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On the global R—linear convergence
of NAG method and beyond

12%19)7

REHE:

The Nesterov Accelerated Gradient (NAG) method is a widely—used
extrapolation—based algorithm that accelerates the convergence of the gradient
descent method in convex optimization problems. In this talk, we will explore the
global linear convergence properties of the NAG method when applied to strongly
convex functions by assuming that the extrapolation coefficient is independent of
the strong convexity parameter. Moreover, we will provide a mathematical
analysis that demonstrates the advantages of restart schemes in the NAG
method. Finally, we will compare these results with the continuous understanding
of the NAG method from the perspective of ordinary differential equations.

wREABETT:

BER, BERFEMEHFRZROKERIZIS . JLRERRN BEFHRREIZ
. BERFEREYZFLESESIRNEMRR . ARNXBEZEATERE. BGGIENE
fEixAmE, 2 Nat. Commun., SIAMZEZS. |IEEE TPAMIE&EHF SN EA
KERIEXS0RFRE . NEERSEASEATTE. FHETISHAHFZSETERNY
R, vEIEEZFSEFFRHRE.,
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PilLocNet: Physics—informed neural network on 3D
localization microscopy with rotating point spread function

Raymond Chan (F&ZX)

RERHE:

We consider the 3D localization problem of the point spread function (PSF)
engineering and propose a novel framework based on the physics—informed neural
network (PINN), namely PiLocNet, to solve this problem. Our PiLocNet combines
deep learning and variational methods, which enhances the black box neural
networks by employing the known physics information of the forward process into the
framework as the data fitting term. In the meantime, it incorporates the regularization
terms from the variational method that best fits the noise model. This work focuses on
the single—lope PSF, while it is widely applicable to other PSFs or other imaging
problems.

REANEN:

BREXHITAERARENEBRISEIRER N BRI ST E BRI . IINERAZE,
EFEBEH AR RS RAIRREHP R EELRS, URESOKENERETEMRAOREER
BFBEERER, WHR2021FE2023FEFRIRE (BEEHK) . Tih2zal, MEISSEEES
TEREABMRIENIE. AR, SBRSTKBREBPIKRETE,

PRIZXRHBUSZEFR160REITIRY, WBE=AZE(E, HIR2019FHIRNAEIE ( SRS,
T MINGESHEER ) 7ESpringerLink FERTE TEHZESIE110,0000k, 2SS LRI

( Springer ) IR2019FHIRMNEBHRZEF, RERSIN—A ., BIEISBNEEERZE;
H5ET (IS]) 2RSS IHBREE (2001F ) , WBEEEAEAZMR2019FEAH [ £
B2%IERBIZR | LIR—E L., BEBEAERERREEESNINREREIB1,3008 8T, &
PEEREBEESARENRE. BEXEFHERVBIEHARE.

RSN S HE RS EESIARSE, SIEN1080F T RS2 N ERMFRMESEES T
Leslie Fox Prize; i19975F11998FEFEIt RO BIES BREIEFTEE NS EERE; i”©
20NFEIRHEBESS2RMBHAREFTMRE (—FL ) ; R2013FERHEM T XEERH
B ( Society for Industrial and Applied Mathematics, fSFESIAM ) &1; R202156%E
EFEEEE ( American Mathematical Society, BBAMS ) #ERAZ L, LIKRIKR2022F6E
BARETEEEAHEEE (CSIAM ) Bt ., FEISESIAMB1952F /MR, BfukE—
REEMNABERASIAMEBEEZRENEE, WR2015FE2020FHMEEMEMRE .. LB/

ESIAMEEEMRE, WE20165FE—HIEFHREABBERERE (BTEICCM ) NRIERE.
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A new variational model for
effective segmentation of 3D objects?

Brig

RERHE:

While Al models represent both a significant advancement and a promising future
direction in image processing, it remains unclear whether Al alone can handle the
most complex cases. Tasks such as image segmentation are routinely addressed
by existing models; however, certain particularly difficult images remain unsolved
due to their inherent complexity. In contrast, mathematical models based on level
set formulations rely on appropriate regularization to succeed. For 1D and 2D
images, effective regularizes include mean curvature, Gaussian curvature, and
Euler s elastica.

While these can be formally extended to 3D (eg. by simply interpolating gradient of
u in R3), the resulting approaches often exhibit theoretical or computational
shortcomings. A more principled extension to 3D involves Ricci tensors and normal
curvature.

This work explores this direction by presenting both the theoretical framework and
algorithmic development of a variational segmentation model. In particular, the talk
will discuss key technical treatments necessary to ensure a tractable
implementation.

Experimental results demonstrate that the proposed model outperforms state—of-
the—art mathematical and Al-based methods in 3D image segmentation. If time
permits, | will also touch upon other related works on segmentation.

