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An efficient method for matching 3D shapes using geometric

features
Sahand University Amirreza Amirfathiyan, Hossein Ebrahimnezhad”
of Technology
Computer Vision Res. Lab., Faculty of Electrical Engineering, Sahand University of
— Technology, Tabriz, Iran.
20.1001.1.23223146.1404.12.1.1.4 E-mails: a_amirfathiyan@sut.ac.ir; ebrahimnezhad@sut.ac.ir
Journal of Nonlinear
Systems in Electrical Abstract
Engineering In this article, an efficient method for finding the correspondence between 3D models containing dynamic and non-rigid
deformations is proposed, which uses the geometric features of the models. For this purpose, an intrinsic feature based on
Vol.12, No.1 geodesic distances of points is used and the effectiveness of the proposed method for matching three-dimensional shapes is
. shown. First, a set of landmarks (salient points or special points) are identified and selected by sampling the farthest point.
Spring and Summer 2025 Then, the feature matrix of the models is created based on the geodesic distance of the points of the 3D shapes from the
landmarks. In the following, a linear assignment problem is solved by applying the LAPJV algorithm, whose cost function
ISSN: 2322 — 3146 contains the feature matrix of the models. Conducting extensive tests on different models from the standard data set shows
X . the quantitative and qualitative superiority of the proposed method compared to other methods including approaches [48],
http:// jnsee.sut.ac.ir [50] and [60]. The results show that the proposed method achieves better results in accuracy and efficiency compared to the
methods [48], [50] and [60] on models with dynamic and non-rigid deformations and non-isometric cases.
Keywords

3D Shape Matching; Salient point Detector; Geodesic distance descriptor; Linear Assignment Problems using LAPJV
Algorithm; Non-isometric deformations

1. Short Introduction

Finding correspondence between 3D shapes is a fundamental task in geometric processing, with applications in shape
interpolation, reconstruction, and deformation transfer. Traditional methods, such as those relying on heat kernel signatures
or wave kernel maps, excel in isometric deformations but struggle with non-rigid, motional, and non-isometric changes due
to altered geodesic distances and computational complexity. This paper proposes an efficient approach using intrinsic
geometric features based on geodesic distances from salient points detected via farthest point sampling. The feature matrices
are matched through a linear assignment problem solved by the LAPJV algorithm, enhancing accuracy and efficiency.
Motivated by the need to address real-world challenges like severe pose variations and non-isometric deformations in standard
datasets, our method demonstrates superior quantitative and qualitative performance over existing techniques.

2. Proposed Work

The proposed method designs an efficient framework for 3D shape correspondence, comprising three key stages. First,
salient points are detected using farthest point sampling based on geodesic distances, approximated via average geodesic
distance (AGD) and Fast Marching algorithm, with 16 points selected to balance accuracy and computation. Second, feature
matrices are extracted by computing normalized geodesic distances from all vertices to these salient points, forming a robust
geometric descriptor. Third, correspondence is established by solving a linear assignment problem (LAP) using the LAPJV
algorithm, where the cost matrix derives from Euclidean differences between feature matrices, ensuring unique point-to-point
mappings with low complexity. Experimental evaluations were conducted on DT4D (non-rigid deformations) and SMAL
(non-isometric deformations) datasets, using MATLAB on a Core-i7 system. Quantitative results, based on geodesic error
curves, show the method achieves average geodesic errors of 0.071 on DT4D and 0.1718 on SMAL, outperforming baselines
(GDD [48], IDPC [50], and Zoom Out [60]). Area Under geodesic error Curve (AUC) exceed 85% on DT4D and 62% on
SMAL, with runtime around ~22 seconds per pair. Qualitative visualizations confirm superior matching in pose-variant and
species-differing (non-isometric) shapes. The findings highlight enhanced accuracy and efficiency for non-rigid, non-
isometric cases, attributed to intrinsic geodesic features and optimized assignment. Limitations include assumptions of
complete meshes and potential sensitivity to extreme outliers; future work will extend to partial/degraded shapes and integrate
post-processing for symmetry handling.

