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Abstract
Theanalysisanduseof visualinformationis a first
order task for AI researchers.Due to the archi-
tectureof classicalcomputersand to the compu-
tational complexity of state-of-the-artalgorithms,
it is requiredto find betterways to store,process
andretrieveinformationfor imageprocessing.One
plausibleandexciting approachis QuantumInfor-
mationProcessing(QIP). In this posterwe present
an initial steptowardsthe definition of an emerg-
ing field, QuantumImageProcessing,by showing
how to storean imageusinga quantumsystemas
well assomeof the uniquepropertiesof that stor-
ageprocessderivedfrom quantummechanicslaws.

1 Intr oduction
In 1985Deutsch[Deutsch,1985] developedatheoreticalma-
chinenamedUniversalQuantumTuring Machine(UQTM),
that is, a machinebasedon quantumtheorycapableof per-
forming computations,andshowedthatsuchmachinewasa
generalizationof auniversalTuringmachine.It is alsoshown
in [Deutsch,1985] thata quantumcomputer(QC), that is, a
physical systemcapableof performingcomputationsaccord-
ing to the rulesof quantummechanics,canperformcertain
tasksfasterthanits classicalcounterpart.DeutschandJozsa
[Deutschand Jozsa,1992] and Shor [Shor, 1994] showed
concreteproblemswheresuchspeed-upis possible.

AmongQCproperties,we find:
1. Superposition of states. Thebasiccomponentof a QC

is a qubit, that is, a physicalentity (suchasan electron
or aphoton)thatcanbemathematicallyrepresentedasa
vectorin a ��� Hilbert space��� . Thegeneralform of a
qubit is � 	�
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[Nielsenand Chuang,2000]. Thus,
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, and therefore
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can be
preparedin an infinite numberof waysby varying the
valuesof

�
and

�
. Seefigure 1.a. In contrast,classi-

cal computersmeasurebit valuesusingonly onebasis,� 0,1
#

andtheonly two possiblestatesarethosethatcor-
respondto themeasurementoutcomes,& or

�
.

2. Entanglement. Entanglementis a specialcorrelation
amongquantumsystemsthat hasno paragonin classi-
cal systems.Entanglementis seento be at the heartof
QIPuniqueproperties,andanexampleof it is its role in
QuantumTeleportation[NielsenandChuang,2000].

Thepreviouspropertiesmayhavedeepimplicationsin sev-
eralfieldsof ComputerScience,in particularin Artificial In-
telligence(AI) bothon theoretical(e.g.fasteralgorithmsand
securetranmissions)andtechnologicalspheres(currenttech-
nologyis now beingbuilt takinginto accountquantumeffects
dueto componentsize).

Thepurposeof this posteris to proposean initial stepto-
wardsthe integrationof QIP techniquesin imageprocessing
and,asa future work, in relatedfields asComputerVision
andPatternRecognition.
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Figure1: . MathematicalRepresentationfor a qubit
a)Thecanonicalcounterpartof classicalbits ')(+*-,/. in QIP is '10 (32�*-04,52/. . An arbitrary

qubit canbewrittenas 0 672!8�9:0 (/2+;�<=04,>2 , where 0 9?0 @A;�0 <A0 @B8C, .
b) Notethat 0 672 canbewritten asa linearcombinationof aninfinite numberof bases,

in particularasa combinationof either DFE
8G'10 (32�*-04,52/. or D @ 8H'10 ;72A*I04J!23. ,
where 0 ;K2�8CL 0 (/2+;�04,525MONQP � and 04JR2�8CL 0 (/2SJ�04,>2)M4NQP � .

