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INTRODUCTION

BirdDog Connect is a high-performance, software-defined video transport and routing system designed
for real-time production, contribution, and monitoring. It enables organisations to ingest, manage, encode,
decode, and route multiple simultaneous video and audio streams with consistent low latency and precise
synchronisation.

Modern production environments place substantial computational demands on host systems. High-resolution
video, higher frame rates, multiple simultaneous streams, and real-time encoding/decoding all require
balanced CPU, GPU, memory, and I/O performance. BirdDog Connect is engineered to make optimal use of
the underlying hardware, leveraging the best available acceleration pathways to maintain throughput, stability,
and professional-grade results.

This document outlines how BirdDog Connect processes data, how acceleration technologies are utilised, and
what levels of performance you can expect on a range of reference systems tested internally.

It serves as a practical guide to help integrators and customers choose the right hardware for their workflow.

How BirdDog Connect Processes Video & Audio

Modern production environments depend on the ability to move, process, and transform large amounts

of real-time audio and video with absolute reliability. BirdDog Connect is engineered specifically for this
challenge. Under the hood, Connect operates as a series of highly optimised, parallel processing pipelines that
ingest live media, synchronise it, apply hardware-accelerated transformations, and deliver it across networks
and protocols with minimal delay.

Understanding how these internal pipelines function is critical to selecting the right hardware and designing
workflows that scale. This section explains the underlying data paths, acceleration mechanisms, and
synchronisation methods that enable Connect to handle multiple simultaneous streams while maintaining
professional-grade stability, image integrity, and low latency.

High-Data-Rate Video Processing
Video is inherently data-intensive. Even at 1080p60, an uncompressed source requires massive throughput at
around 3Gbps (3 Gigabits/second — equivalent to 3x regular Ethernet cables):

1920 x 1080 pixels

60 frames per second

4:2:2 or 4:2:0 colour sampling

Significant per-frame compute operations (encode, decode, convert, transport)

BirdDog Connect processes these stages in real-time:

Decoding: Ingesting incoming NDI, SRT, RTMP, or other formats
Conversion: Colourspace, frame-rate normalisation, scaling

Encoding: Preparing for output protocols or re-streaming

Transport: Handling packets, buffering, A/V sync, retransmission, FEC, etc.
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Each stage benefits from hardware acceleration when available.

Hardware Acceleration Technologies in BirdDog Connect

Real-time video processing places extraordinary demands on a computer system. Even a single high-quality
stream involves millions of pixels per frame, complex colour transformations, buffering, timing control, and
compression steps that must all occur continuously without dropping frames. When scaling to multiple
simultaneous streams—ingesting, decoding, converting, encoding, and transporting them concurrently—the
computational load increases exponentially.

While CPUs can perform these operations in software, doing so consumes a significant amount of processing
power and quickly leads to increased latency, inconsistent performance, and limited stream capacity. This

is where hardware acceleration becomes essential. Modern GPUs, integrated media engines, and platform-
specific video blocks are purpose-built for these exact operations. They include dedicated silicon designed to
encode, decode, scale, and process video far more efficiently than general-purpose CPU cores.

By leveraging hardware acceleration, BirdDog Connect can:

Offload heavy video workloads from the CPU

Maintain low and predictable latency

Increase the number of simultaneous streams a system can support
Reduce power consumption and thermal load

Ensure smooth playback and stable operation even under pressure
Deliver consistent real-time performance across a wide range of hardware

In practical terms, hardware acceleration is what allows Connect to scale from basic single-stream workflows
to dense, multi-stream routing and contribution systems. The following sections outline the acceleration
technologies Connect uses on different platforms and how each contributes to overall performance.

NVIDIA GPU Acceleration (NVENC / NVDEC)

NVIDIA's NVENC and NVDEC engines are dedicated hardware blocks built into modern NVIDIA GPUs
specifically for real-time video encoding and decoding. Unlike general-purpose GPU computing, these
video engines operate independently of the graphics cores, allowing them to process multiple streams with
extremely low latency and minimal impact on overall system performance. NVENC provides consistently
high-quality H.264/H.265 encoding at predictable bitrates, while NVDEC handles decoding tasks with similar
efficiency.

For BirdDog Connect, this translates to dramatically increased stream density: even mid-range GPUs such as
the Quadro P2000 can sustain 4-7 simultaneous 1080p50 encode/decode pipelines, while newer GPUs like the
RTX 4000 Ada can exceed 12. NVENC is one of the most important accelerators for high-density workloads,
enabling Connect to offload the most demanding parts of the pipeline and maintain stable performance even
under sustained load.

