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Progress of research on quantum image information processing methods
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Abstract: In the era of big data and artificial intelligence, image processing has emerged as a cornerstone technology that
drives advancements across diverse fields, including medical diagnostics, autonomous systems, and remote sensing. The
exponential growth of high-resolution image data has created unprecedented computational demands that classical comput-
ing architectures increasingly struggle to meet. As the progress under Moore s law slows, quantum computing has emerged
as a transformative paradigm; it leverages fundamental quantum properties, including superposition, entanglement, and
quantum parallelism, to overcome classical limitations. This convergence has given rise to the rapidly evolving field of
quantum image processing (QIP) , which promises to redefine the boundaries of computational imaging capabilities. This
comprehensive survey provides a systematic analysis of QIP s remarkable evolution over the past five years, documenting

its transition from a theoretical concept to an emerging practical technology. We introduce an integrated classification

framework that mirrors the complete image processing pipeline from fundamental representation to advanced applica-

tions thus creating a coherent perspective that effectively connects quantum mechanical principles with practical imple-

mentation requirements. The foundation of this framework lies in quantum image representation models, where innovative
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schemes, such as novel enhanced quantum repre-sentation, flexible representation of quantum images, and generalized
quantum image representation, have advanced to support arbitrary image dimensions and complex color spaces while simul-
taneously optimizing critical qubit utilization efficiency. Building upon this foundation, QIP techniques demonstrate
increasingly sophisticated capabilities. Advanced filtering algorithms achieve exponential speedups in noise reduction
tasks, and quantum Fourier and wavelet transforms enable unprecedented efficiency in image compression. Quantum paral-
lelism facilitates rapid morphological analysis and feature extraction, substantially accelerating fundamental image process-
ing operations. Aside from basic processing, quantum-enhanced methods for edge detection, segmentation, and feature
matching also demonstrate remarkable efficiency improvements in extracting meaningful information from complex visual
data. The security domain benefits substantially from quantum approaches, with innovative encryption protocols based on
quantum walks and chaos theory providing theoretically unbreakable protection for sensitive visual data. Quantum water-
marking techniques that utilize entanglement phenomena offer fundamentally undetectable data-hiding capabilities, creat-
ing new paradigms for digital rights management and secure communication. In machine learning applications, quantum
support vector machines enhance classification accuracy for high-dimensional image data, and quantum convolutional neu-
ral networks revolutionize feature extraction through inherent quantum parallelism. Quantum generative adversarial net-
works enable sophisticated synthetic data generation and have notable applications in data augmentation and privacy preser-
vation. This review emphasizes an integrated perspective that connects theoretical advances with practical implementations
across multiple application domains. Our structured analytical framework clearly reveals how abstract quantum principles
translate into operational capabilities while simultaneously addressing the critical challenges currently hindering wide-
spread adoption. The noisy intermediate-scale quantum era presents substantial hardware limitations, where qubit decoher-
ence and elevated error rates remain persistent barriers to reliable operation. The considerable theory-practice implementa-
tion gap, where algorithm performance on actual quantum devices often falls short of theoretical predictions, requires care-
ful consideration. Moreover, scalability issues in real-world applications, where the substantial overhead of quantum data
encoding and measurement can diminish computational advantages, present additional hurdles that must be overcome.
Resource management considerations examine how different representation models directly affect quantum circuit complex-
ity and execution time, providing crucial insights for practical algorithm design and implementation. Looking forward, sev-
eral promising pathways can be taken. Examples include hybrid quantum-classical architectures that leverage the comple-
mentary strengths of both computational paradigms, advanced error mitigation techniques that compensate for current hard-
ware imperfections, and quantum-inspired classical algorithms that can deliver enhanced performance on conventional
hardware while preserving certain quantum advantages. The discussion extends to current hardware platforms, including
superconducting qubits, trapped ions, and photonic quantum systems, to provide practical guidance for experimental
research and implementation strategies. Through systematic analysis and critical evaluation, this review demonstrates quan-
tum computing’ s massive potential to achieve exponential acceleration in computational tasks, enhance security beyond
classical limitations, and enable unprecedented capabilities in image analysis and understanding. Emerging applications in
medical imaging, remote sensing, and security systems highlight the transformative potential of these technologies. As
quantum hardware continues its steady evolution, the strategic integration of quantum approaches into conventional image
processing workflows promises to redefine computational boundaries across numerous disciplines, including healthcare,
environmental monitoring, industrial inspection, and artificial intelligence. The field currently stands at the threshold of a
new computational paradigm, requiring continued technical innovation and strategic vision to successfully navigate the com-
ing transition. By synthesizing recent advances, clearly identifying current limitations, and outlining promising research
directions, this survey aims to accelerate the development and adoption of QIP technologies. The ultimate integration of
quantum approaches with classical image processing methodologies promises to create powerful hybrid frameworks that
leverage the distinctive strengths of both computational paradigms, fundamentally transforming how we extract knowledge
and value from visual data in the emerging quantum era and enabling capabilities beyond the reach of either approach inde-
pendently. The mentioned algorithms are summarized at https://github.com/cococococo7/QIIP.

