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Abstract— Cloud gaming has brought a major revolution in the gaming industry, providing users with advanced gaming
capabilities without the need for strong local infrastructure. Platforms including NVIDIA GeForce NOW, Xbox Cloud
Gaming, and Amazon Luna have enabled people around the globe to enjoy high-quality gaming [1]. However, this
technology has introduced critical security threats that imperil user privacy [2]. This study identifies major vulnerabilities in
cloud-based gaming systems—including authentication weaknesses, transmission protocol flaws, server vulnerabilities, and
excessive data collection—and provides effective countermeasures [3]. While cloud gaming offers unparalleled accessibility,
maintaining user trust requires meeting stringent security requirements [3].
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l. INTRODUCTION

Cloud computing in gaming represents a paradigm shift in the entertainment industry, changing how gamers interact with
and access digital content [4]. By performing computation on powerful remote servers, users can stream high-quality games
to low-end devices. Technology giants have invested billions in cloud gaming infrastructure, driving significant market
growth [5].

Cloud gaming mitigates the need for costly dedicated hardware by utilizing remote data center computing resources [6].
However, this architecture introduces novel security issues distinct from traditional gaming models. A single vulnerability
can potentially compromise the entire user database, affecting millions of accounts simultaneously [7].

In 2024, HTTP DDoS attacks against gaming platforms increased by 94%, making the gaming industry the prime target for
such attacks [8]. Major platforms like Steam and Epic Games have experienced significant data breaches affecting millions
of users and compromising personal and financial details [9]. The need for comprehensive security mechanisms in cloud
gaming environments has become critical.

Continuous connectivity in cloud gaming creates persistent exposure of data in transit, coupled with the tracking of user
playing behavior [10]. The multi-tenancy nature of cloud infrastructure further complicates security mitigation efforts [2].

1. LITERATURE REVIEW

Existing literature on cloud computing security provides foundational understanding of vulnerabilities targeting distributed
systems [11]. Abdulsalam and Hedabou (2022) identified key domains for cloud security: authentication, network
communications, server structures, and data privacy handling, noting shortcomings in models based on perfect forwarding
secrecy against dynamic threats [2].

Gaming organizations collect vast amounts of user data, including personal details, transaction records, gaming preferences,
behavioral patterns, and biometric attributes such as eye tracking, voice, and heart rate [12]. While valuable for
personalization, this data collection poses significant privacy risks. The Cloud Security Alliance (2024) highlighted the
challenge of balancing user convenience with robust data protection in cloud gaming environments [3].

Account security research identifies multi-factor authentication (MFA) as a critical defense mechanism, yet its
implementation remains inconsistent across platforms [13]. Authentication vulnerabilities enable credential stuffing, phishing
campaigns, and social engineering exploits [14]. Network security research underscores the tension between gaming
performance requirements and encryption strength [15], with latency-sensitive traffic potentially compromising protection
when performance is prioritized [16].
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TABLE 1
SUMMARY OF LITERATURE REVIEW

Author & Year Focus Key Findings

Anderson & Moore (2024) [27] | Security economics Poor security investment increases breach risks and user trust

loss
Barik et al. (2024) [16] Network security Encryption affects latency; optimized security models needed
Garcia et al. (2024) [24] Account protection MFA significantly reduces account hijacking incidents
Lee & Kim (2024) [21] Account threats Phishing and credential theft are major attack vectors
Harrison & Smith (2025) [28] DDosS attacks Cloud gaming services are frequent DDoS targets

Recommends privacy-by-design and anonymized data

Chen et al. (2025) [29] Privacy protection handling

I1. CLOUD GAMING ARCHITECTURE AND INFRASTRUCTURE
3.1 System Components

Cloud gaming architecture comprises multiple interconnected layers requiring coordinated security measures [17]. The
client-side layer includes lightweight applications or browser-based interfaces responsible for displaying video streams and
capturing user inputs. These applications must implement secure communication protocols to protect against malicious code
injection.

The network layer facilitates low-latency data flow between clients and servers [18]. Encryption-heavy network designs may
introduce latency that degrades user experience, posing challenges for TLS in avoiding downgrade attacks while maintaining
throughput for high-resolution streams.

Server-side infrastructure executes game logic, renders images, encodes video streams, and manages computational resources
across distributed data centers [2]. Defense-in-depth security techniques—including network segmentation, intrusion
detection systems, reliable coding practices, and periodic vulnerability testing—are essential at this layer [19].

