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The traditional broadcast infrastructure, reliant on serial digital interface (SDI) baseband routers and
coaxial cables, is transitioning to Ethernet using off-the-shelf network switches and Software Defined
Networking (SDN). This shift to IP/Ethernet infrastructure provides cost-effective, reliable, and flexible
solutions to support evolving media formats, especially high-resolution content.

Broadcast routing systems transitioned from analog to digital with SDI (Serial Digital Interface) for
NTSC encoding (270Mbps) and later to 1.5Gbps HD-SDI for ATSC HD OTA transmission. The demand
for higher resolution content led to the development of 3Gbps HD-SDI. However, the use of expensive
75-ohm coaxial cables for 3Gbps signals made these systems costly.

IP Infusion’s disaggregated, open networking solution enables an efficient transition from traditional
SDI-based video processing and broadcasting centers to cost-effective Ethernet/IP infrastructures
using standard off-the-shelf network switches. The shift to ethernet/IP infrastructure comes with the
simplicity of data center operations and allows for the streamlined management and delivery of
broadcast media assets. The solution enables efficient streaming of video content to various platforms,
including subscription and ad-supported VOD, live and broadcast streaming, as well as social media.

Cloud-Inspired Architecture: The Future of Broadcast Networks

Broadcast facilities are adopting IP technology for various applications, including video transport
and wireless HD-ENG backhaul. The transition from SDI to IP in broadcast workflows brings
significant simplification.

Signal Type Uncompressed digital video Encapsulated digital data packets

Non-deterministic, requires QoS for

Reliability Deterministic, guaranteed delivery . .
reliable delivery

Variable latency, can be impacted b
Latency Very low, fixed latency Y P Y

network traffic
Distance Up to 300 meters (coaxial cable) Up to 100 meters (copper) or kilometers (fiber)
Cost Higher upfront cost for specialized cables Lower upfront cost for standard Ethernet cables
and routers and switches
Can carry multiple data streams
Flexibility Limited to video signals N carry muttp
(video, audio, control)
Scalability Limited scalability, requires additional cables for = Highly scalable, single network can handle

more channels many channels

Technical Expertise  Requires specialized knowledge of SDI technology Leverages existing IT network knowledge

Table 1. Comparison of SDI vs Ethernet
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Traditional broadcast formats like SDI, HD-SDI, and 3G-SDl initially faced challenges integrating with
commercial IP-based data center networks. These challenges stem from the inherent differences in
how SDI handles timing and control information. However, advancements in IP technology have
resolved these issues, enabling the seamless transport of these formats over IP networks.
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Figure 1. Traditional Broadcast Network Based on SDI

The industry addressed these challenges with the adoption of PTP and the SMPTE 2059 standard.
Here's how they work together:

PTP (Precision Time Protocol): Ensures precise synchronization across all devices on the network.
PTP distributes a single reference time, eliminating the need for individual frame generators (SPGs) in
each device.

SMPTE 2059: This standard defines how PTP timestamps are embedded within IP packets carrying
audio and video data. These timestamps allow for accurate reconstruction of the original signal at
the receiving end, eliminating the need for separate

frame synchronizers.

Additionally, SMPTE standards ST-2022 and ST-2110 play crucial roles in the transition from SDI to
IP-based infrastructures:

SMPTE ST-2022 was a pioneering step in the IP migration journey. Specifically, ST-2022-6 encapsulates
the entire SDI signal, including video, audio, and ancillary data* (ANC), into IP packets, making it a
straightforward solution for transmitting existing SDI workflows over IP networks. This standard
facilitated the initial move to commercial off-the-shelf (COTS) hardware by allowing broadcasters to use
familiar SDI signals while leveraging the scalability and flexibility of IP networking. ST-2022-6 ensures
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the integrity of SDI signals during transport, making it particularly useful for playout and long-distance
transport applications where the simplicity of a single stream carrying all essences is advantageous.

