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Web Real-Time Communications (WebRTC) is an open-source
standard that aims to provide rich and high-quality real-time
communication over the Internet. This work focuses on the study,
analysis, and evaluation of three factors that influence the quality of
video and audio transmission using WebRTC. These influencing
factors include synchronization, stability, and quality of the video.
The author uses an experimental method with a WebRTC server that
provides a free online video conferencing service, and the clients are
simulated on the Google cloud environment, the network in between
is emulated to evaluate the influence of network QoS on the video
transmission quality. The results show that the synchronization of
audio and video is directly affected by changing the network quality
of service in the peer-to-peer video media version. However, the
stability and the quality of the video are less affected. The study can
be used as a reference for other researchers to perform WebRTC
optimization before actual implementation.

NGHIEN CUU VA PANH GIA MOT SO YEU TO ANH HUONG TOI
CHAT LUQNG TRUYEN PHAT VIDEO SU DUNG CONG NGHE WEBRTC

Pinh Xuén Lam’, Ha My Trinh, Ta Thi Théo, B8 Thi Phweng, Nguyén Toan Thing
Truong Dai hoc Cong nghé thdng tin va Truyén thong — PH Thai Nguyén

THONG TIN BAI BAO

TOM TAT

Ngay nhan bai: 18/9/2021
Ngay hoan thién: 11/11/2021
Ngay dang: 15/11/2021

TU KHOA

Webrtc

Video ngang hang
Video truc tuyén

Chét lwong trai nghiém
Chét lwong dich vu

Web Real-Time Communications (WebRTC) la mét tiéu chuan ma
ngudn mé nham muc dich cung cip giao tiép thoi gian thuc chat
luong cao va phong pha qua Internet. Bai bao tap trung nghién ctu,
phan tich va danh gia ba yéu té anh huong téi chat luong truyén phat
video va audio sir dung céng nghé WebRTC la su ddng bo hoa
(Synchronization), tinh 6n dinh (Stability) va chit lwong (Quality).
Tac gia sir dung phuong phap thuc nghiém véi mot may cha
WebRTC mién phi va cac may khach duoc mo phong va gia lap chat
lwong mang trén moi truong dién toan dam may Google cloud. Két
qua thuc nghiém cho thiy yéu t6 ddng bo héa va chat luong truyén
phét video bi anh huong truc tiép boi thay doi chat lwong dich vu
mang & phién truyén video ngang hang. Tuy nhién, tinh 6n dinh cua
cac phién truyén twong ddi tot va it bi anh hudong hon. Nghién ctru ¢6
thé dwoc sir dung dé tham khao cho cac nha nghién ctu thuc hién téi
vu cong nghé WebRTC trudc khi trién khai trong thuc té.
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1. Giéi thiéu

Viéc truyén video tryc tiép qua Internet 1a mot chu d& ndi 1én vao nhiing nam 1990 [1]. Vao
dau nhiing nam 2000 tré lai dy dudi sy bung n6 vé khoa hoc cdng nghé va cac thiét bi nhu
laptop, smartphone ngay cang phd cap toi moi nguoi. Do do, viéc tro chuyén video truc tiép qua
internet ngay cang phé bién. Nam 2011, WebRTC néi 1én nhu mot giai phap ma ngudn mé thay
thé cho céc tng dung trd chuyén video dQC quyén. Mot nim sau vao nim 2012, ban thao lam viéc
dau tién cua tieu chuan WebRTC 1.0 da dwoc phat hanh boi Nném Céng tac truyén thong Thoi
gian thuc trén Web cia W3C. K& tir nim 2019, tat ca cac trinh duyét pho bién trén may tinh dé
ban va hé diéu hanh di dong déu hd tro WebRTC [2], [3].