3.2 Data Flow and Processing

Gaming data flows at extremely high speeds: input commands, game state transitions, graphics rendering, and data
compression occur within milliseconds [20]. High-resolution gaming generates tens of megabits per second, challenging
encryption systems to maintain latency thresholds. Integrity checks must be performed while satisfying performance
requirements for optimal gaming experiences [3].

V. SECURITY VULNERABILITIES IN CLOUD GAMING
4.1 Authentication and Account Security

Gaming accounts contain valuable personal information, payment credentials, game libraries, and social connections, making
them prime targets for cybercriminals [21]. Single-factor password authentication proves inadequate as users frequently reuse
passwords or select easily guessable credentials. Credential stuffing attacks exploit these poor password practices using
stolen username-password combinations from previous breaches [22].

Phishing campaigns targeting gamers employ increasingly sophisticated social engineering techniques to harvest credentials
through fake promotional offers, security alerts, or tournament invitations [23]. While MFA significantly reduces
unauthorized access risks, many platforms treat it as optional, leaving millions of accounts vulnerable. SMS-based
authentication remains susceptible to SIM swapping attacks [13].
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Account recovery mechanisms relying on easily obtainable personal information—email addresses, birth dates, security
questions—enable social engineering-based account takeover [24]. Research shows that account theft permanently drives
loyal players away from platforms, directly impacting retention and revenue [25].

4.2 Network and Data Transmission Security

Continuous streaming creates inherent conflicts between security and performance. Outdated or misconfigured TLS
implementations leave platforms vulnerable to man-in-the-middle attacks [26]. Public Wi-Fi networks present particular
risks, enabling attackers to intercept authentication tokens, gameplay data, or payment information.

Deep packet inspection by ISPs can inadvertently expose gaming data to unauthorized observation. Packet replay attacks
manipulate game states by retransmitting captured network traffic, enabling cheating or unfair competitive advantages. VPNs
offer additional encryption but introduce latency unacceptable for real-time gaming.

4.3 Server-Side Vulnerabilities

Server infrastructure breaches can cascade to potentially affect millions of users simultaneously. SQL injection
vulnerabilities allow attackers to extract, modify, or delete stored data. Compromised encryption keys negate stored data
protection, requiring secure key storage solutions isolated from encrypted data. Role-based access controls must strictly limit
damage from compromised accounts or insider threats [2].

The Snowflake breach in 2024 demonstrated how compromised contractor systems facilitated major security incidents across
numerous organizations. Timely vulnerability patching remains critical, though organizational pressures sometimes delay
security updates. Bug bounty programs and regular security audits help identify vulnerabilities proactively [19].

V. PRIVACY CONCERNS AND DATA COLLECTION

5.1 Scope of Data Collection

Cloud gaming platforms collect extensive user data far exceeding operational necessities [12]. Telemetry systems track in-
game actions, play durations, skill progressions, communication patterns, device specifications, purchase histories, and
increasingly biometric information including eye tracking, voice patterns, and physiological responses. This enables detailed
user profiling extending well beyond game optimization.

Applications may collect banking information, track precise locations, monitor social media interactions, and gather cross-
session behavioral patterns. Privacy concerns escalate when personally identifiable information and financial data are
collected without explicit informed consent or adequate security measures.

5.2 Data Usage and Third-Party Sharing

Privacy policies typically permit extensive use of user data for targeted marketing, market research, and algorithm training,
often in vague, nonspecific terms. Third-party information-sharing agreements further compound privacy risks by diffusing
data beyond the control of originating service providers. Data traders sell gaming information on secondary markets, while
large technology conglomerates aggregate this data to build comprehensive user profiles [25].

5.3 Regulatory Compliance and User Rights

The GDPR in Europe and the CCPA in the United States mandate transparent data collection practices, informed consent,
and user rights to access or delete personal information. However, many gaming platforms collect data under blanket consent
agreements, and research indicates widespread non-compliance with GDPR requirements [17]. Children's data requires
special protections, yet age verification mechanisms prove unreliable, potentially exposing minors to inadequate privacy
safeguards.

VI. EMERGING THREATS AND ATTACK VECTORS
6.1 Distributed Denial of Service Attacks

DDosS attacks remain a serious threat to cloud-based gaming, with the industry recording a 94% rise in HTTP-based attacks
in 2024 [8]. By overwhelming target servers with malicious traffic, attackers render services inaccessible to legitimate users.
IoT botnets enable perpetrators to coordinate massive distributed attacks using compromised smart devices [10]. The Aisuru
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botnet was suspected behind October 2024 attacks that disrupted prominent gaming platforms, with Blizzard Entertainment
acknowledging DDoS-related login failures on Battle.net.