PAGE 3



CONNECT RECOMMENDED SYSTEM REQUIREMENTS

On systems equipped with NVIDIA GPUs, BirdDog Connect will offload encoding and decoding to the GPU's
dedicated video engines. Benefits include:

Extremely low CPU usage

High-density encoding (multiple streams simultaneously)
Stable, low-latency performance

Ability to scale to 8-16+ streams depending on GPU class

NVIDIA GPUs generally provide the highest stream density per system.

Intel Quick Sync Video (QSV) Video Processing efficiency with GPU Acceleration
Intel Quick Sync Video is a dedicated media

. . L CPU Only Intel QSV nVidia
processing engine embedded within the 100% Vo

integrated GPU of Intel CPUs. It provides CPU
hardware-accelerated H.264/H.265 encode and

iliti i i ' Intel QSV.
decode capabilities without relying on the CPU's Quickayne

general-purpose cores. Because QSV is available ’ ‘

on most Intel processors—from laptops to
desktop workstations—it offers excellent baseline
performance for BirdDog Connect, especially in
compact or cost-sensitive deployments.

Quick Sync handles real-time video workloads 0% CPU
with impressive efficiency, often enabling 4-6

simultaneous 1080p streams even without a discrete

GPU. Its low power consumption and minimal thermal footprint make QSV particularly well suited for portable
kits, remote production nodes, and systems where space or cooling is limited.

While it cannot match the multi-stream density of high-end NVIDIA GPUs, it provides outstanding
performance-per-watt and significantly reduces CPU load during sustained live operation.

Intel CPUs with integrated GPUs include a dedicated media block used for:
H.264/H.265 encoding and decoding
Low-latency real-time performance
Offloading workload from CPU cores

QSV is ideal for mid-range systems, small form factors, and portable kits.

macOS VideoToolbox Acceleration

VideoToolbox is Apple’s platform-level framework for hardware-accelerated video encoding, decoding, and
image processing. On Apple Silicon systems, VideoToolbox interfaces directly with the highly efficient media
engines built into the M1, M2, and M3 chip families, delivering exceptional performance with very low power

usage. This allows BirdDog Connect to run multiple real-time video pipelines while keeping thermals, battery
usage, and CPU load under tight control—critical advantages for mobile workflows and studio environments
using macOS hardware.
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VideoToolbox also provides predictable, stable performance Video Processing efficiency with Mac Video Toolbox
thanks to Apple's vertically integrated hardware and software CPU Only Video Toolbox
stack, which eliminates many of the driver inconsistencies found 100%

on other platforms. While stream density varies by chip class, cPy

modern Apple Silicon devices routinely sustain 3—6 simultaneous
1080p workloads with headroom to spare, making VideoToolbox
an excellent choice for contribution, monitoring, and portable
production systems.

Video Toolbox

——

Apple Silicon machines utilise VideoToolbox:
Highly efficient hardware encode/decode
Excellent thermal behaviour on M1/M2/M3+ systems
Stable multi-stream performance on laptops and desktops

0% CPU

Apple Silicon provides strong performance with impressive power
efficiency.

Multi-Stream Awareness & Synchronisation

Modern productions rarely operate with a single video feed. Whether it's a live event, a multi-camera studio,
a remote contribution environment, or a distributed AV system, the ability to handle multiple concurrent
streams reliably is essential. BirdDog Connect is designed from the ground up with multi-stream workflows at
its core. Rather than treating each input as an isolated process, Connect maintains a unified awareness of all
active audio and video streams, allowing the platform to coordinate timing, buffer intelligently, and prioritise
resources across the entire system.

This multi-stream intelligence ensures that audio and video remain tightly synchronised, even when streams
originate from different sources, use different codecs, or arrive over unstable networks. Connect manages the
flow of data with precise internal clocks, per-stream buffering, and adaptive correction mechanisms that keep
each pipeline running consistently without drift or jitter. As stream counts grow, this architecture becomes
critical—proper synchronisation and load balancing are what allow Connect to scale from small, two-camera
workflows to dense routing nodes managing many simultaneous inputs and outputs.

The following section explains how Connect maintains synchronisation across pipelines, how it isolates
performance issues to prevent cascading failures, and why its multi-stream architecture is key to delivering
reliable, professional-grade results under real-world conditions.

BirdDog Connect is architected as a multi-stream system:
Each source is handled as an independent pipeline
Connect maintains internal global timing to ensure all streams remain in sync
A/V sync is maintained even when re-encoding or converting
Streams can be scaled up without proportionally increasing latency
Failure events, jitter, and packet-loss recovery are isolated per stream

This architecture lets Connect support high-density, multi-camera workflows without introducing drift or sync
errors.
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Why System Requirements Matter

Choosing the correct hardware ensures that Connect can maintain stable frame rates, preserve low latency,
sustain multiple streams, and avoid issues such as stutter, dropped frames, encoder slowdowns, or audio drift.
Underpowered systems may appear functional during light testing but fail under real workloads or extended
operation. Conversely, a well-matched system delivers far greater stream density, improved efficiency, and
long-term reliability.

