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Bo6 Tai nguyén va Moi truong.

e Cong ty C6 phan Trung tam Xuat sic vé Robot Viet Nam (VNX Robotics
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Chuong trinh h6i thao CTMIA 2026

Ngay 1 - Thit Nam, 13/08/2026
Bubi 1 - Phién toan thé — Giang dudng Hoa Binh 07:00-09:10
07:00-08:00 Dén tiép dai biéu.

08:00—08:10 Khai mac Hoi théo.

08:10 — 09:10 Some Inverse Problems in Diffusion Processes
D. N. Hao.

Chu toa: Nguyén Dinh
09:10-09:50 Chup anh va nghi giai lao.

Budi 1 - Phién song song 09:50-11:50
Tai Giang duong Hoa Binh — Chu toa: Nguyén Anh Khoa

09:50-10:10
Nghién cttu ¥ng dung cong nghé hién dai trong du bdo muc nudc va canh bdo nguy

cd ngap lut do thi ven bién Viet Nam
N. V. Hong.

10:15-10:35

Anh hudng cia bién déi khi hau va cdnh bao thién tai khu vie Nam Bo

L. D. Quyét.

10:40-11:00

A Boundary Element Method for Non-Homogeneous Biharmonic Equations in Non-
Smooth Domains
V. A. My and V. D. Didenko.

11:05-11:25
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A CNN-ConvLSTM Deep Learning Model with Axial Attention for Radar Reflectivity-
Based Precipitation Nowcasting in Southern Vietnam
T. V. Hoai, N. V. G. Thinh, L. D. Quyet, and P. T. An.

11:30-11:50

Approximate Proper Efficiency in Vector Optimization via Benson’s Approach
N. T. T. Huong.

Tai Phong Bao cao NCS - Chi toa: Truong Van Tri
09:50-10:10
Strong Second-Order KKT Conditions for Multiobjective Optimization Problems

with Mixed Constraints
N. M. Tung and N. M. Cuong.

10:15-10:35
A Comparative Analysis of GRU and LSTM Networks for Interval-Valued Foreign

Ezxchange Market Time Series Forecasting

C. T. P. Mai, V. V. Tai, and C. N. Ha.

10:40-11:00
Ezxistence and Continuity of Solutions to Vector Equilibrium Problems in Linear

Spaces
H. M. Linh.

11:05-11:25

Phan logi c6 gidm sdt cho du liéu khodng
H. V. Hiéu, V. V. Tai, va N. D. Huy.

11:30-11:50
Xay dung thudt todn tu cdp nhdt chum md cho d@ liéu diém dua vao su tuong tuy

hinh tron va dap dung cho du liéu dnh
L. D. Nghiép, T. V. Thanh va V. V. Tai.

11:55-12:15
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A Proposed Discrete Ricci Flow
N. H. Tuan and N. A. Tuan.

Tai trién 1am — Chi toa: Nguyén Van Gia Thinh

09:50-11:50
Trién lam sdn pham cong nghé 167 dua trén nén ting Todn hoc.

Bubi 2 - Phién song song Tw 13:30
Tai Giang duong Hoa Binh — Chi toa: Dau Thé Phiét

13:30-13:50

Nonsmooth Set-Based Pareto Stationarity Conditions for Multiobjective Optimiza-
tion Problems
N. M. Tung and T. V. A. Khoa.

13:55-14:15

Minimax Optimal Estimation of the Cumulative Distribution Function from Re-
peated Measurements under Laplace Errors

B. T. Trang.

14:20-14:40

An Enhanced Tchebychev Radial Point Interpolation Method with Natural-Neighbor
Support and Cartesian Transformation for Bone Remodeling Analysis
D. H. D. Khanh, H. Q. Thai, T. T. Nghia, and N. T. Nha.

14:45-15:05
The Performance of Actor-Critic Model Based on the Probability of Gaussian Dis-

tribution
P. X. Hien, H. P. H. Anh, and V. T. Quan.

15:25-15:45

Duality and Boundedness Results in Generalized Morrey-Lorentz Space
N. A. Dao, T. T. Dung, X. T. Duong, and L. T. Nghia.
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15:50-16:10

Structure-Based UAV Visual Geo-Localization via Delaunay Triangulation and Fke-
land Free-Cone Angle Descriptors
P. T. An, T. V. Hoai, P. T. Huu, T. G. Khang, and N. D. Tan.

16:15-16:35

Geometry-Guided Hybrid Path Planning for Automomous Mobile Robots in Dy-
namic FEnvironments: Weighted Voronoi Diagrams, B-Complezes, and Fuzzy
Supervision

H. M. A. Tu, T. V. Hoai, and P. T. An.
Tai Phong Bao cao NCS — Chi toa: Nguyén Anh Khoa
13:30-13:50

Accumulated Subdifferentials and Some Applications in Studying the Behavior of
Functions around an Accumulation Point
T. T. Minh, H. T. H. Diem, and P. Q. Khanh.

13:55-14:15

Drone Positioning in GNSS/GPS-Denied Environments Using the Orthogonal Con-
vex Hull of Building Polygons in Aerial Images
P. T. An, T. A. Dung, N. K. Hieu, and N. C. Nghi.

14:20-14:40

An Efficient Algorithm for Orthogonal Convex Hull Construction and Its Applica-
tion to Image Feature Fxtraction
P. T. T. Huyen, T. A. Dung, and P. T. An.

14:45-15:05
Ung dung thudt todn phan tich cham ban gidm sdt cho ham mat do zdc sudt trong

nhan dién dnh
N. T. Thao, N. H. Yén, N. D. Huy va V. V. Tai.

15:25-15:45
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Approximating the Visibility Problem wvia Neural Networks with Application to
Crack Width Estimation
N. H. Hai, D. X. Vinh, D. T. Phiet, and P. T. An.

15:50-16:10

Some Decay Results for Biparabolic Equation
L. T. Y. Nhi, N. D. Huy, and N. V. Tien.

16:15-16:35

The Cauchy Problem with Caputo-Hadamard Derivative
N. H. Tuan va V. V. Tri.

Tai tram radar Nha Be — Cht toa: Nguyén Vin Gia Thinh

13:30—-16:15 Di tram radar Nha Be.

Ngay 2 - Tha Sau, 14/08/2026
Budi 3 - Phién toan thé — Giang duong Hoa Binh 08:00-09:00

08:00 — 09:00 From Markov Data to Transformers: New Generalization Theory for
Modern Deep Learning
T. V. Lan.

Cht toa: Lé Hong Trang
09:00—-09:20 Giai lao.

Bubi 3 - Phién song song 09:20-11:45
Tai Giang duong Hoa Binh — Ch4 toa: Truong Van Tri

09:20-09:40

Incremental Conver Hull Approach for Solving the Shortest Path Problem of Au-
tonomous Robots in Unknown Environments in 2D
P. T. Huu, T. L. G. Khanh, P. T. An, T. V. Hoai and N. T. T. Hien.
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09:45-10:05

The p-Facility Anti-Cent-Dian Location Problem on Trees
T. T. Hiep, H. T. H. Diem, and L. M. Huy.

10:10-10:30

Is Matriz Neural Network the Alternative of Convolutional Neural Network?
N. P. Loc.

10:35-10:55

Degenerate Configuration-Aware Geometric Control for Swarm Robotics in Un-
known 2D Environments
P. T. An, D. H. T. Duong, T. V. Hoai, P. T. Huu, N. M. Luan, and L. G. K.

Truong.

11:00-11:20

From Probabilistic Filtering to Deterministic Geometric Verification: A Vector-
Map Matching Pipeline for GNSS-Denied UAV Localization
K. H. G. Hung, T. T. An, N. M. Quang, V. N. B. Ngoc, P. G. Hung, and P.
T. An.

11:25-11:45

Geometry-Informed Reconstruction of Pothole Surfaces via a Depth Function and

Monotonic Neural Networks
N. H. Hai, P. T. An, P. T. Huu, P. D. Khoa, T. V. Hoai, and T. T. Nghia.

Tai Phong Bao cdo NCS — Chii toa: Diu Thé Phiét
09:20—09:40

Cau tric phu thuoc cia Copula Laplace-transform va wng dung trong tai chinh
V. T.T. Giang, T. Q. Bado va N. T. Diing.

09:45-10:05

Point Estimation of the Association Parameter of a Bivariate Frank Copula: An
Evaluation of Various Classical and Bayes Estimators
P. T. Y. Anh, N. T. Dung, and Nabendu Pal.
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10:10-10:30
A Rewisit to Point Estimation through the Empirical Bayes Method: The Case of

Binomaal Distribution with Beta Prior and Extension to Poisson Distribution
N. Q. Bao, Nabendu Pal, and D. V. Vinh.

10:35-10:55

A Free Boundary Problem for Spreading of an Invasive Species in the Territory of
a Native Competitor under Shifting Climate
D. P. Vinh, L. Phuong, and N. T. Dung.

11:00-11:20
Xay dung mo hinh du bdo cho chudi thoi gian khodng dua trén chudi diém va cdc

moi quan hé mo
N. H. Luan, L. T. T. Thuy, L. H. Tuan va V. V. Tai.

11:25-11:45
Ung dung wdc lwgng mat do zdc sudt két hop dac trung mién khong gian va mién
tan so trong phan logi dnh
N. C. Thién va V. V. Tai.
Tai trién 1am — Chi toa: Nguyén Hoang Hdi

09:20-11:45 Trién lam sdin pham cong nghé 167 dua trén nén ting Todn hoc.

Budi 4 - Phién toan thé — Giang duong Hoa Binh 13:30-16:15
Chi toa: Lé Xuan Dai

13:30 — 14:30 Physical AI. How It Works for Actual Life/Works
T. Sato.

14:30-14:50 Giai lao.

14:50-15:10 Mathematical Modeling, Simulation, and Optimization for Autonomous
Industrial Robots
P. Pramod.
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15:15-15:35 A Dynamic Successive Funnel Method with Provably Shorter Paths
for Escape Path Planning amid Moving Obstacles
P. T. An, N. V. Hao, T. V. Hoai, P. T. Huu, and L. M. Phuc.

15:40-16:00 Widths of Compact Sets in Normed Spaces and an Application in
Measuring Crack Widths
P. T. An and N. N. Hai.

Tai trién lam — Cha toa: Tran Anh Diing
13:30-16:00 Trién lam sdn pham cong nghé 16i dua trén nén ting Todn hoc.

16:00-16:15 Bé mac.
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Bao cao moi

e Dinh Nho Hao
Some inverse problems in diffusion processes

e Truong Vinh Lan
From markov data to transformers: New generalization theory for modern deep
learning

e Toshiharu Sato
Physical AI. How it works for actual life/works
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Drone positioning in GNSS/GPS-denied environments
using the orthogonal convex hull of building polygons in
aerial images

P. T. An!, T. A. Dung!'3, N. K. Hieu?, and N. C. Nghi?

Abstract: Accurate location data is essential for various remote sensing tasks, especially
in environments where satellite signals are faint or inconsistent. A wide-area global aircraft
localization framework can rely exclusively on a downward-facing monocular camera, an
altimeter, a compass, and open-source vector maps. This work focuses on matching building
polygons in aerial images to reference maps by using the orthogonal convex hull, leading to
more accurate drone positioning in GNSS/GPS-denied environments.
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Degenerate configuration-aware geometric control for
swarm robotics in unknown 2D environments

P. T. Anl, D. H. T. Duong?, T. V. Hoai’, P. T. Huu?, N. M. Luan®,
L. G. K. 'I‘ruong6

Abstract: In this talk, we propose a Degenerate Configuration-Aware Geometric Control
framework for swarm robots navigating unknown and complex 2D environments. The frame-
work combines high-level geometric navigation with low-level virtual-structure control to de-
tect and escape degenerate configurations, such as blind alleys, dead ends, U-shaped regions,
and bug traps, where conventional goal-directed navigation methods may fail. Distributed
sensing allows the robots to gather environmental information, construct an updated map,
detect degenerate configurations, and generate suitable escape paths when backtracking is
required. The swarm is represented by a dynamically adaptable elliptical virtual structure
that changes its shape according to surrounding obstacles. A nonlinear path-following con-
troller guides the virtual structure along the planned path, while a region-based coordination
controller keeps the robots within the formation and maintains safe inter-robot distances.
Stability of the proposed controllers is established through Lyapunov-based analysis. Sim-
ulation results with swarm robots demonstrate that the method enables safe navigation
through constrained environments containing degenerate configurations, while preserving
swarm formation and successfully reaching the target.
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Widths of compact sets in normed spaces and an
application in measuring crack widths