Joint work with Jisui Huan

wREAETT:

MR, REIRRREXRZHE, B8, HESRITEE(E. ZEIMA Fellow, &EE
ClatterbridgeMEERFEER . ET EHFSRAZTREAR . NIEEEEESZRRERHE
KEF/NH, MEAZFERE. JERZEFPHEREHZEGHL, IERGZSEER
RAOEE, KNEBTAZFNMEEXNFEHEAE. (FAE—8N, BF0250uEL. KBEE
FRZEIRTEMRR, E+THASFEEEBRLENREANR, RitAFRIEX200%%KE, BiF
SIAM Journals Numer Anal / Matrix Anal / Imaging Science / Multiscale Modelling/
Sci Comput, IEEE TIP/ TMI / ICI/ TPS, JMIV, Nature SR, IMA J Numer Anal / Appl
Math<%. #E{ENumerical Algorithms, International Journal of Computer
Mathematics, Journal of Imaging &8T4RZE.
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EREZXRE. A, EEELESH, ERdEREZRESISENWEENR, Eit
FEREVBNESTRVFEMAOR FHSRMERIEIESNE. AREENBRSARE
BAESFRIBERILRIFIEMARIIRMER TR, BRFRE/VIEHINSRNEREE. &
BRMEERE . YIRS EREE,

REABET:

O, ARRBEAFHFZSHUTFREIBLER . BRI TRARREAE . HRHEE
HNERAATLIERBEENERNERELESE . U (&%—) EIEEE
TPAMI. IJCV. NeurlPSEATHsEMHIRTNERFRIEX 10Kk, BEIEEE
TPAMI. IJCV. NeurlPS. ICMLEZEATEERE/TFIERA . NiEVALSE 20244%
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RERE:

MESTRENEFANETEZMZYBEINROERNN, OETHEBEEDTTSHER
KR TREOTPIRNEER. ©AEBHFTE—INRMO LR, BoiESEIERE
F—FEIRERR, BEEANENRIZEMAR, FRELAZERIOTEER, ETX
—HEZ, FNRFEMFART —RIEACROGSERKEEFTXRVARIIE, BEOEES
BN ERER (BESXE. SXESSARER ) WX, BMESENPRER.
ACEIEEGNRERNSSE REZINMRKESHE, URREZIEXNESE
BESNEBRE . XELHARRE, UHEHEMFRRELEH, ENNERTENR
. IR “REFFT RORERAIKRERE.

REAEMT:

HEE, BREIWAFHZZRHR, HHEHEFRIAEE. PETUSNBHES
SUFEEFRNFHRIERLEZR . PEEYMEFIEFSATERSSBFTFER.
FENERUDHEREGLE. ATEE (HENMRRE, KEEST, REBEEN)
HRIE, ERFEREBARZFESH LB . ERISEANZEES. | FEaEM5SNA
HittAREE . EREBANZESETFEE . XBHHYTES, BRELWAEREFH
BEE2FME,; FAEBESS5ASESEEAKSESERTE. ERIgESERIE. |
KIARMRERESIAM. [EEE TIP. NIPS. JSCERKFERNKEIAT L, RitkFzit
MO0, HREZ/HFIE, BRLIBEFISIN.
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REHE:

TR BRSNS, NIRBREINEERERE N R MR N ZINERER T EE
SCHEERUATTIIEM . a1, ETREETEKCTA (CCTA) HIRERINIRIEEAEA T
FERNIEHNSIEMSARER. B, EF20E8CCTANEIES FrEREIpk iz
MOZSHNEE/LARSHEBMEEEEEE Y, H{Wa#E, AARERSEFEL
fE. (1) IEFRISFEHEEZENCCTARGERZE N OEGFKPH (60%-80%) , METF
2O EPNEGRERAMKSSREERDAR—ITEALL . £3BDHRELS%HIE
BEEENONEE (0%-100% ) WCCTARK, AREMNILEFIRESTES X
(STD) MEFE_REEmhBERGERA (SnapShotFreeze 2, B#RSSF2) EiE
HiEBANOEEGRE, MMEERAENORBMMNERBRBAEE -, UREFERT
M. ERFHE, 5STDHEMELL, SSF2ERA—ERE LIRS 7TENOBERERZNE G
=2, BEERaNBEGE=1TS(3.91+0.29 vs 3.84+0.37, P<0.01). KSEELL
(9.02+4.54 vs 7.30x4.00, P<0.01). K= LLEIRELL(6.55+3.62 vs
5.03+3.34, P < 0.01); (2) IREAETSSF25%:152IICCTARIGR, EE5TBHOE!
EEMEYHZRIERS L, DERLREET, (FRAREPEEIKNIEEE R T IR
MAFHEFREERNESM . EREXE, BRIKAFSHHEECRIT2SEEE
MR DFESEZAR30% U EHRE . B, EBIKINES R T hE EEM B W IR
LU IR F S 8T S fh it

