
Understanding Dead Space AV1 Encoding for
Modern Video Workflows

What Makes Dead Space AV1 Encoding a Practical Concern
If you have worked with AV1 encoding for any length of time, you have probably noticed
something odd. The files come out smaller than expected, but sometimes the visual quality
feels uneven across different scenes. This is not always a codec problem. Often it is a
symptom of something called dead space av1 encoding. Dead space refers to areas in a video
frame that contain little to no meaningful detail: solid black bars from letterboxing, flat color
backgrounds, or static elements like a news ticker. When the encoder spends bits on those
regions, it wastes data that could go toward the parts of the frame the viewer actually cares
about. Understanding how to manage this waste is central to getting the most out of AV1.

I have spent the last few years working with AV1 in production pipelines, from live streaming to
archival encoding. Early on I noticed that a 4K movie with black bars at the top and bottom
would encode to a much larger file than I expected, even though the active image area was
only about 60 percent of the frame. The reason was that the encoder was treating those black
bars as legitimate content, allocating bits to keep them perfectly black. That is where the
concept of dead space av1 encoding comes into play. By cropping or masking those regions
before encoding, you can save a significant amount of bitrate without any visible loss in the
active area.

Why AV1 Handles Dead Space Differently
AV1 is a modern codec that uses complex partitioning and prediction tools. It can split a frame
into blocks as small as 4x4 pixels and as large as 128x128. When the encoder encounters a
uniform region, like a black bar, it can represent that area very efficiently using a single large
block and a constant value. In theory that sounds great. In practice, the encoder still has to
evaluate all the possible ways to split and code that region. That evaluation costs compute
time, and the resulting bitstream still contains metadata for those blocks. Even if the region is
perfectly flat, the overhead of signaling the block structure adds up across thousands of
frames.

Furthermore, many encoders are tuned to preserve gradients and smooth transitions. A
perfectly black bar is extremely easy to encode, but the encoder does not know it is dead
space unless you tell it. It treats the entire frame as a continuous image. If you have a scene
with a dark gradient near the edge of the letterbox, the encoder might try to preserve that
gradient, wasting bits on something the viewer never notices. This is the core inefficiency that



crops up in dead space av1 encoding scenarios. The encoder is doing its job correctly, but it
lacks the context to know which parts of the frame are irrelevant.

Practical Ways to Reduce Dead Space Waste
The most straightforward fix is to crop the video before encoding. If your source has fixed
black bars on the sides or top and bottom, remove them in a pre-processing step. Tools like
FFmpeg make this easy with the crop filter. For example, if you have a 1920x1080 video with
black bars totaling 140 pixels on the top and bottom, you can crop to 1920x800. That instantly
reduces the number of pixels the encoder has to process by about 26 percent. The file size
drops proportionally, and the encode time also goes down because there are fewer blocks to
evaluate.

But cropping is not always possible. Sometimes the dead space is dynamic, like a video that
switches between 16:9 and 4:3 aspect ratios within the same file. Or you might have a fixed
canvas size for a streaming platform that requires a specific resolution. In those cases, you
can use a technique called region-of-interest (ROI) encoding. Some encoders, including the
reference AV1 encoder libaom, support ROI maps. You pass a mask that tells the encoder to
allocate fewer bits to certain areas. You can set the black bars to a very low importance level,
and the encoder will spend almost no bits there. This is more complex to set up but gives you
fine control.

Another approach is to use a pre-processing step that fills dead space with a flat gray value
instead of black. This sounds counterintuitive, but it works because the encoder can use a
single large block and skip the gradient preservation logic. The human eye is less sensitive to
slight shifts in very dark regions, so a uniform dark gray is visually identical to black in many
cases. I have used this trick for live streams where cropping was not an option, and it reliably
reduced bitrate by 5 to 10 percent on content with significant letterboxing.

Trade-Offs You Need to Consider
Removing dead space is not always a pure win. If you crop a video, you change the display
aspect ratio. Some players and platforms expect a specific resolution and will either stretch
the image or add black bars back on playback. That defeats the purpose. If you are encoding
for your own archive or a custom player, cropping is fine. For distribution on platforms like
YouTube, you usually want to keep the original aspect ratio and let the platform handle the
display. In that case, ROI or pre-fill methods are better.

