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This study aims to build a face recognition prototype that can recognize multiple face objects within one frame. The
proposed method uses a local binary pattern histogram and Haar cascade classifier on low-resolution images. The
lowest data resolution used in this study was 76 x 76 pixels and the highest was 156 x 156 pixels. The face images
were preprocessed using the histogram equalization and median filtering. The face recognition prototype proposed
successfully recognized four face objects in one frame. The results obtained were comparable for local and real-time
stream video data for testing. The RR obtained with the local data test was 99.67%, which indicates better performance
in recognizing 75 frames for each object, compared to the 92.67% RR for the realtime data stream. In comparison to
the results obtained in previous works, it can be concluded that the proposed method yields the highest RR of 99.67%.
Copyright© by the authors. Licensee TAETI, Taiwan. This article is an open access article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY-NC) license (https://creativecommons.org/licenses/by-
nc/4.0/).
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Abstract

This study aims to build a face recognition prototype that can recognize multiple face objects within one
frame. The proposed method uses a local binary pattern histogram and Haar cascade classifier on low-resolution
images. The lowest data resolution used in this study was 76 x 76 pixels and the highest was 156 x 156 pixels. The
face images were preprocessed using the histogram equalization and median filtering. The face recognition
prototype proposed successfully recognized four face objects in one frame. The results obtained were comparable
for local and real-time stream video data for testing. The RR obtained with the local data test was 99.67%, which
indicates better performance in recognizing 75 frames for each object, compared to the 92.67% RR for the real-
time data stream. In comparison to the results obtained in previous works, it can be concluded that the proposed

method yields the highest RR of 99.67%.

Keywords: face recognition, linear binary pattern histogram, low resolution, histogram equalization

1. Introduction

Object identification by artificial intelligence is a research topic that is attracting growing interest. Various methods are
used for object identification in the field of artificial intelligence. One of the implementation concepts under development is
the identification of human faces. The development and implementation of face recognition technology is an interesting field.

In this modern era, emerging technologies for smartphones utilize face recognition technology in their security systems.

Face recognition technology uses a camera to capture image data, which can have various resolutions. Low-resolution
images are those that lack sharp focus or fine detail. Compared to high-resolution images, low-resolution images have fewer
pixels and greater compression. This compression compromises the quality of smaller image files [1]. Furthermore, the
acquisition of low-resolution images can produce noise that looks like black or white dots on the original image known as
salt-and-pepper noise. This noise is generally caused by software failure, hardware failure in the image capturing,
transmission, or the defect of a camera sensor. A standard salt-and-pepper noise value may be either minimum (pixel value 0)

or maximum (pixel value 255) [2].

This paper presents a prototype face recognition system based on the test data with four face objects within the same
frame. This prototype system implements an LBPH algorithm for generating a model for face recognition purposes. The
training data were generated by a low-resolution webcam implemented by the Haar cascade method, which is used to detect
specific objects based on a model loaded in the program. Additional methods are used to improve the quality of the image

data, including histogram equalization and median filtering. Unlike previous research, in this study, the images with multiple
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Non-Parametric Operational Modal Analysis Methods in Frequency

Domain: A Systematic Review
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Abstract

The objective of this research is to present a systematic review of the non-parametric modal analysis methods in
the frequency domain. Peak picking (PP), frequency domain decomposition (FDD), enhanced frequency domain
decomposition (EFDD), and frequency—spatial domain decomposition (FSDD) are revisited and didactically
illustrated by means of modal identification for a study case proposed in previous researches. Algorithm schemes are
illustrated to summarize these frequency domain OMA techniques. Modal frequencies, modal damping ratios, and
modal shapes are estimated using the different OMA techniques and compared to estimations obtained by the free
decay (FD) method reported in previous researches. These are employed to compare the results obtained by the
methods presented herein and show a very good correlation in obtaining modal frequencies and a low correlation in
the case of modal damping.

