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Abstract. Quantum noise image has important role in evaluating quan-
tum image quality and testing processing algorithms. A novel prepara-
tion method of quantum Gauss noise image is proposed. Furthermore,
the experimental simulation proves the efficiency of the method. The
research about quantum noise image is of great significance to evalu-
ate and test the schemes for quantum image authentication and secure
communication.
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1 Introduction

Quantum computer is an inevitable stage in the development process of com-
puter. Quantum information, especially quantum media information, will have
important researching value in the era of quantum computer. Quantum image
processing, an area focusing on extending conventional image processing tasks
and operations to the quantum computing framework, will be a key issue in
quantum information processing field [1].

At present, the quantum image representation methods can be divided into
the following categories: lattice method based [2–4], entanglement based [5],
vector based [6,7], FRQI (Flexible Representation of Quantum Images) method
[8] and NEQR (Novel Enhanced Quantum Representation) method [9]. The two
methods of FRQI and NEQR are widely used in the research of quantum image
processing and security. In FRQI, the gray level and the position of the image are
expressed as a normalized quantum superposition state. NEQR quantum image
indicates an increase in the number of quantum bits required for representing
the gray level of image. Therefore, FRQI representation method is taken into
consideration to design quantum noise image preparation.

Noise comes mainly from the acquisition, transmission and processing of
images. The noise usually used in image processing is Gauss noise (i.e. white
noise), uniform noise and impulse noise (i.e. salt and pepper noise). A suitable
quantum noise image is helpful to test the effectiveness of the quantum image
processing algorithms [10,11] and/or quantum image security schemes [12–14].
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Therefore, producing a quantum noise image whose possibility density function
is consistent with a given formulation is a necessary stage to test or verify other
quantum image processing methods. Although producing a classical noise image
is very simple, its quantum version isn’t so easy because quantum image pro-
duction need to satisfy the principle of quantum computation. In this paper, a
quantum Gauss noise image is prepared using basic quantum transforms based on
FRQI quantum image. The research about quantum noise image provides conve-
nience for testing or verifying the effectiveness of the quantum image processing
algorithms [15].

The rest of the paper is organized as follows. Section 2 gives the related works
on quantum image representations. In Sect. 3, the quantum noise image and its
preparation method is proposed. Section 4 is devoted to the simulation results
and result analyses. Finally, Sect. 5 concludes the paper.

2 Flexible Representation of Quantum Images

Inspired by the pixel representation for images in classical computers, a flexible
representation for quantum images is proposed in [8]. The quantum image cor-
responding to a classical image sized 2n × 2n is defined by a quantum encoding
state, i.e.,

|I(θ)〉 =
1
2n

22n−1∑

i=0

(cos θi|0〉 + sin θi|1〉) ⊗ |i〉,

θi ∈ [0,
π

2
], i = 0, 1, ..., 22n − 1,

(1)

wherein cos θi|0〉 + sin θi|1〉 encodes the color information and |i〉 encodes the
corresponding position of the quantum image. The position information includes
two parts: vertical and horizontal coordinates. Concretely, in a 2n-qubits system,

|i〉 = |y〉|x〉 = |yn−1yn−2 · · · y0〉|xn−1xn−2 · · · x0〉,
x, y ∈ {0, 1, · · · , 2n − 1},

|yj〉, |xj〉 ∈ {|0〉, |1〉}, j = 0, 1, · · · , n − 1,

(2)

where |y〉 = |yn−1yn−2 · · · y0〉 encodes the first n-qubits along the vertical loca-
tion and |x〉 = |xn−1xn−2 · · · x0〉 encodes the second n-qubits along the horizon-
tal axis.

3 Quantum Noise Image and its Preparation

The noise of quantum image mainly comes from the transmission and processing
of the image, which is mainly based on the additive noise. The noise superimpo-
sition process of quantum images can be represented by a degenerate function:

|G〉 = |F 〉 + |η〉 (3)



58 X. Song

where |F 〉 denotes the input quantum image, |η〉 represents the additive noise
and |G〉 is the degenerated image after superimposing noise.