P. T. An!? and N. N. Hai23

Abstract: We introduce the concept of width of a nonempty compact set .S in a normed
space (X, ||-]|) at a point p € S, defined by taking the infimum of all distances between two
points u and v of the boundary of S satisfying p € [u,v], and the concept of width of that
set with respect to a nonempty subset G, defined by taking the supremum of the widths at
all points in G, denoted by W(p) and W (QG), respectively. Properties of W(p) and W (S)
are studied. In particular, we consider continuity and lower semi-continuity of the function
2 — W(x) on the metric space (S, d), where d is the restriction of the Euclidean metric to S,
and of the function G — W(QG) on the space (F,dy), where F is the family of all nonempty
closed subsets of S and dy is the Hausdorff metric. Properties of these functions are studied
in more detail when S is a convex body. Computing the width of a compact set in 2D is
shown. For real-world applications, the width of cracks on a wall via their 2D images and
its measure are presented.
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A dynamic successive funnel method with
provably shorter paths for escape path planning
amid moving obstacles

P. T. Anl, N. V. Hao?, T. V. Hoai?, P. T. Huu?, L. M. Phuc®

Abstract: Escaping from a blind alley with moving obstacles in an unknown environment
remains a challenge for autonomous robots with limited vision. When encountering a blind
alley, the robot must determine a collision-free escape path that is no longer than that of
the entry path by theoretical guarantee to potentially reduce energy consumption. More-
over, the presence of moving obstacles may render a previously computed path unusable,
thereby increasing the frequency of path replanning and the associated computation time.
An et al. in [The sequences of bundles of line segments for autonomous robots with lim-
ited vision, Robotics and Autonomous Systems, 195, 105185, 2026 constructed sequences
of bundles of line segments to help the robot escape in static environment. This paper em-
ploys the Dynamic Successive Funnel Method (DSFM), based on the funnel technique of
Lee and Preparata, to compute a part of the shortest path connecting the robot position to
the goal along the bundles of line segments in the present of moving obstacles to ease the
computational effort. We conducted the experiment in a virtual environment. Consequently,
the proposed approach reduces replanning time when the current path becomes invalid due
to moving obstacles. Experimental results also show that a path generated by the DSFM
can be computed, on average, in only 0.44 times the computation time required to com-
pute the entire path from the robot position to the goal using the funnel technique of Lee
and Preparata, while the resulting escape path is shortened by an average of 15.63% com-
pared to the entry path. Therefore, the experimental results demonstrate the effectiveness
in computation time and path length of escaping a blind alley having moving obstacles.
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Structure-Based UAV Visual Geo-Localization via
Delaunay Triangulation and Maximal Free Cone Angle
Descriptors

P. T. An !, T. V. Hoai 2, P. T. Hitu 2, T. G. Khang %, and N. D. Tan®

Abstract: Accurate geo-localization of unmanned aerial vehicles (UAVs) in GPS-denied en-
vironments remains a core challenge for autonomous navigation. We propose a scene-agnostic
absolute visual localization framework that identifies the UAV’s 2-D geographic position by
matching a single nadir image against a geo-referenced satellite map using purely geomet-
ric building footprint descriptors. Buildings are segmented by a pre-trained Mask R-CNN;
each footprint polygon is decomposed into triangles via Constrained Delaunay Triangula-
tion (CDT). Each triangle is encoded with a 5-dimensional descriptor f = (a1, ag, €1, e2,€3),
where a1 and asp are the two sorted interior angles, and ey, es, e3 are the sorted values of the
Maximal Free Cone Angle (MFCA) at its three vertices. Each MFCA is a local geo-
metric quantity measuring the widest axis-anchored obstacle-free angular sector at a vertex.
We instantiate this descriptor via a kernel expansion Py,—a maximal polygon grown by
a canonical greedy merge of adjacent CDT triangles such that the union remains a simple
polygon and all three seed-triangle vertices stay as boundary points where the boundary
is locally the graph of a function over a coordinate axis. The merge halts when no further
triangle can be absorbed without violating this criticality-with-function condition. For each
vertex of Psup, the MFCA e, is defined as the width of the widest free cone anchored on an
admissible axis-parallel ray and touching—but not crossing—the local boundary germ at v,
clamped to 180° at convex vertices. Angle evaluation is exact and O(1) per vertex via an
edge-anchored reflection with no sweep required, while the expansion itself runs in constant
time given a fixed merge budget Dy,.x. At reflex vertices, e, is bounded by the exterior angle,
ey < 360° — it (v), with equality when the chosen axis bisects the free wedge. The kernel
expansion is the key device that makes this angle discriminative: we prove it keeps every
MFCA above a uniform margin (e, > 26, > 0°) and pulls the otherwise-saturated 180°
corners below 180°, thus preventing the descriptor from collapsing to degenerate extremes.
Satellite patch descriptors are indexed offline in a KD-tree under the £; metric; online match-
ing runs in O(M log N) average time per query. Quantitative evaluations on the UAV-VisLoc
benchmark, along with ablation studies, seasonal and altitude stratifications, and sensitivity
analyses, will be reported upon completion of the full experiments.
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Duality and boundedness results in generalized
Morrey-Lorentz space

N. A. Daol, T. T. Dung2, X. T. Duong3, and L. T. Ng;hia4

Abstract: In this report, we show that a generalized block space (denoted as B,")this is the
predual of certain generalized Morrey-Lorentz space. By duality, we obtain the BY;"-bound of
operators of Calderén—Zygmund type. In addition, we prove the boundedness of commutators
of homogeneous linear Calderén—Zygmund operators in the generalized block space (resp.
the generalized Morrey—Lorentz space). Finally, we study a compactness characterization of
commutators of Calder6n—Zygmund type in generalized Morrey—Lorentz spaces.
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Cau triac phu thudc ctia copula Laplace-transform va
ung dung trong tai chinh

V. T. T. Giang!, T. Q. Bao?, va N. T. Diing>

Tém tat: Copula 1a cong cu quan trong trong md hinh héa ciu tric phu thude v duge
ting dung rong rai trong tai chinh, bao hiém va quan tri rii ro. Bdo cao trinh bay mot sb
két qud nghién cttu vé copula Laplace-transform duge xay dyng tit mo hinh Schur-constant

(X1, X2) = (UV, (1 - U)V),
trong d6 U ~ Unif(0,1) doc lap véi bién ngdu nhién duong V, va X1 + Xo = V.

Truée hét, nghién ctu xay dung do léch trung binh téng quat cho phan phdi Schur-
constant hai chiéu, trong dé do léch trung binh Gini ¢é dién 1a mot truong hop rieng. Cac
mbi lién hé gifta dai lugng nay v6i Value-at-Risk, Expected Shortfall va ciu tric copula ciing
dugc thiét 1ap, qua d6 cung cap thém cong cu do ludng mic do sai khac va rii ro gitta céc
thanh phan ctia mo hinh.

Tiép theo, phy thudc dusdi dusi clia copula Laplace-transform duge nghién cttu théng qua
biéu hién tiém can ctia bién d6i Laplace Ly (t) = E(e~*"). Khi Ly bién thién chinh quy tai
vo cyc, hé s6 phu thuoc dudi dudi duge dic trung tudng minh theo chi sé bién thién chinh
quy. Két qua cho phép xac dinh diéu kién ton tai phu thudc dusi duwsi ma khong can tim
dang tuong minh clia copula hodic ham nghich ddo ciia bién déi Laplace bién. Cac trudng
hgp Gamma v mot s6 phan phdi thong dung ciing duge khao sat.

Bén canh phu thudc dudi, nghién cttu bude dau khio sat cau tric phu thudc toan cuc
thong qua ham mat do Schur-constant

fV(IJrl/)_

thXz(xay): m_~_y

Tinh log-16i hodc log-16m ctia fy (¢)/t cho phép suy ra tinh TPy (totally positive of order two)
hosic RRz (reverse regular of order two) clia ham mat do, va cac tinh chat nay duge truyén
qua bién déi Laplace hai chiéu sang copula Laplace-transform. Tt d6 c6 thé xac dinh céc 16p
phu thudoc LTD (left-tail decreasing), LTT (left-tail increasing), PQD (positively quadrant
dependent) vd NQD (negatively quadrant dependent). Céc két qua tao co sd cho viéc ting
dung copula Laplace-transform trong mé hinh héa dong bién dong lgi suat, rai ro gidm gia
dong thai va st lan truyén ci sdc trén thi trudng tai chinh.
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Approximating the visibility problem via neural
networks with application to crack width estimation

N. H. Hail'2, D. X. Vinh?, D. T. Phiet?, and P. T. Anl2

Abstract: The visibility problem, fundamental to computational geometry and computer
vision, involves determining the visible region V = {x € 2 : ¢(z) < 0} from an observer point
r* € Q C R? containing obstacles O := {x € Q : p(z) > 0}, where the function ¢ : Q — R
satisfies p(z*) < 0. The problem is governed by a nonlinear partial differential equation
(PDE), meaning that if u is the solution to the PDE, the visible region is given by V =
{z € Q: u(z) < 0}. In this talk, we prove the existence of neural network sequences {£x}
that converge to the solution w of the PDE. We then present a neural network framework
to compute {{nx}. Finally, we implement the framework in R?, and the numerical results
demonstrate that £y effectively approximates the solution of the visibility problem when
compared to the analytical solution, with practical applications in measuring cracks and
potholes.
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Geometry-informed reconstruction of pothole surfaces
via a depth function and monotonic neural networks

N. H. Hai', P. T. An?, P. T. Huu?, P. D. Khoa?,
T. V. Hoai®, T. T. Nghia®

Abstract: Pothole surface reconstruction requires accurate estimation of three-dimensional
geometry from sparse observations. This work proposes a geometry-informed framework that
combines a Depth Function with a Monotonic Neural Network (MNN) for reconstructing
pothole surfaces. The Depth Function converts sparse LIDAR observations into depth-aware
training signals, while geometric constraints derived from the pothole boundary guide the
learning of a physically consistent depth profile with monotonicity preservation. Experiments
on pothole geometries with varying observation sparsity demonstrate that the proposed
framework effectively reconstructs irregular surfaces with improved geometric consistency.
The reconstructed geometry is subsequently utilized for robotic pothole severity estimation
and obstacle-aware path planning.

