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Abstract

This paper looks at how important video compression is for modern home security camera systems. It
talks about the problems with the current H.264 standard and makes the case for using newer codecs
such as H.265, VP9, and AV1 [1, 2]. These advanced codecs offer better compression efficiency, which
lets you get higher video quality at lower bitrates. This means that you can use less data, store less, and
get better overall performance [3]. We look at how video data management affects service providers'
finances, focusing on the *"cost trifecta' of entry, egress, and storage [4]. We also show how using these
codecs can save service providers a lot of money. We also talk about how these technologies can be used
in a wider range of video-based applications besides home protection. This study shows how important
it is to have video compression tools that work well and won't break in the future in order to handle the
huge amount of video data that is being created these days.

Keywords: Home security cameras, Video compression, Codec (H.264, H.265, VP9, AV1), Cloud
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INTRODUCTION

Today, home security cameras are everywhere. This has caused a huge increase in video data, which puts a
lot of pressure on storage and network. VVideo compression that works well is needed to handle this data well,
making sure that streaming goes smoothly, lowering storage costs, and allowing advanced features. This paper
goes into great detail about how video is compressed in home security camera systems. It looks at why H.264
is the most popular codec and what the future holds for codecs like H.265, VP9, and AV 1.

First, we'll talk about how a normal home security camera system works. We'll show how video data gets
from being captured to being stored in the cloud and then sent to users' devices. For a better idea of how
important codecs are to this process [5]. After that, we get into the details of H.264, looking at how it
compresses data and what it means for home security [6].

We look at the pros and cons of newer codecs like H.265, VP9, and AV1 because we know that H.264 has
some problems. These modern codecs offer better compression efficiency, better video quality, and lower
bandwidth usage, which makes them a strong candidate for use in home security systems [7].

For service providers, we also look at the financial effects of managing video data, focusing on the "cost
trifecta” of entering, leaving, and storing data. We show how using advanced codecs and the best ways to
share videos can save a lot of money and make the user experience better at the same time.

Lastly, we talk about these advanced codecs in areas other than home security, showing how they can be used
in videoconferencing, streaming entertainment, mobile recording, and medical images [8], among others.
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The goal of this paper is to give a complete look at video compression in home security cameras. It will stress
how important it is to use effective and long-lasting methods to handle the huge amount of video data that is
being created in this digital age.

SYSTEM ARCHITECTURE OF A TYPICAL HOME SECURITY CAMERA

Modern home security cameras rely on efficient video compression to keep bandwidth and storage needs to a
minimum. A codec, also called a coder-decoder, is very important to this process. There are many codecs, but
H.264 (AVC) is the most common one used in home protection [9].

A standard home security camera system is made up of the following parts that work together to process and

send video:

1. Recording and encoding video: The picture sensor on the camera records raw video data.The chosen
codec (for example, H.264) is used by an on-device engine to encode this raw data [9]. This encoding
method greatly reduces the size of the video data so that it can be stored and sent [10].

2. Fragmented Video Ingestion: The compressed video is often cut up into small pieces to make uploading
faster [11]. Even if the network link drops sometimes, these pieces are sent to the cloud storage one after
the other. This method of "fragmented ingestion” makes sure that uploads work well and that data loss is
kept to a minimum when the network is shaky.

3. Storage and processing in the cloud: The video snippets are sent to and stored by the cloud
infrastructure.

The video data in the cloud can be used for advanced tasks like event analysis or Al-powered object
recognition [12].
The cloud also takes care of user accounts, storage plans, and controlling who can see what.

4. Serving videos using HLS or DASH: When a user asks to watch the video on their phone app, the cloud
server gets it ready to be sent using adaptive bitrate streaming protocols such as HTTP Live Streaming
(HLS) or Dynamic Adaptive Streaming over HTTP (DASH) [13].

Because these methods change the video quality based on the user's network, playback stays smooth even if

the bandwidth goes up and down. The video is usually encoded into several bit rates and resolutions (1080p,

720p, 480p, etc.) and then saved in MP4 parts. The app on the user's phone downloads these MP4 segments
bit by bit, changing based on the network bandwidth to give the best watching experience.

Take the example of a home security camera that records video at 1080p quality and H.264 encoding. This

video is broken up into 5-second pieces and sent to the cloud. The cloud server sends the movie to the user's

phone using HLS when they want to watch it. They might get the 1080p version if they have a strong Wi-Fi
link. If their link gets weaker, though, HLS will switch to a lower resolution (like 720p or 480p) so that
playback stays smooth and doesn't skip frames.

With its use of efficient codecs and adaptive streaming protocols, this architecture makes sure that users can

safely access and watch their security footage from anywhere at any time, while also keeping storage costs

and bandwidth usage to a minimum.