However, challenges emerged with bandwidth efficiency and workflow flexibility. The method of
encapsulating all essences (audio, video, and ancillary data) in a single stream meant that SDI audio
embedders and de-embedders were still necessary for tasks like audio mixing, despite the transition
to IP. Moreover, the lack of specified synchronization methods in ST-2022-6 required broadcasters to
revert to SDI for precise timing and manipulation of essences, limiting the full potential of IP-based
workflows in complex production environments.
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Figure 2. SMPTE ST 2022 Reference Diagram

s  SMPTE ST-2110 represents a more refined and production-oriented approach, building on the
foundation laid by ST-2022. Unlike ST-2022-6, ST-2110 separates video, audio, and ancillary data into
individual streams, allowing for more granular control and optimization of each essence. This separation
is especially beneficial in production environments where different media elements often need to
be processed, routed, or managed independently. ST-2110’s design supports dynamic and flexible
workflows, enabling broadcasters to efficiently handle complex production tasks, such as audio mixing,
video compression, and metadata management. The inclusion of precise synchronization mechanisms,
such as the Precision Time Protocol (PTP), ensures that all streams remain perfectly aligned, even when
processed separately.

In addition to its foundational components, ST-2110 includes specialized extensions for audio (ST
2110-30and ST 2110-31), video (ST 2110-20 and ST 2110-22), and ancillary data, ANC, (ST 2110-

40). These extensions cater to various requirements, such as uncompressed audio transport based on
AES67, efficient video transmission by transmitting only active pixels, and flexible handling of ancillary
data independently of audio and video streams. Beyond the media data plane, the NMQOS specifications
(1S-04, 1S-05, 1S-06) complement ST-2110 by providing robust control plane mechanisms for device
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discovery, stream management, and network connectivity, ensuring that ST-2110-based infrastructures
are both scalable and manageable across diverse production environments, including wide area
networks (WANS).
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Figure 3. SMPTE ST 2110 Reference Diagram

Network Simplification and Changing of Roles

In traditional SDI workflows, master sync generators (SPGs) were pivotal for providing a timing
reference across broadcast facilities, ensuring synchronization among cameras, recorders, and video
routers. However, with the introduction of SMPTE ST-2022-6, SDI signals were encapsulated into IP
packets, facilitating their transmission over IP networks without fundamentally altering the
synchronous nature of traditional broadcast operations. This approach allowed broadcasters to
leverage familiar SDI signals while benefiting from the scalability and flexibility of IP networking.

The evolution to SMPTE ST-2110 marks a significant departure from this approach. Unlike ST-2022-6,
which treated SDI signals as cohesive units within IP packets, ST-2110 breaks down video, audio, and
ancillary datainto separate |IP streams. This separation enables broadcasters to manage and process
media elements independently, enhancing flexibility and efficiency in production workflows. ST-2110
integrates Precision Time Protocol (PTP) and SMPTE 2059 standards to ensure precise synchronization
across all streams, eliminating the need for traditional SPGs and frame synchronizers. By embedding
timestamps within IP packets, ST-2110 enables accurate reconstruction of audio and video signals at
the receiving end, streamlining operations and reducing hardware complexity. PTP and SMPTE 2059
within the ST-2110 framework not only simplify broadcast infrastructure by consolidating media,
control, and timing data over Ethernet but also support advanced capabilities like hitless protection
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switching and software-driven network control. This transition from SDI to IP infrastructure is poised
to reshape broadcast environments, offering increased flexibility, scalability, and operational efficiency
while accommodating diverse digital broadcast standards within unified IP-routed networks.
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Figure 4. Modern Broadcast Network Based on Ethernet

Benefits of Cloud-Inspired Architecture in Broadcast Networks

= Simplified Infrastructure and Reduced Costs: Transitioning from SDI to IP infrastructure reduces
hardware complexity by eliminating the need for traditional sync generators and frame synchronizers.
With Precision Time Protocol (PTP) ensuring synchronization and SMPTE 2059 embedding timestamps,
broadcasters can streamline their setup, cutting down on equipment costs and operational overhead.

= Unified Network Integration: Ethernet now serves as the backbone for transmitting media, control data,
and timing information in a unified manner. This consolidation eliminates the requirement for separate
networks dedicated to different functions, enhancing overall operational efficiency and scalability.

= Leveraging Enterprise IT Advancements: Broadcasters can capitalize on high-performance data center
networking technologies, benefiting from features like low latency, precise jitter control, extensive
multicast support, and API-based network management. These capabilities improve real-time signal
transmission reliability and enable comprehensive software control over broadcast infrastructure.
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» Increased Capacity and Space Efficiency: IP data centers offer enhanced switching capacity and
reduced physical space requirements compared to traditional SDI setups. Ongoing advancements in
network switch performance and cost-efficiency further contribute to increased operational flexibility
and reduced infrastructure footprint.

s Standard Coexistence and Future-Proofing: The adoption of IP formats accommodates various digital
broadcast standards within a single network infrastructure. This coexistence eliminates the need for
separate networks, ensuring compatibility with evolving industry standards such as SDI, HD-SDI, and
emerging 4K/UHD formats. By future-proofing broadcast operations, IP-based architectures support
long-term scalability and adaptability.