3. Conclusion

In this paper, an efficient method based on the LAPJV algorithm for linear assignment is proposed to establish unique
correspondences between points of 3D shapes using geodesic distance features from salient points. Evaluations on benchmark
datasets DT4D and SMAL demonstrate superior accuracy (lower average errors) compared to baselines (methods GDD [48],
IDPC [50], and Zoom Out [60]), alongside reduced computational complexity and faster runtime. Overall, the approach excels
in handling non-isometric deformations and pose variations.
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! Shape interpolation

2 Shape reconstruction
3 Texture transfer

4 Shape retrieval

5 Segmentation transfer
¢ 3D scan alignment

7 Deformation transfer
8 Symmetry detection

9 Change detection

10 Statistical modeling
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! Feature Matching Approaches
2 Sparse

* Dense

4 Landmark or Key points

5 Heat Kernel Signature

¢ Wave Kernel Maps
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3 Signature of Histograms of OrienTations (SHOT)
*# Geodesic Distance Descriptors
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! Iterative Closest Point Algorithm

2 Functional Map Methods

3 Functional Map Networks

4 Deep Orientation-aware Functional Map Networks
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23.

24.

25.

26.

27.
28.

29.
30.
31.
32.
33.
34.
35.

. #if !defined TRUE

. #define TRUE 1

. #endif

. #if !defined FALSE

. #define FALSE 0

. #endif

[k DATA TYPES #kiiiikkkokok
. typedef int boolean;

. #define B le5

. #define resolution le-4

sk TYPRS ks koo /

. typedef int Row;

. typedef int Col;

. typedef double Cost;

. Cost lap(int n,Cost **costofassign,Col *Rowsol,Row *Colsol,Cost *u,Cost *v)
A

. boolean unassign;

. Row 1, imin, numf = 0, prvnumf, f, i0, k, fRow, *pred, *fr;
. Col j,jl1,j2, endofp, last, low, up, *Collist, *match;

. Cost min, h, umin, usubmin, v2, *d;

. fr = new Row[n]; T a3l awads o Cassy 5 i

Collist =new Col[n]; // 3l jewess odd Sl cbs & s | 2ud
match =new Col[n];  // il Lewass (a5 &K oS Slads sl 3ol
d =new Cost[n]; 1o 585 36 55 s duwloes (5] ahuols e
pred = new Row[n]; 11 585 56 55 O g (&) slads Csdy juice
..aj.i‘_gaa:\:gtﬂﬁ\aj:ﬂﬂlf&f):@:)dii)l{x{&;ﬂ&fj
for (1=0;1<n;it++)
match[i] = 0;
O s oS - e
for (j =n-1;j>=0; j--)
{ min = costofassign[0][j]; imin = 0;
for 1=1;1i<n;it++)
if (costofassign[i][j] < min)
{ min = costofassign[i][j]; imin =i;}

v[j] = min;
if (++match[imin] == 1)

36.{ Rowsol[imin] = j; Colsol[j] = imin;}
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37. else
38. Colsol[j] =-1;}

sl Jlasl al> e

39. for (i=0;1<n;it+)
40. if (match[i] == 0)
41.  fr[numf++] =1;
42. else
43.  if (match[i] == 1)
44.  {jl =Rowsol[i]; min = B;
45. for j=0;) <n;j++)
46. if j !1=j1)
47. if (costofassign[i][j] - v[j] < min)
48. min = costofassign[i][j] - v[j]; v[j1] = v[j1] - min;

49. }
SR () SalS de

50. int loopent = 0;

51. do

52. { loopcnt++;k = 0; prvnumf = numf; numf = 0;

53. while (k < prvnumf)

54. {i=fr[k]; k++; umin = costofassign[i][0] - v[0]; j1 = O; usubmin = B;
55. for(=1;j<n;j+t)

56.  { h=costofassign[i][j] - V[j];

57. if (h <usubmin)

