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1 4T2 Content-Analyser Application

This is the application to perform MPEG Transport Stream Content related measurements.

Please refer to the 4T2 Content-Analyser Software Manual for information on this application.

2 4T2 RF-Analyser Application

This is the application to perform RF COFDM related measurements.
In monitoring applications, the analyser is operating in unattended mode. In this mode, the user is

not required to (and must not) change input parameters, such as receiving udp address and port,
or to alter the measurement setup, like ignore priority-n errors, for instance.

3 StartUp 4T2 application

A click on the Startup 4T2 symbol in the system tray of the task bar allows the measurement
applications to be started directly.

You can also determine here (under Startup...) which application to start automatically with the
start of the instrument.

Depending on the installed options, the display may differ from the picture below:

+ Hide
& Help 3
@ Startup...

) Exit

Q AL DVB-T 4T2 Webserver
o é Map Maker

.

& DVB-T 4T2 Analyser

Illustration 1: StartUp 4T2
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4 Screen Features

All measurement results, as well as the main device settings are displayed on the application

screen.

The 4T2 strictly follows this ‘at a glance’ philosophy.

Settings, the Analysis Menu, Utilities, and general measurement parameters can always be
found at the same location on the screen, at the top, the bottom, and the right hand part of the

application area.
The central part of the screen only changes depending on the type of analysis chosen.

[ 4T2 DVBT Portable Test Set - Simulation Mode - =

Channel Frequency [MHz] BW [MHz] A ion [dB]Signal Input SAW [MHz] MPEG Source | Site Info, 5% 3.0.62.405 - 4.9.0.46 Date / Time
@ [z2 «| [4s0000000 ~| [z« ﬂ o = | aeial  w||aute =] | |intemalHP =] | | 11/3/2007 212,28 PM
Qusl I 0 vs Carrier } |vs Carrier I MERvs Carrier] EVivs Carrier] Simulation

Carriers

Start: |0
Stap : (5516

todulation E

Fror Rates |

Head
Centre Gap: |0 - S
I0 Boundaries : [Farced + B Specrum [
Symbols I Impulse
No.:|4— i Fesponse B
LCoverage
Syrnbols (0-67): | Al = - ~
2 CCOF Y
Advanced 2 =~
Pracision Mode [~ 5 I P
recision Mode 'E Group Delay
=]
esullsy - MPEG Yiden
0 dropped of 27265 S
dropratio 0.0% E
MER [dB] - i
EvM [%] - B Map taker
CaI[3] - -
SNR [dB] -
CS [dE] - -
Fd [rms] -
FJ [deg] - ~
I I
Al[%] - In
_ phase
QE [de
e ZNEY
STEM - - - -
STED = Clear/Stant Stop Boundaries... | Colouring... Zoom.. Top Axis...
RF <User def > _*|| OFDM Parameters - <waiting> || Acquisition <waiting. |
Lewel ‘| Frequency leset| Fieference FFT | Maodulation Guard | Code Rate | Alpha | Spectum MetBit Rate Y Sync “ BER b, | BER &V, | FER
-5 -72612 Hz locked 8K 16 QAM 14 HP: 2/3 LR none narmal locked 222E-3 7.B4E-B Mone
Illustration 2: 4T2 RF-Analyser Application Screen
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4.1 Common Screen Features

Muz DVB-T Portable Test Set - Simulation Mode - —|= x|

Channel Frequency [MHz] BW [MHz] A ion [dB] 7 Signal Input SAW [MHz]; MPEG Source | Site info. S'w 3.0.95.460 - 5.0.3.63 Date / Time y
(@ [sa =] [rreomonn ~] [s jw # o A -‘ﬁaenal I j% intemal HP = —‘ﬁ ’7 23.10.200813:14:20

Illustration 3: Preset section at the upper part of the RF-analyser application-screen

The Preset Bar section at the upper part of the application-screen holds general-purpose pre-
settings and controls valid for all 4T2 analysis menues. It contains selections for
channel/frequency, RF-input source, MPEG input source, etc.

The Status Bar at the bottom part of the application screen is divided into three groups of
parameters:

RF @50 [ Attn=28dB ) _*|| OFDM Parameters [ Cell-ID 0x002A ) unused || Acquisition @
Level 1 Frequency Offset | Reference || FFT | M odulatian | Guard | Code Fiate | Alpha | Spectum | Net Bit Fiate Spnc 1 BEF b\, | BEFR a. | PER
| 03dem | BlHe | ocked [[a | samaM [ 132 HR[ 78 (P - [ rone | nomal [31868443Mb/s | locked | DDDED | DOGEWD | none

Illustration 4: Status bar of the RF-analyser application-screen with zoom function

e The ‘RF’ group on the bottom-left part of the application-screen displays general RF
signal information, such as received Signal Level, Frequency Offset and Reference Status.

e The ‘OFDM Parameters' group (Orthogonal Frequency Division Multiplex) in the bottom-
center part of the application screen provides information on the modulation parameters,
such as Cell-ID, FFT length (2k, 4k, or 8k), Modulation type (QPSK, 16QAM or 64QAM),
Guard Interval factor, Code Rates (HP, or LP), Spectrum orientation (normal or reverse)
and the net data transmission rate in Mbit/s

e The 'Acquisition’ group in the bottom-right part of the application-screen informs about
the locking status of the receiver, as well as current bit error rates before and after
Viterbi plus the resulting MPEG packet errors. Clicking on the Sync-bar opens a popup-
menu to allow for re-synchronisation of the receiver front-end.