Key words: quantum image representation; quantum image processing; quantum image analysis; quantum image informa-

tion security ; quantum machine learning
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Fig. 1  Mind map of quantum image information processing
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Fig. 2 Development of quantum image information processing
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Table 1 Summary of quantum image filtering methods
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Fig. 6 Quantum image compression flowchart
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Table 2 Summary of quantum image compression methods
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Table 3 Summary of quantum morphological transformation methods
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Table 4 Summary of quantum edge detection methods
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Table 5 Summary of quantum image segmentation methods
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Fig. 7 S-connected neighborhood oriented quantum neurons

constitute voxel units(Konar et al. , 2024)
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Table 6 Summary of quantum image matching methods
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Lo S A (2018) NEQR F4 4 H THR{F SRR T = 2Ry e L S
] T Powel PSSR T
Chen % A\ (2023b) Tt 2R AR ZE R (& < 0.001) M AR
I LW T
Heidari % A(2024) 4 DRIV S IRIERABRRREL ) oy 1oy e oo (n = 16) AL B R 0 T 1

2725 B P R E R

Rk

T 1 P FORIZARIR T | T FROR IR T

TG B B R L A AR DG i () 8, I3
T IATRRARE 22 . FEFEIRAE N (2020) % THE
S T IV RO R AR R AE A 2 (scale-invariant
feature transform , SIFT) 344 58 5592 | A F 4 36/ 55 43
A1 B 25 VAT LU RE B, K R DT T 8 AZ 58 5 15 11
17. 34%~33. 02% % 2 10. 84%~20% , A R firt et
+ EMG JR ER AR 35 a3 DC . R A8

Benkner 55 A (2021) 7 & T TG a 97 JRAE
20l T AR AR A I R S B AR R K
P 2 AR OIE o A T 38 9 DT R S X B AR
Yetis fll Karakose(2022) @257, T & 7 I TAbHESE
¥, 38 5 T A SRR AR TR o A RS RRIE X 43
SEEE T KT 37 5 < 3% R DE AR 1% 2% . Shu
N (2022) 2B T SIFT $5AF 2 b i, Bl 7
A W Ak 3 AR AE A ARLBEE 358, 7E NWPU (North-

western Polytechnical University ) 7% BSR4 F A% 15
20% (KR VE B R, S0 26 BURFIEZE B2 B ] o Chen 55
A (2023b) ¥ i i F Powell (105 |45, 45 5 42 43 114
Fid FAA I —4E SRS ), o WAG 2 R i
T R R A E =X T HE s A 1 8 TR .
Heidari 55 A (2024) 4t 1 3R JCOK 3l i) 57 44 DG i
A LAY | S Ao 20 A B R R,
FEAR KA S = B 242

25 LTk, i MR VC C S AR AR DL B A
b SR M e B 5 3 5 1o P A T 3 4 4 B
19T RGEMERME . XL A SURA TR T B
e Y TR X ——38 4 2 4% B R 40 T8 iU B
=S STNCIRTE N [ (5 WIRr i 58 IS
Yo K v e RRAE A B b ) [ A SR PR
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() 2% A&
B8 EMRMECHED 1 (Chen 55 A ,2023b)
Fig. 8 Registration example (Chen et al. , 2023b)

(b) FrBLHEE &

(o) ARG

((a) reference image; (b) images to be registered ;

(¢) result image)

