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KISA OZET

NETWORK CODING FOR MULTI-STATE VIDEO TRANSMISSION
Oznur SENGEL

Bu ¢alismanin konusu dayanikli video paketlerinin génderiminde kullanilan Multi-
State Video Coding (MSVC) Teknigi ile Ag Kodlama tekniklerini kullanarak daha
fazla ag yayilimi ve video kalitesi ile paketleri tiim agdaki diigiimlere gondermektir.

Boylece diigtimler kendisine ait olan paketlere daha hizli bir sekilde erisebilecektir.

Sistemin iki ana kismi bulunmaktadir 1) Multi-State Video Coding ve 2) Ag
Kodlama. Calismanin amaci hem video kalitesini hem de ag yayilimini arttirmaktir.
Multi-State Video Coding teknigini dayanikliligi saglamak ve Ag Kodlamayi ise ag
tizerindeki yayilimi artirmak i¢in kullaniyoruz. Bu mantikla 6ncelikle var olan video
paketlerini MSVC teknigi ile iki ayri alt dizine ayirip ag kodlama ile paketlerin
gonderimini sagliyoruz. Boylece, ag tizerinde paketlerin dayanikliligi gibi yayilimini

ve videonun kalitesinide artirmay1 amagliyoruz.

Multi-State Video Coding (MSVC) bir video streaming teknigi olan Multiple
Description Coding temeline dayanan Video Kodlama Teknolojisidir. MSVC ile
video iki veya daha fazla altdizine ayrilmaktadir. Biz calismamizda videoyu iki
altdizine ayiriyoruz: birinci altdizinde sadece c¢ift numarali c¢ergeveler, ikinci
altdizinde tek numarali ¢ergeveler bulunmaktadir. Olusan bu altdizinler kodlanarak
paketler haline getirilmektedir. Herbir paket sirasiyla agda farkli kanallar {izerinden

alicilara gonderilmektedir. Eger alici hem tek hem de ¢ift numarali ¢ergeveleri almis
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ise alic1 ¢ozlimlemeyi yapip c¢erceveleri olusturur. Eger ¢ercevelerden biri kayip ise,
alic1 kayip ¢erceveyi farkli altdizinlerde bulunan bir 6nceki ve sonraki cerceveler ile

MSVC tekniginin durum iyilestirme yapisini kullanarak olusturabilmektedir.

MSVC teknigi ile olusan altdizinlerdeki paketlerin gonderimi i¢in ag kodlama
yapilmaktadir. Caligmamizda iki farkli ag kodlama algoritmasi ile paketlerin
gonderimi yapilmaktadir. ilk algoritma “Network Coding for Video (NCV)” daha
iyi video Kkalitesi ile videolarin aliciya ulasmasini saglamaktadir. Bunun igin
altdizinlerdeki ilk aktif paketi alip belirli kriterler ile diger paketleri birlestirip aday
paketleri olusturmaktadir. Daha sonra en iyi ve yiiksek kaliteyi saglayan paketi
agdaki tiim nodelara gondermektedir. Ikinci algoritma “Network Coding for Video:
looking into the queue in depth (NCVD)” NCV’nin yaptigi gibi paketleri
olusturmaktadir, bu sefer ilk aktif paket ile olusanlar disinda, kuyruktaki diger aktif
paketler ile de aday paketleri olusturmaktadir. Olusan tiim aday kodlar arasindan en

iyi paketi segmektedir.

Ag kodlama algoritmalar1 ile gonderilen paketler agdaki tiim dugiimlere
ulagmaktadir. Ulasan paketler alici digumler tarafindan c¢oziimlenmektedir.
Coziimlenen paketler i¢inde aliciya ait paketler var ise gonderilen paket yerine
ulagmis demektir. Ana paketin disinda aliciya ulasan kendisine ait olmayan baska
paketler var ise alict bu paketleri de saklamaktadir. Ag kodlama esnasinda ara diigiim
kendi agindaki diigumler ile stirekli bilgi aligverisi i¢cinde oldugundan ara diigim
paket gonderimi yapmadan Once agdaki tiim diiglimlerdeki bu paketlerin bilgisini
almaktadir. Ara diglim bu paketleri aday paketlerden en yiiksek verimi saglayani
bulmak i¢in kullanmaktadir. Ara diigiim gonderilecek paketi en fazla diigiim
tarafindan ¢oziimlenerek kendi c¢ergevesini elde etmesini saglayacak sekilde

belirlemektedir.

Bu kapsam icin gelistirdigimiz sistemi farkli ag senaryolarinda denemelerini
gerceklestirdik. Oncelikle, sistemin ¢alisacagi ag1 olusturduk. Ag1 ara diigiim ve ara
diugim ile etkilesim i¢inde olan birden fazla diiglimden olusturduk. Birbirleri ile
haberlesmelerini saglamak i¢in ara diigiim agdaki tiim diiglimleri dinlemeye basliyor.
Diigiimler kendilerine ait videonun transferinin baglamasindan 6nce ara digiime bir

Onceki transfere ait buffer bilgilerini gondermektedir. Buffer bilgilerini alan ara
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diugum ilgili algoritmanin yapisina gore paketleri olusturup bilgi aligverisi i¢inde

oldugu tiim diigiimlere gondermektedir.

