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OlV general information

Broadcasting services

" 100% state owned limited liability company
= Founded in 2002 as a spin-off from public broadcaster HRT Network services

= 98 years of radio broadcasting experience Multimedia services

= 68 years TV broadcasting experience Professional services

= Human resources OIV Fire Detect Al service

" =300 employees OIV Pano 360 HD services
= >50% university degrees

OIlV Smartino loT services

= Certifications
=[SO 9001, I1SO 14001, ISO 45001, I1SO 27001, I1SO 50001

" Business security certificate

OVM Technology Alliance
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Network and coverage = OIV 2 [ o 3
DAB+ MUX 1 : —_— m
Coverage — .

beor

" Four years of the trial, test phase started in
2017, with 4 sites

B

Jrh P‘K??“Buéilj&vu—Hrsina |2

Wrbovsko

Bz

"= Regular operation from November 2021,
phase 1 - from 16 November 2021, 10 sites

= National/regional mux (6 regions) A ANt
= Network expansion 2022 - 27 sites now YA

_____ A }
= 2024 planned extension — further 9 sites -

= Coverage - national:

= Portable indoor = 66.5% of the population BTG TR e
= Mobile outdoor = 97.1% of the population %N | i
" Highways = 95.6% YL Sy
ot
. 43 dBuV/m - Qutdoor
a—— 0 I Digital signals and . 66 dBuV/m - Indoor ¥
N B networks |




Measurement vehicle

" Motorized telescopic mast 8m + antenna support with
rotators = 10m

" Remote controlled rotators (polarisation, azimuth)
" |og-periodic antennas (FM, VHF and UHF)

= Rooftop:

= UHF dipole
antennas

= DAB/FM whip
antennas

= GNSS receiver and
compass antennas

O I Digital signals and
networks



Equipment

power supply

Deva DAB receiver
control

Deva mobile FM _— .. - SEET T aallp = _ software for
radio analyzer | — . mobile
measurements

PC computer,
video distributor

R&S ETL analyzer

mast/rotator
control

mice

attenuator

I OI Digital signals a
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Stationary measurements

Reasons:

" Regulatory requirement — verifying the
network deployment

= SFN control
" Verification of the network performance
Method:

" Log-periodic antenna, measurement height 3-
10 m, R&S ETL analyzer

= CEPT/ERC Recommendation 74-02 E: Method
of measuring the field strength at fixed points

" Measurement points position — no reflecting
objects and as few overhead conductors within
ten times the wavelength

" Fully automated and software-controlled mast

= Sjte database; automatic direction to sites
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Stationary measurements