The transition from SDI to Ethernet/IP infrastructure will take several years. Major facilities will
adopt COTS IP data center networking, while legacy SDI routers and new Ethernet/IP networks will
coexist. Seamless operational integration is crucial to avoid burdening production teams. Operations
should remain consistent whether signals are SDI-based or Ethernet/IP-centric.

IP Infusion OcNQOS: Powering Efficient, Future-Proof
Broadcast Networks

IP Infusion’s OcNOS network operating system, is designed to address the specific needs of broadcast
environments, offering features that optimize performance, simplify management, and ensure seamless
integration with broadcast workflows:

Advanced Features for Broadcast Excellence:

1. 802.1QVLANSs: Enables network segmentation through VLAN creation, separating broadcast traffic
from other network traffic for better control, prioritization, and security.

2. Deep Buffer Switches: Are designed to handle the bursty nature of broadcast traffic. Large
buffers on switch ports minimize delays and packet loss, thus maintaining consistent video quality
and avoiding disruptions.

3. PTP 1588 based SMPTE 2059-2 profile: Crucial for synchronization of audio, video, and
ancillary data.

4. PTP Boundary Clock mode for scalability: Important for network design and stability of the PTP
Grandmaster (GM).

5. PTP Holdover or Free Running Clock: Ensures operation in case of GM or GPS receiver loss.

See the full list of OcNOS timing synchronization features

Multicast Efficiency with PIM and IGMP:

While PTP/SMPTE 2059 simplifies broadcast workflows, it operates at the data transport layer.
To optimize the delivery of multicast content (like live video feeds) within your IP network, you'll
need two additional protocols: PIM (Protocol Independent Multicast) and IGMP (Internet Group
Management Protocol).
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PIM acts as a routing protocol specifically for multicast traffic. It operates between routers to create
efficient delivery paths for multicast data streams. Here’s how PIM benefits multicast workflows:

1. Multicast Modes: PIM offers various modes (ASM, SSM, Anycast RP) to cater to different content
distribution scenarios. This flexibility allows you to choose the most efficient mode for your specific
needs, like delivering live feeds to a specific group of viewers (SSM) or enabling content discovery for
any source (ASM).

2. Static PIM Joins: For situations requiring precise control, PIM allows manual configuration of multicast
groups for specific devices. This ensures only authorized devices receive the multicast stream.

IGMP operates at the layer between devices (like receivers and switches) and the network. It
facilitates efficient multicast distribution by managing group memberships:

3. IGMP Querier & Snooping: A router acts as an IGMP Querier, periodically sending multicast group
inquiries. Devices interested in receiving specific multicast streams respond with IGMP messages.
IGMP Snooping on switches listens to these exchanges and dynamically learns which devices are
interested in specific groups. This allows the network to optimize traffic forwarding by only sending
multicast streams to devices that have explicitly requested them.

4. IGMP Fast Join/Leave: In live production environments, membership in multicast groups can change
rapidly. IGMP Fast Join/Leave ensures quick inclusion and exclusion of devices from groups. This
minimizes delays and ensures smooth transitions for viewers joining or leaving a live stream.

Together, PIM and IGMP work seamlessly to optimize multicast delivery in IP broadcast networks. PIM
establishes efficient routing paths, while IGMP ensures multicast streams are only sent to interested
devices, minimizing unnecessary network traffic.
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Figure 3. Broadcast Network Efficiency with PIM and IGMP on OcNOS
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Streamlined Management and Automation:

1. NETCONF: Simplifies network automation and integration with orchestration tools through
programmatic network configuration management.

2. OpenConfig Models: Supports OpenConfig data models for switch configuration and streaming
telemetry, providing a vendor-neutral approach to network management and data analysis.

3. IP Maestro: IP Infusion user-friendly Element Management System (EMS) for simplified device
configuration, management, and automation. Offers centralized visibility, streamlined troubleshooting,
and enhanced security for efficient network operations.

Switching | Deep Form Timing
Vendor . Ports SKUs
Capacity | Buffer Factor Sync.

