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ABSTRACT

There are numerous vital applications for online video storage and network transmission today.
With exceptional scalability and browser and device compatibility, Hypertext Transfer
Protocol (HTTP) live streaming (HLS) is today's most popular video and audio transmission
protocol. In the article, the authors proposed a method of using multithreading and Random
Access Memory (RAM) to store and transmit videos to help the server achieve higher speed,
improve video transmission speed and video storage efficiency. The results of this research will
help multimedia server developers evaluate the appropriate balance of resource usage while still
ensuring the quality of online video transmission with a large number of videos and viewers.
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1. INTRODUCTION

The main goal of building a media server is to make it possible for users to watch online
videos smoothly and professionally. The process of streaming video from the media server to
the user is regulated by transport protocols, the most prominent of which are Real
Time Streaming Protocol (RTSP), Real-Time Messaging Protocol (RTMP), HLS, and (Web
Real-Time Communication) WebRTC.

Video streaming protocols deliver data over the Internet whenever watching a live stream or
video on demand. These can sit in the application, presentation, and session layers in the OSI 7-
layer model [1]. HLS video transmission requires building a media server. The media server will
receive the data directly from the camera, then analyze it, break it down and save it to TS files.
When a user requests to watch a video, the server sends those TS files to the user by HTTP. HLS
breaks the video files into downloadable small HTTP files and passes them using the HTTP
protocol. Clients’ devices load these HTTP files and play them back as video [2].

In the article [3, 4], the author has studied the influence of the Internet, and joint problems in
the video transmission process, such as delay, transmission error, bandwidth, and how they affect
the quality of streaming video through the Internet over HTTP and Transmission Control Protocol
(TCP) and the performance of the media server. The solution that this article poses is a user-side
player algorithm, which optimizes the player's buffer without mentioning the media server's
optimal performance.

The closest to our research is the article [5], in which the author also set up a media server to
process the video stream from Internet Protocol (IP) Camera and stream it to web users by HLS
protocol. However, the author has not tested with many cameras and has not evaluated and given
a method to increase the processing speed of the media server.

When multiple cameras connect and send data to the server simultaneously, the server can use
one thread for sequential processing of video streams or numerous threads for concurrent
processing [6]. After being analyzed by the server, the video streams will be saved as TS files;
these files can be saved directly on RAM [7] or held on the computer's hard drive.
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Each method has different advantages and disadvantages. This paper focuses on empirical
analysis to determine each technique's pros and cons. Therefore, the authors propose a solution for
the server to use multithreading to process data, and the TS files will be saved on the server's RAM.
Although using many resources, this method will help the server operate stably and perform better.

2. PROPOSED METHOD

In this study, we simulated from 1 to 200 cameras that send data to the HLS media server and
recorded the resource usage and performance of the media server in the case of saving the ts file
on the memory drive stored in the main memory. The histogram in the cases has been made.

For research purposes, a media server has been built that helps to receive video data from the
camera and store and transmit the video to the user by HLS protocol. The entire process of storage
and transmission is depicted in figure 1.
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Figure 1. Video transmission by HLS protocol.

The data received from the camera will be analyzed by the server, packed into TS files, and
transmitted to the viewer by HTTP. The authors have also built a website where the videos sent to
viewers from the media server can be viewed directly.

To evaluate the performance of the media server, the authors simulated several 1 to 200 camera
sources, sending H.264 video data and G.711 audio to the server simultaneously. The server will
have to arrange the threads for packing and split the image frames into TS files accordingly. Then,
transfer the TS files to the correct web address where the user is requesting to watch the video. The
server uses multiple threads to process incoming video sources and TS files stored directly in RAM
(figure 2).
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Figure 2. The server uses multiple threads, files are stored in RAM.

The results of the tests are presented in section 4. The authors evaluate the methods for
efficiency (delay) and resource usage.

Regarding delay: The time between the camera sending the image down and the server
receiving it until it saves the image in the TS file. Note that the next part is to transfer the ts file to
the client by HTTP; the client receives and uses a particular player to cache and play. The latter
part deals with the speed and stability of the network, and the way players handle buffers has
nothing to do with server performance, so the authors will not study it in this article.

