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Abstract
Satellitedevelopmentis becomingfasterand lessexpensive with the introductionof the
CubeSatconcept,wherelow budgetpico satellitesare developedwithin a yearusingoff-
the-shelfcomponents.Therigid requirementsassociatedwith CubeSathave sofar excluded
thesatellitesfrom demandingmissions.However, if CubeSatscarrymorecomplex missions
they will alsobeof commercialinterestdueto thelow costandquickdevelopment.
CommandandDataHandlingof a CubeSatwith a cameramissionwhich involvesstorage,
compression,andtransmissionof largeamountsof data,hasbeeninvestigated.This research
is part of the CubeSatproject at Aalborg University and is the basisfor the development
of a designandan actualimplementationof CommandandDataHandlingfor theCubeSat
currentlyunderdevelopment.In generalit is concludedthat CubeSatscanbe designedfor
cameramissions,and therebymaking themmore interestingfor commercialapplications,
providedthatthecustomeris satisfiedwith approximatelyonepictureperday.
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1. INTRODUCTION

The CubeSatconceptwas inauguratedby Professor
Robert Twiggs of StanfordUniversity primarily for
educationalpurposes,to allow studentsto experience
theentireprocessof building andflying satellites[7].
A CubeSatis by definitionapicosatelliteof 10x10x10
cm with a maximumweightof 1 kg. Launchvehicles
arebeingconstructedwhich will carrybetween1 and
6 CubeSats,andput theminto a Low EarthOrbit at
about600km[4]. Currentlyseveral CubeSatprojects
are ongoing at universities around the world with
variousmissions[8].

Accordingto Prof. Twiggs a CubeSatwith a camera
mission is yet to be developeddue to requirements
of handlinglargeamountsof data[1]. Combinedwith
therigid requirementsof aCubeSat,acameramission
producingpictureshasseemedbeyond the capacity.
Drivenby thedesireto pushthelimit of theCubeSats

as well as breakinggroundfor commercialapplica-
tions, several researchgroupsat Aalborg University
(AAU CubeSat)have beenworking to explore the
possibilitiesof a cameramission.

Whenbuilding a CubeSatit is importantto remember
to KeepIt SimpleStupid(KISS). This is achieved in
the hardware by choosingoff-the-shelfcomponents,
andin the softwareby choosingsolutionsthat might
notbeassophisticatedaspossible,but ratherassimple
aspossible.In generalthespaceindustrydoesnotuse
standardcomponents.Whenlaunchingasatellitewith
e.g. NASA, all critical partsof the satellitemust be
tripple redundant,otherwiseit will not be launched
[1]. This addsgreatly to the budgetand complexity
of building the satellite.The CubeSatconceptbreaks
away from the conservative industry by using stan-
dardcomponents,which canbe boughtin any well-
equippedelectronicshardwarestore.



AalborgUniversitystartedaCubeSatprojectin Septem-
ber 2001with the ambitionof launchingthe satellite
in November2002.Severalgroupshavebeenformed,
eachbeingresponsiblefor asubsystemof thesatellite.
This article is the outcomeof one of the research
groupsfocusingon theCommandandDataHandling
(CDH) in a multi-threadedenvironment,and the ob-
ject is to discusstherequirementsfor fulfilling acam-
eramission.

1.1 Setting

Takingapictureof theEarthfrom asatelliteaddsstrict
constraintsto eachcomponentusedin the satellite.
Thecamerashouldhaveahighresolution,havealow-
power consumptionand be as light as possible.To
obtain a good quality picture, the satellitehasto be
stabilizedbeforetakingthepicture,andthepositionof
thesatelliteshouldbeknown to getpredictiveresults.
Picturedatamustbestoredon the onboardcomputer
which requireslargeamountsof memory. Oneof the
most fragile componentsonboarda satelliteis mem-
ory which is sensitive to radiation.Furthermore,all
the datashouldbe transmittedto the groundthrough
a communicationchannelwhich alsorequirespower.
Dueto thesmall sizeof theCubeSat,power is a lim-
ited resource,thus requirementsto the transmission
ratearedependenton theamountof power available,
andtheamountof datato transmitto theground.

