30 ciyHg 2026 pik € M. Xapkis, YkpaiHa € MLUHO

CEKLLIS XVI.
IHOOPMALUINHI TEXHONOTII TA CUCTEMMU

RECOGNITION OF MOVING OBJECTS USING UAVs

Anji Racab Nur Ibrahim
Associate professor
Nanyang Technological University, Singapore

Introduction

The expanding surveillance capabilities of unmanned aerial vehicles have
made the rapid detection and recognition of moving objects a priority direction
in both theoretical and applied terms. In applications such as wide area
monitoring, border surveillance, facility protection, and situational assessment
during emergencies, the processing of UAV based video streams directly
determines the quality of real time decision making. The complexity of the
problem stems from dynamic backgrounds, variable illumination, altitude and
viewing angle variations, camera motion, image blur, noise, and the diversity of
object sizes. For this reason, designing a recognition system is not merely a
classification task. It requires the integration, within a unified methodological
framework, of sequential stages including data acquisition, stabilization,
motion segmentation, tracking, and recognition.

The objective of this article is to formalize a staged methodology for the
recognition of moving objects based on video data acquired from UAVs, to
justify a system of performance indicators, and to discuss the expected
outcomes in typical application scenarios.

Figure 1 presents a conceptual block diagram of a UAV based surveillance
and moving object recognition system, illustrating the sequential processing
pipeline from the sensor level through preprocessing, detection, tracking,
recognition, and final decision making.

Literature review

Approaches to moving object recognition can generally be grouped into
four classes: inter frame difference-based detection, optical flow-based motion
analysis, feature extraction with classical classification, and deep learning-
based detection and classification. In the UAV context, each of these approaches
operates under additional constraints. First, the motion of the camera platform
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itself disrupts background stability, making it necessary to separate object
motion from camera induced motion. Second, changes in altitude can sharply
alter an object’s pixel size, affecting both detection sensitivity and recognition
accuracy. Third, while the combined use of thermal and optical channels can
improve effectiveness, particularly under low visibility conditions, the
temporal and spatial alignment of these channels constitutes a separate

challenge.
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Fig. 1. Conceptual block diagram of Fig. 2. Sequence of motion
a UAV based surveillance and detection, tracking, and
recognition system recognition stages

In the literature, key indicators for evaluating recognition system
performance include detection probability, false alarm rate, classification
accuracy, recall, and precision. In UAV applications, additional metrics such as
tracking continuity, the probability of target loss, latency, and computational
resource consumption are also critical. Comparative analyses indicate that
optimizing a single block in isolation is insufficient, because overall system
performance is shaped by the joint behavior of sequential stages. Accordingly,
contemporary research trends emphasize the development of an integrated
“detection-tracking-recognition” chain, adaptive parameter updating, and the
fusion of multi modal data.

Figure 2 illustrates the functional sequence of motion detection,
consecutive tracking of objects, and recognition stages based on UAV derived
video data. Within this sequence, the interactions among background
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modeling, trajectory formation, and multi criteria classification mechanisms
are presented.
Methodology

The proposed methodology is based on a staged processing pipeline for
UAV video streams, in which the output of each stage serves as the input for the
subsequent stage.

Data acquisition and initial standardization. A sequence of frames is
acquired from the UAV using the optical channel and, when necessary, the
thermal channel. At the initial stage, frames are synchronized using time
stamps, digital noise is reduced through filtering, and frame dimensions are
normalized to a fixed size. Taking camera motion into account, image
stabilization is performed. For stabilization, a global transformation between
consecutive frames is estimated and the frames are compensated according to
this transformation.

Background modeling and motion segmentation. In the stabilized
stream, a background model is constructed to separate moving regions. The
estimated background B;is compared with the current frame I;, yielding a
different map:

D¢(x,y) =l It(x,y) — Be(x, ) |.
A moving pixel mask is selected using an adaptive threshold:

= b2t
o DX,y t:

where 6, is an adaptively updated threshold that accounts for illumination
changes and noise. After masking, morphological cleaning removes small
spurious regions, connected components are extracted, and candidate object
regions are formed.

Tracking candidate objects. Detected candidate regions are tracked
across frames, and for each object a trajectory T; = {p; .} is constructed. To
prevent target loss during tracking, a motion model is applied together with
measurement updates. As a result, dynamic features such as velocity, direction,
trajectory curvature, and size variation are obtained for each object.

