ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-202507.00281

AI-Driven Innovation Research in Broadcast
Television Engineering Technology Postprint

Authors: Yin Fengzhi
Date: 2025-07-09T15:34:264-00:00

Abstract

[Objective] To explore the application of artificial intelligence in radio and tele-
vision engineering, and analyze its role in improving production efficiency, opti-
mizing resource allocation, reducing costs, and addressing technical challenges.
[Methods] By analyzing typical cases of domestic and foreign radio and televi-
sion platforms, this study investigates the practical applications and technical
pathways of Al technology in content production, resource scheduling, and data
security. [Results] Al technology enhances the operational level of radio and
television engineering, reduces costs, and improves platform compatibility by
optimizing system integration, improving data security, and enhancing resource
allocation efficiency. [Conclusion] Al technology has driven the digital and in-
telligent transformation of the radio and television industry, providing technical
support for sustainable development.

Full Text

Preamble

Research on AI-Driven Technological Innovation in Broadcast Tele-
vision Engineering
(Jiaxiang County Convergence Media Center, Jining, Shandong 272400)

Abstract

[Objective] This study explores the application of artificial intelligence in
broadcast television engineering, analyzing its role in enhancing production effi-
ciency, optimizing resource allocation, reducing costs, and addressing technical
challenges. [Method] Through analysis of typical cases from domestic and in-
ternational broadcast television platforms, the research examines practical appli-
cations and technical pathways of Al technology in content production, resource
scheduling, and data security. [Results] AI technology improves operational

chinarxiv.org/items/chinaxiv-202507.00281 Machine Translation


https://chinarxiv.org/items/chinaxiv-202507.00281
https://chinarxiv.org/items/chinaxiv-202507.00281

ChinaRxiv [$X]

standards in broadcast television engineering by optimizing system integration,
enhancing data security, and increasing resource allocation efficiency, thereby
reducing costs and improving platform compatibility. [Conclusion] AT technol-
ogy drives the digital and intelligent transformation of the broadcast television
industry, providing technical support for sustainable development.
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Broadcast television engineering technology is undergoing unprecedented trans-
formation, with technological updates and resource integration becoming crit-
ical to industry development. As emerging technologies continue to emerge,
technological innovation in broadcast television engineering is accelerating, par-
ticularly in content generation, automated programming, intelligent advertising
placement, and personalized recommendations, bringing unprecedented oppor-
tunities and challenges. This process not only promotes continuous technological
integration but also raises a core industry concern: how to enhance production
efficiency and reduce costs while ensuring system stability. Exploring innova-
tion pathways driven by intelligent technology not only helps elevate the overall
technical level of the industry but also lays a foundation for future sustainable
development.

1. The Development History of Broadcast Television Engi-
neering Technology

Initially, broadcast television technology primarily relied on analog signal trans-
mission, widely used for signal propagation in radio stations and television sta-
tions. With advances in electronic technology, black-and-white television gradu-
ally replaced early radio broadcasting in the 1950s, marking a new development
stage for the industry. The introduction of digital signal processing technology
brought profound transformation to broadcast television engineering, signifi-
cantly improving image and sound quality while optimizing transmission effi-
ciency and spectrum utilization. In the late 1990s, the popularization of digital
television further propelled the development of broadcast television engineering,
particularly in multi-channel, high-definition (HD), and ultra-high-definition
(UHD) broadcasting. Additionally, with the rapid development of internet tech-
nology, broadcast television engineering began moving toward network-based
and intelligent directions. OTT (Over-The-Top) platforms and IPTV (Internet
Protocol Television) technologies have become mainstream, enabling television
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signal transmission to no longer be limited to traditional cable or satellite meth-
ods. In recent years, with the widespread application of emerging technologies
such as artificial intelligence, big data, and cloud computing, technological inno-
vation in broadcast television engineering has continuously accelerated, driving
the industry toward a more digital, intelligent, and interactive direction.

