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ABSTRACT— Object tracking plays a critical role in 

computer vision applications, including autonomous 

driving, surveillance, and human-computer 

interaction. Traditional tracking methods using 

Kalman Filters (KF) excel in predicting object motion 

but are sensitive to occlusions, appearance changes, 

and background clutter. Recent advances in deep 

learning have introduced robust feature extractors 

capable of capturing high-level semantic 

representations, which, when integrated with KF-

based motion models, can significantly enhance 

tracking accuracy and robustness. This paper presents 

an enhanced object tracking framework that 

combines the predictive capabilities of Kalman Filters 

with discriminative deep features extracted from 

convolutional neural networks (CNNs).  

The hybrid model addresses common challenges in 

real-world tracking scenarios such as abrupt motion, 

scale variations, and partial occlusions. Simulation 

experiments were conducted on benchmark datasets 

such as MOT16 and KITTI, demonstrating 

improvements in tracking precision, Multiple Object 

Tracking Accuracy (MOTA), and ID switch reduction 

compared to standalone KF and deep learning-based 

trackers. Statistical analysis reveals that the 

integration of deep features with KF yields an average 

14.6% improvement in tracking accuracy across 

varied environmental conditions. The proposed 

approach shows promising potential for deployment in 

real-time intelligent vision systems. 
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INTRODUCTION 

Object tracking is a cornerstone task in the domain of 

computer vision, where the objective is to locate and 

follow objects over time across video frames. It finds 

extensive applications in intelligent transportation 

systems, robotics, security surveillance, sports analytics, 

and augmented reality. The challenges in object tracking 

stem from diverse factors such as motion blur, occlusion, 

varying illumination, non-linear motion, and background 

clutter. 

http://www.ijarcse.org/
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Fig.1 Enhanced Object Tracking,Source([1]) 

Kalman Filters (KF) have been widely used for motion 

prediction in tracking systems owing to their recursive 

and computationally efficient nature. They operate under 

the assumption of Gaussian noise and linear motion, 

enabling fast updates and predictions for real-time 

applications. However, pure KF-based tracking often 

struggles when the object undergoes abrupt motion 

changes or significant appearance variations. 

 

Fig.2 Object Tracking Using Kalman Filters,Source([2]) 

On the other hand, deep learning-based feature 

extraction, especially through Convolutional Neural 

Networks (CNNs), has shown remarkable capabilities in 

capturing rich spatial and semantic information about 

objects. Such features can provide robust re-identification 

and discrimination between similar objects. Yet, deep 

trackers often suffer from computational overhead and 

may fail in predicting occluded or temporarily missing 

objects without motion modeling. 

The motivation of this research is to bridge the gap 

between these two paradigms—leveraging KF’s 

predictive motion modeling and deep features’ 

representational robustness—to develop a hybrid tracker 

that excels in both accuracy and efficiency. The proposed 

methodology integrates deep features into the 

measurement update stage of KF, thereby enhancing state 

estimation even under challenging visual conditions. 

LITERATURE REVIEW 

Research in object tracking has evolved across three 

major categories: 

1. Traditional model-based tracking 

2. Data-driven deep learning trackers 

3. Hybrid trackers 

2.1 Kalman Filter-Based Tracking 

Since its introduction in 1960 by R.E. Kalman, the 

Kalman Filter has been a workhorse for linear state 

estimation. In visual tracking, KF predicts the next state 

of an object based on its previous state and updates the 

prediction using current measurements. For example, 

Welch & Bishop (1995) described KF for real-time 

tracking in dynamic systems. While effective for smooth, 

linear motion, KF falters with non-linear trajectories, 

often requiring adaptations like the Extended Kalman 

Filter (EKF) or Unscented Kalman Filter (UKF). 

2.2 Deep Learning in Object Tracking 

Deep learning approaches, notably Siamese Networks 

(Bertinetto et al., 2016) and Deep SORT (Wojke et al., 

2017), have demonstrated robust feature learning for 

tracking-by-detection pipelines. These models excel in re-

identifying objects across frames, even after long-term 

occlusions. However, they require significant 

computational resources and often lack explicit motion 

modeling, leading to tracking drift. 

2.3 Hybrid Kalman + Deep Feature Approaches 

Integrating KF with deep features has gained attention for 

real-time applications. Deep SORT (Simple Online and 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mdpi.com%2F1424-8220%2F22%2F23%2F9106&psig=AOvVaw1ZYE_1gbyCrO7xmA4EFd0t&ust=1754941230987000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCJCrrcSAgY8DFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs00138-024-01644-x&psig=AOvVaw1ZYE_1gbyCrO7xmA4EFd0t&ust=1754941230987000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCJCrrcSAgY8DFQAAAAAdAAAAABAK
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Realtime Tracking) augments KF predictions with deep 

feature-based appearance matching. Such integration 

mitigates KF’s reliance solely on spatial coordinates, 

improving robustness. Yet, existing approaches often 

limit feature integration to a post-processing stage rather 

than embedding it deeply within the KF’s measurement 

update equations. 

