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Abstract 

 
The face is among the biometric objects used to recognize one’s identity. There are 

various face recognition system methods that can be applied, one of which is 

geometric features-based face recognition. Geometric features are unique features 

extraction of one’s facial components. These features are obtained by calculating the 

comparison values of the distance measurement between facial components served as 

a reference like eyes, nose, and mouth. This research implemented a face recognition 

system using the geometric features method on a significantly low-spec computer 

system. This implementation was carried out by building a system, installing it on a 

computer system, and then testing it using laptops or computer devices and the 

camera web. The face recognition system would process the facial input images, 

extract their geometric features, and match the results with the data stored in the 

database. The research results were a low-spec computer system that could recognize 

its users by providing real-time feedback in the form of users’ names with an accuracy  

of 98%. 

Key words: biometrics, euclidean distance, face recognition, feature extraction, real- 

time. 
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INTRODUCTION 

Technological proliferation in the world is 

rapidly progressing. The emergence of 

advanced televisions, smartphones, and  

computers is a shred of evidence that 

technology is constantly evolving. The 

development of hardware in those electronic 

and telecommunication devices certainly goes 

together with their software development. 

These advances in hardware and software have 

led to increasingly sophisticated smart devices. 

The features available on those devices have 

provided ease of use to store the users’ 

personal, work-related, or other activities data. 

One thing constantly developed along with the 

smart devices’ enhancement is their usage 

security, as most users demand their devices 

be accessible only for themselves or specific 

people. In other words, these devices will 

function only after recognizing their users and 

cannot be accessed by unauthorized users. 

Therefore, it deems necessary to provide a 

system that can recognize users by identifying 

and verifying who is accessing these devices. 

If the identification and verification results 

indicate that the users are not authorized, these 

devices will not work. 

The recognition and identification can be 

conducted using various methods, one of 

which is by comparing biometric objects such 

as fingerprints and eye irises [1]. The most 

common method employed is by comparing 

faces or known as face recognition. In brief, 

face recognition means identifying the entire 

person’s face by comparing their faces with 

the stored data. Over the last few years, 

research on face recognition has been 

conducted, so it is expected to provide an 

efficient system with low error rates [2]. 

The face is the easiest human body used to 

identify someone. It has been widely utilized 

as the computer systems’ authentication object 

that requires user authentication, such as 

commercial or government applications [3], 

[4], [5]. This computer system uses the face 

recognition system to identify the users’ faces 

and distinguish them from other users. 

Consequently, this system can serve as a good 

authentication process for a computer system 

regarding its accuracy. 

The face recognition system can use a 

webcam in its implementation. As an 

additional device, a webcam is no longer an 

extraordinary device, given that almost all the 

newest smartphone models are equipped 

with a front camera that can be used as a 

webcam; the same goes with a laptop or PC 

webcam. A webcam works in real-time, so 

what is captured by this device will be 

processed simultaneously [6]. In addition, 

systems can capture a person’s facial image 

for further detection and identification by 

using a webcam. 

Face detection is the initial stage in the face 

recognition system. When the system detects 

face availability, it will be developed to 

recognize it. Face recognition has numerous 

methods used to detect and recognize faces. 

The use of these different method 

combinations will affect the results in terms of 

systems’ performance and accuracy. Among 

those face recognition methods is the Viola- 

Jones method. This method is known for its 

simple feature usage that enables higher 

processing speed than other methods [7]. It 

also has become the most prevalent method 

due to its ease of implementation. When the 

Viola-Jones method has been implemented on 

a computer system, the subsequent stage is 

implementing a face recognition system to 

recognize the face owner’s identity. Among 

other methods, the most prominent face 

recognition method is the geometric feature 

extraction method. 

The geometric feature extraction method is 

a face recognition system that extracts facial 

features like eyes, nose, and mouth [8]. The 

extraction in question compares the distance 

between the facial features used as a reference 

for face recognition. Unlike the hybrid method 

that needs the entire face as the reference, the 

geometric feature extraction method has been 

proven to have a lighter computational load. 

Moreover, this method has been proven 

essential for finding accurate facial features 

due to its more lightweight mathematical 

calculations to process. Since the hybrid 

method requires the entire face to be 

processed, the computational load and face 

recognition process period will also increase 

significantly along with the number of facial 

components that must be processed. 

