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SBB 20 godina

Kada smo poceli 2002. godine, bilo nas je osmoro.
Sada nas je 2000. | dalje rastemo.

Pruzali smo usluge u sedam, danas smo prisutni u 32 grada
Sirom Srbije.

Prve godine pruzali smo usluge za 20.000 korisnika. Danas SBB
usluge koristi 3 miliona gradana.

Vec¢ 20 godina donosimo inovacije i trendove na trzistu
telekomunikacija u Srbiji.

Nas$a vizija je da korisnicima pruzimo najkvalitetnije servise i
najbolje korisnicko iskustvo.

g 20

GODINA

Member of

JUNITED
GROUP

1



SBB posluje u okviru United grupe

=\

% vivacom  Forthnet  TELE2 W WIND

Bulgaria Greece Croatia

|

Mova AZ¥ direcTmedia

rrrrrrr

@ shoppster

Serbiaand Slovenia

* .
tusmobil

UNITED

«««««

Bosnia and Hercegovina

UNITED

8 zemalja na trzistu od 40 miliona ljudi

GROUP 2000 . across ex-Yugoslavia 15 miliona korisnika i 15.500 ZapOSIGnih

20 United Group and/or its affiliates. All rights reserved.
- GOD |;X g ¢



Konstantno pracenje tehnoloskog razvoja...

2007: D3 Digitalna
Televizija (STB)

2009: DOCSIS 3.0
i Home gateway
(2.4 GHz Wi-Fi)

2009:
Emitovanje
HD Televizije

2010:
VoD servis

2011: Lansiranje
HBO Go aplikacije

2011: Usluga fiksne
telefonije u Bosni i
Hercegovini

2012: Video 2nd screen
(Multiscreen) servis D3Go
(za Web, Mobile i tablete)

2012: D3 v2.0
(New STB)

2013: D3i

Multiscreen)

Nacionalni video OTT servis

2013: NetTV Internacionalni
video OTT servis (STB,

2014: UNIFI
(Nacionalna Wi-Fi mreza)

2015:

Sloveniji

(TV modul)

2015: D3 CAM

2016:

Premium 24x8
Home Gateway (5GHz Wi-Fi)

2016: UNIFI Travel
medunarodni WW

Wi-Fi servis

2016:

Selfcare Web portal i aplikacija

2016:

Mobilna telefonija u

Izgradnja Gpon mreze

2017: EON — Multiscreen

video servis sledece
generaicje (web, mobile)

2017: EON - Smart TV

aplikacija za Samsung i LG

2018: Pocetak gadenja
analogne TV u Beogradu
(Srbiji)

2018: EON — Smart Box

2019: EON — Smart
Box— All IP box

2019: VIDA -

2019: EON Windows
aplikacija i EON mini
paketi

4K kanala u regionu

2019: GIGA gradovi

addressable advertising

2019: Emitovanje prvog

2020: Prvi in-house Digital
Media proizvodi nova.rs

2020: EON V1.5 -
personalizacija (profili i kids
mode), EON na NetTV i
Huawei store-u

2020: Izgradnja nove
10 Gbps XSGPON mreze

2020: Lansiranje najvece 5G
mobilne mreze i usluga u
VIVACOM BG

2020: Najbrza mobilna mreza u
EU, VIVACOM BG

2021: HFC mreza u
Docsis 3.1

2021: usluge 5G mreze
launsirane u Telemach
Slovenija i Telemach
Hrvatska

2021 10 Gbps XSGPON
overlay (Gbps minimum
target access speed)

2021 osnovana UGI
Wholesale

2021 Konstantna
unifikacija IT reSenja na
svim trzistima

potpunosti unapredena na

2022:
GIGA Srbija

2022:
10 GIGA Mreza

2021: EON Connect — prva
aplikacija za upravljanje
kuénim internetom u regionu

2021: Lansiranje EON TV u
Hrvatskoj i Bugarskoj

2021: Lansiranje novih Digital
Media proizvoda - N1, Sport
Klub i Zadovoljna.rs

2021: podrska EON TV
aplikacije za Hisense Smart
TV

2021: EON Smart box
sportski widgets
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SBB - (R)evolucija video servisa