58. if (h >= umin)

59. { usubmin = h; j2 =j;}

60. else

61. { usubmin = umin; umin = h; j2 =j1; j1 =j;}
62. }

63. 10 = Colsol[j1];

64.  if (usubmin-umin> resolution)
65. v[j1]=v[j1] - (usubmin - umin);
66. else

67. if (10 >= 0)

68. {j1=j2;10 = Colsol[j2];}

69. Rowsol[i] =j1; Colsol[j1]=1;

70. if 10 >=0)

71. if (usubmin-umin>resolution)
72.  fr[--k] =10;

73.  else

74. fr[numf++] = 10;

75. }

76. }

77. while (loopcnt < 2);
wls jeeds gl (s gl 2lal SNl b s 5B

78. for (f = 0; f <numf; f++)

79. { fRow = fi[f];

80. for (j=0;j<n;j++)

81. {d[j] = costofassign[fRow][j] - v[j]; pred[j] = fRow; Collist[j] = j;}
82. low = 0; up = 0; unassign = FALSE;

83. do
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84. {

85. if (up ==low)

86. { last =low - 1; min = d[Collist[up++]];
87.  for (k=up; k <n; k++)

88. {j = Collist[k]; h=d[j];

89. if (h <= min)

90. {

91. if (h <min)

92. {up = low; min = h;}

93. Collist[k] = Collist[up]; Collistfup++] =j;}
94. }

95. for (k = low; k <up; k++)
96. if (Colsol[Collist[k]] < 0)
97. { endofp = Collist[k]; unassign = TRUE;break;}

98.
99. if (lunassign)
100. ¢

b 0k Sl 0 g o 5 0k Sl (gla 0 g2 oS 5 (FROW) ol e o ol Sl 3,5 &

101.  j1 = Collist[low]; low++; i = Colsol[j1]; h = costofassign[i][j1] - v[j1] - min;
102. for (k =up; k <n; k++)

103. {

104. j = Collist[k]; v2 = costofassign[i][j] - V[j] - h;

105. if (v2 <d[j])

106. {

107. pred[j] =1;

108. if (v2 == min)

109. if (Colsol[j] < 0)

110. { endofp = j; unassign = TRUE; break;}
111. else

112. { Collist[k] = Collist[up]; Collist[up++] =7j;}
113. dj] =v2;

114. }

115. }

116. }

117. }

118. while (lunassign);
e O Sl Sy Sam @

119. for (k = 0; k <= last; k++)

120. {
121.  j1 =Collist[k]; v[j1] = v[j1] + d[j1] - min;}
122. do

123. {i=pred[endofp]; Colsol[endofp] =i;j1 = endofp; endofp = Rowsol[i]; Rowsol[i] =j1;}
124. while (i !=fRow);
125.}

A 4 3B dawslons

126. Cost lapCost = 0;

127. for (i=0; 1 <n; i++)

128.{j = Rowsol[i]; u[i] = costofassign[i][j] - v[j]; lapCost = lapCost+costofassign[i][j];}
129. delete[] pred;delete[] fr;delete[] Collist;delete[] match;delete[] d;

130. return lapCost;}
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Abstract

Nowadays, abnormal and unconventional driver behaviors have become a serious challenge in society, necessitating
fundamental solutions and preventive programs. Lack of vehicle control skills, fatigue, drowsiness, and distraction are among
the most common causes of traffic accidents. In computer vision, detecting abnormal driver behaviors is both crucial and
challenging. Therefore, our goal is to identify abnormal driver behaviors using computer vision techniques, including driver
drowsiness, smoking, and mobile phone usage while driving. In this study, we employ two feature extraction methods: Local
Binary Patterns (LBP) and Histogram of Oriented Gradients (HOG) to detect abnormal driver behaviors. The first step involves
detecting the driver's face, which is identified using 68 key facial landmarks. The face is then divided into four regions: eyes,
mouth, right ear, and left ear. In the first method, feature extraction is performed using the LBP algorithm for each behavior,
followed by classification using a Support Vector Machine (SVM). In the second method, feature extraction is conducted using
HOG, and the extracted features are classified with an SVM. The results indicate that the HOG-based feature extraction method
improves classification accuracy in the SVM model, achieving better performance compared to LBP features.

