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Abstract
With the continuous advancement of China’s science and technology, computer
and internet technologies have permeated all spheres of production and daily
life, fundamentally transforming production modes and lifestyles, and catalyz-
ing shifts in both the methods and scope of information dissemination, thereby
heralding China’s entry into an era of media convergence. In the era of media
convergence, television live broadcasting technology has undergone considerable
innovation and enhancement relative to previous periods, as various advanced
scientific and technological methods are continuously applied throughout the
television live broadcasting process, thereby improving broadcast quality, time-
liness, and interactivity.
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Abstract: With the continuous improvement of China’s scientific and techno-
logical capabilities, computer internet technology has permeated all aspects of
production and daily life, fundamentally transforming how people work and live
while reshaping information dissemination patterns and scope. China has en-
tered the media convergence era, during which TV live broadcasting technology
has undergone significant innovation and advancement. Various cutting-edge
technologies have been integrated into TV live broadcasting processes, substan-
tially improving broadcast quality, timeliness, and interactivity. This paper an-
alyzes the pathways for technological innovation in TV live broadcasting within
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the media convergence era and proposes strategies for enhancing these innova-
tions, aiming to provide references for future research.
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Traditional TV broadcasting has been constrained by technological limitations,
featuring relatively monolithic broadcast formats, weak timeliness, and insuf-
ficient audience interaction, which hinders the enhancement of core competi-
tiveness in the field. However, as scientific and technological levels continue to
advance, various sophisticated technologies have been continuously applied to
TV live broadcasting processes, greatly enriching broadcast formats and effec-
tively improving TV program ratings. Unlike traditional broadcast models that
require complete download before playback, live streaming technology enables
rapid file playback by compressing audio and video resources for immediate
playback after buffering, fundamentally transforming conventional broadcast-
ing limitations. This paper analyzes the pathways for technological innovation
in TV live broadcasting within the media convergence era and proposes corre-
sponding strategies to provide references for future research.

1. Innovation Strategies for TV Live Broadcasting Tech-
nology in the Media Convergence Era
In TV program broadcasting, streaming media plays a critical role. To enhance
broadcast quality, it is essential to achieve high-speed transmission of video and
audio files across networks, delivering content to users’smart terminals without
delay to improve audience experience. Traditional TV broadcasting primarily
relied on hard disk playback or pre-recorded programs, where content was edited
in advance and stored on videotapes for scheduled broadcast. While hard disk
playback offers high automation and intelligence that reduces human error and
allows flexible program adjustment, the emergence of self-media platforms and
the demand for information timeliness have prompted the TV industry to adopt
live streaming technology. In the media convergence era, TV live broadcasting
technology typically comprises several key components.
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1.1 Unidirectional Live Broadcasting

Unidirectional live broadcasting refers to the process of pushing designated video
and audio content to a CDN, which audiences access through streaming pull
methods. Widely popular applications such as live commerce and game stream-
ing currently rely on this model. Unidirectional live broadcasting enables one-
to-many transmission with latency tolerance at the second level. The technical
workflow involves several stages: first, capturing audio and video files at the
output end and transcoding them into H.264 and ACC formats suitable for
live broadcasting; second, pushing the captured data to system servers using
relevant technologies; third, after transcoding, transmitting the files to CDN
to generate M3U8, TS, and FLV streams; and finally, enabling terminal pull
streaming by converting processed data into HLS and RTMP protocol formats
for smooth playback on smart terminals.

When implementing unidirectional live broadcasting, several aspects require at-
tention. The process must follow established workflows sequentially. For video
and audio capture, microphones and cameras are used to acquire signals that
require digital processing. During transcoding, signals must be compressed and
encapsulated to reduce data transmission volume while ensuring format com-
patibility to meet diverse user needs. It is crucial to distinguish between push
streaming (uploading captured data to servers) and pull streaming (extracting
encapsulated data from servers). During playback, streaming data must be
decoded, encapsulated, rendered, and displayed to enhance broadcast quality.

1.1.1 Application Protocols The primary protocols involved in push and
pull streaming are RTMP and HLS.

RTMP Protocol. RTMP is an application-layer protocol that requires reli-
able underlying transport-layer protocols to ensure transmission reliability. As
a real-time message transmission protocol implemented through TCP, it man-
dates H.264 video format and ACC audio format with FLV encapsulation to
guarantee real-time message delivery. This application-layer protocol is increas-
ingly popular due to its convenience and broad support range. However, it
has limitations, including incompatibility with certain browsers and potential
impacts on live services since Adobe ceased updates.

