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Abstract 

With the rapid growth of smartphones, mobile operating systems have become 

a critical target for security attacks. Among them, Android and iOS dominate 

the global market, serving billions of users across different domains. Android, 

being an open-source platform, offers flexibility and customization but also 

introduces several security vulnerabilities. iOS, on the other hand, follows a 

tightly controlled ecosystem with strict security policies. This paper presents a 

comprehensive review of Android security vulnerabilities and provides a 

comparative analysis with iOS security mechanisms. Key areas such as 

application sandboxing, permission models, malware threats, system updates, 

data protection, and hardware-backed security are examined. The study 

highlights how architectural differences and ecosystem policies influence the 

security posture of both platforms. The findings indicate that while Android 

faces higher exposure to malware and fragmentation-related risks, recent 

improvements in Android security have significantly narrowed the gap with 

iOS. This paper aims to assist researchers, developers, and security 

professionals in understanding mobile OS security challenges and selecting 

appropriate mitigation strategies. 
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1. Introduction 

Smartphones have evolved from simple communication devices into powerful computing 

platforms that store sensitive personal and professional information. Banking details, biometric 

data, health records, and corporate credentials are commonly accessed through mobile 

applications. As a result, mobile operating systems (OS) have become attractive targets for 

attackers. Android and iOS collectively account for more than 99% of the global smartphone 

market, making them the primary focus of mobile security research. 

 

Android, developed by Google, follows an open-source model that allows device 

manufacturers and developers to modify the operating system. This openness has enabled rapid 

innovation and wide adoption but has also increased the attack surface. In contrast, iOS, 

developed by Apple, operates under a closed and highly controlled ecosystem, where hardware, 

software, and application distribution are tightly integrated. 

 

This paper reviews major Android security vulnerabilities and compares them with iOS 

security mechanisms. The objective is not to declare one platform as universally secure, but to 

analyze how design choices, update mechanisms, and ecosystem control impact overall 

security. The comparative approach helps in identifying strengths and weaknesses of both 

platforms and provides insights for future improvements. 

 

2. Android Security Architecture Overview 

Android security architecture follows a multi-layered defense model, where security 

mechanisms are distributed across the operating system stack rather than relying on a single 

protection layer. This design reduces the risk of complete system compromise even if one layer 

is breached. The architecture integrates Linux kernel–level protections, application 

sandboxing, a permission-based access control system, cryptographic services, and hardware-

backed security features. Together, these components aim to protect user data, ensure 

application isolation, and maintain overall system integrity. 

 

Unlike traditional desktop operating systems, Android is designed for an environment where 

third-party applications are widely installed and frequently interact with system resources. As 

a result, Android security focuses heavily on isolation and least-privilege access, limiting the 

potential damage caused by malicious or poorly designed applications. 
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2.1 Linux Kernel and Process Isolation 

At the foundation of Android security lies the Linux kernel, which provides core system 

services such as process management, memory allocation, and hardware interaction. The kernel 

enforces process isolation, ensuring that each running application operates in its own protected 

memory space. This prevents one application from directly reading or modifying the memory 

of another, reducing the likelihood of data leakage and unauthorized access. 

 

Android assigns a unique user ID (UID) to each application at installation time. This UID-

based model ensures that applications are treated as separate users by the Linux kernel. File 

system permissions are enforced using standard Linux access control mechanisms, allowing 

apps to access only their own private directories unless explicitly permitted. This approach 

significantly limits the impact of malware, as a compromised application cannot easily access 

other apps’ data. 

 

In addition to isolation, the kernel implements security features such as Address Space Layout 

Randomization (ASLR) and SELinux (Security-Enhanced Linux). SELinux operates in 

enforcing mode on modern Android versions, applying mandatory access control policies that 

restrict how system processes and applications interact. These policies help prevent privilege 

escalation attacks and unauthorized system calls, even if an application is exploited. 

 

2.2 Application Sandbox Model 

The application sandbox model is a central element of Android’s security design. Each 

application runs within its own sandbox, which includes a dedicated process, UID, and isolated 

storage area. By default, applications cannot access the code, data, or resources of other apps. 

Any interaction must occur through well-defined interfaces. 

 

Inter-process communication (IPC) in Android is handled using the Binder framework, which 

acts as a lightweight remote procedure call (RPC) mechanism. Binder enforces permission 

checks at runtime, ensuring that only authorized applications can invoke sensitive system 

services or communicate with protected components. This structured IPC model reduces the 

risk of arbitrary code execution and unauthorized data sharing. 
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However, despite the strength of sandboxing, vulnerabilities can arise from developer 

misconfigurations. Components such as activities, services, broadcast receivers, and content 

providers can be declared as exported, allowing other apps to access them. If proper permission 

checks are not implemented, attackers may exploit these components to perform intent 

spoofing, data injection, or privilege escalation. Therefore, while the sandbox model is robust, 

its effectiveness also depends on secure application design practices. 

