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ABSTRACT
Swarm intelligence in space gives a very innovative
approach for allowing autonomous operations of
physically distributed agents to work as one unit. The
YETE2/SIW project is intended to create a distributed
autonomous robotic system that consists physically of
one unit or several such units that work together. This
paper describes the project and the modules being
developed to realize its objectives at the time of writing.
It will also present the guidelines of the strategies
intended to be used for swarm intelligence and intelligent
distributed control. Additionally, the testing platforms
being built in which these proposed strategies are tested
and verified will be explained and outlined.
Keywords: Wireless Distributed Control, Autonomous
Self-Assembly, Recovery and Takeover Protocol.
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developed. In addition, a swarm exploration for perfect
integration of traveling and flying agents and ground
segment elements despite communication delays will be
verified.
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SPACE MANEUVERING AND
DOCKING FACILITY

The Chair of Aerospace Information Technology at the
University of Würzburg has developed a Space
Maneuvering and Docking Facility in order to help
researchers and students understand and get familiar with
basic spacecraft and satellite subsystems and also to
develop and test different control algorithms and
strategies for space rendezvous, docking, and formation
flying in a frictionless space-like environment [1].

INTRODUCTION

More and more space applications are designed to
include multiple distributed space agents (i.e., satellites,
robots, modules, and spacecraft). In order to fulfill the
intended space mission application, those space agents
have to work together, share information, coordinate
action and decision making, and sometimes physically
connect with each other to increase the level of
adaptability and robustness. Swarm intelligence in space
gives a very innovative approach for allowing
autonomous operations of physically distributed agents
to work as one unit.
The YETE2/SIW (Physikalisch verteilte Steuerung im
Weltraum/Schwarmintelligenz im Weltraum) system can
be defined as a (global) agent, who consists of several
units, but they are only physically distributed. Each unit
consists of several internal avionics components such as
sensors, actuators, computers, or mass storage units
which are connected wirelessly and are available to the
global system without differentiating which unit they are
physically mounted on. The radio waves do not stop at
the physical limits of the unit, so if there are several
units within the radio range, there are no physical
boundaries for the individual avionics. All units merge
into ONE system, where each avionics element can
directly reach any other.
In order to demonstrate such a system, an autonomous
self-assembly approach where a physical structure, that
cannot be brought into the orbit at once, autonomously
build up from several individual components is being

Figure 1: Space Maneuvering and Docking Facility at the
University of Würzburg
In order to simulate such environment, air bearing
vehicles able to navigate in an almost frictionless
environment with three degrees of freedom consisting of
two components of translation and one angle of rotation
are developed. The vehicle consists mainly of a
mechanical structure with pressure release nozzles as
steering thruster actuators mounted on the sides. In
addition, one reaction wheel to control the orientation of
the vehicle is mounted at the center of the vehicle. To
support the structure, flat circular air bearing pads which
produce frictionless motion on a flat and smooth surface
of glass plates for microgravity environment are used.
The propulsion air supply subsystem of the floating
vehicle consists mainly of compressed high-pressure air
tanks, inline pressure reducers, proportional valves and
pressure sensors to control the flow rate to the air

bearing pads and to the thrusters as shown in Fig. 2.

2.1 Swarm Self-Assembly Vehicles

The vehicles are monitored by a ground station computer
with commanding and telemetry display tool through WiFi
communication.

Six space maneuvering and docking vehicles are being
built in order to demonstrate the autonomous selfassembly process.

The facility has 5.40x4.40[m] platform covered with a
10[mm] thick glass plate. The glass surface will provide
good resistance to scratch damage while giving best
sliding conditions to the floating vehicles. A starscape
poster based on the Hipparcos catalog is placed beneath
the glass surface to help the vehicles navigate on the
platform through onboard star tracker sensor system as
shown in Fig. 1.

To make the process easier and more efficient, another
version of the vehicles has been designed. In this version,
the vehicles will have equilateral triangular shape. Three
pressure release nozzles mounted at the vertices of the
vehicle and one reaction wheel mounted at the center
will be used to steer the vehicle. Two of these thrusters
can tilt 60 degrees to ease in the docking process. Two
universal docking ports are being mounted on the sides
of the vehicles. Each docking port will have two
electromagnets and two proximity sensors to facilitate
the docking process between two vehicles.
Two vision-based systems consist of two cameras and
two single-board computers are being used to navigate
the vehicle. One is used to detect the vehicle relative
position and orientation on the platform using a star
tracker system and the other is used as a vision-based
sensor system for relative navigation of other vehicles
and objects nearby as shown in Fig. 3.