6 ETEBERREHER

1EZ SR G AL P RS L 2R E A
JEA, RO FRRAE T B 1k PG 9 63 ok 22
BRI . Bl 1 RS BA BRI K g
1 R R T I B3 W B 22 4z U, PR i
HENL T R R B R B P L

it EURE B F RS RO &
T PRGN T R AR SR PR 5 R A TR
Bl A RS i S A R 2 A TR
B e B ] B, 51K BRI 1 B S AR O 5K AT
BV B &7 3 B G0 DL S B R
Je 35 U S 0T 5 1 PR BE AT 0 Ak B, P B
BT B i PR b S B B A
6.1 EFEGNE

1 B — R A I o R R R ]
BRI T W EOR  Hz 0 H s il i 7Rk
PR AP T | SE B AT B oot

2R it R 27 (2016) TG M A T 5 LU
L8 BEHL B E e S DU S/ sl n 8%, 285 4 k18 L
AR RV AESE , WY R A s (W R P T2 4
P, R ALy B AE 77 BA R dE— 4
i 12 VAT A (23 B it R 06T, 2017 ) 38 e 45 3K
(BRI 28 1 LU RRAR L T R M SR R E AL S
F O % 1T BRI A, PR UG o 2 i LR
SRR T o AR A7 A (2019) W3 R 1 e
A1 F K 1% 3 7R (generalized quantum image repre-
sentation , GQIR) 152 78 58 gl RO~ BR Al , R FIGZ R B4
BALS T R BEPLRE AL B i RS B 5 A
I B ) o A HOAR QB AR AN Sk B AL .
Zhang Fll Wang(2023) fill & T4 78 5 = 4E T i 9

TN 380 32 52 A5 IR 1A A b 2 A 8 o ) A )
S R AR R LR

FEGEAAIEATIE, Agrawal 45 A (2024) B OKFR
BTG BT AL 255 G o B g A K B R
PRI NP Al 2R RS B i R RS A S
R A XU K BN (A 2, HApr otk 5 % 4tk
IR GE I Aly(2024) MR HE ) &1 (1R
JKEIFE A (new quantum color image watermarking tech-
nique, NQBID) , FI| ] it B IK I 244 7F YCbCr(luma
chroma blue chroma red) %3 [A] SZ 3 PSNR JCFR{H , BI)IE
TR B e AR AT BUE (least significant bit, LSB) 7K E[IfY
Gt Bet il (E R SRR RS R

T[] B2 7 B AR AT, Priyadarshini 88 A (2024) 1%
TG B PR 26 FH W 2% (deep extreme convolutional
networks , DExConNet) 55 it % it} (stream crypto cipher
image encryption, SCCIE ) fill & HEZE , SC I 25 P16 ) 24
5T i BE T R TR S N 5 SO R X
(region of interest, ROI) 2 8, i & $& T+ Ab FEAK
Wang(2024) it — L5 | At IR MEHE RS RE R, 38 5 W)
RN SR Z IR 1 2 S PRy 7 s 73 2 s v
oK o SR, 326 T J0T B 8 R AR 18 A ik ke 2 B B
ZoIRh = L T 17 L i

TEZCH F G AR IR, QiS5 A (2025) H B
%% 4y )2 7 %€ (lightweight hierarchical privacy protec-
tion scheme for traffic images, LHPTI) : 5L T 25482 )
(learning with errors, LWE ) 5 & 48 J&& 1 09 [] 25 i 28
BOR 456 7T IR B SE AT ) 4, s U T
AN I B A S A 2 RN . 2T RIER R AL
P75 Z (number of pixels change rate, NPCR) 5 PSNR

bR T 40 57, {EL A B R R A T Hoz At

PR T A28 ER

25 L FIR 1 RN BOR B 7R Al 4 AL
il BT UIE AR 2 98 Ak S 37 5 A0 9 Je 3 4> 4 2
WAR BRI, HAL O R BRI B P = [ Y
S PR 22 A A DM R LK X ] S ke
5 T A DR PO AR A P L3, B R B S B T R
TEB RG] 7 BV SCHR B A i RER, H
et T RIS HORTE Sk A @ N 7 i By
AR AN A A A ) o T RGN 8 D 140
SINER T FR
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Table 7 Summary of quantum image encryption methods

ik ol 0T VEREZE B SRR
o B e BT IR
FHRRASETQ010) oy it e sepein i RS RIS PSNR < 8 dB  H TR B (R 2 KR MU
. o A R A T
PR (2017a) R L EERLINE STk 0.007 0 Wb 2 Ui
BT RIS s Ak LR