2. Current Challenges in Broadcast Television Engineering
Technology

2.1 System Integration and Compatibility Issues

As technology develops, broadcast television systems have gradually shifted from
single hardware and traditional signal transmission networks to complex digi-
tal, networked, and intelligent platforms. In this process, the difficulty of sys-
tem integration focuses on the adaptation of multiple hardware and software
environments and data stream protocols. In traditional systems, differences
between equipment and technical standards from different manufacturers make
component interconnection difficult. Simultaneously, insufficient integration be-
tween legacy infrastructure and emerging technologies (such as IP transmission,
cloud platforms, and artificial intelligence) has created incompatibility in hard-
ware, signal standards, data formats, and protocols (such as HTTP, RTSP,
WebRTC), becoming an obstacle for cross-platform distribution and playback.
In multi-platform (television, mobile, PC) and multi-network environments (5G,
Wi-Fi, fiber optics), ensuring smooth content playback and lossless transmission
across different terminals requires advanced encoding compression technologies
and network optimization algorithms. Supported by cloud computing and dis-
tributed architecture, broadcast television engineering achieves cross-platform
compatibility through standardized formats (such as HLS, DASH), containeriza-
tion technologies (such as Docker), and microservices architecture. The applica-
tion of artificial intelligence and machine learning further enhances automated
scheduling, intelligent transmission, and resource allocation capabilities, pro-
viding support for the smooth transition from traditional television to internet
platforms.

2.2 Challenges in Data Security and Privacy Protection

With the digitalization and networking of the broadcast television industry, the
volume of data generation, transmission, storage, and processing has surged,
making security and compliance throughout the data lifecycle major challenges.
Broadcast television systems involve large amounts of user-sensitive data, such
as personal information, viewing records, and subscription details, which must
be protected through encryption algorithms (AES, RSA) and authentication
technologies (multi-factor authentication, OAuth) to prevent leaks that could
cause legal or social risks. The widespread application of cloud computing, big
data, and artificial intelligence drives data migration to cloud platforms and
distributed architectures, but the openness and cross-regional storage charac-
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teristics of cloud platforms increase risks of leakage, tampering, and unautho-
rized access. Furthermore, the broadcast television industry heavily relies on
deep analysis and mining of audience behavior data but faces issues with data
platform security vulnerabilities and insufficient algorithm transparency. Par-
ticularly in Al-driven content recommendation, precise recommendations must
be achieved while protecting user privacy and avoiding risks of data misuse or
leakage.

2.3 Ethical and Legal Issues in AI Applications

The application of artificial intelligence in content generation, recommendation
systems, and audience behavior analysis has raised challenges in privacy pro-
tection. Al algorithms rely on large amounts of user data for precise analysis,
and balancing technical efficiency with privacy protection becomes a critical is-
sue, particularly in personalized recommendations and advertising placement.
Broadcast television stations construct user profiles by collecting viewing history
and interactive behavior, which may infringe on user privacy. Al also triggers
copyright ownership disputes in content creation and automated editing, partic-
ularly with deep learning-generated videos, images, and text, which may have
unclear legal attribution. Additionally, AT may be used to create false infor-
mation or deepfake videos, bringing social ethical risks that could mislead the
public and threaten social stability. The decision-making process of Al algo-
rithms has a “black box” problem, making it difficult for users to understand
the basis of decisions. This lack of transparency may lead to “algorithmic bias”
in content recommendation and advertising placement, causing unfair impacts
on specific groups or individuals.

2.4 Talent Shortage and Inadequate Technical Training

The broadcast television engineering technology field faces severe challenges of
talent shortage and inadequate technical training. With the rapid development
of Al, big data, cloud computing, and other technologies, industry demand for
high-tech talent has increased dramatically, but existing education and train-
ing systems have failed to keep pace with technological progress. High-end
technical fields such as Al algorithm development, data analysis, and system
integration particularly lack interdisciplinary talent who must master both tra-
ditional engineering technologies and emerging digital technologies, intelligent
processing, and data security. Insufficient technical capabilities and innovative
awareness among practitioners also make it difficult to adapt to the industry’s
rapid development needs. In technological innovation and platform upgrades,
inadequate talent reserves lead to slow project progress and difficulty break-
ing through technical bottlenecks. The industry also faces talent loss pressure,
as high-end technical talent tends to prefer entering internet or other high-tech
fields, putting broadcast television at a disadvantage in attracting and retaining
talent.
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2.5 High Costs and Technical Investment Return Issues

