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Abstract

This research is expected to provide solutions to improve the performance and reliability of the WiFi network at STIMIK
Sinar Nusantara, thus supporting teaching and learning activities and enhancing the quality of education. By comparing
the quality of WiFi networks between 2.4 GHz and 5 GHz, it aims to shed light on the differences and advantages of each
frequency band. Furthermore, the findings of this research can be beneficial for the design of future networks, helping
network designers to better understand the importance of frequency management in network infrastructure planning. This
research employs an experimental method by testing QoS parameters (throughput, delay, and packet loss) as well as
reliability (connection and uptime) at both frequencies. The results of the research indicate that the 5 GHz frequency
provides better QoS performance and reliability compared to 2.4 GHz. This research concludes that the 5 GHz frequency
could be a solution to improve the WiFi network quality at STIMIK Sinar Nusantara.
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1. INTRODUCTION

Wireless networks have experienced rapid development over the past two decades [1]. In an era where
wireless connectivity serves as the primary foundation of communication, WiFi signal analysis plays a crucial
role in ensuring network quality and efficiency [2]. The use of Wi-Fi is commonplace in this generation, where
it has rapidly proliferated worldwide as a popular means for Internet access and the management of data, voice,
and audio quality [3]. Many people connect to wireless networks through their devices such as mobile phones
or laptops. In 2018, the number of devices connected to Wi-Fi reached 20 billion. It is also reported by the
Cisco Visual Networking Index (VNI) that internet traffic generated by Wi-Fi devices was 55% in 2013 and is
projected to reach 61% in future trends [4]. Nowadays, wireless networks on campuses are highly beneficial
as they play a crucial role for any organization. The implementation of wireless networks on campuses allows
academic users such as students, researchers, lecturers, and staff to access the Internet, and many recent studies
are still being developed to provide the best quality of service (QoS) support for campus networks [5].

Data communication technology has rapidly evolved, and WiFi networks have become one of the most
widely used technologies. The rapid growth of the Internet-of-Things (1oT) has led to the proliferation of low-
power wireless technologies [6]. Various devices such as computers, laptops, smartphones, smart TVs, and
printers rely on this network. Currently, only a 2.4 GHz WiFi network is available at STMIK Sinar Nusantara.
This network often experiences interference and is challenging to use, despite the LAN internet connection
reaching 1Gbps with internet speed at 300 Mbps.

Wireless networks have become a standard facility in various public places such as cafes, campuses,
schools, malls, offices, and hotels. Many people connect to wireless networks through devices such as
smartphones or laptops [7]. To ensure that the wireless network functions properly, monitoring is essential.
Network monitoring for wireless networks can be done using tools to check network traffic, speed, and signal
strength of each existing network [8].

Cable networks offer stability and high data link with minimal interference. However, cable usage has
some drawbacks, such as requiring many cables and complex installations. Not all devices support cable
connections, such as smartphones and tablets, and even if they do, they may require additional adapters. On
the other hand, WiFi offers convenience and flexibility, allowing users to connect to the internet wirelessly.
However, WiFi 2.4 GHz often encounters issues such as interference from other devices using the 2.4 GHz
frequency, such as microwaves, Bluetooth, and other electronic devices, leading to signal interference and
quality degradation [9].
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Students at STIMIK Sinar Nusantara often use the internet for various learning purposes. Campus WiFi
connections that are unreliable, intermittent, with signal losses and slow speeds, can disrupt the teaching and
learning process and hinder student activities. Even the author prefers to use cellular data on campus despite
the availability of campus WiFi. STIMIK Sinar Nusantara is located in a densely populated city area with many
WiFi users, causing the 2.4 GHz frequency to be congested and prone to interference from other WiFi networks
in the vicinity. One solution to address interference issues in the 2.4 GHz network is by using WiFi 5 GHz,
which offers several advantages over WiFi 2.4 GHz, such as less interference and higher speeds.

