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Abstract

Theanalysisanduseof visualinformationis afirst
ordertask for Al researchers.Due to the archi-
tectureof classicalcomputersand to the compu-
tational compleity of state-of-the-aralgorithms,
it is requiredto find betterwaysto store, process
andretrieve informationfor imageprocessingOne
plausibleand exciting approachis Quantuminfor-
mationProcessindQIP). In this posterwe present
aninitial steptowardsthe definition of an emeg-
ing field, QuantumimageProcessingby shawving
how to storeanimageusinga quantumsystemas
well assomeof the uniquepropertiesof that stor
ageprocesglerivedfrom quantummechanicsaws.

1 Intr oduction

In 1985DeutscH Deutsch 1985 developedatheoreticaima-
chine namedUniversalQuantumTuring Machine(UQTM),
thatis, a machinebasedon quantumtheory capableof per
forming computationsandshoved that suchmachinewasa
generalizatiomf auniversalTuring machinelt is alsoshavn
in [Deutsch,1989 thata quantumcomputer(QC), thatis, a
physical systemcapableof performingcomputations@ccord-
ing to the rules of quantummechanicscanperformcertain
tasksfasterthanits classicalcounterpart.DeutschandJozsa
[Deutschand Jozsa, 1999 and Shor [Shor 1994 shaved
concreteproblemswheresuchspeed-ups possible.
AmongQC propertieswe find:

1. Supemosition of states Thebasiccomponenbf aQC
is a qubit, thatis, a physicalentity (suchasan electron
or aphoton)thatcanbe mathematicallyepresentedsa
vectorin a2D Hilbert spaceH?. Thegeneralform of a

qubitis

) = alz) +Bly)
whereq, 3 arecomplex numbersconstrainedy |a|? +
|8]> = 1 and {|z),|y)} is an arbitrary basisof >
[Nielsenand Chuang,200d. Thus, |¢) is a superpo-
sition of states|x) and |y), andtherefore|i)) can be
preparedn an infinite numberof ways by varying the
valuesof « and 5. Seefigure 1.a. In contrast,classi-
cal computerameasurebit valuesusingonly onebasis,
{0,1} andtheonly two possiblestatesarethosethatcor-
respondo the measuremerautcomesy or 1.

2. Entanglement Entanglements a specialcorrelation
amongquantumsystemshat hasno paragonin classi-
cal systems.Entanglemenis seento be at the heartof
QIP uniguepropertiesandanexampleof it isits rolein
QuantuniTeleportatior] Nielsenand Chuang200d.

Thepreviouspropertiesnayhavedeepimplicationsin sev-
eralfields of ComputerSciencejn particularin Artificial In-
telligence(Al) bothontheoreticale.g.fasteralgorithmsand
securdranmissionsandtechnologicabpheregcurrenttech-
nologyis now beingbuilt takinginto accounjuantuneffects
dueto componensize).

The purposeof this posteris to proposean initial stepto-
wardstheintegrationof QIP techniquesn imageprocessing
and, asa future work, in relatedfields as ComputerVision
andPatternRecognition.
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Figurel: . MathematicaRepresentatiofor a qubit
a) Thecanonicakounterparof classicabits {0, 1} in QIPis {|0) , |1) }. An arbitrary
qubitcanbewrittenas|¥) = « |0) + £ |1), where|a|? 4 |8]* = 1.
b) Notethat|¥') canbewritten asa linearcombinationof aninfinite numberof bases,
in particularasa combinationof either By = {|0),|1)} or Bo = {|+),|—)},

where|+) = [|0) +[1)]/vZand|—) = [|0) — [1)]/V2.

2 Storing animagein a qubit array

2.1 Visual Information Storagein a Multi Particle
Quantum System

Let @ = {|q1);.1a2)5:---.|am),} be a set of qubits.

