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This white paper investigates a critical zero-day memory-
corruption vulnerability (CVE-2025-31251) patched in Apple
i0S 18.5, located in the Apple JPEG image decoder, and
evaluates its potential impact remote code execution,
denial-of-service, and covert data exfiltration if exploited.
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demonstrates how malformed JPEG, CoreMedia, Image 10,
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everyday users and enterprises, including the possibility of
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detection. Moreover, because most iPhones are assembled
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attacks (e.g., the Supermicro “spy chip” allegations, Tar
logic’s ESP32 backdoor, and Chinese keyboard-app
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Executive Summary

This white paper examines the recently discovered critical security flaw FIX in Apple’s iOS 18.5,
detailing how it was identified, the potential risks to users who delay updating, and a broader
analysis of supply chain vulnerabilities, specifically, the likelihood that devices manufactured in
China could be tampered with by intelligence services. Drawing on historical precedents of
hardware backdoors and embedded keylogging mechanisms attributed to Chinese actors, this
document underscores the imperative for immediate patch deployment and heightened supply
chain vigilance.

Introduction

On May 12, 2025, Apple released i0OS 18.5 to address multiple security vulnerabilities across its
mobile platforms. Among these, the AppleJPEG flaw (CVE-2025-31251) is especially severe: it
allows processing of a maliciously crafted image to cause unexpected app termination or corrupt
process memory, potentially opening avenues for remote code execution or data exfiltration New
York Post Apple Support. Although no in-the-wild exploits have been publicly reported as of late

May 2025, security experts warn that widespread knowledge of this flaw makes it a prime target
for attackers New York Post Straight Arrow News. This paper analyzes how the vulnerability
was discovered, outlines the dire consequences of failing to update, and explores supply chain

risks, particularly the possibility of hardware-level espionage given iPhones’ Chinese
manufacturing origins. It also reviews historical instances where Chinese-affiliated actors
allegedly embedded rogue chips or keylogging capabilities into technology hardware, illustrating
why users and organizations must remain vigilant.

1. Discovery of the 10S 18.5 Flaw

1.1 Identification by Security Researchers

Multiple independent research teams and bug bounty participants uncovered the image-
processing vulnerability affecting AppleJPEG and related frameworks. According to Apple’s
official security document, CVE-2025-31251 (AppleJPEG) was reported by security researcher
Saagar Jha, who discovered that a malformed image file could trigger improper input
sanitization, leading to unexpected app termination or memory corruption Apple Support
Security Affairs. Google Project Zero and Trend Micro’s Zero Day Initiative also contributed to
reporting similar issues in WebKit, CoreMedia, and ImagelO components that parse user-
supplied media and web content Security Affairs Apple Support.



https://cve.mitre.org/cgi-bin/cvename.cgi?name=CVE-2025-31251
https://nypost.com/2025/05/29/tech/apple-issues-urgent-warning-to-iphone-users-to-update-ios/
https://nypost.com/2025/05/29/tech/apple-issues-urgent-warning-to-iphone-users-to-update-ios/
https://support.apple.com/en-us/122404
https://nypost.com/2025/05/29/tech/apple-issues-urgent-warning-to-iphone-users-to-update-ios/
https://san.com/cc/one-image-can-hijack-your-iphone-apple-warns-users-to-update-now/
https://support.apple.com/en-is/122404
https://securityaffairs.com/177748/security/apple-released-security-updates-to-fix-multiple-flaws-in-ios-and-macos.html
https://securityaffairs.com/177748/security/apple-released-security-updates-to-fix-multiple-flaws-in-ios-and-macos.html
https://support.apple.com/en-is/122404

AppleJPEG (CVE-2025-31251)

Reporter: Saagar Jha

Impact: A malicious image can corrupt process memory or crash apps.

Fix: Improved input sanitization to ensure malformed image data is safely handled Apple
Support Security Affairs.

CoreMedia (CVE-2025-31233)

Reporter: Independent researchers, including teams from Trend Micro.
Impact: A crafted video file could similarly corrupt memory.