NEW I RIS R ey

UHE ) GQIR AR A R BR

Jin i P = A G R AU ~

24 YETEHRG I XES> ik

HBHEA019 e, 0.005 BB 1 K72 ]
Zhane Fl Wane(2023) Bt B s Bl ik 41 L 5% BJ#7.999 4 ik i) 42 2 i
& & 8 B8 I (S R e s BT 49% R T ih JBE 7 e A7 A A
Aerawal 2 A (2024) VPUF-I& DCT Hi i £k T b 2 PO Bl PSNR T % 33 dB TR Tk B A
grawat = 8 B R A A 7 R WAAZER T % 4 bpp(RUKED) TR T 63% I#E
Aly(2024) NQBID &3~ PSNR = Inf( T 100%) [ 5 R RS
Y ki S50 % Lab PSNR = 69.80 dB ( 1 45.6%) AUl TS
civadarshini 2 DExConNet+SCCIE HEZ2 PSNR ik HRF = 92% ( 1 4.5%) Bl ik
Privadarshini A (2024) ey Ror g 5 88% ( 1 3.5%) BT
S N % 9% —
[R5 2 s ’ A
(10.031%)
NPCR iAFRZ = 99.627 7%
s M B+ [ 25 02 (10.029%) FNTFE
Qi A(2025) ] 5 % 4H PSNR = 38.52 dB(CR = 0.75) AN A2 0 R 561

(17.6%)

T TP RR AR T ¢ | RN %R bR T

6.2 ETEGEIERE

et GRS B — Fh i T 5 ) 7 R
PLEAS Btk A T RS EOR 8 i RS
B R B 1 5 A

i LY SN S Rl b D g I X TR I UE S N
HERKS o 2= Wt RBE B (2017) SR A 55 8 & L AL
i 3 A AL B ] 2 1 /N RS R B S
PR A IK B, A S5 BB A% 6 4 7K B A 52 4 B O
B 25 Wit A AR IR (2017D) J5 SERF ST 3 — 815
g FUREAE A 3 AR ] Bloch BR 11 S8l e
AR R ALK ED B A RS T2 0 (n) 9051
FEF N (2018) 78 BL LAt [ & Jj& 43 Hezs (] 5 LSB
(least significant bit) 4244 , 256 7 F LR LB AR SIS
FE LR A KL, FAT AR AR Y 52 2% 5 R sy A U
fFMELE

WFSEETHT ) R Be A i S I St iR e i, PSS
N (2021) F5E5 | AT T M 2% (quantum gen-

erative adversarial network , QGAN) , ifi i Z 5 fk &
FL % A I PR AR KR S T A IR 5 Gao 55
N (2022) W) 58 48 SO [ 5 2 L, ) o1/ i
ARG SUA Gy B AR 717, 456 HO e G L
FETHUIITRE ) o BORT ROk A Yu 55 A (2023)
Haar /)N [ 385 N LSB 5735 , 38 4 Xof £ 405 - K v
A, LK Mu 55 N (2023 ) B 1T~ Sobel 11 2% 461 4%
AR, Bl 725 1 5 HH D8 0L R B % R (bt error
rate, BER) < 0. 018 [ 3% % 4% il . Randhawa %% A
(2023) () 4245 % 2 HESL K Hadamard 1] B N 25 B g
BERRIE i T YL B EITRER 2

Zi B PTIR T RS B R C R B h
SR %A RE 3 S 1] B BE F A A A it
AR TR AT K265 o HEAZ Lo BRI AN A A BRAE A7 it 7 R AT
RUAR PR AU P 1) S 3 1 i, SEAE T X%
258 T T AR IR ) oS A R AR AR JRE ) B
. 7 RS EE B LA AR 8 R .
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Table 8 Summary of quantum image data hiding methods

