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Research progress of quantum image information processing methods

Lyu Pin, Wu Yiquan®
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Abstract: In the era of big data and artificial intelligence, image processing has emerged as a cornerstone technology driv-
ing advancements across diverse fields including medical diagnostics, autonomous systems, and remote sensing. The expo-
nential growth of high-resolution image data has created unprecedented computational demands that classical computing
architectures increasingly struggle to meet. As the progress under Moore’s Law slows, quantum computing has emerged as
a transformative paradigm, leveraging fundamental quantum properties including superposition, entanglement, and quan-
tum 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 compre-
hensive survey provides a systematic analysis of QIP’s remarkable evolution over the past five years, documenting its transi-
tion from theoretical concept to emerging practical technology. We introduce an integrated classification framework that mir-
rors the complete image processing pipeline—from fundamental representation to advanced applications—creating a coher-
ent perspective that effectively connects quantum mechanical principles with practical implementation requirements. The

foundation of this framework lies in quantum image representation models, where innovative schemes including NEQR,
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FRQI, and GQIR have advanced to support arbitrary image dimensions and complex color spaces while simultaneously opti-
mizing critical qubit utilization efficiency. Building upon this foundation, quantum image processing techniques demon-
strate increasingly sophisticated capabilities. Advanced filtering algorithms achieve exponential speedups in noise reduc-
tion tasks, while quantum Fourier and wavelet transforms enable unprecedented efficiency in image compression. Quantum
parallelism facilitates rapid morphological analysis and feature extraction, significantly accelerating fundamental image pro-
cessing operations. Beyond basic processing, quantum-enhanced methods for edge detection, segmentation, and feature
matching 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 quan-
tum walks and chaos theory providing theoretically unbreakable protection for sensitive visual data. Quantum watermarking
techniques leveraging entanglement phenomena offer fundamentally undetectable data hiding capabilities, creating 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, while quantum convolutional neural net-
works revolutionize feature extraction through inherent quantum parallelism. Quantum generative adversarial networks
enable sophisticated synthetic data generation with significant applications in data augmentation and privacy preservation.
This review emphasizes an integrated perspective that connects theoretical advances with practical implementations across
multiple application domains. Our structured analytical framework clearly illustrates how abstract quantum principles trans-
late into operational capabilities, while simultaneously addressing the significant challenges currently hindering widespread
adoption. The Noisy Intermediate-Scale Quantum (NISQ) era presents substantial hardware limitations where qubit deco-
herence and elevated error rates remain persistent barriers to reliable operation. The significant theory-practice implementa-
tion gap, where algorithm performance on actual quantum devices often falls short of theoretical predictions, requires care-
ful consideration. 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 complexity and
execution time, providing crucial insights for practical algorithm design and implementation. Looking forward, several
promising pathways emerge : hybrid quantum-classical architectures that leverage the complementary strengths of both com-
putational paradigms; advanced error mitigation techniques that compensate for current hardware 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—providing practical guidance for experimental research and implementation
strategies. Through systematic analysis and critical evaluation, this review demonstrates quantum computing’s significant
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 healtheare , environmental monitoring, indus-
trial inspection, and artificial intelligence. The field currently stands at the threshold of a new computational paradigm,
requiring both continued technical innovation and strategic vision to successfully navigate the coming transition. By synthe-
sizing recent advances, clearly identifying current limitations, and outlining promising research directions, this survey
aims to accelerate the development and adoption of quantum image processing 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 have been summarized tohttps : //github. com/cococococo7/QIIP.
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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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constitute voxel units (Konar et al, 2023)
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Table S Summary of quantum image segmentation methods
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I AR B i s S R B

25 ik, i GG LU LR AR R
TRV R P i B 5 A 5 I FH 3 T = 4 L
BT RGEMRBE XL A URA M F AL T B
BCHE A T3 3 i 52 A B 4 38 I Bk
RERAE, W10 2 Se e AL GE T RN BE ST PR EE T