Vé mit ki thuat, cac ung dung sir dung WebRTC duoc trién khai dua trén API Javascript do
céc trinh duyét hd trg WebRTC cung cip. API Javascript duoc trién khai boi cac nha phat trién
trinh duyét. N6 tuwong tac véi cac chie nang cia WebRTC thong qua APl WebRTC. WebRTC ¢6
bén thanh phan chinh, mdi thanh phan chiu trach nhiém riéng cho mot phién. Cong cu quan ly
phién chiju trach nhiém quan Ii theo d&i trang thai caa phién truyén. Cong cu xir Iy &m thanh chiju
trach nhiém xir Iy phuwong tién nhan sau d6 ma hoa va ap dung cac bo loc, vi du nhu giam tiéng
on. Twong tuw nhu 4m thanh, céng cu xu Iy video thuc hién ghi hinh va ma héa roi phét lai noi
dung d3 ghi nhan. Cudi cuing la thanh phan truyén tai cung cép cac tinh nang dé bat dau va duy tri
mot phién. Cac dir liéu dugc dong goi va dugc gui dén may khach qua mang Internet [4]

WebRTC cung cap kha nang giao tiép truc tiép gitra cac may khach. Do do, cac may khach co
thé trao d6i cac goi truc tlep v6i nhau ma khong can thong qua may chu dé truyén tai dir liéu.
Nhiing loi thé cua giao tiép ngang hang rat da dang. Tht nhét, luu luong truy cap trén may chu
trung tdm dugc giam tai vi n6 chi chiu trach nhiém thiét lap phién. Vi vay, mot may chu duy nhét
c6 thé xu Iy nhiéu phién ddng thoi hon. Thir hai, giao tiép truc tiép gitta cdc may khach cé kha
nang glam do tré tir ngu:o’l gui dén nguoi nhan.

Van dé& nam & ban chit cua cac mang thuc té c6 chira NAT (Network Address Translation) va
twong lua [5]. Dé gui mot goi dén mot may khach khac, may khach can dia chi IP cong cong cua
méy khach can giao tlep Tuy nhién, da s6 cac may khach nim sau mot bo dinh tuyén va NAT
duogc st dung dé két ndi vai cac dich vy trén Internet. Ngoai ra, twong lira ngan can su truy cap tir
bén ngoai vao mang cuc bo [6]. Pé khic phuc diéu nay, WebRTC str dung ICE dé tao ra céc 16
hong trén tudng lira, sau d6 c6 thé dugc st dung dé guri dir lieu truc tiép dén cac may khéach khac.
Trong trudng hop ICE khong thé thiét lap giao tiép ngang hang, may chi TURN duoc sir dung
nhu mot thiét bi chuyén tiép (RELAY) cho dit liéu. Khi mot duong truyén duoc thiét 1ap thanh
cong tir mot trong cac may khéach, phién truyén bat dau. Trong sudt phién truyén, video cd thé
duoc truyén bang mot trong hai cach: a) Giao tiép truc tiép gitra hai may tinh, b) Chuyén tiép dix
liéu qua may chu TURN.

Céch giao tiép dau tién duoc dat tén 12 P2P, cach thir hai duoc goi 1a RELAY. Trén thyc té,
dir lidu cua cac phép do thuc té cho thay, cac phién c6 hai hay nhiéu ngudi tham gia dugc chia
thanh hai trang théi. O trang thai du tién, ngay sau khi tham gia phién, cac may khach duoc két
ndi thong qua may chi RELAY cua nha cung cip dich vu. Sau mot khoang thoi gian nhét dinh,
ludng dit liéu trong phién s& chuyen tir giao tiép RELAY sang giao tlep P2P. Dir liéu duoc gui
trong g1a1 doan RELAY c6 thé duoc diéu chinh boi may chu Chuyen tlep

Tac gia cua cac nghién cau [7], [8] va [9] cho rang, c6 ba yeu t6 chinh anh huong toi chét
luong cua céc phién truyen video sur dung cong ngh¢ WebRTC la a) Pong bg héa, b) Tinh 6n dinh
va ¢) Chat lirong. Mbi tham s6 12 tong hop caa nhiéu chi sé hiéu suat chinh (KPI) 14 cac chirc ning
xép hang cu thé cho mot khia canh riéng biét cua phién WebRTC. Dya vao két qua cua cac nghién
clru ndy, tac gia da thuc hién mot sé thi nghiém thyc té dé danh gia chat lwong truyén phéat video
trong ca hai giai doan truyén. Trong dé, chat luong dich vu mang (Quality of Service - QoS) duoc
gia lap dé so sanh muc d6 anh huong cua bang thong kha dung dén su thay doi cia do phan giai
khung hinh, tbc d6 bit va téc do khung hinh truyén nhan sir dung cdng nghé WebRTC.
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2. Céac yéu td quyét dinh chat lwong dich vu WebRTC