License obligation; every settlement with

over 1000 inhabitants,

~ 500 measurement points

Tablicni prikaz rezultata mjerenja - regija DAD

El polje MER
MT | Duljima Zirina Mjesto Opis mjerne totke Objekt Kanal dE-pp‘u',]l"m dB BER Polarizacija | Opcina | Napomena
1| 18608224 | 45765902 | Beli Manastir ispred trgovine auto Baranja BELIE "BIUJRO PODBOI" BC 2318 07 =1 DE-D% W Dia
2 | 18.538393 | 45756456 | Petlovac autobusna stanica na izlazu BELIE "BURO FODBOJ" 8C 865 323 <1 DE-0% W Dia
3 | 18.662627 | 45.805052 | Popovac centar, parkiralifte kod ducana BELIE "BUJRO PODBOI™ BC 906 317 =1.0E-0%5 W Da
4 | 18.785324 | 45.843624 | DraZ kod crkve BELIE "BURO FODBOJ" 8C 715 3l6 <1 DE-0% W Dia
5 | 18.732563 | 45.74%265 | KneZevi vinogradi kod poite BELIE "BIJRO PODBOI™ 8C 87.0 315 =1 0E-0%5 W Da nema vidljivosti
6 | 18600251 | 45693620 | Jagodnjak autobusna stanica BELIE "BIJRO PODBOI" 8C 914 321 =<1 DE-0% W Dia
7 | 18.676646 | 25.681987 | Ceminac parkiraliste twrtke Dover BELIE "BIJRO PODBOI" 8C 843 322 <1 0E-0% W Dia
2 | 18 6865356 | 45.627313 | Darda parkiraliste ispred pekarnice Zrinjevac BELIE "BMURO PODBOI™ BC 820 32.2 <1 .0E-0% W Dia
5 | 18748160 | 45612425 | Bilje na kraju wlice kZ br 51 BELIE "BIJRO PODBOI" 8C 843 321 <1 0E-0% W Dia
10 | 15061848 | 45524738 | Erdut kod crkve BORIMNCI 8C B5.0 325 <1 0E-0% H Dia
11 | 18.572537 | 45.395303 | Borovo autocbusna stanica kod trgovine Velepromet BORIMCI &C 788 321 =1 0E-0% H Dia
12 | 15.5998652 | 45.35222% | Vukowvar autobusni kolodvor BORINCI 8C 659 30.7 <1 DE-0% H Dia
13 | 18.397047 | 45.278333 [ Megzoslavci parking ispred trgovine Boso BORIMCI BC 735 0.4 =1.0E-D2 H Dia
14 | 15.09232% | 45.232525% | Tompojewvci parking ispred trgovine Velepromet BORIMNCI 8C 724 313 =1 0E-0%5 H Da
15 | 19166644 | 45227322 | Lovas krizanje A Starcevica i F Ratkoga BORIMCI &C 68.2 311 =1.0E02 H Da
16 | 15392014 | 45224261 | llok kod BF INA BORIMNCI 8C 500 252 1.7E-04 H Dia
17 | 15.151756 | 45165282 | Tovarnik parking kod DWD doma BORINCI 8C 656 319 <1.0E-0% H Dia
18 | 15025583 | 45141508 | Mijemci kucni br 99 BORINCI 8C B7.5 31.0 <1.0E-0% H Dia
15 | 15.884705 | 45148270 | Otok Bana lelacica 15 BORIMNCI 8C 745 318 <1 0E-0% H Dia
20 | 18847275 | 45201828 | Priviaka Falitewci 132 BORIMNCI 8C 819 320 <1 0E-0% H Dia
21 | 185306520 | 45.25612% | Stari Jankovci Brace Radica 1 BORINCI 8C 868 321 <1 DE-0% H Dia
22 | 18.504813 | 45410535 | Trpinja parkiralizte ispred ducana Poljocentar BORIMNCI BC 874 326 =1.0E-0%5 H Da
23 | 18672545 | 45 485749 | Antunovac Skolska 22 BORINCI 8C B2.8 32.4 <1 0E-0% H Dia
24 | 186568596 | 45451037 | Ermestinovo kod vrtica BORINCI 8C 84.4 323 <1 DE-0% H Dia
25 | 18.706181 | 45.373535 | Markusica ispred crkve BORINCI 8C 082 323 <1 DE-0% H Dia
26 | 18793580 | 45369354 | Tordinci ispred poste BORIMNCI 8C B5.2 325 <1 0E-0% H Dia
27 | 18.233396 | 45331426 | Mustar Seljacka sloga, Krizni put 18 BORINCI 8C 922 318 <1.0E-0% H Dia
28 | 18523806 | 45337888 | Bopdanowvci kod crkve BORIMNCI BC 877 323 <1 .0E-0% H Dia
25 | 188005591 | 45289205 | Vinkowci parkiraliste VSC {Vinkovci Shoping Capitol) BORIMCI BC = L) 321 =1 DE-0% H Dia
30 | 18.738369 | 45.224366 | Andrijasevci kod pekare cibalija BORIMNCI 8C 925 323 <1 0E-0% H Dia
31 | 18694342 | 45190101 | Cema kod groblja BORINCI 8C 795 324 <1 DE-0% H Dia
32 | 18.757538 | 45.042038 | Bodnjaci Viadimira Mazora 4 BORINCI 8C 714 32.0 <1.0E-0% H Dia
33 | 18824381 | 44 887177 | Gunja ispred Picerije Lamm BORINCI 8C 577 259.0 <1 DE-0% H Dia
34 | 18516545 | 44 5921782 | Drenovci ulica Franje Hanamana 33 BORIMNCI 8C L8656 301 =1 0E-0%5 H Da
35 | 185242590 | 44 974718 | Vrban)a autocbusna stanica kod skretanja za Socljans BORIMCI BC 622 317 =1 DE-D% H Dia
36 | 1B 6974598 | 45.073260 iupanja kod Lidla BORIMNCI 8C 7189 321 <1 0E-0% H Dia
37 | 18.641643 | 45.097080 | Stitar autobusna stanica ispred trgovina Patricar BORIMCI BC 677 32.0 <1 .0E-0% H Dia
38 | 18.711810 | 45147523 | Gradiste Brace Radica 40a, veterinarska stanica BORIMCI BC 773 320 =1 DE-0% H Dia
359 | 18725364 | 45 317368 | Jarmina kod crkve BORIMNCI 8C 1048 321 <1 0E-0% H Dia
40 | 18.66552% | 45.282272 | lvankovo pocetak Kolodvorske ulice BORIMCI &C g6l 321 =1 0E-DZ H Dia
41 | 18611191 | 45275746 | Vodinci autcbusna stanica u sredini mjesta BORIMNCI BC BS.7 321 =1.0E-0%5 H Da
42 | 18545627 | 45.28305% | Stari Mikanovci Matije Gupca 101 BORIMNCI 8C 754 318 <1 0E-0% H Dia
43 | 18.546622 | 45365817 | Semeljci autcbusna stanica na izlazno) cesti prema Osijeku BORIMNCI 8C Q0.1 317 =1 0E-0%5 H Da
44 | 18.613548 | 45397496 | Sodolovei autobusna stanica ispred kf br 51 BORIMNCI 8C 86.2 321 =1 0E-0%5 H Da
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Impulse response — SFN check up
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Measurements — ,,all OK” example