1,3

2

5, 6

Faculty of Applied Science, Ho Chi Minh City University of Technology, Ho Chi Minh City
University of Technology, VNU-HCM,

268 Ly Thuong Kiet Street, Dien Hong Ward, Ho Chi Minh City, Vietnam.
hoanghai@hcmut.edu.vn, pthuu.sdh2412@hcmut.edu.vn

Institute of Mathematical and Computational Sciences, Faculty of Applied Science, Ho Chi
Minh City University of Technology, VNU-HCM,

268 Ly Thuong Kiet Street, Dien Hong Ward, Ho Chi Minh City, Vietnam.
hoanghai@hcmut.edu.vn, thanhan@hcmut.edu.vn

ADAI LAB, 2nd Floor, Mitech Center,
75 2/4 Street, Nha Trang City, Vietnam.
khoa.pham.imp21 @hcmut.edu.vn

Faculty of Computer Science and Engineering, Ho Chi Minh City University of Technology,
VNU-HCM,

268 Ly Thuong Kiet Street, Dien Hong Ward, Ho Chi Minh City, Vietnam. hoat@hcmut.edu.vn,
nghia.tran2457@hcmut.edu.vn



Truong Dai hoc Bach khoa, DHQG-HCM, 13-14/8/2026 33

The performance of actor-critic model based on the
probability of Gaussian distribution

P. X. Hien®>#, H. P. H. Anh?4, and V. T. Quanl+*

Abstract: Continuous-control Proximal Policy Optimization (PPO) often suffers from train-
ing instability because independently sampled Gaussian exploration noise can generate high-
frequency and temporally uncorrelated actions. This paper proposes Temporal Smoothing
Exploration-based PPO (TSE-PPO), an actor-critic framework that introduces temporally
correlated, state-dependent exploration for continuous action spaces. A latent Gaussian noise
matrix is maintained over a predefined interval and projected onto the state features ex-
tracted by the actor network, producing smoother action perturbations and more coherent
control trajectories. A hyperbolic tangent transformation is applied to constrain the ac-
tor’s predicted action mean within a bounded range. The proposed method is evaluated in
the BipedalWalker, Hopper, and HalfCheetah environments using five independent random
seeds. Its performance is compared with standard continuous PPO, discretized PPO, and
several established reinforcement-learning algorithms, including A2C, CEM, Vanilla Policy
Gradient, and TRPO. The results indicate that TSE-PPO provides more stable learning,
lower performance variability, and greater resistance to policy collapse in sensitive locomo-
tion tasks. The proposed method achieves the highest mean rewards among the compared
methods in the BipedalWalker and Hopper environments, while exhibiting lower variance
than TRPO in the HalfCheetah environment. These findings indicate that temporally corre-
lated exploration can improve the stability and robustness of PPO in simulated continuous-
control tasks.
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The p-facility anti-cent-dian location problem on trees

T. T. Hiep!?3, H. T. H. Diem!2, and L. M. Huy?

Abstract: This work addresses the problem of locating p undesirable facilities on a tree
network. Some facilities can be considered undesirable (obnoxious, such as prisons, garbage
dump sites, sewage-disposal plants, etc) or even dangerous (noxious, for example, nuclear
reactors, chemical plants, etc). The two most commonly used criteria in literature are the
undesirable center (maximize the minimum distance - maximin) and the undesirable median
(maximize the sum of distances - maxisum). We integrate the 2-facility undesirable center
(uncenter) and the 2-facility undesirable median (maxian) objectives to obtain the 2-facility
anti-cent-dian location model on trees. This model is the convex combination of maximin
and maxisum objectives with a particular coefficient A € [0, 1]. We divide the coefficient into
two cases to determine the optimal locations. If A < %, we show that the leaves of the longest
path provide an optimal solution. We propose an efficient algorithm for the remaining case
that solves the 2-facility anti-cent-dian location problem on trees in O(n?). We extend the
2-facility anti-cent-dian problem to a p-facility anti-cent-dian problem and propose an O(n?)
time algorithm to solve the problem this case.
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Phan loai c6 giam sat cho dw liéu khoang

H. V. Hiéu!, V. V. Tai2, va N. D. Huy?

Tém tat: D lieu khodng 1a mot dang dit lieu thudng gip trong nhiéu bai toan thuc té,
phan anh tinh bat dinh va sy bién thién ciia théng tin. Tuy nhién, cadc phuong phap phan
loai hién c6 vAn con han ché trong viéc khai thac day du ciu tric hinh hoc va mic do chong
1ap gitta cdc khodng. B4o céo nay trinh bay hai déng gép chinh:

(i) Dé xuat thuat toan phan loai dya trén nguyen ly Bayes va phan tich chiim mg, si
dung do do chdng 1ap diéu chinh (d}) dé mo hinh héa higu qui mdi quan hé gitta cac
dit lieu khodng, ddng thai thiét 1ap ching minh chiit ché vé tinh hoi tu clia thuat toan
dya trén Dinh 1y hoi tu Zangwill dusi diéu kien ham muc tiéu ban lién tuc duéi;

(ii) M6 rong thuat toan cho bai toan phan loai anh thong qua biéu dién dic trung dudi
dang dit lieu khoang hai chidéu, gép phan nang cao kha ning xi 1y dit lieu bat dinh
trong cac bai toan nhan dang va phan loai.

Két qua thyc nghiém trén cac bo dit lieu &nh y hoc cho thiy phuong phap dé xuat dat do
chinh xac cao v& 6n dinh so v6i cac phuong phap déi sanh. Noi dung bao cdo 1a mot phan
két qué nghién ctu trong Luan an tién si véi dé tai “Mot sé dong gop cho bai todn phan logi
dua vao Phuong phap Bayes va thuat todn phan tich chim md” clia nghién cttu sinh dudi sy
huéng dan cta gidng vién huéng dan.
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An efficient algorithm for orthogonal convex hull
construction and its application to image feature
extraction

P.T.T. Huyenl, T. A. Dun 172’3, and P. T. An23

Abstract: This paper presents an efficient algorithm for computing the orthogonal convex
hull of an orthogonal polygon in the Euclidean plane. The proposed method is inspired by
the incremental strategy of Melkman’s algorithm for simple polylines (A. A. Melkman. "On-
line construction of the convex hull of a simple polyline". Information Processing Letters,
25:11-12, 1987). The core of the algorithm involves the construction of deques to manage the
extreme vertices of the orthogonal convex hull for corresponding orthogonal sub-polylines.
Through an inductive process, we demonstrate that the orthogonal convex hull of the given
polygon is uniquely determined by these extreme vertices. Finally, the proposed algorithm
is utilized to detect the orthogonal convex hull of aircraft in digital images, enabling the
extraction of discriminative geometric features for classification tasks. Experimental evalua-
tions confirm the algorithm’s robustness, accuracy, and computational efficiency in practical
applications.
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A CNN-ConvLSTM deep learning model with axial

attention for radar reflectivity-based precipitation
nowcasting in Southern Vietnam

T. V. Hoail, N. V. G. Thinh?, L. D. Quyet>, and P. T. An?

Abstract: Precipitation nowcasting plays a critical role in early hazard warning, especially for
rapidly evolving convective systems. This study proposes a radar-based deep learning model that
combines convolutional neural networks (CNN) for spatial feature extraction, a recurrent spatiotem-
poral module (ConvLSTM) for image sequences, and axial attention to capture spatiotemporal con-
text. The experiments use reflectivity fields derived from the CAPPI radar product during the 2022
rainy season (April-October) at the Nha Be radar station. Training samples are constructed from
six consecutive radar frames at 10-minute intervals (i.e., the preceding 60 minutes) to predict the
target frame 10 minutes ahead. To support an operational 60-minute warning window, we addition-
ally apply a recursive rollout scheme to generate forecasts at lead times of 10, 20, 30, 40, 50, and
60 minutes, and report lead-dependent skill. On the October 2022 test set, the model achieves high
structural similarity at 10 minutes (SSIM = 0.79) with strong threshold-based classification skill
(CSI =~ 0.70 at 0.5 mm/h and ~ 0.42 at 10 mm/h). At 60 minutes, SSIM remains around 0.71 and
CSI at 0.5 mm/h remains around 0.36, indicating the model still captures the large-scale evolution
of rainfall despite degradation at heavy-rain thresholds. When independently tested on June 2023
data, performance remains stable at 10 minutes (SSIM = 0.79; CSI =~ 0.69 at 0.5 mm/h and ~ 0.44
at 10 mm/h), and at 60 minutes SSIM remains around 0.68 with CSI at 0.5 mm/h around 0.35.
Compared with baseline models trained and evaluated under the same data processing protocol and
the same loss function, the proposed model consistently performs better, particularly at moderate-
to-heavy rainfall thresholds. These results suggest the model can serve as a complementary module
for operational precipitation nowcasting workflows.
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Nghién ctdu @ng dung céong nghé hién dai trong du bao
muc nudc va canh bio nguy co ngap lut do6 thi ven bién
Viét Nam

N. V. Héng!

Tém tat: Cac do thi ven bién Viet Nam hien dang déi miit véi nguy co ngap lut ngay cang
nghiem trong do tac dong kép ciia bién ddi khi hau, muyc nudc bién dang, triéu cudng cuc
doan va qua trinh do thi héa nhanh chéng lam suy gidm kha nang thoat nuée tu nhién. Bai
bao nay hé théng héa cac két qua nghién citu khoa hoc tap trung vio viéc tng dung tich
hop cac gidi phap cong nghé hién dai bao gdom phan mém phan tich diéu hoa thiy tridu
U-tide, md hinh thiy dong luc hoc do phan gidi cao (MIKE Flood 1D-2D), cong nghé vién
tham radar Sentinel-1 va cac thuat todn hoc méy/tri tué¢ nhan tao (AI/ML). Nghién citu
thi diém tai thanh phé Viing Tau va hé théng céc tram ven bién Nam Bo lam khu viyc thi
nghiem. Két qua chitng minh riing phan mém U-tide dat do chinh xac rat cao trong diu bdo
triéu han dai vdi sai s6 dinh triéu chi tit 0,01 — 0, 03m. Trong khi d6, chudi mé hinh két hop
AT va WebGIS cho phép du bao ngap lut theo thoi gian thyc dat do tin cay tu 70 — 75%,
gitp xac dinh chinh xac cac diém den ngap lut do thi va dién tich phoi nhiém ha tang. Bai
bao cung cap co sd khoa hoc cho cac dé xuat chién lude gitp cac nhi quan 1y dé thi nang
cao ning lyc chéng chiu v quy hoach ha tang ky thuat bén vitng.

1 Phan vien Khoa hoc Khi tugng Thity vin Moi trudng va Bién
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From probabilistic filtering to deterministic geometric

verification: A vector-map matching pipeline for
GNSS-denied UAYV localization

K. H. G. Hung!, T. T. An2, N. M. Quang3, V. N. B. Ngoc?,
P. G. Hung®, and P. T. An®

Abstract: Reliable positioning of unmanned aerial vehicles (UAVs) in GNSS/GPS-denied
environments remains a critical requirement for defense, search-and-rescue, and infrastructure-
inspection missions. We present POLARIS (Pose Localization via Augmented Relational
Invariant Signatures), a vector-map matching pipeline that recovers UAV pose by aligning
aerial-image building vertices against a reference vector map. POLARIS retains the coarse-
matching stage of the Coarse-to-Fine Building Vector Matching (CFBVM) framework pro-
posed by Ouyang et al. in “A semantic vector map-based approach for aircraft positioning
in GNSS/GPS denied large-scale environment”, Defence Technology, vol. 34, Art. no. 1el0,
2024, together with the spatial-consensus stage of our Adaptive Spatial Hypothesis Voting
(ASHV) module, but replaces the downstream fine-matching, Gaussian-mixture-model, and
particle-filter chain with a deterministic geometric verification core. Three components dis-
tinguish the proposed pipeline: (i) an augmented vertex descriptor coupling the intra-vertex
shape vector with a relational topology signature; (ii) a three-layer early-rejection scheme
that exploits orthogonal information types—discrete convexity class, scalar magnitude, and
relational topology—placed at their cost-optimal positions in the pipeline; and (iii) a five-
phase verification core that filters candidates by topology distance, fits a Sim(2) similarity
transformation via RANSAC, and recovers the pose in closed form through weighted Pro-
crustes alignment. Evaluated across five regions against the Ouyang baseline, POLARIS
reduces mean per-region runtime from 267.01 s to 15.41 s (a 17.3x speed-up, ~ 94.2% re-
duction) and lowers overall mean positional error from 3713.64 m to 2914.36 m (=21.5%),
while markedly improving runtime stability (runtime standard deviation from 186.39 s to
3.77 s).
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Approximate proper efficiency
in vector optimization via Benson’s approach

N.T. T. Huong;1

Abstract: We present a necessary and sufficient condition for approximate proper effi-
ciency in vector optimization problems with the ordering cone being a nonnegative orthant.
Although the criterion can be established by Benson’s approach [Benson, H.P.: An improved
definition of proper efficiency for vector maximization with respect to cones, J. Math. Anal.
Appl. 71, 232-241 (1979)], detailed proofs are given for the first time here. The criterion is
a strong motivation to introduce the concept of e-properly efficient solution, where e is any
nonzero vector taken from the closed pointed ordering cone. For an arbitrary linear vector
optimization problem, we show that either the e-properly efficient solution set is empty or
it coincides with the e-efficient solution set. Several illustrative examples are provided.
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Incremental convex hull approach for solving the
shortest path problem of autonomous robots in
unknown environments in 2D

P. T. Huul, T. L. G. Khanh?, P. T. An3, T. V. Hoai%, and N. T. T. Hien®

Abstract: The problem of finding the shortest path along a sequence of bundles of line
segments is a core problem in local path planning for autonomous robots with limited vision
range, especially for escaping a blind alley region (BAR): a robot enters a region enclosed
by obstacles with no exit other than its entry, and needs a return path no longer than the
path already traveled.