Phan nay trinh bay chi tiét ba yéu t6 anh huéng chinh toi chat lwong truyén phét video sir
dung céng nghé WebRTC, trong d6 gia tri KPI dwoc tinh toan dua trén cac phan tich tir cac cong
trinh tham khao trén.

2.1. bong bé hoa (Synchronization)

Tinh ddng bo hoa dé cap dén kha nang dam bao sy lién két kip thoi cua cac su kién. Céc thanh
phan dién hinh cia mot cugc hoi thoai nhu vay 1a mét ludng &m thanh va mot ludng video. Céc
ludng khac nhau duoc truyén riéng biét, do d6 viéc dong bo chung ciing khac nhau. Do vay, viéc
danh gia tinh dong bo hda trong truyén dit liéu da phuong tién sir dung WebRTC 1a can thiét va
quan trong.

2.1.1. Pong bé video

Sy ddng bo cua ludng video gitra cac méy khach tham gia vao mét phién 1a yéu té quan trong
thir hai khi xem xét dong b hda phién tong thé. Céc thi nghiém duoc tién hanh trong tai liéu [10]
chi ra do tré (delay) 350 ms dugc coi 1a chip nhan duoc va khoang tir 100 ms dén 150 ms duoc coi
14 tdi vu khi truyén video. Theo khuyén nghi ITU G.114, quy dinh d6 tré 150 ms 1a da dé dam bao
tuong tac 6n dinh cho nguoi dung [11]. Céc tac gia trong nghién cuu [12] da két luan voi tong do
tré 250 ms, ddng bo khau hinh miéng trong truyén video tuong tac co thé dat duoc. Dua trén cac
nghién ciru trén, phuong trinh wdc tinh KPI dwoc trinh bay bao gom ba thanh phan nhu sau:

5 néu delay < 100
KPlyigeosync =45 — ((delay — 100)/100) x 4/3 néu 100 < delay < 400 (1)
1 néu delay > 400

2.1.2. Bong bg héa Audio-Video

Tham sb quan trong hon 1 tinh ddng bd ca &m thanh va video & phia may thu. Dé dat duoc 4n
tuong tu nhién v& mot phién nghe - nhin, diéu can thiét 1a viéc phat &m thanh va ludng video phai
ddng bd véi nhau. Sy khéc biét gitra do tr& 4m thanh va d tré video duoc coi 12 15i dong bo hoa.
Céc nghién ciru cho thay, thoi gian tré ti da gitta 4m thanh va video nén dudi 100 ms dé dam bao
cam nhan cia nguoi ding vé sy dong bo hda am thanh vai khau hinh miéng [12]. Theo ITU, khdng
thé phét hién duoc phuong tién khong dong bo trong khoang tir 45 ms dén -125 ms (dau am “-” thé
hién dit liéu video dén sau &m thanh so vai ngudn). Trong khi ddi véi cac gid tri khac trong khoang
tir 90 ms dén -185 ms, su khong dong bo cd thé dugc phét hién, tuy nhién, nd dugc coi la chap nhan
dugc [13]. Bé tinh toan céc gia tri KPlaysyne phu thudc vao do tré am thanh/video, cong thic sau
duoc st dung.

((delay + 125)/60) x 4+ 5 néu -185 < delay <-125
KPlypsync= S né’y _125 < delay < 45 o
5 - ((delay - 45)/50) x 4 néu 45 < delay < 90
: néu delay >90

2.2. Tinh én dinh (Stability)

Nguoc lai véi dong bo héa, tinh 6n dinh dé cap dén thach thic trong viéc duy tri cudc tro
chuyén & muc do chap nhan duoc. Trong cac ung dung thong thuong, tai xudng HTTP c6 thé
khong bi anh huéng nhiéu boi gia tri round trip time (RTT) ting Ién, nhung cac ung dung thoi
gian thyc nhay cam hon. Dé bu dap cac do tré khac nhau, cac ung dung st dung bo dém & phia
ngudi nhan, tuy nhién néu do tré qua 16n c6 thé khién bo dém mat di tac dung.