H.264 \VIDEO COMPRESSION IN HOME SECURITY CAMERAS

A lot of data is created by home security cameras because they catch video all the time [14]. To handle this
data effectively, you need to compress it in a way that uses as little storage space and bandwidth as possible.
Advanced Video Coding (AVC), which is another name for H.264, has become the most popular video
compression standard because it can achieve high compression ratios while still maintaining good video
quality [6].

H.264 uses a number of complex methods to cut down on unnecessary copies in video data. One important
method is inter-frame compression, which uses temporal redundancy to store only the changes between frames
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that come after each other [15]. This works especially well in scenes with mostly still backgrounds that
sometimes move, like a normal home security camera view. Thanks to "remembering" the static parts and
only encoding the changes, H.264 greatly lowers the amount of data needed to show the video.

In addition, H.264 uses intra-frame compression to take advantage of repeated space within a single frame
[16]. In a way similar to JPEG compression, this is done by looking at groups of pixels and representing them
using a mix of prediction modes and transform coding.

Higher compression rates with H.264 have been seen to be up to 50% better than with older standards like
MPEG-2 [1]. This means that less space is needed on local memory cards and in the cloud, and videos can be
retrieved and streamed to user devices more quickly.

H.264 is widely used in home security cameras because it strikes the best mix between how well it compresses
data and how hard it is to compute [10]. It makes it easy to store and send videos without needing too much
processing power from camera devices that don't have a lot of it.

In conclusion, H.264 is a very important part of making current home security cameras work and be useful.
Its effective compression makes it easier to handle large amounts of video data, which leads to fast streaming,
lower storage costs, and a better overall user experience.

Limitations of H.264

H.264 is still a popular codec for compressing videos, but its flaws are becoming more clear when it comes
to current home security cameras. The main issues with these limits are how well they compress, how much
bitrate they need, how well they support advanced features, how hard they are to code, and how long they
take to work.

First, H.264 can reduce data well enough, but it has trouble handling the high resolutions and frame rates that
are common in modern security cameras. Because of this, files are bigger, which means that both posting and
streaming video data need more storage space and bandwidth.

Second, H.264 often needs to work at higher bitrates in order to keep the best video quality, especially in
scenes with difficult lighting like low light or high contrast. This can put a lot of stress on home Wi-Fi
networks, especially when they're being used a lot, which could stop video uploads and make important
messages take longer to arrive.

Third, H.264 was around before advanced video features like High Dynamic Range (HDR) became popular
[8]. Some additions to the standard can handle HDR material, but they aren't as good as newer codecs like
H.265, which are made to handle these kinds of features.

Also, the processing power needed to encode and decode H.264 video can be a problem for security cameras
that run on batteries or don't have a lot of processing power built in. This could affect how well the gadgets
work and possibly make them less useful.

Finally, H.264's built-in encoding and decoding process can cause latency, which is the time between when
an event happens and when it can be seen on a user's device. In security applications where real-time tracking
is very important, this latency can be bad.

The need for more advanced video compression technologies like H.265 is growing because they offer better
compression efficiency, lower bitrate requirements, and better support for current video features. By using
newer codecs, home security cameras will be able to provide better video with less storage space, smoother
streaming, and more useful features, which will eventually make the user experience better.

THE COST TRIFECTA: INGRESS EGRESS AND STORAGE IN HOME SECURITY CAMERA SYSTEMS

Three important things determine how much money cloud-based home security camera service providers have
to make: video entrance (or ingestion), egress (or serving), and storage. These three things make up the
majority of business costs and need to be carefully thought out and optimized to make sure the service is
profitable and lasts.
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1. Video Ingress: When video data from the camera is sent to the cloud, this is called "video ingress” [17].
The main thing that causes the costs of entry to happen is the use of bandwidth for data transfer. Let's say that
a home security camera records video in 1080p at 40 frames per second. A lot of data is created by this,
especially if several cameras are set up in the same place. When this raw footage is uploaded to the cloud, the
service provider may quickly have to pay a lot for data.

For example, if one camera sends data at 1 Mbps and does so nonstop for 10 hours a day, that's 4.39 GB of
data sent every day. For 10,000 people, this means 43.9 TB of data coming in every day, which is huge. When
you multiply this by the weekly cost of bandwidth, it's easy to see what the financial effects are.

2. Video Egress: When users ask for saved video data, egress, also known as serving, sends it to them [18].
Like ingress, egress prices are mostly determined by how much bandwidth is used. When a user goes to their
camera video, the cloud server has to send the data that the user wants to their device, like a computer or
smartphone. The amount of data sent and, by extension, the price relies on things like the video resolution,
the length of time requested, and the user's network.

For instance, if a person asks to watch a 5-minute video in 1080p quality, the amount of data sent could be
around 1 GB. For a service with a lot of active users, the total amount of outgoing bandwidth used can add up
to a lot, which makes the overall costs of running the service higher.

