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QRMW model and algorithm implementation
based on IBM Qiskit
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( School of Information Engineering, Beijing Institute of Petrochemical Technology, Beijing 102600, China )

Abstract: To further verify the validity of the quantum representation of multi-wavelength images
(QRMW) model, the quantum states of the QRMW quantum images of with 2x2 sizes and 32X32 sizes
respectively were are prepared on QIskit, IBM's quantum computing framework, and a color channel
switching operator for QRMW images and a color disarray operator for QRMW images, as well as their
implementaiton quantum lines, are proposed. Furthermore, simulation implementation of the newly
proposed operator is carried out in the IBM Qiskit environment. The results confirm the feasibility of

QRMW model and the feasibility and correctness of the proposed operators.
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Fig. 1 A 2x2 color image and its quantum representation expression of QRMW
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Fig.2 A 2x2 color image quantum circuit of QRMW
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Table 1 Comparison of QIRS for represent an 2*" pixels image

QIR Qubits(GI) Qubits (CI) Image size Pixel encoding
FRQI 2n+1 - 22k x 2k Amplitude
NASS 2n 2n 22k Ok Amplitude
MCQI - 2n+3 2=k 2k Amplitude
NEQR 2n+8 - 2"x2" Basis states
INEQR 2n+8 - 22k % Ok Basis states

NCQI - 2n+24 2"x 2" Basis states
GNEQR 2n+8 2n+24 22k Dk Basis states
QRMW 2n+8 2n+10 2" x 2" Basis states

2 QRMW K& I &1 &l &

AHIEFE A SEUR I AE 22 647 IBM Qiskit FEF I8 T 5L EHEAT . SEER AN Linux R 48, R M0 3.9
GHz. WA7H16 G VU \LFETHH ML

AHIE T S50 0% - By 1) 48 Qiskit 22 1A Python i 5 #9214 2 pixel x 2 pixel [ QRMW 7 [&] {4
T 2GR, IR 4B IE RO 2 SR 2) HRIE 1) i1l 4% 32 pixel x 32 pixel HJ Lena B4 597 B4 3) 1
Lena B &7 26 i 1) Sl b g 20 €00 3l 008 22 4 B 1~ 2R 2%, 3847 S JPHAR I 208 R O 42 i 1R 4) 7 Lena B
5 BT G Rl AL B L TR, 1B AT SR YR R RO A R . A ST BT FARAD S IR, WA
https://github.com/zsctty/Qiskit-For-QRMW-Model T %

S5 B ] £ B T RGN T BN B T 4R B 3 AT T A, AR AR A T Jiang 4600 4 HY ¥ 2 T NEQR 5 2 )
JPEG JRAR Bk () & T 2R i1k B 2% . 613 R MWiAJ5 B2 T 2R 15, 4 2236 B &1 2 F ¥ 96 1~ 4C — NOT [ 1B
N 1644~ CNOT [ TH1 16 4~ 3 - CNOT '], BB K 7 2R BR IR 242 .

)
1, —-n—C 9, @ [] O——0O
) Fa
m, —n_. L 9 V L L 4
¢ N\ e e I s I
X —'n_'(/ Ay W/ A\ \ A . ‘
) \ ) e e T )
Y +I \ A P L L A 9,
P Fany Fany Fary
7 T T Ay A7
Cy P Pany Py Py
T T T T

B3 JE4EJE1H 2 x2 QRMW ¥ {0 a1 B4 ) 4 22 i

Fig. 3 A compressed 2 x 2 color image quantum circuit of QRMW
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Fig. 4  (a) Probability histogram of quantum states in QRMW images; (b) 2 x 2 color images restored

according to the measurement results
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Fig. 5 Quantum circuit of (a) CSOyg, (b) CSO,q and (¢) CSOy, operation
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Fig. 6  (a) Original image of Lena; (b) Image after swapping G, B channel; (c) Image after swapping R, G channel;

(d) Image after swapping B, R channel
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Fig. 7 Quantum circuit of (a) PCSO,;, (b) PCXO and (c) PCXO, operation; (d) Original image of Lena; (e) Image after the disarray
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Fig. 8 Histogram of (a) Lena's original image and (b) the disarrayed image
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Table 2 Adjacent pixel correlations for different scramble methods

Image Horizontal Vertical Diagonal Absolute
index R, R, R, R, R, R, R, R, R, average
I, 0.4779 0.4942 0.5284  0.6609 0.7422 0.8034 0.3688 0.4531 0.4623 0.5545
I, 0.0027 0.0121 0.0105 0.0584 0.0103 -0.0132 -0.0134  0.0002  -0.0343 0.0344
Lipar -0.0319 -0.0208  0.0383 0.0378 0.0943 -0.0906 0.1094 0.0547 -0.0084 0.0972

T2 NN TA B EL IR ATAR FAH OGN, H 3 2 T, TR AR I 5 B €6 S 7 25 7 T (R R D R R
Forp B B 5 ) AR S 1, B L S MR 00 5 @ I AR A5 7 1) B R AR DS MR T 0, FLZE % D5 1 B i
H RN B LB T 30N TR A T STk (21] T BSR4 R

P 9(a) Feom J5 46 B AN B AL 5 MG 5 0 (0 308 76 7K P 7 1) AR DG B 9(b) o i 4 UG ORI B LSS
Pl A5 % P €003 3 7 B B 7 1) B AR D s 1) O(c) 3o S A EMGORI B L5 PR 4% 0 € S T 0 1 7 T L PO A
Ktk HEW WA TR PCS 57 EELS MERE KT BE . SR EAT7 1 LA 2%
K, BT R BBRBACR .
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X T P AE A AL R AR 1R B ) BERER 1 (16 G N AE, 4100 8 LRI & WX e AR 28 £ =+ LU RrEAT 1HEE HL
FEI ), PRI AE 117 B0 S B8 rh S s 2 7 B4 45 7CH 32 pixel x 32 pixel) [/ G T B ALERAE, Bk
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Fig. 9  Adjacent pixel correlations in (a) horizontal direction, (b) vertical direction and (c) diagonal direction
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Fig. 10 Medical images messed up the results of the experiment. (a) Original medical images; (b) Images after scrambling
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