2.2.1. Sur 6n dinh vé d¢ phan gidi (Resolution Stability)
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Chat luong mang thay ddi c6 thé gay ra méat 6n dinh vé thong lugng cho phién WebRTC dan
dén video c6 thé duoc phat tir bd dém nhanh hon tdc d6 nhan duoc, khi d6 bd dém s& hét dir liéu
va video bj dirng (hién firong stalling). Tinh trang ngimg phat video nay ciing c6 thé xay ra trong
WebRTC, nd chii yéu duoc giam thiéu bang cach diéu chinh chat lugng phat video ¢ may khach.
Trong hé théng truyén phét video thich ng, d6 phan giai cua video ty dong giam xudng khi béing
thong bi giam, ky thuat nay gitp giam thiéu duoc hién tuong video ngimg phét. Mat trong sb do
1a tAn suat thay ddi do phan giai [14] va khoang thoi gian video duoc phét & d phan giai cao nhét
[15]. KPlresolution ChO hién tuong nay dwgce tinh nhu sau:

KPlesolution = 0.003 x 0064t 4 2 498 (3)

Trong do, t 1a s6 phan tram ([0,100]) thoi gian video dwoc phat & d6 phan giai cao nhat.

2.2.2. Sur 6n dinh vé téc dé khung hinh (Frame Rate Stability)

Bén canh chit luong phét video & méy khach, tham sé thir hai &p dung cho video thich ung
chinh 1a téc d khung hinh. Trong [16], cAc tac gia tién hanh thir nghiém trong khi thay ddi ba
tham s6: téc do khung hinh, d6 phan giai va téc do bit. Ho két luan rang nguoi ding nhay cam
hon véi viéc giam téc do khung hinh video hon 1a giam d6 phan giai video. St dung cac két qua
da trinh bay & nghién ciru trén, ta cd thé tinh todn KPlgs dudi dang mot ham phu thudc vao tée do
khung hinh bang céch sir dung cong thic sau:

1 néu fps <2
KPlpps = 1.07504 x log(3.42171 x fps) néu 2 < fps < 30 4)
5 néu fps > 30

Trong do, fps la tc d6 khung hinh dau ra hién tai cua ludng video di nhan.
2.3. Chdt lwgng video (video quality)

Théng s6 ki thuat caa WebRTC c6 hai codec video bét budc 1a H.264 va VP8 [17]. Trong cac
thi nghiém thuoc pham vi bai bao nay, tac gia st dung video codec VP8. Dya trén két qua tu cac
nghién cuu [18] va [19], tac gia xay dung KPI cho chat luong video KPlovigeo. Gia str rang, VP8
va H.264 c6 thé so sanh duoc véi cac tap hop tbc do bit va do phan giai glong nhau, chung ta str
dung cac gia tri dugc trinh bay boi [20] dé tra ctru gié tri KPlovigeo cho mot té hop d6 phan giai va
téc do bit nhat dinh. DI vi mdi do phan giai, hai tap hop gié tri KPlgyigeo trong tmg dugc dua ra
va chiing dai dién cho cac bo ma hoa khac nhau. Vé do phan giai, dir liéu duoc phan b cho cac
kich thuéc hinh anh khac nhau, tir 360px dén 1080px. Gi4 tri toc do bit ma cac diém dir lidu ton
tai nam trong khoang tir 130 kbit/s dén 5.0 Mbit/s.