One feature-based method example can be 

found in research [9], namely the geometric 

feature extraction. In this research, the facial 

image separator system was enhanced into 

facial components and was then extracted into 

the eyes, nose, mouth features, and the facial 

boundaries in a single still image taken from 
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the faces’ front view. The distance between 

facial components and other features 

combination would form a semantic face 

model. The test results showed that the 

uniqueness of the facial feature distance 

required at least five facial features. These 

results also suggested that determining the 

facial features and the distance from the facial 

components would generate a semantic face 

model used as an identification reference for 

the face recognition system. Even though the 

geometric feature is among the methods that 

can be considered in face recognition system 

development, face recognition system 

implementation using geometric feature 

extraction has never been tested on a low-spec 

computer system. This method has been 

proven in the performance test containing 

mathematical calculation [10], yet no face 

recognition system on a low-spec computer 

system has applied this algorithm. In its 

implementation, previous research has 

employed this method on the face recognition 

system for students’ attendance applications 

[11], [12], [13]. 

This study implemented a face recognition 

system with a geometric feature extraction 

method on a low-spec computer system. The 

expected result is a low-spec computer system 

that can recognize users through a web camera 

connected to a computer in real-time. 

MATERIAL AND METHODS 

 
Fig 1. Procedure flowchart 

The research preparation procedure was 

carried out following the flowchart in Figure 

1. The initial step in the research design 

procedure was inputting the face images via 

the available webcam connected to a computer 

system designed for the face recognition 

system prototype with the geometric feature 

extraction method. The face recognition 

system could be employed as the testing 

prototype when the system has met the 

research purpose, namely recognizing the 

users’ faces. The face images would be taken 

as testing samples of this program. 

Feature Extractions 

According to the feature extraction method, 

the face recognition system can be divided into 

three [14]: holistic matching, feature-based, 

and hybrid. Obtained face images would be 

processed by the face recognition system using 

OpenCV. In this system, OpenCV serves as a 

library program providing various supporting 

features for the face recognition system. 

Meanwhile, the main algorithm employed in 

the face recognition system prototype was the 

geometric feature extraction method [15]. This 

method functions to extract facial image 

features to gain the Euclidean distance value 

served as input face comparison value of the 

users’ faces stored in the database. The 

extracted features were the primary results of 

the geometric feature extraction method. Since 

these features’ values can be used as the 

calculation reference, they will be used in the 

face recognition process. 

Face Recognition 

The features generated from the geometric 

feature extraction were subsequently inputted 

to the Euclidean distance value calculation 

obtained from the geometric feature extraction 

method’s advanced process. Feature values 

were stored and recognized as a person’s face 

in the database used during the running of the 

prototype. The K prototype captured facial 

features via a webcam connected to a 

computer. The Euclidean distance comparison 

(between the face and the stored feature) was 

within the predetermined tolerance threshold; 

the prototype could recognize the face and 

provide users’ names as feedback. Based on 

the previous literature [16], facial 

classifications using the Euclidean distance 

has a predetermined threshold of 0,01. The 

prototype was tested before and following its 

installation in the operating system. Thus, it 



86   Jurnal Ilmiah KURSOR Vol. 11, No. 2, Desember 2021, hal 83 - 90 

 

 

could be immediately repaired when there was 

a change in the face recognition system’s use 

and performance. When the prototype could 

recognize the users’ faces, it could be installed 

in the operating system. In contrast, it should 

be repaired and the early procedure, namely 

inputting facial images, should be repeated if 

the prototype fails to recognize the users’ 

faces. 

Algorithm Analysis 

A face recognition system generally 

utilizes a camera as an input device to capture 

face images used for the authentication 

process. Although face recognition system 

integrity is regarded as a biometric system, 

several issues are considered a major topic of 

ongoing research [17]. These issues include 

face-pose, facial expression, and illumination 

invariance. The face recognition system is 

analyzed based on its performance and result 

from several tests that follow previous 

research’s reference. Therefore, in this 

research, those tests were conducted to 

strengthen the current results obtained from 

the previous research. The tests used in this 

research are defined below. 

1. The accuracy test of face recognition 

system: This test was conducted by 

comparing the predicted results of the 

testing dataset with the original results of 

the training dataset used to train the 

system. The results were classified as 

True Positive, True Negative, False 

Positive, and False Negative to determine 

the system’s accuracy. 

2. The precision test of face recognition 

system: This test was conducted by 

providing input images with changes in 

facial expressions and facial tilt. 

3. The effect of the lighting intensity test: 

This test was conducted by capturing 

images under different lighting conditions 

so that the changing variable was the light 

intensity. At the same time, facial 

expressions and positions were made the 

same in each test. 

4. The computational load test of face 

recognition system: This test was 

conducted by increasing the number of 

training datasets in the database. It would 

affect the performance since matching the 

input images with the data in the database 

was carried out one by one. 

These tests were selected as this study 

sought to determine the feasibility of the 

geometric feature extraction method for face 

recognition installed on a low-spec computer 

system. In this context, the low-spec computer 

system is a computer with RAM under 2GB. 