We develop a notable exact geometric algorithm for such problem based on incremental
convex hull (ICH) approach, which requires weaker conditions than existing methods such as
mutiple shooting method (MMS) and rubber hand technique, and also previous ICH-based
algorithm. Correctness is proven via the characterization that every vertex of the shortest
path in a simple polygon is a reflex vertex and that this path is unique. We also prove
that the proposed algorithm achieves sub-quadratic complexity, and even reaches linearity
in several classes of sequences, which improves on the original algorithm.

The algorithm reduces computation time by 4.5 to 13.8 times on 50 - 3200 vertex sequences
while preserving exact shortest-path lengths. In path planning, it cuts total travel distance by
an average of 19.91% with the lowest execution time compared to visibility graph methods.
Validation on a physical Hiwonder JetTank robot yielded a shorter return path and smoother
motion. Future work will extend the method to non-simple 2D cases and 3D environments.
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An enhanced Tchebychev radial point interpolation

method with natural-neighbor support and Cartesian
transformation for bone remodeling analysis

D. H. D. Khanh!2, H. Q. Thail*2, T. T. Nghial'2, and N. T. Nhal»?

Abstract: Bone remodeling is a mechanically regulated biological process in which local tis-
sue density evolves in response to the mechanical stimulus generated by physiological loading.
Accurate simulation of this process remains challenging because bone structures usually in-
volve complex geometries, heterogeneous material properties, irregular nodal distributions,
and density-dependent mechanical evolution. This study presents eTRPIM, an enhanced
Tchebychev Radial Point Interpolation Method (TRPIM) integrated with Natural-Neighbor
support and Cartesian Transformation Method (CTM) for meshfree bone remodeling anal-
ysis. In the proposed framework, TRPIM is employed to construct stable local approxi-
mation functions, while the Natural-Neighbor strategy defines adaptive support domains
according to the spatial distribution of surrounding nodes. The CTM is incorporated into
the numerical integration procedure to improve the treatment of local integration domains
and support consistent stiffness evaluation in irregular computational regions. A density-
dependent constitutive formulation is coupled with a strain-energy-density-based remodel-
ing law, allowing the apparent bone density to evolve iteratively under multiple loading
conditions. The method is implemented as a modular computational framework consisting
of separate reusable functions for nodal support construction, shape-function evaluation,
Cartesian-transformed integration, global stiffness assembly, boundary-condition enforce-
ment, mechanical response computation, density update, and post-processing. Numerical
analysis on a two-dimensional femur-inspired remodeling problem and 2D femur bone demon-
strate that the proposed eTRPIM formulation can capture spatial density adaptation, stress
redistribution, and mechanically driven remodeling patterns while retaining the geometric
flexibility of meshfree discretization. This proposed framework provides a reusable numer-
ical basis for patient-specific bone remodeling simulation, and other density-evolving solid
biomechanics problems.
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Existence and continuity of solutions to vector
equilibrium problems in linear spaces

H. M. Linh!2

Abstract: This talk considers vector equilibrium problems whose image spaces are linear
spaces not endowed with any topology. We first study algebraic notions and their properties.
Then, sufficient conditions for the existence of solutions and for stability, understood in terms
of the (semi)continuity of the solution mappings of the reference problems, are established
by employing these properties. The approaches used in this talk include direct methods and
nonlinear scalarization techniques.
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Is matrix neural network the alternative of
convolutional neural network?

N. P. Loc!

Abstract: Currently (2025), deep learning is the most important and popular methodology
in artificial intelligence (AI) and artificial neural network (ANN) is the foundation of deep
learning. The main drawback of ANN is the boom problem of a huge number of parametric
weights when ANN in deep learning establishes a large number of hidden layers. The boom
problem can be alleviated by high-performance computer but will be serious in case of high-
dimension input data like image. The excellent solution for image processing within context
of deep learning is that large parametric weight vector is reduced into much smaller window
encoded by a so-called filtering kernel which is often 3x3 matrix or 5x5 matrix which is
convoluted over entire image data. ANN with support of such filtering kernel is called con-
volutional neural network (CNN). Many researches prove that CNN is feasible and effective
in image processing. The hidden cause of the effectiveness of CNN is that the visionary
structure of an image is aggregated in such a way that filtering kernel is ideal to extract
image features. However, it is not asserted that matrix-based filtering kernel is appropriate
to other high-dimension data that is not image. Another solution of the boom problem is
that large parametric weight vector is organized as matrix that is the same structure of 2-
dimension data like image, which leads to a so-called matrix neural network (MNN) whose
parameters are weighted matrices. Computation cost of MNN is decreased significantly in
comparison with ANN but it is necessary to test the effectiveness of MNN with respect
to CNN. This is the main hypothesis “whether MNN is the alternative of CNN” which is
tested in this research, hinted by the research title. Moreover, transformer which is the new
trend (2025) in AT and deep learning, which aims to improve/replace traditional ANN by
self-supervised learning, in which attention is the significant mechanism of self-supervised
learning. Anyhow, attention which is the cornerstone of transformer is the representation of
internal structure/relationship inside high-dimension data like image. Therefore, the implicit
deep meanings of attention and filtering kernel are similar, which represents feature of data,
which does not go beyond parametric weights too. In general, the research has two goals:
1) explaining and implementing ANN, CNN, and transformer (attention) and 2) applying
analysis of variance (ANOVA) into evaluating the effectiveness of ANN, CNN, and trans-
former (attention) within context of image classification. The ultimate result is that it is
not asserted that MNN is the alternative of CNN but MNN can be an optional choice for
implementing ANN in context of image processing instead of focusing on the unique CNN
solution. Moreover, the incorporation of MNN and attention in implementing transformer
produces a compromising solution of high performance and computational cost.
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Xay dung mo hinh du bao cho chubi thoi gian khoang
dua trén chudi diem va cic mbéi quan hé md

N. H. Luan!' 2, L. T. T. Thuy3, L. H. Tuan? va V. V. Tai®

Tém tat: Nghién cttu nay dé xudt mot mo hinh dy bao cho chudi thoi gian khoang bang
céch tach né thanh hai chudi thoi gian diém cho gia tri tam va ban kinh. Mot sb cai tién
quan trong dudc thyc hien déi véi timg chudi thoi gian diém dé dat duge mot mo hinh duy
bao hiéu qua. Dau tién, mot chudi méi duge tao ra bang cach tinh toin ty lé phan tram
thay ddi giita hai thai diém lien tiép. Sau dé, chudi méi nay dugce chia thanh cic khoing
khong bang nhau véi sé lugng thich hgp duge xéac dinh théng qua kj thuat phan tich cum.
Céac mdi quan hé md giita cic cum da thiét 1ap, ciing nhu gitta mdi phan ti trong chudi
v6i cac cum thong qua mot ham md phan phdi chuan, duge xay dyng. Dya trén nhitng moi
quan hé nay, mot nguyén tic dy bao méi cho chudi thdi gian khodng dugc thiét lap. Mo
hinh dé xuit cung cap cac bude thie hién chi tiét v duge minh hoa bing mot vi du sb.
Thong qua viéc uwéc lugng khoang tin cdy cho céc tieu chi danh gia va thuc hien kiém dinh
Diebold-Mariano, mo hinh dé xuét cho thay cac két qua du béo én dinh, canh tranh va phit
hop so v6i cdc mo hinh hién cé. Diéu nay da duge kiém chiing trén hai tap dit lieu thyc té
1 gia c6 phiéu va nhiét do tai Viet Nam. Nhiing ting dung nay da cho thiy tiém ning ciia
nghién ctu trong viéc gidi quyét hai bai toan thuc tién & nhiéu linh viee khac nhau.
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A comparative analysis of GRU and LSTM networks for
interval-valued foreign exchange market time series
forecasting

C. T. P. Mail, V. V. Tai2, and C. N. Ha3*

Abstract: The Foreign Exchange (FX) market’s extreme volatility and non-linearity pose
significant challenges for traditional point-valued forecasting models. This study proposes a
comprehensive framework for interval-valued time series (ITS) forecasting, which captures
intraday volatility by predicting the daily low and high bounds of exchange rates. We con-
duct a rigorous comparative analysis between two prominent deep learning architectures:
Gated Recurrent Units (GRU) and Long Short-Term Memory (LSTM) networks. To en-
hance predictive accuracy, the proposed framework leverages a multi-input configuration to
model interval-valued time series, using GRU and LSTM networks to learn the non-linear
dynamics and complex temporal relationships between the daily price bounds. Empirical
evaluations are performed on the EUR/USD exchange rate and simulated datasets char-
acterized by cyclic means and time-varying variance. The numerical results demonstrate
that the GRU architecture consistently outperforms the LSTM, achieving a superior Nash-
Sutcliffe Efficiency (NSE) of 0.9526 compared to 0.7507 for real-world low-bound prediction.
Furthermore, the GRU exhibits greater robustness in simulation experiments and lower com-
putational complexity. These findings suggest that the simplified gating mechanism of GRU
is more effective at capturing the structural integrity of FX price intervals, offering a more
reliable decision-support tool for market participants navigating high-uncertainty financial
environments.
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Accumulated subdifferentials and some applications
in studying the behavior of functions
around an accumulation point

T. T. Minh! 2, H. T. H. Diem!, and P. Q. Khanh?

Abstract:

We study the behavior of a function f: R™"\{Z} — IR := R U {+o00} around Z. Our ap-
proach is to exploit differential information of f in a deleted neighborhood of Z, namely the
subdifferentials 0 f (x) for  # T, in order to construct new objects, called accumulated subd-
ifferentials and accumulated singular subdifferentials, by collecting all cluster points arising
from appropriate limiting processes. Using these new tools, we establish characterizations
of the so-called *-accumulated minimizer of f at Z, as well as accumulated locally Lipschitz
continuity of f around Z. As a consequence, a sufficient condition for sharp minimizers is
obtained. In the same spirit, we introduce the notion of an accumulated normal cone, which
can be viewed as a component of the well-known limiting cone. Combining this notion with
the aforementioned tools, we derive optimality conditions of nondifferentiable programming
with finitely many inequality and equality constraints. Along the way, we also develop some
calculus rules for the new classes of subdifferentials
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A boundary element method for non-homogeneous
biharmonic equations in non-smooth domains

V. A. My!l, V. D. Didenko?

Abstract: Approximate solutions of non-homogeneous biharmonic equations with non-ho-
mogeneous boundary conditions in piecewise smooth domains are obtained. This work is
based on reducing the original problem to an auxiliary boundary value problem (BVP) for
the homogeneous biharmonic equation. After that, we employ the Nystrém method to deter-
mine approximate solutions of the Sherman-Lauricella equation with a right-hand derived
from the boundary conditions of the auxiliary BVP. Note that the stability of the method
depends on the invertibility of operators from a Toeplitz algebra of operators. These oper-
ators do not depend on the shape of the domain boundary but only on the opening angles
of the boundary corners. Although there are no efficient conditions of their invertibility, it
is known that the Nystrom method for this equation has only handful of such angles, so
that it can be efficiently used in this case. Theoretical estimates show that for piecewise
smooth boundaries, approximate solutions of the Sherman-Lauricella equation obtained by
the Nystrém method, converge to the exact solution in Le-norm as O(1/n) and the results
of numerical experiments are consistent with theoretical findings. Consequently, the approx-
imate solutions of the Sherman-Lauricella equation are used to determine the solution of
non-homogeneous biharmonic problems. Examples carried out for non-convex domains with
boundaries containing linear and non-linear components demonstrate the stability and a
good convergence of the method proposed.
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Xay dung thuat toan tu cap nhat chum mao
cho dit liéu diém dua vao su tuong tu hinh tron
va ap dung cho dit liéu anh

L. D. Neghiép!, T. V. Thanh? va V. V. Tai®

Tém tat: Nghien citu nay dé xuat mot thuat toan phan chiim ma tir dong cho dit licu diém
v6i nhitng cai tién c¢6 ¥ nghia. Trudc hét, mdi diém dit lieu duge bao phit bdi mot hinh tron
¢6 ban kinh thich hgp, tit d6 xay dung do do duge goi la su tuong tu clia hai hinh tron (SC)
nhim danh gia mic do tuong dong giita cac diém va tu dong xac dinh s6 lugng chiim t6i
wu. Trén co sé s6 chiim thu dude, méi quan hé mo gitta cac diém dit lieu va cac chiim dudc
thiét lap dya trén do do SC. Mot tng dung quan trong clia thuat toan 13 phan chiim anh
sau khi trich xuét cic dac trung két cau ciia ching. Két qua thuc nghiém trén nhidu bo dit
lieu &nh c6 dic diém khac nhau cho thiy thuat toan dé xuét dat hieu qui phan chium cao,
6 tinh 6n dinh tét vA canh tranh véi nhiéu thuat toan kinh dién cling nhu cac phuong phap
dugc cong bd gan day.
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Some decay results for biparabolic equation

L. T. Y. Nhil, N. b. Huy?, and N. V. Tien?

Abstract: This paper investigates the initial value problem for a fourth-order bi-parabolic
equation in R? with slowly decaying initial data:

U (z,t) — 28ug(w, t) + A%u(z,t) = G(x, ), (z,t) € R x (0,7, (1)

where A denotes the negative Laplacian, together with the initial data
u(z,0) = up(x), ug(2,0) = up (),

and the linear source term G(x,t). The novelty lies in treating slowly decaying initial data,
namely, data satisfying algebraic decay with exponent

l<a<?2.

