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ABSTRACT 

Universities face two challenges in developing 
their own spacecraft:  their missions must be 
meaningful yet appropriately scoped for the 
skills and academic lifetime of the students.  
This challenge is magnified when attempting to 
develop a sustainable spacecraft-building 
program.   At Washington University, we are 
developing Bandit, a flight demonstration of on-
orbit inspection, situational awareness and rapid 
integration using a 25-kg host and 5-kg 
repeatedly deployable free-flying inspector.  The 
Bandit projects meets the educational, research 
and responsiveness objectives of our program 
while promising revolutionary improvements in 
proximity operations technologies.  This paper 
outlines the programmatic challenges faced by 
student-built spacecraft projects, discusses why 
on-orbit servicing is a good fit for a university-
class program, and introduces the Bandit 
mission.  Both the 5-kg deployable service 
vehicle and 25-kg host are described, followed 
by an overview of the 3DOF and 6DOF testbeds. 
The paper concludes with a description of 
possible follow-on missions and a discussion of 
why Bandit is a Responsive mission.  In 
particular, small size and short-duration missions 
lend themselves to very simple vehicles – which 
are inherently easier to design, integrate and 
extensively test.  In addition, such vehicles lend 
themselves to being “pre-positioned” on-orbit, 
providing instant responsiveness to servicing 
needs. 

INTRODUCTION  

Historically, student-built spacecraft projects 
have not been “responsive” in either dimension 
of value to a university:  attracting sponsored 
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research or fostering a sustained, hands-on 
education experience for successive generations 
of students.  One reason for this lack of 
responsiveness is that student-built spacecraft 
projects tend to be “unresponsive” in the 
dimension of interest to this conference:  the 
time interval from concept to successful orbital 
operations.  With a few notable exceptions, 
university satellite projects tend to exceed their 
intended schedule by years, exhibit a significant 
rate of failure, and prove so draining to the 
faculty and students who do manage to complete 
one spacecraft that rarely, if ever, do schools 
succeed in completing a second.1 

Recent initiatives, such as the Stanford / Cal 
Poly-led CubeSat standard, have sought to 
directly address the responsiveness problems by 
shrinking the scope of the satellite to under 3000 
cm3 and 3 kg.2-4  Extremely small spacecraft 
(under 10kg) are believed to be more responsive 
due to their low part count (reducing cost / time 
of fabrication and assembly), ease of 
handling/integration and increased ability to fit 
in the unused corners of payload fairings (i.e., as 
last-minute additions to manifested launches).  It 
is also believed that these extremely small 
vehicles are educationally responsive by slashing 
development time and allowing any member of 
the student team to literally hold the entire 
design in the palm of their hand. 

While this approach has led to a tremendous 
increase in the number of schools participating in 
space flight (23 new schools since 2000, 
compared with 21 over the previous 20 years), 
CubeSats have not yet proven to be effective on-
orbit, with a failure rate of nearly 50%.  
Furthermore, the extremely constrained power 
and communications apertures have, to date, 
limited the missions of these spacecraft to 
internal educational objectives; the only 
CubeSat-class spacecraft with “hard” research 
objectives have been sponsored by government 
or industry (with government/industry doing a 
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significant amount of the development work):  
QuakeSat5, MEPSI6 and GeneSat7.  One stated 
reason for this discrepancy is that, in some 
respects, the CubeSat is too small; significant 
engineering effort is required to miniaturize 
COTS components to fit into the CubeSat 
envelope – which offsets a large part of the 
simplicity and reliability advantages of going to 
the small form factor. 