Tk KA PEREZE Y R
TR S v E— i R
e R SMBR GBI b p s s apose it 1) BALEIEE
2R AR (2017) A HR AR 1 6.7% o T R B
VBT AR B VR A A nE TR
2 {73yt R DR g R LR AR B E G B4 7 O(n) A HE T B2 3
(2017h) Bloch BR i S8 e 5% il 25 e 22 BRI {2
ot e 3 Homs [ LSB 40 074 B o T3 BB AL 0 61 R 37
SRR (2018) B LA H BB o A PSNR ~ 64 dB(BatE 1) B I J i
- QGAN A e vl & 2% K% N e TERIYI 25 58 5 4R
BES A (2021) B T KLHUE -0 Aa 1) -
\ . AR O (FET) e 1 e 1
» HEF /NI SOAR 5 A o o NN - Ers L S A
Gao 5 N.(2022) A B T EL 1 gﬁ%% 5 < 3.65 M (HL5E 14 SR
Y (2023) Haar /NI B 3&E I LSB ik A PSNR > 48 dB (&t 1) B 7K BN B 2R AR 4RI
AT AL SSIM > 0.997 (Z5AAAMIE 1) ZEZHR 1/4 bpp
Mu 2 A (2023) QHWT + Sobel 37121 1% -4 X BER < 0.018(i%54% | ) E{0.25 bpp
" BT BB A e AL PSNR ~ 58 dB(JFikt 1) TR e
Randhawa 25 A (2023) Hadamard ] B 415 K 50 & TH 12 F/RGBIE(ERT) 5 QRNG 3 5 F AL
1T BEBL R AL RS =) IEYIIZEITN-- e a2 Hl AR

T 1 IR IZARAR T | T FROR LR AR T

7 ETHHRFEIFTE

PLEs 7 I N TR BB L HR , E1E KA
PN EARTE S AL BRI REDR R B AL 55
JRILH I AR RE T . LAY
PG AL BEATUSEA T BTG ), LA R BRI 7R
AN 7 BRI T RE
7.1 EFXFE@EEN

TERZFE T HLER ) T IR A AERE
71 Sji ﬁ% fﬂ 7 Al (quantum support vector machine,
QSVM) (54l 1 A al sk i 057 o B AF A — P AL
TR & i — 2 AR Sl A o 7 i T A
PR, T E R T T S 1 S LA B e A SR Y
AE T, G328 R U S5 55 B8 130 A A ke
I

Shaik il Periasamy (2022) 42 i QSVM 7E PRISMA
G R R 2R R R e R LS
AbBEAR X EG f R T /MEEAS T QSVM L £5 8 SVM A
JEE R 5% B TD AL, {ELYIN e 2 AP0 o J3E W 25 32 PR

Grossi 5 N (2022) 1T TR A & F— 4 IR iE

R DALY | SR FH R E R B AL QSVM 248, (A i
TR R O R BNk +10%

Kumar 55 A (2024) 7 & T 3T ZZFeatureMap [
QSVM i Jif g 43 B AL, 7F 32 5t i AL ALL & F S
188 A5 NI A1 95% HER R , {0 FL AL PR S HF 5
o

Jose 55 N (2024) fil & 1 A SE SRR P AL 5
IEPLAL QSVM, FEFLIR 2 Wi b 1K 2] 100% iR R H.
PATHT I 0. 14 s, H NTSQ 15 75 M 75 1 Fi, f6 8 2 R
il S

Suzuki %5 A (2024 ) 3 2 v )23 1 HL L i 4%
J5 AT trappedion 5 1AL SEH QSVM, 45 G1IK
A L) AN 2 KR DI ik R IR 3 [ T, A MINTIST 7336
55 S 100% AR A, 5 18] U4 55 DR e 7 40K
ML .

Slabbert il Petruccione (2025) 2 tH 28 #— & +
5 s, 4 ResNet10(residual network ) F 3/ & fith
w4 I S A QSVM, 3l o R I He 4 fifk e v 4 KR
i ABRIR , 7E MNIST [ 52300 5% 92 43 2%, {H CIFAR-10
(Canadian Institute for Advanced Research) Fl HTRU-1

(high time resolution universe survey data release 1) A
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Zahid Fll Tahir(2025) 77 & T Tabu 8 R k1L
I RRAE SR FVRRAE BE 4, A 1R 25U ansatz DA
2T QSVM MERE , 75 Tonosphere BRI 35 88% M
(BN R i eSS W N SN E R & L VAL AT