 

2.3 Permission System 

Android uses a permission-based security model to control access to sensitive system 

resources such as the camera, microphone, location data, contacts, and storage. Applications 

must explicitly declare the permissions they require in their manifest file. This model is 

intended to enforce the principle of least privilege, where apps only receive access to the 

resources necessary for their functionality. 

 

In earlier Android versions, permissions were granted at install time, meaning users had to 

accept all requested permissions before installing an app. This approach often resulted in users 

granting excessive privileges without fully understanding the implications, increasing the risk 

of privacy violations and abuse. 

 

Modern Android versions have introduced runtime permissions, allowing users to grant or 

deny permissions while the app is running. Permissions are grouped by functionality, and users 

can revoke them at any time through system settings. This change has improved transparency 

and user control, but challenges still remain. Many users lack sufficient awareness to make 

informed decisions, and some applications repeatedly request denied permissions, leading to 

consent fatigue. 

 

Furthermore, the permission system includes normal, dangerous, and signature-level 

permissions, each with different protection levels. While this categorization strengthens 

security, incorrect permission usage by developers can still expose vulnerabilities. Therefore, 

the effectiveness of the permission system relies not only on OS enforcement but also on 

responsible application development and user awareness. 

 

3. Major Android Security Vulnerabilities 
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Despite the presence of strong architectural safeguards, Android continues to face several 

security vulnerabilities in real-world usage. Many of these issues arise not only from technical 

weaknesses but also from ecosystem-related factors such as third-party application distribution, 

device fragmentation, and inconsistent security practices among developers and manufacturers. 

This section discusses the most common and impactful Android security vulnerabilities 

observed in recent years. 

 

3.1 Malware and Trojans 

Android is more frequently targeted by malware and Trojan applications compared to iOS. One 

major reason is the availability of third-party app stores and application sideloading, which 

allow users to install apps outside the official Google Play Store. While this openness provides 

flexibility, it also increases the risk of installing malicious software. 

 

Malware developers often disguise harmful applications as legitimate tools such as games, 

utility apps, or system optimizers. Once installed, these apps exploit excessive permissions to 

access sensitive user data including contacts, SMS messages, location, and device identifiers. 

Some Trojans operate silently in the background, while others display intrusive advertisements 

or redirect users to malicious websites. 

 

Although Google Play Protect performs automated scanning of applications, malware variants 

continue to evolve and use obfuscation techniques to bypass detection. As a result, Android 

malware remains a persistent threat, particularly on devices that allow unrestricted app 

installation. 

 

3.2 Fragmentation and Delayed Updates 

Android fragmentation is one of the most critical security challenges in the platform. 

Fragmentation refers to the coexistence of multiple Android versions across different devices 

and manufacturers. Unlike iOS, where updates are distributed directly by Apple, Android 

updates depend on device manufacturers and network carriers. 

 

Many manufacturers delay security patches or stop providing updates after a limited support 

period. Consequently, millions of Android devices continue to run outdated software with 
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known vulnerabilities. Attackers often exploit these unpatched weaknesses using publicly 

available exploit kits. 

 

Delayed updates significantly reduce the effectiveness of Android’s security model. Even when 

Google releases monthly security patches, users may not receive them in a timely manner. This 

creates long-term exposure to threats and undermines user trust in device security. 

 

3.3 Insecure App Components 

Android applications are composed of multiple components, including activities, services, 

broadcast receivers, and content providers. These components can be exposed to other 

applications if not properly secured. Insecure or unintentionally exported components are a 

common source of vulnerabilities in Android apps. 

 

Attackers exploit these weaknesses through techniques such as intent spoofing, where 

malicious apps send crafted intents to trigger sensitive actions in vulnerable applications. 

Similarly, improperly protected content providers may leak private user data or allow 

unauthorized data modification. 

 

Such vulnerabilities often arise from poor development practices rather than flaws in the 

Android OS itself. Developers may neglect to apply permission checks or misconfigure 

component visibility. As a result, even well-intentioned applications can become entry points 

for attacks if security is not carefully considered during design and implementation. 

 

3.4 Rooting and Privilege Escalation 

Rooting is the process of obtaining superuser (root) access on an Android device. While some 

users intentionally root their devices for customization and advanced control, rooting 

significantly weakens the built-in security mechanisms of Android. 