3. Phuong phap nghién ctru va thi nghiém

Phuong phap nghién ciru chu yéu dua trén thuc nghiém, trong d6 tac gia xay dung cac kich
ban thi nghiém dé danh gia cac tham sé KPI vdi bang thong thay doi tir 250 Kbit/s dén 50 Mbit/s.
Trong d6 bang thong thap thé hién cac diéu kién mang suy giam nhu dang di trén duong hosc tin
hi¢u khong giay bi suy hao do vat can. Bang thong cao tir 10 Mbit/s dén 50 Mbit/s dang duoc
cung cap kha phd bién boi cac nha cung cap dich vu mang nhu VNPT hay FPT tai Viét Nam.

Déi véi cac kich ban dugc thuc hién trong thi nghiém nay, qué trinh do dugc diéu khién bang
mot chuwong trinh Python, bo kiém thir tu dong Selenium?, trinh duyét, nguon video va luu trix
nhat ky. Chuong trinh sir dung thu vién Selenium dé twong tac vai trinh duyét web Chromium.
Véi bo cdng cu ndy, mot phién truyén video truc tuyén thoi gian thue WebRTC duoc bit dau va
két ndi nguoi ding tham gia vao mét cach t dong.

Trong qua trinh do, bang thong gui kha dung cua cac may khach bi gigi han bang cach sir
dung cac lénh cua tng dung Network Emulator trong Linux [21]. Viéc gia lap chit luong mang

! https://www.selenium.dev

http://jst.tnu.edu.vn 190 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(16): 187 - 194

s& cho thdy su anh hudng cua biang thong 1én hiéu ning hoat dong cua hé théng va chat luong
video truyén trong phién. Trong thi nghiém & bai bao nay, mdi phép do bao gdm hai may khéch
tham gia c6 cu hinh gia lap mang giéng hét nhau.

Céc phép do s& duoc lap di 13p lai tir 10 dén 20 1an va doc 1ap véi nhau dé dam bao ¥ nghia vé
mit théng k&, mot tép video dinh dang .y4m s& dugc dua vao thay thé cho webcam ctiia may tinh.
N6 c6 do phan giai 1280px 720px va téc do khung hinh 60fps. Tuy nhién, dinh dang file nay
khong hd trg 4m thanh ma thay vao d6 mot chudi tiéng bip duoc tao ra ty dong.

Céc phép do ¢ phia client bao gdm 4 budc:

1. M& URL cu thé dé tham gia phong WebRTC.

2. Tham gia vao phién WebRTC bang cach phét video tir file .y4m va ghi lai céc théng sé tir
phién va&i webrtc-internals

3. Bit dau tai xudng nhat ky webrtc-internals.

4. Cham dut cudc goi.

4. Két qua nghién ciru

Trong phén nay tac gia trinh bay mot s6 két qua thi nghiém dua trén céc phan tich trinh bay ¢
phan truéc. Trong khudn kho cua bai bao, tac gia chi trinh bay ket qua danh gié cac tham so

4.1. Sw dong bg audio - video

Hinh 1 trinh bay két qua tinh toan gi& tri KPlaysync & hai giai doan truyén phét video RELAY
(Hinh 1a) va P2P (Hinh 1b). Trong do, truc y 1a céc gia tri KPI tir 0 dén 5, truc x thé hién cac muc
bang thong duoc gia lap trong qua trinh thi nghiém. Gia tri KPI duoc tinh tai mdi mic bing
thong nay 1a gia tri trung binh qua cac lan do doc lap ciing cau hinh, errorbar tai mdi diém nay
thé hién gia trj trung binh cé khoang tin cay 95%.

