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Introduction '

The sports broadcasting industry is undergoing a significant transformation.
Historically, live sports production relied on extensive on-premises and hardware
infrastructure, including broadcast facilities, OB (Outside Broadcast) trucks,
dedicated gear, and proprietary networking equipment. While these setups
provide robust performance and low latency, they are costly, geographically
constrained, and challenging to scale for multiple simultaneous events or digital-
first content distribution.

Cloud-native production technologies are reshaping this model. By moving
critical production functions—camera ingest, multi-camera synchronization, live
graphics, commentary, playout automation, and replay generation—into a
software-based cloud, broadcasters can achieve unprecedented flexibility,
scalability, and collaboration. Cloud platforms allow production teams to operate
fromn muiltiple locations, enabling remote commentary, distributed editing, and
rapid content publishing to broadcast, streaming, and social platforms.

By exploring real-world examples of cloud workflows, broadcasters, content
creators, and technical stakeholders can gain a clear understanding of how cloud
production enhances operational efficiency, reduces costs, and enables
innovative fan engagement experiences, while still addressing the challenges of
high-tier live sports events.



The building blocks of
sports cloud production L] . ¢ "

Modern cloud-based sports production reliesona *

set of integrated components that work together to

deliver broadcast-quality content in a flexible and e S WU L -
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scalable manner. Each component plays a critical
role in ensuring a smooth, engaging live experience
for viewers, while enabling remote collaboration and
efficient workflows.
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Multi-camera ingest and synchronization

Multi-camera setups are the foundation of professional sports production, including lower-tier events
that may rely on ground cameras, handheld units, or drones. Each camera feed is encoded and
transmitted to the cloud in real-time, where precise synchronization is essential to maintain consistent
timing across all angles, enable accurate replay generation, and allow smooth live switching.

Cloud platforms achieve this synchronization using industry-standard protocols such as PTP (Precision
Time Protocol) or NTP (Network Time Protocol), providing a shared reference clock across all devices.
In IP workflows, PTP (IEEE-1588) with SMPTE ST 2059 profiles is the broadcast-grade approach. NTP can
provide a coarse reference but is not sufficient for frame-accurate timing. For professional broadcast
applications, SMPTE ST 12-1/LTC timecode ensures frame-accurate timing, even when multiple camera
sources or encoders dre involved.

Contribution protocols play a key role in feed reliability. Internet-based feeds often use SRT (Secure
Reliable Transport) or RIST to maintain quality over lossy networks with tunable latency windows, while
RTMP (Real-Time Messaging Protocol) remains common for CDN ingest. On LANs, NDI (Network Device
Interface) is widely used, and across WANS it is often tunneled or paired with SRT to ensure stable, low-
latency operation. Stream buffering and adaptive bitrate management further support seamless
switching and replay insertion, enabling consistent high-quality delivery under variable network
conditions.

For high-end facilities, SMPTE ST 2110 IP baseband transport allows separate essences (video,
audio, and ancillary data) to be managed over reliable networks with frame-accurate timing
and optional hitless redundancy (ST 2022-7), while public internet feeds are typically converted

to compressed protocols like SRT or ST 2110-22 (JPEG-XS) where managed paths exist.
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Remote commentary and audio mixing

Remote commentary allows commentators to join a live production from virtually
any location, using laptops, tablets, or mobile devices. Low-latency technologies
such as WebRTC or dedicated audio links ensure that commentary is synchronized
with live video, enabling real-time interaction with the production team.

Cloud-based audio mixers expose multiple aux buses for individualized IFB,
language-specific outputs, and OTT/social variants. This allows distributed
commentary teams to provide localized audio experiences—for example, Premier
League matches can be localized for fans in Asig, or Japanese anime awards shows
can be translated into nine languages for global audiences. Mixers handle EQ,
compression, and sidechain ducking, maintaining clarity between commentary,
crowd noise, and other live audio elements.

Integrated talkback and coordination tools allow directors, commentators, and
operators to communicate via browser or native apps with push-to-talk or
keypanel-style controls. Cloud-based workflows combine the familiar capabilities of
on-premises setups with the scalability, flexibility, and distributed access required for
modern digital-first productions.