From an attacker’s perspective, privilege escalation is a serious threat. By exploiting kernel or 

system vulnerabilities, attackers can gain root access without user consent. Once root privileges 

are obtained, security boundaries such as application sandboxing and permission restrictions 

can be bypassed entirely. 
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Root-level access enables attackers to install persistent malware, modify system files, disable 

security features, and hide malicious activities from detection. Although modern Android 

versions include stronger kernel protections and SELinux enforcement, privilege escalation 

attacks remain a high-impact risk, especially on older or unpatched devices. 

 

4. iOS Security Architecture Overview 

iOS security architecture is designed around a closed-source and tightly controlled 

ecosystem, where Apple maintains direct control over hardware design, operating system 

development, and application distribution. This vertical integration allows Apple to implement 

security measures consistently across devices and rapidly respond to emerging threats. Unlike 

Android, where multiple manufacturers influence system behavior, iOS follows a unified 

security model that emphasizes integrity, confidentiality, and controlled access. 

 

The core philosophy of iOS security is to minimize the attack surface by limiting system 

modifications, restricting application behavior, and enforcing strong hardware-backed 

protections. As a result, many security mechanisms are deeply integrated with the device 

hardware, making unauthorized access and system tampering significantly more difficult. 

 

4.1 Secure Boot Chain 

One of the fundamental security mechanisms in iOS is its secure boot chain, which ensures 

that only trusted and verified software is executed during device startup. The secure boot 

process begins at the hardware level with a root of trust embedded in the device’s processor. 

Each stage of the boot sequence verifies the cryptographic signature of the next stage before 

execution. 

 

If any component of the boot chain fails signature verification, the boot process is halted. This 

prevents attackers from loading modified or malicious firmware, even if they gain physical 

access to the device. The secure boot chain also protects against persistent malware, as 

unauthorized system modifications cannot survive a reboot. 

 

This hardware-backed verification mechanism significantly strengthens system integrity. It 

ensures that the operating system, kernel, and low-level components remain untampered, 

forming a strong foundation for higher-level security features in iOS. 
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4.2 App Store Review Process 

iOS application distribution is tightly controlled through Apple’s App Store review process. 

All third-party applications must undergo mandatory review before being made available to 

users. This process includes both static code analysis and dynamic behavior analysis, aimed 

at detecting malicious activities, privacy violations, and policy non-compliance. 

 

The review process significantly reduces the likelihood of malware reaching end users. 

Applications that attempt to misuse private APIs, perform hidden background operations, or 

collect excessive user data are typically rejected. Additionally, Apple enforces strict developer 

identity verification, which discourages large-scale malicious activity. 

 

However, the App Store review process is not foolproof. Some malicious or vulnerable 

applications have bypassed review by hiding harmful behavior or activating it after installation. 

Despite these limitations, the centralized review model remains one of the strongest defenses 

in the iOS ecosystem, contributing to its relatively low malware prevalence. 

 

4.3 Sandboxing and Permissions 

iOS enforces a strong application sandboxing model, where each app runs in its own isolated 

environment. Applications are restricted from accessing other apps’ data or system resources 

unless explicitly permitted. The sandbox is enforced by the operating system and supported by 

hardware-level protections, making sandbox escapes difficult. 

 

The iOS permission system is based on explicit user consent. Applications request access to 

sensitive resources such as camera, microphone, location, contacts, and photos at runtime. 

Users are clearly informed about the type of data being requested and can allow or deny access 

on a per-app basis. 

 

Permissions can be easily reviewed and revoked through system settings, improving 

transparency and user control. In recent iOS versions, Apple has further strengthened privacy 

protections by introducing features such as approximate location access and background 

activity indicators. While these controls enhance user privacy, they may also limit application 

flexibility, requiring developers to adapt their designs to stricter security policies. 
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5. Comparative Analysis: Android vs iOS Security 

Android and iOS adopt fundamentally different design philosophies, which directly influence 

their respective security models. Android emphasizes openness, flexibility, and manufacturer 

customization, while iOS focuses on centralized control and tightly integrated security 

mechanisms. These differences result in distinct strengths and weaknesses in terms of malware 

exposure, update deployment, and system control. This section compares the two platforms 

across key security dimensions. 

 

5.1 Malware Exposure 

Malware exposure remains one of the most significant differences between Android and iOS 

security. Android’s open application ecosystem allows users to install apps from multiple 

sources, including third-party app stores and direct sideloading. While this openness supports 

innovation and user choice, it also increases the risk of malicious applications entering the 

system. 

