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Introduction: The NASA Planetary Science Summer School (PSSS) at JPL offers graduate students and
young professionals a unique opportunity to learn
about the mission design process. Program participants
select and design a mission based on a recent NASA
Science Mission Directorate Announcement of Opportunity (AO). Starting with the AO, in this case the 2009
New Frontiers AO [1], participants generate a set of
science goals and develop a early mission concept to
accomplish those goals within the constraints provided.
As part of the 2010 NASA PSSS, the Ganymede
Interior, Surface, and Magnetosphere Observer
(GISMO) team developed a preliminary satellite design for a science mission to Jupiter's moon Ganymede. The science goals for this design focused on
studying the icy moon's magnetosphere, internal structure, surface composition, geological processes, and
atmosphere. By the completion of the summer school
an instrument payload was selected and the necessary
mission requirements were developed to deliver a
spacecraft to Ganymede that would accomplish the
defined science goals. This poster will discuss those
science goals, the proposed spacecraft and the proposed mission design of this New Frontiers class Ganymede observer.
Science Objectives: Since its discovery by Galileo
in 1610, Ganymede has been visited by three spacecraft which collected data over eight flybys. These
missions have led to several remarkable breakthroughs,
including the discovery of an intrinsic magnetic field.
The proposed Ganymede Interior, Surface, and
Magnetosphere Observer (GISMO) mission would
expand on our present understanding of the largest
satellite in the solar system. The mission was designed
to achieve the following overarching science objectives:
• Characterize the intrinsic and induced magnetic fields of Ganymede; study the interaction of
Jupiter's magnetic field with Ganymede’s magnetosphere and surface.
• Determine Ganymede’s interior structure and
composition, with particular focus on the pres-

ence, location, and characteristics of a subsurface
ocean.
•
Understand the mechanisms responsible for
the formation of surface features and implications
for geological history, evolution, and levels of
current activity.
• Determine Ganymede's surface composition
and implications for the origin and evolution of
surface materials.
• Determine the composition and density of Ganymede’s atmosphere.
Instruments: In order to address these science
goals, GISMO would carry three primary instruments
and a secondary radio science package. Two boommounted magnetometers, as well as a body mounted
radar sounder and combined visible camera/imaging
infrared spectrometer would collect data, figure 1 ,
throughout the mission as described in the following
sections.

Figure 1. Map indicating the locations and resolutions of images
of the surface of Ganymede gathered by the Galileo mission,
along with a description
the proposed
GISMO data products.
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Figure 4. Map indicating the locations and resolutions of images of the surface of Ganymede gathered by the Galileo mission,
along with a description of the proposed GISMO data products. Blue lines indicate possible sounding radar swaths for each
flyby, while dots indicate the location and resolution of the Galileo images.
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Magnetometer. The magnetometer package, MaGe,
would consist of two triple-axis fluxgate magnetometers mounted at 2.5 m and 5 m on a once deployable
radar sounder and the higher resolution spectroscopy would
link requirements in Table 7. These requirements account for
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the requirements governing the engineering aspects of the
mission.

Given the science requirements and payload outlined in Sections 2 and 3, we developed a flyby timeline that determines
which instruments should be ON based on the distance from
Ganymede. We provide an illustration of this timeline in Figure 5. Science operations would begin 500,000 km away
from the satellite, with instrument operations staged until
reaching the same distance on the outgoing trajectory. These
staged operations reduce mission complexity, e.g., instruments would not compete for resources, and, thus, simplify

As a PSSS project, several constraints normally affecting the
development of a mission were removed or relaxed. Specifically, we were allowed to consider the use of Advanced Stirling Radioisotope Generators (ASRGs), an option not available in the 2009 New Frontiers AO but offered in the 2010
Discovery Call (which provided a cost savings as disccused
in Section 8). Also, the costs margins in the 2009 AO were
inflated to 2010 dollars.
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and Juno missions and would require little new technological development [2, 3].
Radar Sounder. The proposed radar sounder for
GISMO was developed based on the two radar instruments currently at Mars: MARSIS (Mars Advanced
Radar for Subsurface and Ionosphere Sounding) on
Mars Express and SHARAD (SHAllow RADar) on the
Mars Reconnaissance Orbiter [4,5]. This radar would
allow GISMO to probe below the surface of Ganymede at a vertical resolution of ~5 m during closest
approach on each of its 14 flybys.
Camera/Imaging Spectrometer. Simultaneously
with radar measurements at closest approach, GISMO
would image the surface of Ganymede in the visible
and infrared with a high-resolution integrated camera/
IR spectrometer, CamVIR. This proposed instrument
would consist of a narrow-angle visible camera coupled to an infrared imaging spectrometer by combining
the properties of Deep Impacts Medium and HighResolution Instruments, MRI and HRI [6].
Mission Design Overview: The mission design
uses a Venus-Venus-Earth gravity assist (VVEGA)
trajectory to Jupiter. The mission would utilize an Atlas
V 401 launch vehicle with the 4-m fairing (3.75m
static payload envelope), which allows a launch of
2640 kg.
During Jupiter orbital insertion (JOI) the spacecraft would first make a close flyby of Ganymede before perijove at a distance of approximately 6 Jupiter
radii. This is near the orbit of Io, possibly providing an
additional science opportunity. The Jovian tour phase
would involve 14 flybys for the nominal mission of 1
year. The orbit would be in the equatorial plane for the
first 5 flybys, and progress to an inclined orbit in order
to image Ganymede’s poles and mid-latitudes. This
combination of orbits would allow for observations of
the same areas previously imaged by Galileo but at

Figure 2. Proposed science timeline for each flyby

higher resolution, as well as new areas selected for
scientific merit.
Given the science requirements and payload outlined previously, we developed a flyby timeline that
determines which instruments will be active as a function of the distance from Ganymede. As shown in figure 2, active science operations are chosen in sequence
to begin on approach, at 500,000 km distance from the
satellite and then reversed until reaching the same distance on the outgoing trajectory. These staged operations reduce mission complexity so that instruments
would not compete for resources, thereby simplify the
engineering design [7].
The spacecraft would not carry sufficient fuel for
disposal into Jupiter and so a controlled impact of Io
would be used. This avoids undesired impacts with
Europa, Ganymede, or Callisto after decommission
and provides another target of opportunity for studying
Io.
As a New Frontiers Class Mission, GISMO would
be cost-capped at $650 Million in Fiscal Year 2009.
The cost cap and all subsequent costs analyses were
converted into Fiscal Year 2010 resulting in an adjusted overall cost cap of $728.5 M in FY10 dollars.
The overall mission cost for GISMO would be $709.1
M, which falls short of the cap by $19.4 M and would
include all required reserves as defined by the AO [1].
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