General

B view = S/N 105365, FW3.54

Ch: 19 9C RF 206.352000 MHz T-DMB/DAB

*Att 5dB
ExpLvl 64.50 dBuvV
Level 64.9 dB HV
Ensemble: 01V Croatia DABA Date & Time(UTC):11.12.2023, 08:40:53
Pass Limit < Results < Limit Unit

Level 47.0 117.0 [dBuV
Sideband Normal
Transmission Mode de I, 1536 carriers
Carrier Freq Offset -30000.0 0.5 30000.0 [Hz
Bit Rate Offset -20.0 20.0 | ppm
MER/EVM (rms) 240, 309  -m—-- dB
MER/EVM (peak) 10.0 186 = --—--- dB
BER before Viterbi 0.0e-8{743/1K00) 1.0e-2
FIB Errors 0 1]|/s
Subchannel parameters (SubChld ---, Type ---)
BER before RS Not applicable 2.0e-4

<pp| Packet Error Ratio Not applicable 1.0e-8
Packet Errors Not applicable 1]|/s
MPEG Ts Bitrate Not applicable kbit/s

Lvl 64.9dBuV | BER 0.0e-8 | MER 30.9dB DEMOD FIC

Date: 11.DEC.2023 09:54:38

Digital signals and
networks
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IEEENEEier! | S/N105365,FW3.54

MER over channel

Ch: 19 9C RF 206.352000 MHz T-DMB/DAB

*Att 5dB
ExpLvl 64.50 dBuvV

1Av
Clrw

45 dB

40 dB

35dB

(Mt et gt 4

30 dB—

'RMS 30.

Mgl e

25 dB

20 dB

15 dB

10 dB

-768

Carrier

Lvl 64.9dBuV | BER 0.0e-8 | MER 30.8dB DEMOD

FIC

768

Date:

11.DEC.2023

09:54:44

Channel Impulse Response

IR 1 | s/N105365,FW3.54

Ch: 19 9C RF 206.352000 MHz T-DMB/DAB

*Att 5dB

ExpLvl 64.50 dBuvV

-10 dB

-20 dB

-30 dB

EchoDetectionThreshold -31.467

-40 dB

Start -250.0 ps

50.0 ps/

Stop 250.0 ps

Peak Values

Rank Level/dB Time/pus Level/dB Time/ys
1 0.0 0.000 |6 -44.5 -35.669
2 -43.1 875.005 |7 -44.8 31.175
AL3 -43.9 745.174 |8 -46.4 -96.018
4 -43.9 5.542 |9 -47.1 810.846
5 -44.3 740.037 |10 ——— ———
Lvl 65.0dBuV | BER 0.0e-8 | MER 30.8dB DEMOD FIC

