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Abstract

Consumer security cameras are engineered for monitoring and deterrence rather than
scientific audio or video measurement. Their microphones—typically low-cost MEMS or
electret elements—exhibit elevated self-noise, aggressive automatic gain control (AGC),
susceptibility to wind and housing-borne vibration, and contamination by electromagnetic
interference (EMI) from internal electronics and infrared illumination systems. Their video
subsystems similarly prioritize bandwidth efficiency and low-light visibility over geometric
and photometric fidelity, relying on rolling-shutter CMOS sensors, infrared illumination,
and heavy compression. These design constraints can generate artifacts that resemble
structured or intentional “anomalous” signals. This paper reviews the principal failure
modes of consumer security cameras as audio and video instruments and outlines a
control-oriented framework for their cautious use in evaluating anomalous biological
claims.



1. Instrument purpose and scope

Security cameras are not neutral recorders of environmental reality. They are interpretive
systems designed to answer a narrow question: Did something happen that a human might
want to review? Their hardware and firmware choices reflect that goal, privileging
intelligibility, storage efficiency, and cost over signal fidelity (Amped Software, n.d.; NIST,
2020).

In forensic and scientific contexts, interpretation without instrument characterization is a
well-established source of error. Audio and video evidence must be evaluated in light of
how it was acquired, processed, compressed, and stored (OSAC, 2023). This
consideration is especially critical when recordings are used to support claims of rare or
anomalous biological phenomena.

2. Audio capture limitations in consumer security
cameras

2.1 Microphone types: MEMS vs. electret elements
Most consumer security cameras use one of two microphone technologies.

MEMS microphones (Micro-Electro-Mechanical Systems).

MEMS microphones employ a microscopic silicon diaphragm etched onto a chip and
paired with an integrated preamplifier. They are compact, inexpensive, power-efficient,
and easily integrated into digital systems. These characteristics make them well suited to
consumer electronics, but they also impose limits on dynamic range and noise
performance (TDK InvenSense, 2015).

Electret condenser microphones.

Electret capsules use a permanently charged diaphragm and backplate. While capable of
good performance in larger formats, the very small electret elements used in security
cameras are typically optimized for speech detection rather than low-noise environmental
recording (Neumann, n.d.).

In both cases, the microphones selected for security cameras are constrained primarily by
cost and size rather than by requirements for low self-noise or flat frequency response.



2.2 Self-noise, EIN, and the effective noise floor

Self-noise refers to sound generated by the microphone and its electronics even in the
absence of external input. It is commonly quantified as Equivalent Input Noise (EIN)—the
sound pressure level (in dB SPL) that would produce the same output as the microphone’s
internal noise.

e Lower EIN values indicate quieter, higher-quality microphones.

e Many consumer-grade microphones exhibit EIN values on the order of ~30-40 dBA,
which is substantial in quiet outdoor environments (TDK InvenSense, 2015;
Neumann, n.d.).

When environmental sound levels approach or fall below the microphone’s EIN, the
recorded signal becomes dominated by device noise rather than external sources. Under
such conditions, the microphone is no longer measuring the environment—it is effectively
measuring itself.

2.3 Signal-to-noise ratio (SNR) and why it matters

Signal-to-noise ratio (SNR) expresses how much louder a desired signal is relative to the
noise floor. High SNR permits confident interpretation, while low SNR renders structure
ambiguous.

In outdoor nighttime settings:
¢ Ambient sound levels are often very low.
e The microphone’s self-noise may rival or exceed environmental signals.
e Theresulting SNR can be poor even when the sound appears audible after

processing.

Crucially, digital amplification does not improve SNR; it increases signal and noise
together. Amplifying a low-SNR recording therefore makes uncertainty louder, not clearer.

2.4 Automatic gain control (AGC) artifacts
Most security cameras employ automatic gain control to maintain intelligible audio across
changing conditions. While useful for speech monitoring, AGC introduces characteristic

artifacts in quiet environments:

e Gainramps upward during silence, amplifying self-noise



e Gain collapses during brief transients
¢ Background noise exhibits “breathing” or pulsing behavior

Low-cost microphone amplifier designs commonly used in consumer electronics explicitly
implement aggressive AGC behavior (Analog Devices, n.d.; Adafruit Industries, 2024).
These dynamics can produce sounds that appear reactive, rhythmic, or intentional despite
originating entirely within the device.

