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Abstract: Content-Based Video Retrieval (CBVR) has emerged as an essential research area due to the
exponential growth of multimedia data and the need for efficient indexing, searching, and retrieval.
Traditional retrieval methods relying on textual annotations are often inadequate, subjective, and time-
consuming. To address this, we propose a hybrid CBVR framework that leverages the complementary
strengths of Discrete Wavelet Transform (DWT) and Gabor filters for effective feature extraction. The
integration of these methods yields a robust feature descriptor capable of discriminating between visually
similar video frames. Similarity measurement is performed using distance metrics such as Minkowski distance
to ensure accurate retrieval. Experimental analysis on UCF video datasets demonstrates that the DWT—Gabor
hybrid approach achieves improved average precision of 85.71%.

Index Terms - Content-Based Video Retrieval (CBVR), Discrete Wavelet Transform (DWT), Gabor Filter,
Video Shot Boundary Detection (CBVR)

l. INTRODUCTION

The rapid growth of multimedia data, particularly digital video, has created an urgent need for efficient
techniques to organize, search, and retrieve video content. Traditional retrieval systems rely heavily on manual
annotation, where textual keywords or tags are associated with video sequences. However, manual labelling
is time-consuming, subjective, and often inadequate for capturing the rich and complex semantics of video
data. This has led to the emergence of Content-Based Video Retrieval (CBVR), where retrieval is performed
using the intrinsic visual and audio content of videos rather than textual metadata.

CBVR systems typically extract and analyse low-level features such as colour, texture, shape, and motion,
which are then mapped to higher-level semantic concepts [1]. Among these, motion features play a crucial
role in differentiating video content, since video is inherently a temporal sequence of frames [1]. Techniques
such as optical flow, motion histograms, and spatio-temporal descriptors have been widely studied for
capturing dynamic aspects of video. Complementary to motion, features like colour histograms, Gabor texture
descriptors, and wavelet transforms provide additional discriminatory power for robust retrieval. The
literature survey on CBVR system is tabulated in Table.1. The paper outline is as follows: in section 2 we
discussed about DWT-Gabor feature extraction. In section 3 our proposed CBVR system is illustrated. In
section 4 and 5 we presented our results and conclusion respectively.
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Table. 1 Literature Survey of CBVR Systems

. Year of
Paper Title Publication Features Method
Faster R-CNN) and a Adiacent Frames
SFD: Similar Frame Dataset for Content- Multimodal Large . . .
. . 2024 Contrastive Learning
Based Video Retrieval [2] Language Model (AFCL)
(BLIP2)
Doppel Search: A Novel Approach to CLIP  (Contrastive
Content-Based Video Retrieval for Al 2023 ViT-b/32 model Language-Image Pre-
Challenge HCMC 2023 [3] training) model
Cor}tent based video retrieval using discrete 2001 DCT coefficients Discrete cosine
cosine transform [4] transforms
Content Based Video Retrieval System 2018 Color, Texture and | Color distributions,
Using Multiple Features [5] motion features LBP, SAD
Temporal Aggregation of Ylsual Fea‘Fures Temporal enchmg kd-tree for faster NN
for Large-Scale Image-to-Video Retrieval 2018 tracking binary
. search
[6] vectors through time.
Multi-Input-Multi-Output Interface Video Color histogram, LBP,
Retrieval Method [7] a0 Edges MIMO
optical character
recognition (OCR),
Content-Based Video Big Data Retrieval . featgres, automgtl.c speech
. y . including  subtitles, | recognition (ASR),
with Extensive Features and Deep Learning 2022 . .
(8] speeches, and objects | and object
in video frames, identification  with
deep learning
techniques

Il. DWT-GABOR FEATURE EXTRACTION

The combination of Discrete Wavelet Transform (DWT) [9] and Gabor filters [10] is widely used in
image and video analysis for extracting robust texture and frequency features. DWT decomposes a frame
into four sub-bands LL, LH, HL and HH. A Gabor filter is a band-pass filter that models the human visual
system’s sensitivity to orientation and spatial frequency. It captures edge, texture, and directional
information similar to human perception. DWT provides multi-resolution analysis and Gabor filter
extracts texture details invariant to orientation and scale. The hybrid approach balances global frequency
structure and local directional texture, improving retrieval accuracy.
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Fig. 1 DWT decomposition steps for an image

The Daubechies db4 wavelets are compactly supported orthogonal wavelets. db4 means it has 4 filter
coefficients (length = 4). It provides a balance between time resolution and frequency resolution. It is
smoother than the Haar wavelet and captures both edges and texture more effectively. The Algorithm steps
for DWT-Gabor feature extraction are given below:

Step 1: Read a video frame and convert RGB to Gray frame.

Step 2: Apply db4 DWT on frame to decompose LL, LH, HL and HH equations (1)-(6).

LL(x,y) = Y=o Zn=o R(M)h(n) f (2x — m, 2y — n) 1)
LH(x,y) = Y3—0 =0 h(m)g(n) f (2x — m, 2y — n) )
HL(x,y) = Y=o Xn=0 g(m)h(n)f(2x — m,2y —n) 3)
HH(x,y) = Y=o Xn=09(m)g(m)f (2x — m,2y — n) (4)

Where f(x,y) is input frame, (X,y) are spatial coordinates of frame, h(m), g(n) are db4 filter coefficients
and m, n=0,1,2,3

h(O) = S22, (1) = 252, 1h(2) = 2 h(0) = 57 ©)
9t = (~D"hGE—n) ©)

Step 3: Define Gabor filter parameter =4, y = 0.5, 8=0°, 45°, 90°, and 135°, ¢= 0 for even symmetric and
n/2 for odd symmetric. Construct Gabor Kernel using equation (7).