EON

Vodeci kablovski operator u Srbiji na polju inovacija personalizacija
EON STB
EON STB ort

« Najvec¢i DTH operator u regionu Hybrid
» Broadband internet gigabitske brzine EON MS/FS
* Fiksna telefonija D3 V2 - CUTV

D3 VOD

D3
Total TV
Analogna TV
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MPEG razvoj
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MPE( MPEG-2 AVC e L
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Trendovi

Kreiranje Video
sadrzaja korisnici

Ekrani su sve boljeg kvaliteta kako
kod TV uredaja (4K, 8K) tako i kod

Operatori dobijaju sve bolje izvore od
emitera i dugotrazeni sadrzaj je u

porastu LIVE TV je ,2iviji“ nego ikad mobilnih Video kvalitet nikad nije bio

vazniji.

armm
oo
oo
an OTT postaje naplativ. Korisnici oéekuiju isto iskustvo na
Korisnici o¢ekuju kvalitet i svim ekranima — broadcast i OTT.
dostupnost emitovanog sadrzaja. Konvergencija se deSava. (el
! E
”CI.OUd J€ spreman za e Korisnici o¢ekuju da video bude
strimova visokog kvaliteta. ) : .
: R . dostupan bez ikakvih prekida.
Pomeranje ka novim vidovima video : . o
q Stabilnost i dostupnost je kljuc.
transporta. ﬁ
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Metrike video kvaliteta

- VMAF

- PSNR

- SSIM
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Objektivno | subjektivno

CBR/VBR SPTS

Ljudski
vizuelni

Transkoding
H264 — Stat Mux

VBR MPTS
HEVC — Kompresija 25%, 30%, 35%

FOX

MOVIES

Transkoding

@] HEVC - Stat Mux
@E — ! VBR SPTS

Degradiran
signal

VBR SPTS
CBR SPTS

Referenca

»
»
»
>
»
»
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Bit Rate

d

9
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2

3
10
7
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1080i
1080i
1080i
1080i
1080i

1080i
1080i
1080i
576i

1080i

Sport channel 1
Sport channel 2
Sport channel 3
Movie channel 1

Movie channel 2

Doc channel 1
Doc channel 2
Doc channel 3
SD channel 1
SD channel 2

7Mbps CBR
7Mbps CBR
5.4Mbps CBR
7.5Mbps CBR
7.5Mbps CBR

10.2Mbps CBR
6.9Mbps CBR
4Mbps VBR
3.1Mbps CBR
3.1Mbps CBR

1920
1920
1920
1920
1920

1920
1920
1920
720

1920

1080
1080
1080
1080
1080

1080
1080
1080
576

1080

H264 today Reference Bit Rate VAF | | New CBR H264 Bit Rate ViAF
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1080i
1080i
1080i
1080i
1080i
1080i
1080i
1080i
576i

576i

Sport channel 1
Sport channel 2
Sport channel 3
Movie channel 1
Movie channel 2
Doc channel 1
Doc channel 2
Doc channel 3
SD channel 1
SD channel 2

4.5Mbps
4.48Mbps
4.52Mbps
4.44Mbps
4.39Mbps
4.77Mbps
4.76Mbps
4.57Mbps
1.6Mbps
1.8Mbps

1920
1920
1920
1920
1920
1920
1920
1920
720
720

1080
1080
1080
1080
1080
1080
1080
1080
576
576

99.75
93.64
91.31
95.83
91.89
95.78
94.67
95.75
96.63
85.82
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1080i
1080i
1080i
1080i
1080i
1080i
1080i
1080i
576i

