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Chapter 5
Quantum Wavelet Transforms

ABSTRACT

The classical wavelet transform has been widely applied in the information
processing field. It implies that quantum wavelet transform (QWT) may play
an important role in quantum information processing. This chapter firstly
describes the iteration equations of the general QWT using generalized tensor
product. Then, Haar QWT (HQWT), Daubechies D4 QWT (DQWT), and their
inverse transforms are proposed respectively. Meanwhile, the circuits of the
two kinds of multi-level HOWT are designed. What’s more, the multi-level
DQOWT based on the periodization extension is implemented. The complexity
analysis shows that the proposed multi-level QWTs on 2n elements can be
implemented by O(n3) basic operations. Simulation experiments demonstrate
that the proposed QWTs are correct and effective.

INTRODUCTION

The classical wavelet transform has been widely spread to the information
processing field (Mallat, 1989), such as image encryption (Belazi, El-Latif,
Diaconu, Rhouma, & Belghith, 2017), image watermarking (Makbol, Khoo,
Rassem, & Loukhaoukha, 2017). Its quantum versions, such as Haar quantum
wavelet transform (HQWT) and Daubechies D4 quantum wavelet transform
(D4QWT), have been proposed (Hoyer, 1997; Fijan & Williams, 1998;
Terraneo & Shepelyansky, 2003; Li, Fan, Xia, & Song, 2019). Complexities
of HQWT and D4QWT on 2" elements are O(n*) and O(n?), respectively. In
contrast, the classical fast wavelet transform needs O(2") basic operations
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to implement the discrete wavelet transform (Beylkin, Coifman, & Rokhlin,
1991). Therefore, quantum wavelet transform achieves exponentially speed
up in comparison with its classical counterpart.

This chapter introduces the general quantum wavelet transform, multi-level
HQWT and multi-level D4QWT (Li, Fan, Xia, Song, & He, 2018).

GENERAL QUANTUM WAVELET TRANSFORM
Suppose that WzD =W, is a kernel matrix of the general wavelet, then, the
(k+1)-level iteration of discrete wavelet transform is defined by (Ruch &

Van Fleet, 2011),
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where the iteration matrix W2’ is

W) = Diag(WQHi,,IQM,IQ,HM,...,[ZM), (6.2)
and
DiagW,, .1, .1, .\ 1,.)

is a matrix with blocks W, L..1 1, on the main diagonal and

gn=j ) Ton—j+1d "

zeros elsewhere. I, is a 2"X2" identity matrix

The iteration equations of WZ’ and ng can be written as
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and

sz = Diag(Y"" ', 1 W .
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(6.4)

From (5.12), we have

194



26 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/quantum-wavelet-transforms/261477

Related Content

Algorithmic Analysis of Clinical and Neuropsychological Data in Localization-
Related Epilepsy

Masoud Latifi-Navid, Kost V. Elisevichand Hamid Soltanian-Zadeh (2014).
International Journal of Computational Models and Algorithms in Medicine (pp. 33-
58).
www.irma-international.org/article/algorithmic-analysis-of-clinical-and-neuropsychological-data-

in-localization-related-epilepsy/103269

Intelligent Drones Improved With Algae Algorithm

Alberto Ochoa-Zezzatti, Tania Olivier, Raymundo Camarena, Guadalupe Gutiérrez,
Daniel Axpeitiaand Irving Vazque (2018). Handbook of Research on Emergent
Applications of Optimization Algorithms (pp. 279-297).

www.irma-international.org/chapter/intelligent-drones-improved-with-algae-algorithm/190164

Score Level Fusion of Palmprint, Face and Iris Using Adaptive PSO

Aldjia Boucettaand Kamal Eddine Melkemi (2019). International Journal of Applied
Metaheuristic Computing (pp. 175-194).
www.irma-international.org/article/score-level-fusion-of-palmprint-face-and-iris-using-adaptive-
pso0/234678

Optimal Placement of Power Factor Correction Capacitors Using Taguchi
Optimization Method

Abdelmadjid Recioui (2018). Handbook of Research on Emergent Applications of
Optimization Algorithms (pp. 777-812).
www.irma-international.org/chapter/optimal-placement-of-power-factor-correction-capacitors-

using-taguchi-optimization-method/190185

Sugeno Fuzzy-Inference-System-Based Land Cover Classification of
Remotely Sensed Images

Jenicka S (2018). Handbook of Research on Emergent Applications of Optimization
Algorithms (pp. 326-363).
www.irma-international.org/chapter/sugeno-fuzzy-inference-system-based-land-cover-

classification-of-remotely-sensed-images/190167



http://www.igi-global.com/chapter/quantum-wavelet-transforms/261477
http://www.igi-global.com/chapter/quantum-wavelet-transforms/261477
http://www.irma-international.org/article/algorithmic-analysis-of-clinical-and-neuropsychological-data-in-localization-related-epilepsy/103269
http://www.irma-international.org/article/algorithmic-analysis-of-clinical-and-neuropsychological-data-in-localization-related-epilepsy/103269
http://www.irma-international.org/chapter/intelligent-drones-improved-with-algae-algorithm/190164
http://www.irma-international.org/article/score-level-fusion-of-palmprint-face-and-iris-using-adaptive-pso/234678
http://www.irma-international.org/article/score-level-fusion-of-palmprint-face-and-iris-using-adaptive-pso/234678
http://www.irma-international.org/chapter/optimal-placement-of-power-factor-correction-capacitors-using-taguchi-optimization-method/190185
http://www.irma-international.org/chapter/optimal-placement-of-power-factor-correction-capacitors-using-taguchi-optimization-method/190185
http://www.irma-international.org/chapter/sugeno-fuzzy-inference-system-based-land-cover-classification-of-remotely-sensed-images/190167
http://www.irma-international.org/chapter/sugeno-fuzzy-inference-system-based-land-cover-classification-of-remotely-sensed-images/190167