Fix: Enhanced file parsing checks and boundary validations Security Affairs.

ImagelO (CVE-2025-31226)

Reporter: Saagar Jha

Impact: Processing malicious image data may lead to a denial-of-service (DoS).

Fix: Additional logic checks to prevent out-of-bounds memory access Apple Support
Security Affairs.

WebKit (multiple CVEs including CVE-2025-31215, CVE-2025-24213)

Reporters: Google V8 Security Team, Jiming Wang, Jikai Ren, Ivan Fratric (Project
Zero), among others.

Impact: Maliciously crafted web content could trigger memory corruption or unexpected
crashes.

Fix: Stricter state validation, float handling improvements, and additional input checks
Apple Support SecLists.

1.2 Apple’s Response Timeline

May 12, 2025: i0S 18.5 and iPadOS 18.5 released, incorporating patches for over 30
CVE:s across AppleJPEG, CoreMedia, ImagelO, WebKit, and other subsystems Apple
Support Security Affairs.

Mid-May 2025: Public advisories from Apple and third-party security blogs emphasize

the urgency of installing the update to close zero-day exposures Data Privacy +
Cybersecurity Insider Straight Arrow News.

Late May 2025: Media outlets such as the New York Post and Fox 13 News warn that
unpatched devices can be compromised by a single malicious image delivered via
messaging apps New York Post FOX 13 Tampa Bay.

By leveraging coordinated disclosures from Project Zero and private researchers like those at
DBAppSecurity’s WeBin Lab (YingQi Shi, Duy Tran) and Christian Kohlschiitter, Apple rapidly
triaged and addressed the vulnerabilities, underscoring the value of collaborative vulnerability
research Apple Support SecLists.
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2. Technical Details of the Flaw

2.1 AppleJPEG Vulnerability (CVE-2025-31251)

AppleJPEG is a subsystem used by 10S to decode JPEG and JPEG2000 images. The specific
flaw arises from improper bounds validation when handling specially structured JPEG segments.
When an attacker crafts a malformed image with out-of-specification segment lengths or corrupt
markers, the decoder fails to recognize that data is beyond allocated buffers. This can cause:

e Unexpected App Termination: A crafted image can force image-decoding processes to
segfault, crashing any application that attempts to render the image (e.g., Messages,
Safari, Mail).

e Memory Corruption & Potential RCE: By exploiting the memory corruption, attackers
can overwrite pointers or function pointers within the process’s memory space, enabling
execution of arbitrary code under the privileges of the compromised app.

o Silent Data Exfiltration: If RCE is achieved within a high-privilege process (e.g., a
background daemon), attackers could exfiltrate sensitive user data such as photos, local
files, or authentication tokens.

Apple’s patch implements robust input sanitization: before parsing, the decoder now checks that

segment sizes and buffer indices are within expected ranges; if anomalies are detected, the image
is rejected. Additional heap-based instrumentation prevents overflow conditions Security Affairs

LinkedIn.

2.2 Related Flaws in CoreMedia, ImagelO, and WebKit

e CoreMedia (CVE-2025-31233): A malformed video stream with manipulated NAL-unit
lengths triggers out-of-bounds reads in the H.264/H.265 decoder. The fix requires
verifying that length fields do not exceed buffer sizes and performing controlled memory

allocation before processing.

e ImagelO (CVE-2025-31226): Similar to AppleJPEG, a corrupted TIFF or PNG wrapper
around a JPEG payload caused unexpected memory use; the patch enforces stricter
header validation.

o  WebKit (CVE-2025-31215, CVE-2025-24213): Multiple logic and type-confusion bugs
in the JavaScriptCore engine and HTML rendering pipeline could lead to remote
exploitation when a user loads a malicious webpage or views a malicious HTML email.
Enhanced pointer safety checks, float validations, and state-handling corrections mitigate
these risks.