2.5 Wind noise, housing effects, and mechanical coupling

Outdoor microphones are highly sensitive to turbulent airflow. Wind passing across a
microphone port produces low-frequency pressure fluctuations perceived as rumble or
moaning. Professional outdoor recording mitigates this through windshields and
placement strategies that security cameras do not employ (Shure, 2012; Lyons et al.,
2021).

Additionally, because the microphone is rigidly mounted within a plastic housing, the
following can be mechanically coupled into the audio signal:

e Wind buffeting the housing

e Insects contacting the camera

e Thermal expansion or contraction

e Vibrations transmitted through mounting surfaces

These structure-borne artifacts are frequently mistaken for distant vocalizations.

2.6 Electromagnetic interference (EMI) and night-mode artifacts
Security cameras integrate microphones in close proximity to:

e Switching power regulators

e Digital clocks

e Wi-Firadios

e Infrared LED drivers for night vision

Electromagnetic interference from these subsystems can couple into the audio path,
producing tones, chirps, or pulsing noises. LED driver circuits are a well-documented

source of EMI in consumer electronics (EMC FastPass, 2020; Knowles, 2021).

A key diagnostic indicator is correlation with operating state:



e Sounds appearing only when infrared illumination is active
e Sounds that change with recording, transmission, or mode switching

Such correlations strongly suggest device-origin artifacts rather than external biological
sources.

3. Video sensor fundamentals: CMOS and their
implications

Most consumer security cameras and trail cameras use CMOS (Complementary Metal-
Oxide-Semiconductor) image sensors. In CMOS sensors, each pixel includes its own
charge-to-voltage conversion circuitry, allowing sensors to be compact, power-efficient,
and inexpensive—advantages well suited to consumer surveillance applications.

These same design choices introduce several characteristics relevant to anomalous-claim
analysis:

1. Rolling shutter readout.
Most CMOS sensors read the image line by line rather than capturing the entire
frame simultaneously. Motion during readout can distort geometry, producing
leaning verticals, warped limbs, or altered stride appearance. This effect becomes
more pronounced in low light, where exposure times are longer (I-PRO, 2023).

2. Amplified low-light noise.
Under night conditions, CMOS sensors rely on increased gain and longer exposures,
amplifying sensor noise and reducing spatial and temporal resolution.

3. Infrared sensitivity and bloom.
CMOS sensors are sensitive to near-infrared wavelengths and are commonly paired
with IR illumination. Strong reflections from nearby small objects can saturate
pixels (“blooming”), producing exaggerated shapes and apparent motion.

Implication.

CMOS-based video from consumer devices is optimized for visibility, not measurement.
Apparent size, shape, posture, or gait captured under low-light or IR conditions should be
interpreted as sensor-mediated representations rather than faithful records of physical
reality.



4.Video capture limitations relevant to anomalous
claims

4.1 Infrared illumination and near-field backscatter

Night-vision systems rely on infrared LEDs that illuminate the scene invisibly to humans.
Small objects close to the lens—such as insects, dust, moisture droplets, or spider silk—
can strongly reflect IR light and appear as large, fast-moving shapes (“orbs” or streaks).
Manufacturers explicitly acknowledge this phenomenon as a common source of false
motion detection and visual anomalies (Ring, n.d.; Arlo Technologies, n.d.).

4.2 Rolling shutter distortion

Most consumer cameras employ rolling-shutter CMOS sensors, in which the image is read
line by line. Motion during readout causes geometric distortion, including skewed verticals
and warped body proportions, undermining attempts to infer gait, limb length, or posture
from moving subjects (I-PRO, 2023).

4.3 Compression artifacts and bandwidth constraints

Surveillance video is heavily compressed to reduce storage and transmission costs,
commonly using H.264-class codecs. At low bitrates, compression introduces blocking,
ringing, mosquito noise, and temporal smearing that can mimic texture, edges, or motion
features absent from the original scene (Chodisetty, 2014; Unterweger et al., 2013).

Lower frame rates and variable bitrates further degrade temporal resolution, complicating
fine-grained motion analysis (Fortinet, 2025).

5. Trail and game cameras: strengths, limits, and
common misconceptions

Trail cameras (also called game cameras) are frequently treated as more “field-ready”
than security cameras and are often assumed to provide higher evidentiary value. In
practice, they share many of the same limitations and introduce additional constraints.