We focus on the asymptotic behavior and decay properties of global solutions in linear
settings. The main results establish optimal time-decay estimates under minimal assump-
tions, showing that additional moment conditions on the initial data yield systematically
faster decay rates. In particular, we provide sharp Gaussian kernel bounds with explicit
constants, gradient decay estimates, and fractional-order smoothing effects.

The approach is based on a transparent frequency-splitting method at the natural parabolic
scale: low frequencies are handled through Taylor expansion combined with moment cancel-
lation, while high frequencies are controlled by elementary Gaussian estimates. Our analysis
requires only basic tools such as scaling arguments, kernel inequalities, and the Hausdorff-
Young inequality, making the proofs both simple and effective.

The results contribute to a unified understanding of higher-order dissipative systems and
highlight their robustness in physical models arising from fluid mechanics, heat conduction,
and materials science.
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A revisit to point estimation through the empirical
Bayes method: The case of binomial distribution with
beta prior and extension to Poisson distribution

N. Q. Baol?3, Nabendu Pal®, and D. V. Vinh!:2

Abstract: Between the classical (frequentist) approach, which is based solely on the data,
and a fully Bayesian set-up where one assumes a prior distribution for the model parameters,
lies the Empirical Bayes (EB) approach which appears to be a good compromise between
the aforementioned two. Even though many researchers have suggested various variants of
the EB method, the standard practice is to derive the Bayes estimator under a family of
suitable priors indexed by their own parameter(s), called the hyperparameter(s), and then
replace the unknown hyperparameter(s) by their estimate(s) obtained from the marginal
distribution of the data. Theoretically this EB method appears reasonable, and in complex
problems one often uses various algorithms, like Markov Chain Monte Carlo (MCMC), to
maximize the marginal distribution with respect to the hyperparameter(s). But the funda-
mental question that is being raised here is: does the EB method really work to produce an
improved estimator - the so-called Empirical Bayes Estimator (EBE)?

In this work we are going to revisit the widely cited simple problem of estimating a Bino-
mial parameter using the regular two-parameter Beta family of priors under the quadratic
loss function, and prove that the Type-IT maximum likelihood (ML-II) step (where one max-
imizes the marginal distribution with respect to the hyperparameters) does not work in the
sense that the ML-II method coupled with the Bayes structure ends up producing the same
classical MLE. If we further restrict our attention to one parameter symmetric Beta family
of priors then still the resultant EBE does not show any remarkable performance compared
to the MLE details of which have been provided with extensive computations. The Bino-
mial study has been extended to the Poisson model as well. However, there is some saving
grace: In the Binomial case it is possible to choose the hyperparameters suitably so that the
Bayes estimator can beat the MLE in terms of the maximum risk, and such choices of the
hyperparameters do include the one that yields the well-known minimax estimator.
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Point Estimation of the Association Parameter of a
Bivariate Frank Copula: An Evaluation of Various
Classical and Bayes Estimators

P.T.Y. Anh17273, N. T. Dungz’3 , and Nabendu Pall

Abstract: This work deals with estimation of the association parameter of a bivariate Frank
Copula in a comprehensive way. Even though Frank Copula is a member of Archimedean
class of copulas, and has been widely used in many applications, especially in finance, rela-
tively little attention has been paid to its association parameter from a statistical inferential
point of view. Most of the existing works which have used Frank Copula have focused on
estimating the parameter computationally, and then proceeded with its application in the
applied fields, primarily in finance. Here, in our investigation, we looked at the point estima-
tion of the association parameter in a comprehensive manner, and study various estimators
in terms of bias, mean squared error (MSE), standardized bias (SB) and standardized MSE
(SMSE). A total of five estimators are compared, including three classical estimators and two
Bayes estimators. The classical estimators include the maximum likelihood estimator (MLE)
and two 'method of moment’ estimators (MMEs) based on Kendall’s as well as Spearman’s
correlation measures, henceforth referred to as MME Type-1 (MME1) and MME Type-2
(MME?2). The two Bayes estimators considered are those under two noninformative (gen-
eralized) priors: the flat (or uniform) prior (FP), and Jeffreys’ prior (JP), which will be
referred to as BFPE and BJPE.

Among the classical estimators it has been noted that in the neighborhood of zero, the
method of moment estimators (MMESs) do perform relatively well compared to the maxi-
mum likelihood estimator (MLE), even though the latter has the best overall performance.
Further, in terms of bias, MMEs and MLE have opposite behavior. Also, the MLE attains
its asymptotic behavior fairly well with sample size of at least 75.

Next, we compare BFPE and BJPE with MLE, and find a somewhat surprising result:
that BJPE dominates the other two uniformly in terms of MSE for small sample sizes,
i.e,, n < 25. For moderate to large sample sizes (i.e., n > 25), all these three estimators
(i.e., MLE, BFPE and BJPE) have almost identical performances both in terms of bias
as well as MSE. Even though our results on classical estimators have demonstrated some
interesting patterns, they do not match with those reported in Genest (1987, Biometrika,
74, 549 - 555) and Susam (2020, Journal of the Iranian Statistical Society, 19 (1), 163-183).
Nevertheless, our comprehensive study does complement these two works, especially Genest’s
(1987) excellent expository work.

Keywords: Bayes flat-prior estimator (BFPE), Bayes Jeffreys prior estimator (BJPE), Bias,
Correlation Coefficient, Mean squared error (MSE), Nonparametric Estimation.
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Mathematical modeling, simulation, and optimization
for autonomous industrial robots

P. Pramod!

Abstract: The rapid adoption of autonomous robots in manufacturing, logistics, inspec-
tion, and service industries has created new challenges in modeling, control, and decision
making. Mathematics forms the foundation of these intelligent systems by enabling accurate
modeling of robot dynamics, efficient numerical simulation, optimal motion planning, and
robust control. This work presents an overview of the mathematical principles underlying
modern autonomous industrial robots and discusses how these methods accelerate industrial
deployment while improving safety, efficiency, and reliability.

Robot motion is governed by nonlinear differential equations that describe the relationship
between joint positions, velocities, accelerations, and actuator torques. These dynamics are
commonly expressed as

M(q)i+C(q,q)g + G(q) =,

where M(q) denotes the inertia matrix, C(q,¢) represents Coriolis and centrifugal effects,
G(q) is the gravity vector, and 7 is the vector of control inputs. Solving these equations
accurately is fundamental to predicting robot behavior and designing stable controllers.

Simulation has become an indispensable mathematical tool for robotics development.
Modern physics-based simulators solve nonlinear rigid-body dynamics, contact mechanics,
friction models, and numerical integration schemes, allowing engineers to validate robot
performance before hardware implementation. Simulation significantly reduces development
cost while enabling large-scale optimization and rapid testing under diverse operating con-
ditions.

Optimization techniques play a central role in autonomous robotics. Trajectory planning,
energy-efficient locomotion, controller tuning, and task scheduling can all be formulated
as optimization problems with objectives such as minimizing energy consumption, tracking
error, or execution time while satisfying dynamic and safety constraints. Recent advances
in reinforcement learning further extend optimization to high-dimensional decision-making
problems by learning optimal control policies directly from simulated interactions.

The integration of mathematical modeling, numerical simulation, optimization algorithms,
and learning-based control has transformed the development of industrial robots, includ-
ing autonomous mobile robots, robotic manipulators, and legged inspection robots. Future
research will increasingly combine model-based methods with artificial intelligence, differ-
entiable simulation, digital twins, and physics-informed machine learning to develop safer,
more efficient, and more adaptable robotic systems.
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Anh hudng ctia bién d6i khi hau va canh bao thién tai
khu vuc Nam Bo

Tém tat: Tac dong clia bién d6i khi hau lam xuét hien ngay cang nhiéu céac hién tuong khi
tugng thiy van cyc doan. Trong nhitng nam gan day xay ra nhitng tran mua hang tram mm
chi trong vai gi, ning néng gay git kéo dai, nhiéu gia tri vugt ngudng lich s, c6 nhing
hién tugng x4y ra nim ngoai nhitng quy luat thong thuong. Néu nhu tit nim 1997 xay ra
con bao LinDa thi t6i 2006 méi xuit hién con bao Durian 6 Nam Bo, nhung sau d6 tan suat
bao xuét hién 6 Nam Bo day hon, nim 2012 con bio Pakhar, 2018 bao Usagi. Dién bién
Elnino manh lam cho tinh trang kho han, xam nhap min ¢ dong bing song Cttu Long ngay
cang nghiém trong. Nhiing bién ddi dé gay khong it khé khin cho cong tac du bao, canh
béo ctia nganh khi tugng thiiy vin. Sy phitc tap ctia cac thién tai cyc doan doi hoéi cong téc
du béo, canh bio ngiy mot cao hon, cip thiét phai trang bi day d he théng thiét bi quan
tric hién dai, ty dong, tng dung cong nghé dir bao tién tién, mo hinh sb tri c6 dong héa dit
lieu, tich cuc st dung dit lieu da ngudn dé tang tinh khach quan, tng dung cong nghe Al,
v, cac gidi phap cong nghé méi khac. Nhim dap tng nhu cau nang cao do tin cay tinh day
di, kip thoi, nang cao chat lugng du bao, giam thiéu thiet hai do thién tai, va gép phan
phat trién KT-XH.
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Ung dung thuat toan phan tich chiim ban giam sat cho
ham mat dé xac suat trong nhan dién anh

N. T. Thaol!, N. H. Yén2, N. D. Huy® va V. V. Tai?

Tém tat: Phan tich chim ban giam sat da tré thanh mot huéng nghien ciu thu hat sy
quan tam dang ké trong linh vuc hoc méy trong nhing nam gan day. Nho kha ning khai
thac hiéu qua mot lugng nhé théng tin gan nhan két hgp véi dit lieu chua gan nhan, thuat
toan nang cao chat lugng phan chiim so v6i cic phuong phap phan tich chiim khong giam
sat truyén théng. Tuy nhién, phan lén cic cong trinh hién c6 cht yéu tap trung xi ly dit
lieu dang vector rdi rac trong khong gian Euclide, trong khi nhiéu bai toan thuc té - dic
biét trong xit 1§ 4nh doi héi bidu dién dbéi tuong dudi dang ham mat do xéac sudt nhim mo
t4 day di hon sy phan bé thong tin ctia dit lisu. Nghién citu nay tng dung thuat toan phan
tich chtim béan giam sat cho ham mat do x4c suat trong nhan dién 4nh. Qua d6 chiing minh
khé nang cai thien do chinh xac va tinh én dinh clia két qua so véi cac phuong phéap hién
nay. Két qua nghién citu gép phan md rong nén tang 1y thuyét cho phan tich chim ban giam
sat trén dit lisu ham mat do xac suat, ddng thoi goi mé tiém nang tng dung clia thuit toan
phan tich chtim ban giam sat trong nhan dang anh.
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Ij’ng dung uéc luong mat do xac suat két hop dic trung
mién khong gian va mién tan sé trong phan loai anh