Live graphics integration

Graphics are a critical part of live sports broadcasting, bringing scoreboards, player
stats, timelines, and augmented replays to life in real time. High-quality visuals not
only make the story of the game clearer but also draw viewers in, creating
immersive experiences that help broadcasters stand out across crowded streaming
platforms.

Cloud-based graphics solutions have transformed how these visuals are produced.
By moving rendering, storage, and distribution away from physical infrastructure,
teams can collaborate from anywhere and integrate graphics seamlessly with
multi-camera feeds and remote commentary. Whether using HTML5/WebGL or
engine-based CG, cloud graphics engines can overlay scoreboadrds, timelines, stats,
and augmented replays instantly.

Automation and real-time data streams further enhance the experience, triggering
live overlays, tickers, and sponsor elements without manual intervention. With IP-
based workflows and SaaS models, broadcasters can scale operations efficiently
while ensuring that every visual element appears consistently across broadcast,
OTT, and social channels.

READ MORE

Transform modern broadcasting with advanced graphics
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Playout server and SCTE markers

Within a cloud sports production workflow, the playout server acts as the central
engine for managing and delivering assets that are part of the live production. It
allows production teams to create and control multiple playlists, which can include
not only VOD clips but also still images, live graphics, and even live feeds from
cameras or other sources. This flexibility ensures that all content used in the
broadcast—whether a replay, an on-screen graphic, or a filler segment—is available
on demand and can be triggered seamlessly during the live show.

Cloud-based playout servers provide dedicated operator interfaces, giving
production teams precise control over playback, transitions, and timing. ltems can
be queued, scheduled, and taken live with frame-accurate control, while automated
workflows handle complex sequences and rapid content changes, making sure
nothing interrupts the live broadcast even during fast-paced sports events.

A key feature of modern playout is ad signaling and automation. For OTT and live
workflows, streams carry SCTE-35 markers, enabling downstream ad insertion or
triggering automated graphics. In baseband/SDI environments, SCTE-104 cues are
inserted upstream and converted to SCTE-35 at the encoder, allowing seamless
integration across hybrid broadcast and streaming setups.

By combining playlist versatility, real-time operator control, and standardized timing
signals, cloud playout servers ensure that every asset within a live production is
accurately synchronized and readily available, supporting professional-grade sports
broadcasting entirely within the cloud environment.

Replay and highlight generation

Replay and highlight generation is a critical component of professional sports
production, allowing broadcasters to deliver instant replays, multi-angle highlights,
and engaging visual storytelling for live audiences. In cloud-based workflows, replay
servers integrate directly with multi-camera feeds and cloud playout systems,
ensuring that clips are synchronized with the live program and ready for immediate
use. Production teams can select camera angles, adjust playback speed, and
compile social-ready clips in near real-time. Cloud platforms also support Al-
assisted clipping and tagging, accelerating content delivery to digital and social
platforms.

Modern cloud replay solutions support integration with hardware control panels,
providing operators with tactile controls for enhanced precision and speed. These
interfaces ensure responsiveness of on-premises replay systems, allowing operators
to quickly select camera angles, trim clips, adjust playback speed (including slow
motion), and manage multiple outputs simultaneously. This ensures that even
complex replays, such as multi-angle slow-motion sequences, can be produced
with the same level of accuracy and timing as traditional broadcast environments.

Cloud replay platforms also support intuitive playlist creation, enabling operators to
organize highlights in real-time, queue clips for immediate playback, or prepare
segments for post-match analysis. These capabilities allow production teams to
deliver high-quality, professional-grade highlights, regardless of whether the
operation is centralized or fully remote. By bringing hardware-level control and
advanced features into the cloud, broadcasters can maintain the standards of tier-1
live sports production while benefiting from the flexibility and scalability of cloud
workflows.
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Intercom and team communication

Effective communication is essential in live sports production, ensuring that directors, camera
operators, replay operators, commentators, and graphics teams stay coordinated during fast-paced
events. In cloud-based workflows, intercom systems provide real-time voice communication over the
internet, accessible through laptops, tablets, or mobile devices. This enables distributed teams to
collaborate from virtually any location, maintaining seamless coordination even when contributors are
remote.