The continuous emergence of Al, big data, 5G, cloud computing, and other
technologies has significantly increased investment in equipment updates, sys-
tem upgrades, and technological innovation for broadcast television stations.
These high-tech solutions often require expensive hardware support, such as
high-definition cameras, intelligent processors, and cloud platform services, with
equipment procurement and installation costs alone accounting for a substantial
portion of broadcast station budgets. Additionally, the complexity of technology
research and development and system integration brings continuous investment
pressure. For traditional broadcast television stations, technological updates
require not only large-scale capital investment but also expenses related to tech-
nical staff recruitment, training, and maintenance. However, these investments
often cannot be quickly returned through increased audience numbers or ad-
vertising revenue in the short term. Particularly for small and medium-sized
broadcast television stations, high initial investment often leads to slow or lag-
ging technological updates, affecting competitiveness and market share. Cor-
respondingly, the return on investment cycle for technology is long, especially
in the broadcast television industry, where many technologies require market
validation and audience acceptance over time, suppressing short-term profitabil-
ity. In some cases, due to rapid technological turnover and changing audience
demands, broadcast television stations struggle to ensure the long-term effective-
ness of their technology investments, facing risks of technological obsolescence
or inability to adapt to market needs.

3. AI-Driven Innovation Pathways

3.1 AI-Driven Cross-Platform Integration and Automated Compati-
bility Testing

The complexity of modern broadcast television systems is mainly reflected in
the deep integration requirements of multi-platform, multi-protocol, and multi-
format environments. Introducing artificial intelligence technology can signifi-
cantly improve the efficiency and accuracy of system integration and compat-
ibility testing. During protocol adaptation, Al algorithms dynamically select
optimal protocols based on input data formats by calculating fitness functions,
ensuring seamless data transmission between heterogeneous platforms. For ex-
ample:

P

optimal — arg Hl]é)lX QS(Pa inputD)

where P, ;.1 18 the selected optimal protocol, input , is the input data format,
and ¢ is the fitness function trained based on historical test data using machine
learning models.

For automated compatibility testing, deep learning generative adversarial net-
works (GANSs) can efficiently generate boundary test cases, with the objective
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function:
mén max V(D,G) =L, p,_ [logD(z)]+E,_p [log(l—D(G(2)))]

where D(x) is the discriminator’s prediction for real test cases, G(z) is test cases
generated by the generator, and P,,,, is the distribution of actual scenario test
data. Through collaborative optimization of the generator and discriminator,
more test scenarios are covered to discover potential compatibility issues. In
real-time monitoring and resource optimization, linear regression or gradient
descent methods are used to calculate optimal resource allocation strategies,
achieving efficient utilization and dynamic adjustment of platform resources.
The objective function for generating test cases is:

(2

N
imal = mi ) —T.)2
optima min Z;(Ul(R) )

1=

where optimal is the optimal resource allocation strategy, U,(R) is the resource
utilization rate of platform 7 under resource configuration R, and 7} is the re-
source target of platform ¢. This technology reduces resource waste and improves
system stability and reliability.

3.2 Al-Based Intelligent Data Encryption and Privacy Protection
Technology

Traditional encryption methods, based on fixed algorithms, are insufficiently
responsive to real-time security needs in large-scale data flows. Al technology
achieves higher security through dynamic encryption, using machine learning
algorithms to adjust encryption strategies based on real-time data transmission
status and risk assessment. For example, dynamic encryption can be described
as:

C=E(M,k), k=HP,T)

where C' represents ciphertext, M represents plaintext, and k is a dynamic
key generated through password P and timestamp 7T hashing. Dynamic key
management makes it difficult for attackers to predict or crack, improving data
transmission security.