25 LTI, QSVM F 5% £ 24 S il 4 i A
EER, 1R PERE T, QSVM 78 /MR AR =5 4R 4
b 3 e L A M T I R B L
A B2 AR TN RAR P BE A A 55 s B 58 56 1Y
e, HPATROR RSB AR T, ERoRR G
T, BFE A i AR G — 2 R A R ARy
TEE£E S S B0 R , 2R FH W 75 10 1] 55 s 1 5
BEARSAE S W PR rh RS Pk o AR, I ARAT) T I
P o PR LS R A MR P T S B 4
HE I A 2 S, AT bR ™ i 20 A A
Qb P A 52 2 BOHE (A BE ), LRI 1 G Ml AR R
PEAETE i BE MO M ——7F MG R A% B2 v sl B o A
A iz ALRE ) B3 TR, QSVM kil
BN 9 FiR

7.2 ETERMEML
BEA B IR HOR ST, i TP a7 > 1E AL
N AR BB R BT ), Horh TR e N 2%
(quantum neural network , QNN) #5115 L4k Bl A bIF
5% # i (Jeswal A1 Chakraborty,2019) o ¥T4FK , bF 5%
N T T2 W 28 580 IRk S EU e 4
Tr A TR R O S R R T RE R
GEBaE | EHEA

QCNN 2K 228 CNN p i A E U B 2 4 11T
TEHEZR R QTR . Bl i R T AT LR
AR, I 1 TR N I 2 ) 25 SR s, S L]
BRIE R T R AR IS Z R 4, H 2R 4
K9 7R o QCNN 7E B8 5328 W Bl A4 55
R L 2, HLE A S AR B R R
GBS HIL] , E— 2D o T PR 1B 5 S8
RO SR AZBARATI 32 FRT 7 P B o
Pol R HUAGESIZ I A B AR R PR 29 B, LR Bk 5 33k
TTHIA TR

FEIRBERRAET (2023 ) F12 10U 18 k5 bk ke

£9 QSVMAXILE
Table 9 Summary of QSVM methods

Tk (ERNEIE

PERER KA SRR

7 JH QSVM 432 PRISMA & i
AR
i — 2L FEXT

Shaik £ Periasamy ( 2022)
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SOHEAT QSVMAGEE 5%
12 T E BT AERE R 100%

I ZRETa] 284 s(50FEAS)
T 40018 F 75 5 243 s

ETRHEE PO QSVM 251

TR BRI ER 2 81%

MR P R SR B +10%

Grossi % A.(2022) S HE AT 4 R (03 7 TR
Komar % (2024) 77ZF eatureMap it T4 BRI T 1881 BN FRAL S 4 T
Hmar PCA B2 38 it b TR 1 AR 95% (L2 ML ES 1.60%) B VR B R AR 4 v
Jose % A (2024) ENSGA Z HFrEAL QSVMBEL  RALJE HER K 100% NISQ 15 % M e AUk
72 Wt 72525 BT 0.14 s(QASMBLIES) o BUR FEE 2 BRI 5 2
s .
. HE R T B MNISTA 202 100% R R 255 R )
Suzuki %}\(2024) %%f‘l‘%ﬂ%:‘: %@%iTﬁTﬂ@E Rz =0.932 10.7%
S ™ ' 5 500 Vi TI /% 4 H
) ‘ o 2 BRI P R A O pE |
Slabbert Fll Petruccione ;ﬂ‘;ﬂgffﬁ;ﬁﬁff s MNISTOPR/RAEHER H 100%  25%)
(2025) S T CIFAR-TOKSE =~ 75% (F1AM0) AR 45 450 5 0 5 2 # 0
A N
e
. W A A A B 4
Zahid Fl Tahir(2025) E}g;f FRAIER TR lonosphere T4 88.219% A ABRAEAE |
Moons BCHRAE I T2 e IR

M/ RBF AU 2 M )5 vk

T TP ROR AR TE; | T FOR %R bR T
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A M2 ™ 4 (dual-channel quantum pulse coupled
neural network, DQPCNN) , ifi 1o 10 1% 5 [ ] #4) 2 i
TAhng ek AR I BB, SRR R A /Y
SESIRIE AL T I AT IR R A B P Y
[ g e