After the tests were carried out, research result 

data were recorded in a research report, and 

the system was installed in the computer 

system. 

System Implementation 

Face recognition implementation on the 

computer system was conducted by creating 

an executable file (.exe) that can be run stand- 

alone. This file was put together with other 

files run when the operating system was turned 

on. As a result, the face recognition and 

operating system could be accessed 

simultaneously. The file in question was only  

a shortcut to the main file containing the 

database in the same folder, allowing the face 

recognition system to access that database 

when running. The steps of the system used in 

this research are illustrated in Figure 2. 

When the users facing the webcam 

connected to a computer that had previously 

been installed a geometric feature extraction 

method, the webcam would capture their facial 

images. Afterward, these images were further 

processed as the face recognition input using 

the geometric feature extraction method in the 

form of users’ facial samples. Images captured 

by the webcam would also be displayed on the 

computer screen for the users to see in real- 

time. Since those images were updated in real- 

time, changes to the webcam captures would 

affect images displayed on the computer 

screen. 

 

 
Fig 2. Illustration of the system as the research 

results 

 

Facial samples would be taken every few 

seconds, then calculated based on the 

geometric feature extraction method 

calculation to obtain feature values used to 
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compare faces in the database. The values 

taken were matched with facial samples’ 

feature values stored in the system database. 

After that, the Euclidean distance of the values 

matching in the form of facial samples’ feature 

values used as input and the data stored in the 

database would be calculated simultaneously. 

They would be subsequently matched 

according to the specific tolerance threshold 

values due to the different facial expressions’ 

distance change, even though they are 

significantly small. This tolerance threshold 

serves to provide room for the result change 

flexibility due to facial expression changes. 

If the values matched the specified 

tolerance threshold of 0.01, the database 

would generate the users’ names stored in the 

database. After a name was retrieved, the face 

recognition system with the geometric feature 

extraction method would display the face 

owners’ names next to the real-time images 

shown on the computer screen. In this 

research, the face intended to recognize was 

limited to the users’ faces with no comparisons 

of other faces. Hence, the name retrieval 

process would only display the users’ names 

or ‘unrecognized.’ 

RESULT AND DISCUSSION 

Face recognition system requires input in 

the form of system users’ faces and faces for 

system tests. The system users’ faces function 

as reference data stored in the database 

accessed when the system is running. On the 

other hand, faces for the system test serve as 

testing data used in the face recognition 

performance testing. Face image input for the 

database was explicitly made for one 

expression, lighting, and same time so that the 

distance calculation bias could be avoided. 

The Viola-Jones algorithm was then applied to 

the face images captured by the webcam to 

detect a face’s presence. The detected face was 

marked with a square or input images’ Region 

of Interest (ROI). After the ROI was detected, 

face images were converted to grayscale to 

ease the subsequent processes. Afterward, the 

calculation reference points and the geometric 

patterns of grayscale face images’ geometric 

patterns were determined. The geometric 

patterns were features with specific values 

stored in the database as the face recognition 

reference. There were nine reference points. 

Of those reference points, ten reference 

features of the face recognition were 

generated, as shown in Figure 3. 

 

 

Fig 3. Geometric facial patterns for data 

calculation 

 

System Accuracy Dataset Test 

The dataset test is intended to test the 

system’s accuracy in recognizing the users’ 

faces used as input. Data used for the test was 

50 Euclidean distance calculation data 

obtained from the facial feature extraction of 

computer users. The test was conducted under 

the same lighting and expression but at a 

different distance. Based on the test results, 

there were 49 True Positive data, 0 True 

Negative data, 1 False Positive data, and 0 

False Negative data. As a result, the accuracy 

of the face recognition system using geometric 

feature extraction was about 98%. The 

calculation error might be due to changes in 

face position when the webcam captured the 

input images used for the Euclidean distance 

calculation. This system accuracy can be 

further enhanced by adding the number of 

facial data samples in the database. 

The Effect of Lighting Intensity Test 

The lighting intensity level test aims to 

determine the lighting intensity level needed 

for the face recognition system to run 

appropriately. This test was conducted because 

the face recognition system and lighting 

source are closely related. The face 

recognition system cannot function without 

lighting sources (pitch-black) unless an 

infrared camera is utilized to detect objects in 

the dark. The test conducted in this research 

applied various lighting conditions, as 

illustrated in Figure 4. 
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(a)         (b)          (c) 

Fig 4. Test with different lighting: (a) dim 

lighting, (b) sufficient lighting, and (c) 

bright lighting. 

