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ABSTRACT

With continuous progress in video analysis technologies, automated visual surveillance has become
increasingly prominent in consumer and security-oriented applications. Human motion analysis primarily
involves the detection, tracking, and identification of individuals in video sequences. This paper proposes a
unified framework for reliable detection and tracking of moving persons in surveillance environments.
Initially, foreground objects are detected using an optical flow—based motion estimation technique.
Subsequently, an illumination-invariant template matching approach is integrated to ensure accurate and
robust object tracking under varying lighting conditions. Experimental evaluations conducted on the
Weizmann and self-developed datasets demonstrate that the proposed method offers superior discriminative
performance, enhanced robustness, and reduced computational complexity when compared with
conventional motion detection techniques. Furthermore, the simplicity of implementation makes the
proposed system well suited for real-time and online surveillance applications.
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1. INTRODUCTION

In recent years, the importance of human location and tracking has increased significantly due to its wide range
of applications in security, defense, human—computer interaction, supervision, and intelligent monitoring
systems. Human detection remains a challenging problem in high-level computer vision applications. The large
intra-class variability of humans, arising from differences in posture, gestures, expressions, and body shapes,
makes reliable detection difficult [1, 2]. Furthermore, background clutter, varying illumination, and changing
weather conditions further complicate the detection process.

Object tracking involves associating a detected target across consecutive frames in a video sequence. Typically,
the tracking process begins by detecting a moving object in the initial frame and subsequently maintaining its
identity throughout the following frames. Visual tracking is inherently complex due to factors such as sudden
object motion, partial or full occlusion, camera movement, and illumination variations [5]. Visual surveillance
in dynamic environments has numerous applications, including security monitoring of residential areas and
critical infrastructure, as well as traffic surveillance on urban roads and highways. A conventional surveillance
system generally consists of three core components: motion detection, object tracking, and behavior analysis.
The primary goal of such systems is to accurately detect, track, and classify objects of interest. Existing visual
surveillance techniques for object detection and tracking can be broadly categorized into region-based,
boundary-based, and feature point-based approaches [5, 7, 8]. Among these approaches, optical flow—based
methods are widely used in automated surveillance systems for motion detection.
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Fig 1: System Overview

Optical flow [10, 11] estimates motion by analyzing intensity variations between consecutive frames. However,
optical flow cannot be computed locally using a single constraint, as motion has two components while only one
independent equation is available per pixel; therefore, additional constraints are required. An effective
intelligent tracking system must be capable of detecting genuine object motion while suppressing false
detections caused by dynamic background elements such as moving clouds, rain, or waving objects.
Illumination variations significantly affect both indoor and outdoor video sequences. In indoor environments,
artificial lighting may cause rapid radiance fluctuations, occurring several times per minute, whereas cameras
typically capture images at 25-30 frames per second. As a result, illumination changes influence the captured
frames. Similarly, outdoor scenes are affected by rapid and unpredictable illumination changes due to sunlight
variations, making robust surveillance in outdoor environments more challenging.

2. RELATED WORK

A substantial body of research exists on video surveillance systems for human motion detection and tracking. In
our earlier study [12], an adaptive threshold initialization approach was introduced to segment objects from
video sequences, based on the assumption that moving objects are visually distinct and do not overlap. Avidan
employed a neural network—based classifier, specifically a Support Vector Machine (SVM), trained offline and
later integrated into an optical flow framework for object tracking. Collins et al. utilized the inconsistency ratio
between target objects and background classes to identify discriminative features suitable for tracking
applications. Jepson et al. [23] modeled pixel intensities using a Gaussian mixture model and applied an online
expectation—maximization (EM) algorithm to manage appearance variations of targets during tracking. Ross et
al. proposed an online multiple instance learning approach that demonstrated effective object tracking in real-
world scenarios, even in the presence of occlusion and illumination changes.

Hager and Belhumeur (1996) presented a tracking method that addresses appearance variations caused by
lighting and pose changes using parametric models. However, since these techniques rely solely on generative
representations of target objects and neglect background information, their performance degrades in cluttered
environments. Existing human action recognition techniques are generally categorized into global and local
representation approaches. Bao and Ravi et al. introduced methods for predicting activities such as walking,
standing, running, and sitting by extracting features from raw accelerometer data and applying various machine
learning algorithms. Nevertheless, these methods do not utilize the extracted information for indoor localization.
Furthermore, as these approaches focus primarily on intra-image illumination variations and spatial
characteristics rather than sequential inter-frame lighting changes, they represent a different category of
illumination compensation techniques.

3. OBJECTIVES OF WORK

This work focuses on developing techniques for reliable motion detection and monitoring in video sequences.

The proposed system is designed to:

e Automatically identify motion within a surveillance area by employing optical flow to examine positional
changes of objects across successive video frames.

e Accurately track moving targets in a stable and efficient manner, even under complex or dynamically
changing scene conditions.

e Improve situational awareness by differentiating between regular and irregular movement behaviors, such
as loitering or abrupt acceleration.
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e Increase surveillance reliability by minimizing dependence on continuous human supervision, thereby
reducing errors and operational costs.

e Support real-time analysis, allowing rapid detection and response to potential intrusions or suspicious
activities.