6.2 Malware Distribution

Even with cloud-based game execution, malware can reach user devices through various vectors [11]. Cheat applications
frequently conceal malware, undermining security while claiming to enhance performance [8]. In 2024, Valve removed a
malicious game demo from Steam discovered to be distributing info-stealing malware. Supply-chain attacks prove that even
established distribution platforms remain vulnerable. Pirated game installations pose extreme risk, often containing trojans
designed to harvest credentials or financial information [9].

6.3 Data Breaches and Information Theft

High-profile breaches have exposed millions of user records containing personal information, payment credentials, and
authentication tokens [9]. In 2024, breaches at Steam and Epic Games caused identity theft, financial losses, and privacy
violations. The DarkBeam ransomware attack in September 2023 exposed 3.8 billion records, demonstrating the catastrophic
potential of misconfigured cloud servers [3]. These incidents underscore that data security failures carry consequences
extending far beyond immediate financial losses [12].

VIL. RESULTS AND KEY FINDINGS

The systematic review of existing literature and analysis of real-world cloud gaming security incidents revealed the following
critical findings:

Finding Category Key Observations

Authentication and Single-factor authentication remains the most exploited vulnerability; MFA adoption is
Account Security inconsistent; credential stuffing, phishing, and SIM-swapping are primary attack vectors
Network and Fundamental tension exists between performance and encryption strength; outdated TLS
Transmission Security implementations expose platforms to MITM attacks

DDoS and Emerging Gaming industry was the most targeted sector for DDoS attacks in 2024 (94% increase); 10T
Threats botnets represent growing attack vectors

Privacy and Data Platforms collect extensive data beyond operational requirements; third-party data sharing
Collection lacks transparent consent; GDPR/CCPA compliance is inconsistent

Overall, while cloud gaming offers significant accessibility benefits, its centralized architecture creates concentrated attack
surfaces. Current security and privacy practices across the industry are insufficient to meet the identified scale of threats.

VIII. RECOMMENDATIONS
8.1 Platform Provider Responsibilities

Cloud gaming service providers must implement comprehensive security frameworks addressing vulnerabilities across all
architectural layers [24]:

e Mandatory MFA for all user accounts, preferably using authenticator applications or hardware tokens
e End-to-end encryption for data in transit and at rest, with regular cryptographic audits
e Transparent privacy policies clearly communicating data collection practices and usage purposes
e Regular security assessments including penetration testing and code audits
¢ Incident response plans defining procedures for detecting, containing, and remediating breaches
8.2 User Security Practices

Users must adopt defensive security practices:
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e  Use strong, unique passwords generated via password managers
o Enable MFA wherever available
e Avoid public Wi-Fi for gaming sessions involving authentication or financial transactions
o  Apply software updates promptly
e Remain vigilant against phishing attempts [25]
8.3 Regulatory and Industry Standards

Industry-wide security standards and certification programs can establish baseline security requirements and encourage best
practice adoption. Regulatory frameworks must balance consumer protection with innovation, establishing clear
requirements for data handling, breach notification, and user rights. International cooperation is essential to address
jurisdictional challenges inherent in cloud computing across national boundaries.

IX. CONCLUSION

Cloud gaming represents a transformative technology democratizing access to high-quality gaming experiences, yet its
success fundamentally depends on addressing critical security and privacy challenges. The centralized architecture creates
concentrated attack surfaces where vulnerabilities can simultaneously affect millions of users. Authentication weaknesses,
network vulnerabilities, server-side exposures, and excessive data collection collectively threaten user security and privacy.

The 94% increase in DDoS attacks targeting gaming platforms in 2024, coupled with major data breaches affecting millions
of accounts, underscores the urgent need for comprehensive security frameworks specifically designed for cloud gaming
environments. MFA enforcement, robust encryption, intrusion detection systems, and regular security audits are essential
defensive measures that must be systematically implemented across the industry.

Future developments including edge computing, 5G networks, and artificial intelligence will introduce new security
challenges requiring adaptive defensive strategies. Collaborative efforts across gaming companies, security researchers,
regulatory bodies, and user communities are essential for building resilient security ecosystems that sustain cloud gaming
growth while protecting user interests and maintaining long-term trust.
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