B 5 A AL T A7 R R
6 ETEREERRERA

TE 2 SRS AR R ep | (RIS AR B Z 2 BOR EAH Y
B, HAZ O BRRTE T Bl 1k RS A b 9 o iR 22
BRG] B B RS BAL BEEOR i A2 )i
1 PR R R Tl B T LA 22 2 , DRt ik
AESE I TR T IR RO 15 B e R L

BT RGE R R e EA SRR &
T PG i T R S PR e e S A TR
B A, B PR AL i S A A TR
i S U 21 5 1 R B T B R T 2
BT B AR 7 HR B R DL B R
o 35 DU Sf e A s PR AR AT T A B FE R

T TR P S e A |
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Table 6 Summary of quantum image matching methods

BFFS I ot Bl PEREZE M SRR
* Grover A& HER S
Jiang (Z R C ST | % 02) ,gﬁiﬁifﬁﬁw
(2016) * PUORHE R R « MR T %£96.13% e -
e i BEAL
= B
o B R
.o 05 T Ak
Dang % A e X B CERIE | T 0@ 42 g@m%gﬂ%%m
(2017) . ﬁ#%%g@aﬂﬁ%m% « fERR T 23T 100% R 2
1R[]
o TR 2 5 A
Luo %\ s o TR S B e o
(2018) CNEQRERMART I R T ULy Ve M T
e
o SIFTHHELE &5 74
R R YN SRk o PRPLHDR | 25 10.84%~20%  * {52 BLERAEFE I
(2020) o BT B BN T o B A TR
X HEJE
o B TRIR o 7 TR . \
Benkner % A TEVT e Racooo HIRTMERIST
(2021) BTSSRI o PR RS | el Y
s — 2 AL e
o TR O AR
. ) fEs . R VC IR 2 <3% - L
Yetis il Karakase(2022) BT TN AT L 1  BOMREE 155
A I 4
Shu % A T+ NWPU SRR 200 o AR T T T
(2022) R < * Mnist 54842 F1{0.77 o FRAE 44k 3 32 R
FE A
o B PR oo PLE S AT G
Dang A X C 2R | % 02+ 27) &@m%gﬂ%%m
(2017) . ﬁ’w&%?@%ﬁﬁﬁm% « HER A T R 100% s
15 [n) {5
o TR 2 5 M
Lo 55 K DL R o R TIEATBE S R
(2018) C NEQR RGBT (o s R Toosa I pL sy U P P BT
e
o i1 Powell J7 50T
Chen % A ZH AL R ) BT 2
(2023) . E?E%ﬁf”%ﬁ%% E{%%VKEE{E*HE(S<OOOI) o u%%ﬁi@g%
6238 57
o TR A -
Heidari A Efﬁ%ﬁggﬁﬁ: « QAPLIB LI f4L 3 9/10 (n=16)  * k;ﬁﬁég\%ﬁgﬂﬁufﬁ
(2024) -ammEsE g T " e T

Kt

T

T TP ROR AR T ¢ | PROR LR bR T

6.1 EFEGmMZE

7 G S — R 1 o SR R

BAHE L AR BOR A0 A AR 1 i 5k 5
BRI e BRI R e
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(a) ZFHKE (b)) FFACHE
% K%

((a) reference image; (b) Images to be registered; (¢) Result
image) (Chen et al, 2023)
K18 G A R (Chen %A ,2023)

Fig. 8 Registration example

2R S T (2016) T RIE A B 7 R
L8 BEHIL Al e e S I sl o 8% , 285 10 L
AR IR SE , W Y R B s (R R R T 2 4
P, AT RN BEE T 07 RA % s 4
i, AT A (2= b AT AU, 2017 ) 82 (R 32 R IR
W 2 B LR AL, P R S R KBRS 8 T
PO R 5 BRI B0 8 A0, P00 e 0 L)y BEIE 5
HORTIATIE . SBI5F A (2019 ) )3 T ek iy i
G R R (generalized quantum image representa-
tion, GQIR )AL Y 5 il JX < B, o FHA% 3% 180 €0 A L
T R R FE BOA , ol s PR 15 7 ] S
Py oy A HARSBAR R AN M Z % . Zhang Al
Wang(2023) il G 71158 15 = e 7 (L% , il
Aok 52 A A DR 7 A A DR A T U T R S B
e 2 Ve SRR

