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Figure 3. (a) Reconstructed images during training: (top)

our QVF and (bottom) classical model; (b) PSNR learning

curves.
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Method | MSE (x107%) | PSNR 1
Ours (Gaussian)+ReLU 0.98 +0.09 30.06 +1.0
Ours (identity)+ReLU 0.99 +0.09 30.02 +1.0
Ours (Gaussian)-+Siren 0.55 +0.04 32.59 +0.2
Ours (identity)+Siren 0.54 +0.04 32.67 £0.3
QIREN [65] | 0.78 +0.05 31.03 0.2

Figure 4. Visualisation of the reconstructed images (CIFAR-
10 [29]) conditioned on a latent space variable.

(@)

Our Completion

Figure 5. (a): Geometry representation using QVF. Each
shape is obtained using Marching Cubes [33] with latent-
space-conditioned SDF inference; field samples are coloured
with estimated normals. (b): Shape completion from partial
inputs using QVF.
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Table 1. Numerical results for 2D representation learning,
for the previous QINR method QIREN [65] and our QVF.

. Images 3D Shapes
Method MSE (x1073) | PSNR{ | MAE (x1073) |
Ours (Gaussian)+ReLU 1.02 £0.11 29.8 +1.1 0.99 +0.07
Ours (Identity)+ReLU 1.03 £0.09 29.5+1.2 1.10+0.09
MLP+ReLU [41] 2.17 £0.13 26.57+0.51 1.4340.14
Ours (Gaussian)+Siren 0.62 £0.05 32.2 £03 0.27 £0.05
Ours (Identity)+Siren 0.72 +0.06 31.44 0.4 0.324 0.05
MLP+Siren [53] 1.19+0.08 29.240.4 0.4840.06

Table 2. Numerical results for 2D and 3D representation
learning, for our QVF and classical baselines, including
DeepSDF [41].
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Quantum Visual Fields with Neural
Amplitude Encoding
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Algorithm 1 QVF Il il

1: Input: Training dataset X = {(©;,s;)}}¥; ; num-
ber of qubits n ; epochs Nepoch ; measurement shots
Nishot ; parameters 8 = {6,,0.} ; inverse tempera-
ture S .

2: for epoch =1 to Nepoch do

3:  Classical Inference (Sec. 3.1):

4 Compute energy spectrum E(©;;6.) .
5: Evaluate Gibbs distribution:
—BE;
P, = 67, where Z = ¢ PFi

Quantum State Preparation:

Initialise po = 32, P |i) (il .
Quantum Evolution (Sec. 77):

Apply ansatz S(8,) = H‘Z:l e~i0acHe to ob-
tain:

ﬁ(eq) = S(eq)ﬁOST(eq)-
10:  Measurement and Observables:
11: Estimate (My) = Tr[p(0q)My] for k =
1,...,K.
12:  Gradient Computation of the Loss £ (Sec. 7?7 ):

13: Quantum:  A(M,,)/d0, via parameter-shift
rule.
14: Classical: Vg L via automatic differentiation

through E(©;;0.) .
15:  Parameter Update:
16: Adam optimiser step with learning rate 7 :

00— (VoL Vo,L).

17: end for
18: Output: Optimised parameters 6, , 6 .
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Figure 9. Qualitative images retrieved from a pre-trained
QVF under the different number of circuit shots. From left

to right, shot counts are 100 , 500 , 10° and 10* , respec-

tively. The rightmost images represent the ground truth.

log-sum-exp H5, 3R I 2 AT A
BUERA.

C.3. BRI 1945

BE TR A BTSRRI B2 ) 30

Lemma 1 Energy inference exhibits functional

equivalence to determining optimal non-linear input-
dependent frequency spectrum embedded within varia-

tional quantum circuits, defining the model’s inherent
expressiveness.
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Method ‘ no noise o =0.01 o = 0.05 o=0.1

Ours (Gaussian) + ReLU | 30.06 £ 0.1 30.1 +£0.1 2842+ 0.1 25.78 +£0.2
Ours (Identity) + ReLU | 30.02 £ 0.2 29.6 + 0.1 27.98 £0.2 25.96 &+ 0.2
Ours (Gaussian) + Sin 3259 £ 0.2 324 £02 30.66 £0.1 27.94+ 0.2
Ours (Identity) + Sin 32,67+ 0.3 328 £02 3034 £0.2 28.12+0.2
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Table 3. QVF RyMERETEA M RIBEEOTE DL T (T 4EE1R
PSNR). o bl 1 ik A G S sl il

FIFASEME R D5, R BRI IR L Nonor  (FE5K 5B
) RS2 o N [RHAHR R BUIT I 2% 1) iy it X2 BT g
) QVF ) ansatz fFFIE, RHENARIRISH .