Date:

11.DEC.2023

09:54:49




Measurements — out of guard interval example

General

B view = S/N 105365, FW3.54

Ch: 28 11D RF 222.064000 MHz T-DMB/DAB

*Att 0 dB
ExpLvl 59.50 dBuv

Level ) £« ;w;:«?f
Ensemble: 01V Croatia DABA Date & Time(UTC):22.06.2023, 09:34:55
Fail Limit < Results < Limit Unit
Level 33.0 52.1 117.0 [dBupV
Sideband Normal
Transmission Mode Mode I, 1536 carriers
Carrier Freq Offset -30000.0 52.4 30000.0 |Hz
Bit Rate Offset -20.0 0.1 20.0 | ppm
MER/EVM (rms) 24.0 | * 132 ----- dB
MER/EVM (peak) 10.0|* 37 - dB
oLim BER before Viterbi * 1.2e-2(10/10) 1.0e-2
FIB Errors 1|/s
Subchannel parameters (SubChld ---, Type ---)
BER before RS Not applicable 2.0e-4
cpp| Packet Error Ratio Not applicable 1.0e-8
Packet Errors Not applicable 1]/s
MPEG Ts Bitrate Not applicable kbit/s
Lvl 52.1dBuV | BER 1.2e-2 | MER 13.2dB DEMOD FIC

MER over channel

IEEENEEier! | S/N105365,FW3.54

Ch: 28 11D RF 222.064000 MHz T-DMB/DAB

*Att 0 dB
ExpLvl 59.50 dBuvV

1AV 1 45 4B

Clrw
40 dB

35dB

30 dB

25 dB

Channel Impulse Response

IR 1 | S/N105365,FW3.54

Ch: 28 11D RF 222.064000 MHz T-DMB/DAB

*Att 0 dB
ExpLvl 59.50 dBuv

-10 dB

-20 dB

w
(@]
O

an

el 1B

Guard ¢
]

Date:

29.JUN.2023

“=mma Ol

11:38:52
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OLim

AN R
i

0|dB

RMS 13.228 dB
0P g™y

=1

-768
Lvl 52.1dBuV | BER 1.2e-2 | MER 13.3dB DEMOD

Carrier

FIC

768

Date:

29.JUN.2023

11:38:59

Start -70.0 pys 50.0 pus/ Stop 430.0 us
OLim Peak Values

Rank Level/dB Time/us Level/dB Time/us

1 0.0 0.000 |6 -19.9 17.425

2 -8.2 23.583 |7 -22.9 14.953
pal3 -10.8 131.006 |8 -25.0 26.087

4 -13.2 367.614 |9 -27.8 11.493

5 -15.5 220.945 |10 -28.0 13.272
Lvl 51.9dBuV | BER 7.0e-3 | MER 13.7dB DEMOD FIC

Date:

29.JUN.2023

11:39:41




Measurements — zero dB echo example

B view = S/N 105365, FW3.51

Ch: 19 9C RF 206.352000 MHz T-DMB/DAB

*Att 0 dB
ExpLvl 59.50 dBuv

OLim

Level Ij I;H[ 3‘;‘?;
Ensemble: OIV Croatia DABA Date & Time(UTC):20.02.2023, 09:07:17
Fail Limit < Results < Limit Unit

Level 47.0 55. 117.0 [dBupV
Sideband Normal
Transmission Mode ., 1536 carriers
Carrier Freq Offset -30000.0 30000.0 |Hz
Bit Rate Offset -20.0 ).3 20.0 | ppm
MER/EVM (rms) 24.0 I dB
MER/EVM (peak) 10.0|* 67] = - dB
BER before Viterbi 4{10/10) 1.0e-2
FIB Errors 1|/s
Subchannel parameters (SubChld ---, Type ---)
BER before RS Not applicable 2.0e-4

cpp| Packet Error Ratio Not applicable 1.0e-8
Packet Errors Not applicable 1]/s
MPEG Ts Bitrate Not applicable kbit/s