2,,12

Gabor Kernel(x,y) = exp (—y 4 ) cos (27rx— + go) @)
2
where x' = xcos0 + ysinf,y' = —xsinf + ycos6
Ais wavelength,y is Spatial aspect ratio, 0 is orientation, ¢ is phase of f set,

o is standard deviation of Gaussian Envelope
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Convert RGB to Gray frame

!

Apply db4 DWT

Define Gabor filter parameters

!

Construct Gabor Kernel

Convolution of frame and Gabor kernel
and find magnitude and angle

DWT-Gabor Features

Fig. 2 Flowchart for DWT-Gabor Feature Extraction

I11. PROPOSED CBVR SYSTEM

In the proposed Content-Based Video Retrieval (CBVR) framework as shown in Fig.3, we integrate
Discrete Wavelet Transform (DWT) and Gabor filtering to capture both frequency- and texture-oriented
information from video frames. System workflow starts with Video Shot Boundary Detection (VSBD) to
remove redundancy between frames [11]. Next identify key frames from each shot we considered middle
frame from each shot and then DWT- Gabor features are extracted for different orientations. Lastly similarity
is measured between feature vectors to retrieve the similar videos. The algorithm steps for VSBD are given
below:

Step 1: read video frames sequentially and extract DWT-Gabor features as shown in fig. 2.
Step 2: measure the similarity between feature vectors of sequential frames and construct a contineous signal.
Step 3: detect the least 5 valley points and take the average of them to calculate threshold value.

Step 4: the values below threshold are the shot transition points.

VSBD using Key Frame DWT- Gabor Feature
DWT- Gabor Extraction Extraction

Online
Retrieved Similarity
Videos Measure
Video VSBD using Key Frame DWT- Gabor Feature ||
Dataset DWT- Gabor Extraction Extraction

Offline
Fig. 3 Block Diagram of proposed CBVR System

In offline process the VSBD technique is applied for shot detection on all videos of database and then
key frames are extracted from each video, we choose the middle frame of a shot as key frame. Next DWT -
Gabor feature vectors are computed for key frames and stored as datbase feature vector (DBFV). In online
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process the above procedure is repeated for query video and query feature vector(QFV) is computed. The
similarity is measured between QFV and DBFV using Minkowski distance as in (8), we considered p=4.

1
MD() = (XX, |DBFV;; — QFV|") * 8)
where K is No.of videos in dataset

IV. RESULTS AND DISCUSSIONS

The experiments are simulated using MATLAB 2022b version on an intel core i7 CPU with 16GB RAM
and 500 GB disk space. The CBVR system is tested on UCF dataset [12], we evaluated system by computing
precision, recall rate and F1 score defined in equation (9)-(11). We considered 15 classes of videos each
consisting of 15 relevant videos. From 225 videos 475 key frames are extracted. For an example video stage
wise outputs are discussed. The DWT-Gabor features are shown in Fig. 4, VSBD Plot is shown in Fig. 5. The
computed threshold value is 0.9941, it will divide the video into 2 shots [1 to 166] and [ 167 to 176]. From
each shot middle key frame is extracted as shown in Fig. 6. On key frames we apply Gabor kernel for 4
orientations [0° 45° 90° 135°] and magnitude and phase for different orientations is shown in Fig. 7. The
retrieval results for few example videos are shown in Table. 2. The average precision, recall rate and F1 score
for proposed CBVR system are compared with other CBVR systems are shown in Table.3 and graphs are
shown in Fig. 8.

Precision(P) = TPTfFP * 100 9)
Recall rate (R) = TPT+PFN * 100 (10)
F1 Score(%) = Z;I:;R (112)

Where TP- True Positive, FP- False Negative and FN-False Negative.

DWT of a Frame

1

Gabor magnitude Gabor phase

Fig. 4 DWT-Gabor Feature Extraction
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Fig. 5 VSBD Plot

Gabor magnitude for 0 degree

Gabor magnitude for 45 degree

Gabor magnitude for 90 degree

Gabor magnitude for 135 degree Gabor phase for 135 degree

[

Fig. 7 Gabor Magnitude and phase for [0° 45° 90° 135°] Orientations
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Table. 2 Retrieval results for few examples videos
P R F1
Qpery Retrieved top 10 videos
Video (%) | (%) | (%)
i I BN N O O N N B B | oo see6|9ss
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EEEEEEEREAZ B S | o o«
BN | vl vl v N D O N W | oo socs s
TEEREEEREIEEEIE 0| a3 6
| = R R O R o0 |7
IS B psS S A S S s S S s | 00 | 9333|9654
Average 85.71 | 79.99 | 82.71
Table. 3 Comparison of proposed CBVR system with other works
CBVR Systems Average Precision (%)
Proposed CBVR system . 85.71
CBVR using multiple features [5] 80
CBVR using discrete cosine transform [4] 64.75
Average Precision (%)
. 100
= 80
g 60
g 40
g 20
0
Proposed CBVR CBVR using CBVR using
system multiple features  discrete cosine
transform
Systems
Fig. 8 Comparison graph of different CBVR systems
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V. CONCLUSION

This work presented a hybrid Content-Based Video Retrieval (CBVR) framework that integrates Discrete
Wavelet Transform (DWT) and Gabor filters to exploit both multi-resolution and directional texture features.
By employing Minkowski distance for similarity measurement, the system effectively discriminates between
visually similar video frames. Experimental evaluation on the UCF dataset demonstrates that the proposed
DWT-Gabor approach achieves an average precision of 85.71%. Future research may extend this work by
incorporating motion-based features.
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