 
Specifically, this test was conducted by 

changing the lighting intensity illuminating the 

system’s users whose faces were recognized. 

Lighting intensity variations were categorized 

based on a range of values in the lux units: 

under 20 lux was categorized as dim light, 

between 20 to 50 lux was categorized as 

sufficient light, and between 100 to 200 lux 

was categorized as bright light. Table 1 shows 

he results of the lighting intensity test on the 

face recognition system. 

 

Table 1. Results of Testing The Light Intensity 

Effect on The Face Recognition System 

No 
Lighting 

Intensity 

Lighting 

Category 
Result 

1 0 Dim 

Face 

undetected, 

unrecognized 

2 5 Dim 
Face 
undetected, 
unrecognized 

3 10 Dim 

Face 
undetected, 

unrecognized 

4 15 Dim 
Face detected, 

recognized 

5 20 Sufficient 
Face detected, 
recognized 

6 30 Sufficient 
Face detected, 

recognized 

7 40 Sufficient 
Face detected, 
recognized 

8 50 Sufficient 
Face detected, 

recognized 

9 100 Bright 
Face detected, 
recognized 

10 120 Bright 
Face detected, 

recognized 

11 150 Bright 
Face detected, 
recognized 

12 200 Bright 
Face detected, 

recognized 

 

This test suggests that the lighting level 

needed for the face recognition system with 

the geometric feature extraction method to 

work appropriately is at least 20 lux. In the 20- 

lux lighting, the system could consistently 

generate the users’ names used for the 

system’s input where the result consistency is 

the characteristic of an accurate system. 

Computational Load Test 

The computational load test seeks to prove 

the low CPU usage of the face recognition 

system when using the geometric feature 

extraction method. Face data in the database 

would be gradually duplicated to determine 

how heavy the computational load was in each 

stage. This test result is the CPU usage data 

represented in Figure 5. 

Fig 5. Result of computational load test 

This test result indicated that the CPU 

usage of the face recognition system ranged 

from 35% to 41%, despite changes in the 

amount of data in the database. In addition, 

this test concludes that the data change in the 

database will not significantly change the 

computer systems’ computational load, 

regardless of the face recognition system 

performance, which operates in real-time and 

periodically accesses data. 

System Implementation 

The face recognition system 

implementation will be slightly different for 

every operating system. It happens since 

different structures persist in those operating 

systems. In this research, the face recognition 

system was implemented in two operating 

systems, namely Microsoft Windows and 

Linux Ubuntu. 

In Microsoft Windows, the implementation 

of the face recognition system using the 

geometric feature extraction method was 

effortlessly carried out since the interface, and 

shortcut features made it easier for the 

implementation. However, the implementation 
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duration took approximately 20 to 30 minutes 

since creating an executable file required a 

long time. In the standby or idle position, this 

system took up 124 MB of memory. 

Meanwhile, the face recognition system took 

up 167 MB of memory in its active position. 

Constraints were encountered during the 

implementation of the face recognition system 

in Linux Ubuntu and occurred due to this 

operating systems’ unique method. At the 

same time, the implementation duration took 

less than 10 minutes because, with high 

computational speed, the executable file 

creation process was completed in no time. 

The face recognition system took up 124 MB 

of memory in standby or idle position, while it 

required 167 MB of memory in the active 

position. In this regard, the face recognition 

system’s performance in the Linux Ubuntu 

operating system is not much different from 

that of Microsoft Windows. The 

implementation of the face recognition system 

in the Linux Ubuntu operating system is 

shown in Figure 6. 

 
Fig 6. Implementation of face recognition 

system on Linux Ubuntu operating 

system. 

CONCLUSION 

The face recognition system has been 

successfully implemented and has run well on 

a low-spec computer system. It can recognize 

the users’ faces through input taken by a 

webcam with a high level of accuracy, that is 

98%. In addition, the system’s accuracy can be 

improved to minimize errors during the users’ 

face recognition by employing ten features out 

of ten extractable facial features. 

The precision test provides a more 

significant number of users’ facial samples 

stored in the program database, eventually 

increasing the accuracy level of the face 

recognition affected by differences in 

expression. Meanwhile, the computational 

load test indicates that the amount of data in 

the database does not affect the computational 

load borne by the computer system’s CPU 

installed with a facial recognition system with 

a geometric feature extraction method. 

In the face recognition process, the face tilt 

and room lighting affect the system 

performance when there is input through a 

webcam. Based on the system precision test, 

the maximum face tilt tolerated by the facial 

recognition system is approximately 10.39°. 

At the same time, based on the lighting 

difference test, the room lighting required by 

the facial recognition system to run properly is 

at least 20 lux. 
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