Lvl 55.9dBuV | BER 7.8e-4 | MER 29.1dB DEMO FIC

Gene

ral

Date:

20.FEB.2023

“=mma Ol

10:09:42

Digital signals and
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MER over channel

Ch: 19 9C RF 206.352000 MHz T-DMB/DAB

*Att 0 dB
ExpLvl 59.50 dBuv

05365, FW 3.51

1AV 1 45 4B

Clrw

40 dB

F ]
I - 'IIIIIIIIIIIIIIIIIII'.IIIIIIIIIIII-IIIIIIIII YT

RMS 29.287 dB R LR 1

W v |

il

25 dB

20 dB

OLim

15 dB

10 dB

-768 Carrier
Lvl 55.9dBuV | BER 8.4e-4 | MER 29.2dB DEMOD

Date: 20.FEB.2023 10:09:49

Channel Impulse Response

I 1 | S/N105365,FW3.51

Ch: 19 9C RF 206.352000 MHz T-DMB/DAB

*Att 0 dB
ExpLvl 59.50 dBuv

-10 dB
-20 dB
305 H—EchoDetectionThreshold -29.951

-40 dB

]
Start -250.0 ps 50.0 pus/ Stop 250.0 us
OLim Peak Values
Rank Level/dB Time/us Level/dB Time/us
1 0.0 0.000 |6 -31.8 10.829
2 -4.7 159.199 |7 -32.0 162.018
AL3 -28.3 13.866 |8 -34.4 5.741
4 -29.6 221.054 |9 -36.4 2.894
5 -31.2 163.785 |10 -36.5 8.683
Lvl 55.9dBuV | BER 7.2e-4 | MER 29.1dB DEMOD FIC

Date: 20.FEB.2023 10:10:24



Mobile measurements

= DAB+ mobile measurements with R&S ETL
analyzer and R&S BC Drive software

" Whip antenna on car rooftop
=  GPS position for every point
" Export data to delimited text file

"  GIS software for analysis

(Whtentka Oraga

y Legend:
Electric field strength

® <43dBuV/m
® 43-66dBuV/m

® >66dBuV/m

e O I Digital signals and
N B networks



Correlation

“=mma Ol

Software coverage prediction vs
measurements

Coverage calculation - ATDI HTZ
Communication software

Measurements import to ATDI

Fixed points example:
92.68% < 6 dB, average error -1.83 dB

Highway mobile measurements
example:

94.16% < 6 dB, average error 0.22 dB

Digital signals and
networks

. Correlation

50.0 Freq. (MHz) 206,35 % <6dB| 92,63 Std dev. (dB) | 3.48

Av. err. (dB)

-1.83

Correl factor

294.0

Measure

Close

88.0

Prediction

85.0

Delta (dB)

3.0

Distance (m)

20138.7

0.93

dist max: 32915 m

SEVE...

Raw
@ Best™
I:::l apot

I:::I Average™®

* pixels around

Coverage prediction vs fixed point measurements correlation

. Correlation

"' “JM | W " 't

\ A f " ! ll" ]
b ’Mi';\ “J W W lJn ‘
!

|
G

|J. L‘

L h[

H.1| i IF'"H

IRk |'

il ﬂ
Std dev. (dB) | 2.99

4.0 Freq. (MHz)

206,35 % <6dE| 94,16

Av. err. (dB)

0.22

Correl factor

0.51

Measure
.0

Prediction
ar7.0
—
Delta (dB)
1.0

Distance (m)
42596.6

dist max: 42759 m

Close

* pixels around

Save...

Raw
@ Best™
l:::l Spot

l::l Average™

Coverage prediction vs mo

nile measurements correlation




Checking the radiation diagram of the antenna system

= Renewal of the antenna system El.ficd streRgth

measur. vs prediction

= Part of the SAT procedure . >6dp

¢ -6dB-+6dB

= Measurements before and after the ° <6dB
antenna system replacement

" Mobile measurement vs prediction
with new antenna pattern

= QIS software for space analysis —
problem found

" [ntervention in the antenna system —
improvement of pattern in
problematic segment

e O I Digital signals and
N B networks



Checking the radiation diagram of the antenna system

" Renewal of the antenna system
" Part of the SAT procedure

= Measurements before and after the
antenna system replacement

" Mobile measurement vs prediction
with new antenna pattern

" QIS software for space analysis —
problem found

" |ntervention in the antenna system —
improvement of pattern in
problematic segment
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Checking the radiation diagram of the antenna system

