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Abstract—This paper proposes a robust framework for track-
ing military vehicles in low frame rate Unmanned aerial vehicle
(UAV) videos, combining a lightweight YOLOv11n object detec-
tion model, self-supervised tracking and secure data management
using Pure Chain [1], a permissioned blockchain. The YOLOv11n
model, trained on annotated UAV datasets, achieves high ac-
curacy above 96% enabling real-time and accurate detection
under challenging conditions such as low resolution and rapid
viewpoint changes. The framework ensures secure and tamper-
proof storage of tracking data through Pure Chain, achieving low
latency of 4.55 ms and high throughput of 17.27 transactions per
second, surpassing typical blockchain networks. Experimental
results demonstrate the integrated framework’s reliability and
efficiency for secure military vehicles monitoring.

Index Terms—Military Vehicles, Low-FPS Videos, Tracking,
Pure Chain

I. INTRODUCTION

UAVs are now widely used in military operations to keep
an eye on vehicles and activities from the sky [2]. These
UAVs often capture videos at low frame rates which makes
it harder to follow moving military vehicles smoothly. At
the same time, blockchain technology is becoming important
in military systems because it keeps data safe and prevents
others from changing it. Using blockchain can help protect the
information collected by UAVs and make sure it can be trusted
[3]. Combining UAV surveillance with blockchain can improve
how well military forces track vehicles and share secure and
reliable information.

Tracking military vehicles in low frame rate UAV footage is
very difficult because the video only shows a few frames per
second. This causes big jumps in where vehicles appear from
one frame to the next, making it hard to follow them precisely.
The moving camera on UAVs also changes viewpoints quickly,
adding more challenges. Traditional tracking methods that
expect small movements between frames do not work well
in this low-FPS setting. Additionally, images are often low
quality [4] because of video compression and cloud streaming,
making vehicles harder to identify. Vehicles of the same type
also look very similar, so tracking them accurately requires
more than just appearance. These problems create gaps in
reliable, real-time monitoring of military assets from UAVs.

To solve these problems, this paper proposes a new tracking
method that uses self-supervised learning on single-frame data
to recognize and follow military vehicles in low-FPS UAV
videos. The approach learns to link vehicles across frames

using both detailed object features and the overall scene
context, even when video quality is low or vehicles look
similar. The tracking model is designed to work efficiently
with smaller image sizes and feature representations, making
it suitable for real-time use on UAVs. Pure Chain is integrated
to keep tracking data secure, trustworthy, and tamper-proof
that enable safe sharing and better accountability in military
operations [5].

II. METHEDOLOGY

Fig. 1: Proposed Framework for Military Vehicles Tracking

In Figure 1, the proposed military vehicle tracking frame-
work illustrates the YOLOv11n model, a lightweight and
efficient object detector optimized for real-time applications
on edge devices such as UAVs. YOLOv11n is selected for its
balance of accuracy and computational speed, which enables
it to detect military vehicles effectively even when processing
power is limited. The model is trained on a large-scale general
dataset and subsequently fine-tuned using a curated dataset of
low frame rate UAV footage annotated with bounding boxes
for various classes of military vehicles. This training approach
allows the model to accurately localize vehicles under chal-
lenging conditions such as low resolution, occlusions, and



varying environmental factors. A self-supervised framework
is used. Unlike traditional methods that require dense frame-
to-frame annotations, this approach learns robust instance-
level feature representations from single-frame-labeled data.
For secure management and verification of tracking informa-
tion, the framework incorporates Pure Chain, a permissioned
blockchain platform tailored for military applications. Pure
Chain’s decentralized ledger ensures the immutability and
integrity of tracking records, mitigating risks of data tamper-
ing or unauthorized access. The integration of YOLOv11n’s
lightweight detection capabilities with self-supervised tracking
and blockchain-based data security forms a comprehensive
and scalable framework for reliable, real-time monitoring of
military vehicles in complex aerial environments.

III. PERFORMANCE EVALUATION

TABLE I: Military vehicles detection model comparison
Model Precision (%) Recall (%) F-1 Score (%) Accuracy (%)
MobileNet SSD 82.5 84.3 86.5 85.5
YOLOv4 92.2 91.7 94.5 92.0
YOLOv5 93.5 92.5 93.6 94.2
YOLOv8 94.5 93.5 94.3 93.7
YOLOv11n (this paper) 96.7 96.6 96.7 96.5

Fig. 2: Confusion Matrix

In Figure 2, the proposed military vehicle tracking frame-
work was evaluated on a dataset of 5,520 low-FPS UAV
video frame samples. The Table I illustrates YOLOv11n-based
detection comparison with other models. YOLOv11n achieved
an accuracy of 96.56%, precision of 96.76%, recall of 96.63%,
specificity of 96.48%, and an F1-score of 96.70%. These
results demonstrate the model’s robust ability to accurately
detect and track military vehicles despite challenges such as
low frame rates, occlusions, and similar vehicle appearances.
The Pure Chain was also assessed for securely storing de-
tection images and tracking data, showing average transaction
latency between 3 to 5 milliseconds and average throughput of

17 transactions per second, supporting real-time and reliable
data updates for mission needs. In Figure 3, when compared to
Sepolia, Pure Chain provided much lower latency (4.55 ms vs
11.42 ms) and higher throughput (17.27 vs 9.23 transactions
per second), as shown in the accompanying comparison chart,
demonstrating its superior efficiency and suitability for high-
performance field operations.

Fig. 3: Pure Chain vs Sepolia Comparison

IV. CONCLUSION AND FUTURE WORK

This study introduced an efficient framework for tracking
military vehicles in low-FPS UAV footage using YOLOv11n
detection, self-supervised tracking and secure storage with
Pure Chain. The framework achieved high accuracy and reli-
able performance. Future work will focus on improving long-
term tracking and advancing multi-UAV data fusion.
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