Keywords
Drowsiness; Driver Safety; Machine Learning; Local Binary Patterns; Histogram of Oriented Gradients

1.  Short Introduction

Driver distraction detection is a crucial aspect of advanced driver assistance systems aimed at improving transportation safety.
Research has concentrated on analyzing driver eye behavior and head movements, utilizing systems like PERCLOS to measure
eye closure. Recent advancements include the application of Convolutional Neural Networks (CNNs) and deep learning models
such as ResNet and MobileNetV2 to identify distraction patterns. Additionally, studies have tackled challenges in monitoring
driver behavior, including visibility obstructions and lighting conditions. Computer vision-based methods have been proposed to
effectively detect drowsiness and distraction in drivers.

2.  Proposed Work

The proposed method for detecting the driver's status and state involves several steps. First, face detection is performed as the
main preprocessing step. After detecting the face, key facial points are extracted, marking the boundaries of facial components
such as the eyes, eyebrows, nose, mouth, and jaw. Mapping these points onto the driver's face image allows for precise
segmentation of various facial regions. To assess the driver's facial condition and analyze features related to fatigue and
distraction, detailed segmentation of areas including the left eye, right eye, left eyebrow, right eyebrow, nose, mouth, left ear,
right ear, and jaw is conducted.

Once the facial regions are separated, image features need to be extracted for analyzing and classifying driver behavior. In this
phase, two methods, Histogram of Oriented Gradients (HOG) and Local Binary Patterns (LBP), are used for feature extraction.
After extracting features from each facial region, these features are classified using a Support Vector Machine (SVM) algorithm.
With the extracted features and the SVM model, different driver states are identified to determine if the driver is experiencing
fatigue or distraction.

To evaluate the effectiveness of the proposed method, classification accuracy results for the two feature extraction methods,
HOG + SVM and LBP + SVM, are compared. The average accuracy of 88.5% for the HOG feature extraction method with SVM
classification demonstrates superior performance due to its ability to extract structural facial features for detecting driver fatigue
and distraction. Overall, HOG + SVM performs significantly better than LBP + SVM, which achieves average accuracy of 61.5%,
indicating lower efficiency in detecting various facial states.

Although the proposed method relies on manually extracted features like HOG + SVM, it has limitations compared to deep
learning-based approaches. Deep networks can learn abstract and complex features, showing better performance under varying
lighting conditions, different angles, and random driver movements through techniques such as data augmentation and adaptive
learning. Furthermore, hybrid models with advanced settings like multi-objective optimization and adaptive learning enhance
detection accuracy. For instance, CNN-LSTM models can analyze temporal changes in driver behavior, while the HOG + SVM
method only analyzes static facial features.

3.  Conclusion

In conclusion, this study addresses the critical challenge of detecting driver fatigue and distraction to enhance road safety.
Our proposed image processing-based system, which includes face detection, facial component segmentation, and driver status
classification, achieved an accuracy of 88.5% with the HOG + SVM method, outperforming LBP + SVM at 61.5%. While HOG
+ SVM is a fast and cost-effective solution, it has limitations under severe environmental changes compared to deep learning
approaches. Advanced models like ViT and CNN + LSTM offer higher accuracy but are less suitable for embedded systems due
to their high computational requirements. Future research should explore hybrid models that integrate traditional feature
extraction with neural networks to improve the accuracy and robustness of driver distraction detection systems.
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2 Electroencephalography

3 Electromyography

4 Electrooculography

5> Electrocardiography

¢ Scale-Invariant Feature Transform

7 Speeded-Up Robust Features

8 Histogram of Oriented Gradients
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. Abstract
Journal of Nonlinear This paper presents an integrated framework for mobile robot navigation in indoor environments, based on the fusion of

the Extended Kalman Filter (EKF) and the Rapidly-exploring Random Tree* (RRT) algorithm. The objective of this hybrid