Modern cloud intercom solutions often run as partyline or matrix systems in the browser or native apps.
They support IFB feeds, configurable group routing, and GPIO/tally integration, allowing teams to
manage multiple talkback channels simultaneously, coordinate cues with on-site equipment, and
trigger tally lights for cameras and other devices. These features make it possible to handle complex
live productions, multilingual feeds, and multiple distributed teams efficiently.

While traditional on-premises intercom solutions offer low-latency performance, advanced routing,
and monitoring features, cloud platforms bring flexibility, scalability, and remote accessibility. Hylbrid
integration is also possible: studios can bridge cloud communications with existing on-prem matrices
over SIP or 4-wire/AolP protocols (e.g.,, AES67), allowing remote commentators, camera operators, and
technical staff to interoperate seamlessly with on-site teams.

By combining low-latency voice, cloud partyline/matrix functionality, IFB and tally support, and
hybrid connectivity, cloud intercom platforms provide the collaborative backbone required for
professional-grade sports production.
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Remote camera control

While cloud platforms offer many remote production capabilities, controlling physical
C s remotely remains challenging for most live sports scenarios. Factors such as
‘ '.

feasibility of fully remote camera operation, especially during fast-paced events.

ﬁ*',.'-_-'

signal reliability, and precision of pan-tilt-zoom (PTZ) operations limit the

Curr*“lutions allow some flexibility: PTZ devices and “all-in-one” cameras that
support VISCA-over-IP or HTTP control can be operated remotely for slower-paced
moves or set-and-forget framing. Basic adjustments for color grading, shading, and
exposure dre possible when return video and control paths are stable, making remote
operation viable for controlled or predictable shots. Automated camera tracking and
pre-programmed presets further expand remote functionality.

However, fast manual operation, dynamic framing, and fine shading over unmanaged
networks remain difficult due to jitter and latency. For high-tier events, operators and

) shaders are often kept on-site, while the cloud is primarily used for switching,
/ ‘ “intercom, and replay workflows.

By combining remote control for predictable shots with on-site expertise for dynamic
operations, productions can leverage the cloud effectively while maintaining broadcast-
quality visuals and precision camera work.
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How sports broadcasters
use cloud production today

Yool -

Cloud production has significantly expanded the
possibilities for sports broadcasters, enabling workflows
that were previously difficult, costly, or even impossible

cloud workflow examples:
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Live event streaming

Digital-first production using multi-camera live feeds is now feasible in the
cloud. While it may not yet be practical to move all 165 cameras from a
Super Bowl production into the cloud, deploying 15-20 live sources is
entirely achievable. Using robust protocols such as SRT, Zixi, or RIST, multi-
camera feeds can be transmitted securely and reliably to cloud
production suites

From there, live shows can be produced centrally and distributed in near
redl-time to web platforms, OTT services, social media channels, and even
niche or regional sports networks, FAST channels, or secondary-rights
broadcasters. This approach is particularly effective for grassroots,
collegiate, or lower-tier events, allowing smaller-scale productions to
achieve high-quality results without the complexity or cost of traditional
broadcast infrastructure.

By leveraging cloud workflows, multi-event or multi-platform productions
gain scalability, reduced operational costs, and flexible distribution, all
while maintaining professional-grade production quality across diverse
channels.

1



Localized commentary & multi-
language feeds

Cloud production enables distributed commentary teams to provide
localized audio experiences to diverse audiences. Commentators can
operate from remote locations, offering feeds in multiple languages and
tailoring the broadcast to specific regions. This allows fans worldwide to
enjoy the event in their native language while maintaining the energy and
context of the original presentation. What it means is that distributed
commentators provide language-specific audio, with separate mix-minus
feeds and graphics variants per region, ensuring that every audience
receives d broadcast that is both technically synchronized and culturally
relevant.