1.2 Contentof article

As participantsof the CubeSatproject at Aalborg
UniversitywedevelopedtheCDH for thesatelliteand
investigatedthe requirementsfor a cameramission.
The following sectiondescribesthe methodsusedin
the researchanddevelopment.In the Validation and
Resultssectionthe testsof thesystemandtheresults
of thetestsaredescribed.Thearticleconcludeswith a
discussion.

2. METHODS

Theinvestigationof requirementsof acameramission
wasdoneby developinga prototypeof theCDH. The
software was then systematicallytestedin order to
providea detailedconclusion.This sectionbriefly de-
scribesthehardwareplatformusedontheAAU Cube-
Sat,the operatingsystemused,calculationsconcern-
ing pictureresolutionversestransmissiontimeandthe
structureof thesoftwarefor theCDH.

2.1 Off-TheShelfProducts

The CDH systemis developedusing the following
developmentandoperatingsystemsoftware.

� Keil PK166ProfessionalDevelopersKit V3.12
� Keil RTX166Real-timeOperatingsystemV4.01

The Keil developmentkit includesa C compiler, a
debugger, an emulator, a simulatorboard,anda pro-
grammingenvironmentfor Windows.Sincethehard-
warefor thesatellitewasnot readybeforetheproject
hadfinished,theonly waythesoftwarecouldbetested
was to use a Keil’s simulator board and emulator.
The tools were very useful becauseit is possibleto
programthe applicationin C anddebug it, eitheron
thesimulatorboardor usingtheemulator.

There were two choicesfor the OperatingSystem:
the Keil OS and the Micri � m � C/OS-II. Both were
sponsoredby therespectivecompanies.Theoperating
systemscomplied with the basic demandsfor the
system,meaningthey have thefollowing facilities:

� Multi-threading
� Semaphores
� Messagepassing
� Timemanagement

The multitasking of both OSs is preemptive, which
is an advantagesince one low priority thread can
not block all the otherthreads.However the Keil OS
was chosenover the Micri � m OS for the following
reasons:

� More flexible threadhandling- It is possibleto
start a new threadfrom any threadin the Keil
OS,while all threadshave to bestartedfrom the
mainthreadin theMicri � m OS.

� Better mailbox functionality - In both OSs, it
is possibleto wait for dataat a mailbox, but in
the Micri � m OS, it is a busy wait. This means
that lower priority threadswill not getprocessor
timewhenahigherpriority threadis waitingata
mailbox.

� Error handling- In the Keil OS a default error
handlerwill be createdfor eachthread,which
will be called in the event of an error in this
thread.It is thenpossibleto replacethis default
error handlerwith a customizedversionwhich
canperformcorrectiveaction.

2.2 Overview of CDH

Thephysicaldomainis modeledby theCDH asillus-
tratedin figure1.

Thedifferentsubsystemsare:
� CommandandDataHandling(CDH) - Controls

the onboardcomputerby receiving, processing
anddistributing datato andfrom the othersub-
systems.

� Power Control Unit (PCU) - Interface to the
power hardwareto monitorpower consumption,
charging of batteries,remainingpower, current
andpower levelsandotherhousekeeping.

� Batteries(Batt)
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Fig. 1. Functionaldiagramof the subsystemsin the
problemdomain

� SolarPanels(SP)
� Attitude Control System(ACS) - Controls the

orientationof the satelliteusing attitudeactua-
tors.

� Actuators
� Sensors
� Communicationssubsystem(COM) - Communi-

cationto groundstation.
� Receiver/Transmitter(Rx/Tx)
� PayLoad(CAM) - Camera.