IREAEMT:

Bin¥, WIgHEEEZ2HEESBELTERER, IREMEFTEFSM
RIREERESITERERER, PEEVEZFIEFREFATERESEER, FET
SNA¥EFEER, FEHENFEESR, HITKCHES A TEEEFTFERAR
A, BER—ENEOMEENHZNHAIAFIIE, FARSREEAMFMKRBERRTRRY
BIgEE. MERIMMEFZAIERE.
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Active Contour Models Driven by Hyperbolic Mean
Curvature Flow for Image Segmentation

BTE

RERE:

Parabolic mean curvature flow—driven active contour models (PMCF-ACMS) are
widely used in image segmentation, which however depend heavily on the
selection of initial curve configurations. In this paper, we firstly propose several
hyperbolic mean curvature flow—driven ACMs (HMCF-ACMs), which introduce
tunable initial velocity fields, enabling adaptive optimization for diverse
segmentation scenarios. We shall prove that HMCF-ACMs are indeed normal
flows and establish the numerical equivalence between dissipative HMCF
formulations and certain wave equations using the level set method with signed
distance function. Building on this framework, we furthermore develop hyperbolic
dual-mode regularized flow—driven ACMs (HDRF-ACMSs), which utilize smooth
Heaviside functions for edge—aware force modulation to suppress over—diffusion
near weak boundaries. Then, we optimize a weighted fourth—order Runge—Kutta
algorithm with nine—point stencil spatial discretization when solving the above-
mentioned wave equations. Experiments show that both HMCF-ACMs and
HDRF-ACMs could achieve more precise segmentations with superior noise
resistance and numerical stability due to task—adaptive configurations of initial
velocities and initial contours.

wREAEN:

BIE, IMITEAZHEEZREIR, WEAFERE . TENSEEZEGRLIEN
RHDPESEXMR, THEEEREARNZEEME2IN, SREARNZEESH LR
B2IREZSINEAINE, #EScience China Mathematics. Proceedings of the Royal
Society A, SIAM Journal of Applied MathematicsEERSMNEEHIT) EARFE RIS
Y, ZipaEBKRE. EEEHAZE. EEESKE. EEEYERINIIKESE, 1Eh
S5ANRINIEERMBRNARRRE—FR . ZXIESZESNEEXRZEHFEIEAE
IHFZEFRE , SEIFNS 5 MEaRBIMER.
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High—Dimensional Quasiconformal Mapping Problems

and Their Applications
Ronald Lok Ming Lui

RERE:

Computational Quasiconformal Geometry has emerged as a powerful tool in
imaging sciences by reformulating imaging problems as mapping problems.
While traditional quasiconformal mappings are confined to 2D Riemannian
manifolds, this work extends the framework to high—dimensional spaces. We
introduce the concept of n—D Quasiconformality, a geometric quantity that
characterizes high—dimensional mappings. Leveraging this concept, we
propose a method to reconstruct the corresponding mappings by solving an
elliptic partial differential equation (PDE). This novel approach provides a
robust foundation for processing and analyzing high—dimensional mappings.
Furthermore, we demonstrate the applicability of the proposed method to
various imaging problems, showcasing its potential to advance the field of
imaging sciences. This work is supported by the HKRGC GRF (Project ID:
14310224).

wREAEN:

Ronald Lok Ming Lui is a Professor in the Math department of The Chinese
University of Hong Kong (CUHK). He is also serving as the Executive Director
of the Center for Mathematical Artificial Intelligence (CMAI), under Department
of Mathematics and Institute of Mathematical Sciences at CUHK. Ronald got
his PhD in Applied Mathematics at UCLA Math department in June, 2008,
under the supervision of Prof. Tony F. Chan. Before joining CUHK, he worked
as a Postdoctoral Scholar for 2 years at Harvard Math department, hosted by
Prof. Shing-Tung Yau. He was awarded the Morningside Mathematics
(Silver) Medal during the International Congress of Chinese Mathematicians in
2016. In 2018, he was awarded the HKMS Young Scholars Award by the Hong
Kong Mathematical Society. In 2019, he was awarded the Vice—Chacellor's
~ Exemplary Teaching Award.
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PEEAREUERIRIZIR, SHEBEMERNEERZESE, SUEZERAISLN AT
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Convex and Nonconvex Minimization Problems
in Image Restoration

EEiE
RERE:

Many image restoration tasks can be formulated as convex or nonconvex
minimization problems. Although deep learning methods have recently
dominated this field and achieved remarkable performance compared to
traditional approaches, optimization—based models still retain strong research
value and vitality. This talk will provide a systematic introduction to several
representative image restoration models and their algorithms, covering
scenarios with Gaussian noise as well as non—Gaussian noise. In particular,
operator—splitting methods play a crucial role in solving convex optimization
models for image restoration. Finally, we will discuss the challenges and open
problems that remain for convex and nonconvex optimization models in image
restoration, and outline potential directions for future research.

wREANEN:

BEE, B, IIKEHEZS5EERESER, 8%, B1ESF. TERRSEEEK
IBFRIRARBFIEIERENE .. £SMEEANATISRHFIECSHE. AAExRER
HZEEMBNEARAETFREZEESMERZ1M, 2% ( Journal of Scientific
Computing ) , {Inverse Problems and Imaging) . { Set-Valued and
Variational Analysis ) #1 { FERZ#HZ ) FERMIZETIARSCIKFIEI0R
Ro FEHZESNHPETIWSENBHEFEER, | FEaEEFZsMPBIK. 2020F18-
28, EEBPNKZHOBHELRITE; 2016F98—2017F9R, SEXRBZEEER
BEEEIL R RMAZHZE LD RIBARFR—F.
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Self—supervised Representations for Spectral and
Temporal Imaging

EiB

RERE:

Spectral and temporal imaging problems such as hyperspectral imaging and
dynamic medical image reconstruction have been widely encountered in machine
learning and computer vision. These areas often encounter challenges associated
with high dimensionality and limited ground truth data. In this talk, | will discuss
several self-supervised learning strategies that apply to various applications, from
remote sensing to computational imaging. The proposed approaches integrate the
concept of low—rank matrix factorization, leverage continuity through neural
representation, and employ variational techniques from a model-based approach.
Extensive experimental results reveal that these self-supervised learning
techniques perform competitively, often outperforming traditional supervised
learning methods in various real-world imaging scenarios

REABET:

T8, MOREXERUTSHERNZREARR, B8, HARSREZAHEGL
B, BEHESRNEREERS . AASUSATISIAMARS. IEEECHIERERFER
FWERRFRNEN=1RE. H2022FCVPRIFISIRERIEILT, E2021F3%RYIH
MEFLEE LTSRS AL, E2017FREBHRE T SNAHFFEFEHIEILCN . EHF2IN
ExREARFEESMBUNREHE LENBE LEIE, DIREGASASRORRESERES
HERINE .. EEHEERAEEMBLUNMRYIERIE .
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A Blind Color Image Watermarking Based on Quaternion

Feature Classification and Structure—Aware Compensation
B8 nImeXE

RERE:

Color image watermarking remains challenging due to intricate inter—channel
dependencies and the joint demands of high capacity, imperceptibility, and
robustness against attacks. In this paper, we present a multifactor—optimized
quaternion—driven watermarking system comprising three innovative components.
In the proposed system, a quaternion—based extension of the feature
classification tree (QFCT) is developed to jointly encode spatial and chromatic
features into compact descriptors, thereby enhancing watermark embedding
capacity while maintaining intrinsic color correlations. Building upon this, a newly
designed dual—coupling and dual-blind watermarking mechanism is introduced,
driven by quaternion matrix decompositions——including singular value
decomposition, QR decomposition, and Schur decomposition——to achieve high
invisibility and robustness via distributed feature allocation. Furthermore, the
saturation value total variation (SVTV) regularization is, for the first time, applied to
color image watermarking as a post—extraction structure—aware compensation
strategy, which effectively alleviates blocking artifacts and enhances both
structural continuity and color smoothness of the retrieved watermark. In addition,
we propose a novel cross—channel consistency (CCC) metric to quantify structural
coherence across RGB channels during watermarking, demonstrating the
system's superiority in maintaining color fidelity. Extensive experiments across
diverse datasets and attack scenarios demonstrate outstanding performance, with
significant improvements in PSNR and NCC, fully validating its contribution to
color watermarking technology.

X#gia:

Quaternion feature classification tree, quaternion matrix decomposition,
saturation value total variation, color image watermarking.
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Development and validation of a deep learning
pipeline to diagnose ovarian masses using ultrasound
screening: a retrospective multicenter study
KXF FEEEEXRZEE—IMEER

RERE:

Background: Ovarian cancer has the highest mortality rate among gynaecological malignancies and is
initially screened using ultrasound. Owing to the high complexity of ultrasound images of ovarian
masses and the anatomical characteristics of the deep pelvic cavity, subjective assessment requires
extensive experience and skill. Therefore, detecting the ovaries and ovarian masses and diagnose
ovarian cancer are challenging. In the present study, we aimed to develop an automated deep learning
framework, the Ovarian Multi-Task Attention Network (OvaMTA), for ovary and ovarian mass detection,
segmentation, and classification, as well as further diagnosis of ovarian masses based on ultrasound
screening.\r\in\r\nMethods: Between June 2020 and May 2022, the OvaMTA model was trained,
validated and tested on a training and validation cohort including 6938 images and an internal testing
cohort including 1584 images which were recruited from 21 hospitals involving women who underwent
ultrasound examinations for ovarian masses. Subsequently, we recruited two external test cohorts from
another two hospitals. We obtained 1896 images between February 2024 and April 2024 as image—
based external test dataset, and further obtained 159 videos for the video—based external test dataset
between April 2024 and May 2024. We developed an artificial intelligence (Al) system (termed OvaMTA)
to diagnose ovarian masses using ultrasound screening. It includes two models: an entire image—based
segmentation model, OvaMTA-Seg, for ovary detection and a diagnosis model, OvaMTA-Diagnosis,
for predicting the pathological type of ovarian mass using image patches cropped by OvaMTA-Seg.
The performance of the system was evaluated in one internal and two external validation cohorts, and
compared with doctors’ assessments in real-world testing. We recruited eight physicians to assess
the real-world data. The value of the system in assisting doctors with diagnosis was also
evaluated.\r\n\r\nFindings: In terms of segmentation, OvaMTA—-Seg achieved an average Dice score of
0.887 on the internal test set and 0.819 on the image—based external test set. OvaMTA-Seg also
performed well in ovarian mass detection from test images, including healthy ovaries and masses
(internal test area under the curve [AUC]: 0.970; external test AUC: 0.877). In terms of classification
diagnosis prediction, OvaMTA-Diagnosis demonstrated high performance on image—based internal
(AUC: 0.941) and external test sets (AUC: 0.941). In video—based external testing, OvaMTA recognised
159 videos with ovarian masses with AUC of 0.911, and is comparable to the performance of senior
radiologists (ACC: 86.2 vs. 88.1, p = 0.50; SEN: 81.8 vs. 88.6, p = 0.16; SPE: 89.2 vs. 87.6, p = 0.68).
There was a significant improvement in junior and intermediate radiologists who were assisted by Al
compared to those who were not assisted by Al (ACC: 80.8 vs. 75.3, p = 0.00015; SEN: 79.5vs. 74.6, p
= 0.029; SPE: 81.7 vs. 75.8, p = 0.0032). General practitioners assisted by Al achieved an average
performance of radiologists (ACC: 82.7 vs. 81.8, p = 0.80; SEN: 84.8 vs. 82.6, p = 0.72; SPE: 81.2 vs.
81.2, p > 0.99).\r\n\r\nInterpretation: The OvaMTA system based on ultrasound imaging is a simple and
practical auxiliary tool for screening for ovarian cancer, with a diagnostic performance comparable to
that of senior radiologists. This provides a potential tool for screening ovarian cancer.

I i) :

Deep learning, Ovarian cancer, Ovarian mass, Ultrasound, Articial intelligence pipeline
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Degraded Document Images Restoration

and Binarization
HEAR BERXBEBXRZE

REHE:

Document image restoration and binarization are two pivotal steps in Document
Image Analysis and Recognition (DAR); their quality largely determines the overall
performance of any DAR system. Owing to the intricate nature of degraded
document images and the wide variety of degradation sources, developing
restoration and binarization techniques that can cope with different degradation
types has long been an important research topic in image processing. This
presentation will spotlight degraded—document restoration and binarization
approaches grounded in partial differential equations (PDEs), and will briefly
introduce my own contributions within this PDE—-based framework.

Xi#ia
Image segmentation, Image binarization, Degraded document images, Partial
differential equations
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Magnetic Resonance Imaging, Deep Learning, Plug—and-play algorithm,
Inverse Problem
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Semi—supervised non—negative matrix factorization with

structure preserving for image clustering
SNFE AMNmEXE

RERE:

Semi—supervised learning methods have wide applications thanks to the
reasonable utilization for a part of label information of data. In recent years,
non—negative matrix factorization (NMF) has received considerable attention
because of its interpretability and practicality. Based on the advantages of
semi—supervised learning and NMF, many semi—supervised NMF methods
have been presented. However, these existing semi—supervised NMF
methods construct a label matrix only containing elements 1 and 0 to
represent the labeled data and further construct a label regularization, which
neglects an intrinsic structure of NMF. To address the deficiency, in this
paper, we propose a novel semi—supervised NMF method with structure
preserving. Specifically, we first construct a new label matrix with weights and
further construct a label constraint regularizer to both utilize the label
information and maintain the intrinsic structure of NMF. Then, based on the
label constraint regularizer, the basis images of labeled data are extracted for
monitoring and modifying the basis images learning of all data by establishing
a basis regularizer. Finally, incorporating the label constraint regularizer and
the basis regularizer into NMF, we propose a new semi—supervised NMF
method. To solve the optimization problem, a multiplicative updating algorithm
is developed. The proposed method is applied to image clustering to test its
performance. Experimental results on eight data sets demonstrate the
effectiveness of the proposed method in contrast with state—of-the-art
unsupervised and semi—supervised algorithms.