Systems in Electrical rec ha / o rE o .
approach is to simultaneously enhance path planning accuracy and localization precision under conditions of sensor noise

Engmeenng and dynamic, uncertain obstacles. Initially, the RRT algorithm generates an optimal path from the start to the goal point,
considering existing obstacles. Subsequently, for high-accuracy path following, the robot's position is estimated in real-time

Vol.12, No.1 using the EKF. In this method, the prediction step of the filter relies on the robot's kinematic model and odometry data, while
Spring and Summer 2025 the update step is performed using Lidar sensor measurements. The precise localization provided by the EKF enables the

robot to follow the proposed RRT* path with minimal error. A key feature of this framework is the closed-loop interaction
ISSN: 2322 — 3146 betwe_en localizati_on and.path planning; if the estimation error i‘ncrfzases or unexpected environmgn_tal changes.o_ccqr, the path
. planning process is reactivated by the RRT* module. This design increases the system's adaptability and stability in the face
of environmental uncertainties. Simulation results demonstrate that this framework significantly improves localization
accuracy, achieving a Root Mean Square Error (RMSE) of less than 0.055 and a 73% increase in precision compared to pure
odometry. Furthermore, the paths generated by RRT* show considerable improvement in length, smoothness, and safety over
those produced by the basic RRT algorithm.

Keywords

Extended Kalman Filter; Indoor Environments; Sampling-based Algorithms; Rapidly-exploring Random Tree; Mobile Robot
Localization.

http:// jnsee.sut.ac.ir

1. Short Introduction

Accurate localization of mobile robots in unknown or dynamic environments remains a fundamental challenge in autonomous
navigation. While common methods like odometry suffer from cumulative error, and advanced filters like EKF improve
estimation, they often operate independently of path planning. Similarly, path planners like RRT* may generate inefficient
routes if the robot's positional uncertainty is high. This paper is motivated by the need to bridge this gap, proposing a novel
closed-loop EKF-RRT* framework that synergistically integrates precise, real-time state estimation with reactive and optimal
path planning to enhance overall navigation robustness in complex indoor settings.

2.  Proposed Work

The proposed system establishes a closed-loop integration between an Extended Kalman Filter (EKF) for localization and a
Rapidly-exploring Random Tree (RRT*) algorithm for path planning. The EKF fuses noisy wheel odometry data with Lidar
measurements to provide a reliable real-time pose estimate and, crucially, a measure of estimation uncertainty (covariance).
The RRT module uses this estimated position to generate an optimal, collision-free path. The core innovation is the feedback
link: if the positional uncertainty from the EKF exceeds a threshold—indicating potential localization drift or new obstacles—
the system triggers the RRT* to replan a new path from the robot's current estimated location. This ensures the path remains
feasible despite uncertainties.

Simulation results in indoor environments validate the framework's superiority. The EKF-based localization achieved a Root
Mean Square Error (RMSE) of 0.055, outperforming pure odometry where error grew unbounded. The closed-loop interaction
produced paths that were not only collision-free but also 73% more accurate in tracking compared to odometry. The paths
were shorter and smoother than those from a standard RRT, as frequent replanning from accurate poses led to more efficient
tree growth and obstacle avoidance.

3.  Conclusion

This paper successfully developed and validated a hybrid EKF-RRT* framework for robust mobile robot navigation. The
closed-loop design synergizes high-precision localization with adaptive path planning, where each module informs and
improves the other. Key results demonstrate a 73% increase in localization accuracy over odometry and the generation of
safer, more optimal paths. The proposed system represents a significant step toward reliable autonomous navigation for
service, industrial, and rescue applications in uncertain indoor environments.
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Depth-Constrained Control of an Autonomous Underwater
Vehicle Based on a Generalized Model Predictive Controller:
Processor-in-the-Loop Implementation
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DOR:

Faculty of Electrical and Computer Engineering. Malek Ashtar University of Technology,
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Tehran, Iran

Journal of Nonlinear

Systems in Electrical Abstract
Englneerlng Precise control of Autonomous Underwater Vehicle (AUV) is of great importance due to their wide application in various
Vol.12, No.1 fields for tracking the path. This paper uses generalized predictive control to design and implement a processor in the loop
controller for controlling the depth of an AUV. For this purpose, first, six degrees of freedom equations for the subsurface
Spring and Summer 2025 are presented and by linearizing them, the continuous-time state space equations of the AUV are extracted and by discretizing

these equations, the discrete-time state space equations for the controller design are obtained. The performance of the designed
ISSN: 2322 — 3146 . . . . . . - .
controller in two unconstrained and constrained cases in the presence of actuator saturation on the linear model is investigated.
http:// jnsee.sut.ac.ir Also, the performance of the proposed controller in the presence of disturbance is also investigated. For comparison, the
performance of the controller designed with a linear quadratic regulator controller is also shown. Sensitivity analysis to
changes in the predictive horizon and the presence of measurement noise is also shown. Finally, by implementing the
processor in the loop test, the ability to implement the controller in a real-time environment has been investigated, and the
results show the ability to implement the controller on hardware in real time. Keywords Autonomous Underwater Vehicle,
Generalized Model Predictive Control, Processor-in-the-Loop Implementation, Depth-constrained control, Disturbance.

Keywords

Autonomous Underwater Vehicle, Generalized Model Predictive Control, Processor-in-the-Loop Implementation, Depth-
constrained control, Disturbance.

1.  Short Introduction

Autonomous Underwater Vehicles (AUVs) are regarded as key tools for the exploration and exploitation of underwater
environments and therefore require accurate and reliable control systems. The complexity of motion dynamics, environmental
disturbances, and practical constraints makes the design of advanced control strategies essential. In this context, predictive
control has attracted considerable attention as an effective approach in recent studies.However, challenges such as actuator
saturation, model uncertainties, and real-time implementation still remain. Consequently, evaluating the performance and
practical implementability of predictive controllers is of significant importance.

2.  Proposed Work

In this study, a Generalized Predictive Control (GPC) approach is developed for AUV depth control. The vehicle dynamics
are modeled, linearized, and discretized to design the controller. The controller performance is evaluated under constrained
and unconstrained conditions in the presence of actuator saturation, disturbances, and measurement noise, and is compared
with an LQR controller. Finally, the real-time feasibility of the proposed method is assessed using a Processor-in-the-Loop
test.

3.  Conclusion

In this paper, a Generalized Predictive Control approach is designed and implemented for the depth control of an Autonomous
Underwater Vehicle. First, the six-degree-of-freedom dynamic equations of the vehicle are developed and linearized to obtain
a state-space model. The controller performance is evaluated in both constrained and unconstrained cases in the presence of
actuator saturation and disturbances, and is compared with a LQR. A sensitivity analysis with respect to the prediction horizon
and measurement noise is also conducted, demonstrating that increasing the prediction horizon reduces system overshoot.
Finally, a Processor-in-the-Loop implementation confirms the real-time hardware feasibility of the proposed controller.
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1 Autonomous underwater vehicle (AUV)
2 Linear Quadratic Regulator (LQR)

3 Actor-Model-Critic

4Model Proximal Policy Optimization
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Journal of Nonlinear
Systems in Electrical

En gine ering Abstract
Vol.12. No.1 Vehicle detection from images is one of the key applications of computer vision in fields such as military systems, urban
of.12, No. surveillance, transportation, and safety. In this study, an improved version of the YOLOvV4 algorithm is proposed for vehicle
Spring and Summer 2025 detection. The main innovation lies in the combination of two optimizers, ADAM and SGDM, to enhance the training speed
and stability, along with the design of a lightweight post-processing algorithm, called IASD, for eliminating redundant and
ISSN: 2322 — 3146 noisy bounding boxes. The proposed method was evaluated on a large-scale dataset, and the results showed that, compared

http:// jnsee.sut.ac.ir with the original YOLOV4, significant improvements were achieved in both detection accuracy and speed. This outcome

indicates that the proposed version can be a suitable option for real-time and resource-constrained systems such as UAVs and
surveillance platforms. Moreover, the introduction of a lightweight and hardware-friendly post-processing algorithm
distinguishes this research from similar studies. The results of this work can serve as a foundation for developing safer and

more efficient applications in intelligent transportation and autonomous systems.
Keywords