5.1 Audio limitations in trail cameras



Many trail cameras either lack audio entirely or include extremely low-cost microphones
intended only to provide ambient context. Common characteristics include high EIN,
undocumented frequency response, lack of wind mitigation, and aggressive compression
or clipping.

Because trail cameras are designed primarily for visual detection, their audio
subsystems—when present—are often even less capable than those in fixed security
cameras. As a result, trail-camera audio is generally non-diagnostic for vocalization
analysis and unsuitable for species identification without independent corroboration.

5.2 Video tradeoffs unique to trail cameras

Trail cameras are optimized for long battery life, minimal storage use, and autonomous
operation. To achieve this, they rely on several compromises:

a. Passive infrared (PIR) triggering.
Recording begins only after a heat-and-motion threshold is crossed, producing missed
pre-trigger motion and abrupt clip starts.

b. Low frame rates and short clip lengths.
Reduced temporal resolution increases motion ambiguity.

c. Aggressive IR illumination.
Powerful IR arrays positioned near the lens increase near-field backscatter and apparent
“self-luminous” objects.

d. Fixed focal length and wide fields of view.
Wide-angle lenses exaggerate perspective, complicating size and distance estimation.



5.3 Comparison: security cameras vs. trail cameras

Feature Security cameras Trail cameras
Audio quality Low, but continuous Often absent or very low
Night illumination IR LEDs, moderate IR LEDs, often intense
Frame rate Variable, often higher Often lower
Triggering Continuous or motion-based PIR-triggered only
Compression High Very high
Measurement fidelity Low Low
Best use Event detection Wildlife presence confirmation
Key point.

Trail cameras excel at presence/absence questions for common wildlife. They are poorly
suited for fine-grained behavioral, acoustic, or biomechanical inference—particularly for
rare or unexpected subjects.

6. Methodological implications

Whether the device is a door-mounted security camera or a forest-deployed trail camera,
the same methodological principle applies: these systems are detectors, not measuring
instruments.

Both classes of devices are designed to signal that something occurred under constraints
of cost, power consumption, storage, and autonomy. As a result, their audio and video
outputs are shaped by sensor physics, firmware decisions, compression strategies, and
environmental interaction rather than by requirements for measurement fidelity.

For audio, this includes elevated microphone self-noise and poor signal-to-noise ratios
(Section 2.2-2.3), dynamic artifacts introduced by automatic gain control (Section 2.4),
wind- and housing-coupled vibration (Section 2.5), and internally generated
electromagnetic interference associated with night mode and infrared illumination
(Section 2.6). Any one of these mechanisms can produce sounds that appear structured,
reactive, or intentional despite originating entirely within the device.

For video, limitations arise from infrared illumination and near-field backscatter (“IR
bloom”) that exaggerate small nearby objects (Section 4.1), rolling-shutter distortion
intrinsic to CMOS sensors (Sections 3 and 4.2), and heavy compression combined with
constrained frame rates that degrade temporal and spatial fidelity (Section 4.3). In trail



cameras, these effects are compounded by passive infrared (PIR) triggering, which
truncates events and removes pre-trigger context (Section 6.2a).

Without independent corroboration—such as parallel audio recorders, calibrated cameras,
repeated captures under known conditions, or explicit instrument characterization—audio
and video from consumer security cameras or trail cameras should not be treated as
diagnostic evidence of rare biological phenomena.

Forensic and scientific standards consistently emphasize:

Preservation of original, unaltered files

Explicit understanding of acquisition systems and processing pipelines

Avoidance of over-interpretation of heavily processed media (NIST, 2020; OSAC, 2023)

In anomalous-claim evaluation, this leads to a conservative but necessary principle: no
single security-camera or trail-camera recording should carry inferential weight beyond the
conclusion that “something occurred.”

7. Conclusion

Security cameras and trail cameras play a valuable role in signaling that something
occurred. However, the same design features that make them affordable, autonomous,
and easy to deploy also generate predictable audio and visual artifacts. Elevated
microphone self-noise, AGC behavior, wind and housing coupling, EMI, infrared
backscatter, rolling-shutter distortion, PIR-triggering gaps, and heavy compression are not
exceptional failures; they are normal operating characteristics of consumer surveillance
systems.

Recognizing these limits does not diminish reported experiences. It strengthens inquiry by
aligning inference with instrument capability and reserving strong conclusions for data
collected using tools designed for measurement rather than surveillance.
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