TE 4 RN UEE, Agrawal 55 A (2024) 1 OB
F i U5 AL 4 5 T8I o B AL 7K BN IR
18 BRI/ N A A RO He B A28 R A A
IR R K BN A &, Hpt B e 5 %
VR A G )7k . Aly(2024) W38 HiBr Y 1%
@ {% 7J( ED ﬁ 7k (new quantum color image water-

marking technique , NQBID) , F| F & ¥ He BR 1 S 440 7F
YChCr 23 [A] S B PSNR TG FRAE, I i A e e (A
A7 (least significant bit, LSB) 7K EJ f%) 48 11 T 5 I
i), AEL G AR SR RS R B TE

T 1) B2 Y7 B AADRAF, Priyadarshini 55 A (2024) 15
TR JE #z BR 5 FH X 2% (deep extreme convolutional
networks , DExConNet) 55 ¥t %5 14 (stream crypto cipher
image encryption, SCCIE ) il 55 HE SR , 52 B 2= W) Bk ) 24
5T Ry BT R (R 250 S SRR % R X
(region of interest, ROI) 2 B, i} & & T+ Ab FEAK
Wang(2024) it —2F 51 & F IR TEHEAS R, 848 [7)
B S Z R 6 S BT B o i)
o o BRI, KW I0T 15 7 o 2 R A ) R figp R 2 0
G S[Ra RL & 11 /W 1 L8

7 5238 AR AP , Qi %F N 2025 B A i
2% 4y )2 7 % (lightweight hierarchical privacy protec-
tion scheme for traffic images , LHPTI) : J&F 2545274 >)
(learning with errors, LWE) 5 Hs 47 8% 51 B [6] 250 2%
HOR 856 0] R 2 S ET )2 4, i F U T
(Y PNIR N B A S (it 2 RBRAN R o 2T BRIE B R
7% 3 (number of pixels change rate, NPCR) 5 PSNR
TEbR F R 20 5%, (F A B B B8 R 0 O HAz A i
PR 2238 ER

L5 LTIk, R RN HOR C A BE Al 2 AL
Tl BRr AUE A R SR AL K 37 5 A N 9 e = AN AERE
WA B E BTt . HAZ O SR A E 2 4 2 [A] 1Y)
S PR 2 AV DR A 0 DL RS S ke
S [ A7 DRI 18 AR A P AL 3, B R S8 B T n 5 R4OR
TEBRR G AT S BVE R OSCHR B A PE A RER. H
et T RGNS SRR SR FHdE A R B By
PR ZS TR . 7 BB U
SR TR
6.2 ETEBGUERRE

it R OB — Fh R T o R
PLEAF B A TR EOR 8 & 4R E S B
Bl B 5 2 e Ar bl

Tt PRIG A B B S S R 8 2 1 42 1) R i
PEPK 2% o 2 1y AL BT (2017 ) SR FH A% 75 1 L AL AL
il 8 A AV - ) 2 N RS G B S B
R A IKEN A R R WAL 58 1t 17K BV 52 2% R 291 5
2 ol R IR (2017) J5 e o8 — 20 BR F 1
FURFAR AL H IR B, 1] FH Bloch 35K 11 58 i e e S IR
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Table 7 Summary of quantum image encryption methods

