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A METHOD FOR SOURCE-SIDE AUTHENTICATION IN ANALOG
VIDEO TRANSMISSION

As previously emphasized by the authors in their prior research [1], the criti-
cal role of analog video systems in mission-critical unmanned applications is at-
tributed to their low latency, cost-effectiveness and resilience in noisy environ-
ments and signal conditions. However, these systems remain inherently insecure,
which highlights the necessity not only for incorporation of strong encryption
methods, but also incorporation of reliable mechanisms of signal source verifica-
tion to counter spoofing and ensure signal origin authenticity.

Historically, the primary focus of analog video protection systems has been
on prevention of content unauthorized viewing and copying, rather than origin of
the signal verification. Techniques such as Macrovision analog copy protection and
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the Copy Generation Management System for Analog (CGMS-A) were designed to
defeat duplication devices but lacked any capability to verify the identity of the
transmitter. Even more advanced methods, such as watermarking and embedded
control bits, did not incorporate cryptographically secure authentication mecha-
nisms, leaving such systems vulnerable to spoofing, relay, and signal injection
attacks [2][3]. The absence of standardized asymmetric cryptographic approaches
to analog signal source verification represents a critical gap in the design of secure,
mission-critical video transmission infrastructure, and presents a viable field of
research.

Early conditional-access systems for analog broadcasting were primarily
concerned with content encryption and subscriber authorization, using techniques
such as session key distribution and scrambling control signals, embedded within
VBI lines. However, these mechanisms addressed content confidentiality rather
than source authentication. As noted by Yang [4], “one-way authentication is also
needed to verify the origin of services” yet implementations were mostly based on
symmetrical algorithms and private-key systems that provided no cryptographic
proof of transmitter identity. This persistent gap in the analog signal protection
model reinforces the need for secure and verifiable methods of source validation in
modern unidirectional transmission environments.

The system described in the paper is designed to embed cryptographic
metadata, generated using asymmetric algorithms instead of group-master keys
system [4], into the video signal path without requiring a reverse communication
channel, making it suitable for one-way or offline validation scenarios.

Potential application domains include: (1) multi-source environments where
source trust is essential; (2) resistance to spoofing by fake or hijacked transmitters;
(3) mitigation of video-based denial-of-service attacks through source-level filter-
ing; (4) secure forensic archiving of analog footage with verifiable origin; (5) law-
ful or military deployments where source attribution is mandatory.

The proposed signal source authentication method relies on embedding an
encrypted and cryptographically signed metadata into the analog signal path at the
transmission side. The system architecture includes a source-side cryptographic
module that encrypts metadata using receiver public key and generates digital
signatures for the data packet, which are then injected into predefined intervals of
the signal using amplitude or timing modulation techniques. On the receiver side,
the verification unit extracts the metadata, decrypts the payload using receiver
private key, and validates the signature using a stored transmitter public key, with-
out the need for two-way communication or direct fixed key sharing. The method
is designed to be platform-independent and suitable for integration with existing
analog transmission chains. Further technical details, including data encoding for-
mats, error correction methods, synchronization schemes, packet segmentation,
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noise resistance and reliability under interference and signal distortion are subjects
of ongoing research.
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