The subsystemsare connectedto a sharedI2C bus
throughwhich communicationis established.Theex-
ternalunits (Batt, SP, ActuatorsandSensors)areall
controlledby the individual subsystems,i.e. thePCU
controlsthebatteriesandthesolarpanels.

The CDH is further divided into a supervisor(SPV),
a log module(LOG) anda flight plan module(FLP).
Eachof themoduleshave its own field of responsibil-
ity.

2.3 SoftwareStructure

Basedon thefindingsin theproblemdomain,a com-
pletestructureof the softwaresystemwasidentified.
SincetheAAU CubeSatprojectwasspreadoutamong
several groups,resulting in a lot of different people
writing softwarefor theCDH,ahighlymodulardesign
wasthegoal.Whenalot of peoplearedevelopingsoft-
warefor thesameproject,it veryimportantto havethe
interfacesdefinedclearly, sothedifferentpartsof the
softwarewill beableto communicatein a predefined
way.

As previously described,the Keil RTX166 OS was
used,which supportsmulti-threading,becauseit en-
ablesthe option of having eachindependentpart of
the systemrepresentedby oneor more threads,thus
fulfilling the modularityrequirement.The communi-
cationbetweenthe different threadswas doneusing
messagepassingimplementedvia messagequeues.

Figure2 shows thestructureof theCDH, whereeach
of the boxes depict an independentmodule in the
system.

LOG
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Fig. 2. Threadstructurefor CDH

From this figure it is alsoevident that the SPV mod-
ule plays a central role in the datadistribution. For
simplicity, it was chosenthat all the routing of data
in the system,wasto be handledby the SPV. Oneof
thebenefitsof thisdecisionis thatthecommunication
paths are simplified. The developer of a particular
moduleonly needsto agreewith thedevelopersof the
SPVaboutwhatkind of messagescanbesentbetween
them.It alsomeansthattheSPVis ableto monitorall
thecommunicationin thesystem,andthusis it ableto
pick out vital dataandsendit to theLOG module.

Furthermore,in order to simplify the coordination
processbetweenthe different groupsof developers,
a standardizedformat for the messagesbeingpassed
betweenthedifferentmodulesis used.

TheCDH usesthemessageformatshown below:

st r uct M essage_A gent {
unsi gned char sender ;
unsi gned char command_f i el d ;
voi d � data_bl ock ;
unsi gned l ong dat a_bl ock _si ze ;

} ;

Whensendinga message,the senderidentifiesitself,
by settingthesender field, indicateswhat themes-
sagemeansin thecommand_field, andoptionally
indicateswherethe receiver canfind dataassociated
with themessagebypointingthedata_block to the
memorylocationof interest.

2.4 Functionality

Themainfunctionalityof theCDH is basedonaflight
plan which is a time schedulerthat specifiesthe exe-
cutionof tasksin thesatellite.Tasksareinsertedinto a
flight planonthegroundandtheplanis transmittedto
thesatellite.TheCOM modulereceivesall datafrom
the groundand forwardsit to the SPV (as indicated



in Figure 2. The SPV sendsthe flight plan to the
FLP modulefrom which the tasksarescheduledfor
execution.

Fourdifferenttaskscanbeinsertedinto theflight plan:
� GetStatuswhich collectsstatusfrom all thesub-

systems
� TakePicture which informs the CAM to take a

picture
� SwitchACSMode, whichtells theACSsubsystem

to changeinto anothermode
� Reset, which resetstheOBC

Each task can be either periodic or non periodic.
Figure3 is an exampleof a flight plan,andit shows
how eachtask in the plan is linked to the next task.
Figuresa, b and c show the flight plan sampledat
threedifferenttimesto illustratethatperiodictasksare
reinsertedinto theflight planafterexecution.