This drives researchers to analyze and compare the Quality of Service (QoS) performance and reliability
of WiFi networks at 2.4 GHz and 5 GHz frequencies. QoS is a technology that allows network administrators
to handle various effects of disruptions in wireless networks [10]. QoS is a method of calculation and data
analysis that tests the network's ability to provide information about good network quality by providing
information on bandwidth, throughput, packet loss, delay, and jitter [11]. The research conducted by [12]
evaluates the performance of Wi-Fi router placement in the Communication Technology laboratory area to
address intermittent connectivity issues. Through simulations using Altair WinProp, it was found that optimal
router placement can significantly increase signal strength throughout the laboratory area, reducing the number
of access points, equipment costs, and electricity bills. While the simulation results of the study conducted by
[13] showed that the 2.4 GHz microstrip trisula antenna had a return loss value of -18.514 dB, VSWR of 1.26
dB, and Gain of 4.71 dB. Meanwhile, the 5.8 GHz microstrip antenna had a return loss of -40.437 dB, VSWR
of 1.02 dB, and Gain of 4.19 dB. The measurement results indicated that the 2.4 GHz microstrip trisula antenna
had a return loss of -24.767 dB, VSWR of 1.122 dB, and Gain of 3.24 dB. On the other hand, the 5.8 GHz
microstrip antenna had a return loss of -37.554 dB, VSWR of 1.027 dB, and Gain of 3.57 dB. Overall, both
simulation and measurement results demonstrated that the 5.8 GHz microstrip antenna exhibited good
performance for the desired parameters. Study revealed that the accuracy performance of Wi-Fi fingerprints is
similar when utilizing both 2.4 GHz and 5 GHz frequencies. However, employing the 5 GHz frequency results
in higher response speeds, while the use of 2.4 GHz consumes less power [14]. With the emergence of recent
standards, wireless solutions are ready to be applied in building automation networks [15].

The gap in this analysis lies in the need for a deeper understanding and comparison of the performance
and reliability of Wi-Fi networks at 2.4 GHz and 5 GHz frequencies, particularly in terms of QoS and power
consumption. Previous research has provided insights into signal strength and antenna performance at these
frequencies, but there is still a lack of analysis on QoS metrics such as bandwidth, throughput, delay, and
packet loss. Additionally, there is limited information on the impact of frequency selection on response speed
and power consumption. Practical studies focusing on educational institutions are also needed to optimize Wi-
Fi networks in educational environments. Therefore, this research aims to address these gaps by measuring and
comparing Wi-Fi performance at STIMIK Sinar Nusantara.

2. MATERIALS AND METHOD

This research employs an experimental method by testing QoS parameters (throughput, delay, and
packet loss) on both frequency bands. The schedule for conducting Wireless network measurements using QoS
parameters is set for Thursday, 18/04/2024, at STMIK Sinar Nusantara. The measurement will be carried out
by connecting a personal router to the STMIK Sinar Nusantara campus network in building B using LAN cable.
The WiFi router used is the Totolink A720R, which supports dual bands. The QoS parameters analyzed include
Delay, Packet loss, Bandwidth, and Throughput. Since the internet speed at STMIK Sinar Nusantara is
300Mbps, Throughput testing is not necessary unless there are issues with the ISP. However, it should be noted
that the Throughput will also not reach 300Mbps due to the limitations of the testing equipment, which only
supports LAN Port 100Mbps.

Hardware used includes the Asus Vivobook A1502za Laptop, which supports up to WiFi 6ax, the
Samsung A51 phone, which supports up to WiFi 5ac, and the Totolink A720R Router, which supports dual-
band WiFi. Further specifications of each device are detailed in the table below:

Table 1. Hardware and Software Specifications
WLAN Support

Device LAN Port Up to Frequency
Totolink A720R Router 3x Fast Ethernet 100 Mbps WiFi 5ac 2.4 GHz, 5 GHz
Asus Vivobook A1502ZA Laptop - WiFi 6ax 2.4 GHz, 5 GHz
Samsung Galaxy A51 Phone WiFi 5ac 2.4 GHz, 5 GHz

STMIK SINUS Ethernet Gigabit Ethernet 1 Ghps - -

Due to the router's limitations, regardless of how good the connection is, it will be limited by the 100
Mbps LAN Port. However, 100 Mbps is still very good. Software used includes the Edge browser, WiFiman
APK, and CS File Explorer APK.
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Figure 1. Flowchart in this research

3. RESULTS AND DISCUSSION

In this study, the first step examined is to the B building of STMIK SINUS because it is located in the
middle of the campus. After that, | configured the basic router settings as usual until it could be used, giving
different SSID names between frequencies to facilitate internet sources from the LAN of building B on campus.
Once completed, for example, as figure 2. After that, prepare an Android phone and download the WIFIman
and Cx File Explorer apps from the Android Play Store.