Our goal is to storevisual informationin @. In orderto

take advantageof H? properties,allowed quantumstates

usedto store visual informationin a qubit |¢;) are M =

{10}, 1), 1) 1)}
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Figure2: . Frequeng to quantumstateapparatus
Schematic®f an apparatusapableof detectingelectromagnetifrequenciesandpro-
ducingasetof quantumstatesasoutput. |¢)) beinganoverall stateof thatsetof qubits

We definea machineB that dividesthe whole frequengy
rangeof the visible spectrainto a partition Fy, Is, ..., Fiy
and assignsa qubit array (thatis, a setof spatially ordered
gubitstates)y; to eachpartitionsubset’; (seefigure?). Note
that B mustactasabijective functionbetweerfrequeng par
tition subsetsF; andsetsof qubit states®;, i.e. it is notal-
lowedto have the samequbit statedistribution for two differ-
entfrequeny subsetsSo,for eachpixel from a givenimage,
B produces particularqubitarrayfrom theset{Q;}.

Let ussupposdehatmachineB produceonly qubit states
|0) and|1). Thus,the numberof colorsthat canbe repre-
sentedn anarrayof n qubitsis 2", justlike in the classical
case(for grayscaleor primarycolorvalues for instance)ut,
if we include qubit states|+) and |—), thenthe numberof
differentcolorsthatcanbe storedis 22".

However, guantummechanicshasa constraint: reading
(that is, measuring)non-orthogonaktates(as |0) , |1), |+)
and|—) are)is a probabilisticprocess.Thus,if only oneba-
sisis usedto measureall statesin M, informationretrieval
will not be accurate.In addition, the postulatesof quantum
mechanicsstatethat the post-measuremeiguantumstateis,
in generaldifferentfrom the pre-measuremenuantunstate
(they areequalif andonly if the pre-measuremenmfuantum
stateis equalto oneof theorthogonaklectorsof themeasure-
mentbasis).

In order to perform accurate measurementswe now
introduce per each pixel, a set of control qubits C =
{lp1)1:1p2)g s+ -5 1pn), }- 10) and|1) arethe only allowed
guantumstatesfor elementsn C. The purposeof this new
elementis to usequbit |p;) to knaw which basishasto be
usedto performa measuremendn |¢;) (a generalizatiorof
this schemeis to allow the quantumprogrammetto choose
only onestoringbasisfor eachpixel). So,by measuringubit
|pi) in the canonicabasis,it is possibleto performaccurate
measurementsFormally speaking,the obsenable usedto
measurecontrol qubits [p;) is A1 = a1 [0) (0] + Gy [1) (1].
The obsenablesusedto measurequbits|g;) are,in the case
theoutcomein measuringd; wasa; thenAs = a, |0) (0] +
B2 1) (1|, whilein thecasetheoutcomewasf;, thenwe mea-

sured, = o’ [4) (+] + 82" |-) (]

2.2 Quantum secrecyvs Eavesdropping

It is relevant to point out the fact that having no a priori
knowledge of which measuremenbasishasto be usedto
readinformationin qubits|¢; ) introduceswo verycorvenient

properties:secrey and eavesdroppingdetection. Indeed,if
an eavesdroppetriesto readthe informationin |g;) without
reading|p;), two mainadvantagesvith nocounterparin clas-
sical computersarefound: a) the eavesdroppeihasan only
50% chanceof readingaccurateinformation (if he/shefails
to choosethe right measuremenasis,he/shewill getonly
a randomoutcome),andb) the post-measuremestateof a
measuremerperformedwith a wrongbasisallows usto de-
tecteavesdroppind Bouwmeestegt al., 2001]. This means
thatin orderto provide securgransmissiorof information, it
is sufficient to sendonly control qubits |p;) via securecryp-
tographicscheme.

3 Future Work

Next stepsinclude the use of entanglementor gray level
andcolorimageseggmentation.The basicideais to entangle
qubitswith similar colorsandto developquantumalgorithms
for imagesegmentation.
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