WFFT 71 BA et B MRS KA Ry B
ZEPNB AT o AUBEDLAEA N B T AL S B « B RYK o EHIHURIE L
(2016) o ek LRI o M A TR B B S PSNR<8AB o HLIER I IR AR B K
25 Wit 1 A Uiy o G FE A E B AL R o Iz G AR 5 2 B ) 5 F- 7 0.0070 o MR 2 U &3S
(2017) o T HURE TR I Sk s HITEIBAI A, w et o h T IR
EEAEE N o Bt AY GQIR #5751 2 A )R ~F FR il vt 10— N o 24 LETHERE I ME S gt
. ez = ZR I ~0. -
(2019) LR IR = I CHORARIII0.005 iy v i o e e s v
Zhang Fll Wang o B HLES 25 0 A T 4 L * {5 B 7.9994 o IFH] A2 4
(2023) o 8 B IEE Jr (i e * 30 49% LT o JBE 7 WS AR T R
Agrawal % A\ o VUFE DCT 5 wi Ak kb 53 o BUiE iR PSNR T 2 33dB o il T ke
(2024) o bR LWL AR O A R o FRAZT T 2 dbpp (BUKED) o FEHIS5r T 63% BT #E
Aly * NQBID &F%75 « PSNR=Inf ( T 100%) o & RATE R
(2024) o HepRE S0 * Lab PSNR=69.80dB ( T 45.6%) o AR TS
Priyadarshini 55 A * DExConNet+SCCIE HEZ2 * PSNR iEF5%=92% (1 4.5%) o LB
(2024) o L ROTHEHL o B 88% (1 3.5%) o RPrTFHE
Wang o PRI * PSNRiA453R=90% ( 1 5.9%) o JC A 38 R AR
(2024) o R E i « NPCR i5$1#%=99.63% ( 1 0.031%) o HAEY
EIN o FE SR +R) A N » NPCR i5#5r%=99.6277% ( T 0.029%) o RAFFHEE
(2025) o N BT » PSNR=38.52dB@CR=0.75 ( 1 7.6%) o (V3T EIZ BE

T T RN AR T ¢ | RN %R bR T

HRAZOKED A RCRAETE 2 0 (n) P00 . SR
85 N (2018) 7R L HE Rl b 2 J§& 73 e 2 1) B LSB 4244,
SEG T LU LU AR 3l A E LR AR, HAT X A
PR 52 27 8 T BT 1 A AR IR L

WFFERTI I BB AR N T A G S A i, PSS
A (2021) F5e5 A A: O HT I 2% (quantum gen-
erative adversarial network , QGAN) , il i Z 5 fb &+
H, B2 il TR WIS MR e T A IR 5 Gao 55
A (2022) I 2R A SOAR [ 5 25 B, 1) 41/
AN SO Gy B AR 7387, 45 G Lo e B 1L
ST AT RE ST o BT SRR A Yu 5E A (2023)11
Haar /)N 58 0 LSB 55325 , 3 3k o 3 2035 3~ s vl
AL LA Mu 55 A (2023) (1 1 F Sobel 3 ¢ 5 44
AR, Bl 2 2 £ 7 31 DI 2 B L 4R A 1R 2 (bit error
rate, BER) <0. 018 [ i34l . R S Randhawa %6 A
(2023) M 4= 22 A HE ALK Hadamard ] 35 10 25 B4
BEWRIE, i LA G IR EAE -

25 LTk, T EHR AR BB AR C R B th
BERlHR A RE 1 S W) RE A 5 3 B A At
(R T IR 2 o AR O BRI AU BLAE A7 T SR B A
RUREAR VB PE S ht e Pk 0 3G, AR T X%

G ] G AR S 18 BRI Rl 1 AN 8 118 S B 5
o i1 PR KR R N 8 BT o

7 EFHRFEIFE

Pl A N TR BEM LUK EAEEIR
WU SRTE AR BRI RE PR 3R AF R 20 AT 55
BRI H B CRAIRE T . BT HLae e
PG AL BTG A TR BTG ), A R BA S fE 1R
RN T BT TR RE
7.1 EFXFEEN

TERFE TP I T R G R
i SR ) AL (quantum support vector machine,
QSVM) i 415 1 AN T sl ish (Y MBS . EAF S — b AL
TR A T - R Mk e R P o 1 T o
B, BT TSR ) A LAR B i A RO Y e
J1, 8 BBy I8 RIS AR AT 55 S 416 108 14 Ak T
YIE