Given the problems encountered by student 
spacecraft, does academia have anything to 
contribute to the Responsive Space effort – 
especially in terms of on-orbit operations?  We 
believe that universities that want to fly 
Responsive missions would do well to adopt 
three linked strategies: 
·  Small Vehicles.   The benefits to a student 

project of developing extremely small 
spacecraft have been outlined above, but it is 
worth emphasizing that small systems are 
easier to assemble, handle and thoroughly test.  
System-level testing, especially, is vital to 
improving the success rate of student 
spacecraft.8 

·  Short-Duration Missions.  Missions that last 
days to weeks lend themselves to simple 
systems with reduced margins and limited to 
no redundancy – which simplifies the design 
and streamlines integration and test.  For 
example, a 30-day mission has reduced 
exposure to total dose, upsets and other 
environmental degradation, and thus 
commercial parts are more readily adopted.  
Short-duration missions and the small, simple 
spacecraft that execute them also lend 
themselves to repeat flights. 

·  High-Risk Concepts.  Universities are in a 
unique position to attempt radically different 
ways of building and operating spacecraft; this 
is because students and faculty have a much 
higher risk tolerance than their 
industry/government counterparts.1  This is to 
be expected, given that universities are in the 
business of teaching and research, not building 
functional spacecraft.  Universities should 
exploit this “freedom to fail” by developing 
flight experiments to test high-risk, high-
reward technologies and operations schemes. 

At Washington University in St. Louis, we are 
testing those beliefs by developing Bandit, a 
demonstration system for on-orbit servicing 
(inspection, sentry, repair, etc.).  The Bandit 
concept has the following enabling elements: 
·  One or more very small (< 10kg), 

maneuverable drones capable of independent 

(or lightly supervised) operation on multiple 
sorties lasting minutes to hours. 

·  A host vehicle (either the service recipient or a 
dedicated host that delivers the drones to the 
recipient) with the following interfaces: 
o A launch containment system to carry the 

drone to orbit 
o An on-orbit docking system to allow a drone 

to “sleep” between sorties 
o A recharging (and possibly refueling) 

system in conjunction with the dock. 
o A short-range communications link to the 

drone 

We believe that the Bandit concept as 
implemented is responsive to both university and 
industry needs.  The former is true because of the 
iterative nature of the design:  the first student 
teams created the platform and design/test 
infrastructure, and successive generations have 
improved on the design.  The latter is true 
because Bandit is an extremely small platform to 
flight-test important operations capabilities such 
as proximity operations, autonomous docking, 
and multi-vehicle flight control.  The small size 
and modular design means that repeat flights of 
Bandit systems can be accomplished on very 
short time scales.   

At present, Bandit-C is being developed as part 
of the AFRL/NASA/AIAA University Nanosat-4 
student satellite competition.  This paper outlines 
the Bandit mission in more detail, including 
current design, prototyping activities and 
functional/environmental testing.  Special 
emphasis is placed on hardware testing using a 
3DOF air-bearing testbed and operations/ 
autonomous control testing on the 6DOF 
software-based simulator.  Design of the 25 kg 
host spacecraft Akoya is also discussed.  We 
conclude by presenting sample missions for 
future Bandits. 

SERVICING:  RELATED WORK AND 
DESIGN MOTIVATION  

Bandit is a proposed flight demonstration of on-
orbit servicing.  We define on-orbit servicing as 
the operation of one or more vehicles in close 
proximity to a space asset to affect its 
performance.  Example servicing missions 
include:  inspection/surveillance of the asset; 
refueling or other transfers of power, data or 
consumables; assembly or repair of the asset; 
and protection of the asset against debris or 
other vehicles.  In the public domain, we have 
identified ten recent, relevant servicing activities: 
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·  XSS-10 / XSS-11 (AFRL).  The 28 kg XSS-10 
microsatellite9 flew in January 2003, 
demonstrating inspection within 100 m of its 
Delta II second-stage target; the subsequent 
145 kg XSS-11 follow-up mission, launched 
11 April 2005, is currently in operation with a 
stated objective of rendezvous within 100 m of 
multiple objects. 

·  MEPSI (DARPA/AFRL).   This program is a 
series of flight demonstrations of 1-kg 
inspector vehicles6.  First flight under the 
program was on STS-113 in December 2002.  
The second flight involves demonstrations of 
MEMS IMU and switches and is manifested 
on STS-121 (the next scheduled launch).  
Future flights will incorporate active 
propulsion systems and attitude control. 