Gauss noise and salt and pepper noise are two most common additive noise.
Through the degenerate function, it is easy to conclude that the superposition
process of variable intensity noises can be equivalent to the quantum noise image
preparation process. The feasibility study of quantum preparation of Gauss noise
image will be proposed as follows.

Suppose the quantum Gauss noise has the following possibility distribution:

p(ϕ) =
1√
2πσ

e− (ϕ−μ)2

2σ2 (4)

wherein, Gauss random variable ϕ represents gray value coding, μ denotes
the expectation value and σ expresses the standard deviation. When ϕ satisfy
Eq. (4), ninety-five percent its values fall into the range of [μ − 2σ, μ + 2σ]. In
many practical situations, noise can be approximated by the Gauss noise. Spe-
cially, the preparation process of the FRQI quantum Gauss noise image can be
described as follows:

Step 1 : Suppose the size of the FRQI image is N = 2n × 2n and the number of
Gauss distribution noise pixels is M,M ≤ N . The initial quantum image state
without noise is:

|I(θ)〉 =
1
2n

22n−1∑

i=0

(cos θi|0〉 + sin θi|1〉) ⊗ |i〉 (5)

Step 2 : Sampling the range of [μ−2σ, μ+2σ] to S bins denoting {ϕ1, ϕ2, . . . , ϕS}
which is displayed in Fig. 1.

Fig. 1. Sampling bins of Gauss noise probability density function.
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It is significant that
S∑

i=1

p(ϕi) ∼= 95%

.Step 3 : Selecting [M ·p(ϕ1)] pixels randomly from the image |I(θ)〉 to construct
a set P1, where signal “[·]′′ denotes the rounding operation.

Step 4 : Applying unitary transform R1 to quantum image |I(θ)〉, wherein

R1 = I ⊗
22n−1∑

j=0,j /∈P1

|j〉 〈j| + R(2ϕ1) ⊗
∑

j∈P1

|j〉 〈j|

R(2ϕ1) =
(

cos ϕ1 − sin ϕ1

sin ϕ1 cos ϕ1

)

If denoting the result as

R1(|I(θ)〉) Δ= |I(θ)〉1
then this step realize the aim of adding noise whose gray coding is ϕ1 to to the
quantum image |I(θ)〉 randomly.

Step 5 : For
k = 2, 3, . . . , S

selecting randomly [M ·p(ϕk)] pixels from the image |I(θ)〉k−1 to construct a set
Pk, here

Pk ∩ Pk−1 ∩ · · · ∩ P1 = Φ

Then implementing the following operations:

R(|I(θ)〉1) =

(
S∏

k=2

Rk

)
(|I(θ)〉1) Δ= |I(θ)〉n

where

Rk = I ⊗
22n−1∑

j=0,j /∈Pk

|j〉 〈j| + R(2ϕk) ⊗
∑

j∈Pk

|j〉 〈j|

R(2ϕk) =
(

cos ϕk − sin ϕk

sin ϕk cos ϕk

)

Thus, the final quantum state |I(θ)〉n is the quantum Gauss noise image
satisfying Eq. (4).

From above steps 1 to 5, the preparation of quantum Gauss noise image is
finished.

The whole preparation of quantum noise image costs no more than O(24n)
for a 2n × 2n image. This indicates the efficiency of the preparation process.
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4 Experiments

The simulations are based on linear algebra with complex vectors as quantum
states and unitary matrices as unitary transforms on the software of Matlab
7.12.0(R2011a). The final step in quantum computation is the measurement,
which converts the quantum information into the classical form as probability
distributions. Experiments are performed on desktop computer with Intel(R)
Xeon(R) CPU E5620 2.40 GHz, 2.39 GHz(4 processors) 8 GB RAM and 64-bit
operating system. Figure 2 illustrates the simulation results of quantum original
image and quantum Gauss noise image. (a1) is the original image Lena and (a2)
is the version after added Gauss noise. (b1) is the original image Cameraman
and (b2) is the quantum noise image added Gauss noise. Through simulation,
it is verified that preparing a quantum noise image satisfying some probability
density is totally feasible.