$9500- 4x 1G Base-T, 8x 10G SFP+, 8x 25G
UfiSpace 2GB 1RU
22XST SFP28, 2x 100G QSFP28
AS7315- 1x 1G SFP, 16x 10G SFP+, 8x 25G )
Edgecore 24GB 1RU X X X OcNOS
30X SFP28, 2x 100G QSFP28 CSR-300
AS7316- 18x 10G SFP+, 8x 25G SFP28, 2
Edgecore " 300Gbps 24GB 1RU 1026 oot X X OcNOS-SP-
Q IPBASE-300
e AS7315- . LRy 20%10GSFP+4x25G SFP28,3x
ecore - -
& 27X 100G QSFP28 OcNOsS-5P
MPLS-300
59500- 20x 10G SFP+, 8x 25G SFP28, 2x
UfiSpace 3GB 1RU
30XS 100G QSFP28
59510-
Ufispace > . 360Gbps 2GB 1RU  28x 25G SFP28, 2x 100G QSFP28
Ui $9510- o s LRy  24x25GSFP28,2x 100G QSFP2, OcNOS-SP-
ace S
P 28DC P 2x 400G QSFP-DD IPBASE-800
OcNOS-SP-
AS7535- 25x 25G SFP28, 2x 100G QSFP28, MPLS-800
Edgecore 16 GB 1RU
28XB 2x 400G QSFP-DD OcNOS-SP-
PLUS-800
OcNOS-SP-
CSR-800
AS5916- OcNOS-SP-
Edgecore 800Gbps 8GB 1RU  48x 10G SFP+, 6x 100G QSFP28 ¢
54XKS IPBASE-800
OcNOS-SP-
MPLS-800
OcNOS-SP-
CSR-800
AS5916- OcNOS-SP-
Ed 800Gbps 8 GB 1RU  48x 10G SFP+, 6x 100G QSEP28
BECOTe S axks ps X X Q IPBASE-800
OcNOS-SP-
MPLS-800
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SW|tch|ng Deep Form Timing
Vendor
Capacity | Buffer Factor Sync.

$9600- 2x 10G SFP+, 64x 25G SFP28, 8x
UfiSpace 4GB 2RU
72XC 100G QSFP28
AS7946-
Edgecore 4GB 2RU  64x25G SFP28, 10x 100G QSFP28 x  OcNOS-SP-
74XKSB IPBASE-2400
4x 25G SFP28, 10x 100G QSFP28,
AS7946- X X Q OcNOS-SP-
Edgecore 24Tbps 4GB 2RU  4x 100G QSFP-DD, 4x 400G QSFP- *
30XB MPLS-2400
DD
$9600- 24x 100G QSFP28, 4x 400G QSFP- | OcNOS-SP-
UfiSpace 28DX 4GB 2RU DD PLUS-2400
$9600-
Ufispace 4GB 2RU  4x25G SFP28, 32x 100G QSFP28 *
$9600- OcNOS-SP-
UfiSpace 4GB 2RU  4x25G SFP28, 64x 100G QSFP28 *
64X IPBASE-4800
OcNOS-SP-
URS $9600- . gy 48 100G QSFP28, 8x 400G QSFP- .
ace - -
p S 4Dx DD OcNOS-SP
PLUS-4800
OcNOS-SP-
IPBASE-14400
UfS 59610~ 4 4Tbps 16GB 2RU  36x 400G QSFP-DD . OcNOSSP-
ace . S X -
P 36D P MPLS-14400
OcNOS-SP-
PLUS-14400

Table 2. List of OcNOS Qualified White Box Switches/Routers for Broadcast

* Feature support is platform-dependent, refer to the Feature Matrix for details.

Future-Proof Scalability and Efficiency:

1. High-Density, High-Speed Switches: Ensure your network can effortlessly adapt to evolving
broadcast demands. IP Infusion offers switches and routers ranging from 100m to 400G port speeds
and up to 14.4 Thps switching capacities, ensuring every studio can receive an optimal solution.

2. Reduced Space Footprint: IP switches require less space than traditional SDI routers, freeing up
valuable real estate within your facilities.

3. Single-Port Efficiency: Utilize single IP ports to carry multiple media streams (audio, video, metadata)
in both directions, simplifying cabling and reducing infrastructure costs.
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4. Seamless Cloud Integration: IP connectivity allows for seamless integration with cloud resources for
specific tasks like rendering or transcoding, enhancing broadcast capabilities without sacrificing
on-premises performance.

