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ABSTRACT

The rapid advancement of multimedia technology, particularly in digital audio systems, has significantly increased
the demand for robust information security mechanisms. Digital audio is widely used for communication, storage
of sensitive information, and voice-based authentication, making it vulnerable to cyber threats such as
eavesdropping, tampering, and unauthorized access. Despite these risks, many existing audio processing systems
lack a structured and standardized security assessment framework to systematically identify and mitigate potential
vulnerabilities. This study aims to design and implement an OWASP based security framework to identify,
analyze, and mitigate security vulnerabilities in audio processing systems integrated with the RSA cryptographic
algorithm. The proposed solution combines OWASP security principles for risk analysis, vulnerability assessment,
and mitigation planning with RSA encryption and decryption mechanisms to ensure data confidentiality and
integrity during audio transmission and storage. The results indicate that the implementation of RSA enhances the
protection of audio data against unauthorized access, while the OWASP based framework provides a systematic
and structured methodology for detecting and addressing security gaps. This research offers a practical and
comprehensive reference model for developing more secure, resilient, and standardized digital audio security
systems in modern multimedia environments
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1. INTRODUCTION

Information security is a crucial aspect of modern information systems. Not only text and image
data, but audio data has also become a target of cyberattacks, as it often contains sensitive information
such as confidential conversations, voice biometric data, and recordings of critical communications[1].
The rapid advancement of information and communication technology has significantly increased the
use of digital audio across various sectors, including online communication, entertainment media,
monitoring systems, and voice-based authentication[2]. However, the increasing utilization of digital
audio has not always been accompanied by the implementation of adequate security mechanisms.
Without a structured protection system, audio data remains vulnerable to threats such as eavesdropping,
data manipulation, forgery, and information theft[3]. Although numerous studies have examined the
application of cryptographic algorithms to secure digital data, most have primarily focused on text and
image data, while integrated and systematic security approaches for audio processing systems remain
relatively limited. Furthermore, cryptographic implementations are often not accompanied by
standardized risk analysis frameworks to comprehensively identify and evaluate potential security
vulnerabilities[4]. This gap underscores the necessity of developing a more comprehensive security
approach.

This study aims to design and implement an OWASP-based security framework integrated with
the RSA cryptographic algorithm to identify, analyze, and mitigate security vulnerabilities in digital
audio processing systems[5],[6],[7]. OWASP is employed as a systematic approach for risk analysis and
vulnerability identification, while RSA is implemented to ensure the confidentiality and integrity of
audio data through public-key encryption and decryption mechanisms[8]. The solution proposed in this
study is a structured security framework model that integrates risk identification, vulnerability
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assessment, and audio encryption processes into a unified approach. The contribution of this research
lies in providing both conceptual and technical references for system developers in designing digital
audio systems that are more secure, reliable, and aligned with modern information security principles,
thereby reducing the risks of data leakage and misuse of audio data in digital environments[9], [10],

[11].

2. METHODOLOGY
Information security aims to protect data from various threats by ensuring three fundamental
principles: confidentiality, integrity, and availability [9], [12].

2.1 Digital Audio and Security Threats

Digital audio is a representation of sound signals in digital data format. Security threats to audio include:
1. Eeavesdropping
2. Audio data manipulation
3. Audio theft and forgery

2.2 OWASP (Open Web Application Security Project)
OWASTP is a non-profit organization that provides standards and guidelines for application security. The
OWASP Top 10 is widely used as a reference for identifying common security vulnerabilities, such as:
1. Broken Authentication
2. Sensitive Data Exposure
3. Security Misconfiguration

2.3 RSA Algorithm

RSA is a public-key cryptographic algorithm that utilizes a pair of keys: a public key and a private key.
This algorithm is widely used to secure data due to its high level of security, which is based on the
computational difficulty of factoring large prime numbers. The following are the fundamental equations
of the RSA algorithm [13],[14],[15], [16].

e p and q are prime numbers (secret)
e n =p-q (public)
e ¢(m) =@E-D(@-1 (secret)
o ¢ (encryption key) (public)
o d (decryption key) (secret)
e m (plaintext) (secret)
e C (ciphertext) (public)

2.4 Research Methodology
The approach applied in this study is descriptive and experimental, encompassing the stages of analysis,
design, implementation, and evaluation.

2.6 OWASP Framework Design
The developed framework consists of several stage:
1. Identification of audio assets
2. Threat assessment in accordance with the OWASP Top 10
3. Implementation of security measures
4. Risk evaluation and mitigation
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2.7 Implementation of the RSA Algorithm for Audio
The audio security procedure using the RSA algorithm consists of the following steps:
1. Converting the audio into binary data format.
2. Encrypting the audio data using the RSA public key.
3. Storing or transmitting the encrypted audio.
4. Decrypting the audio using the RSA private key.