Figure 2: Space Maneuvering and Docking Vehicle I

Figure 3: Space Maneuvering and Docking Vehicle II

2.2 Robotic Testing Platform
One of the difficulties with testing such system is the
limitation of the air supply inside the mounted highpressure air tanks. Filling these tanks take time and
making the testing process uncomfortable as it has to be
interrupted very often.
Therefore a smaller testing platform has been developed.
In this platform, a mechanism was designed to track two
vehicles at a time using two cameras mounted on two
movable air supply arms to provide the necessary air
from a nearby rotary screw air compressor which allows
the air supply to be continuous. A cubical support
structure of 2x2x1[m] with two movable guide rails with
attached air supply chassis is placed above a testing
platform of 2x2[m]. The attached air supply chassis have
another guide rail which can move in the axis
perpendicular to the motion of the chassis which enable
the air supply arm to move along the X and Y axis above
the platform as shown in Fig. 4.
A Camera is attached to each of the supply arms and
uses color-coded object detection technique to determine
the vehicle position and velocity on the platform. This
information is used to control two DC motors that drive
the belt moving mechanism of the supply arm which
enable tracking the vehicle’s movements on the platform
at all times [2].

3 WIRELESS AUTONOMOUS
DISTRIBUTED CONTROL SYSTEM
In order to improve the robustness and the fault
tolerance capability of the system, a wireless
autonomous distributed control technique is being
implemented. Small modular control units consisted of a
high-performance STM32F4 microcontroller and
IEEE802.15.4-2011 Ultra-Wideband (UWB) compliant
wireless transceiver module will be used for the short
rang intra-vehicle communication. The ability to work
under severe multipath environment conditions and its
low spectral density which make it less disturbance for
other devices that may be sensitive to interference
besides its robustness to narrowband disturbances make
the UWB wireless modules an ideal choice for the intern
communication inside the vehicle. A simple collisionfree protocol for Ultra-Wideband modules, which was
designed for intra-satellite communication, is intended
to be used. The suggested protocol provides reliable
communication links and a fixed data-rate for every
connected node, while still being able to reconfigure on
the fly and react dynamically on connecting/
disconnecting behavior of the network nodes [3]. The
UWB module being used supports up to six
IEEE802.15.4-2011 channels. To avoid interference,
every vehicle will use a different channel for
communication.
Each wireless control unit within the system will have a
unique Identifier (ID) number and is set to be
autonomous where it should perform all its control
functions internally with an adaptive strategy to
compensate the possible loss of wireless command data
being sent from the supervisory control unit. The
supervisory controller of the vehicle is set to be able to
communicate with other supervisory controllers of
nearby vehicles and with the ground station through
WiFi module attached to the modular supervisory
control unit through an extension board as shown in Fig.
5.
In order to deal with such system, the use of a real-time
embedded operating system with minimum overhead
and fault tolerant capability is essential. Therefore the
Real-time Onboard Dependable Operating System
(RODOS) is being used. Most development
failures come down to the complexity of the system.
RODOS is designed for applications demanding high
dependability with simplicity as its main strategy. The
Operating System was designed using object-oriented
C++ interfaces with real-time priority controlled
primitives multithreading and time management. Its'
microkernel provides support for resource management,
thread-safe communication and synchronization,
input/output and interrupts management. In addition, it
is fully pre-emptive and uses priority-based scheduling
and round robin for same priority threads [4]. It has
Middleware with Topics and Subscribers beside a
Gateway that brings Topics to other RODOS nodes may
exist in the system.

Figure 4: Robotic Testing Platform in the Chair of Aerospace
Information Technology at the University of Würzburg

supervisory controller and the recovered control unit and
a new ”I am alive” signal will start to receive. In case no
acknowledgement message received within a certain
time interval, the units will switch the communication
channel again and repeat the process.