·  Orbital Express (DARPA).  This is a 2-
spacecraft servicing demonstration with a 
published launch date of September 200610.  
The 700 kg Boeing ASTRO spacecraft is to 
approach, capture and perform fuel and 
electronics transfer with the Ball-built 
NextSat.  

·  DART (NASA).  This Orbital-built 360 kg 
vehicle was launched 15 April 2005 to 
demonstrate self-guided rendezvous with and 
operation within five meters of another 
spacecraft11.  It successfully acquired its target 
and approached to within 100 meters, but did 
not successfully complete proximity 
operations.   

·  SNAP-1 (Surrey Satellite Technology Ltd 
[U.K.]).  The 6.5 kg SNAP-1 was the first 
nanosatellite to demonstrate orbit control and 
3-axis attitude stabilization while imaging its 
second stage target in June 2000.12   SSTL has 
not announced a follow-up to SNAP-1. 

·  SPHERES (MIT).  These volleyball-sized 
vehicles are to demonstrate autonomous 
formation flight and docking technologies 
using augmented GPS navigation.13  
SPHERES is designed to operated inside the 
ISS, and system elements have been shipped 
on space-available basis.  The next SPHERES 
flight is manifested on STS-116, which is third 
in line for launch under the present NASA 
plans.   

·  Mini-AERCam  (NASA).  This JSC-led 
activity was developing a 10-lb free-flyer to 
support ISS activities (astronaut assistance, 
inspection).  It was a cold gas propelled, 
battery powered vehicle with heritage to a 
1997 on-orbit demonstration of a 35-lb version 

in the Shuttle main bay.14.  NASA terminated 
Mini-AERCam funding in December 2005. 

·  MISSEM (JPL). NASA initially funded an 
$18M JPL program to a Micro-Inspector 
Spacecraft for Space Exploration Missions 
(MISSEM) as part of the 2004 Human & 
Robotic Technology BAA.  Initial indications 
were for an under-10-kg class self-sustaining 
spacecraft.  Funding for the H&RT activity 
was cut in 2005 and program status is 
unknown to us. 

·  SUMO (DARPA/NRL).  The Spacecraft for 
the Universal Modification of Orbits (SUMO) 
project is a technology risk reduction program. 
The proposed SUMO demonstration is a 
greater-than-100-kg spacecraft to demonstrate 
machine vision, robotics, mechanisms, and 
autonomous control algorithms to accomplish 
autonomous rendezvous and grapple of a 
variety of interfaces.15 

·  ANGELS (AFRL).  The Autonomous 
NanoSatellite Guardian for Evaluating Local 
Space (ANGELS) project intends to scale 
Space Situational Awareness capabilities and 
functionality into a 20-kg-class vehicle 
operating around hosts at geostationary orbit.  
The intended flight demonstrations will take 
place in 2009. 

Despite the breadth of projects, we believe that 
present activities lack research along the 
following dimensions, especially when taken 
together: 
·  Proximity operations.   Current and near-

term demonstration missions are operating on 
the order of 100 m from their targets.  There is 
a need to study operations closer than 10 m 
and, especially contact/docking.  The only 
known, active mission involving proximity 
operations is SPHERES, which operates inside 
the ISS; Orbital Express, ANGELS and 
SUMO are proximity operations missions that 
have not yet flown. 

·  Passive navigation around unknown 
objects.  All published methods for proximity 
relative navigation involve high-power, active 
radar/laser systems (e.g. the Russian KURS) 
and/or cooperation of the target vehicle (e.g. 
laser reflectors on DART’s target).  There is  
value in passive navigation within meters (or 
even centimeters) of unknown/uncooperative 
objects. 

·  Multi-vehicle operations.  Certain missions 
are improved (or only possible) with multiple 
vehicles, but the existence of multiple vehicles 
operating in close proximity to one another 
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raises a host of navigation, control, 
communications and operator-workload 
concerns.  There is a need to control teams of 
orbiting vehicles using little to no ground-to-
orbit communications and few human 
operators. 