3. Video Storage: Home security cameras produce a lot of video data that needs to be stored [12]. This needs
a strong and expandable cloud storage system. The prices of storage depend on things like the amount of space
needed, how long data is kept, and the type of storage used (standard vs. archival). As the number of users
and cams rises, so does the need for storage, which means the service provider has to pay more.

For example, if a service provider saves an average of 100 GB of video history for each user and each camera
stores 7 days of video history, then 10,000 users would need 1 petabyte of storage space. Keeping up with
this kind of storage system can cost a lot every month.

The Link: These three cost factors are very closely connected to each other. Improving one can have an effect
on the others. For example, lowering the amount of video that comes in by using smart upload techniques can
lower the costs of both storage and egress. In the same way, efficient video compression can lower both the
amount of bandwidth used for entering and leaving a system and the amount of space needed for storing.

So, service providers need to carefully balance these three cost factors in order to run their businesses
efficiently and make enough money to stay in business. They are able to keep costs down while still giving
users a great experience by using techniques like optimized video upload, advanced compression, and multiple
storage solutions.

THE ADVANTAGES OF USING ADVANCED \/IDEO CODECS IN HOME SECURITY: H.265, VP9, AND AV1

Modern video codecs like H.265, VP9, and AV1 are all made to efficiently compress video data [7]. H.265,
VP9, and AV1 can get around the problems with H.264 and also help lower the costs of the three things listed
above. This gives home security camera service companies a lot of benefits overall.

Let's take a quick look at each one:

H.265 (HEVC):

What comes after H.264: 1t makes compression much more efficient, so you can get the same quality at about
half the bitrate [8].

widely used: Streaming services, videoconferencing, and Blu-ray discs are just a few of the many uses for this
technology.

Royalty-bearing: You have to pay to use it, which is something that some implementers might think about.
Usually it turns out to cost beneficial for service providers if you compare the royalty costs vs the compression
savings.
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VP9

The VP9 was created by Google: Offers the same level of compression efficiency as H.265 [19].

Royalty-free: Open and free to use, which makes it a good choice for apps that want to save money.

Used by a lot of people: big web browsers and streaming services like YouTube support it.

AV1

AV1 was made by AOMedia, which is a group of big names in the industry like Google, Microsoft, and

Amazon working together.

Royalty-free: This format was made to be open and easy to use.

Cutting edge compression: aims to be more efficient than H.265 and VP9 in compressing data, which could

mean even smaller file sizes and less need for bandwidth [20].

Streaming sites and web browsers are starting to use it more.

People still use H.264 as a video format for home security cameras, but new improvements in video

compression technology have made H.265 (High Efficiency Video Coding), VP9, and AV1 better options.

These new codecs are much better at compressing data, which means that you can get higher quality video at

lower bit rates. This means that both users and service providers will benefit in many ways when it comes to

home security.

Better compression efficiency and less bandwidth use: H.265, VP9, and AV1 use more complex algorithms

to look at and reduce video data, which is why they can achieve much higher compression ratios than H.264.

This makes the file sizes smaller while keeping the video quality the same, which is very important for home

security cameras that send video all the time. Less bandwidth is used when uploading, storing, and retrieving

videos when the files are smaller. This means that live feeds will run more smoothly, saved clips will

download faster, and the network will be under less stress.

Better Video Quality and Performance in Low Light: These new codecs not only compress videos better,

but they also make them look better, especially in tough situations. They're better at handling high-resolution

video, keeping finer features and cutting down on visual artifacts. In addition, they work better in low light,

taking pictures that are clearer and have less noise and grain. For home security cameras, which often have to

work in poorly lit rooms, this is very important.

Service providers can save costs by:

Home security service providers can save a lot of money because H.265, VP9, and AV1 all lower the size of

files. If you use these codecs, you can greatly lower the prices of cloud storage, which is a big part of your

operating costs. Furthermore, less internet use means less money spent on sending data. With these saves

added together, operations are more cost-effective and efficient.

1. H.265 (HEVC): This is the next version of H.264, and it's meant to give you the same video quality at
about half the speed. In English, this means:

2. Lower Ingress Costs: When bitrates are lower, less data needs to be pushed to the cloud. This means that
less bandwidth is used, and ingress costs are lower.

3. Lower costs for serving: In the same way, giving users video needs less bandwidth, which means lower
egress Costs.

4. Less space is needed for storage: Better compression leads to smaller file sizes, which means less space
is needed for storage and lower costs for storage.
If changing to H.265 lowers the bitrate by 40% while keeping the same video quality, then the daily ingress
data for 10,000 people would drop from 216 TB to 130 TB, which would save a lot of money on bandwidth
costs.