(a1) (a2)

(b1) (b2)

Fig. 2. Quantum noise image illustration.
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5 Conclusions

In this paper, a novel quantum noise image preparation scheme based on FRQI
image has been proposed. The proposed strategy comprises of five steps which
include only elementary unitary transforms. Quantum noise image provides con-
venience for testing or verifying the effectiveness of the quantum image process-
ing algorithms. Experimental simulation results show the preparation algorithm
is effective. Exploring quantum algorithm for other noises methods will be our
future work.

Acknowledgments. This work is supported by the National Natural Science Foun-
dation of China(61501148).

References

1. Yan, F., Iliyasu, A.M., Venegas-Andraca, S.E.: A survey of quantum image repre-
sentations. Quantum Inf. Process. 15, 1–35 (2016)

2. Venegas-Andraca, S.E., Bose, S.: Storing, processing, and retrieving an image using
quantum mechanics. In: Proceedings of SPIE, Quantum Information and Compu-
tation, Orlando, FL, United States: International Society for Optics and Photonics,
vol. 5105, pp. 137–147 (2003)

3. Li, H.S., Qing, X.Z., Lan, S., et al.: Image storage, retrieval, compression and
segmentation in a quantum system. Quantum Inform. Process. 12(6), 2269–2290
(2013)

4. Yuan, S., Mao, X., Xue, Y., et al.: SQR: a simple quantum representation of
infrared images. Quantum Inform. Process. 13(6), 1353–1379 (2014)

5. Venegas, A.S., Ball, J.: Processing images in entangled quantum systems. Quantum
Inform. Process. 9(1), 1–11 (2010)

6. Latorre, J.I.: Image compression and entanglement. arXiv preprint
quantph/0510031 (2005)

7. Hu, B.Q., Huang, X.D., Zhou, R.G., et al.: A theoretical framework for quantum
image representation and data loading scheme. Sci. China Inform. Sci. 57(032108),
1–11 (2014)

8. Le, P.Q., Dong, F., Hirota, K.: A flexible representation of quantum images for
polynomial preparation, image compression and processing operations. Quantum
Inf. Process. 10(1), 63–84 (2010)

9. Zhang, Y., Lu, K., Gao, Y.H., Wang, M.: NEQR: a novel enhanced quantum rep-
resentation of digital images. Quantum Inf. Process 12(8), 2833–2860 (2013)

10. Le, P.Q., Iliyasu, A.M., Dong, F., Hirota, K.: Fast geometric transformations on
quantum images. IAENG Int. J. Appl. Math. 40(3), 113–123 (2010)

11. Caraiman, S., Manta, V.I.: Histogram-based segmentation of quantum images.
Theor. Comput. Sci. 529, 46–60 (2014)

12. Zhou, R.G., Wu, Q., Zhang, M.Q., Shen, C.Y.: Quantum image encryption and
decryption algorithm based on quantum image geometric transformations. Int. J.
Theor. Phy. 52(6), 1802–1817 (2012)

13. Yang, Y.G., Xia, J., Jia, X., Zhang, H.: Novel image encryption/decryption based
on quantum fourier transform and double phase encoding. Quantum Inf. Process.
12(11), 3477–3493 (2013)



62 X. Song

14. Song, X.H., Wang, S., Ei-Latif, A.A.A., Niu, X.M.: Quantum image encryption
based on restricted geometric and color transformations. Quantum Inf. Process.
13(8), 1765–1787 (2014)

15. Mastriani, M.: Quantum Boolean image denoising. Quantum Inf. Process. 14(5),
1647–1673 (2015)


	A Novel Quantum Noise Image Preparation Method
	1 Introduction
	2 Flexible Representation of Quantum Images
	3 Quantum Noise Image and its Preparation
	4 Experiments
	5 Conclusions
	References