These related flaws have similar attack vectors, specifically, that untrusted multimedia or web
content can subvert memory safety, leading to DoS or arbitrary code execution. In combination,


https://securityaffairs.com/177748/security/apple-released-security-updates-to-fix-multiple-flaws-in-ios-and-macos.html
https://www.linkedin.com/pulse/apple-issues-major-security-updates-across-platforms-qnj9e

they pose a systemic risk since many Apple apps (Safari, Mail, Photos, Messages) rely on these
shared libraries. The comprehensive patch in i0OS 18.5 addresses them via memory management
improvements, stricter boundary enforcement, and additional heap/stack protections Security
Affairs SecLists.

3. Security Implications of Not Updating

Failing to install 10S 18.5 exposes users to several high-impact attack scenarios. Below is a
breakdown of the most critical risks:

3.1 Remote Code Execution (RCE)

Because malicious images, videos, or web content can hijack image- and media-parsing routines,
attackers can execute arbitrary code on unpatched devices. Possible consequences include:

o Installation of Persistent Malware: Attackers could install rootkits or jailbreak implants
that survive device reboots, enabling long-term espionage.

o Theft of Sensitive Information: Personal photos, messages, contact lists, authentication
cookies, and stored credentials become accessible.

e Credential Harvesting & Surveillance: By compromising keychain-accessible secrets
(e.g., saved passwords, biometric tokens), attackers can launch phishing attacks or gain
unauthorized access to user accounts.

Because these flaws can be triggered by a "single image" opened or previewed, even within
iMessage or Mail, attackers could execute drive-by attacks. As Safe Data Storage warns, iPhone
users may mistakenly believe their devices are immune, when in fact unpatched versions are
critically vulnerable New York Post FOX 13 Tampa Bay.

3.2 Denial-of-Service (DoS)

Maliciously crafted media can crash apps repeatedly, effectively rendering them unusable.
Although DoS might appear less severe than RCE, it can still disrupt a user’s ability to

communicate, access services, or call emergency contacts. In enterprise settings, a wave of DoS-
inducing images sent to corporate iPhones could hamper business operations.

3.3 Privacy Breach & Data Exfiltration

If an attacker gains RCE with permissions of a high-privilege background process (e.g.,
BackupAgent, PhotoAnalysis), they might silently exfiltrate user data over the network without
the user’s awareness. Because many enterprises use iPhones to access sensitive corporate or
government data, this presents a significant data leak risk.
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3.4 Supply Chain & Lateral Movement Risks

In environments where iPhones connect to corporate networks (e.g., via VPN or SMB file
shares), RCE on an iPhone may serve as a beachhead for lateral movement. Attackers could
pivot from a compromised device to internal servers, traffic-snift internal communications, or
deploy network exploits.

3.5 Elevated Risk for At-Risk Populations

Groups less familiar with technology, elderly users for example may not apply updates promptly.
This leaves them vulnerable to targeted spear-phishing campaigns delivering malicious media.
Safe Data Storage specifically urged users to help grandparents and neighbors update, as delayed
patching keeps the “door open” to attackers New York Post Straight Arrow News.

Because the median time from vulnerability disclosure to exploit weaponization for zero-day
bugs often ranges from days to weeks, delaying 10OS 18.5 exposes users to high-probability
attacks within a narrow window. The longer the delay, the more pervasive the risk.

4. Supply Chain Risks & the Potential for Chinese
Intelligence Tampering

While immediate software patching is essential, a parallel vector of concern is hardware-level
compromise. Most iPhones, including iPhone 14, 15, and presumably newer models, continue to
be assembled in China by large contract manufacturers primarily Foxconn, Pegatron, and
Wistron Wikipedia The Washington Post. Although Apple conducts rigorous audits and imposes
supply chain security protocols, past incidents suggest that actors with sufficient resources may
embed malicious components or firmware to facilitate espionage. This section outlines the
likelihood of such hardware tampering and presents historical evidentiary support of Chinese-
linked hardware subversion.

