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The goal of this project is to design and 
build a 6 dof freeflyer for use in 
microgravity. The robot will have to be able 
to move with or without atmosphere and use 
locomotion and control systems compatible 
with a space utilsation. The dynamic and 
control will be tested in real conditions 
during ESA’s student parabolic flight 
campaign in the summer.  
 

 
The Colibri freeflyer 

 
The freeflyer uses two types of actuators. 
Three momentum wheels control the attitude 
by changing their speed. The conservation of 
cinetical momentum forces the freeflyer to 
spin around one of its axis when the speed of 
a wheel changes. The control brings the 
freeflyer to a particular attitude by giving a 
triangular speed profile to the wheels. 
 
The translation movements are actuated by 4 
valves on each side. Those valves eject CO2 

to obtain a thrust up to 2 N per side. The 
thrust amplitude is proportionnal to the 
output pression of the pressure reducer: 

bPaF outprop +⋅=  
 
The thrust of the valve can be adapted as 
they are proportionnal to the duty cycle of 
the opening and closing of the valves: 

continuJetFRCF _(%) ⋅=  
 
The main autonomy restriction is due to the 
temperature that decreases really fast. The 
limit operating temperature is about 5 °C 
and can be regulated using a close-loop 
control. The thrust remains constant during 
the full use of the gas supply.  
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Temperature and pressure of the gas vessel 
during a continuous ejection until the end of 

the bottle 
 



The valves system could also be used to 
rotate the freeflyer, but their main goal is the 
translation. 
 
The freeflyer can achieve a maximal 
acceleration of 13.9 [cm/s2] in tranlation and 
a maximal angular acceleration of 10.4 [°/s2] 
in rotation. 
 
The freeflyer must be completly 
autonomous. Thus, it has to use its own 
sensors to localise itself in order to control 
its behaviour. The attitude is computed by 
the integration of the angular velocity 
returned by three gyrometers. This method 
incrases the error over time, but as the 
freeflyer will be tested during parabolas that 
last less than 20 seconds, the result can be 
used as we won’t have more than an error of 
5 [°]. The same method cannot be 
implemented to know the position using an 
acceleration mesurement, because the 
double integration gives too much error. 
Instead, the freeflyer computes its position 
compared to a target by mean of an onboard 
webcam. The target is recognized by its 
color and the knowledge of its size allows to 
compute the distances. The resolution is 
dependent from the distance and the size of 
the image. With our 320 pixels wide image, 
we have a theoretical resolution of 6.25 
[mm]  at a distance of 2 [m]. 
 
The control loop uses a PD regulator for 
velocity and a PID for position (target 
reaching and attitude stabilisation). In order 
to have a better idea of its behaviour before 
the real tests in microgravity, the whole 
system was modelled and simulated on 
Simulink. 
 
The main design restriction was the mass. 
The lower the mass, the easier the control 
and the actuation. The pressure system is 
responsible for half the weight of the 
freeflyer, thus increasing the necessary size 
of other parts, such as the skeleton and the 
momentum wheels. 
 
The Colibri is controled by an onboard mini-
computer, the X-board 861. The computer 
sends orders to the valves controler using 
I2C protocol. Besides, it communicates with 

the analog motor controlers via a serial 
transmission. Then, those slave controlers 
forward the consign to a digital-analog 
converter throught I2C, which will convert it 
for the motors.  
 
The Colibri can also communicate with a 
monitoring laptop by mean of a Wifi 
connection to transmit informations like the 
wecam image. All calculations are 
autonomously perfomed by the freeflyer’s 
emmbed computer but the controler 
parameters can be adapted through the 
monitoring laptop. The Wifi connection is 
also usefull to allow the user to watch the 
result of the color recognition algorithm and 
other calculations. 
 
The tests in microgravity will allow us to 
test the actuators and the control. The 
experiment will take place in a 2x2x2 meters 
area. The freeflyer will face a target and 
have to control its speed and attitude to 
reach it in less than 20 seconds.  
 

 
Experiment set-up in the plane 

 
The trajectory of the freeflyer will be 
recorded by 3 cameras. Later, the position 
and attitude will be reconstructed, using the 
colour LEDs placed on the edge of the 
Colibri. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