3. RESULTS AND DISCUSSION

Based on the conducted study, the OWASP framework was adopted to identify and mitigate security
vulnerabilities in digital audio systems. This framework applies the principles of the OWASP Top 10,
particularly those related to Sensitive Data Exposure, Broken Access Control, and Security
Misconfiguration, which commonly arise in multimedia systems

3.1 RESULTS

To facilitate a clearer understanding of the design and implementation stages of the audio security
system, a workflow diagram is presented to systematically illustrate the research process. The diagram
demonstrates the integration between OWASP-based risk analysis and the implementation of the RSA
algorithm in identifying and mitigating potential security vulnerabilities.
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Figure 1. RSA Processing Workflow

Figure 1 illustrates the stages of risk analysis, identification of security vulnerabilities, implementation
of the RSA algorithm, and the assessment and mitigation of security risks. The figure shows that the
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process begins with an audio input that may contain sensitive data. Without an adequate security system,
the audio can be easily intercepted, manipulated, or stolen.

3.1.1 Identification of Audio Security Threats
The use of the OWASP framework assists in identifying security threats to digital audio data. Based on
the OWASP framework, several primary threats to audio systems are as follows:
1. Eavesdropping: Attackers may intercept audio data during transmission if it is not protected
by encryption
2. Audio Data Manipulation: Audio data may be altered or modified without authorization,
thereby compromising the integrity of the information.
3. Audio Theft: Audio files may be stolen and used without the owner’s consent, posing a
serious threat to privacy.
These threats indicate that digital audio data requires strong cryptographic protection to ensure its
confidentiality and integrity.

3.1.2 Implementation of the RSA Algorithm in the Audio System
The following is the “Happy Birthday” audio file selected as the research sample for this study

© Lagu Ulang Tahun Anak | Selamat Ulang Tahun Prope... >

General  Security Details Previous Versions

o_ |Lagu Ulang Tahun Anak | Selamat Ulang Tahun

Type of file: MP3 File {mp3)

Opensg with: Media Player Change
Location: EADOCUMENT Downloads
Size: 10.8 ME (11,348,009 bytes)

Size on disk: 10.8 MB (11,350,016 bytes)

Created: Monday. January 12, 2026. 2:07:53 FM
Maodified: Monday, January 12, 2026, 2:08:23 FM

Accessed: Today. January 14, 2026, 18 minutes ago

Attributes: [[Readonly [ ]Hidden Advanced...

Security: This file came from another
computer and might be blocked to L Unblack
help protect this computer

Cancel Apply

Figure 2. “Happy Birthday Song” Audio File in MP3 Format with a Size of 10.8 MB (11,348,009
bytes)

As illustrated in Figure 1, the RSA algorithm is applied at the audio data encryption and decryption
stages through several sequential steps.
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a. The audio data is converted into digital/binary form

[ Tap— g B | St g B

The following is a sample of data extracted from the file “Happy Birthday Song”:

~ Data View

Lagu Ulang Tshun Anak | Selamat Ulang Tshun.rp3 :Zone.Identifier:SDATA
hdecimal (2 Bytes) - Little Endian Text (ASCII) IEa)
2423 REAS RSAT RARS B3B2 BSB4 BIBE = s s s = = s = & = o = = = = =
C2BA C4C3 CECS C8C7 CACS D3D2 DSDE = o = = = = = = o = o = = = = =
DsDe  E1DA E3E2 ESE4 ETEE ESER FLER = s o+ s s 2 5 & & = o= === o= o=
0408 = = = s & & & 2 = = o = s = = =
e e T M
1408 ¢+ 1 1+ + A Q : =2 g = " 2 = = =
BIA1 05C1 3323 F0S2 €215 D172 160R B = = = = = 4 3 R = < b xr = = =
2EE1  17F1 1818 2€1R 2827 2225 3835 § 4 L H ¢ty % 5 &
3R35 4443 4645 4847 4R45 5453 5855 7 € S : € D E F € H I J S T U ¥
SAS3 €463 6665 6867 ERES 7473 TE75 W X Y Z ¢ d e f g b i j s ©t oum v
7279 B382 8584 B786 9988 928R $483 w x y z o = = = s e s o & s = =
SBS7 SASS R3R2 ASAR4 R7TAE RSAE BZAR ¢ o+ =+ = o+ s 2 s 2 s o= o= o= o= e
BEBS BEB7 BAEBS C3C2 CS5C4 C7CE C€SCB = o = < = = = = o = o = = = = =
D4D2 DeDS DeD7 DADS E3E2 ESE4 EJEE = o = ° = o s = o = o = = 8= = =
F2ER F4F3 FeFs FEF7 FAFS FEFF 1100 = = = = = =+ = = = = = = = = = &=
6376 3835 313E 3433 312E 3030 FFO0 L & v ¢ 5 B . 1 3 4 . 1 0 0 = =
0043 1008 1310 1310 1616 1616 181 = = C = = = = = s s o & = = =
1B1AZ 1B1B 1R1A 1RI1Z 1B1BE 1DIB 1DID = = = =+ = =+ = = 5+ 2 = = = = = &
1D32 1DID 1B1B 1DID 2020 2222 2625 " " " = = = = e s = A
2223 2623 2826 2828 3030 2E2E 3838 ¥ ¥ F " F & 5 { ( ( 0 O . . 8 8
5345 C4FF BDOO 0l0D 0L00 0105 0001 : E E S5 = =+ = = + = = = = = = &=
0000 0000 000D 000D 0601 0407 0302 e < = = = = = = s & s s & = = =
0101 0200 0103 0001 0000 QOO0 QGO0 e = = = = = = = s & s & & = = =
0000 0102 0405 Q€03 1007 0200 0201 = = = o+ = o+ = 2 s & s o= = = o= o= v
< >