12
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“Watch Along” experiences |

Cloud workflows also support interactive, fan-centric experiences. During live events,
broadcasters can create “watch along” productions where famous athletes or
sports personalities join the stream from their homes, providing live commentary
alongside the match. This alternative production casting (altcasting) enhances
engagement, allows fans to connect with athletes in real-time, and creates unique
content formats that would be difficult to produce in traditional on-prem setups.

Video podcasts and post-match analysis

Cloud production enables broadcasters to create engaging video podcasts and
post-match analysis shows both before and after live events. Productions can
leverage not only live feeds from the event but also content from roaming cameras,
drones, or even user-generated footage from fans’ mobile devices. Remote
production teams can access, edit, compile, and mix live and VOD content
seamlessly within the cloud, allowing flexible, real-time workflows.

For example, a post-match analysis show might combine multiple live camera
angles, instant highlights, graphics overlays, and commentary—assembled entirely
remotely—and stream it across digital channels to engage audiences immediately
after the event. Similarly, pre-event shows can preview match setups, player
insights, or fan reactions in near real-time. By centralizing content in the cloud,
broadcasters reduce turnaround time, streamline workflows, and significantly
expand digital reach, enabling a continuous, interactive connection with audiences
beyond the live broadcast itself.
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Highlight packages and
automated editing

Al-assisted clipping and instant replay have become standard in modern sports
workflows. Cloud platforms enable the automatic generation of highlight packages,
allowing digital audiences to quickly access key moments while freeing production
teams fromm manual editing tasks. Multi-angle replays, customizable playlists, and
automated trimming accelerate content delivery and ensure high-quality
production for social media, OTT, and broadcast outlets.

Esports — Fully cloud-native production

Esports has been an early and heavy adopter of cloud production, thanks to its
digital-first audiences and inherently online format. Globally distributed casters, reol—"A

time spectator modes, and multiple in-game camera feeds make cloud workflows

ideal for esports events. Production teams can mix live gameplay, commentator
audio, graphics overlays, and instant replays entirely in the cloud, while distributing
the broadcast to streaming platforms worldwide. This approach not only supports
multiple languages and localized commentary but also allows near-instant social
and VOD clips to reach audiences across regions. Many esports tournaments today
operate almost entirely in cloud-native environments, demonstrating thé_js;calobility,
flexibility, and speed that cloud production brings to modern sports brood{:asting.

v
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Challenges and Limitations

While cloud production offers significant flexibility, scalability, and efficiency, there are a few challenges

and limitations that broadcasters must consider.

Challenge Description Mitigation
Latency & sync Cloud workflows introduce buffering to handle Define a glass-to-glass latency budget; use WebRTC
network variability, which can affect timing across for talent return; keep SRT/RIST latencies conservative
video, audio, and graphics. but precise; align feeds to a shared PTP clock where

supported.
Bandwidth & contribution Uplink limitations and last-mile network reliability are Use bonded uplinks, dual ISPs, contribution
resilience common failure points, especially for multi-camera redundancy (active/standby encoder paths),
setups. conservative bitrate ladders; monitor packet loss/

jitter continuously.

Advanced graphics & heavy High-end AR/3D, real-time tracking, or complex Pre-render heavy assets, keep live graphics
effects overlays are compute-intensive and sensitive to lightweight, use GPU instances sized for peak loads;
latency. validate key/fill chains end-to-end.
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Challenge

Description

Mitigation

Redundancy &
reliability

Integration with legacy
systems

Security & access
control

Staffing

Cloud regions or zones can fail; single-point
dependencies may emerge, risking broadcast
continuity.

Bridging SDI, MAM, captioning, compliance recording,
and rights metadata can be complex.

Distributed contributors increase exposure risk for
media and control planes.

Operators, engineers, and production staff must
adapt to new cloud workflows, often requiring multi-
disciplinary roles and software familiarity.

Implement N+1 architecture for mixers/encoders,
multi-AZ/region deployment, hot spares for
operators, backup slates/paths; rehearse “black-
screen” and comms-loss scenarios.

Use SDI © IP gatewalys, standardize on SCTE-35/ID3
signaling, and adopt API-first asset/metadata
exchange with MAM/CMS.