·  Small vehicles.  Almost every active mission 
involves a service vehicle in excess of 100 kg, 
with the attendant cost, launch complexity and 
collision issues associated with large vehicles.  
We believe that effective on-orbit servicing – 
and, especially, demonstrations of on-orbit 
servicing – can be done by vehicles under 10 
kg in mass.  Such small vehicles enables 
ground testing of multiple vehicle missions as 
well as the ability to fit all elements of a flight 
test onto the same secondary launch 
opportunity. 

·  Responsiveness.  The key demonstration areas 
for Bandit are in sensors, autonomy and 
control methods.  Therefore, the key Bandit 
subsystems (propulsion, power, structure, 
communications, command hardware) will be 
fixed, with only the sensors and flight control 
software being changed from mission to 
mission.  When coupled with the small size 
and simplicity of Bandit, the standardization of 
Bandit hardware means that repeat missions 
can be flown on the next-available secondary 
launch with very rapid turnaround.  Such 
responsiveness is compatible with a university 
program, giving successive generations of 
students opportunities to incrementally 
improve the design.  

Bandit is intended to fill this gap in the research.  
The Bandit concept is based on the observation 
that  servicing missions have both 'long-period' 
functions (power generation, long-range 
communications, momentum management) and 
mission-specific 'short-period' functions (agile 
maneuvers over small distances, sensing, 
mechanical manipulation).  Often, the long-
period and short-period functions are in conflict: 
the mass and volume necessary for long-period 
functions makes the vehicle difficult to make 
agile for short-period maneuvers.  The Bandit 
design philosophy is to decouple these functions 
between short-period servicing drones and a 
long-period host vehicle.  The reusable drones 
are released from the host to execute the 
servicing function, then return to a soft-dock for 
recharging/refueling before the next sortie.   

Decoupling the functions allows Bandit to 
become a spacecraft stripped to its essentials:  
6DOF propulsion, short-term power, and short-

range communications, making Bandit vehicles 
very small, very agile and inexpensive.  As such, 
we believe that the Bandit system is an excellent 
pathfinder for risk reduction in flight test of 
autonomous, expendable, "launch and forget" 
missions, especially under limited bandwidth or 
constrained command/control.   The extremely 
small size means that a host vehicle and 4 or 
more drones could be launched on the same 
secondary opportunity. 

DEMONSTRATION MISSION:  BANDIT-C  

The Bandit flight demonstration, also called 
Bandit-C, is being developed for a secondary 
launch under the University Nanosat-4 design 
competition.16  Bandit-C consists of a 25kg host 
vehicle, Akoya, carrying two 5-kg 12x12x20 cm 
deployable, re-dockable free-flyers (also called 
Bandit).  The Bandit-C mission is to  
demonstrate on-orbit navigation and control of 
these tiny service vehicles through a series of 
incrementally-challenging sorties, culminating in 
a complete, autonomous inspection circuit 
around the host vehicle.   

As per Nanosat-4 guidelines, the Bandit-C 
mission is designed to accommodate as wide a 
range of secondary launch opportunities as 
possible; the Bandit-C mission is compatible 
with any orbit under 1000 km altitude with at 
least 45 days of orbital life. 

The service vehicle consists of an integrated 
propellant tank and electronics box; an exploded 
view is shown in Figure 1.  The cold-gas 
propulsion system has eight thrusters fed from a 
common liquid tank with as much as 500g of 
tetrafluoroethane (R134A), providing as much as 
50 m/s total DV (the mission requirement is for 
12 m/s).  R134A was selected because it is a 
supersaturated liquid with benign ground 
handling characteristics. 

The 8 thrusters are arranged to provide 
decoupled translation or rotation about any 
single axis; the number of thrusters was limited 
by the size of the valves (which were themselves 
limited by program budget).  In fact, to save 
space, the valve tree is nestled within the 
propellant tank itself. 