576i

Sport channel 1
Sport channel 2
Sport channel 3
Movie channel 1
Movie channel 2
Doc channel 1
Doc channel 2
Doc channel 3
SD channel 1
SD channel 2

4.5Mbps
4.5Mbps
4.5Mbps
4.5Mbps
4.5Mbps
4.5Mbps
4.5Mbps
4.5Mbps
1.75Mbps
1.75Mbps

1920
1920
1920
1920
1920
1920
1920
1920
720
720

1080
1080
1080
1080
1080
1080
1080
1080
576
576

96.53
97.45
96.75
96.91
96.2
97.61
96.78
97.99
97.59
92.8

New SNIX H265 Bit Rate VVAF | | New CBR H265 Bit Rate VVAF
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1080i
1080i
1080i
1080i
1080i
1080i
1080i
1080i
576i

576i

Sport channel 1
Sport channel 2
Sport channel 3
Movie channel 1
Movie channel 2
Doc channel 1
Doc channel 2
Doc channel 3
SD channel 1
SD channel 2

26.5

1920
1920
1920
1920
1920
1920
1920
1920
720
720

1080
1080
1080
1080
1080
1080
1080
1080
576
576

99.37
99.36
99.36
97.73
95.01
95.56
96.72
95.32
99.37
95.24
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1080i
1080i
1080i
1080i
1080i
1080i
1080i
1080i
576i

576i

Sport channel 1
Sport channel 2
Sport channel 3
Movie channel 1
Movie channel 2
Doc channel 1
Doc channel 2
Doc channel 3
SD channel 1
SD channel 2

3.15Mbps
3.15Mbps
3.15Mbps
3.15Mbps
3.15Mbps
3.15Mbps
3.15Mbps
3.15Mbps
1.25Mbps
1.25Mbps

1920
1920
1920
1920
1920
1920
1920
1920
720
720

1080
1080
1080
1080
1080
1080
1080
1080
576
576
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97.82
99.07
97.73
99.39
95.9
97.04
N/A
98.02
100
97.18



Kompresija 25%

24.3Mpbs
Current (Mbps) Avg (Mbps) Min (Mbps) Peak (Mbps) Comp. rate (%)
Discovery HD H.264 5.915 4.913 3.613 6.036
HBO HD H.264 3.097 4.637 2.480 5.915
Fox Movies HD H.264 4.894 5.065 3.405 6.275
SK 1 HD H.264 5.915 4.849 3.035 6.270
SK 2 HD H.264 3.953 4.819 2.889 6.563
Discovery HD HEVC 2.703 4.382 2.686 6.213 11%
HBO HD HEVC 2.644 2.811 1.848 4.183 39%
Fox Movies HD HEVC 3.297 3.078 1.611 5.422 39%
SK 1 HD HEVC 5.878 3.924 2.251 5.882 19%
SK 2 HD HEVC 4.568 4.892 3.280 7.213 -2%
19.1Mpbs Zakljuéci o ustedama:

» Sportski HD kanali mogu i¢i sa 20% nizim bitrate-om
» Filmski HD kanali mogu i¢i sa 40% nizim bitrate-om
+ Dokumentarni HD kanali mogu i¢i sa 15% nizim bitrate-om
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Kompresija 25% - filmski kanali
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Cross-correlation
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Feature extraction - scene change detection
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Frame number before aligning reference and distorted video
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Cumulative Distribution: y% of the frames have a PSNR lower than x
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Cumulative Distribution: y% of the frames have a VMAF lower than x
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Kompresija 25% - filmski kanali

Duration

Duration

Upload Date

VMAF mean

PSNR mean

FOX_M_HD_EUT_25ts

1920x1080

25.00 fps

yuv420p

4499 frames

2021-10-28T15:34:53.074Z

FOX_M_HD_MFP_251s

1920x1080

o
(@)

25.00 fps
yuv420p
h264

1795
4496 frames

2021-10-28T15:36:01.714Z

95.21

N
o))
L_)jl
(@]
s}
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Kompresija 30%