File Name: Lagu Ulang Tahun Anak | Selamat Ulang Tahun.mp3 | Size: 11,348,009 Bytes

Figure 4. Data in the Binary Viewer Application

b. The audio data is encrypted using the RSA public key
Here is the calculation result of converting audio into binary form using the RSA algorithm
p=17

q=11

n=pxq=17x11=187

e=7

Find the value of d.

d.e mod ®n =1

d7mod 160 =1

23.7mod 160 =1

161 mod 160 =1

1 =1

Therefore, d =23

¢. Encryption process

plaintext file=W XY Zcdefghijstuv

The first step is the plaintext file=W XY Zcdefghijstuv
Will be converted into an ASCII table
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W =287

X =88

Y =89

Z=90

c=99

d=100

e=101

f=102

g=103

h=104

i=105

j =106

s=115

t=116

u=117

v=118

¢[0] = m”e mod n = 877 mod 187 =43
c[1] =m”e mod n=88"7 mod 187 =11
c[2] = m”e mod n = 897 mod 187 =166
¢[3] = m”e mod n =90"7 mod 187 =95
c[4] = m”e mod n =997 mod 187 =176
c[5] = m”e mod n = 100"7 mod 187 = 144
c[6] =m”e mod n= 1017 mod 187 = 84
c[7] = m”e mod n = 102"7 mod 187 = 119
¢[8] =m”e mod n = 103"7 mod 187 = 137
¢[9] = m”e mod n = 104"7 mod 187 = 179
¢[10] = m”e mod n = 105"7 mod 187 =96
c[11]=m”e mod n=106"7 mod 187 = 149
c[12] =m”e mod n=115"7 mod 187 = 157
c[13]=m”e mod n=116"7 mod 187 =74
c[14] =m”e mod n=117"7 mod 187 =127
c[15] =m”e mod n=118"7 mod 187 =101

Convert into ASCII characters.
c[0]=43 =+

c[1]=11=VT

c[2] =166 =2

c[3]=95=_

c[4]=176 =
c[5]=144=E
c[6]=84=T
c[7]=119=w
c[8]=137=¢
c[9]1=179 = |
c[10] =96 ="
c[11]=149=0
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c[12]=157=Y

c[13]=74=]

[l4]=127=0

c[15]=101=¢
Cipherfile=+VT*_#ETwé | ' 0YJoe

d. Decryption process
Cipherfile=+VT*_#ETwé | ' 0YJoe

+=43
VT=11
4= 166
=95
=176
E=144
T=284
W=119
§=137
| =179
'=96
o=149
Y =157
J=74
a=127
e=101

p[0] = c*d mod n =43"23 mod 187 = 87
p[1]=c*d mod n= 1123 mod 187 = 88
p[2] = c¢~d mod n = 166723 mod 187 = 89
p[3]=c¢~d mod n =95"23 mod 187 =90
p[4] =c*d mod n = 17623 mod 187 =99
p[5] = ¢*d mod n = 144723 mod 187 = 100
p[6] = ¢d mod n = 84”23 mod 187 = 101
p[7]=c¢*d mod n = 11923 mod 187 =102
p[8]=c*d mod n = 137723 mod 187 = 103
p[9] = ¢d mod n = 17923 mod 187 = 104
p[10] = c*d mod n = 96”23 mod 187 = 105
p[11] =c*d mod n = 149723 mod 187 = 106
p[12] =c*"d mod n = 157723 mod 187 =115
p[13] =c¢*d mod n= 74723 mod 187 =116
p[14] =c*"d mod n= 12723 mod 187 =117
p[15] =c*"d mod n= 101723 mod 187 =118