N. C. Thien!? va V. V. Tai?

Tém tit: Trong bai toan phan loai &nh, cdc mo hinh hoc sau tién huén luyén cé kha ning
trich xuat t6t thong tin hinh dang v& ngit nghia. Tuy nhién, d6i v6i dnh texture, khuyét tat
bé miit, vat lieu, hosic anh c6 ciu tric lap, cac embedding nay cé thé chua biéu dién day du
thong tin vé tan s6, do nham va huéng phan bd ciia chi tiét dnh. Nghién citu nay dé xuit
mot phuong phap phan loai anh dya trén uéc lugng mat do xac suit, trong dé dic trung
hoc sau duge két hgp véi diac trung mién tan s trich xuét tit bién ddi Fourier hai chiéu.
Hai nhém dic trung duge chuan héa va gidm chiéu biang Principal Component Analysis dé
nang cao do én dinh clia qué trinh udc lugng mat do. V6i mdi 16p anh, cdc ham mat do
xac suat c6 didu kien dude xay dung riéng cho dic trung hoc sau va dic trung Fourier bing
phuong phap wéc lugng Ham Mat do Xac suat (Probability Density Function Estimation)
13 mot bai toan co ban trong Théng ké. Két qua phan loai duge xac dinh biang cach két hop
log-likelihood cfia hai mién dic trung theo mot trong sb thich hgp. Phuong phép dé xuit
cho phép lia chon tham s6 lam min riéng cho ting nhém diic trung, dong thdi han ché viec
embedding nhiéu chiéu lan at thong tin tit mién tan s6. M6 hinh sé dudc danh gia trén cic
bo dit lieu texture, khuyét tat bé mit va phan loai &nh thong thudng. Nghién ctu huéng
dén mot phuong phap phan loai nhe, c6 kha ning giai thich theo xac suit va phu hgp véi
dit lieu it mau.
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Minimax optimal estimation of the cumulative
distribution function from repeated measurements
under Laplace errors

B. T. Trang! 23

Abstract: This paper addresses the nonparametric estimation of a cumulative distribu-
tion function from repeated measurements contaminated by Laplace noise. We assume the
noise has an unknown scale parameter within a known interval. By leveraging repeated ob-
servations to identify the noise characteristic function, we construct a spectral truncation
estimator based on the Gil-Pelaez inversion formula. We establish the mean square consis-
tency of the proposed estimator and prove that it achieves the minimax optimal convergence
rate over Sobolev smoothness classes. Finally, the finite-sample performance and practical
utility of our approach are demonstrated through numerical simulations and an application
to the Framingham Heart Study database.
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Geometry-Guided Hybrid Path Planning for
Autonomous Mobile Robots in Dynamic Environments:
Weighted Voronoi Diagrams, f-Complexes, and Fuzzy
Supervision

H. M. A. Ta !, T. V. Hoai 2,P. T. An 3

Abstract: Path planning in dynamic environments remains a major challenge for au-
tonomous mobile robots because environmental maps may be incomplete, obstacles can
change during operation, and computational resources are limited. This study proposes a
three-layer hybrid path-planning architecture for the Hermes autonomous mobile robot op-
erating in a two-dimensional industrial environment containing both static and dynamic
obstacles. First, LIDAR data are processed to approximate obstacles using enclosing disks,
from which weighted Voronoi diagrams and -complexes are constructed to identify naviga-
ble corridors with sufficient safety clearance. Second, RRT, RRT*, and PRM planners are
constrained to sample only within these safe regions, thereby reducing redundant samples,
dead-end branches, and unnecessary collision-checking operations. Third, a fuzzy-logic su-
pervisor uses the robot’s battery level and map reliability to determine whether the robot
should continue moving, slow down and replan, or stop before generating a new trajectory.
The proposed method was evaluated through simulation and experiments on the Hermes
robot in a factory environment containing narrow corridors, open areas, and changing ob-
stacles. The results indicate that restricting the sampling region using weighted Voronoi
diagrams and [-complexes improves computational efficiency, reduces search complexity,
and preserves safe obstacle clearance. RRT prioritises rapid solution discovery, RRT* pro-
duces shorter trajectories, while PRM generates simpler and reusable path structures. The
fuzzy-logic supervisor also enables the system to respond appropriately to changes in map
reliability and energy status. Overall, the proposed architecture demonstrates potential for
real-time autonomous robot navigation in changing industrial environments.
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The Cauchy problem with Caputo-Hadamard derivative

N. H. Tuan! va V. V. Tri2

Abstract: This study investigates several fractional differential problems in Banach spaces
and some fractional partial differential problems. The main content focuses on models in-
volving the Caputo-Hadamard derivative, including Cauchy problems with delay, problems
with nonlinear initial conditions, and a more general class of problems containing a linear
operator and a nonlinear mapping.

The primary objective is to establish the existence of solutions in cases where compactness
cannot be directly assumed from the conditions of the problem. To achieve this, we utilize
several tools from nonlinear analysis, such as measures of noncompactness, condensing op-
erators, the Darbo-Sadovskii fixed point theorem, and the relative topological degree theory
of Fitzpatrick-Petryshyn. A technical difficulty arises when handling families of parameter-
dependent integrals; this difficulty is overcome by combining boundedness and monotonicity
properties with two important convergence theorems from Lebesgue integration theory.
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A proposed discrete Ricci flow

N. H. Tuan! and N. A. Tuan?

Abstract: Based on the notion of Ollivier-Ricci curvature introduced in [Ollivier, J. Funct.
Anal., 256 (3), 2009, 810-864.], we propose a discrete variant of the Ricci-Bourguignon flow
on weighted graphs. With an additional “non-local” curvature term, our proposed flow is a
generalization of the Ollivier-Ricci flow used in the community detection problem [Ni et al.,
Sci. Rep., 9 (1), 2019, 9984.].
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Strong second-order KKT conditions for multiobjective
optimization problems with mixed constraints

N. M. 'I‘ung1 and N. M. Cuong;Q’3

Abstract: In this talk, we present strong second-order Karush—Kuhn—Tucker type opti-
mality conditions for properly efficient solutions of multiobjective optimization problems
with both inequality and equality constraints. Under local Lipschitz assumptions, we in-
troduce a second-order Abadie-type regularity condition formulated by means of the upper
directional derivatives of Péles and Zeidan. This condition allows us to derive necessary
optimality conditions for Borwein-proper efficient solutions. We also provide a directional
error bound ensuring the validity of the proposed second-order Abadie-type condition. Fur-
thermore, multiplier-based second-order sufficient conditions for Geoffrion-proper efficiency
are obtained without convexity assumptions. Several examples are given to illustrate the
applicability of the results and to compare them with related ones in the literature.
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Nonsmooth set-based Pareto stationarity conditions for
multiobjective optimization problems

N. M. Tung! and T. V. A. Khoa?

Abstract: We develop nonsmooth necessary optimality conditions for sets of points in
multiobjective optimization problems of the form

min ¢(z) := (¢1(x),. .., dm(x))",

rER™
where the objective functions are locally Lipschitz and may be nonconvex and nondifferen-
tiable. By using Clarke generalized directional derivatives ¢¢(z; d) and Clarke subdifferentials
0°¢;(x), we extend recent set-based stationarity results from the smooth setting to the non-
smooth framework. The proposed conditions are formulated through efficiency-describing
collections Ts(z), which identify subsets I C {1,...,m} relevant to the local nondominance
of each point x € S.
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A free boundary problem for spreading of an invasive
species in the territory of a native competitor under
shifting climate

D. P. Vinh!, L. Phuong?, and N. T. Dung?

Abstract: In this report we consider a free boundary problem for the spreading of an
invasive species in the habitat of a native competitor. We assume that the invasive species
benefits from a climate shift that turns the environment from unfavorable to favorable at
a constant speed c. We show that if the invasive species is an inferior one, then it must
vanish, while the native competitor always persists. However, if the invasive species is a
superior one, then a dichotomy occurs: either the invasive species vanishes and the native
one persists, or the invasive one spreads and the native one vanishes. We also show that in
the latter case the asymptotic spreading speed equals minc, cg, where cg is the spreading
speed in the corresponding homogeneous environment. Numerical simulations are provided
to illustrate our theoretical results.
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Thiet bi do do rong vet nit
P. T. An! va cac cong su tai IMACS

Tém tat: Viec danh gia cdc khiém khuyét xuat hién trén bé mat vat liéu ctng, trong do
c6 vét niit, 14 mot trong céc co sé dé kiém dinh chét lugng ciia cong trinh xay dung. Dé do
chiéu rong ciia vét nit, cac tac gid trong [Phan Thanh An, and Nguyen Ngoc Hai. Widths
of compact sets in normed spaces and an application in measuring crack widths. Journal of
Computational and Applied Mathematics, 485, 117498 (2026)] d& dua ra dinh nghia vé do
rong clia mot tap compact trong khong gian dinh chuan. Trén co sé dinh nghia d6, Phan
Thanh An cuing cac thanh vién nhém nghién ciu IMACS da giéi thiéu quy trinh tu dong
do do rong vét nit da cé trén bé mit vat lieu cing va cu thé hod bing mot thiét bi hoat
dong dya trén quy trinh nay.

1 Vien Toan hoc va cac Khoa hoc Tinh toan (IMACS)
Trudng Dai hoc Bach khoa, PHQG-HCM
268 Ly Thuong Kiét, P. Dien Hong, Tp. H6 Chi Minh
thanhan@hcmut.edu.vn
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Motion and path planning for an autonomous robot
using sequences of bundles of line segments

P. T. An!, N. D. G. Dao?, P. T. Huu?, L. D. T. Loc?, L. M. Phuc?
and N. Q. Thang4

Abstract: We present a motion and path planning system for a limited-vision autonomous
robot navigating unknown environments. The product addresses the practical need for a
robot to escape blind alleys and dead-end regions efficiently, without discarding earlier com-
putation.

The explored free space is represented incrementally as sequences of bundles of line
segments, built from LiDAR data, on which two methods are implemented: an iterative
shortest-path approximation (Method of Multiple Shooting), and the Dynamic Successive
Funnel Method (DSFM), which extends the funnel technique of Lee and Preparata to return
a usable sub-path before the full plan is computed.

The mathematical foundations are based on the following works : An, Anh, Binh and Hoai,
“The sequences of bundles of line segments for autonomous robots with limited vision range
to escape from blind alley regions”, Robotics and Autonomous Systems 195 (2026), 105185;
and An, Hao, Hoai, Huu and Phuc, “A Dynamic Successive Funnel Method with Provably
Shorter Paths for Escape Path Planning Amid Moving Obstacles” (2026), building on the
funnel technique of Lee and Preparata (Networks 14 (1984), 393-410), which guarantee that
the resulting escape path is no longer than the entry path.

Implemented on an Ackermann-steering robot with a LiDAR sensor, the system reduces
average planning time to about 0.44x that of the conventional funnel technique, with escape
paths on average 15.63% shorter than the entry path. No intellectual property claim is
associated with this product.

Institute of Mathematical and Computational Sciences, Ho Chi Minh City University of
Technology, Vietnam National University Ho Chi Minh City
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Deep learning model for lightning nowcasting from
real-time radar reflectivity and satellite imagery

P. T. Anl, T. V. Hoai? and N. V. G. Thinh!

Abstract: We present a real-time deep-learning system for lightning nowcasting over south-
ern Vietnam using Nha Be radar reflectivity and Himawari satellite imagery. The system
automatically acquires, synchronizes, and preprocesses both data streams at 10-minute in-
tervals. Six consecutive radar and satellite frames covering the previous 50 minutes are
used to generate probabilistic lightning forecasts for lead times from 10 to 60 minutes. The
forecasting core is a convolutional encoder-decoder that learns joint spatiotemporal features
from radar and multispectral satellite observations. Training uses cost-sensitive binary cross-
entropy and overlap-based loss functions to address the strong imbalance between lightning
and non-lightning pixels. Model performance is evaluated on held-out data using the critical
success index, probability of detection, false-alarm ratio, F1 score, and Brier score. The op-
erational pipeline performs data acquisition, quality control, temporal matching, inference,
visualization, and delayed verification without manual intervention. It also handles missing
or delayed input samples by selecting the latest complete observation sequence. The system
produces georeferenced lightning-risk maps and identifies high-risk hotspots for each forecast
lead time. This product is intended to support short-term severe-weather monitoring and
decision-making in meteorological operations.