3.1  Testing WiFi Spectrum and Signal Strength

Here is the initial display of WIFIman and the scan menu. The internet speed test is available in this
main menu, but for testing signal strength, bandwidth, and WiFi spectrum in both 2.4GHz and 5GHz bands, it
is located in the scan menu. WiFi signal strength is usually measured in decibel milliwatts or dBm. dBm values
are a way to measure wireless signal strength, with higher dBm values indicating stronger signals. In the WiFi
Spectrum image, stacked images are visible, indicating interference or disturbances in the WiFi network, we
show as figure 3.
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Figure 2. Example Result of Creating Different WIFI SSIDs
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Figure 3. WIFIman Android Application Interface

3.2  Testing Link Speed/Bandwidth Speed, Ping, and Packet Loss
To test the link speed/bandwidth speed, go to the WiFi settings on your laptop. In the properties section,

you will find the link speed. To test latency and packet loss to the router, open CMD and type ping (router IP
address). Below is the CMD menu display, show as figure 4.

oo ) Command Prompt x 2
I ke ChandraYunana =+ > Wi-Fi » STMIK SINUS WIFI TEST_2.4GHz

550, ) v - B C:\Users\yunan>ping 192.168.1.1

Pinging 192.168.1.1 with 32 bytes of data:
Reply from 192.168.1.1: bytes=32 time=2ms TTL=6U
Reply from 192.168.1.1: bytes=32 time=5ms TTL=6U

Driver version:

Reply from 192.168.1.1: bytes=32 time=lms TTL=64
Reply from 192.168.1.1: bytes=32 time=lms TTL=6U

Hatw
Metwork channek:

Link speed (Receive/Transmit: | 300/300 (M Ping statistics for 192.168.1.1:
Link-local IPyG address: f Packets: Sent = #, Received = 4, Lost = © (0% Lloss),
Approximate round trip times in milli-seconds:

Minimum = 1lms, Maximum = 5ms, Average = 2ms

1PV addiress:

1Pvd ONS servers:

Physical address (MAC)

C:\Users\yunan>|

Figure 4. Example Display of Link Speed and Ping Testing
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Link speed is the maximum theoretical speed of data transmission wirelessly between devices, while
ping is the time it takes for data to travel between two devices or across a network. Packet loss refers to the
percentage of data packets that fail to reach their destination while traversing a computer network.

3.3 Throughput Testing

Throughput is the actual speed at which data is processed and transferred from one location to another.
In the context of networks, throughput refers to how much data can be transferred from a source to a destination
within a certain period. Throughput measures how many packets successfully reach their destination. So, even
with high internet speed, if the throughput is lower, data will only flow at the throughput speed. In short,
throughput reflects the actual network conditions. For throughput testing, you can use two laptops connected
via network sharing to transfer data and measure the speed. Since this testing only involves one laptop and one
mobile phone, you can use the Cx File Manager application. Here are the steps, as figure 5-10.

Connect to the same network between the laptop and the mobile phone.

- : .
@ oroun x4 v - o x

& Tidsk aman | 192.166.1.1/basic/device himiMoken=¢hESedDI06 T748d5ce6795 7ee337088 W2 @ In)

TOTO [NILTS iZ Basic

EI—r——

=
==}

@ Alow Intemet access equipment () Not allow Inermet access equipment

@ bsave
2AC4D7 8929 F1 1921681 4 - 7@ 0
Gatmy-A51-5G-Erik-5 66.FFSE68:80:CC 18216813 - 7 @ o
FEACAATFTS 9216812 -
Vivobook_A1502 EBFBACBATFTS 19216612 = » @ o

Figure 5. Display of Router Settings when Both Devices are Connected

Open the network menu and click on "Network Access," then click "Start.”

1132 5 @M »

Cx File Explorer

LOKAL PERPUSTAKAAN JARINGAN
Akses dari jaring.. 192.168.0.171 Lokasi Baru

Figure 6. Display of the Cx File Explorer Application

Please type the FTP address shown on your phone into the Windows File Explorer.

= =
p x W Thispc x & DI

N6 EO=F T irEE

4 <7 11p//192.168.1.4:8877] x earch This P

€ Akses dari jaringan 11p://192.168.1.4:8877/
ftp://192.168.1.4:8877/device

ftp://192.168.14:8877/sdcard Locel Disk (D)

e
Google O
‘ 0

ftp://192.168.1.4:8877

Figure 7 . How to FTP to Laptop
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Once connected, it will appear like this, showing both the device (internal storage) and SD card.