Discovery HD H.264
HBO HD H.264
Fox Movies HD H.264
SK 1 HD H.264
SK 2 HD H.264
Discovery HD HEVC
HBO HD HEVC
Fox Movies HD HEVC
SK 1 HD HEVC
SK 2 HD HEVC

Current (Mbps)
4.671
5.914
5.133
3.763
4.523
5.533
1.892
1.982
2.465
4.616

24.3Mpbs

Avg (Mbps)
4.389
5.089
5.197
4.595
5.046
3.851
2.369
2.577
3.691
4.000

16.5Mpbs

Min (Mbps)
1.307
3.261
2.042
2.67
2.889
0.883
1.083
1.48
1.515
1.56

Peak (Mbps)
6.216
5.965
6.418
6.275
6.679
6.175
5.008
4.903
4.476
7.681

Comp. rate (%)

12%
53%
50%
20%
21%
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Kompresija 30% - filmski kanali

Probability [*%]

Praobability [¥)

VMAF

Cumulative Distribution: y% of the frames have a VMAF lower than x

45 50 55 60 65 70 75 80 &5 20 95 100
WMAF score

= HBO_HD_EUT_30.ts HBO_HD_MFP_30.ts

PSNR

Cumulative Distribution: y% of the frames have a PSNR lower than x

15 20 25 30 35 40 a5 50 55
PSNR score
= HEBO_HD_EUT_30.ts HEO_HD_MFP_30.15

HBC_HD_EUT_301ts

HBO_HD_MFP_301s
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Kompresija 30% - sportski k

Probability [%]

VMAF

Cumulative Distribution: y% of the frames have a VMAF lower than x

Probability 4]

100

50

o 20 30 40 50 &0 70
VMAF score

PSNR

Cumulative Distribution: y% of the frames have a PSNR lower than x

15 20 25 30 35 40
PSNR score

— SK2_HD_EUT_30.ts SK2_HD_MFP_30.ts

45

30
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100
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Uprosc¢ena blok Sema sistema

Obrada

: Distribucija Korisnicka
signala

oprema

Sacduvani

snimljeni
sadrzaj
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DVB-C HEVC - UHD kanall

Info bitrate = Symbol rate x n (gde je n stepen modulacije, 2" QAM) x 188 / 204

Info bitrate = 6956 x 8 x 188 / 204 = 51.28 Mbaud/s
Info bitrate = 6956 x 6 x 188 / 204 = 38.46 Mbaud/s

gde je n stepen 2 za QAM (64QAM - 26 —> n=6, 256QAM - 28 —> n=8)

4Kp60: HEVC 15-25 Mpbs
H264 30-50 Mbps!?!
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EON HEVC — pre | posle

Prosecna sesija Prosecna sesija
TS Mean TS Max
Pre izmene 4.43 4.57
1. iteracija 4.30 4.43
2. iteracija 4.08 4.22
Posle izmene 3.62 3.73
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Inzenjerski izazovi — CDN dimenzionisanje

Veliki broj faktora
koji uticu na dimenzionisanje

* Broj Hibridnih i OTT STB-ova (First screen)

* Broj multiscreen uredaja

« OcCekivani ,concurrency rate“ za linearne i
nelinearne sadrzaje first screen/multiscreen

* Rezolucija najgledanijih sadrzaja

« Optimalan nivo redudanse

* Projektovanje CDN-a za najgledanije sadrzaje
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Battle of the codec
Introducing VVC & AV-1:. Roadmap available

HW-driven SW-driven oTT

% Critical mass needed Faster innovation
~ Shorter adoption cycles
RF momentum
Older
VP9 formats
= ‘ H.264/AVC
Increasingly SW-driven AV1 and VVC as successors H EVC
g Critical mass around AV1? AV2 on the horizon
@ VVC as likely successor
n
™
vC VVC AV1 4 VP9
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