Shaik il Periasamy (2022) 42 i QSVM 7E PRISMA
T YR AR o 2 P B T R e S
ARFREXS L fif R T /R QSVM ELZE B SVM S
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Table 8 Summary of quantum image data hiding methods

Tt 7% A1 BA AW PEREZS G Skt Jry R
M AR A% A EEL MG R A B - R * PSNR>51dB(#3E/H& 1) o EELJE A E
(2017) o NI TR IR IR AR 4 c LLRFEARIE 16.7% o T B YR TR
ZEW R IR o BT HRR RO FA R (0 (R L 2 O(n) o M BB T A A 2
(2017)  * Bloch BRTET£SHlIESE e o Z BRI
ISR EEYN o SrHeZs [A) R LSB L8 ) o T o He R R BT U] R
. ~ i .
(018) BT HAF HAR R BrifE A L PSNR=GAIBURRIE 1) ety sy e
VAEEIN « QGAN A JRFLGE T 5 5% IR 1% . N A o BRI SR8 IR AR
(Q021) - BT AL R KLEGEOUMIE T ™ gt
Gao % N o BT NRSCR B A ARARE O BE ) « 55 % BB R
(2022) o PR B B AL o« AR E X F<365SM(MEREL T ) o SRR
NIE TN * Haar/NJZ A & I LSBARA * PSNR>48dB(Faiett 7))« AR H/KENTR S A
(2023) o« XA T AL * SSIM>0.997 (&5 ¥4 AHM: 1) o 254052 [ 1/4bpp
Mu %A * QHWT+Sobel 1 2 A5l 356 F-3H [X. « BER<0.018(iRfi%% | ) « & 8{L0.25bpp
(2023) o W T HEER S A IR AL + PSNR~58dB(ffifg 1) < IRESER
Randhawa %% A« Hadamard [ B {5 K00 & s T 12FFRGBE(RET) o T QRNG s bl pLE
(2023) o T BEWLRR ARSI o BINA NG T o TR AR

T TP RR AR ¢ L ORI IR bR T

JEE 151 5% (14 [va) A1, L )11 2 0 3 0 00 o k25 A7 B
Grossi 25 A (2022) %3 TR & & -4 MR VER I A5
R OR TR IR R AL QSVM 244, (H i 11
M s B EI R 35 £10%. Kumar %5 A (2024)
F k& T 3 F ZZFeatureMap ) QSVM i i 57 3 2 45
AU TE 32 A ADL AR L S 188 A i A 95% i
R (A A BB A S FE S T . Jose SN
(2024) fil 5 7 AF 9 A 3T HF Y st A% 5k Ak
QSVM, 7 FL AR J 12 Wi ik 2] 100% HERG % H it
45 0. 14 &b, {5 NISQ 15 £ M 75 1 H, 26 7% B2 B o] 5
R

Suzuki 55 A (2024 )38 32 7% )2 5t HL SR i 4%
J7 157 trapped-ion 1 FIHHEAL_ LS QSVM, 551K
TR AL R R 2 500 DL ik D M 75 5] R, 76 MINIST 4328
55 v 52 B 100% A 25, (B [5] U5 4T 55 DR I8 75 ek
T AMIEAL . Slabbert A Petruccione (2025) $2 3 &
#-B IR AT, 8 ResNet10 [ 34w 2K 4E 5
B QSVM, 3 3 REAF 40 i Dk o 248 Tl 15 i AR
FE MNIST | 5230 5¢ 52 4325, fH CIFAR-10 fil HTRU-1
PR P15 52 2 1 RVBSCH i AS T A B0 B R B . Zahid
F1 Tahir(2024) FF % T Tabu 48 22584 5 A 4k f 7 4EAF
WS FVRRIE S 45, 2B AR = 850 T ansatz DL T QSVM
PERE , 7£ lonosphere $H5 4 I+ 35 88% A %, {H i 4