4.5

4.0

3.5

3.0

2.5

2.0

1.5

0.25 0.4 0.5 1.0 20 40 5.0 150 30.0 500 025 04 0s 1.0 20 40 50 150 300 50.0

Biing thong Mbit/s B:ing thong Mbit/s
a) RELAY b) P2P

Két qua trong Hinh 1 cho thay, gia tri KPlasync O Ca hai giai doan truyén ting 1én khi bang
thong kha dung tang 1én. KPI gan dat gia tri toi da khi bang thong kha dung dat tir 1 Mbit/s tro
1én. Diéu nay cho thay mirc do dong bo hda cao cua ca hai pha truyén tai may thu. Két qua nay
cling pht hop voi thuc té ngudi ding ¢ thé xem duoc video rd nét & mirc bang thong nay. So véi
giai doan RELAY,, KPlasyne tinh ¢ giai doan P2P ¢6 su khac biét. D& dang nhin thiy gia tri KP1 &
giai doan RELAY ting déu khi bang thong ting 1én, & mic bang thong 500 Kbit/s KPI cua giai
doan RELAY dat 3,2; trong khi giai doan P2P chi ¢6 2,7 nho hon cho thiy su dong bo héa ¢ giai
doan RELAY t6t hon so voi P2P. Diéu nay cling, dé hiéu do video truyén trong giai doan RELAY
duoc chuyén tlep qua mot may chu trung gian gidng nhu cac cong ngh¢ truyén video khac.

Hinh 2 biéu dién mot sb yéu to tré vé thoi gian Ién sy ddng bo audio-video. Truc x thé hién
c4c mirc bang thong duoc gia 1ap trong qua trinh thi nghiém; trong khi truc y bén phai hién thi do
tré caa am thanh hoic video, truc y bén tréi biéu thi do tré cua video so véi ludng 4m thanh. Do
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tré duoc tinh tai mol muc bang thong nay la gia tri trung binh qua cac lan do doc lap cung cau
hinh, errorbar tai mdi diém nay thé hién gié tri trung bmh 6 khoang tin cay 95%.

400 2500 40 2250
D¢ tré am thanh (ms) D6 tré 4m thanh (ms)
310 —+= Do tré video (ms) 1950 100 D6 tré video (ms) 1750
220 1400 60 1250
130 850 20 750
40 300 -20 250
[
-50 —-250 —60 -250
025 04 05 10 20 40 50 150 300 500 025 04 05 10 20 40 50 150 300 500
Bang thong Mbit/s Biing thong Mbit/s
—— Do tré video so véi am thanh (ms) —— D¢ tré video so vdi am thanh (mns)
a) RELAY b) P2P

Hinh 2. Céc yéu té dé tré anh hwong téi su dong bé audio-video
Hinh 2 cho thay d tré am thanh, hinh anh va giita ching véi nhau dat mic 6n dinh khi bang
thong duy tri tir 1 Mbit/s tré 1&n, trong tng voi do 6n dinh cua KPlavsyne dd phan tich & trén. Khi
dé cap toi do tré giita &m thanh va hinh anh, so sanh hai giai doan truyén RELAY va P2P, ta nhan
thdy rd rang d tré giai doan P2P 1a cao hon hin so véi giai doan RELAY. Két qua nay cho thiy
su thiéu dong bo vé thoi gian khi ngudi ding truyén video ngang hang trong WebRTC. Diéu nay
c6 thé anh hudng tidu cuc t6i chat luong trai nghiém cua ngudi dung.

4.2. Tinh én dinh vé téc dé khung hinh (Stability)

Gidng nhu do phan giai, tdc d6 khung hinh dugc WebRTC tu dong diéu chinh tuy thuc vao
cac diéu kién mang. Hinh 3 biéu dién gia tri KPls ¢ hai giai doan truyén cua thi nghiém. Trong
Hinh 3, truc y biéu din céc gia tri KPI tir 0 dén 5, truc x thé hién cc muc bing thong duoc gia
lap trong qué trinh thi nghiém. KPI trung binh véi khoang tin cay 95% cua hai giai doan truyén
duoc thé hién bang hai duong khac nhau.

6 —— KPig:P2P
KPIjp:RELAY

5

4

0.25 0.4 0.5 1.0 2.0 4.0 5.0 15.0 30.0 350.0

Bing thong Mbit/s
Hinh 3. KPlss trong giai dogn P2P va RELAY

Két qua cho thdy, trong giai doan RELAY, KPlgs cO gid tri gan nhu bang 5 trong toan bo qué
trinh thay d6i cia bang thong. Ly do cho su khéc biét nam & dau phién, dit liéu do duoc cho thay
d6i khi phai mat vai gidy dé video bat dau. Puong dir liéu bén dudi mo ta KPlgs trong giai doan
P2P. Dir liéu cho thay, KPlgs bat dau véi gia tri trung binh 13 2,8 & 250 Kbit/s. Trong khoang tur
250 Kbit/s ¢én 400 Kbit/s KPI dugc ting 1én gid tri gan 5, d6i voi bang thong 16n hon 400 Kbit/s
KPI van gan voéi gié tri do.
4.3. Chdt lwrgng video (Quality)

