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1. Uncompressed bitrate formula

bitrate (bps) = width x height x bits-per-pixel x frames-per-second

Worked example: 1080p30, 8-bit RGB
1920 x 1080 x 24 x 30 = 1,492,992,000 bps = 1.49 Gbps

2. Uncompressed bitrate by format
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Format Bits/pixel Bitrate Pipe required
1080p30 8-bit RGB 24 1.49 Gbps = 10 GbE / Thunderbolt
1080p60 10-bit 4:2:0 15 3.73 Gbps = 10 GbE / SDI
4K60 10-bit 4:2:0 15 7.46 Gbps 12G-SDI/ HDMI 2.1
4K60 12-bit 4:4:4 36 11.94 Gbps HDMI 2.1/ TB4
8K120 12-bit RGB 36 143 Gbps Studio-only

3. The four-lever mental model for compressed bitrate

bitrate = (target quality x scene complexity x resolution x frame rate) + codec efficiency

* Target quality: VMAF 95 streaming, 75 video call

* Scene complexity: Talking head vs stadium: 5-10x
spread

* Resolution: Doubling each side = 4x bitrate

4. What real services ship (2026)

* Frame rate: Linear: 60 fps doubles 30 fps
* Codec efficiency: H.264 - H.265: ~50% off; - AV1:

~50% more off

Service Codec Bitrate Compression ratio

Netflix 1080p H.264 4-6 Mbps ~300x

Netflix 4K HDR H.265 / DO 8-16 Mbps avg ~1,000%x

YouTube 1080p60 upload H.264 12 Mbps ~250x%

YouTube 4K60 upload H.264 53-68 Mbps ~200x

Zoom 1080p video call H.264 / VP8 1.2-3 Mbps ~600x

4K Blu-ray disc H.265 up to 128 Mbps ~100x

5. Codec efficiency ladder (H.264 = 100%, lower is better)

MPEG-2 H.264 / AVC VP9 (2013) H.265 / AV1 (2018) H.266 / VVC AV?2 preview
(1995) (2003) HEVC (2013) (2020) (2025)

Bitrate 200% 100% 70% 60% 45% 35% 30%

. Eight production rules of thumb

Double frame rate = ~2x bitrate. Frame rate is linear.
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Companion to: 'Why We Compress Video: The Math of Bitrate'

Mbps + 8 = MBps. Bits and bytes differ by 8x; vendors get this wrong.
Double resolution = ~4x bitrate at the same codec & quality.

Each codec generation buys ~30-50% bitrate at the same quality.

AV1 over H.264 typically saves ~50% bitrate at matched VMAF.

Plan for peak bitrate, not average; VBR peaks at 1.5-2% the average.
Action scenes need 3-5x the bitrate of talking-head at the same VMAF.
Per-shot encoding (Netflix DO) cuts ~50% bitrate at the same VMAF.
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Video Compression

VlDEO ENCUDING From Pixels and Color to H.264, HEVC, AV1, Quality Metrics, and Al

Pixels, Color, Perception, Codecs,

By Nikolay Sapunov, CEO at Fora Soft - 1,522 pages - Kindle & paperback on

Quality Metrics, and Al Compression Amazon

Read it on Amazon - amazon.com/dp/BOHF52B65R

- NIKOLAY SAPUNOV

This page gives you the bitrate formula, the four levers and real service numbers for quick
estimates. Volume 1 starts from the same arithmetic and goes all the way down: pixels, colour
and chroma subsampling, how each codec generation removes redundancy, rate control, and
how to judge quality per bit with VMAF.

WHAT YOU WILL FIND INSIDE

® Pixels, bit depth and chroma subsampling ® How prediction and transforms remove
redundancy
® Rate control: CBR, VBR, CRF and peak bitrate ® Per-title and per-shot encoding

® Quality per bit: PSNR, SSIM and VMAF

THE FULL HANDBOOK - 7 VOLUMES - 9,000+ PAGES - ALL ON AMAZON

I Vol. 1 - Video Encoding — pixels and color to H.264, HEVC, AV1, quality metrics and Al
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- Video Streaming | — network transport, contribution and ingest, HLS, MPEG-DASH, CMAF
- Video Streaming Il — ABR, CDNs, players, WebRTC, DRM and the economics of delivery

- Audio for Video | — PCM, codecs, loudness, accessibility, real-time voice processing

- Audio for Video Il — jitter buffers, lip sync, Atmos, quality metrics, neural codecs

- Al for Video | — models and inference, computer vision, speech, search, generative video
- Al for Video Il — real-time pipelines, agents, serving, cost, compliance, verticals

Need bitrate and storage numbers for your video product's
budget?

We will model bitrate, storage and CDN egress for your resolutions, codecs and audience, so the

infrastructure budget rests on real numbers. 250+ video products shipped since 2005.

Book a 30-min call » WhatsApp -

Fora Soft - video & real-time Al engineering since 2005 - 250+ projects Fora Soft - www.forasoft.com
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