Bl e RIAE B AR M ST B0 TR

25 B AR, QSVM W58 78 224> G B 4 i 1A
HHERE . AR RMERETT T, QSVM £ /MR AS 1 4 4L
I Ak 3 v e B A 2 BTy O R Y R L R
A B AR R RAR BRI AT: 55 vh ik B4 58 56 1Y
R R, BT RCRR R AT . TEEOREN S
JE T, WF9E A T TR A -2 MR AR R AR AR
WP 5 ZHOMOCTERE , IR FH A 0 ] SR e 49 A
RIFE S WREREE b YRR E PR o SR, I ARATY I I A%
O PRAR s LS 1 A Y R RS T T B 4 2R
PR D Sl 2 AT T R RO™ ] 2 AR Ak
P e A 2 B 1 B 0, HLBE AU B XN B e
FAAE o AR 1 —— TR R B A B e B A AS
A S Iz ALRE T W T R . QSVM kI AR
WML R .
7.2 EFERBENLE

BEA TR ROR AR, B LA 2T IR AR
J R —AVE RE TR OBy 1w, Hh i A 2R R 4%
(quantum neural network , QNN ) A5 115 046 B A
5% H 45 (Jeswal A1 Chakraborty,2019) . ¥T4F K, WF5%
NIRRT Il e ae S B S Ve R
TS TR S, R A R R B R BE R

Yo T HE LA
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Table 9 Summary of QSVM method

WFFEIATBA LA HT (e K R R
« HIHQSVM A2 PRISMA  « SOREA T QSVMAEE U”%HE%?‘@ (50
Shaik 1 Periasamy (2022) GRS Tsw | B 400 12 275
CRET-LUAEAE - 2RI 100% T o
g o W R ER R Bh
Grossi A E%Hﬁ;%gﬁc% O L abomiten 819 £10%
(2022) A q:f% M PR BT 3 2830 % o AU FET T
. e FRAE
S s . o FLYIARFEBRAY S
Kumar %8 A * ZZFeatureMap YRl .-*i;%ii:%ﬁ z;ﬁiﬁﬁ FAr
(2024) « PCA 24 i e ik T X 60%") T R R
’ JEetk
Jose S * ENSGA Z Hixflifk o (RALJE WG 100%  « NISQ 154 I 7 sk
' (2024) QSVM 24k o PATATIE] 0.14 B2 (QASM o BH BEVRIE 32 FR VI 25
2B T A B ) S P
. TR « MNISTA S 100 o AR
Suzuki 55 A - vy e pet oo R? ] 10.7%
(2024) y; PRGBS o o0yt P
o AR AT :
G A T 0.932 Bl
* ResNet10 [ 3h%if3 8%« MNISTHM2/EEMERR  « R 2EURPEREIR R
. % 4 100% & 1 25%)
Slabbert il Petruccione(2025) R Z MG TIMIANEE  « CIFAR-10K5JE=75%(F1  + A58 &
Pl {5 A Vix /0] W R AR
* Tabu RS LR T
Zahid Fl Tahir I RIARAE L R * Tonosphere ERfIF 88.21% faj BN |
(2024) o HTFAM/RBEZERIZ  « Moons BUEHEL T2 AL BRI A
5k
TE: 1 IR IR | BRI AR TR
QCNN f& 2L CNN B3R u 0T 2 | it O
FHEZR R AN . B B A IT AT XK I
SRR TR T 1 TR AR IR S50, S _
GAEHE H) b R AR IS 2 2 4, AR n \h

K9 s . QCNNTEEUR 73 W bt iU 54 55
R B Ho R SR B R T A
Gt BILT , 2 SR T X PUME R SR S SR
RO o SR AN 32 IR T 7 7 T AR
Yl RHUABE S I A B R R 2 TR, LA R S Bk 5 33k
FIHI R o