Bandit is navigated through a combination of 
inertial and vision sensors.  MEMS 
accelerometers and rate gyros provide high-
bandwidth information about Bandit’s motion 
and an on-board vision system converts images 
of the host to relative position and attitude 



 

5 of 10 
4th Responsive Space Conference 2006 

information at a slower frame rate.  The exterior 
of the host vehicle is instrumented with color-
coded LEDs to aid the image-based navigation 
solution, and each Bandit vehicle is also outfitted 
with LEDs for the Akoya-mounted vision 
system.  The camera is a commercial CMOS 
system with a Xilinx-based FPGA to do image 
processing.  We expect to process images at 
speeds up to 30 frames per second, but the 
mission is scoped for 2 fps operation. 

 
Figure 1.  Bandit Exploded View. 

It should be noted that the Bandit mission 
concept significantly improves navigation; 
service vehicles start and end each sortie atop 
their docks, service vehicles are designed to stay 
within 5 meters of the host vehicle, and the 
typical sortie lasts less than 15 minutes.  Over 
those relative distances and time scales, the 
primary error sources (sensor noise, thruster 
calibration errors and relative orbital dynamics) 
build up to only a few centimeters, and the 

docking system is tolerant to a few centimeters’ 
position error (see below).  Also, the baseline 
design calls for the Bandit camera video to be 
relayed to Akoya and rebroadcast down to the 
ground at 2 fps (see below). 

Service vehicles are powered by NiCad batteries 
for sorties up to 30 minutes maximum, including 
active heating for propulsion and imaging 
systems.  NiCad batteries were selected for their 
handling and robustness considerations; Nanosat 
program requirements favor launching Bandits 
with drained batteries, and this class of NiCad 
battery (Sanyo CADNICA) has shown great 
robustness when used (some say “abused”) on 
the Sapphire and OPAL missions.8, 17 

Bandit’s command & data handling system uses 
the same Atmel-based microcontroller as on 
Akoya, with an on-board 418 MHz, 4800 baud 
wireless data link back to Akoya (2 km range).   

HOST VEHICLE: AKOYA  

Akoya is 45 cm tall, hexagonal bus using 
modified commercial electronics and stringent 
Nanosat Program-mandated testing/evaluation. 
Akoya is capable of 25 W average power 
generation using solar cells and a NiCd battery 
pack (Figure 2, Figure 3).  It is actively 
stabilized in 2 axes (rate damped in all 3) using 
magnetic coils (Figure 4).  It has passive thermal 
control and no propulsion.  The corners and 
edges of Akoya are instrumented with LEDs to 
provide markers for the vision system. 

 
Figure 2.  Akoya Battery Pack 

A distributed array of microcontrollers provide 
command & data handling and modest on-board 
storage and processing.  These Atmel-based 
microcontrollers are developed by Santa Clara 
University for distributed control of robotic 
vehicles; they are 128-bit processors with 2.5 
MB RAM on a network with as much as 
400 kbps data throughput.18, 19  The distributed 
nature of the command & data handling system 
and common wiring harness means that entire 
subsystems can be seamlessly added to or 



 

6 of 10 
4th Responsive Space Conference 2006 

removed from the system; the operations concept 
is identical to adding/removing hardware from a 
modern computer.   

 
Figure 3.  Akoya Power Subsystem Tray 

 
Figure 4.  Akoya Structural Schematic with 

Magnetic Coils Highlighted 

Perhaps the most important consequence of this 
feature is that both Bandit vehicles are 
considered part of the C&DH “network”; 
functionally and practically speaking, the 
Bandits appear no different to the network than 
any other subsystem.  They pass data in the same 
manner and they accept commands in the same 
format over the same command harness (with a 
wireless “bridge” between the vehicles).  
Because of this, operating multiple Bandits 
simultaneously is simply a matter of ensuring 
that each Bandit has its own network address; 
provided there is sufficient bandwidth in the 
C&DH architecture, many Bandits can be 
operated at once.  In addition to multiple 
Bandits, it is possible to instantly integrate new 
payloads onto Akoya, as long as the new payload 
has a unique network address and conforms to 
the power/data wire harness standard. 