Vehicle detection, YOLOv4, ADAM, SGDM, IASD algorithm

1. Introduction

Vehicle detection is a critical task in computer vision for applications like surveillance and autonomous systems. While
YOLOV4 offers a balance of speed and accuracy, newer versions demand significant computational resources. This paper
aims to enhance YOLOV4's performance for resource-constrained, real-time systems by addressing its training stability and
post-processing efficiency. The proposed modifications focus on optimizing the learning process and refining detection
outputs to achieve higher accuracy without heavy hardware reliance.

2.  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

The core of the proposed work involves two key innovations integrated into the YOLOv4 framework. First, a novel hybrid
optimizer combining ADAM and SGDM is employed to accelerate training convergence and improve stability, as evidenced
by a faster and lower training loss curve compared to the standard model. Second, a lightweight post-processing algorithm
named IASD is designed to filter out redundant, noisy, and low-confidence bounding boxes through steps like confidence
thresholding, Non-Maximum Suppression (NMS), and box merging. This significantly enhances detection precision.The
method was evaluated on a large-scale dataset. Results demonstrate that the proposed YOLOvV4+IASD model achieves a
notable improvement over the original YOLOv4, increasing mAP (IoU=0.5) from 83.3% to 90.1% and mAP (1oU=0.5:0.95)
from 66.0% to 68.4%, while maintaining a practical speed of 70 FPS on CPU-limited hardware. This performance is
competitive with newer models like YOLOvVS5/v7/v8, which require GPUs for their superior FPS. The discussion highlights
that this makes the proposed model a suitable and efficient choice for embedded and real-time applications such as UAVs
and urban surveillance systems.

3. Conclusion

This paper presented an enhanced YOLOV4 algorithm for vehicle detection, achieving a significant balance between accuracy
and computational efficiency. The integration of a hybrid ADAM-SGDM optimizer and the novel IASD post-processing
algorithm led to measurable improvements in both mAP and training convergence speed. While newer YOLO variants excel
on GPU hardware, the proposed method's lower resource requirements make it exceptionally viable for real-time, embedded
applications like drones and intelligent transportation systems, bridging the gap between high performance and practical
deployability.
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Journal of Nonlinear

Systems in Electrical Abstract
Engineering With the rapid development of power generation technology and the increasing demand from power users, interconnected
multi-area power systems have become a development trend. In this paper, an adaptive model predictive control scheme is
Vol.12, No.1 proposed for the load frequency problem of an interconnected multi-area power system in the presence of parameter
variations. The controller includes an autoregressive with exogenous inputs (ARX) model, a linear time-varying Kalman filter
Spring and Summer 2025 (LTVKEF), and a recurrent polynomial model estimator (RPME) algorithm. A reduced-order ARX model of the original power
system is identified using the recurrent polynomial model estimator and is used as the system prediction model in the adaptive
ISSN: 2322 — 3146 model predictive control. The system state variables are observed using a linear time-varying Kalman filter, and the
X . constrained receding horizon optimization problem is solved by quadratic programming. In addition to estimating a reduced-
http:/ / Jnsee.sut.ac.1r order model, the future control sequence is estimated using Laguerre basis functions to reduce the computational burden.

Numerical simulations show that the proposed adaptive model predictive control is more efficient in rejecting load
disturbances in power systems with time-varying parameters compared to other control schemes.

Keywords

Load frequency control; Adaptive model predictive control; Recursive polynomial model estimator; Autoregressive with
exogenous inputs model; Linear time-varying Kalman filter.