Jurnal X T3 10216814 X + = O b
& A 6] [J » Thelnternet > 192.168.14 > Search 192.168.1.4 Q
Tl Sort 8= View e (B Details
% Home device sdcard
W) Gallery
yunan
Videos
v [l This PC
H H H 1,
Figure 8. Display after connecting to the phone's FTP
Perform data transfer to that location by using the usual copy-paste method.
== Local Disk (D:) X 47 2 ‘ Jurnal X device X S
< Gy (5} Q > ThisPC > Local Disk(D) > Search Local Disk (D: ‘ <« s (¢} Q > - device > Search device
® New X O @ ® W N Sort (D Details ‘ (B Details
£) Home as1 Copying... - %
| Gallery Aplikasi Copying "kunjungan industri bali 2024.zip’ ‘ Notebloc
el From 'D:\'to /device/"
About 4 minutes and 30 seconds remaining Notifications
yunan Dokumen
|
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————— Pi
o \ G ictures
v W ThisPC is23 = 00k v [ s pC XShare Files
%= Yunanta Chandra (C:) —————— > %= Yunanta Chandra (C:)
15items  1item selected 2,61GB = 0| 13items =0

Figure 9. Data Transfer Process for Throughput Testing

Open Task Manager on the laptop, click on the Performance tab, then click on WIFI. There, you can
see the Receive speed when transferring data from the phone to the laptop or the Send speed when transferring
data from the laptop to the phone.

Task Manager
= Performance E8 Run new task
T
WA M., CPU T_Ei . . .
l’lv WML o e Wi-Fi  MediaTek Wi-Fi 6 MT7921 Wireless LAN ...
| Throughput 100 Mbps
Memory
T
3 7.3/11,7 GB (62%)
> . LI AT A TN e
Disk 0 (G:C:D3) 30 Mbp:
o $SD
o
2R: 0.2 Mbps 60 seconds
a3 : Send Adapter name:  Wi-Fi
GPU 0 72,2 Mbps = STMIK SINUS WIFI TEST_5GHz
Intel(R) UHD Grap... s Connectiontype:  802.11ac
e i, 4% Receive 1Pvd address: 192.168.1.2
168 Kbps  Pv6 aderess feB:ec69:13ab:16fe cBel %12
Signal strength: ]
3

Figure 10. Display of Speed from Task Manager to View Real-Time Transfer Speed

Thus, these are the steps the researcher took to test several parameters. The researcher repeated these
steps on both frequencies and repeated them again at different distances.

Ethernet Type/ Speed : Gigabit 1Gbps
Speed Test Via Ethernet Direct : 100Mbps
Through WiFi : Here is the comparison of the WiFi Spectrum between 2.4GHz and 5GHz in

the environment of STMIK Sinar Nusantara.
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Figure 11. WiFi Spectrum of Building A at STMIK SINUS
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Figure 12. WiFi Spectrum of Building B at STMIK SINUS
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Figure 13. WiFi Spectrum of Building C at STMIK SINUS

The overlapping images indicate interference, as seen in the 5GHz spectrum where there is only one
signal, originating from the researcher's device, but in the 2.4GHz frequency, there is significant overlap. From
the above image, it can be concluded that STMIK SINUS does not have any 5GHz WiFi networks. The 5GHz
spectrum appears narrow due to the available frequency range, which offers hundreds of channels, while the
2.4GHz spectrum has only 13 channels. Based on the comparison of the spectrums in the above image, it is
already apparent that the 5GHz WiFi network will be much more reliable to use considering the congestion of
the 2.4GHz WiFi frequency at STMIK Sinar Nusantara. However, let's proceed with this test, and the further

testing results will be included in the table below.

Table 2. Comparison Table of QoC Using WiFi 2.4GHz and 5GHz

Signal

- . Delay / Bandwidth Bandwidth Packet
WiFi Freqg  Distance S(t(;eBnr?];h Ping (MH2) Speed Loss Throughput
2.4GHz 2M -25 3ms 20MHz 300 Mbps 0% 14.4 Mbps
5GHz 2M -27 3ms 40MHz 400 Mbps 0% 102 Mbps
15M
2.4GHz (Gedung -73 22ms 20MHz 72 Mbps 0% 1.6 Mbps
B-C)
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Signal . .
WiFi Freq Distance Strength Dellay/ Bandwidth Bandwidth Packet Throughput
Ping (MHz) Speed Loss
(dBm)
15M
5GHz (Gedung -78 2ms 40MHz 177 Mbps 0% 61 Mbps
B-C)
2.4GHz 1 Floor -79 25ms 20MHz 11 Mbps 0% 0.85 Mbps
5GHz 1 Floor -88 3ms 40MHz 39 Mbps 0% 32 Mbps

From the research results, it is evident that the 5GHz frequency provides better QoS performance and
reliability compared to 2.4GHz.

4, CONCLUSION

Based on the test results, it is highly recommended to use the 5GHz WiFi network at STMIK Sinar
Nusantara to achieve optimal performance. As seen in the table above, the difference between the two
frequencies is quite contrasting. Even when the signal strength is lower in the 5GHz frequency, all other
parameters excel.
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