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Visibility identifies the incident. Deterministic, hardware-level control resolves it. 
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Executive Summary 
Modern mission-control centers, Security Operations Centers (SOCs), and Network Operations Centers 
(NOCs) increasingly depend on Content Management Systems (CMS) and advanced AV-over-IP standards 
such as SMPTE ST 2110 to aggregate, synchronize, route, and display large volumes of visual information. 
Those capabilities are essential for situational awareness—but they are not the same as real-time operator 
control. 

This paper examines the architectural gap between visualization and intervention. CMS and ST 2110 are 
optimized for media orchestration and deterministic transport of video, audio, and metadata. Interactive 
remediation, by contrast, depends on predictable round-trip Human Interface Device (HID) response, native 
peripheral behavior, BIOS-level access, and resilient management paths that remain available when 
production systems are impaired. 

The resulting design principle is straightforward: mission-critical environments should treat visual 
orchestration and real-time control as complementary layers. OOBAXS™ advocates a dual-layer architecture 
pairing CMS / ST 2110 / IPMX visualization with dedicated high-performance KVM-over-IP and isolated out-of-
band (OOB) management infrastructure. 

The Four Design Questions 
Question Design Issue Why It Matters 

1 Can operators see the problem? CMS and ST 2110 excel at high-
density visualization and 
synchronized media transport. 

2 Can operators control the 
affected system immediately? 

Real-time remediation requires 
deterministic HID response and 
direct target interaction. 

3 Can the network sustain both 
workloads? 

Uncompressed media, KVM 
traffic, timing, multicast, and 
management paths place 
different demands on the 
backbone. 

4 Can operators still reach systems 
during a production-network 
failure? 

An isolated OOB layer preserves 
administrative access when the 
primary network is degraded or 
unavailable. 

1. Visibility Is Not Control 
In an operational emergency, situational awareness is only the first phase of response. Once an anomaly or 
failure is identified through a video wall, multiviewer, or CMS display, the operator must move from passive 
observation to active remediation. 

A CMS is optimized for canvas orchestration: scaling streams, managing layouts and presets, and routing 
media across enterprise IP networks. That makes it highly effective for aggregating disparate visual feeds. The 
limitation appears when the visualization layer is also expected to provide the primary path for target-system 
administration. 
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 Latency incompatibility: Media streams prioritize synchronized presentation; interactive control depends 
on fast, predictable bi-directional response. 

 Jitter and packet loss: USB emulation carried over a generic IP path can create cursor hesitation, 
command dropouts, and inconsistent operator response. 

 Target-system overhead: Software-based control agents reside on the host operating system, adding 
dependencies, consuming resources, and creating another potential security exposure. 

A wall display can show an incident in real time. That does not guarantee the 
operator can remediate it in real time. 

2. SMPTE ST 2110 Solves Media Transport—not the HID Problem 
SMPTE ST 2110, together with the ProAV-oriented IPMX ecosystem, represents a major advance in IP-based 
media transport. By separating video, audio, and metadata into distinct streams and synchronizing them 
through IEEE 1588 Precision Time Protocol (PTP), ST 2110 supports precise, high-quality media distribution 
across high-bandwidth COTS network infrastructure. 

Its core purpose, however, is transport of media essences—not interactive peripheral control. That distinction 
matters because the performance metric for a display stream is not the same as the performance metric for a 
mouse, keyboard, touch panel, security token, or specialized control device. 

2.1 The HID Round Trip 
Operator input → KVM transmitter → network → target host → GPU render → network → KVM receiver 
→ operator display 

True interactive control requires deterministic round-trip behavior. Variability in polling or packet arrival can 
alter mouse response and operator feel, while non-native USB extension may fail to preserve extended 
descriptors needed by specialized hardware, 3D manipulators, touch interfaces, and CAC/PIV security 
tokens. 

2.2 One-Way Synchronization vs. Round-Trip Execution 
ST 2110 is designed to synchronize media arrival at endpoints using a shared timing reference. It does not, by 
itself, solve the round-trip execution path required for interactive system administration. High-performance 
KVM-over-IP architectures address that different requirement with dedicated hardware encoding and direct 
HID transport, avoiding host-side driver installation while targeting sub-millisecond HID response and sub-
frame video performance. 

3. The Backbone Must Be Engineered for Both Workloads 
Running uncompressed ST 2110 media alongside latency-sensitive KVM-over-IP and out-of-band serial 
management requires more than ordinary network switching. The infrastructure must accommodate multi-
gigabit media flows without allowing congestion, jitter, multicast behavior, or PTP degradation to compromise 
control. 
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3.1 Infrastructure Requirements 
 Managed AV and enterprise fabric switching: 10/25/40/100Gb fiber uplinks, IGMP v2/v3 snooping, PTP 

boundary-clock support, and non-blocking multicast design. The source document identifies Extreme 
Networks VSP, Universal 5000 and SLX platforms, and NETGEAR AV Line M4350 as examples. 

 Structured high-performance cabling: Certified Cat6A/Cat7 copper plus OM4/OS2 fiber trunks to reduce 
cross-talk, attenuation, and electromagnetic interference in dense rack environments. 

 Out-of-band and cellular fallback: Hardware-isolated serial console management and cellular IP routing 
can preserve administrative access when the local production network is unavailable. 

3.2 Lifecycle Engineering 
 Recommend & Design: Audit bandwidth demand, calculate PTP clock trees, and engineer non-blocking 

network fabrics around the room's visual and operational requirements. 
 Procure & Supply: Source enterprise-grade switching, optics, OOB gateways, and structured cabling 

suitable for continuous 24/7/365 operation. 
 Install & Commission: Install fiber trunks, configure VLAN isolation and IGMP querier topologies, and 

validate HID round-trip performance before turnover. 

4. The Dual-Layer Reference Architecture 
The most resilient approach is to stop asking one technology layer to do two fundamentally different jobs. 
OOBAXS™ proposes a bifurcated architecture in which visualization and operational control are designed as 
complementary systems. 

Layer Primary Purpose Key Characteristics 

Layer 1 — Visual Orchestration 
CMS / ST 2110 / IPMX 

Video-wall layout, stream 
decoding, multi-source 
aggregation, macro-level 
monitoring 

High-bandwidth media routing; 
IGMP; PTP timing; managed 
enterprise/AV switching 

Layer 2 — Real-Time Control & 
Resiliency 
High-Performance KVM / OOB 

Immediate target interaction, 
native HID behavior, BIOS-level 
access, resilient administration 

Dedicated KVM path; native USB 
descriptor passthrough; isolated 
OOB management network 

The design objective is not to replace CMS or ST 2110. It is to let each layer do what it does best: the 
visualization layer provides the broad operational picture; the KVM/OOB layer provides the direct, resilient 
path needed to act on that picture. 

Conclusion 
A mission-critical command center should not equate the ability to display a system with the ability to control 
it. CMS and ST 2110 provide powerful tools for visualization and media transport, but operational intervention 
imposes different requirements: deterministic round-trip HID response, native peripheral support, direct host 
access, and a management path that remains available when production infrastructure fails. 

A dual-layer architecture addresses that gap by combining high-density visual orchestration with dedicated 
high-performance KVM-over-IP and isolated out-of-band management. The result is an environment 
engineered not only to see an incident, but to respond to it. 
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OOBAXS™ Consulting Services 
OOBAXS™ provides independent engineering audits, out-of-band architecture design, hardware procurement, 
and high-performance installation services for critical infrastructure environments, data centers, and 
enterprise command centers. 
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