Amin 5¢ A (2023) 311 T J-QCNN BRI 4%
RRAT S ARG, 245465 4 1 LUy i 0 AR 2R pR
7 UNI-Crime Il UCF-Crime %48 42 |52 3 99% ity
R, BEN TS MR,

Kim 45 A (2023) 15 01 28 8 31 1 5 (112 7% 2% 2T HE
P (classical-to-quantum convolutional neural network,
C2Q-CNN), FFH BN 22 S CNN $EUCRF il gy A /N
QCNN, 7E MNIST 73 2R AT 55 H 52 B K T 95% K HEH
RTINS H PR A PR AT B 14 R BR A

Reejisha I Mohan (2023) %} . QNN 5 CNN 7
Fashion-MNIST A B, & 2 QNN I 25 3 B P 5
DU HE B 838 90% , TiF W] 15 P 28 W 28 75 (K15 53 2
T AT IR I3

C —b—0——0
M-
HTEBYZ BT BB T
O—&—B-
o
O =) WEEE === ERE = iR
e cal = AR e Wi

9  QCNNZEty[E
Fig. 9 Architecture diagram of QCNN

Chen %5 A (2023a) $2 th T —Fh T 2 R 21 48
 1F {6 #115% (multiscale entanglement renormalization
ansatz, mERA ) i) QCNN $FAE$2 U7 2, 3~ 3 4l
A R R R 2 2 i i & R AL T
Fi 45 Tsing AHZS B AR RM PSR 3 95 3 SRV BE , O it 17
QCNN 7EXS L My ™ A 6 B P I e, 5230 1 v v
ES /IS RLGii

Baek 55 A (2023) FF- & 1 S AK AT 47 J'€ QCNN (ste-
reoscopic 3D scalable QCNN,sQCNN-3D) T S =45
2, 454 B AR E I 25 (reverse fidelity training,
RF-Train) 2K 2 B AL R AR SR B, IR HLB 47 JiE SRt
fifp R T NISQ I 11530 v A B2 w8 it I LA o
Y S B PR T 5 e BE PR

Song 4 A (2024) 11 T 9% I &5 2% A9 QCNN, Fi)
FHAIR W 2 55 A1 28 B 35 P21 1% (quantum alternat-
ing operator ansatz, QAOA ) L BRI & B2 1T
B 2 O(k poly(logN) ) , il T 4 ML FUZTE
Aub PR L KB B U A B TR O 7 R AT
Eal RSN )

Roh 55 A (2024) 1 H] 55 44 137 5% #% (heteroge-
neous knowledge transfer, HKT) & il il £ £ # CNN

Vi Ry 205 S QCNN Y12k, $2 7+ T QCNN 7E H
FRa AT 55 vh g MERE , i e 1 B QCNN 7E NISQ i)
FRREAAS I B HERR PEAR R ()L

Gong 5 N\ (2024) £ 4 1 G B R 245 #4) I M 25 %
-l T FL R S R S5 A AR A i T R A
4li g1 QCNN, ££ MNIST Fll Fashion-MNIST 43254155
Hh d i 38 B 98. 4% BRI T4 M CNN, fif He
TGt BRI — k2 B

Das 55 A (2024) #8 75 T &l 4k Ay 20 55 742
QCNN 4 BE Ay PR 5 P 52 1, 308 2ok 8 490 I 1R 1 24 1) 2
AR X FRBE R I 2, 78 RS X B UG A 2 b A
4 QCNN HERf AR T 7% LU L (4R E i A D&
SRR ARAR I S e

Asaoka 1 Kudo(2025) i 0lE T H éﬁﬂ%ﬁ(quan—
tum autoencoders, QAE) F T L 4325, ¥ hr 15 B
Pt B WA, DA 32 A v 23 1] 52 H 85% DU 4325 HERA
SRR AT 2 MR 28 W 25087 98% , (H Z2254T:
55 3% T AR U R A

Das il Caruso(2025) % 1 & 2 %48 QCNN 4244 ,
T It Bt ML B T LU R S A X B | A T i
WPE S AT 55 TP U 2R AR 7 J2 B U 38 100% , 2
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R b A A AR AR A {H S S PR AL B e
Fet

Qu % A (2025) & BL QNN [EF EH RS M, kA o
HFITSM T4 B2, W L8 QCNN 7£
MNIST /\ 53 24T 55 35 58% ifff 5% , (ELi 18 K0 fin
FHB IR E R