F IR AR BOPT (2023 ) 48 1 00 18 521 Pk vpHE
A 2 W 2% (dual-channel quantum pulse coupled
neural network, DQPCNN) , ifi it 12 112 45 | ] #4) £
TAfnas ek s R R, B E R IREIR RS Y
LA AR TR IR TR AR R AL B b Y

AR W === HEE = g
ST = it

= AL

9 QCNNZEAy
Fig. 9  Architecture diagram of QCNN

Rk . Amin %A (2023) %3 T J-QCNN #5250 ] F
WE P AT S A, 5 A 4 B R E O Al b A
PR %X, 7E UNI-Crime A1 UCF-Crime 304 45 5251 99%
HERRR, BE T Al IR, Kim % A(2023) &
B2 MR 57 13T B8 2 2 HEZE (classical-to-quantum
con-volutional neural networks, C2Q-CNN) , ] Fj #it i
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Y2t i CNN FEEURFAE S A /N QCNN, 7E MNIST 43
FAT 55 L IR T 95% B HERG 3 e 1 /N L
F AL PR AT R A R FR T . Reejisha Al Mohan
45 \(2023) % Ht QNN 5 CNN 7 Fashion-MNIST £ #&
B, % B QNN I 25 B2 B PR L X 3 2 90%,
TIE B 7 2 0 2% 1 IR0 28 vh BT VA SR
P

Chen 2 A (2023) #2 ) T —Fh 2 22 5 4 4
1 1F Ak #8135 (multiscale entanglement renormalization
ansatz, mERA ) ) QCNN Rk 45 By i, H T a1l
EEETLSERTAT ST ALK e S TiEew. SN E KL VAR
Fi 5 Tsing FHZZ B AARUTE A B8 5 73 SV RE , IRl T
QCNN TEXS M ify T A 6 B P I e, S 30 1 e v
FICPLICd . Baek 25 A (2023) JF & T Sr AR Al 47
QCNN (stereoscopic 3D scalable QCNN, sQCNN-3D)
T =528, 456 I Ok HEE I 25 (reverse fidel-
ity training, RF-Train) & Z #£ AL REAE 3 B, IR BT
PIRESRME  TR T NISQ W 3155 rh 1 3005 i it
[ R i 4 5 2 BR AL B T 3 A AR FE PR . Song
AN (2024) BEIF T BT R 28089 QONN, A HI IR 1R 25
ﬁ%%ﬂ%%fi%ﬁ%?ﬂﬁ(quantum alternating opera-
tor ansatz, QAOA) Mg B B (I i F & AUZ T3 2 4%
JFE 2 O(k poly(logV) ) , fift ik | 28 ML BH 2 76 40 B
it U I 5 Y5 A 1 )il TR A R 03 84T 55 h 5
WS . Roh 45 A (2024) i F 5 F FIIR L B (het-
erogeneous knowledge transfer, HKT) 5 1l il 2k 4
CNN fE Ry Zomifs AL 48 5 QCNN Il 2%, $2 7+ T QCNN
1E H bR A AT 55 B PR RE L i Tk T 508 QCNN &
NISQ i AR PE A A & 5 B HERA PR IK T ]

Gong 55 N (2024) £ 1 18 & AR 5 14 I 8 2 i
ST TR S TR, S G R T R A
4l i1 QCNN, 7£ MNIST Fll Fashion-MNIST 43 2T 45
Hh B i 1K B 98. 4% IR R LT 28 i CNN, fi 2k
T G g it h Bl 5 — ALk R . Das 55 A
(2024) 4878 T Bidfa it A Jr 500 4528 QCNN PERE Ay
SEVESZ IR, T8 5 R 1 i 8 D028 X FR AR R I
3 TE RS BRI 5 53 26 TR AR BT AR S5 48 QCNN 1
W52 TE 7% LA b (HRRE iR 5 2 AR L
#EPE . Asaoka Fl Kudo (2025) & 8 & 7 H 9% 15 %
(quantum autoencoders, QAE) FF EL /028, ¥ b
HR Y 2 RIS, LA 32 v A3 ] 53 85% DU 432
WER 3, SRR ARE T 22 L 22 ) 250 /) 98% , H £