Figure 5: YETE2/SIW Wireless Distributed Control System

3.1 Recovery and Takeover Protocol
To increase the reliability of the system and in case of a
supervisory controller failure in one vehicle, a Recovery
and Takeover Protocol will be initiated where an
external supervisory controller of another nearby vehicle
can send commands to the control units and receive the
sensors information directly from the recovered vehicle.
The proposed protocol will initiate if the distributed
control units do not receive an ”I am alive” signal within
a given timeframe from the assigned supervisory
controller. As soon as a failure is detected, the control
units will start searching for other nearby vehicle’s
supervisory controller by switching the working UWB
communication channel and sending a Recovery
Request message. The message will include the control
unit ID and the time in which the failure has been
detected. If one nearby vehicle receives the message and
it has free resources to take over, it should send back an
Acknowledgement and Takeover message that include
the responder supervisory control unit ID. As a result, a
direct connection will be established between the new

Figure 6: Recovery and Takeover Protocol

4 AUTONOMOUS SELF-ASSEMBLY
STRATEGY
In the proposed autonomous self-assembly strategy,
there will be no centralized control unit. Every vehicle
can be a chaser or a target. Every vehicle will start
scanning its surrounding for targets and possible
obstacles using the onboard vision based sensor system
and at the same time receiving Vehicle Status Reports
from nearby vehicles. The Vehicle Status Report will
contain information about the vehicle position, attitude,
air tank & battery remaining capacity and docking ports
availability. After analyzing the information obtained
from the received Status Reports and from the visionbased sensor system, the shortest travel distance to an
available docking port on a nearby vehicle will be

chosen and a decision to put the vehicle in a chaser or a
target mode will be made depending on the air & battery
remaining capacity on both vehicles. A Docking Request
will be initiated by the chaser vehicle. This request will
include the chaser supervisory controller ID, the docking
port control unit ID within the target vehicle, and the
time frame expected to complete the docking procedure.
Every vehicle will analyze the docking requests (if any)
have been received and select (if possible) the Docking
Request with shortest time frame expected. In case two
(or more) requests have the same expected time frame, a
predefined priority order will be utilized. A Docking
Approval message will be sent to the chaser vehicle. The
chaser
vehicle
should
respond
with
an
Acknowledgement message to start the Rendezvous
Mode in both vehicles. In case the Acknowledgement
message was not received within a certain time interval,
the request will be dropped and the process will be
repeated.

Figure 8: Trajectory Tracking Controller with Obstacle
Avoidance capability
When the chasing vehicle enters the docking range, a
Docking Mode controller will be activated. In this mode,
one vector thruster with the help of the reaction wheel of
the vehicle will steer the chaser vehicle slowly to dock
with the target port using the proximity sensors in the
docking port as a feedback signals. The electromagnets
in the universal docking ports at both vehicles will be
linearly activated when the docking ports become in the
range of 5mm distance from each other to ensure smooth
docking process.

4.1 Intelligent Distributed Control
Once at least two vehicles self-assembled, the resulting
structure should have the ability to move and rotate as a
one unit using the distributed multiple controllers
onboard. An Intelligent distributed control strategy is
being implemented where the actuating signals to the
actuators available in the new assembled structure will
adapt itself to certain parameters like the air tank &
battery remaining capacity in the corresponding vehicle
where the actuators are mounted and also to the life
expectancy of the actuators itself. At least two
constellations are intended to be assembled during this
project as shown in Fig. 9.

Figure 7: YETE2/SIW Autonomous Self-Assembly Strategy
In the Rendezvous Mode, the chaser vehicle will start
planning a rendezvous trajectory where the docking
ports intended to dock should face each other within a
range of 5 to 10[cm] and a Trajectory Tracking
Controller with Obstacle Avoidance capability will be
used as shown in Fig. 8.

Figure 9: Hexagon and Train Constellations

In the train constellation as an example, we will have 6
reaction wheels and 9 thrusters on each side of the
structure working as steering actuators. When a new
command is given to move the structure to a new
position, all the six supervisory controllers will receive
the command and activate the Trajectory Tracking
Controllers onboard but with different weighting
parameter. The weighting parameter will be calculated
by each supervisory controller individually depending on
the previously mentioned parameters and also on the
information contained in the received Status Reports
from other supervisory controllers in the assembled
structure.

5 CONCLUSION
This paper has presented the wireless autonomous
control system being developed in order to create a
distributed autonomous robotic system that has no
physical boundaries for the individual avionics onboard.
A new proposed recovery and take over protocol to
increase system reliability and robustness was explained.
In addition, an autonomous self-assembly strategy with
no centralized control unit was clarified and the
guidelines for an intelligent distributed control strategy
once the autonomous robotics system self-assembled
was also given in this paper. The used newly developed
testing platforms and the floating vehicles being used to
demonstrate and verify the proposed strategies were
explained. Further publications will be made to cover in
depth the mentioned topics in this paper and show the
obtained results from the suggested strategies.
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