25 BT , QCNN 3l o TR B 4 & i 7 IR AT i Ak
P52 HACRHER S 68 71, O gt M SE R 2544
RPN EY sz e RRBARAES . KL RBA

ISR X BT M e 1 1) S 2 3 5 S BRI Yy
BRAMA SN LR B RGN H, I RE T =4
R Ab B R TS PR BE AR A o) S AR T 4EE
QCNN ¥ an2 10 iR .
7.3 EFERITRME

QGAN J& — Ffeff 28 A BN 47T 1) 2% (generative
adversarial network , GAN) fl#% .0 ARG | A T8
ST o EAR i A AR R — A
ol e 2B, H b AR G B 5 o ) LS RO R

%10 QCNNFHEILA
Table 10 Summary of QCNN methods
ik e ANIEs PERESE T SRR
O e A g THEEMEAEEE i o + ) el QRAM 1465 725
- AL R >97% 1K JEE SRt 2 B v Ko
(2023) L I T L (e EMGREA HAR B > 97% TR P i iR 22 B v B i
AminE A (2023) J-QCNNFH (4 F IR + 5)2) SRR AER R 99% T IR 2L CNN
' w2 MR AL TR R AUC 0.98 I Hf Ak AR A A 4 5 g
A2y MR (C20-CNN)  MNISTSRI 05% + ek ﬁﬁf?’l‘mﬁ‘%“@?
" il S SR ‘
T2 CNN FHfEHT A QCNN SRR < 100 G R BT
Reejisha 1 Mohan QNN 5 QCNN %J L2244 QNN VEFEZR 90% BT FER R

(2023) 4 X 4B F AT b ATk R YIREE T 30% 04 FT A 2 1 S R KA
MERA FHESEHU T % e T
Chen%§ A (2023a)  BMEACFHIVIA 5 Ising AR FARIM: ST iR 87.50%~95.31% g;ﬁfiﬁﬁﬁ
P i 2K P
A sQCNN-3D 2244 ShapeNetYﬁEﬁﬁ’?ﬁ92.59% MIEN S
Back 2 A.(2023) RF-Train ZFEALARAF DI 25 PRI 6.5% Barren plateaus JAU:
Sone 4 A (2024) 5 S 2 i 55 W Fashion-MNIST /A8 92.59%  AEFidi B2 &A%
one QAOA HL R T B U2 MNIST |- TPR 89%(FPR 2% i) B 2 KU
B HKT #4 Hiil 45 CNN X A N A 15
RohHA(2024) o \Nsmomomie g onn g NV AP-ISOHEIT CNN B TR A
VELAASE SR & 3 M i 40t L ST A VA
Cong B A(2024) ﬁ%ﬁ%’ﬁw%ﬁﬂ?ﬁ%ﬁ% MNIST 43 2516 % 98.4% M PCA/ 1 2 By 28 T e 4
ng =y I3/ I )52 < L % Sk ek Ry A
WIS 5345 T4 QCNN 2124y B2 B CNN 2.36% SO HATSHEE | & 49.4%
Das 2 A (2024) BHILIRIRE RS T PR R AR R R 1 7% FEMA A G ERE |
2SR QCNN 25153 MR N AR T ZXFRARH 55535 T
Asaoka fll Kudo QAE FifiBhrss(s 8 DY 2R R R 85% 8 ML S5 B B IR 22 R
(2025) - s B S 43 2 AL 8 | 98%(vs FCNN) AR R R ) A
b Bt AL Bt 1 S P 4 X A P13 38 4 2 HETf R 100% T T B A Bh T
as Fll Caruso(2025)

HEZAL QCNN 444

YIZRIEIr A7 QNN

FEL I TR B2 A S i e

T T RN AR T ¢ | T FOR LR bR T
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PRI A AR A2 B 0 -2 T ) 0 45 0 8% g X
A3 RS AL SO, R B R A A 10 TR
QGAN F i inge 11 s o WO 38 2 X Bk I 25
WAL e 2 B s &1k 2E L AS A b% = A LR L
f) 500 (Pajuhanfard 45,2024 ) .
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Fig. 10 Schematic diagram of QGAN algorithm
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