X i#ia
Non—-negative matrix factorization, Semi-supervised, Graph, Label
information, Clustering
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Low—tubal—rank tensor completion via local

and nonlocal knowledge
LB ERRBAZFE

RERE:

Many previous studies have indicated that exploiting prior information about
the underlying tensor data is a sound approach for completing missing or
damaged entries. This prior information can be divided into three commonly
used categories: low—rankness, local piecewise smoothness, and nonlocal
self-similarity (NSS) priors. Although existing methods based on these priors
have gained considerable attention, the majority of studies utilize only one or
two of these priors, leading to inadequate extraction of structural information
from tensors. To address this limitation and comprehensively depict the
inherent structural information of underlying tensor data, this article develops a
novel tensor completion framework that can simultaneously utilize the three
abovementioned priors within a plug—and—play framework. More precisely, we
adopt the tensor correlated total variation (t—-CTV) norm as a robust
representation for capturing the combined effects of low—-rankness and local
piecewise smoothness priors, eliminating the need for a trade off parameter in
the process; meanwhile, we introduce an advanced denoiser to explore the
NSS prior. Furthermore, to address the presented optimization model, we
design an alternating direction method of multipliers (ADMM) algorithm and
innovatively provide its corresponding global convergence guarantees.
Extensive numerical experiments on real tensor data, including color, medical
and hyperspectral images, demonstrate that the proposed method surpasses
various advanced approaches in terms of both quality metrics and visual
effects.

X
Low-rank tensor completion, Tensor correlated total variation, Plug—and-
. play, ADMM, Image inpainting
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Slender Object Scene Segmentation in Remote Sensing
Image Based on Learnable Morphological Skeleton with
Segment Anything Model

FNE tRIWEKXF

RERE:

Morphological methods play a crucial role in remote sensing image
processing, due to their ability to capture and preserve small structural details.
However, most of the existing deep learning models for semantic
segmentation are based on encoder—decoder architectures including U—-Net
and segment anything model (SAM), where the downsampling process tends
to discard fine details. In this article, we propose a new approach that
integrates learnable morphological skeleton prior (MorSP) into deep neural
networks using the variational method. To address the difficulty in
backpropagation in neural networks caused by the nondifferentiability
presented in classical morphological operations, we provide a smooth
representation of the morphological skeleton and design a variational
segmentation model integrating MorSP by employing operator splitting and
dual methods. Then, we integrate this model into the network architecture of
SAM, which is achieved by adding a token to mask decoder and modifying the
final sigmoid layer, ensuring the final segmentation results preserve the
skeleton structure as much as possible. The experimental results on remote
sensing datasets, including buildings, roads, and water bodies, demonstrate
that our method outperforms the original SAM on slender object segmentation
and exhibits better generalization capability.

X iEiE
Image segmentation, morphological image processing, soft threshold
dynamics, variational method
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Structure Aware Transfer Function Network for

Low Light Image Enhancement
RS FAIERMERKE

RERE:

Low-light images are prevalent in surveillance, photography, and underwater
imaging, but suffer from poor visibility. It is demanding to develop effective
techniques for enhancing low-light images. Compared with the methods
based on Retinex decomposition, the transfer function provides a simpler
pipeline for low light image enhancement. However, the previous method has
limitations in estimating the transfer function and the final enhancement. In this
work, we present a framework for low light image enhancement, wherein we
give a novel supervised approach for learning the transfer function from the
low-light image. We call the proposed model Structure Aware Transfer
function Network (SATNet), comprising two sub—-networks: the Structure-
based Transfer network (STnet), and the Refinement network (Rnet). The
STnet learns the transfer function from the low-light input image, then a
coarsely enhanced image is obtained simply by multiplying the low-light input
by the estimated transfer function. Then the Rnet eliminates the noise in the
coarsely enhanced image. Extensive experiments on seven datasets
demonstrate that the proposed method outperforms baselines in brightening
low-light images and preserving details.