 

Attackers frequently exploit unofficial app stores to distribute malware disguised as popular 

applications. Even on the official Google Play Store, some malicious apps manage to bypass 

automated screening by using obfuscation or delayed activation techniques. As a result, 

Android devices, especially those with disabled security warnings or outdated protection, are 

more vulnerable to malware infections. 

 

In contrast, iOS restricts application installation almost entirely to the Apple App Store. This 

centralized distribution model significantly limits the spread of malware. The mandatory app 

review process and strict developer verification reduce the likelihood of large-scale malicious 

campaigns. However, this restriction also limits user flexibility, as advanced users cannot easily 

install custom or experimental applications without jailbreaking the device. 

 

5.2 Update Mechanisms 

Security updates play a critical role in protecting mobile devices against newly discovered 

vulnerabilities. iOS has a clear advantage in this area due to Apple’s direct control over both 

hardware and software. When Apple releases a security update, it is made available 
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simultaneously to all supported devices worldwide. This ensures rapid patch adoption and 

minimizes the window of exposure to known threats. 

 

Android follows a more fragmented update model. Although Google releases monthly security 

patches, the responsibility for delivering these updates lies with device manufacturers and 

network carriers. Many manufacturers delay updates due to testing requirements, 

customization layers, or commercial considerations. In some cases, older devices stop 

receiving updates entirely. 

 

This inconsistency leaves a large number of Android devices running outdated software with 

unpatched vulnerabilities. While initiatives such as Project Treble and Google Play system 

updates have improved the situation, update fragmentation remains a major security concern 

in the Android ecosystem. 

 

5.3 Customization vs Control 

Customization and control represent another key contrast between Android and iOS security 

approaches. Android allows extensive customization at both the system and application levels. 

Manufacturers can modify the user interface, preinstall apps, and add custom features. Users 

can also personalize their devices through launchers, widgets, and system settings. 

 

While this flexibility enhances user experience and innovation, it also increases the attack 

surface. Custom system modifications may introduce new vulnerabilities, and preinstalled 

apps can sometimes have elevated privileges that attackers exploit. Additionally, user-enabled 

features such as rooting further weaken security boundaries. 

iOS prioritizes control and consistency over customization. Apple strictly limits system 

modifications and enforces uniform behavior across devices. This controlled environment 

reduces unexpected interactions and makes security testing more reliable. However, it also 

restricts developer freedom and user customization, which some users perceive as a limitation. 

 

Table 1: Security Feature Comparison 

Feature Android iOS 

Source Model Open Source Closed Source 
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Feature Android iOS 

App Installation App Store + Sideloading App Store Only 

Update Control Manufacturer-dependent Apple-controlled 

Malware Prevalence High Low 

Customization High Limited 

 

6. Data Protection and Privacy 

Both platforms implement encryption to protect user data. 

Android uses File-Based Encryption (FBE) with hardware-backed keystore support. iOS uses 

full-disk encryption tied to the Secure Enclave. iOS encryption is deeply integrated with 

hardware, making physical attacks more difficult. 

 

7. Hardware-Backed Security 

Android devices increasingly support Trusted Execution Environment (TEE) and hardware-

backed keystores. iOS uses Secure Enclave, which isolates cryptographic operations from the 

main processor. Historically, iOS had an advantage, but modern Android devices have 

significantly improved in this area. 

 

8. Security Challenges and Future Trends 

Android faces ongoing challenges related to fragmentation, third-party apps, and inconsistent 

OEM practices. iOS must balance security with increasing regulatory pressure to allow 

alternative app stores. Future trends include AI-driven malware detection, stronger privacy 

controls, and zero-trust mobile architectures. 

 

9. Discussion 

The comparative analysis shows that Android’s vulnerabilities are largely ecosystem-driven 

rather than architectural flaws. With initiatives like Google Play Protect, monthly security 

patches, and improved permission models, Android security has matured considerably. iOS 

remains more secure by default but offers less flexibility to users and developers. 

 

10. Conclusion 
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This paper presented a detailed review of Android security vulnerabilities and compared them 

with iOS security mechanisms. Android’s open ecosystem results in higher exposure to 

malware and delayed updates, while iOS benefits from centralized control and hardware-

integrated security. However, recent advancements in Android security have reduced the gap 

between the two platforms. Rather than viewing security as a competition, both platforms can 

learn from each other to enhance mobile security. Developers and users must remain vigilant, 

as security is a shared responsibility that evolves with emerging threats. 
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