Understanding system requirements is therefore essential for designing predictable and scalable deployments.
The performance expectations presented in this document are based on real-world reference systems and

are intended to help integrators select hardware that delivers consistent, professional-grade results in any
workflow scenario.

Although Connect is highly optimised, performance ultimately depends on:
. CPU architecture, clock speed and core count
GPU capability (if available)
Memory bandwidth (16 GB minimum; 32 GB recommended)
Network throughput
OS-level driver optimisations

A system bottleneck in any one of these areas will impact performance.

Test Methodology for Reference Benchmarks

To provide reliable and repeatable performance guidance, BirdDog conducted controlled benchmarking
across multiple hardware configurations using consistent testing conditions. The goal was not to push systems
to their failure point, but to establish realistic operating expectations that match real-world production
environments.

Each reference system was evaluated using a calibrated 1080p50 video source, ensuring a stable and uniform
signal for every test. Encoding and decoding tasks were run through BirdDog Connect with no other
significant applications running, allowing us to isolate Connect's performance from unrelated system load. CPU
utilisation was intentionally kept below 70% to maintain the headroom required for sustained professional use,
avoiding the misleading results that occur when systems are pushed to full saturation.

By using well-defined encoder profiles—such as 10 Mbps AVC NVENC, default x264 software encoding, and
Apple VideoToolbox—we ensured consistency across platforms and enabled a clear comparison of hardware
acceleration benefits. The resulting data forms the basis for the performance expectations and system
recommendations outlined in the following sections.

BirdDog performed controlled laboratory testing with:
1080p50 test streams
Generated by a calibrated SDI signal generator
Streams encoded using three profiles:
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10 Mbps AVC NVENC

10 Mbps x264 (software encoder)

10 Mbps VideoToolbox (macOS)
Systems were constrained to under 70% CPU utilisation to maintain production headroom
Endpoints ran only BirdDog Connect (no background loads)
All systems tested had 16-32 GB RAM

These results serve as a practical real-world guide.

Reference System Performance Results

Because real-time video processing places varying demands on different components of a system,
performance can differ significantly between hardware platforms—even when running identical workloads.
To help integrators and users make informed decisions, BirdDog Connect was benchmarked across a range of
representative systems including older CPUs, modern multi-core processors, mid-range GPUs, and high-end
workstation cards.

These tests were designed to reflect realistic production conditions rather than artificial stress tests: encoding
and decoding were performed at 1080p50 using standardised encoder settings, with systems kept comfortably
below saturation to preserve operational stability. The results illustrate how efficiently Connect scales with
hardware acceleration, how stream counts vary between software-only and GPU-assisted configurations,

and what practical throughput can be expected from each class of hardware. The following subsections

break down the performance characteristics of each reference system and outline the recommended stream
capacities based on our testing.

Low-End CPU-Only Baseline
Intel i7-4770 (Ubuntu 22.04) - Software (x264) encoding
Recommended Streams: 1-2
Notes:
Limited by aging CPU architecture
Software-only encoding quickly saturates CPU
Not recommended for professional multi-stream workflows

Mid-Range CPU or Mixed Acceleration Systems
Intel Core i9-12900 (Win 11/ Ubuntu 22.04)
Acceleration: QSV + optional GPU
Recommended Streams: 4-8 (varies depending on GPU)
Notes:
Modern Intel hybrid architecture performs well
Excellent QSV performance at 1080p50
Can scale high when paired with NVIDIA GPUs

AMD Ryzen 5 5600x (Ubuntu 22.04) - Software or NVENC depending on config

Recommended Streams:
Software encoding: 1-3
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With NVIDIA P2000: 4-7
Notes:
Strong per-core performance
Requires GPU for high-density operation

AMD Ryzen 5 5600x (Ubuntu 22.04) - SW enc/dec (x264 default)
Recommended Streams: 1-3
Notes:
CPU-only encode reaches limits quickly

GPU-Accelerated Configurations
NVIDIA Quadro P2000 - Various systems (Win 10 / Ubuntu 22.04)
Tested across:

Intel Xeon E5-1650 v2

AMD Ryzen 5 5600x

Additional reference platforms

Recommended Streams: 4-8

Notes:
P2000 is older but stable and widely supported
Strong NVENC performance for 1080p50
Works well in small rackmount systems

Intel i7-9750H + RTX 2060 (Win 11)
Recommended Streams: 4-6
Notes:
Laptop form factor limits thermal headroom
GPU handles most encode/dec workloads

High-End GPU Workstations
NVIDIA RTX 4000 Ada + Intel Core i9-12900 (Win 11 / Ubuntu 22.04)
Recommended Streams: 8-12+
Notes:
Massive NVENC throughput
Modern architecture provides exceptional stability
Capable of high-density routing or multi-room deployments

This class of hardware represents the ideal BirdDog Connect node for demanding deployments.

