Inside Bluetooth

Demystifying Bluetooth
vulnerabllities, exploits,
and enterprise risk.

Insights distilled from the Bastille Networks Wireless Threat Podcast.




‘A Ubiquitous Protocol Burdened

Ubiquity

Over 7 billion active devices.
Bluetooth is embedded in
everything from enterprise
laptops to health
thermometers and insulin
delivery profiles.

Complexity

Thousands of pages of core
specifications covering

26 years of evolution.

Two parallel technical
stacks (Bluetooth Classic
and Bluetooth Low Energy)
operate simultaneously.

Legacy Alignment
The Bluetooth SIG prioritizes
backward compatibility.
Modern devices are fnr;;d:, |
to support insecure ot o
1999-era protocols 4’/5@

so old peripherals . El
continue to function. ““




'Vulnerabilities Originate Across
a Fragmented Supply Chain
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Layer 4 - Convenience Features

UX enhancements that override security. (e.g.,
Apple and Google Fast Pair protocols prioritizing
seamless connection pop-ups over secure authen-
tication).

Layer 3 - Vendor Implementation

Mistakes made by the final manufacturer. (e.g.,
Failing to enforce authentication checks or leaving
out basic encryption during the pairing phase).

Layer 2 - Chipsets & SDKs

Errors in the foundational code provided by
hardware makers. (e.g., Aroha leaving remote
diagnostic debug engines active and hidden in
production chips).

Layer 1 - The Core Spec

Flaws written directly into the standard. (e.g., The
KNOB attack, which exploited a design choice
allowing encryption keys to be downgraded to a
trivially crackable single byte to save battery).




‘The Escalation of Bluetooth Exploits

Over Three Eras

The Prank Era

(Early 2000s)

Mechanism

Abusing zero-encryption default
settings.

Attacks

Bluejacking, Bluesnarfing,
Object Exchange abuse.

Impact

Nuisance data theft, forced digital
business card drops.

The Stack Flaw Era
(2010s)

Mechanism

Fuzzing crashes and exploiting
core specification loopholes.
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Convenience Era (2020s)

Mechanism

Exploiting seamless connectivity
and background device trust.

Attacks

KNOB (Key Negotiation of
Bluetooth), buffer overflows.

NN

Impact

Downgraded encryption, device
crashes, theoretical remote code

execution.

Attacks

BLE Spam, WhisperPair,
Stealtooth, Braktooth.

Impact

Active microphone surveillance,
keystroke injection, localized
denial of service.




Proximity Does Not

Equal Protection

Attack Vector 1: Attacker in
the parking lot using a
high-powered directional
antenna.
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The Reality: Signals
easily penetrate glass and
physical perimeters from
adjacent public spaces.

Attack Vector 2: Attacker on the
floor directly below bypasses
physical access controls to interact
with enterprise peripherals.




Phase 1: Passive Reconnaissance and ldentifying Targets

What Humans See What an Attacker Sees

Microscft CDP: Exposes |
A Windows 10/Xbox olass
.,.--"'f devices.

Device State: Reveals
battery levels, device class,
and custom names.
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3 T |-L I ', 2l OUl Identifiers: Reveal
Plain-text Broadcasts: I _ ww the specific hardware
Devices constantly advertise =/ i L . manufacturer.
their presence to allow 1) L ]

| seamless connections.

Tools Required: Off-the-shelf $10 Linux dongles or standard smartphone apps like NRF
Connect map the entire “Pattern of Life” without ever transmitting a malicious packet.




Phase 2: Defeating the Frequency Hopping Defense
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1. The Defense

Bluetooth avoids
interference by rapidly
hopping across 40+
channels a fraction of a
millisecond at a time.

2. The Intercept

Attackers deploy multi-node
hardware arrays (e.g., $15
microcontrollers) to
observe fragmented data
points simultaneously.

Time

3. The Algorithm

By gathering enough data

N points, the attacker

reverse-engineers the
specific hopping sequence
driving the connection.

4. The Lock-On

Using a standard USB
dongle and Wireshark, the
attacker synchronizes
with the target and
seamlessly follows the
connection.