 
Figure 5.  AVR-SAT [courtesy Santa Clara 

University] 

Thus, Bandit telemetry is automatically collected 
and relayed to ground with Akoya telemetry.  
The main communications channel is at 9600 
baud (extendable to 19200 baud) half-duplex 
transceiver operating near 440 MHz at power up 
to 5 W.  Expected telemetry downlink is on the 
order of 5000 baud, including both Bandits..  In 
addition, Akoya carries a dedicated 2.4 GHz 
video downlink transmitter with Earth-facing 
patch antenna to relay live Bandit video to 
ground.  Ground control using this live video is 
the backup navigation method should on-board 
sensors prove insufficient. 

To physically manage the Bandits, Akoya carries 
launch containers based on the MEPSI design, 
strongly modified for the Bandit mission.  In 
addition to launch containment, these docking 
systems must also provide a means for Bandits to 
safely attach after every sortie and recharge.  
Because of the operational risks of a spring-
loaded release of Bandit on first-flight, the 
Akoya launch containers consist of an elevator 
platform that slowly pushes Bandits to the 
surface of Akoya (Figure 6).  Bandits are fully 
contained during launch because of a motorized 
bay door covering the hatch; the hatch is slid 
open by releasing a solenoid pin and powering 
the worm-gear-driven lid drive. 

ELEVATOR

ELEVATOR 
DRIVE MOTORRAILS

VELCRO 
DOCKING ARM

BANDIT BAY

RACK / SPUR-
GEAR 

LINEAR DRIVE

WORM GEAR
(REDUCING / 

LOCKING)

BAY DOOR 
(SLIDING)

PANEL NOT 
SHOWN

STRUCTURE
(MILLED 

SIDES, BACE)  
Figure 6.  Combined Launch Container and 

On-Orbit "Soft" Dock 

On the elevator is a hook-and-loop-fastener 
pushrod, which serves as the on-orbit “soft dock” 
(Figure 7).  The pushrod tip is a 2 cm diameter 
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hemisphere with the hooks; the entire surface of 
Bandit is arrayed with squares of the loops.  This 
arrangement gives Bandit tremendous margin in 
docking angle and offset; the system can dock 
despite approach angles of up to 75° and offsets 
of up to 3 cm.   The hook-and-loop fastener also 
acts as both an impact damper and a low-speed 
snag; on the air-bearing testbed, we have verified 
positive docking with relative closing velocities 
as high as 100 cm/s and as low as 0.5 cm/s.  
Given that the expected forces experienced by a 
docked Bandit on-orbit are less than 1 mN, even 
a partial hook-and-loop fastening provides 
several orders of magnitude force margin. 

 
Figure 7.  Demonstration Soft Dock 

The hook-and-loop fastener is metallized to 
provide a conductive path for recharging; charge 
electronics is designed to handle the difference 
in electric potentials between service vehicle and 
host that may build up during a sortie. 

TESTBEDS 

As of December 2005, there have been five 
iterations of Bandit demonstration vehicles, 
including a NASA KC-135 docking test (Figure 
8); the latest is remotely-operated on an air-
bearing testbed to mimic free flight in 3 degrees 
of freedom (two translation, one rotation).  The 
testbed consists of self-powered air-bearing sleds 
atop a 4’ x 8’ precision granite surface (Figure 
9).  The sleds carry canisters of R134A which 
exhaust through a glass base, resulting in a 
nearly friction-free bearing.   

Using this testbed, we have remotely piloted 
Bandit-class vehicles (Figure 10) using a 
R134A-based propulsion system in the area 
within 3 m of the target in a 3 DOF friction-free 
environment, including docking demonstrations.  
These demonstrations have incorporated the 
communications and C&DH systems by relaying 
operator commands from our portable ground 
station to an Akoya engineering unit to the 
Bandit prototype over the wireless link. 