4.1 iPhone Manufacturing in China

e Foxconn & Pegatron Dominance: As of May 2025, Foxconn operates several massive
facilities in Zhengzhou and Shenzhen, employing hundreds of thousands of workers to
assemble iPhones destined for global markets. Pegatron and Wistron also maintain large
campuses in China for iPhone assembly Wikipedia Wikipedia.

o Component Sourcing: Critical components, A-series SoCs (designed by Apple,
fabricated by TSMC), memory chips (Sk hynix, Samsung), and various sensors are
sourced globally. However, final board-level assembly and certain flexibility in after-
market firmware/hardware insertion occur in Chinese plants. Even though SoCs
themselves are less likely to be tampered during TSMC fabrication, the risk arises from


https://nypost.com/2025/05/29/tech/apple-issues-urgent-warning-to-iphone-users-to-update-ios/
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third-party modules (power management ICs, Bluetooth/Wi-Fi modules, touch
controllers) assembled or programmed in China.

Supply Chain Visibility: Apple’s Supplier Responsibility Program and “Business
Conduct” audits provide some oversight, but physical security at thousands of assembly
lines remains a challenge. Insider threat mitigation is a perpetual concern, especially if
malicious actors coerce or place insiders in manufacturing roles.

4.2 Historical Precedents: Chinese-Linked Hardware Compromise

4.2.1 Supermicro “Spy Chip” Allegations (2018)

Overview: In October 2018, Bloomberg Businessweek published an exposé alleging that
Chinese military spies had embedded malicious microchips onto Supermicro’s server
motherboards at subcontractor facilities in China. These chips (smaller than a grain of
rice) purportedly created a stealth backdoor in servers used by Amazon, Apple, and
multiple defense contractors Bloomberg Cisco Duo.

Scope & Impact: According to Bloomberg, almost 30 U.S. companies spanning cloud
providers and government agencies received compromised servers. The alleged chips
were capable of executing commands and altering firmware to capture sensitive data,
intercept traffic, and grant remote access to adversaries.

Denials & Investigations: Supermicro, Apple, and Amazon denied the allegations, and
some follow-up reviews (e.g., by industry peers and the U.S. Department of Defense)
failed to corroborate Bloomberg’s claims. Nevertheless, multiple former intelligence
officials asserted that an FBI counterintelligence probe was initiated around 2012,
monitoring communications of certain Supermicro employees in China Reuters CRC.
While definitive proof remains contested, the Bloomberg story underscored the feasibility
and threat of hardware supply chain attacks.

Aftermath: Even though the specifics were disputed, the incident fundamentally
changed industry awareness. Major cloud providers and data center operators began
subjecting motherboards and network gear to specialized hardware inspection, optical
scanning, and side-channel testing to detect extraneous chips or modified traces.

4.2.2 Tarlogic Security’s ESP32 Backdoor Discovery (2025)

Overview: In March 2025, Tarlogic Security uncovered an undocumented backdoor in
the Espressif ESP32 microcontroller used extensively in [oT devices, smart home
gadgets, and embedded systems worldwide. This backdoor allowed remote attackers to
bypass standard authentication and execute arbitrary code over Bluetooth or Wi-Fi
Slashdot Hardware.
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Implications: Because the ESP32 is ubiquitous and many firmware distributions come
from Chinese codebases, the discovery highlighted the risk that even off-the-shelf
components could harbor covert entry points. Although the ESP32 is not directly
integrated into iPhones, the precedent demonstrates how Chinese microcontrollers can be
weaponized when embedded in critical devices.

Response: Firmware updates were pushed to impacted devices, and Espressif pledged to
initiate deeper code audits. However, this incident amplified concerns that third-party
modules in supply chains especially when shipped from some Chinese factories might
include malicious code or backdoors.

4.2.3 Firmware & Software Keylogging from Third-Party Keyboard Apps

Citizen Lab Report (April 2024): Researchers analyzed nine major cloud-based Pinyin
keyboard apps (Baidu, Honor, Huawei, iFlyTek, OPPO, Samsung, Tencent, Vivo,
Xiaomi) and found critical vulnerabilities in eight of them. Because these input methods
processed keystrokes on remote servers, nearly one billion users’ keystrokes were
exposed to network eavesdroppers; local software interception effectively turned these
keyboards into keyloggers The Citizen LabSC Media.