There is also a quality trade-off when you aggressively reduce bitrate in dead regions. If the
dead space is not perfectly flat, for example if it contains film grain or compression artifacts
from a previous generation, the encoder might try to clean it up. That costs bits. But if you tell
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the encoder to ignore it, those artifacts remain visible, and they can become distracting in
scenes that transition from a tight crop to a full frame. I have seen this happen with old 4:3
content that was upscaled and then letterboxed. The grain in the black bars would flicker
because the encoder was spending almost no bits there. The solution was a light denoise filter
on the dead regions before encoding.

Another trade-off is encoding time. Using ROI maps adds computation because the encoder
must process the mask. For a single encode the overhead is small, but for large batches it
adds up. Similarly, pre-processing steps like cropping or filling add time to the pipeline. You
have to weigh the bitrate savings against the extra wall clock time. For most professional
workflows, the savings are worth it, especially for long-form content where even a 5 percent
bitrate reduction translates to gigabytes of storage savings over a catalog.

Real-World Example: Encoding a Film With Letterboxing
I recently encoded a 2-hour 4K movie that was delivered with 140-pixel black bars on the top
and bottom. The source was ProRes, about 200 GB. I ran two encodes using the same AV1
preset at a fixed bitrate of 15 Mbps. The first encode was the full 3840x2160 frame. The
second encode was cropped to 3840x1880. The cropped version came out at 12.8 GB, while
the full-frame version was 14.5 GB. That is a reduction of about 12 percent. The visual quality
on the active image area was identical in both. The only difference was that the cropped
version had to be scaled back up to 2160p for playback, which introduced a minor upscaling
step. But for my archive, that was acceptable.

I also tested a scenario where I could not crop because the platform required a fixed
resolution. I used FFmpeg with the libaom encoder and a custom ROI map that set the top and
bottom 140 rows to a very low importance. The resulting file was 13.9 GB, a 4 percent
improvement over the uncropped version. The encode time increased by about 8 percent
because of the mask processing. If you are encoding a large library, that extra time might not
be worth the relatively small gain. But for a single high-value asset, it can be worth the effort.

How Dead Space AV1 Encoding Fits Into a Modern Pipeline
When you design a video encoding pipeline, you should include a step that identifies and
handles dead space. This can be as simple as a script that detects black bars using histogram
analysis and crops accordingly. Or it can be a more sophisticated system that uses ROI maps
for dynamic content. The key is to treat dead space as a first-class concern, not an
afterthought. I have seen many encoding workflows that start with the assumption that the
input frame is already optimized, and they lose bitrate savings because of that assumption.



For live streaming, the challenge is greater because you cannot pre-analyze the entire stream.
But you can use heuristics. If you know your stream always has a fixed overlay or a static
background element, you can set up a fixed ROI map. For example, a gaming stream with a
fixed HUD overlay can benefit from a mask that reduces bitrate in the HUD area. The same
principle applies: identify the regions that carry no visual information and tell the encoder to
spend less on them.

In my experience, the biggest gains come from content that has large uniform areas, like black
bars, solid color backgrounds, or static logos. These are exactly the cases where dead space
av1 encoding becomes a practical consideration. The savings are real, and they compound
across multiple encodes. If you manage a library of thousands of videos, even a 5 percent
average bitrate reduction can save terabytes of storage and bandwidth.

One thing to watch out for is over-optimization. If you crop too aggressively, you might cut off
part of the active image. If you set ROI levels too low, you might introduce visible blocking in
the dead regions that bleeds into the active area during transitions. Always verify your output
on a reference display. The goal is to save bits without sacrificing the viewing experience.
When done correctly, handling dead space is invisible to the viewer, which is exactly how it
should be.

Ultimately, dead space av1 encoding is about being intentional with your bit budget. Every bit
you save on dead space is a bit you can spend on the parts of the frame that matter. That is
the core principle behind efficient encoding, and it applies whether you are using AV1, HEVC, or
any other codec. The codec changes the tools, but the goal remains the same: deliver the best
possible quality at the lowest possible bitrate.