5. Evidence: Netflix did a study that showed H.265 used about half as much streaming data as H.264 [21].
This shows how major saves in bandwidth and money can be made by using more advanced video codecs.
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VPO:

VP9 is another new format that was created by Google. It compresses data about as well as H.265. It doesn't
charge any fees, which makes it a good choice for service providers who want to save money. Similar to
H.265, VP9 can: Lower the amount of data needed for both coming in and going out.
Less space is needed for keeping.

AV1:

The Alliance for Open Media (AOMedia), a group of tech giants like Google, Microsoft, and Amazon, created
AV1 as a royalty-free codec. AV1 wants to be even more efficient at compression than H.265 and VP9, which
could save even more money. Early data shows that AV1 can: Compress data up to 30% better than H.265,
which would lower the costs of entering and leaving the network and storing data.

Ability to Work with Mobile Devices: Many new mobile devices can work with H.265. Android 5.0 Lollipop
and later versions work with it, as well as iOS 11 and later versions. This makes sure that most smartphone
users can easily access and watch H.265-encoded security video. VP9 and AV1 are also becoming more
popular because they work with more devices, but not as many people use them yet as H.265.

The developments in H.265, VP9, and AV1 video compression technologies are big steps forward and have
great benefits for home security uses. They are perfect replacements for the old H.264 codec because they are
better at compressing data, produce better video quality, and may save money. As these codecs spread, they
will be very important in making cloud-based home protection systems work better, be more affordable, and
last longer.

BROADER APPLICATIONS OF ADVANCED \/IDEO CODECS: BEYOND HOME SECURITY

H.265, VP9, and AV1 are useful for a lot more than just home security cams [8]. As a result of better video
quality, higher compression efficiency, and lower bandwidth use, they are excellent picks for many
applications that need video data.

Live streaming and video conferencing: Now that people work from home and hold meetings online, video
conferencing apps create a huge amount of video data. By using H.265, VP9, or AV1, these systems can
greatly lower the amount of bandwidth they need, which makes video calls smoother and better for everyone,
even those who don't have fast internet [22]. This means that users will have a better experience and network
systems will be less stressed.

Mobile Devices and Video Recording: More and more smartphones and iPads can record high-resolution
video these days. When these devices record videos using H.265, VP9, or AV1, they can store more footage
on less space [23]. They can also share and stream movies more easily.

Drones and aerial surveillance: Drones with cameras make a lot of video data. For sending this data to
ground stations and saving it correctly, it is very important that the compression works well. Drones can record
and send high-quality video from the air with little data and storage space requirements thanks to H.265, VP9,
and AV1 [24].

Medical Imaging and Telemedicine: Videos and pictures with a lot of detail are often used in medical
imaging. Modern video codecs can easily compress this data, which makes it easier to store and send quickly
while still keeping important diagnostic information [25]. This is especially helpful for telemedicine, where
fast data sharing is needed for diagnoses and consultations from afar.

Virtual and Augmented Reality: High-quality video is a big part of making virtual and augmented reality
experiences feel real. Advanced codecs like H.265, VP9, and AV1 are needed for smooth, high-fidelity VR
and AR experiences. Efficient video compression is needed to send this content without any problems [26].
Advanced video codecs can be used for a lot more than just home protection. This is because they can greatly
reduce file sizes, boost video quality, and lower internet usage, which makes them very useful in many fields
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and situations. As more people use these codecs, they will be very important for managing the huge amounts
of video data that are being created in the digital age in a way that is efficient and long-lasting.

CONCLUSION

This paper looked at how important video compression is in modern home security camera systems and
emphasized the need for quick and cheap ways to handle the huge amount of video data that is being created.
We looked at how important H.264 (AVC) is in the present situation and talked about its pros and cons.
Although H.264 strikes a good mix between how well it compresses data and how hard it is to run on a
computer, it is becoming clear that it can't handle high resolutions, low light, or advanced video features.

In the coming years, new codecs like H.265 (HEVC), VP9, and AV1 will make it possible to get around these
problems and make home security systems better in terms of speed, cost, and longevity. These codecs are
better at compressing data, so you can get higher quality video at lower bitrates. This means you'll use less
internet, have less storage space, and get better video quality.

We also looked at the "cost trifecta” of video entering, leaving, and storing, focusing on how these three things
affect home security camera service companies' bottom lines. These providers can save a lot of money and
make the user experience better by using advanced video codecs and the best ways to share videos.

Lastly, we talked about how these advanced codecs can be used for more than just home security. We showed
how they could change video streaming, meetings, mobile recording, medical imaging, and other video-based
uses.

As more and more video data is created, smart and efficient video compression methods will become more
and more important. We can get the most out of video technology while making sure it will be around for a
long time and be easy to use in a digital world that is always changing by using next-generation codecs and
improving video management techniques.
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