Hardware Aspect: Although this scenario involves software rather than a physical chip,
it demonstrates how components developed or maintained by Chinese vendors can serve
as surreptitious keylogging vectors. In theory, hardware-level keyloggers (e.g.,
microcontroller intercepts between the touchscreen controller and A-SoC) could be
inserted at manufacturing sites and remain undetected by conventional software audits

Wikipedia.

4.2.4 Huawei & ZTE Allegations (2012-2022)

Accusations of Backdoors: U.S. and allied governments repeatedly accused Huawei and
ZTE of embedding backdoors in their telecom equipment (base stations, routers) utilized
in critical infrastructure. While definitive proof often remains classified, leaked NSA
documents (2013) revealed that U.S. intelligence intercepts had identified suspicious
firmware modifications in equipment destined for foreign markets and potentially U.S.
purchasers supposedly orchestrated by state-aftiliated actors to facilitate network
monitoring Wikipedia LinkedIn.

Global Bans & Blacklists: From 2018 onward, multiple countries barred Huawei gear
from 5G rollouts and substituted it with alternative vendors, citing national security
concerns. In 2020, the U.S. Department of Commerce placed Huawei and select affiliates
on the Entity List, restricting their access to U.S. semiconductor technology.

Relevance to iPhone Supply Chain: Although Apple does not use Huawei or ZTE parts,
this context is instructive: any large-scale manufacturing environment in China where
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subcontractors produce firmware-driven modules faces potential infiltration by state
actors.

4.3 Likelihood of Chinese Intelligence Hardware Tampering

Insider Threat Potential: China’s intelligence services, notably the Ministry of State
Security (MSS), have historically relied on recruitment or coercion of insiders at key
manufacturing facilities. Given Foxconn’s workforce of over a million, even a single
compromised operator or engineer could introduce malicious modifications whether at
the firmware, component, or PCB trace level Wikipedia.

Partitioning & Obfuscation: Modern assembly lines often distribute tasks among many
workers to reduce collusion, but they also depend on subcontracted firmware vendors
who maintain firmware signing credentials. A malicious firmware update signed with
stolen keys or introduced via a compromised build server could embed a stealth
monitoring agent into boot-loaders or power management chips without easy detection.

Economic & Geopolitical Motivations: U.S.—China strategic competition has
intensified supply chain scrutiny. If iPhones remain predominantly manufactured in
China, even minor undiscovered hardware implants could grant persistent access to
communications, geolocation, stored credentials, or allow man-in-the-middle (MITM) of
encrypted data by leveraging on-device certificates or root CA trust stores functions that
could be subtly altered at the chip level.

Detection Difficulty: Unlike software audits, discovering a sub-5Smm hardware implant
on a dense PCB (e.g., in a power management IC or touch controller) requires destructive
decapsulation or expensive X-ray laminography techniques. The average consumer or
corporate security team lacks the capability to test each device at that granularity, making
large-scale hardware compromise a real threat.

Given these factors, while Apple has invested heavily in supply chain audits and component-
level security gates, the probability that a highly resourced state actor could introduce stealth
hardware or firmware modifications remains non-zero. Customers should be aware that patching

software alone cannot mitigate hardware-level espionage.

5. Mitigation and Recommendations

5.1 Immediate Actions for iPhone Users

1.

Update to iOS 18.5 Immediately:

o Navigate to Settings — General — Software Update and ensure i0S 18.5 is
installed.


https://en.wikipedia.org/wiki/Foxconn

o

o

Enable Automatic Updates to receive patches immediately going forward.

Verify installation by confirming Settings — General — About shows 10S 18.5
(Build 22G71) Apple Support.

2. Additional Best Practices:

o

Disable Automatic Image Previews in Messages/Mail: Prevents malicious
images from rendering automatically.