2 Storing an imagein a qubit array
2.1 Visual Inf ormation Storagein a Multi Particle

Quantum System
Let T � � �VU , 
 ,  "��U �



�
 "WXWXWX "��U/YK
 Y #

be a set of qubits.
Our goal is to store visual information in T . In order to
take advantageof ��� properties,allowed quantumstates
usedto store visual information in a qubit

��U/Z3

are [ �
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Figure2: . Frequency to quantumstateapparatus
Schematicsof an apparatuscapableof detectingelectromagneticfrequenciesandpro-

ducingasetof quantumstatesasoutput. 0 bR2 beinganoverall stateof thatsetof qubits

We definea machinec that dividesthe whole frequency
rangeof the visible spectrainto a partition d ,  d �

 XWXW"WX dBe
andassignsa qubit array (that is, a setof spatiallyordered
qubitstates)T Z toeachpartitionsubsetd Z (seefigure2). Note
that c mustactasabijectivefunctionbetweenfrequency par-
tition subsetsd Z andsetsof qubit statesT Z , i.e. it is not al-
lowedto havethesamequbitstatedistribution for two differ-
entfrequency subsets.So,for eachpixel from agivenimage,c producesa particularqubitarrayfrom theset �+T Zf# .

Let ussupposethatmachinec producesonly qubit states� & 
 and
�_�+


. Thus, the numberof colors that canbe repre-
sentedin anarrayof n qubitsis �

Y
, just like in the classical

case(for grayscaleor primarycolorvalues,for instance)but,
if we includequbit states

�_��

and

�]a�

, then the numberof

differentcolorsthatcanbestoredis �^�
Y
.

However, quantummechanicshas a constraint: reading
(that is, measuring)non-orthogonalstates(as

� & 
! \�]�^
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and

��a%

are)is a probabilisticprocess.Thus,if only oneba-

sis is usedto measureall statesin [ , informationretrieval
will not be accurate.In addition,the postulatesof quantum
mechanicsstatethat thepost-measurementquantumstateis,
in general,differentfrom thepre-measurementquantumstate
(they areequalif andonly if the pre-measurementquantum
stateis equalto oneof theorthogonalvectorsof themeasure-
mentbasis).

In order to perform accuratemeasurements,we now
introduce per each pixel, a set of control qubits g �
� � h , 
 ,  \� h �
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are the only allowed

quantumstatesfor elementsin g . The purposeof this new
elementis to usequbit

� h!Z$

to know which basishasto be

usedto performa measurementon
��U/Z3


(a generalizationof
this schemeis to allow the quantumprogrammerto choose
only onestoringbasisfor eachpixel). So,by measuringqubit� h!Zf


in thecanonicalbasis,it is possibleto performaccurate
measurements.Formally speaking,the observable usedto
measurecontrol qubits

� h!Zf

is ij , �k� , � & 
Al & �S�m� , �_�+
!l/�+� .

The observablesusedto measurequbits
��U Z 


are,in the case
theoutcomein measuring ij , was

� , then ij �
���

�
� & 
Al & �n��

�
�]�^
Al3�^�

, while in thecasetheoutcomewas
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2.2 Quantum secrecyvsEavesdropping
It is relevant to point out the fact that having no a priori
knowledgeof which measurementbasishas to be usedto
readinformationin qubits

��U/Z3

introducestwoveryconvenient

properties:secrecy andeavesdroppingdetection. Indeed,if
aneavesdroppertries to readthe informationin

��U/Z3

without

reading
� h Z 


, two mainadvantageswith nocounterpartin clas-
sical computersarefound: a) the eavesdropperhasan only
50% chanceof readingaccurateinformation(if he/shefails
to choosethe right measurementbasis,he/shewill get only
a randomoutcome),andb) the post-measurementstateof a
measurementperformedwith a wrongbasisallows us to de-
tect eavesdropping[Bouwmeesteret al., 2001]. This means
thatin orderto providesecuretransmissionof information,it
is sufficient to sendonly controlqubits

� h Z 

via securecryp-

tographicscheme.

3 Future Work
Next stepsinclude the use of entanglementfor gray level
andcolor imagesegmentation.Thebasicideais to entangle
qubitswith similarcolorsandto developquantumalgorithms
for imagesegmentation.
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