L Institute of Mathematical and Computational Sciences, Ho Chi Minh City University of
Technology, Vietnam National University, Ho Chi Minh City
268 Ly Thuong Kiet St., Dien Hong Ward, Ho Chi Minh City, Vietnam
nguyenvangiathinh@hcmut.edu.vn, thanhan@hcmut.edu.vn

Faculty of Computer Science and Engineering, Ho Chi Minh City University of Technology,
Vietnam National University, Ho Chi Minh City

268 Ly Thuong Kiet St., Dien Hong Ward, Ho Chi Minh City, Viet Nam

hoai@hcmut. edu.vn
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Positioning flying vehicle in GNSS/GPS-denied
large-scale environment through the orthogonal
convexity of objects given in aerial images

P. T. An!, T. A. Dung!, N. K. Hieu?, and N. C. Nghi?

Abstract: This work presents a prototype positioning system for unmanned aerial vehi-
cles operating in environments where GNSS/GPS signals are unavailable or unreliable. The
system consists of a downward-facing camera, an image-processing unit, a georeferenced ref-
erence map, and a PX4-based flight controller. Aerial images captured by the camera are
processed to detect building objects and represent them using orthogonal convex polygonal
shapes. Their geometric features and spatial arrangement are then matched with objects
on the reference map to estimate the UAV position. The estimated map location is con-
verted into latitude and longitude and formatted as simulated GPS data for transmission to
the flight controller. In experiments on 995 UAV images, 993 images achieved positioning
errors below 10 m, with a median error of 3.30 m. The displayed prototype demonstrates
the complete process from aerial image input and object matching to geographic position
output, providing a practical alternative positioning source for UAVs in GNSS/GPS-denied
environments.

1 nstitute of Mathematical and Computational Sciences, Ho Chi Minh City University of
Technology, Viet Nam National University Ho Chi Minh City
268 Ly Thuong Kiet St., Dien Hong Ward, Ho Chi Minh City, Viet Nam

Key Lab for Internal Combustion Engine, Ho Chi Minh City University of Technology, Viet
Nam National University Ho Chi Minh City

268 Ly Thuong Kiet St., Dien Hong Ward, Ho Chi Minh City, Viet Nam
ngokhanhhieu@hcmut. edu.vn
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Autonomous coordinate-based flight path execution for
a compact quadrotor using the DJI Tello EDU

P. T. Anl, P. T. Huu4, L. M. Phuc? and N. M. Q_uang3

Abstract: We present an autonomous drone control system developed on the Ryze Tello
EDU, a compact quadrotor manufactured by Shenzhen Ryze Technology Co., Ltd. with in-
tegrated DJI flight stabilization technology. The platform weighs approximately 80 g, carries
a bMP camera with 720p live view, and exposes a UDP-based SDK that accepts velocity
and displacement commands over a 2.4 GHz Wi-Fi link.

The demonstration presents a Python-based application that allows the drone to exe-
cute flight missions defined by user-specified coordinates. Rather than issuing individual
movement commands, a mission is described as an ordered sequence of waypoints in a three-
dimensional Cartesian coordinate system referenced to the takeoff position.

The mathematical foundation of the application is based on Euclidean geometry and
vector algebra. Each waypoint is represented as a point in R?, and the displacement vector
Ar = P41 — Py is computed between successive waypoints. The displacement components
are then transformed into executable SDK commands, providing a direct correspondence
between geometric vectors and physical drone movements while accounting for the coordinate
convention adopted by the DJI Tello SDK.

The software also includes automatic drone discovery on a PC-hosted Wi-Fi hotspot
through MAC-address identification and maintains communication throughout the mission
to improve operational reliability during indoor demonstrations.

At the workshop, the system will be demonstrated through a waypoint-based zig-zag
flight at a constant altitude. The demonstration illustrates how elementary concepts from
analytic geometry and vector mathematics can be applied to autonomous UAV navigation
using an educational drone platform.

L Tnstitute of Mathematical and Computational Sciences, Ho Chi Minh City University of
Technology, Vietnam National University Ho Chi Minh City
268 Ly Thuong Kiet St., Dien Hong Ward, Ho Chi Minh City, Vietnam
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An automated optical inspection system for transparent
material products based on robust statistics and deep
learning

N. K. Duyl 2, H. S. Tung!, P. H. Hanh! and L. H. Trang?

Abstract: We present an industrial Automated Optical Inspection (AOI) platform deployed
on production lines for precision optics in two configurations: lens inspection and glass-disk
inspection. The platform addresses the critical challenge of screening high-resolution (3000 x
3000) grayscale images for surface and edge defects, ranging from 3 to several hundred pixels,
within strict production takt times (< 1.5 s). While manual inspection lacks reproducibility,
purely deep-learning-based detectors either miss tiny defects or exceed allowable cycle-time
budgets. To resolve this trade-off, our hybrid design layers robust geometric modeling to
narrow the search space with an RTFormer deep segmentation backbone applied selectively
where maximum discriminative power is required. Industrial evaluation (N = 1776) confirms
an accuracy of 98.44% (Fi-score 0.9855) at a total cycle time of 556ms per part.

The platform is grounded in rigorous mathematical methodologies across feature extrac-
tion, anomaly detection, and decision fusion. First, concentric circular geometry is registered
by sampling along N radial rays; the radius is estimated via a median operator possessing
a 50% breakdown point to maintain insensitivity to surface defects, while center offsets
(dz,dy) are solved through a linearized first-harmonic model iterated to sub-pixel conver-
gence. Small surface defects are subsequently identified as outliers in a locally stationary
field using box-filter local moments, z = (I — 1) /0, gated on local means. For edge chipping,
unwrapped ring profiles are analyzed by fitting a low-pass Fourier baseline #() via iterative
reweighting, standardizing residuals through Median Absolute Deviation (1.4826 - MAD).
De- cisions across illumination modes are integrated via k-of-IN voting and grouped into
defect instances using DBSCAN density clustering.

To handle large input images, softmax posteriors pi from overlapping 1024 x 1024 RT-
Former patches are integrated using a mathematical patch fusion scheme. The fused poste-
rior is formulated as the convex combination P = ), w;p;/ >, w;, with weights defined by
Wi = WHann - (H(p;) + €)1 - Tsize. This formulation establishes a smooth partition of unity
using a Hann window Wiann, modulated by inverse Shannon entropy H(p) and a small-area
prior Tgize to eliminate boundary seam artifacts.

The platform includes a desktop application running on an Industrial PC (IPC), imple-
mented in C++ using Qt framework with custom CUDA kernels and TensorRT inference,
synchronized directly with line PLCs for real-time operation and full traceability

1 Next Robotics Joint Stock Company

Villa A4-2, EverRich 3 Residential Area, Phu Thuan St., Tan My Ward, Ho Chi Minh City,
Vietnam

zuan.kievvan@nextrobotics.io
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Nén tang thit nghiém diéu khién d6i hinh da may bay
khéng ngudi lai dua trén do thi trong sé ma tran va
diéu khién du bao phi tuyén

T. X. Trung!, T. K. Van!, L. H. P. Hanh!, V. T. Pat!, b. D. N. Anh?,
H. C. Dbat!, H. H. Minh!, N. H. Hoang! va D. N. Minh!

Tém tat: San pham 14 mot nén tang thit nghiem gém ba thiét bi bay khong ngudi 14i bon
canh quat véi khung sgi carbon kich thuéc 10 inch, st dung mach diéu khién bay Pixhawk
6X. Nén tang dugc thiét ké nhim kiém chiing bang thuc nghiem cac thuat toan didu khién
phdi hop cho he da tac tik, trong dé tuong tac gita cac tac tt duge moé hinh héa bing do
thi c6 trong s6 ma tran (matrix- weighted graph). Cach tiép can nay cho phép biéu dién
cac rang buoc diéu khién doi hinh theo nhiéu huéng va bac tu do khac nhau thong qua ma
tran Laplace suy rong ctia do thi, mé rong 1y thuyét dong thuan truyén théng vén diya trén
trong s6 vo huéng. Song song, bai toan diéu khién qui dao ctia timg téc tit duge giai bing
phuong phép diéu khién dir bdao theo mé hinh phi tuyén, t6i wu héa tin hieu diéu khién trén
mot tam dir bao hitu han duéi cac rang budc dong hoc va tranh va cham. Nén ting cung cap
moi truong bay thyc té dé danh gia tinh hoi tu, do bén vitng va hiéu nang thoi gian thuc
clia cac thuat toan trude khi trién khai trén doi hinh quy mo 16n hon, qua dé thé hien méi
lien két truc tiép gitta 1y thuyét do thi, t6i wu hoa va ting dung robot trong cong nghieép.

1 Khoa Co khi, Truong Dai hoc Bach khoa, Dai hoc Quéc gia Tp. H6 Chi Minh
268 Ly Thuong Kiet, Phuong Dien Hong, Tp. Ho Chf Minh, Viet Nam
minh.doan@hcmut. edu.vn

2 Pai hoc Fulbright Viet Nam
105 Ton Dat Tien, Phudng Tan My, Tp. H6 Chi Minh, Viét Nam
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IVS Smart Factory - M6 hinh nha may thong minh

Céng ty co phan Ivs!

Tém tat: Mo hinh sa ban IVS Smart Factory tryc quan héa mot hé sinh thai nha may
thong minh, mé phéng quy trinh van hanh vi quan 1y san xuit trong mai truéng nha may
hién dai. Giai phap tich hop da cong nghé, két néi IoT, Robotics, thiét bi khong ngudi 14i,
Al Big Data, ERP, MES, PLC va phan mém nhing (Embedded) trén mot he sinh théi
théng nhat, gitp liéen két con ngusi, may méc, thiét bi va dit lieu trong toan bo quy trinh
van hanh.

Thoéng qua viéc thu thap, két néi v phan tich dit lieu theo thdi gian thuyc, IVS Smart
Factory hd trg doanh nghiép tuy dong héa quy trinh san xuét, giam sit hoat dong ctia thiét
bi, quan ly v& truy xuit hang héa, t6i tu ngudn lyc vi nang cao hiéu sudt van hanh. Céc
thiét bi thong minh va robot dugc dua vao ting cong doan phit hop, gép phan chuyén déi
phuong thitc quan 1y tit thi cong sang van hanh s6 héa va ty dong hoéa.

Giai phap dugc thiét ké v6i kha nang tiy bién linh hoat theo dic thi clia ting doanh
nghiép, dya trén khao sat thyc té vé quy trinh san xuét v nhu cau quan ly. IVS Smart
Factory huéng dén xay dung mot nén tang chuyén ddi sb toan dién, gitp doanh nghiép ting
buéc nang cao ning lc quan 1y, t6i wu chi phi, ci tién quy trinh v huéng t6i mé hinh nha
mdy thong minh, linh hoat va bén viing.

1 180-182 Ly Chinh Thing, Phudng Nhieéu Loc, Tp. H6 Chi Minh, Viét Nam
https://indivisys.vn, vn_ sale@indivisys.vn
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VIET ROVER — Nén tang robot ché bén chan tu hanh
cho kiém tra va giam sat cong nghiép

Coéng ty Co phan Trung tam Xuit sic vé Robot Viét Nam!