Task: TakePicture

Periode: 0 Periode: 30

Task: GetStatus
ToE: 13.02:10 ToE: 13:02:30 . . .

a) Flight Plan − Time: 12:56:30

b) Flight Plan − Time: 13:00:10

c) Flight Plan − Time: 13:02:05

Task: TakePicture

Periode: 0

. . .

Task: GetStatus Task: SetACSMode Task: TakePicture

Periode: 0 Periode: 0

. . .

Task: SetACSMode Task: GetStatus

Periode: 0
ToE: 13.00:30

ToE: 12:58:00
Periode: 30

ToE: 13:00:15

ToE: 13:00:15 ToE: 13:02:10

ToE: 13:02:10

Periode: 30

Fig. 3. Illustration of a flight plan sampledat three
different times.ToE is an abreviation for Time-
OfExecution

2.5 Picture

The satellitecarriesa Kodak1.3 megapixels camera
asapayload.Thecamerastorespicturedatain a10bit
format which can be interpolatedinto a 24bit color
schemeon the ground. In AAU CubeSatthe OBC
uses16bit memorywhich meansthat10bit pixelsare
storedin 16bit words.The cameracan take pictures
in differentresolutionswhichobviouslyinfluencesthe
sizeof thepicturedata.Table1 showssizesof picture
dataversusresolutionof picture.

Picture resolution Size- 10bit Size- 16bit
800x 600 0.57MB 0.92MB
1024x 768 0.94MB 1.50MB
1280x 1024 1.56MB 2.50MB

Table 1. Picture resolutionand the 10bit
and 16bit sizes

In AAU CubeSatthe1280x 1024pictureresolutionis
usedeventhoughit requiresmorememory.Thereason
for this is our interest in obtaining a high quality
picture with the additionalrequirementof obtaining
it within a day. The transmissiontime for a 2.50MB
pictureis thereforeinvestigated,andfoundin table2.

Baud Rate Transmissiontime
2400 2 hrs25 min 38sec
9600 36min 25sec
19200 18min 12sec

Table 2. Transmission time relative to
baud rate

Noting that the transmissiontime mustbe compared
to the fact that the satellite will only be in range
for communicationfor a maximum of 12 minutes
eachorbit, and with an orbit time of approximately
98 minutes,a compressionalgorithmwould decrease
transmissiontime. In order to decreasetransmission
time andto save power, a compressionalgorithmwas
used.

2.6 Compression

The advantageof compressingthe picture is that the
size is reduced,causingthe transmissiontime of the
picture to be reduced.The disadvantageis that bit
flips in the compresseddatawill causeconsiderable
damageto all thedata.

JPEG
A logical choice of a compressionalgorithm is the
JPEGalgortihm,which is a lossycompressionalgo-
rithm specificallyfor pictures[9]. It is known to re-
ducethesizeof thepictureby up to 10%of theorigi-
naldatawithout any visible imagedegradation[5].

Onemajor drawbackin usingthe JPEGalgorithmis
that it yields the best resultswhen the picture is in
RGB format beforeencoding.The picture madeby
the camerais storedin a Bayercolor filter arrayand
to convert the pictureto a format which canbe used
in the JPEGalgorithman interpolationof the picture
datamustbeperformed[6].

This conversion requiresmemory to store both the
inputpictureandtheoutputof theinterpolation.Going
from 16bit to 24bit enlargestheoutputpictureby 1.5
timestheoriginalpicture.At a1280x 1024resolution,
the output picture itself will require 3.8 MB. With
only 4 MB RAM on board,this mustbe considered
impossible.

It couldbeconsideredto do theinterpolationin small
parts of the picture and overwrite the original data
with compresseddatato save memory;however, this
addsto the complexity of the task.Furthermorethe
interpolation and the JPEG algorithm itself which
usesboth discretecosinetransform,quantizationand
Huffmanencodingis aheavy taskfor theCPU.

The JPEG algorithm is obviously not ideal for a
CubeSat,and therefore another compressionalgo-
rithm whichwill work underthelimitationshavebeen
found.