 
Figure 8.  Students on KC-135 

 
Figure 9.  Bandit on Air-Bearing Testbed 

 
Figure 10.  Bandit Tabletop Prototype 

In parallel with Bandit hardware, we are 
developing integrated operator workstations to 
improve our ability to control service vehicles 
with limited bandwidth.  We have created a 
Java-based 6DOF dynamic simulator that models 
orbital mechanics, vehicle translation and 
rotation, propulsion and local disturbances 
(Figure 11); this simulator can be remotely 
accessed via sockets to allow researchers to test 
different control schemes on the same platform.  
The simulator accurately models the kind of state 
information available over the telemetry 
downlink and reconstructs virtual images of the 
orbital scene.  We are in the process of 
interweaving “truth” data with a built-in 
estimator that only uses available telemetry. 
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Figure 11.  GUI for 6DOF Simulator 

This system has been used to evaluate ASL-
developed behavior-based swarm methods, 
simple waypoint control and different display 
and input technologies for operator control.  
Student operators are also using the testbed to 
practice operations activites; for example, we 
have verified that 2 fps video update rates are 
sufficient to operate Bandit. 

PROGRAM STATUS 

As of this writing, both Bandit and Akoya exist 
in “FlatSat” form, with all major subsystems 
represented and most subsystems using the same 
hardware as the flight design.  Both systems will 
be converted to engineering demonstration units 
by August 2006, with flight units to be delivered 
to the Nanosat-4 final competition in April 2007. 

The Bandit-C experiment is intended to fly as a 
secondary payload, either through University 
Nanosat/Space Test Program sponsorship or 
some other sponsored launch. 

FUTURE MISSIONS 

The Bandit mission is intentionally scoped for 
iterative, incremental improvements on a 2-yr 
development cycle.  By doing so, we enable new 
student teams to develop and execute a new 
mission without needing to develop a completely 
new space system.  Thus, after the Bandit-C 
demonstration, one or more of the following 
missions will be developed for Bandit-D: 
·  Extended proximity operations.  Depending 

on the results of Bandit-C, we would operate 
Bandits at greater distances for greater lengths 
of time, fully characterizing the performance 
envelope.  Note that the timeline of this 
mission is only limited by the time it takes to 
build an indentical Bandit-C system and fly it. 

·  Multi-vehicle operations.  Bandit-C carries 
two vehicles for experimental redundancy; for 
future missions, we intend to reduce the size of 
the service vehicles such that four or more 
could fit on the Akoya platform.  (Bandit is its 
present size because of cost constraints on the 
propulsion design and a desire for tremendous 
structural margins on the first flight.)  As 
discussed above, C&DH and communications 
are already capable of simultaneous control of 
several vehicles, including ample room in the 
telemetry downlink for up to 8 more vehicles.  
The main development activity for this 
proposed mission would be algorithms and 
operator interfaces for lightly supervised 
control of many vehicles.  A sample mission is 
combine low-resolution images from each 
Bandit to create a detailed 3-D model of the 
host vehicle. 

·  Improved situational awareness.  We would 
extend existing vision-based navigation to 
work without the assistance of LEDs.  We 
would also characterize the ability of COTS 
cameras/sensors to detect slow-moving objects 
in the vicinity (e.g. by flying one Bandit away 
from the host and detecting it with another). 

·  Responsive Concept 1:  Rapid Integration 
with Akoya.  As discussed above, the Akoya 
C&DH system lends itself to immediate 
functional integration of new components.  In 
fact, provided that the new component is 
preselected to be compatible with power, data 
and thermal constraints, integration is 
instantaneous; Akoya simply acts as a relay, 
sending commands from the ground to the 
desired address and sending responses from 
the payload to the ground.  In more advanced 
demonstrations, the new component will store 
a model of its own behavior and operational 
needs, allowing the spacecraft to reconfigure 
itself to provide proper power, thermal and 
pointing services. 