AT also uses deep learning technology to analyze data flows in real-time, de-
tecting abnormal behaviors such as identity forgery and data tampering. The
objective function for the anomaly detection model is:

N
mgin Z L(y;s f(230))
i=1
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where y; is the true label and f(z;;0) is the Al model’s prediction for input
data z;, with 6 as model parameters. This function helps Al identify potential
threats and trigger early warning mechanisms.

Furthermore, Al plays a critical role in privacy protection, particularly in per-
sonalized content recommendation and advertising placement. The differential
privacy method is expressed as:

M(D) = f(D)+ N(0,0?)

where f(D) is the data function and N (0,0?) is a noise distribution with zero
mean and variance o2. This method effectively protects data privacy by adding
noise without significantly reducing data analysis accuracy. Al’s self-adaptive
capability enables continuous optimization of encryption and privacy protection
strategies in dynamic threat environments, thereby safeguarding data security
and privacy in the broadcast television industry’s multi-platform, multi-device
environment.

3.3 Constructing an AI Ethics Review and Compliance Monitoring
Framework

Constructing an Al ethics review and compliance monitoring framework requires
multi-level integration of technical and management mechanisms covering legal,
ethical, and social responsibility domains. For AI technology’s “black box”
problem and decision transparency, interpretable models such as SHAP values
can provide causal analysis of complex model predictions:

o= 3 BB 50 - )
SCF (i} :

where f, is the model output and ¢, is the global baseline value, with ¢, repre-
senting the marginal contribution of feature i to the prediction result. Through
interpretability analysis of the prediction process, users can intuitively under-
stand the basis of AI decisions, thereby reducing the impact of algorithmic
opacity on ethics review.

In terms of algorithmic fairness, constructing a fairness loss function is an ef-
fective technical means to balance outcome bias across different groups. The
fairness objective can be expressed as:

1 1
fair |G1| &= f(xz) |G2| = f(xj)

where G; and G, are sample sets for two groups and f(z) is the model output.
By minimizing Lg,;,, bias against different groups can be reduced.
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The compliance monitoring framework must combine real-time monitoring with
regular reviews. Real-time monitoring employs risk assessment models that eval-
uate potential legal and ethical issues through anomaly detection mechanisms,
described as:

where 1 is the mean of normal behavior, S(z) is the anomaly score, and exceed-
ing the threshold triggers an alert.

3.4 Adopting AI-Driven Intelligent Talent Cultivation and Technical
Training Platforms

Al-driven intelligent talent cultivation and technical training platforms address
issues in traditional training models such as poor timeliness, limited coverage,
and insufficient personalized guidance. Al training platforms provide dynam-
ically adjusted learning plans through personalized learning paths, real-time
feedback, and intelligent assessment functions. For evaluating trainees’ knowl-
edge mastery, personalized learning resource matching can be achieved through
collaborative filtering recommendation algorithms:

where 7,,; is the predicted rating of user u for learning resource 7, p is the global
average, b, and b, are user and resource biases respectively, and p,, and g; rep-
resent user and resource feature vectors obtained through matrix factorization
training.

The platform uses natural language processing (NLP) technology to conduct
semantic analysis of questions raised by trainees or submitted learning content,
employing classification algorithms to group and prioritize trainees’ learning
needs. Optimized training content can be completed through dynamic difficulty
adjustment models, with the objective function:

N
miny (5 — 3,)” + AP
=1

where g, is the model-predicted trainee level, y, is the actual level, 6 is model
parameters, and A is a regularization coefficient to prevent overfitting.

Virtual experiments and simulation operation environments enhance trainees’
practical capabilities. Through Al-simulated equipment operation and failure
scenarios combined with VR and AR technologies, trainees can practice in near-
real environments. For example, reinforcement learning algorithms optimize
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virtual experiment scenarios, using reward functions to describe trainee opera-
tion correctness:

R(s,a) +1 if action a is correct in state s
s,a) =
’ —1 otherwise

where R(s,a) represents the reward value for taking action a in state s, encour-
aging trainees to improve operations through trial and error.

