable orbit could be 
adjusted to cause closer approaches to the leading and 
trailing sides of the targets. For polar imaging, orbits 
with a higher semi-major axis than Phobos could uti-
lize gravity perturbations causing the spacecraft to dip 
down for polar flybys. Variations of other orbits also 
exist allowing the mission to customize the trajectory 
to meet the specific goals of the mission with no im-
pact to the spacecraft design.  

 
Figure 2 Various potential trajectories, such as a 
distant retrograde (left) or a polar flyby (right), 
could be used for Phobos Surveyor 

Other potential applications: Though the Phobos 
Surveyor mission concept would provide a compelling 
mission for both human exploration and decadal sci-
ence objectives, the Surveyor platform is capable of 
much more. The innovative approach to exploration 
could be used as a platform for almost any orbital mis-
sion to Mars, providing a low cost, flexible approach to 
studying the Mars system. 

Conclusion: As humans take the next step toward 
Mars exploration, Phobos and Deimos become targets 
of increasing importance for both science and explora-
tion purposes.  The Phobos Surveyor mission concept 
provides a unique, innovative approach for explora-
tion, providing the first step to launching cheaper, fo-
cused Mars missions more often. 
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