Feature extraction and classification. For each tracked object, two
groups of features are formed:

- geometric and texture features, including contour shape, area, aspect
ratios, edge density, and texture descriptors;

- dynamic features, including mean velocity v, acceleration a, trajectory
smoothness, and the stop-motion ratio.
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Classification is performed over K classes, and class probabilities P(cy | )
are obtained for each object. The final decision is selected according to the
maximum probability criterion:

¢ = arg max P(cy | ).
k

where f denotes the feature vector. Additionally, decision stabilization across
consecutive frames may be achieved using majority voting or temporal
smoothing.

Performance evaluation. System performance is evaluated as a
combined indicator reflecting the joint behavior of sequential stages. The main
metrics include:

- detection prObability: Pa = Ncorrect detections/Ntrue objects»

- false alarm rate: Py = Nfalse detections/Ntotal detections’

- recognition accuracy: A= Ncorrect recognitions/Ntotal recognitions;

- tracking continuity: the proportion of successful continuous target
tracking;

- latency: the average time from frame acquisition to decision output.

Overall system effectiveness can also be formalized as the sequential
product of stage level probabilities:

Overall Effectiveness = P, - P;, - A,
where P;, denotes the probability of successful tracking maintenance. This
formulation is particularly useful in practical evaluation for identifying inter
stage bottlenecks within the processing chain.
Discussion of results

Experimental evaluations conducted according to the proposed
processing sequence indicate that the factors exerting the greatest influence on
overall performance are the quality of image stabilization, the correspondence
between observation altitude and spatial resolution, and the rate of adaptive
background updating. When stabilization is insufficient, the background model
incorrectly segments spurious regions as motion, leading to an increased false
alarm rate. In such cases, even if the recognition block itself achieves high
accuracy, overall system effectiveness is reduced because the input data stream
is of inadequate quality.

As observation altitude increases, the pixel size of the object decreases,
resulting in the degradation of contour and texture features. Under these
conditions, the role of dynamic features becomes more prominent. In
particular, velocity and trajectory related features remain more robust for

236




30 ciyHg 2026 pik € M. Xapkis, YkpaiHa € MLUHO
______________________________________________________________________________________________________________________________|
distinguishing vehicles from pedestrian type objects. In low visibility
environments, the integration of a thermal channel increases the probability of
detection. However, if the channels are not properly aligned, a “dual target”
effect may arise at the tracking stage. Therefore, multi-channel integration
should be implemented not merely as an increase in data volume, but in
conjunction with precise spatial and temporal alignment.

When the overall effectiveness indicator is expressed as
Overall Effectiveness, a typical outcome is that the weakest stage within the
system constrains the final performance. For example, if the detection
probability P, is high but the tracking maintenance probability P;, is low, a
stable object sequence for recognition cannot be formed, and the recognition
accuracy Aconsequently decreases in practice. For this reason, during the
design phase, parameters should be optimized not solely with respect to the
recognition block, but across the entire processing chain.

Figure 3 illustrates how detection probability and recognition accuracy
are shaped as a function of increasing flight altitude and the corresponding
change in effective object pixel resolution. The results demonstrate that, as
altitude increases, both indicators tend to decrease, whereas improvements in
effective pixel coverage of the object lead to higher detection probability and
recognition accuracy.
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Fig. 3. Dependence graph showing the effect of altitude and frame
resolution on detection probability and recognition accuracy

Conclusion
This article substantiates a staged methodology for the recognition of
moving objects using UAVs and demonstrates that the overall effectiveness of
the system is determined by the integrated performance of the “detection-
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tracking-recognition” chain. The analysis shows that the quality of early stages,
such as stabilization and background modeling, directly constrains the
capabilities of subsequent recognition blocks. Therefore, optimization should
be performed at the level of the entire system rather than individual
components. The proposed system of indicators and the formalization of the
overall effectiveness metric provide a practical framework for the comparative
evaluation of performance across applied scenarios. Future research may focus
on the development of stricter alignment mechanisms for multi-channel data
integration, adaptive threshold selection under complex background
conditions, and robust dynamic models aimed at enhancing tracking continuity.
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