Olusturdugumuz farkli senaryolarda, ara diigimiin génderdigi ilk aktif paketin her iki
algoritmada da (1) Network Coding for Video (NCV), (2) Network Coding for
Video: looking into the queue in depth (NCVD) aliciya basarili bir sekilde ulastigini
gordiik. Agda ara diigiim ile diiglim arasinda haberlesmenin kesildigi ve bir dnceki
paketin alim1 bitmeden diger paketin gonderiminden kaynaklanan paket kayiplarinda
alict digtim kendisine gonderilen cer¢eveye ulagamadigi durumlar ile karsilastik.
Boyle cercevenin ulagsmadigi durumlarda MSVC tekniginin durum iyilestirme
Ozelligi ile kayip frame olusturulmakta ve videoda olusabilecek kesinti aliciya

yansimamaktir.
Anahtar Sozciikler: Multi-State Video Coding (MSVC), Network Coding, Network

Coding for Video (NCV), Network Coding for Video: looking into the queue in
depth (NCVD), Video Streaming, Video Transmission
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ABSTRACT

NETWORK CODING FOR MULTI-STATE VIDEO TRANSMISSION

Oznur SENGEL

The goal of this work is to send video packets to all nodes in the network by
enveloping Multi-State Video Coding (MSVC) at the same time network coding to

maximize the throughput and video quality.

This work has two main parts: 1) Multi-State Video Coding and 2) Network Coding.
The main purpose of this work is to maximize not only the video quality but also the
network throughput. We will use Multi-State Video Coding to achieve robustness
and we will use network coding to increase throughput over the network. After
generating the two subsequences using MSVC, we apply network coding to support
transmission of packets. In this manner, we aim to increase the throughput as well as

robustness and quality of the video transmission.

Multi-State Video Coding (MSVC) is based on Multiple Description Coding which
is a kind of video coding technique. Video is split into two or more subsequences
with MSVC. In our work, we have two subsequences; the first subsequence includes
even numbered frames, the second subsequence includes odd numbered frames.
These subsequences are encoded and distributed into packets. Each packet is
transferred using the same channel or different channels to the receiver. If the
receiver takes both even and odd frames correctly, it decodes packet to create frames.

If any frame is lost, the receiver may reconstruct lost frame from previous and next
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frames of the different subsequences. This situation is referred to as state recovery of

MSVC.

We use network coding to send each packet in substreams generated via MSVC. In
our work, we apply two network coding algorithms to send packets. The first
algorithm is “Network Coding for Video (NCV)”. It provides delivered video to
recipient with best and high video quality. For this, it chooses the first active packet
from the queue and combine active packet with other packet to create candidate
network code according to some criteria. Before encoding, algorithm calculates the
improvement for each candidate network code. Then, the maximum improvement
packet is delivered to all nodes over the network. The second algorithm is “Network
Coding for Video: looking into the queue in depth (NCVD)” is similar to NCV in
creating packets. But it not only looks the first active packet of the queue but also
looks the other active packet in the queue to create candidate code. NCVD chooses

the video packet which is satisfies the high video quality.

Packets are delivered to all nodes in the network via network coding algorithm.
Received packets are decoded by target nodes. If there is any packet for that receiver
in decoded packet, the primary packet is received successfully. If there are other
packets which are not belongs to receiver, the receiver also stores this packet. Before
sending any packets, the intermediate node takes this packets information from all
nodes in network through the intermediate node is always in information exchange
via all nodes in network. The intermediate node uses this packet to find which
candidate code provides the highest video quality. The intermediate node determines

the packet that decoded more node to obtain own frame.

We tested our system in different network scenarios. First of all, we create the
network that the system will work on it. There are intermediate node and more than
one node that interact with intermediate node in network. Intermediate node starts
listening to ensure all nodes in the network communicate with each other. Nodes
send frames information of the previous transfer to intermediate node before starting
video transfer. After taking all buffer information of the nodes, intermediate node
sends packet that is generated according to the structure of the algorithm to all nodes

on network.
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Created in different scenarios, the first active packet that is sending by intermediate
node, is received successfully in both algorithm (1) Network Coding for Video
(NCV), (2) Network Coding for Video: looking into the queue in depth (NCVD). We
encountered with the communication cuts off between intermediate node and other
node and the receiver does not reach the own frame because the packet is sent before
the end the previous packet. In such case frame is not received to target, the lost
frame generated with state recovery of MSVC technique and the interruption is not

recognized by receiver.
KeyWords: Multi-State Video Coding (MSVC), Network Coding, Network Coding

for Video (NCV), Network Coding for Video: looking into the queue in depth
(NCVD), Video Streaming, Video Transmission
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