Enable Two-Factor Authentication (2FA): Protects Apple ID and third-party
accounts even if device is partially compromised.

Limit App Permissions: Grant only necessary access (e.g., Photos, Microphone)
to reduce data exposure in the event of RCE.

3. User Education:

o

Encourage family members, especially the elderly, to apply updates and adopt
basic cybersecurity hygiene.

Provide clear steps via email, SMS, or in person to assist users who find updates
confusing.

5.2 Organizational Measures for Enterprises
1. Mobile Device Management (MDM) Policies:

o

Enforce mandatory iOS version policies that require devices to run iOS 18.5 or
later before allowing VPN or corporate network access.

Configure device compliance profiles to block noncompliant devices from email
or file server access.

2. Threat Monitoring & Incident Response:

o

Implement endpoint detection tools that monitor unusual process spawning or
network traffic from i10S device endpoints.

Conduct periodic threat hunting exercises for indications of compromise (e.g.,
anomalous outbound connections to suspicious IPs).

Maintain a rapid patch-deployment protocol coordinate with employees or
contractors to ensure updates within 24 hours of release.

3. Supply Chain & Device Procurement Audits:

o

Source devices through vetted channels. Prefer manufacturers that document
“trusted build” chains and have hardware attestation features.


https://support.apple.com/en-us/122404

o Consider hardware-assisted attestation (e.g., Apple’s Secure Enclave and
hardware serial number verification) integrated into MDM solutions.

5.3 Hardware and Supply Chain Safeguards

1. Advocate for Diversified Manufacturing:

o Support Apple’s efforts to shift a greater portion of iPhone assembly to facilities
outside China such as new Foxconn plants in India.

o Monitor Apple’s iPhone shipment data to gauge the pace of diversification (e.g.,
India-export numbers) and reduce reliance on any single geographic region New
York Post The Times of India.

2. Independent Hardware Testing for Sensitive Deployments:

o For high-value or classified deployments (e.g., diplomatic, defense), commission
random hardware audits using X-ray laminography, decapsulation, or side-
channel analysis to verify FPGA/ASIC integrity.

o Leverage reverse-engineering services to compare firmware binaries against
known Apple trust bundles and detect unauthorized modifications.

3. Continuous Supply Chain Risk Assessment:

o Engage third-party supply chain security consultancies to perform ongoing audits
of subcontractors and component vendors.

o Insist on transparency for subcontracting tiers ensure every firmware build is
traceable to a single, verified, digital signature.

6. Conclusion

The critical 10S 18.5 vulnerability, particularly the AppleJPEG flaw demonstrates that even
hardened platforms like 10S can harbor severe memory-corruption bugs exploitable by a single
malicious image. Users who delay updating risk remote code execution, data exfiltration, and
persistent compromise. Moreover, because iPhones are predominantly manufactured in China,
there is a nontrivial risk that adversarial actors with substantial resources (e.g., Chinese
intelligence services) could introduce stealth hardware implants or firmware backdoors during
assembly. Historical examples such as the Supermicro “spy chip” allegations, Tarlogic’s ESP32
backdoor discovery, and vulnerabilities in Chinese keyboard apps, underscore that supply chain
attacks can and have occurred at scale. Organizations and end users must therefore adopt a two-
pronged defense strategy: (1) immediate software patching to close known zero-days, and (2)
rigorous scrutiny of hardware provenance, manufacturing practices, and supply chain integrity.


https://nypost.com/2025/05/27/business/apples-iphone-exports-from-india-to-us-jumped-76-in-april/
https://nypost.com/2025/05/27/business/apples-iphone-exports-from-india-to-us-jumped-76-in-april/
https://timesofindia.indiatimes.com/technology/tech-news/apple-exports-2-9-million-iphones-from-india-to-us-china-sees-big-fall-how-and-why-25-tariff-threat-may-not-solve-trumps-little-problem-with-india/articleshow/121511222.cms

Only through this holistic approach can stakeholders mitigate both software- and hardware-level
threats to iPhones and the sensitive data they carry.
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