Tém tat: VIET ROVER la nén tang robot ché bén chan tir hanh do VNX Robotics nghién
citu va phét trién, huéng dén cac ing dung kiém tra, giam sat va thu thap dit lieu trong moi
truong cong nghiép. Robot duge thiét ké nhim hd trg tu dong hoéa cac nhiem vu kiém tra
dinh k¥, gidm su phu thudc vao nhan lyc trong nhitng khu vie c¢6 diéu kien lam viéc phiic
tap hodc tiém an rii ro, dong thsi nang cao hiéu qua van hanh v quan ly nha may. Véi
thiét ké co dong va kha nang thich nghi véi nhiéu loai dia hinh, VIET ROVER c6 thé hoat
dong trong cac nha may, kho béi, cong trudng xay dung va cac khu viyc ngoai trdi. Nén tang
c6 trong luong 25 kg, tai trong 15 kg, thoi gian hoat dong tit 2 — 4 gio, téc do di chuyén t6i
da 1,5 m/s va duge thiét ké v6i 12 bac tu do (DOF), cho phép robot di chuyén 6n dinh va
linh hoat trén cac bé mat khac nhau. Hé théng duge trang bi cdc cAm bién gom LiDAR,
camera RGB, camera chiéu sau (Depth Camera) va IMU, két hgp véi nén tang tinh toan
NVIDIA Jetson Orin va phan mém ROS 2. Sy két hgp giita cac thanh phan phan cing va
phan mém nay cho phép robot thic hién cac chiic ning nhu diéu huéng ty dong, dinh vi va
xay dung ban do dong thoi (SLAM), tranh chuéng ngai vat, nhan thitc moi trudng bang tr
tué nhan tao va diéu khién tit xa. VIET ROVER dang tiép tuc dugc phét trién dé tich hop
céc chiic nang phuc vu kiém tra théng minh trong cong nghiép nhu nhan dien déng hd do
(Gauge Detection), giam sét hinh &dnh lién tuc, theo d6i doi tugng va thu thap di lieu phuc
vy cong tac quan ly, bdo trl vi van hanh thiét bi. V6i kién tric phan cing va phan mém
md, nén tang cho phép md rong va tich hgp nhiéu loai cAm bién hodc moé-dun chitc ning
khéc nhau, dap tng cac yéu cau nghién citu ciing nhu trién khai thuc té. VIET ROVER la
giadi phap phit hop cho cac tng dung trong kiém tra nha mé&y, gidm sat kho bai, tuan tra
an ninh, nghién ctu va dao tao, gép phan thic day qua trinh tu dong héa va chuyén doi sb
trong linh vyc cong nghiép.

1 180-182 Ly Chinh Thing, Phudng Nhiéu Loc, Tp. H6 Chi Minh, Viét Nam
https://vnxrobotics.com
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Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
hung.khuuhung1 70806 @hcmut. edu.vn

37. Pham Gia Hung

Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
hung.pham2452430uwu@hcmut. edu.vn

38. Nguyén Thi Thu Huong
Tién s

Dai hoc K§ thuat Lé Quy Don
nguyenhuong2308.mta@gmail.com
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39. Pham Thanh Hu
Thac si

Cong ty C6 phan IVS
pthuu0303Q@gmail.com

40. Phong Thi Thu Huyén

Tién si

Vién Toan hoc, Vién Han lam Khoa hoc va
Cong nghé Viet Nam
storm.phong000040@gmail.com

41. Dinh Hoang Duy Khanh

Ctt nhan

Trudng Dai hoc Bach khoa, PHQG-HCM
khanh.dinhhoangduy@hcmut.edu.vn

42. Tran Vi Khanh

Phé Giso su Tién si

Truong Dai hoc Quéc té, DHQG-HCM
tvkhanh@hcmiu. edu.vn

43. Tran V6 Anh Khoa
Thac si

Truong Dai hoc Ton Dic Thang
tranvoanhkhoa@tdtu. edu.vn

44. Nguyén Minh Khéi

Sinh vién

Trudng Dai hoc Bach khoa, PHQG-HCM
khoi.nguyenmkhoiil402@hcmut.edu.vn

45. Pham Lé Truong Kién

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
kien.phamlk258106@hcmut. edu.vn

46. Lieéu Tuan Kiét
Sinh vién

Truong Dai hoc Sai Gon
tuankiet9804@gmail.com

47. Ekatarina Kostina

Gido su Tién si

Dai hoc Heidelberg, Dric
ekaterina.kostina@iwr.uni-heidelberg. de

48. Nguyén Huynh Lam

Sinh vién

Trusng Dai hoc Bach khoa, DPHQG-HCM
lam.nguyenkl258106@hcmut.edu.vn
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49. Nguyén Quang Thanh Lam
Ctt nhan

Truong Dai hoc Su pham TP.HCM
nguyenlam4872015Q@gmail.com

50. Truong Vinh Lan

Tién si

Truong Dai hoc Bach khoa, PHQG-HCM
lantv@hcmut. edu.vn

51. Ha Manh Linh

Thac st

Trusng Dai hoc Cong nghé Thong tin,
DHQG-HCM / Truong Dai hoc Béch khoa,
DHQG-HCM

hmlinh.sdh231@hcmut.edu.vn

52. Luu Dinh Tién Loac

Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
loc. luudinhtien@hcmut. edu.vn

53. Nguyén Phuéc Loc

Tién si khoa hoc

Loc Nguyen’s Academic Network
ngphloc@gmajil.com

54. Phung Hoang Vinh Lgi

Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
loi.phung2746@hcmut. edu.vn

55. Nguyén Huynh Luan
Thac si

Truong Dai hoc Van Lang
nhluan.sdh2412@hcmut. edu.vn

56. Nguyén Minh Luan

Ci nhan

VNX Robotics
nguyenminhluan852004 Qgmail.com

57. Tran Quang Minh

Tién si

Trusng Dai hoc Bach khoa, DPHQG-HCM
tgminh@hcmut. edu.vn

58. Tran TuiAn Minh

Thac si

Truong Dai hoc Bach khoa, PHQG-HCM
ttminh.sdh242@hcmut. edu.vn
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59. Vi Anh My

Tién si

Dai hoc Ky thuat Le Quy Don
anhmy7284@Qgmail.com

60. Lé Nhut Nam

Thac si

Truong Dai hoc Khoa hoc Ty nhién, PHQG-
HCM

Innam@hcmus. edu.vn

61. Dinh Trung Nghia

Sinh vién

Truong Dai hoc Khoa hoc Ty nhién, PHQG-
HCM

dinghia30Q@gmail.com

62. Lé Trung Nghia

Thac si

Truong Dai hoc Ton Diic Thing
letrungnghia@tdtu. edu.vn

63. Tran Tuan Nghia

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
trantuannghia2457@gmail.com

64. Lé Dai Nghiép

Thac si

Trusng Dai hoc Nam Can Tho / Trudng Dai
hoc Bach khoa, DHQG-HCM
ldnghiep@nctu.edu.vn

65. V6 Nguyén Bao Ngoc

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
ngoc.v02452840@hcmut.edu.vn

66. Nguyén Minh Nguyén

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
nguyen.nguyenminh050406 @hcmut. edu.vn

67. Nguyén Thanh Nha

Phé Giso su Tién si

Trudng Dai hoc Bach khoa, PHQG-HCM
nhanguyen@hcmut. edu.vn

68. Lé Thi Yén Nhi

Thac si

Truong Pai hoc Bach khoa, PHQG-HCM
lethiyennhi@hcmut. edu.vn

69. Pramod Pal
Tién si

VNX Robotics
ppalgv@gmail.com

70. Dau Thé Phiét

Tién si

Truong Dai hoc Bach khoa, PHQG-HCM
dauthephiet@hcmut. edu.vn

71. Hoang Xuan Phu

Giao su Tién si khoa hoc

Vién Toan hoc, Vién Han lam Khoa hoc va
Cong nghé Viét Nam

hzphu@math.ac.vn

72. Lé Minh Phic
Ctt nhan

Cong ty C6 phan IVS
Imphuc.1387@gmail.com

73. Pham Phi Phugng

Tién si

Truong Dai hoc Xay dung Mién Tay
phiphuongarc@gmail.com

74. Lam Nhat Quan
Thac st

Gustave Eiffel University
Inquan.math@gmail.com

75. Ly Anh Quan

Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
quan.lyanh1506 @hcmut. edu.vn

76. Nguyén Minh Quan

Phé Gido su Tién si

Truong Dai hoc Qudc té, DHQG-HCM
quannm@hcmiu. edu.vn

77. Nguyén Quan

Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
quan.nguyenwolf@hcmut. edu.vn

78. Nguyén Minh Quang

Sinh vién

Trusng Dai hoc Bach khoa, DPHQG-HCM
quang.nguyencomeng24 @hcmut. edu.vn
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79. Lé Dinh Quyét

Thac si

Dai Khi tugng Thuy van khu viuc Nam BO,
Cuc Khi tugng Thiuy van

quyet.le74 @gmail.com

80. Toshiharu Sato
Founder & CEO

Cong ty FORCIX
toshi.sato@forcixinc.com

81. Nguyén Duy Tan

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
tan.nguyen2313054@hcmut.edu.vn

82. Nguyén Qudc Thing

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
thangnguyenquoc272Q@gmail.com

83. Dao Quang Thanh

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
thanh.daotremendous@hcmut. edu.vn

84. Hoang Thi Thanh

Sinh vién

Trudng Dai hoc Bach khoa, DPHQG-HCM
thanh.hoangthi811@hcmut.edu.vn

85. Nguyén Chi Thién

Thac si

Vién Nghién citu va Dao tao Viét - Anh, Dai
hoc Da Néng

ncthien.sdh242@hcmut. edu.vn

86. Nguyén Ngoc Thinh

Gi4o su Tién si khoa hoc

University of Applied Science Kufstein Tirol
thinhnguyen0168@gmail.com

87. Nguyén Van Gia Thinh

Thac si

Trudng Dai hoc Bach khoa, PHQG-HCM
nguyenvangiathinh@hcmut. edu.vn

88. Tran Sang Thinh

Sinh vién

Truong Pai hoc Bach khoa, PHQG-HCM
thinh.tran0612@hcmut. edu.vn

89. Tran Phuong Thuan

Sinh vién

Truong Dai hoc Bach khoa, DPHQG-HCM
thuan.trantpt060202@hcmut. edu.vn

90. Trang Bach Thudng

Sinh vién

Truong Dai hoc Bach khoa, PHQG-HCM
thuong.tranghcmut@hcmut. edu.vn

91. D6 Mai Thy

Sinh vién

Trusng Dai hoc Bach khoa, DPHQG-HCM
thy.do26072006@hcmut. edu.vn

92. Thach Thanh Tién

Tién si

Truong Dai hoc Ton Dic Thing
thachthanhtien@tdtu. edu.vn

93. Bui Thuy Trang

Thac si

Truong Dai hoc Ton Dic Thing
buithuytrang @tdtu. edu.vn

94. Lé Hong Trang

Phé Giso su Tién si

Truong Dai hoc Bach khoa, PHQG-HCM
Ihtrang@hcmut. edu.vn

95. Nguyén Minh Tri

Sinh vién

Trusng Dai hoc Bach khoa, DPHQG-HCM
tri.nguyend00201 @hcmut. edu.vn

96. Truong Van Tri

Tién si

Truong Dai hoc Bach khoa, PHQG-HCM
tritruongvan @hcmut. edu.vn

97. V6 Viét Tri

Phé Giao su Tién si

Truong Dai hoc Thit Dau Mot
trivv@tdmu. edu.vn

98. Pang Poan Cam Ta

Thac st

Truong Dai hoc Cong nghiep TP.HCM
dangdoancamitul 983@gmail.com
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99. Hoang Minh Anh Ta
Sinh vién
Truong Dai hoc Bach khoa, PHQG-HCM

tu.hoangma@gmail.com

100. Nguyén Anh Tuin

Thac si

Truong Pai hoc Bach khoa, PHQG-HCM
anhtuannguyen.nl10@gmail.com

101. Nguyén Hoang Tuin

Thac si

Trudng Dai hoc Bach khoa, PHQG-HCM
nhtuan.sdh231@hcmut. edu.vn

102. Pao Vian Tuyét

Tién si

Vién Tai nguyén Moi truong va Cong nghé Y
tin

tuyetdv@gmail.com

103. Huynh T6 Uyén

Tién si

Truong Dai hoc Kinh té - Luat, DHQG-HCM
uyenhtQuel. edu.vn

104. Nguyén Vi Gia Vang

Sinh vién

Trudng Dai hoc Bach khoa, PHQG-HCM
vang.nguyenvang1503@hcmut. edu.vn
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105. Bui Ddec Vinh

Tién si

Truong Dai hoc Bach khoa, DPHQG-HCM
vinhbd @hcmut. edu.vn

106. Dinh Phudc Vinh

Thac si

Phan hiéu Truong Dai hoc FPT tai TP.HCM
dpvinh.sdh251@hcmut. edu.vn

107. Pham Thé Vi

Sinh vién

Truong Pai hoc Khoa hoc Ty nhién, PHQG-
HCM

pthou2006@gmail.com

108. Ding Nguyén Tudng Vy

Sinh vién

Truong Dai hoc Bach khoa, DPHQG-HCM
vy.dangngtmel217@hcmut. edu.vn

109. Nguyén Hoang Yén
Thac st

Dai hoc Y Duge TP.HCM
nhyen.sdh231@hcmut. edu.vn
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