1. Short Introduction

Load—frequency control (LFC) is critical in multi-area power systems, but high renewable penetration reduces inertia and
challenges conventional PI/PID controllers. Model predictive control (MPC) improves performance and handles constraints,
yet standard MPC faces high computational load and limited robustness. This paper proposes an adaptive MPC (AMPC)
using a reduced-order data-driven model and time-varying Kalman filter to enhance robustness and reduce computation. The
approach is validated on a three-area thermal system under load disturbances and generation constraints, outperforming
standard MPC and PID control.

2. Proposed Work

In this paper, an adaptive model predictive control (AMPC) strategy is proposed for load-frequency control in a multi-area
interconnected power system, effectively addressing both parametric variations and load disturbances. Initially, a reduced-
order ARX model of the primary power system is identified offline using a recursive polynomial model estimator, which
captures the essential dynamic characteristics of each control area while substantially reducing computational complexity.
This simplified model enables efficient prediction of future system behavior, maintaining sufficient fidelity for accurate
control design. In each sampling instant, the predictive controller updates the model online, allowing continuous adaptation
to real-time variations in system parameters, generation conditions, and external disturbances. A time-varying Kalman filter
(LTVKEF) is integrated to provide precise estimation of both measurable and unmeasurable system states, mitigating the
effects of sensor noise and unmodeled dynamics. The AMPC controller explicitly enforces input constraints and rate-of-
change limits while regulating frequency deviations and tie-line power flows across multiple areas, ensuring safe and stable
operation under varying load conditions. To achieve this, the control law leverages Laguerre functions to efficiently compute
future control sequences, significantly reducing online computational burden compared to standard MPC. The proposed
approach is particularly suitable for modern power grids with high penetration of renewable energy sources, where system
uncertainties and load fluctuations are frequent. Numerical simulations are performed on a three-area interconnected power
system under two scenarios: nominal parameters and parametric variations of up to 20% in generator and turbine time
constants, inertia, and damping coefficients. The AMPC performance is compared against standard MPC and conventional
PID controllers. Results demonstrate that the proposed AMPC substantially reduces overshoot, settling time, and control
errors for all monitored variables, while providing smoother and faster dynamic responses even under continuous disturbances
and parametric uncertainties. Moreover, the controller exhibits strong robustness to variations in system parameters,
maintaining superior frequency regulation and tie-line power control. Computationally, AMPC achieves near-PID efficiency
while delivering advanced predictive capabilities. These findings highlight that the proposed adaptive MPC not only improves
dynamic performance and stability in multi-area power systems but also offers a practical and reliable alternative to traditional
PID controllers, especially for modern power networks facing uncertain and time-varying operating conditions. The proposed
methodology can also be extended to larger-scale multi-area networks, providing a scalable and adaptable framework for
future smart grid applications, including automated load management and integration of distributed energy resources.
Additionally, the adaptability of the controller ensures long-term reliability and resilience, crucial for maintaining power
quality in the presence of unexpected disturbances or component failures. Furthermore, the AMPC framework facilitates
coordination between control areas, enhancing system-wide stability and minimizing inter-area oscillations. The approach
also supports future integration with real-time monitoring and predictive analytics, enabling proactive control actions in
response to forecasted load or generation variations. Overall, this study establishes a comprehensive strategy for adaptive,
high-performance, and resilient load-frequency control in modern interconnected power systems.

3. Conclusion

An adaptive MPC was proposed for LFC in multi-area interconnected power systems under parameter variations. A reduced-
order ARX model was identified offline using a recursive polynomial estimator and updated online at each step, while a linear
time-varying Kalman filter estimates system states. Compared to standard MPC and PID control, the proposed AMPC reduces
computational burden and enhances dynamic performance, including faster settling time, lower overshoot, and improved
disturbance rejection. Results demonstrate that AMPC is a robust, efficient, and practical alternative to conventional PID
control for modern complex power systems.
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