Enforce per-role least-privilege access, SSO/MFA,
link-scoped contribution keys, and end-to-end
encryption.

Provide training; run rehearsals and “shadow”
productions to build confidence and familiarity
before live events.
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Implementation checklist:
Practical steps for going cloud

This checklist is designed as a starting point for proof-of- R
concepts, RFPs, and planning your cloud sports production
workflow. It reflects best practices from live broadcast

experience and highlights the critical considerations to
ensure a smooth transition.
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» Event profile

« Define the type of sport, number of cameras, replay requirements, graphics
packages, commentary languages, and distribution endpoints.

« ldentify multi-platform or multi-audience needs early to inform downstream
workflow design.

» Timing & sync
- Establish a single “source of truth” clock (PTP/NTP).

« Plan per-angle buffering and timecode strategies to maintain frame-accurate
alignment across all feeds.

» Graphics

- Map data integrations, automation triggers, and key/fill chains.
- Validate sponsor obligations, branding elements, and on-screen templates
end-to-end.

» Playout & signaling

- Confirm playlist control processes, SCTE-35/104 signaling, captioning, subtitles,
and ABR packaging requirements.
« Ensure compatibility with downstream ad insertion and automation systems.
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» Contribution plan

- Determine encoders and transport protocols (SRT, RIST), bonded uplinks, and
return feed strategy.

« Set clear latency targets and consider variable network conditions in your
planning.

» Audio & comms

- Design commentary kits, IFB/mix-minus setups, intercom keys, and multilingual
audio buses.

« Include distributed and hybrid teams in your comms planning to avoid gaps
during live events.

>» Replay
« Define ISO recording policies and panel support.

« Plan playlist handoff to playout and social media cut-downs for rapid
highlights.

» Redundancy & reliability

. Design N+1 redundancy for critical components, multi-availability zone/region
failover, and backup paths.

« Rehearse black-screen and comms-loss scenarios to ensure operational
resilience.
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» Security & access control

. Implement role-based access, SSO/MFA, and ephemeral contribution
credentials for temporary remote operators.
« Define encryption standards for both media and control planes.

» Monitoring & QA

. Track real-time telemetry: bitrate, packet loss, jitter, and program/return
confidence.

« Conduct dry runs and comms blackout drills to prepare for unexpected events.

» Cost controls & resource management

« Apply resource tagging, budgeting, auto-shutdown, and rightsizing policies.
- Define storage lifecycle rules and CDN/egress interconnect plans to avoid
unexpected costs.

19



Glossary of terms and standards

« SMPTE ST 2110 (Parts -10/-20/-30/-40): Essence-based IP transport (video/audio/ANC) for managed networks; relies
on PTP timing per ST 2059.

e SMPTE ST 2110-22 (JPEG-XS): Compressed video within the 2110 family for low-latency mezzanine over managed IP links.
« SMPTE ST 2022-7: Hitless, seamless protection switching (dual-path redundancy) for packetized streams.

« AMWA NMOS (IS-04 [ 1S-05): Discovery/registration and connection management APIs widely used with ST 2110
deployments.

o ABR: Adaptive Bitrate streaming (e.g.,, HLS/DASH) for OTT delivery.
 AES67: Standard for high-performance AolP interoperability; useful for intercom/audio bridges.
 IFB: Interruptible Foldback—return audio to talent with director interrupt.

e NTP [/ PTP: Network Time Protocol (coarse); Precision Time Protocol (frome-grade when used with SMPTE ST 2059
profiles).

e RIST [ SRT [/ RTMP [ Zixi: Common contribution/transmit protocols; RIST/SRT/Zixi are resilient and WAN-friendly; RTMP
remains common for ingest to social/OTT but can be higher latency on lossy links.

 SCTE-104 [ SCTE-35: Baseband vs. compressed-domain ad/signaling cue standards.
e SMPTE ST 12-1: Timecode (LTC/VITC). SMPTE ST 2059-2: PTP profiles for broadcast.

e VISCA-over-IP: Common PTZ camera control protocol over IP.
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To learn more about how Amagi can help you with your cloud production journey,
get in touch with us at cloudandme@amagi.com
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