2.4 Research Gap 

Most hybrid methods either prioritize motion modeling or 

appearance matching, rarely optimizing both 

concurrently. Additionally, computational efficiency 

remains a challenge for real-time deployment in resource-

constrained environments. This study addresses these 

gaps by proposing an optimized fusion of KF with 

compact deep features, processed through dimensionality 

reduction techniques to maintain real-time performance. 

METHODOLOGY 

The proposed Enhanced Object Tracking Framework 

is designed to combine the strengths of KF’s motion 

prediction and CNN-based deep feature representation. 

3.1 System Architecture 

1. Object Detection Stage: Pre-trained object 

detector (YOLOv5) identifies bounding boxes 

for objects of interest in each frame. 

2. Feature Extraction: CNN (ResNet-50 

backbone) extracts high-dimensional feature 

vectors from detected object crops. 

3. Dimensionality Reduction: Principal 

Component Analysis (PCA) compresses features 

to reduce computational cost while retaining 

discriminative power. 

4. Kalman Filter Motion Prediction: 

o State vector: [x,y,w,h,x˙,y˙,w˙,h˙][x, y, 

w, h, \dot{x}, \dot{y}, \dot{w}, 

\dot{h}] 

o Prediction step: Estimates object state 

in the next frame. 

o Update step: Incorporates new 

measurements (bounding box 

coordinates + deep features similarity 

scores). 

5. Data Association: Hungarian algorithm assigns 

detections to predicted tracks based on a cost 

function combining Mahalanobis distance 

(motion) and cosine similarity (appearance). 

6. Track Management: Initiates, updates, or 

terminates tracks based on detection consistency. 

3.2 Mathematical Model 

The KF equations are: 

• Prediction: 

x^k∣k−1=Fkx^k−1∣k−1+Bkuk\hat{x}_{k|k-1} = F_k 

\hat{x}_{k-1|k-1} + B_k u_k 

Pk∣k−1=FkPk−1∣k−1FkT+QkP_{k|k-1} = F_k P_{k-1|k-

1} F_k^T + Q_k  

• Update: 

Kk=Pk∣k−1HkT(HkPk∣k−1HkT+Rk)−1K_k = P_{k|k-1} 

H_k^T (H_k P_{k|k-1} H_k^T + R_k)^{-1} 

x^k∣k=x^k∣k−1+Kk(zk−Hkx^k∣k−1)\hat{x}_{k|k} = 

\hat{x}_{k|k-1} + K_k(z_k - H_k \hat{x}_{k|k-1}) 

Pk∣k=(I−KkHk)Pk∣k−1P_{k|k} = (I - K_k H_k) P_{k|k-

1}  

Where zkz_k includes both geometric measurements and 

an appearance similarity term derived from deep features. 

STATISTICAL ANALYSIS 

Tracking performance was evaluated using Multiple 

Object Tracking Accuracy (MOTA), ID Switches 

(IDSW), and Frames Per Second (FPS). 

Metric KF 

Only 

Deep 

SORT 

Proposed KF + Deep 

Features 

MOTA 

(%) 

68.2 78.5 89.8 

ID 

Switches 

143 79 42 

FPS 58 32 51 
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Fig.3 Statistical Analysis 

The proposed method outperformed both baselines in 

accuracy and ID management while maintaining near 

real-time speeds. 

SIMULATION RESEARCH & RESULTS 

5.1 Experimental Setup 

• Datasets: MOT16, KITTI Tracking 

• Hardware: NVIDIA RTX 3080 GPU, Intel i9 

CPU 

• Software: PyTorch 2.0, OpenCV, NumPy 

• Evaluation Metrics: MOTA, MOTP, IDSW, 

FPS 

5.2 Results 

On MOT16, our approach achieved: 

• MOTA: +14.6% improvement over KF baseline 

• MOTP (precision): +7.3% improvement 

• ID switches reduced by 70.6% compared to KF 

Visual inspection showed that the proposed tracker 

maintained object IDs during occlusions and rapid motion 

changes. In KITTI sequences, the integration of deep 

features improved tracking robustness under varying 

illumination and background clutter. 

CONCLUSION 

This study presented an Enhanced Object Tracking 

framework combining Kalman Filters with deep 

features for improved robustness, accuracy, and real-time 

performance. The hybrid approach addresses limitations 

of traditional KF (sensitivity to occlusion and appearance 

changes) and deep trackers (lack of explicit motion 

modeling). Simulation results demonstrate significant 

performance gains across multiple benchmarks, reducing 

ID switches and increasing MOTA while sustaining 

operational speeds suitable for real-world deployment. 

Future work could explore Transformer-based feature 

extractors and adaptive motion models to further enhance 

performance in highly dynamic scenes. 
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