HLS Protocol. HLS is a streaming media transmission protocol that splits
complete file streams for segmented download, which are then sequentially
broadcast through server ports and integrated into the complete live content.
This protocol primarily operates in on-demand mode, and the segmentation re-
duces file duration, enabling faster client conversion and accommodating various
network conditions to improve push efficiency and broadcast quality. However,
HLS has significant limitations, including higher latency requirements and strict
content specifications—files must be TS or M3U8 formats, video must be H.264,
and audio must be ACC format for smooth broadcasting.
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1.1.2 Application Methods Unidirectional live broadcasting is widely ap-
plied beyond live commerce to game streaming and news releases, enabling TV
program content to be pushed to online platforms for on-demand download.
Sports event broadcasting particularly benefits from this approach. In remote
news interviews, push devices installed on data collection equipment transmit
captured data via 5G networks to studios, where the data is pulled, decoded, and
converted to SDI to form video and audio signals for delivery to video switchers
and audio mixing consoles, enabling anchor-interview connections. As smart
terminals continue improving in performance, unidirectional live broadcasting
applications have expanded, gradually replacing traditional satellite and fiber-
optic transmission. This not only simplifies operational workflows and reduces
costs but also enhances broadcast quality. However, this model has limitations,
such as the lack of video and images during information transmission, result-
ing in relatively monotonous communication forms that hinder interaction be-
tween journalists and audiences. To address these limitations, interactive live
broadcasting technology must be continuously innovated to enhance audience
engagement.

1.2 Interactive Live Broadcasting

Interactive live broadcasting has become increasingly popular, enabling hosts
to connect with audiences (either single or multiple viewers) during broadcasts,
with other audience members able to watch these interactions. Compared with
unidirectional live broadcasting, this connectivity enhances audience participa-
tion and accelerates mobile live streaming development. Applying interactive
live broadcasting in TV interviews effectively improves broadcast quality and
audience enthusiasm while driving economic benefits. To optimize interactive
live broadcasting, enhanced understanding and mastery of WebRTC technology
is essential for future development.

1.2.1 WebRTC Technology WebRTC technology operates based on
browsers, enabling peer-to-peer connections between multiple devices to facili-
tate real-time audio and video data interaction without requiring users to install
third-party software. WebRTC implementation requires classification based on
browser adaptability and performance differences. Browsers supporting NAT
traversal can transmit information directly, while those without this capability
can use TURN servers for data relay before initiating information exchange.
WebRTC technology exhibits three primary characteristics.

Interactivity. Remote server participants can use WebRTC technology to
present real-time video on smart terminals, enabling communication with hosts
and enhancing audience experience.

Flexibility. WebRTC allows audiences to share and transmit information di-
rectly through browsers or terminal application interfaces without installing
playback plugins, eliminating unnecessary installation procedures and simplify-
ing usage.
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Low Latency. WebRTC automatically reduces video clarity during data trans-
mission to accelerate transfer speeds, enabling users to make autonomous pro-
gram selections while facilitating continuous communication through audio file
sharing without transcoding.

1.2.2 WebRTC Network Models WebRTC technology commonly employs
three network models: MESH, SFU, and MCU.

MESH Model. The MESH model is a wireless network form enabling coopera-
tive communication with strong dynamic characteristics and scalability for arbi-
trary device interconnection. Its technical principle involves connecting clients
to interact data through P2P methods. When security protocols or firewalls
block interactions, TURN servers can serve as relay stations to transparently
forward data packets.

SFU Model. The SFU model uses servers to forward audio and video files by
transforming itself into Peer Client mode, causing confusion among other clients
regarding data transmission direction—this approach is called P2S. P2S not
only provides packaging functions but also enables multi-user data forwarding,
making multi-party real-time video calls possible. Clients need only connect to
SFU servers and upload data to switch to Simulcast or SVC modes, offering
strong adaptability without firewall interference while reducing bandwidth load
and CPU usage to enhance information real-time performance.

MCU Model. While SFU architecture offers significant advantages in reduc-
ing bandwidth load and improving transmission efficiency, it has limitations re-
garding multi-stream downstream bandwidth issues. As user numbers increase,
downstream bandwidth pressure rises sharply, exacerbating network latency.
The MCU architecture addresses this problem by integrating multiple streams
before forwarding, effectively alleviating bandwidth pressure. However, it also
has limitations, as the need to re-encode, decode, integrate, and forward data
increases latency and reduces flexibility.

2. Strategies for Enhancing TV Live Broadcasting Tech-
nology in the Media Convergence Era
2.1 Strengthening Talent Team Building

To enhance TV live broadcasting technology, it is essential to recognize the
critical role of talent and strengthen team building. This requires broadening
recruitment thresholds, implementing access systems, and improving compen-
sation packages to attract professionals. For existing technical staff, training
programs must be enhanced with effective training plans incorporating infor-
mation technology knowledge and practical skills to elevate professional com-
petence and ethical standards. Furthermore, performance systems, evaluation
criteria, and promotion mechanisms should be improved to create a positive
work environment that better serves TV live broadcasting operations.
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2.2 Enhancing Internet Thinking

To achieve technological innovation, it is necessary to actively enhance internet
thinking and timely innovate TV live broadcasting technology. This can be
accomplished by increasing technological investment and integrating advanced
technologies such as 5G and big data with information collection and data trans-
mission to improve broadcast quality. The media convergence era presents both
new challenges and opportunities for the television industry. To adapt to de-
velopment trends, future progress must prioritize technological innovation to
enhance TV program live broadcast quality, improve audience experience, and
achieve long-term development in the media convergence era.
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