Ethernet Requirements

Network performance is a critical factor in any real-time video workflow. Even the most powerful CPU or
GPU cannot compensate for insufficient bandwidth, unstable links, or high network latency. BirdDog Connect
relies on consistent, low-jitter network throughput to move compressed and uncompressed video between
endpoints, and as stream counts increase, the load on the network interface scales accordingly.
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While a single 1080p or NDI HX stream places relatively modest demands on a 1 GbE connection, multiple
simultaneous streams—especially when routing, transcoding, or mixing protocols—can quickly approach or
exceed the practical limits of standard Ethernet. For stable operation, the available bandwidth must exceed
the aggregate data rate of all active streams, with additional headroom for protocol overhead, burst traffic,
and retransmissions.

Choosing the correct network interface is therefore essential for reliable multi-stream performance, and
in larger deployments, becomes just as important as selecting the appropriate CPU or GPU. The following
guidelines outline the recommended Ethernet configurations based on the number and type of streams being
handled by BirdDog Connect.
1-3 streams:

Standard 1 GbE is sufficient
4-8 streams:

1 GbE still works but approaches upper limits

For stability, use 2.5 GbE or link aggregation
8+ streams (especially mixed 1/0):

10 GbE strongly recommended

Required for stable NDI infout on mid-to-high density nodes

General Recommendations
For small offices or portable kits:
Intel 12th/13th gen CPU
16-32 GB RAM
NVMe storage
Optional NVIDIA GPU for additional headroom

For multi-camera studios / multi-room routing:
NVIDIA RTX GPU
Intel i9 or AMD Ryzen 7/9
32 GBRAM
10GbE network

For cloud nodes or heavy-duty encoding clusters:
NVIDIA data-centre GPUs (T4, L4, A10)
Linux OS preferred
High-core CPUs for protocol handling

Caveats & Notes

While the performance data and recommendations in this document provide a strong foundation for selecting
and deploying systems running BirdDog Connect, there are several practical considerations that can impact
real-world behaviour. Video workflows are influenced not only by CPU and GPU power, but also by codec
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choices, thermal conditions, driver maturity, operating system behaviour, and the characteristics of the sources
being ingested.

Results depend on codec, bitrate, resolution, and frame rate

Al workloads (if enabled) use additional GPU resources

Thermal throttling can reduce stream capacity on laptops

Software-only encoding is not recommended for >2 streams

-Real-world NDI sources may vary slightly from the SDI-generated test stream used in benchmarking
The system must have updated GPU drivers and OS patches for consistent performance

Final Summary for Integrators

BirdDog Connect is engineered to scale from simple encode/decode endpoints to full multi-room routing
systems, providing extremely high performance when paired with modern hardware acceleration technologies.
By understanding the capabilities of NVENC, Quick Sync, and VideoToolbox—and by selecting balanced CPU,
GPU, memory, and networking components—you can build Connect deployments that support anywhere
from 1to 12+ simultaneous real-time video streams with reliable, professional results.

This System Requirements and Performance guide should be used as a reference for selecting appropriate
host systems and designing predictable, stable workflows across production, broadcast, education, enterprise

AV, and live contribution environments.

Appendix. A Reference Systems and Recommended Stream Capacity Table

System Configuration Acceleration Type | Recommended
Stream Count

Intel i7-4770 (Ubuntu 22.04) Software x264 1-2 streams Older CPU; software encoding saturates quickly; not
(CPU-only) recommended for professional multi-stream use.

AMD Ryzen 5 5600x (Ubuntu  Software x264 1-3 streams Good per-core performance; CPU-only encoding still

22.04) (CPU-only) limited for multi-stream workloads.

AMD Ryzen 5 5600x + NVENC 4-7 streams NVENC significantly boosts throughput; ideal small-

NVIDIA Quadro P2000 form-factor system.

Intel Xeon E5-1650 v2 + NVENC 4-7 streams Similar NVENC performance; older CPU limits control-

NVIDIA Quadro P2000 plane headroom slightly.

Intel Core i9-12900 (Win 11/ QuickSync + CPU 4-6 streams Excellent integrated media engine; performs very well

Ubuntu 22.04) even without a GPU.

Intel Core i9-12900 + NVIDIA  NVENC (Next- 8-12+ streams Best overall results; ideal for high-density routing or

RTX 4000 Ada Gen) multi-room nodes.

Intel i7-9750H + NVIDIARTX  NVENC 4-6 streams Laptop thermals cap long-term sustained loads; GPU

2060 (Win 11) acceleration strong.

macOS (Apple Silicon or VideoToolbox 3-6 streams Highly efficient; varies with model (M1/M2/M3 scale

Intel) using VideoToolbox higher).
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