WA BT M A IR DA QVF fE & T
B ) S R B SR A B WA . BRI UL, FRATTIFAY
BTIABEX QVF dRegm, B, fr8ETe
TR AR RS ) EZOR R . T THAEA BT &5 4
AT R, SEEEEPATHERE S 2 T
HZ AN R 25 . X SR SE LR T TR B
FHFRAGEE, 1T OAA S AN 7E A RV A 2=
EHEh . N TEREX RS, RAI5IA T L4
fEAREZE I B E S sl B X B T 24 mi i
0 e B ML BRI T TTAARIAE S e T R ok
TR T etk . X SESRISHE e E 1 2D RGBT,
5 E2E s (58 77 45) AHE P PennyLane &1
TELES (8] o« FRATFESR 3 P TR E T 14830
I o THISESR, PARICTERFRIME AR T HERE iR 1.
IEFi, K o S35 2D EfR PSNR ) N, BRI
TE o =0.1TF, FATWEIHM T PSNR 3 ~25 dB =5
(B9 ).

E. TR

QIREN [65] 1 3D-QAE  [43] 1 JR BREAE T E A MO
T I RE BT AE 2 B A SR AE LA, PR e Tk AR
eI AP E e R R . QVE i
RE5 1 LB (0 90 F AN B T ) R0 B S AR 2 ] E
From®e, fgok 7 BLIIRA], AT SEBL T AN BB b
o W T HA B SRR, %R BB
AR — AR, DA/ MR T L TS > B
Z YRS B RS2 R 2257 . AL Y T
A i) S0 AT IR Y, AT S B2 R Y

www.xueshuxiangzi.com



(a) No noise

(b) & = 0.005

(@)

Baseline

Ours

(€) @ = 0.01

(d) @ = 0.02
Figure 11. ffi HFIZEH QVF M4 HA M AGREE EIFERL 3D JERIAT AL o @RI,

(€) a = 0.03

Figure 12. (a) (/1] QVF FIZMLEGE [41] () LAFOR RS RIS/ AR FSE: (b) dlid Bl (4% ) Hausdorff H g [& m]
PEFRRESE : RS BEIENEE. ERRGEMBERE e > g6 > Wi > 46) FoR@Ei Hausdorf i

B

WA RPEEIER, JATER 7R ERER, I
IZ I E R S B . BEHITE 50 B8 ISR
) QVF JE47 BRI AMNRACEIESE RAE P Fig. 10
L, R T QVF FEX MR G TR AEfe S
NFEPEREHER IR K B, X T QVE XL
55— AMRA R BT A . QVE ik n] PATE
KA SE BRI R SRR 2]

F. i N5 HAT " 18 2R e A 1B R
4

KFEBEBE, QVE 1 PAH TS & s IR E R
B 5E B 3D JUMT AL 55, F AT R B -5 B AR A A0 5%
B, PR B RS — 2R AR S, R
Jei, FRATTF ST i 1 IR B b G 2 I A 0 M S A
ARG o TR SIE 5 -(b). AR
VBRI P s LBl ik TR, S5k R
a € {0,0.005,0.01,0.02,0.03} , Hf o = 0 Xfp 5
MULB TCME RS . X AT 2R, BEAE s 1
, AR SRR R, B 1L s e
JUAR] 2% FELRT ZRTH AN KLU 1 P ik B IR

G. FEm=4EJ Lol nf Bl AL

GEA MG 2 R E RGP, B 12 -(a) $RME THE
TR = HE LT ZEA A E PR A, XL TR R AR [4]]
5 QVF, BATEFoRg R BRI —En .

14

QVF J&/R T R S5 BT, A T Jonl Wb
Fih R UM 254, HLORAFAIRL SRR A 1 e 77 1uE B
TiX . B gL R4 T Hausdorft PR 254015
FRE— U8 (LE 12 -(b)), s T3 (1)
FEATE (F) WRSGIUMRZE . XIESE T QVF #£
QURLEEANST (Anvb A hE) bBRs 4R ILEEE. [
B, PR B A AR A X 57, MME QVEF 44
AT MR R I T, XA
B A EL O P 7 B A R S i R RS
JEE A RS R R G TR Ty, HEERE
JBE K AR AR T 20 L [0 2% R AL ) 2 A A 1) AL B R BE T
QVF 1R TR 2AE S B B 20 (1 SR B e ) AN
TR BC B AR R A

www.xueshuxiangzi.com



	相关工作 
	基于门的量子计算综述 
	我们的QVF方法 
	振幅编码与神经嵌入 

	实验评估 
	三维（形状）表示学习 
	QVF支持的应用程序 

	讨论与结论 
	背景 
	基于门的量子计算初步知识 
	量子机器学习（QML）综述 
	关于贫瘠高原的综述 
	参数化量子电路与贝叶斯推理的连接 

	现有基于门的量子硬件 
	扩展文献讨论 
	详细变分假设可视化 
	附加实现细节 
	数据编码的表达能力 

	使用不同数量样本（次）的图像表示 
	应用于图像修复 
	应用于从部分且有噪声的深度图进行形状补全 
	附加三维几何可视化 