4. DATABASE COLLECTION

In our experiment we used two different databases. One is Weizmann database which is publically available and
another is our own database this database contains 86 sequences having five & four of classes of actions (Jump,
Run, Walk, Side, Hand waving, Jogging) respectively performed by 19 different subjects in two different
conditions d1-d2. d1 — Indoor Environment d2 - Outdoor (Playground) + illumination variations

Few samples of Indoor environment
i

a) Walk

c) Side Walk d) Jump

Outdoor  (Playground) + illumination variations
Environment

dyWalk
Fig.2: Sample of Own database

5.METHODOLOGY

We present an approach based on optical flow estimation for human motion detection, combined with an
illumination-invariant template matching technique for object tracking. Motion detection and tracking
algorithms in video surveillance environments must address several challenges arising from real-world
conditions, including gradual illumination variations, dynamic backgrounds, sensor noise, and other
environmental disturbances. The primary goal of the proposed approach is to accurately detect moving objects
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within video frames and reliably track them over time. The method effectively minimizes false detections that
may occur due to lighting fluctuations or background motion. The overall architecture of the proposed system,
illustrating its major processing stages, is shown in Fig. 1.

The procedure used to develop the motion detection and tracking system can be summarized as follows:

e Extract individual frames from the input video sequence.

Select the current frame and the immediately preceding frame to compute optical flow between them.
Derive motion-related features from the optical flow output.

Estimate the mean intensity value (u) from the image template.

Compute the illumination compensation parameters (B, v, for illumination-invariant iterative processing.
Integrate the illumination compensation parameters obtained in Step 5 with the motion features from Step 3
to track the target object throughout the video sequence.

A. Optical Flow Computation

Optical flow methods aim to estimate a vector field that represents the apparent motion of each pixel between
consecutive frames over time. This vector field provides essential information for motion analysis and tracking
applications. For tracking humans or objects in video sequences, the optical flow constraint equation is
employed to model pixel-level motion accurately.

B. Hllumination-Invariant Template Matching

To mitigate the impact of illumination changes, a compensation-based template matching approach is employed.
This method estimates lighting adjustment parameters for the current template to normalize its gray-level values
with respect to a reference template. To reduce computational complexity, the standard template is replaced with
the current template during matrix computation, enabling the direct estimation of motion compensation
parameters B and y. Consequently, the required matrix computation is performed only once, significantly
reducing processing time. To further refine the tracking accuracy, the illumination compensation parameters are
combined with centroid-based motion estimation. By integrating illumination-invariant template matching with
optical flow—based feature extraction, the strengths of both techniques are utilized, resulting in improved
robustness and optimized object tracking performance.

6. EXPERIMENTAL RESULTS

The proposed method is compared with the simple optical flow with adaptive threshold initialization [12] for the
condition of detection precision and computational time. The experimental conditions are summarized in Table
I. The optical flow method uses segmentation of boundary. To improve final estimation of optical flow field
borders in successive images are matched, and a set of point limitation is derived.
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Table 1: Experiment Conditions

Sequence | 1280 x720 pixels, 24 bit color
30 fps, 90 frames

Motion JPEG
CPU Corei3, 2.13GHz
RAM 4GB
s Windows 7.0

MATLAB | Version 7.10.0.499 (R2010a)

The proposed method can locate and track moving object and is examined for steady & moving camera. Figure
shows the result for human motion detection & tracking result moving camera & dynamic background. From the
result obtained it is clear that, algorithm achieves accurate target tracking not only in steady but also in dynamic
conditions. The algorithm implemented has attained extremely competent & efficient results in messed up
backgrounds and lighting variations. This shows the effectiveness of algorithm.

EEO004 www.ijiird.com 916



International Journal of Interdisciplinary Innovative Research & Development (1J11RD)
ISSN: 2456-236X
Vol. 11 Special Issue 02 | 2026

Feature Distribution

30
25
20

15

10 I

5

- 1l

Indoor Outdoor  Background INMumination
Clutter changes

Fig.6: Range of deviation of feature distribution for different

ernvironment
120
M = Pyramid
100 :
80 —— Pyramid
G0 Pyramid
3
40 =i Pyramid
20 4
(8] hﬁ
. c_-,"\"*\’ . cf;‘b . Q,'Q:::'
oF oF ¥
P L
R ™

Fig.7: Norm of optical flow increment Vs Mo, of iterations for Optical
flow calculation

From Fig 6, the number of features variation is very high if there is large change in the illumination of the
image, as the pixel intensity changes to a lager extent compared to other environment conditions. Fig. 7 shows
the representation of norm of optical flow for the different number of iterations.

7. CONCLUSION AND FUTURE WORK

This paper presents a robust approach for human motion localization and tracking that effectively addresses
challenges such as camera instability and varying illumination conditions. The proposed system employs an
efficient optical flow—based method to estimate pixel-level motion between consecutive frames. In addition, a
template matching module is incorporated to mitigate the effects of illumination changes and dynamic
background conditions. Experimental results demonstrate that the proposed method achieves high accuracy and
fast performance across diverse environmental scenarios. Future work will focus on addressing occlusion
handling issues, which are particularly relevant to social behavior analysis and realistic crowd simulation
applications.
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