Regarding resource usage: The amount of RAM the server uses in the cases.
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3. RESULTS AND DISCUSSION

Four cases have been done as follows:

- Case 1: The server uses a single thread, all TS files, m3u8 files are stored on the hard drive.
According to this method, the video sources will be processed, extracted, and saved into TS files
directly on the server's hard drive.

Advantages: Simple and easy to implement, consumes fewer machine resources. The
disadvantage is that when many devices are sent simultaneously, the server will not be able to
handle it in time, causing the unprocessed video data to accumulate, leading to loss of frame and
memory leaks. As a result, in figure 3a, when more than 10 cameras are connected to the server,
the server cannot handle it, leading to a very high delay (> 100 s). This method is only suitable
when dealing with very few devices.

- Case 2: Server uses a thread, TS files are stored in RAM. As in case 1, the server is only used
to process, extract, and pack video data for all cameras, but the files are stored in RAM instead of
on the hard drive. This change increases processing speed and reduces packet loss. As seen in
figure 3b, when the number of devices is up to 200, the video delay is still stable at 0.02 s. However,
the RAM resource that the server uses is quite large, in this case, about 3 GB.
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Figure 3. Method using 1 thread, saving files on the hard drive (a) and saving files on RAM (b).

- Case 3: The server uses many threads, and the files are stored on the hard drive. Now, we will
try to use the multi-thread method, and each camera source is taken care of by one thread, avoiding
the situation of affecting each other. This case will save the TS files on the hard drive.
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Figure 4. Method using multiple threads, saving files
on the hard drive (a) and saving files on RAM (b).
According to figure 4a, using multiple threads to extract and store data from cameras has
avoided data congestion when many cameras send data simultaneously. However, the slow
processing speed makes the delay significant.
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- Case 4: The server uses many threads, and files are stored in RAM. We will use two methods
to help the server achieve the highest speed in this case. For each connected camera, there will be
a thread that handles the data processing of that camera, and the data will be saved as TS files
directly on RAM. This method helps the server's processing achieve high results; even when many
cameras are also connected, the delay is still stable at 0.015 s. However, the amount of RAM used
is relatively large, about > 3 GB (figure 4b).

4. CONCLUSIONS

Live video streaming is an indispensable part of today's technology era. HTMLS solutions -
transmitting and watching videos over the web using HLS streaming method is the solution with
outstanding advantages of scalability and compatibility with many browsers; this is also the most
popular video streaming protocol. In implementing the solution of live video transmission using
HLS, it is necessary to have a stable and high-performance media server.

The results show that using and saving TS files on a disk is only suitable for a small number of
video sources. If the number of video sources is significant, frame loss and memory leaks may
occur. The method of using multiple threads and storing them in memory can solve the above
problem with a large number of cameras connected to the server. However, this method requires
the server to have a robust configuration with much RAM.
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TOM TAT

Phwong phap ting toc dd truyén va hiéu qua lwu trir video
st dung xir ly da luong va b nhé RAM

Lueu triv, truyén tdi video triec tuyén qua mang co rdt nhiéu iing dung quan trong trong
giai dogn hién nay. Voi nhtmg wu diém vieot trgi vé kha ndng mo rong, kha nang twong thich
véi nhiéu logi thiét bi va trinh duyét thi HTTP live streaming (HLS) dang la giao thirc truyén
video, dm thanh pho bién nhat hién nay. Trong bai bao nhém tac gia da dé xudt phuong
phap sir dung da luong va bo nhé RAM dé luu triv va truyén tai video glup may chu dat toc
do cao hon, ndng cao toc dg truyén tdi va hiéu quad luu trit video. Két qud ciia nghién ciru
nay sé giup nha phat trlen mdy chi da phwong tién danh gia, can doiviéc sur dung tai nguyén
mot cach hop ly, ma van dam bao chdt lwong truyén tdi video truc tuyén véi sé heong Ién
nguon video va nguoi xem.

Tir khoa: Pa ludng; Truyén video; B nhéd RAM; Luu tri.
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