Convert into ASCII characters.
p[0]=87=W
p[1]1=88=X
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p[2]=89=Y
p[3]=90=2
p[4]=99=c
p[5]=100=d
p[6]=101=¢
p[71=102=f
p[8] =103 = ¢
p[9]=104=h
p[10]=105=i
p[11]=106 =
p[12]=115=5
p[13]=116=t
p[l4]=117=u
p[15]=118=v

Plainfile=W XY Zcdefghijstuv
The decryption results from ciphertext to plaintext demonstrate that the data is successfully restored to
its original form

3.2 DISCUSSION

Audio encrypted using the RSA algorithm can be stored or transmitted over a network with a
higher level of security, as the data is transformed into an unintelligible ciphertext form that cannot be
interpreted without the corresponding key. On the recipient’s side, the decryption process is performed
using the RSA private key to restore the audio to its original form in its entirety. This mechanism ensures
that only authorized parties are able to access the information, thereby maintaining data confidentiality
during both storage and transmission processes.

Moreover, data integrity is preserved, as any alteration or manipulation of the encrypted data
will result in an invalid or corrupted decryption output. Therefore, the implementation of RSA functions
not only as an encryption method but also as a cryptographic protection layer that strengthens the
security of the audio system against threats such as interception, unauthorized modification, and
information theft

3.2.1 System Security Analysis Based on the OWASP Framework
The implementation of the OWASP framework in conjunction with the RSA algorithm results in a more
structured and systematic audio security system.
Based on the analysis results:
1. The OWASP framework plays a critical role in identifying potential threats and assessing
security risks within the system.
2. The RSA algorithm functions as a cryptographic mechanism to protect audio data from
unauthorized access
3. The proposed system is capable of minimizing the risks of data leakage and unauthorized
manipulation of audio data
4. The visualization presented in Figure 1 illustrates that each security phase is interconnected—
from risk analysis to mitigation—thereby forming a comprehensive and integrated audio
security framework
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3.2.2 Discussion of Results

The findings of this study indicate that the implementation of the OWASP framework provides a
systematic and structured approach to identifying security vulnerabilities in digital audio processing
systems. Through stages of risk analysis, vulnerability identification, and threat evaluation, the
framework effectively maps potential weak points within the system, encompassing data storage,
transmission, and audio data management processes. This standards-based approach enables a more
focused and methodical testing procedure compared to vulnerability identification conducted without a
clearly defined framework.

Furthermore, the implementation of the RSA algorithm demonstrates that public key—based
encryption and decryption mechanisms are effective in ensuring the confidentiality and integrity of
audio data. Encrypted audio data cannot be accessed or modified without the corresponding private key,
thereby minimizing the risks of interception and unauthorized manipulation. In addition, the application
of RSA provides an additional layer of security during data transmission, particularly in network
environments that are susceptible to cyber threats
The integration of the OWASP framework and the RSA algorithm results in a security approach that is
not only preventive in nature but also analytical and evaluative. While the OWASP framework functions
to detect and mitigate potential security vulnerabilities, RSA serves as a technical protection mechanism
for safeguarding data. The combination of these two approaches significantly enhances the overall
security level of the audio system and offers a more comprehensive security model that can be applied
in the development of secure and reliable multimedia systems.

4. CONCLUSION
Based on the findings of this study, it can be concluded that:
1. The OWASP framework has proven to be effective as a systematic approach for identifying,
analyzing, and evaluating security vulnerabilities in audio processing systems, thereby enabling
a more structured and targeted risk detection process
2. The RSA algorithm enhances the security level of audio data by ensuring confidentiality and
integrity through public-key—based encryption and decryption mechanisms, thereby protecting
the data from unauthorized access and manipulation
3. The integration of the OWASP framework and the RSA algorithm results in a more
comprehensive, standardized, and reliable audio security system model, which can serve as a
reference for the development of secure digital audio systems in accordance with modern
information security principles.

5. SUGGESTIONS
Future research is recommended to:

1. Conduct a comparative analysis between the OWASP framework and other established security
frameworks to evaluate their relative effectiveness and advantages in securing digital audio
systems

2. Perform experimental evaluations using large-scale audio datasets to comprehensively assess the
performance, efficiency, and scalability of the RSA algorithm in practical implementations

3. Integrate the proposed security system into real-time audio-based applications in order to examine
its stability, robustness, and overall effectiveness under actual operational conditions
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