FAL 55 Z B 10 R . Das F Caruso
(2024) P38 2528 QCNN ZEH , 38 1 Bl HLIE B
T LR S B A R PR A R R 0 AT 5 b
IR AR T8 I VR 543K 100% , 1k 35 H B JR A5 AR
B, {HLE S 18 AL 5 0 A 2 M Qu AR A
(2025) & B QNN [E14 & A8 M, UEH 8 71 1550
T 4B RZ W d 28 E QCNN 7E MNIST /\ 32
AT 55 35 58% HEA 3, {H 3 18 K0 in 5 Boph B R 22
K

25 b ik , QCNN il i ¥R 2 % 5 it 1 If A4k
P 5 2 HARHAE G RE ) | T A e DALt 45 44
RPN Tz R AR R A 2 . RO R
AR BRAE RS St & B 1R 0 35 1 0 S HICR I By
BRAM AL SN ZRIa A RGN, BEIFRE T =4
Moz A B MR TR BRI A R o ) A AT N 4E B
QCNN ¥ B an 2 10 R .
7.3 EFERXML

QGAN J&— Pt 28 B2 X $T 9 4% (generative
adversarial network , GAN) i #% 0> EAH 5| A & 115
USRI RO o BEAS L i — A s i — )
ol i AL, e o AR S B 5T 2 ) LS T R A
PE I AR RSP K Y 72, i) ) g DU 55 X
3 A2 RS R L SO s R R AN 10 R
QGANJT I EANER 11 Irn o P Tl X ik 125
AL , e 2 H RIS 1A i As BEAS 7 Az AR LI
Y & 74048 (Pajuhanfard 55 ,2024) .

XSCAREE N (2022) #1725 A2 O I
%% (quantum conditional generative adversarial net-
work , QCGAN) , il 3 one-hot [ I Z 401 W 25 2615
AR A 1A 5 0 45, Aok T 1 A
Tk AR A B AL [0 R, K i 1) 52 % B2 ML O (V) [ 2.0
(N), b i 7 B JIA AR, 72 BAS B 4R At TR
B AE R S R S E R AT AT . V2RI E B
B (2024) JF & & 7 - & IR & A R T M 2%
(quantum-classical hybrid generative adversarial net-
work , Q-CGAN) , £ 28 L [0 2 2R A4 BB ) Al i 14
PE T8 o IR R/ AR RS g S D0 A S A A, ok T Al
TR IUALL G BE A R R AL, 78 MNIST &l 4k |- 52
PR T4 7 Az AR Y A ZOR o Chang 8 A
(2024) ¥t 1 W 7E K% it F GAN (latent style Based
quantum GAN, LaSt-QGAN) , | FH| [ 4 fith 545 [ 15 ke
555 BIR A T 7 2 (B I o1 2 e, Al 1 A
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Table 10 Summary of QCNN method
T 5% AT BA KB Hr PEREZE e SRy R
o EFEH M E SN/ o R QRAM fh 75
S - AR o B2 O(n*+d?) F&
BICBRRGAT(2023) o 7 BB & CEREA T EES0T% AR
A H
¢ J-QCNN B (4 5 LU FE o T A
Amin %A +512) oo TR
(2023) o B -2 MGRA S « AUC 0.98 >
A LAY %:jj
Gl
Kim 5 A o LB TR (C0-  MNIST 432 0500 HER 2 TZQE/J\%M%%/\
(2023) CNN) o BHCRL100 (8 =T IbAHF)
* Il 45 CNN #5:4E 7 A QCNN = o AR IR IR A

Reejisha Fil Mohan(2023)

Chen%: A\
(2023)

Baek 2 A

(2023)
Song 2N

(2024)

Roh % A
(2024)

Gong EYN
(2024)

Das %5 A
(2024)

Asaoka il Kudo
(2025)

Das Fll Caruso
(2024)
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