Intelligent training platforms can also automatically track trainee progress, ana-
lyzing learning curves through predictive models to generate dynamic feedback.
The knowledge growth can be described by:

K(t) =K

max(l - e—at)
where K (t) is knowledge mastery level at time ¢, K,

max 18 maximum mastery
level, and « is the learning rate constant.

3.5 AI-Optimized Resource Allocation to Reduce Technical Invest-
ment Costs

The broadcast television industry requires substantial hardware equipment, soft-
ware platforms, and high operational expenses. The introduction of Al technol-
ogy significantly improves resource utilization and reduces technical investment
costs. Through big data analysis and predictive models, Al can accurately assess
equipment needs and resource allocation, predicting resource usage trends based
on historical and real-time data to avoid over-purchasing or resource idleness.
For example, Al precisely analyzes equipment usage frequency, maintenance
cycles, and failure rates, providing scientific basis for procurement decisions to
ensure efficient equipment utilization.

AT optimizes equipment and personnel allocation through intelligent scheduling
and automated management, automatically assigning tasks and resources based
on task urgency, equipment status, and personnel skills to achieve dynamic
scheduling, reduce manual intervention, improve efficiency, and avoid resource
waste. Combined with cloud computing and virtualization technology, Al en-
ables infrastructure sharing and distributed management, optimizing cloud plat-
form load balancing and resource allocation, reducing dependence on physical
servers, and lowering hardware investment and power consumption. Simultane-
ously, Al adjusts equipment operating status through real-time monitoring to
improve energy efficiency, further reducing long-term investment costs.

4. Case Studies

To comprehensively demonstrate innovative applications of artificial intelligence
in broadcast television engineering technology, four typical domestic and inter-
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national cases were selected to analyze how Al technology functions in resource
allocation, production optimization, and cost control.

Domestically, China Central Television (CCTV) successfully achieved intelligent
program production and scheduling by applying big data analysis and machine
learning algorithms. CCTV can automatically adjust program broadcast se-
quences and arrangements based on audience viewing behavior and program
timing, effectively improving program scheduling flexibility and resource uti-
lization. Meanwhile, AI technology enables more efficient equipment resource
allocation, avoiding equipment idleness or overuse, reducing hardware procure-
ment and operational costs.

Another domestic case is Mango TV, which optimizes content recommendation
systems and resource scheduling through AI technology. Mango TV uses ma-
chine learning algorithms to analyze user viewing data, providing personalized
program recommendations that enhance user stickiness. Additionally, Al en-
ables the platform to dynamically manage cloud resources based on real-time
data, achieving precise allocation of computing and storage resources, thereby
avoiding unnecessary equipment procurement and reducing long-term opera-
tional costs.

Internationally, the BBC demonstrates AIl’s powerful capabilities in content
production and resource scheduling. Through intelligent resource scheduling
systems and data analysis platforms, the BBC can automatically optimize equip-
ment usage based on audience demand and program arrangements, improving
resource utilization efficiency. AI technology helps the BBC reduce traditional
manual intervention and inefficient management, lowering equipment invest-
ment and operational costs. Similarly, NBCUniversal combines Al and cloud
computing technology in its cloud platform resource optimization process to
achieve dynamic allocation and load balancing of computing resources, reduc-
ing dependence on physical hardware. Al not only optimizes resource allocation
but also enhances platform scalability and flexibility, enabling rapid response
to traffic demands for different programs, thereby improving overall efficiency
while reducing operational costs.

These cases demonstrate that Al technology not only improves operational effi-
ciency in the broadcast television industry but also effectively reduces technical
investment and costs, providing solid technical support for the industry’s con-
tinuous innovation and development.

The continuous advancement of broadcast television engineering technology has
brought numerous challenges and opportunities to the industry. With emerging
technologies constantly appearing, intelligence and automation have become im-
portant forces driving industry development. How to effectively address issues
such as technological updates, system compatibility, security and privacy, and
ethics remains an urgent challenge for the industry. In the future, as technology
continues to iterate, the industry will place greater emphasis on efficient alloca-
tion of technology and resources, talent cultivation, and compliance construction
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to promote continuous innovation and sustainable development in broadcast
television engineering technology.
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