·  Responsive Concept 2:  Late-stage Unit 
Swap.  Given that the Bandit launch 
containment units have no stored spring 
energy, integration of a Bandit with a 
container consists simply of powering the lid 
open, sliding Bandit into place, and powering 
the lid closed.  This operation could be 
performed in any location or configuration 
where the lid is accessible to a single hand – 
even if the container were hanging upside 
down on the launch vehicle.  We would be 
very interested in demonstrating “last minute” 
integration of Bandits on a flight system, for 
example, if an improved-capability Bandit 
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were made available late in the integration 
cycle, it could be swapped with the existing 
Bandit vehicle on the launch pad.  This 
experiment would be one simplified 
demonstration of the “six day” integration 
cycle (more like sixty minutes). 

·  Responsive Concept 3:  Late-stage System-
Level Integration.  On Akoya, the Bandit 
interface equipment (dock, charging system, 
communications relay) resides in a single, self-
contained unit analogous to the P-POD/MEPSI 
containers.  Therefore, the dock unit could be 
converted into a free-standing system with a 
common power/data interface.  In this 
configuration, an entire Bandit system could 
be integrated with an entirely different host (or 
launch vehicle upper stage).  We believe that 
the small size and robust container design 
would greatly reduce integration times; this 
demonstration would consist of integrating a 
self-contained Bandit system onto another 
vehicle and performing Bandit-C-type 
operations on-orbit. 

·  Enhanced Orbital Capabilities.  Bandit-class 
vehicles could be outfitted with manipulators 
to perform basic repair/refueling.  Examples 
would be an enhanced dock that also 
replenishes a Bandit’s propellant, and using 
teams of free-flying Bandits to remove a 
component (e.g. another Bandit in its dock) 
and swap another in. 

CONCLUSION 

Bandit is an aggressive, high-risk/high-reward 
mission in development at Washington 
University.  This mission will provide early 
flight demonstration of on-orbit servicing 
technologies, especially proximity operations 
and situational awareness.  It demonstrates the 
usefulness of decoupling short-period servicing 
functions from long-period spacecraft functions.  
But is it responsive? 

First of all, Bandit is an educationally responsive 
project, which is to say that it provides a 
sustainable undergraduate education program 
with the potential for meaningful flight 
experiments every two years (about the time it 
takes to recruit, train a new team and develop a 
new mission before students graduate).  We have 
identified numerous options for small 
improvements to the design or extensions to the 
mission that result in significant new flight 
demonstrations.  We also believe that this 
approach combines the technical challenges and 

educational benefits of the CubeSat-class 
vehicles with the mass, power and data margins 
available to larger student satellites. 

Secondly, Bandit is a responsive research 
platform, providing our university with the 
opportunity to perform meaningful flight 
demonstrations within the constraints of a 
university environment.  The Bandit mission 
contains enough academically relevant topics to 
support graduate and faculty research. 

Also, Bandit is responsive in the conventional 
sense: it is possible to assemble, integrate for 
launch and launch Bandits in extremely short 
time frames.  These benefits are largely driven 
by the small size and operational simplicity of 
the vehicle, with the secondary help of the 
distributed command & data handling system.  
Still, though Bandits are small, we believe that 
they can perform useful missions:   
·  Rapid demonstration.  The basic Bandit 

platform consists of the propulsion, power and 
sensing modules.  Any one of these systems 
can be swapped out for new devices and new 
software can be written to test new control and 
sensing schemes.  Therefore, with the form 
factor and integration approach unchanged, it 
is possible to integrate and flight-test new 
technologies on an extremely short time scale. 

·  On-orbit servicing.  Bandits are big enough to 
provide services, especially inspection/ 
situational awareness at extremely low cost 
and extremely low launch mass.  They are so 
small that many vehicles can be flown on the 
same launch – providing system-level 
redundancy and enhanced multi-vehicle 
operations. 

Finally, we believe Bandit is responsive in an 
unconventional sense:  they are so small and so 
inexpensive that their integration costs on large 
hosts are negligible.  Thus, instead of launching 
on demand, Bandits could be prepositioned on-
orbit to immediately respond to a host vehicle’s 
needs.  The development and integration costs 
are so small that it might be cost-effective 
overall to put Bandits on every new vehicle, 
even if they were never needed. 
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