Keywords: operational modal analysis, peak picking, frequency domain decomposition, enhanced frequency
domain decomposition, frequency—spatial domain decomposition

1. Introduction

Operational modal analysis (OMA) arises as a response to the need to identify the modal parameters of the structures,
which may be difficult, expensive, or restricted for conventional experimental modal analysis (EMA). OMA is addressed in the
modal parameters identification for systems subjected to one or more excitation sources, which cannot be measured [1-2].
These excitation signals are produced in normal operating conditions of the system under environmental forces [3]. Thus, the
system response is the only information available for identification purposes [4-5]. OMA has been widely used in civil
engineering since the 1990s as environmental tests [3, 6-7]. Due to the advantages provided by these methods, their use has
spread to other areas such as aerospace engineering [8-10] and mechanical engineering [11-15], as well as monitoring of

equipment for preventive maintenance [6, 16-17].

OMA methods obtain information physically related to structure from correlation functions and spectral densities [2, 4].
The methods available to perform these analyses can be carried out in the time domain and the frequency domain. In the time
domain identification in OMA, the information is extracted from the correlation functions [18]. The biggest drawback of using
these identification techniques is that all modes contribute to the range of the problem at any time when working with free

decays, usually estimated as correlation functions. However, it is possible to obtain bias-free data [4].

Frequency domain methods start with estimating the output response spectrum. The main advantage of these methods is

the simplicity and speed with which the modal parameters can be obtained at a very low computational cost, compared to those
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Abstract

In this work, a theoretical approach is proposed for estimating the minimum and maximum reinforcement ratios
for hybrid glass fiber reinforced polymer (GFRP)/steel-reinforced concrete beams to prevent sudden and brittle
failure as well as the compression failure of concrete before the tension failure of reinforcements. Equilibrium
equations were used to develop a method for determining the minimum hybrid GFRP/steel reinforcement ratio. A
method for determining the maximum hybrid GFRP/steel reinforcement ratio was also developed based on the
equilibrium of forces of the balanced failure mode. For estimating the load-carrying capacity of concrete beams
reinforced with hybrid GFRP/steel, less than the minimum and more than the maximum reinforcement ratio is
recommended. Comparisons between the proposed expressions, experimental data, and available test results in the

literature shows good agreement between the theoretical and experimental data, with a maximum discrepancy of 7%.

Keywords: GFRP, hybrid reinforcement, reinforcement ratio

1. Introduction

Since the 1980s, fiber reinforced polymer (FRP) reinforcement has been used in modern construction [1-3] to replace
conventional steel bars in reinforced concrete (RC) structures in specific environments [2-4]. Glass fiber reinforced polymer
(GFRP) is one of the FRPs with high tensile strength and low elastic modulus. Thus, a concrete beam reinforced with GFRP
exhibits a higher deflection and wider crack width than that reinforced with steel bars [5-8]. Many researchers have suggested
adding longitudinal steel bars to GFRP RC beams to improve their flexural performance; hence, hybrid FRP/steel RC beams
were developed. Experimental studies have shown that the ductility of hybrid GFRP/steel RC beams is significantly enhanced
compared with that of pure GFRP RC beams. Moreover, steel reinforcement increases the flexural stiffness of GFRP RC
beams, and hybrid GFRP RC beams exhibit lower deflection, smaller crack width, and higher load-carrying capacity compared
with the concrete beams reinforced with GFRP bars [9-15]. Depending on the hybrid reinforcement ratios, six failure modes,
including two balanced failure modes, have been identified for hybrid GFRP/steel RC beams [15]. Based on the classification
of failure modes, researchers have proposed formulas to determine the load-carrying capacity of hybrid GFRP/steel RC beams
[12, 14-16]. According to many researchers, for hybrid GFRP/steel RC beams, the preferred failure mode is concrete crushing
after the yielding of steel [15-18]. To the best of our knowledge, previous studies have focused on the classification of the
failure modes of hybrid GFRP/steel RC beams, and proposed analytical equations to separate these failure modes according to
their reinforcement ratios. There are no studies on limits on the minimum and maximum reinforcement ratios of concrete

beams reinforced with hybrid GFRP/steel bars.
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