Phase 3: Hijacking the Link via Race Conditions
Legitimate Host
amediodf] - X%

. ZZ LY —
BLE Peripheral Z > -@- ___% (@=D)

(Target) i
Sleep Wake

Attacker ((E)) ———e——————> B EAF

Step 1 (Sleep): Step 2 (Wake): Step 3 (The Intercept): Step 4 (Redirection):

The BLE peripheral goes The peripheral wakes up The attacker transmits just The attacker forces the
into deep sleep to preserve microseconds early to before the legitimate host, peripheral to shift to a new
battery. adjust for clock jitter before filling the sub-millisecond hopping sequence, cleanly

the host transmits. gap and capturing attention. | | dropping the legitimate host.
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Weaponizing Convenience:

The BLE Spam Vector

The Cause: UX Fast Pair

Improvements like Apple and Google Fast Pair allow
unauthenticated, plain-text BLE beacons to trigger
instant OS-level system pop-ups for users.
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The Exploit: Continuous Looping

Tools like the Flipper Zero or Raspberry Pi scripts
continuously loop rapid-fire, randomized spoofed
beacons (acting as a TV, a keyboard, or earbuds).
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The Effect: Ul Paralysis

The target's device is paralyzed by an endless
stream of un-dismissible pairing requests, acting as
a nuisance Denial of Service (DoS) attack.
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Critical Impact Vector:
Keystroke Injection

Skip Encryption
Override

= ppenshell -exec
> download_payload
= exfiltrate_data

Trusted Connection Tunnel

A

Authentication
Sleeping Bluetooth Gate . Host PC
Keyboard &
Attacker

The Vulnerability The Mechanism The Impact

Exploits like | Am Keyboard and Stealtooth 1. Attacker mimics a trusted, sleeping RCE-Equivalent access.

abuse deep-sleep states and legacy keyboard. The attacker bypasses the physical

stack flaws in host operating systems. 2. Attacker tells the PC: "We already paired, perimeter to open a terminal, inject

skip the encryption check,” commands at lightning speed, download
3. Host OS accepts the spoofed identity malware, or exfiltrate data.
/ without verifying keys. / /




Critical Impact Vector:

Physical and Audio Surveillance

Audio Hijacking (WhisperPair)

Attackers exploit Google Fast Pair vulnerabilities on active
premium headsets (e.g., vulnerable firmware on Sony
WH-1000XM4s). The attacker forces a hidden pairing, taking
control of the audio stream and silently activating the

microphone to eavesdrop on sensitive corporate
conversations.

‘Pattern of Life’ Tracking

Abusing static Bluetooth MAC addresses broadcast by
legacy loT trackers or fitness bands syncing to apps like
Strava. Attackers map the physical presence, movement
surges, and operating hours of executives or military
personnel without ever executing a software hack.



The Root Cause: An Unmanageable Hardware Patching Crisis

The IT Reality (OS & Phones)

P

Automated
Cloud Updates

Apple, Microsoft, and Google push silent, automated
cloud updates to fundamentally secure devices. Vertical
integration ensures high patch compliance.

The loT Reality (Peripherals)

p-2
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Fragmented j ‘

Supply Chain

Keyboards, old car stereos, and wearables are abandoned.
They lack screens, lack auto-update mechanisms, and rely
on deeply fragmented supply chains (chipmaker vs. OEM).

The Insight: The threat isn't just zero-day exploits; it's the millions of 5-year-old active

peripherals sitting on enterprise desks that will simply never receive a firmware update.




Likelihood of Exploit (Low to High)

N

The Bluetooth Risk Matrix

‘Pattern of Life’ Tracking

Requires minimal skill and
devices constantly broadcast,
but yields generalized
intelligence rather than direct
system access.

BLE Spam & Flipper
Zero DoS

Nuisance, requires proximity,
easy to identify, no data loss.

Keystroke Injection
(Stealtooth)

Exploit code is public, leverages
ubiquitous legacy keyboards,
and directly compromises
enterprise network endpoints.

Whisper Pair Mic
Hijacking

Technically complex, requires
vulnerable firmware, but yields

catastrophic IP loss in sensitive
meetings.

Severity of Impact (Low to High)




Defense in Depth: Mitigating the RF Threat

Layer 1: Personal Action

Disable Bluetooth radios when not in active use to
eliminate the broadcasting attack surface.
Upgrade legacy Bluetooth Classic peripherals to
modern BLE variants.

Layer 2: Enterprise Assessment

Disable Bluetooth radios when not in active use to
eliminate the broadcasting attack surface. Upgrade
legacy Bluetooth Classic peripherals to modern
BLE variants.

Layer 3: High Security Restrictions

Disable Bluetooth radios when not in active use to
eliminate the broadcasting attack surface. Upgrade
legacy Bluetooth Classic peripherals to modern
BLE variants.




Calibrating the True Threat Level

Personal Risk: 4/10 Enterprise Risk: 7/10

For individual consumers, the threat consists largely § For organizations, the threat is targeted corporate
of audio glitches, localized nuisance spam, and : espionage. Unpatched peripherals serve as a silent,
theoretical stalker risks. These are largely mitigated invisible bridge bypassing expensive perimeter
by standard, automated mobile OS updates. firewalls, leading directly to keystroke-injected

network access and audio surveillance.

Final Takeaway: The modern enterprise endpoint is no longer just the secured PC—it is the

unpatchable, 6-year-old wireless keyboard sitting right in front of it.
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