IP Infusion switches provide a comprehensive solution for modern broadcast networks, combining
multicast efficiency, advanced features, streamlined management, and future-proof scalability to meet
the demands of today’s dynamic broadcast environments.

Open Your Broadcast Infrastructure with IP Infusion:
The Power of Open Networking

Traditional SDI infrastructure is a bottleneck for modern television production. Broadcasters need a future-
proof solution that delivers scalability, flexibility, and cost savings. IP Infusion’s comprehensive open
networking solution tackles these challenges head-on, empowering you to build a modern and efficient
broadcast infrastructure.

The Benefits of IP Infusion’s Open Networking Solution:

N DEWEE
OcNOS CSRand S OcNOS-SP-IP-BASE | OcNOS-SP-MPLS OCNOS-CSR OcNOS-SP-PLUS
Service Provider

Layer 2/ Layer 3
VxLAN w EVPN
Carrier Ethernet

MPLS

MPLS w EVPN
Segment Routing
Streaming Telemetry
Timing Synchronization

400G ZR/ZR+ *

Table 3. OcNOS SKUs

* For the full OcNOS feature list, please refer to feature matrix.
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Unmatched Flexibility and Freedom: Escape vendor lock-in and embrace a truly open network. IP
Infusion’s solution is hardware-agnostic, allowing you to choose from a wide range of best-in-class
white box switches and routers. IP Infusion’s open networking solution offers broadcasters the
tools to build a scalable, flexible, and cost-effective broadcast infrastructure, breaking free from the
limitations of traditional SDI systems and embracing the future of broadcast technology.

Simple and Cost-Effective Licensing: Simplify budgeting with perpetual licensing for OcNQOS, the
feature-rich open network operating system. Say goodbye to recurring software licensing fees.

Unified Network Management: Experience a single, consistent NOS (Network Operating System)
across broadcast, data center, and carrier networks. OcNOS offers a familiar interface regardless of
the underlying hardware, streamlining network management.

One-Stop Shopping for All Your Needs: Simplify procurement with a complete solution. IP Infusion
provides OcNOS, pre-validated white box hardware, compatible optics, and expert support services,
all from a single trusted vendor.

Reduced Total Cost of Ownership (TCO): Open networking delivers significant cost savings. Lower
upfront hardware costs and perpetual software licensing with OcNOS significantly reduce expenses
compared to proprietary systems. The ability to choose from a wider range of cost-effective optics
further optimizes your network budget.

Control Over Lead Times: Open networking broadens your hardware options. Access the latest
technologies from multiple vendors, eliminating reliance on a single supplier’s production schedule.
This flexibility ensures faster access to new equipment and minimizes delays during network upgrades.

Conclusion

The migration of the broadcast world to IP infrastructure is underway, evidenced by early adoptionin large
television facilities. Establishing IP Video Routers and IP networks in television will require substantial
efforts, merging broadcast and IT disciplines. This transition will create new workflows and approaches,
providing better-performing, more flexible, and cost-effective broadcast services over an IP network. IP
Infusion’s platforms offer the foundation for this transformative shift in the broadcast industry.

Contact Us Today

Contact IP Infusion today to learn more about how their solutions can benefit your media
production environment. You can reach us by phone at +1-877-699-3267 or by email at
ipisales@ipinfusion.com.

ABOUT IP INFUSION

IP Infusion is a leading provider of open network software and solutions for carriers, service providers and data center operators. Our solutions enable network operators to
disaggregate their networks to accelerate innovation, streamline operations, and reduce Total Cost of Ownership (TCO). Network OEMs may also disaggregate network devices
to expedite time to market, offer comprehensive services, and achieve carrier grade robustness. IP Infusion network software platforms have a proven track record in carrier-
grade open networking with over 500 customers and over 10,000 deployments. IP Infusion is headquartered in Santa Clara, Calif., and is a wholly owned and independently
operated subsidiary of ACCESS CO., LTD. Additional information can be found at http://www.ipinfusion.com

© 2024 IP Infusion, Inc. All rights reserved. IP Infusion is a registered trademark and the ipinfusion logo and OcNOS are trademarks of IP Infusion, Inc. All other trademarks
and logos are the property of their respective owners. IP Infusion assumes no responsibility for any inaccuracies in this document. IP Infusion reserves the right to change,
modify, transfer, or otherwise revise this publication without notice.

Phone | +1-877-699-3267 Email | sales@ipinfusion.com Web | www.ipinfusion.com



mailto:ipisales%40ipinfusion.com?subject=