Huffman’salgorithm
Thecompressionalgorithmchosenis theHuffmanen-
codingalgorithmwhich is a minimal variable-length



encodingbasedon the frequency of eachcharacterin
thedata[3]. Theideais, that thecharacterswhich are
usedoftenin thedatawill geta shorterencodingthan
thecharacterswhicharerarelyused.Thisalgorithmis
known to compressdatato between20%and90%of
the original size,dependingon the characteristicsof
thefile beingcompressed.

The basicelementsof the algorithmaresummarized
in threesteps:

(1) Count the frequenciesof eachcharacterin the
data

(2) Find thebinarytreeandtherebytheencoding
(3) Convert thepictureusingtheencoding

In our CubeSateachcharacterhasa 10 bit value,but
uses16 bit. This meansthat therecanbea maximum
of ����� differentcharacters.The frequency of each10
bit characteris thereforeusedto build a binary tree
usingHuffman’salgorithm.

From this binary tree it is be possibleto find the
encodingfor eachcharacter. Thosecharactersoften
usedwill geta shorterencodingthanthosecharacters
seldomly used. Thus the picture can be converted
usingthenew encoding.

Resourceconsumption
Basicallythedatain eachpixel of thepictureonly has
to be accessedtwo times– whenthe frequenciesare
foundandwhentheconversionis done.

Thecalculationof thebinarytreedoesnot take much
memoryas it only works on the frequenciesof the
10bit characters.In our case,there will only be a
possibility of a maximumof ����� differentcharacters
from which thetreeshouldbemade.This meansthat
themaximalamountof allocatedmemory	�

����� in the
tree-building phasewill be:

	�

������������� ������� ������� �"!$#&%&')( (1)

Dependingon the implementationeach node uses
about26 bytesof memory. Accordingto equation(1)
the tree-structurewill thereforeuse a maximum of
52kB of memory.

2.7 Memorymanagement

Memoryis a scarceresourceon thesatellite.Figure4
showshow thememoryis dividedin theOBC,andin
this sectionnumbersin parenthesisreferto thefigure.

Picturedata
Thereis a total amountof 4MB available,and2,5MB
is served for the raw imagedata(1). Adheringto the
KISSprinciple,it wasdecidedthatthe2,5MBusedfor
the raw imageshouldbe excludedfor other storage
purposes.This leaves1,5MB of free spacefor other
storagepurposes,such as uploading new software
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Fig. 4. Usermemorymapof theOBC

and temporarystorageusedwhen compressingthe
image,but primarily it is usedfor housekeepinglog
information(3).

Message passingandnew software
Passingmessagesaroundin the systemis a dynamic
processwhere each messageis allocatedfrom the
availablememoryspace.It is thereforevital thatmem-
ory is reserved for communicationas well. Further-
more if somethingshouldgo wrong, therehasto be
enoughspaceto uploadnew software. The require-
mentsfor the size of the software is approximately
150kB,which thereforemeans,that at anytime there
mustbeat least150kBof memoryfree(2).

Housekeepingdata
Whenthe logging function is flushed,which is done
justbeforetransmittingdatato theground,it allocates
acontinuousmemoryblockwith thesamesizeasthat
of the log (4), and transfersthe completelog data
to this buffer (KISS principle in action). In essence
this meansthatwhenthereis lessthan600kBof free
memory, it is no longer possibleto store any new
housekeepingdata.Optimally theoldestlog messages
shouldbepurgedwhenevera new log arrives.

Thereis obviously a limit to the amountof log data
that can be stored in the memory without losing
data.Eachhousekeepinglog takesaround100bytesof
memory, andwith an interval of 30 secondsbetween
eachhousekeepinglog entry, it is possibleto orbit:
*�+�,�-/.
�)0 �
-1. � �2 = 3375min, or around56 hours,without

having to eitherpurgeor stoprecordinglog messages.
In normaloperation,thereis a maximumof 10 hours
betweentransmissions,which meansthatthereis suf-
ficient memoryto hold log messageseven with this
verysimplememorymanagement[2].