X
low-light image enhancement, transfer function, Retinex decomposition,
structure, denoising
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NEF KREIKXKZF

RERE:

EZEG D ENENIRRIZEK SHHENSTPRIZOMES, BEKRAKEGRERINEEE
FNFEE . AMESERNAF, mEdEENSS, BRTARRGESZEFEES
=%, B EZHeeNFIEN T FEARE. EFER, Segment Anything Model
(SAM) IEFHERINERIRNEENNEZZ G D EIRM THNEBE, BEEHRE
IRRANRITIRS T Bohe i, UBE#HEIRAGSENESIREENER, A,
AARIEE—FMEFT VIR SAM BiENSEIGE, IR ESHEHTE=E
FEXSEERNER, TIRRSNEMNE/RSHA, BOATFMR, RSB ERE
5%, LRERERR, ZHEEBESESEZZGPERIRFA D EIEEE, HEIH
RIFNBESSERSEREEN, NEFZEGRE e ITiRM 7ol RaHEERE.

I Hi
EZEGSE, MnEMER, JUTRRIE
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A Tunable Despeckling Neural Network Stabilized

via Diffusion Equation
B IRREIWKXE

REHEE:

The removal of multiplicative Gamma noise is a critical research area in the
application of synthetic aperture radar (SAR) imaging, where neural networks
serve as a potent tool. However, real-world data often diverges from
theoretical models, exhibiting various disturbances, which makes the neural
network less effective. Adversarial attacks can be used as a criterion for
judging the adaptability of neural networks to real data, since adversarial
attacks can find the most extreme perturbations that make neural networks
ineffective. In this work, the diffusion equation is designed as a regularization
block to provide sufficient regularity to the whole neural network, due to its
spontaneous dissipative nature. We propose a tunable, regularized neural
network framework that unrolls a shallow denoising neural network block and
a diffusion regularity block into a single network for end—to—end training. The
linear heat equation, known for its inherent smoothness and low—pass filtering
properties, is adopted as the diffusion regularization block. In our model, a
single time step hyperparameter governs the smoothness of the outputs and
can be adjusted dynamically, significantly enhancing flexibility. The stability
and convergence of our model are theoretically proven. Experimental results
demonstrate that the proposed model effectively eliminates high—frequency
oscillations induced by adversarial attacks. Finally, the proposed model is
benchmarked against several state—of-the—art denoising methods on
simulated images, adversarial samples, and real SAR images, achieving
superior performance in both quantitative and visual evaluations.

X §2iE:
Convolutional neural network, adversarial attack, synthetic aperture radar
image despeckling, diffusion equation, multiplicative Gamma noise.
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PALADIN: a novel plug—and—play 3D

CS—MRI reconstruction method
REH FEARUEKRE

RERE:

Compressive sensing magnetic resonance imaging (CS-MRI) accelerates
data acquisition by reconstructing high—quality images from a limited set of k-
space samples. To solve this ill-posed inverse problem, the plug—and-play
(PnP) framework integrates image priors using convolutional neural network
(CNN) denoisers. However, CNN denoisers often prioritize local details and
may neglect broader degradation effects, leading to visually plausible but
structurally inaccurate artifacts. Additionally, the theoretical convergence of
PnP methods remains a signiffcant challenge. In this work, we propose a novel
method, Plug—And—-pLAy 3D MRI recoNstruction, to bridge the gap between
denoising and MRI reconstruction. Our model employs the tensor tubal
nuclear norm (TNN) to capture intrinsic correlations in 3D MRI data. It also
incorporates two implicit regularizers. The ffrst leverages CNN denoisers to
exploit image priors. The second, introduced here for the ffrst time,
isformulated as a CS—-MRI reconstruction subproblem and solved using a
deep learning—based method to preserve global spatial structure. We solve
the proposed model using the alternating direction method of multipliers. We
extend existing theoretical results to prove the algorithm’ s convergence to a
ffxed point under reasonable assumptions. Experiments on two datasets with
three sampling masks show that our method outperforms state—of-the—art
MRI reconstruction methods. Ablation studies conffrm that the TNN and the
two implicit regularizers work together to improve reconstruction quality.\r\n\r\n

X iEiE
magnetic resonance imaging, compressive sensing, deep neural networks,
plug—and-play
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Bioluminescence tomography:

A new regularized shape optimization method
2EE mERMTHEAKE

REHEE:

In this paper, we investigate an inverse source problem arising in
bioluminescence tomography (BLT), where the objective is to recover both the
support and intensity of the light source from boundary measurements. A
shape optimization framework is developed, in which the source strength and
its support are decoupled through first—order optimality conditions. To
enhance the stability of the reconstruction, we incorporate a parameter—
dependent coupled complex boundary method(CCBM) scheme together with
perimeter and volume regularizations. The level-set representation naturally
accommodates topological changes, enabling the reconstruction of multiple,
closely located, or nested sources. Theoretical justifications are provided, and
a series of numerical experiments are conducted to validate the proposed
method. The results demonstrate the robustness, accuracy, and noise—
resistance of the algorithm, as well as its advantages over existing
approaches.