= Renewal of the antenna system El.ficd streRgth

measur. vs prediction

= Part of the SAT procedure . >6dp

¢ -6dB-+6dB

= Measurements before and after the ° <6dB
antenna system replacement

" Mobile measurement vs prediction
with new antenna pattern

= QIS software for space analysis —
problem found

" [ntervention in the antenna system —
improvement of pattern in
problematic segment
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Checking the frequency spectrum

Checking the network channels for
interferences, both UHF (DVB-T2) and VHF (FM
and DAB+)

The campaign takes place once a year in
summertime, on the Adriatic coast

DVB-T2 and DAB+ spectrum is interference-free

FM spectrum affected by interference

OIV reports problems to our regulator

dab

Digital signals and

“smma Ol
R B networks



Portable mesurement devices

" Not a reference measurement receivers,
out handy for quick check ups

" RF measurements, additionally decoding
of audio and data services

1|l OBSERVA Field Monitor - (] X |l OBSERVA Field Monitor - O >

i H 27. veljale 2024. i H 27. veljace 2024.
D1l e e OBSERVA Field Monitor Zul jEAcTm OBSERVA Field Monitor s
= Input Playout 1 Volume ield Strength  81.82 dBpv/m  |{IIRNNNENERRTORDARRTRERERNERIRINENILNIN GPS Status @ Input F: Playout Volume ~  Field Strength 81.96 dBpV/m TN mmnm cprs status
- Ensemble CA roatia DAB+  Analysed Broj 1 E—— | 0.00E-+000 | Ensemble CA02 OIV Croatia DAB+  Analysed Broj 1 —_1 BER 0.00E+000 |

Refresh rate Every 96MmS  [Jrmm— Start MER Calibration [ Service label HRT DAB-HR1 : ] Service label HRT DAB-HR2
Format DAB+ 2 | ] Format DAB+
Phase Reference Symbol 7 Channel Impulse Response Audio mode Stereo SBR Audio mode Stereo SBR
Bit-rate 96 kbps R, i Bit-rate 96 kbps
Sample-rate 48 kHz Sample-rate 48 kHz
PRVI PROGRAM - HRVATSKI RADIO i YAZZ - THE ONLY WAY IS UP

Service label RADIO MACIONAL - | Service label EXTRA

Format DAB+ R: | i [l Format DAB+

Audio mode Stereo NACIONA | ||| Audio mode Stereo

Bit-rate 96 kbps 0 10 0 || Bit-rate 96 kbps
Sample-rate 48 kHz Sample-rate 48 kHz
MANESKIN - THE LONELIEST Nisam andeo - Marija Serifovié

A b b et e PN AL B P APIIG i SR I I P AAFN A I

rvice label Happy : I lil!lllaul!liil“ﬁi | ce label CMC Radio : ] Ia!lll!ill!lll!q
ﬁuu Do il

Format DAB+ 1IN Format DAB+ LT
10 Audio mode Stereo Audio mode Stereo
3

eripn! W M‘Wﬁl’vﬁW‘Yv“WWf'ﬁ'“*{Tﬂ”““‘*‘ﬁ""‘if‘rw**rwu*i‘u == i L el i et

N e - 5- Mene Grije - Baruni LJUBAVNICI - NISTA NIJE SLUCAINO

ervice label HRT DAB-HRKlasik L J1F] Service label Broj 1 L
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Other tests

Indoor coverage:
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around 50 measurements in front/inside
the buildings
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average difference, the so-called "building
penetration loss": 16.9 dB
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Conclusion

= Network quality - prerequisite for the promotion = Reliable radio service - important in crisis
and success of digital radio

= QoS is important to clients — broadcasters and " OIV-always taking care about quality

listeners
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Conclusion

= Network quality - prerequisite for the promotion = Reliable radio service - important in crisis
and success of digital radio

" Fjeld tests and measurements are important because
you never know who is listening ©

" QoS isimportant to clients — broadcasters and
listeners
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