Finally thereisanareaof thememoryusedfor therun-
ning stack,switchingthreadsandcompilervariables.
This memoryis not in figure 4 as it is considereda



minor partof thememory, comparedto the relatively
largeamountof freememoryavailable.

Fragmentation
Memory fragmentationwill be handledin the most
brutalway (KISS)with a resetof theCDH.

3. VALID ATION AND RESULTS

A prototypeof the designedsystemhasbeenimple-
mentedwith thecrucialfunctionalitiesof executionof
flight plan, dataandeventloggingandcompressionof
picturedata. ThesystemhasbeentestedusingtheKeil
developmentsoftware environment,since the actual
hardwarewasnotbuild, only designed,duringthetest
phase.

Thehardwaremodulesfrom figure1 areall simulated
in their respective software modules,i.e. the COM
modulesimulatesinput from ground.

3.1 Verificationof specifications

To verify the single modulesand the entire system
the blackbox testmethodwasused.The systemwas
given a flight plan andthe behavior of the CDH was
monitoredwith the Keil tools. The output from the
system,housekeepingdataandpicturedata,wasalso
examinedandevaluated.
Eachof the moduleswerealso testedwith the black
box method to see if a given input producedthe
expectedoutput.

3.2 Results

The implementedparts of the system were tested
accordingto the verification of specificationsfrom
section3.1andthefollowing resultswereachieved.

Pictureandcompression
The handlingof 2.5MB picture datawas oneof the
major issueswhen the CubeSatcameramissionwas
introduced.Theallocationof 65%of theentiremem-
ory for picture data, the desireto compresspicture
data,and the large amountof datathat neededto be
transmittedto thegroundweresomeof themainprob-
lems that neededto be solved. The compressionof
thepicturewasfoundto bepowersaving comparedto
transmittingthe uncompressedpicture.The Huffman
encodingwaschosenbecauseof thesimplicity of the
algorithm and the fact that it promisedno dataloss.
The compressionrateclearly dependson the picture
but testshaveshown anapproximatecompressionrate
of 50%.

Thecompressiontimewasapproximately35minutes,
which is acceptablewith an orbit time of approxi-
mately98 minutes.

CDH implementation
Theimplementedpartsof CDH havebeentestedwith
thefollowing results:

� Receiveandexecutea flight plan
The FLP is capableof receiving a flight plan
from theCOM moduleandexecutingit. Periodic
tasksaresortedandinsertedinto the flight plan
againat thespecifiedtime.

� Supervisor
Thesupervisoris capableof distributing datain
the satelliteandexecutingtasksfrom the flight
plan.

� Getstatus
It is possibleto retrieve statusdata from the
differentpartsof thesatellite.

� Log housekeepingandmessages
The collectedstatusandmessagesaresaved in
the LOG modulefor further transmissionto the
ground. When communicationwith ground is
establishedthe LOG modulesupportsmethods
for returningthelog to theSPVwhichsendsit to
thegroundthroughtheCOM module.

� Simplepowercontrol
A simplepower control hasbeenimplemented.
Before a task is executed,the power level is
checked. The level is comparedto a defined
minimum level and if the actualpower level is
too low thetaskis not executed.

4. DISCUSSION

In this article the possibility of building a CubeSat
with a cameramission has been investigated.The
mainproblemsassociatedwith having a cameramis-
sion on a CubeSatis the storageandtransmissionof
data.With thechosencompressionalgorithmandthe
transmissionrateit is possibleto obtainoneimageper
day.