Xi#ia
bioluminescence tomography, inverse source problem, elliptic equation, shape
optimization, regularization technique
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Synthesizing PET images
from high—field and ultra—high—field
MR images using joint diffusion attention model
BN ARHERIKE

RERE:

Magnetic resonance imaging (MRI) and positron emission tomography (PET) provide
complementary perspectives on brain pathology, yet the widespread application of PET has
long been constrained by its high costs and inherent radioactivity. With the recent
development of high—field and ultra—high—field MRI, which substantially improves spatial
resolution and anatomical detail, a key question arises as to whether the enhanced structural
information from MRI can be leveraged to improve the synthesis of PET images. To address
this issue, we propose a novel Joint Diffusion Attention Model (JDAM), designed to learn the
joint probability distribution between MRI and PET in a self-consistent manner. JDAM
incorporates two main components: a diffusion process, in which PET is gradually perturbed
toward Gaussian noise while MRI remains fixed, and a sampling process that employs a
predictor - corrector framework, where the predictor reverses the diffusion dynamics and the
corrector refines the reconstruction via Langevin dynamics. Attention mechanisms are
embedded in this framework to condition the synthesis of PET on multi-scale MRI features,
enabling the model to combine global anatomical context with local image detail. We evaluated
JDAM on the publicly available Alzheimer’ s Disease Neuroimaging Initiative dataset and
benchmarked it against representative state—of-the—art generative methods such as Pix2Pix
and CycleGAN. Experimental results demonstrate that JDAM significantly improves the fidelity
and signal—to—noise properties of synthesized PET images, particularly when guided by ultra—
high—field MRI data. Notably, the generated images more accurately depict hypometabolic
patterns characteristic of Alzheimer’ s disease, with symmetrical uptake features and
diagnostically credible detail, as confirmed by expert reviewers. These findings highlight the
feasibility of generating PET from MRI using a diffusion - attention paradigm, outperforming
existing adversarial translation methods, and suggest that ultra—high—field MRI offers distinct
advantages for guiding PET synthesis. In conclusion, the proposed JDAM establishes a
promising pathway for high—quality PET generation from MRI, with potential to reduce reliance
on conventional PET scans while preserving essential diagnostic information, thereby opening
new opportunities for cost-effective and non-invasive imaging in the study and clinical
management of neurodegenerative disorders.

X1 :

deep learning, diffusion model, high field, magnetic resonance imaging, positron emission
tomography, ultra—high field
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Adaptive Attention Based on Mixture Distribution for
Zero—Shot Non—Line—of—Sight Imaging
skkEE JERIFEXRE

RERE:

Non-line—of-sight (NLOS) imaging is an ill-posed problem to reconstruct hidden
3D scenes by leveraging photon time—of-flight information from diffusely reflected
light. In the existing regularization models, the spatial residuals were handled by a
single distribution, failing to account for the distinct characteristics\r\nof
background and target objects. In this paper, we propose a novel NLOS
reconstruction method that models the non—Gaussian residuals with a mixture
distribution. Through a dual method, we derive an adaptive weighted residual
model, where the weights generated in the dual space act as a zero—shot
attention mechanism to control the contributions of different regions. The
corresponding optimization problem can be effectively solved using the alternating
minimization algorithm. Numerical experiments on both synthetic and real—-world
datasets demonstrate that our method surpasses the related existing approaches,
achieving state—of-the—art performance.

X §EiE:
Non-line—of-sight imaging, mixture distribution, duality theory, attention
mechanism
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Dual—Scale Volume Priors with Wasserstein—
Based Consistency for Semi—Supervised Medical Image

Segmentation
BRNE Jt=m=ImeXE

RERE:

Despite signi cant progress in semi—supervised medical image segmentation,
most existing segmentation networks overlook e ective methodological
guidance for feature extraction and important prior information from datasets.
In this paper, we develop a semi—supervised medical image segmentation
framework that e ectively integrates spatial regularization methods and
volume priors. Specically, our approach integrates a strong explicit volume
prior at the image scale and Threshold Dynamics spatial regularization, both
derived from variational models, into the backbone segmentation\rinnetwork.
The target region volumes for each unlabeled image are estimated by a
regression network, which e ectively regularizes the backbone segmentation
network through an image—scale Wasserstein distance constraint, ensuring
that the class ratios in the segmentation results for each unlabeled image
match those predicted by the regression network. Additionally, we design a
dataset—scale Wasserstein distance loss function based on a weak implicit
volume prior, which enforces that the volume distribution predicted for the
unlabeled dataset is similar to that of labeled dataset. Experimental results on
the 2017 ACDC dataset, PROMISE12 dataset, and thigh muscle MR image
dataset show the superiority of the proposed method.

K
Semi—supervised learning, Image segmentation, Volume prior, Variational
method
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