Hinh 4 biéu dién su thay doi gia tri KPlgvigeo trong giai doan RELAY va P2P. Trong do, truc y
la cac gié tri KPI tir 0 dén 5, truc x the hi¢én cac mirc bang thong dugc gia lap trong qua trinh thi
nghiém. Gié tri KPI duogc tinh tai mdi murc bing thong nay 1a gia tri trung binh qua céc lan do doc
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lap clng cau hinh, errorbar tai mdi diém nay thé hién gia tri trung binh c6 khoang tin cay 95%.
Két qua cho thiy gia tri KPlovigeo trong ca hai giai doan RELAY va P2P bit dau ¢ mac 1,5 voi
bang théng kha dung 250 Kbit/s. Gi4 tri nay ting cho dén khi dat ti da tai 2,0 Mbit/s gin nhu
khong ddi voi cac mire bang théng con lai. Ta cd thé két luan rang, trong tu nhu voi cac tham sb
khéc, chat lwong video bi anh hudng tryc tiép boi bing thong dwdng truyén thap, nhung tham s
nay lai khong c6 nhiéu khéc biét ¢ hai giai doan RELAY va P2P. Piéu nay cho thiy su 6n dinh
vé chat lugng cta video trong qua trinh truyén st dung cong ngh¢ WebRTC.

3.50

4.0

025 04 05 10 20 40 50 150 300 500 025 04 05 10 20 40 50 150 300 500
Bing thong Mbit/s Biang thong Mbit/s

a) RELAY b) P2P
Hinh 4. KPlgvigeo trong giai dogn RELAY va P2P

5. Két luan

WebRTC hd tro giao tiép truc tiép gitta cac may khach (P2P), cling nhu viéc st dung may chu
chuyén tiép (RELAY). Thuc nghiém cho thy, ddi vai tat ca cac phép do, giai doan RELAY xuét
hién & dau phién, sau d6 phién giao tiép s& chuyén sang P2P sau mét thoi gian nhit dinh. Theo
két qua thi nghiém thi chat lwong truyén phét video & ca hai phién nay déu bi anh huéng bai chit
luong dich vu mang.

Cu thé, danh gi4 cua tham s ddng bo hda (Synchronization) cho thay su ddng bo hda téng thé
1a chwa tdt trong ca hai giai doan néu bang thong thip hon 0,5 Mbit/s. O muic bang thong nay gia
trj cua tat ca cac KPI dong gop vao su ddng bo hoa déu duéi 4. V& tinh 6n dinh (Stability) va chat
luong video (Quality), két qua thi nghiém cho thay sy on dinh twong ddi cao du bing thong thap
trong ca hai giai doan RELAY va P2P. Ly do cho diéu ndy nam & co ché thich wng chat luong
video véi chat lwong mang Internet. Nhin chung, cac két qua thi nghiém cta nghién ciru nay mai
chi phan anh dugc mét s6 yéu to anh huong ti chat lwong truyén nhan video trong diéu kién
bang thong kha dung thay doi, nhiing tham sé nay con c6 thé bi anh hudng bai cac yéu td khac
nira, tac gia sé tiép tuc nghién ciru va cdng bd ¢ nhitng cong trinh sau. Két qua nay hoan toan c6
thé duoc sir dung nhu maot tai liéu tham khao cho céc nghién ctu sinh, cac nha nghién cau cling
linh vuc dé cai tién chat lugng dich vu cua cdng nghé WebRTC.

Loi cdm on
Nghién ctru nay dugc hd tro bsi dé tai nghién ciu khoa hoc cép co s Truong Dai hoc Cong
nghé thdng tin va Truyén thong — Dai hoc Thai Nguyén (M4 so6: T2021-07-17).
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