4.1 Compression

Thecompressionalgorithmis time consuming,asex-
pected.Testshaveshown thatcompressingthepicture
takesabout35 minutes.With anorbit timeof 98 min-
utes,and at besta transmissiontime of 12 minutes,
this is not a problem.Actually, it is possibleto uti-
lize the time whenthesatelliteis not within commu-
nication rangefor compressingthe picture. Another
issuewith thecameramissionis thestoringof actual
picturein memoryonboardthesatellite.Theraw pic-
tureusesapproximately2.5MB andwhencompressed
with the Huffman algorithm it usesapproximately
1.5MB, therebyeliminatingthe possibility of storing
morethanonepictureat a time.



4.2 KeepIt SimpleStupid

The KISS principle implies that the most effective
methodsare not always used, but throughout this
project simplicity and modularity have beenpriori-
tized.This is mostlyexpressedin theCAM andLOG
module. In the CAM module compressionis done
using Huffman encoding.This is not the most effi-
cient algorithm, however, it was simple to apply to
oursystemconsideringthedataformatgivenfrom the
camera.JPEGwould have beenresourceconsuming
becauseit would have beennecessaryto convert the
picturebeforecompression.

When flushing the LOG modulea continuousspace
in memoryis allocatedto containall the data.When
allocatingthismemory, twicetheamountof LOG data
is required.Theadvantageof this approachis that the
modularityof thestructurehasbeenmaintained.Thus
whentransmittingtheLOG datato thegroundstation,
the COM module is not requiredto know anything
aboutthedatabeingtransmitted.

4.3 Conclusion

Theobjectof this articlewasto investigatetheuseof
aCubeSatfor acameramission.Wehaverevealedthe
possibilitiesof suchamissionthroughadescriptionof
a prototypedevelopedfor the AAU CubeSatproject.
The main goal for the prototypewas to designand
implementthe CommandandDataHandlingsystem
for theCubeSat.This wasaccomplishedby designing
a modular structure for the system,allowing each
subsystemto bedesignedandimplementedseparately.
The following componentshave been implemented
andtested:

� Supervisor
� Flight plan
� Log
� Camera

while the remaining componentsCOM, ACS and,
PCU have only been implementedfor testing pur-
poses.

Even thoughthere are limitations associatedwith a
cameramissiononaCubeSat,it is apparentthatCube-
Satscanalsobedesignedfor commercialapplications,
provided that the customeris satisfiedwith approxi-
matelyonepictureperday.

5. REFERENCES

[1] Group720.Interview with Prof.RobertJ.Twiggs,
StanfordUniversity. Interview, October2001.

[2] Group930 andGroup931. Attitude control sys-
tem.Technicalreport,Aalborg University, 2001.

[3] ThomasH. Cormen,CharlesE. Leiserson,and
Ronald L. Rivest. Introduction to Algorithms,
chapter17.3,pages337–344.The MIT Electrical

EngineeringandComputerScience.McGraw-Hill
BookCompany, 1990.

[4] HankHeidt,JordiPuig-Suari,AugustusS.Moore,
Shinichi Nakasuka,andRobertJ. Twiggs. Cube-
sat: A new Generationof Picosatellitefor Edu-
cationand IndustryLow-CostSpaceExperimen-
tation. In � � 
43 Annual/USUConferenceon Small
Satellites, 2001. http://www.cubesat.auc.dk/-
documents/CubeSat_Paper.pdf.

[5] Andrew B. King. Optimizingwebgraphics:Com-
pression - webreference.com.WWW, Februar
2000. http://www.webreference.com/dev/-
graphics/compress.html.

[6] D. DarianMuresan,Steve Luke, andThomasW.
Parks. Reconstructionof color imagesfrom ccd
arrays.In TI DSPFest,HoustonT, August2000.

[7] Cuesta Collega Amateur Radio Organization.
http://www.cubesat.com.Internet,2000.

[8] Elmo Schreder. http://www.cubesat.auc.dk.Inter-
net,December2001.

[9] Gregory K. Wallace.The Jpeg still picture com-
pressionstandard.IEEE Transactionson Con-
sumerElectronics, December1991.