In severe reception conditions, the re-synchronisation can be set to Auto. Please note
that the continous re-synchronisation may result in a periodic interruption of the
measurement, as well as the video, or streaming displays.

In normal operation, the re-synchronisation shall not be selected.

Clicking on the headlines causes the corresponding groups to be zoomed to full status-bar-width
for better visibility of the measurement results. Clicking again toggles back to the standard
display. The magnifying glass symbol indicates this available zoom function.

A blue triangle in the upper right corner of a parameter field indicates further parameter options.
Clicking there results in corresponding popup-menues to open.

RF @50 O [ Atin=28dB ) @
Lewvel 1 Freguency Offzet | Reference
0.3dBm | B4 Hz | locked
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http://PRESETS.HTM/
../Local%20Disk/Users/frank/work/weekend/tbl_acqs.HTM
../Local%20Disk/Users/frank/work/weekend/tbl_ofdm.HTM
../Local%20Disk/Users/frank/work/weekend/tbl_rfsg.HTM
http://PRESETS.HTM/

4.2 Analysis Menu

Depending on which options have been ordered for your 4T2, some of the menu buttons described
below may not be active.

Analysis

The Modulation screen allows Q versus | (constellation), Basic
) Q versus Carrier, | versus Carrier, MER versus Carrier, and EVM
Modulation . versus Carrier measurements.
The Error Rates screen displays bar graph presentations of Basic
Error Rates E Bit Error Rates over various time intervals.

Headroom @ The Headroom screen allows analysing the Carrier to Noise Basic
== (C/N) performance of the received OFDM signal by simulating a
gradually decreasing signal-to-noise (S/N) performance.
Spectrum g

The Spectrum screen provides measurement possibilities of Basic in

a spectrum Analyser tailored to DVB applications. portable
from 2007
onwards
Impulse The Impulse Response screen checks the presence and Basic in
Fl_espclnse E shape of echoes in the received DVB signal. This is most useful portable
to measure the properties of Single Frequency Networks. from 2(?07
onwards

The Coverage option holds both table-based and map-based Optional
tools for performing and analysing GPS-based mobile coverage
measurements of up to three RF-channels.

The CCDF measurement function gives information about the Basic
CCDF E linearity of the received signal by evaluating the complementary
cumulative distribution function. The CREST factor as a single
figure of merit is displayed.

i i Basic
‘ Biion Bl ! The Group Delay option allows carrying out measurements

of the transit time of a signal through a DUT versus frequency.

The MPEG Video screen allows for monitoring of video and Basic in

‘ a — until 2007

audio of the selected channel. systems
The Streamer screen allows for forwarding of the entire Basicin
#.7 | transport stream content to external decoders, or analysers. systems
slzamer G from 2007
onwards
Utilities . Utilities provides single-click features for file and screen

: control operations.
BRER
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5 Settings and Controls

The 4T2 has been designed with a special focus on easy operability. You will find that not only is
the menu structure easy to understand, but also are all the basic pre-settings and control
elements displayed at the same position on the application-screen (i.e. on the top and on the
bottom of the screen, the Settings-Bar, and the Status-Bar) no matter which type of analysis you
decide to perform.

All settings are saved automatically when leaving the 4T2 RF-analyser application, to be restored
when launching the next session (”last state“).

5.1 Settings-Bar

The Channel drop-down list works as a channel selector and is based in
@ = terms of channel data on the underlying channel table.

—Carr| 32

[ & CrannelTables The ChannelTables button to the left (with the book-symbol) opens
the channel table selection dialogue.

MName = |
B Channels Africa.csv

B Channels America, csv

B Channels Australia.csv

The channel table determines which set of channels, including channel
number, centre frequency, and channel bandwidth is used by the RF-

B channels Australia_with offs... analyser application-

B Channels China.csv On selecting a channel, the corresponding frequency and bandwidth are
B Channels DENG Australia, csv set according to the selected region.

Igchannels EasternEurope.csv

B channels Europe. csv The channel tables are of comma separated values file-type. They are
B channels France csv located at c:\program files\ABC\4T2\ChannelTables, and are freely
By Channels FranceOverseas.csv editable and can therefore be adapted to any local requirements.

B channels Ireland. csv

B Channels Ttaly.csv e s -
B] Channels Japan.csv For example, it is easy and recommended to produce a table containing

k] channels NewZealand. csv only the channels used at your destination, making frequency selection
q simpler.

Dateiname: Channels Europe csv

Dateityp: IASCII (".cov” )
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Frequency [MHz]
= =

5586.000000
578.000000
1570.000000
1562000000
554.000000
1546.000000
532.000000
1530.000000
522.000000

‘Ehltenualmn [dB}

“Signal Input

I aerlal I

SAW [MHz]

Iautl:u I

‘MPEG Source-
I intermal HF = I
‘internal HF

external
ititernal LP

The Frequency drop-down list displays the centre frequency for the
channel selection made from the Channel drop-down list.

The Frequency drop-down list also allows typing the required input
frequency directly.

Please note that setting the frequency to a value different from the one
stored in the channel table file, causes the Channel display to go blank in
order to indicate that a non-standard setting has been selected.

The 4T2 supports frequency entry in 1 Hz resolution.

The BW [MHz] drop-down list displays the standard bandwidth for the
selected channel, as specified in the underlying frequency table.

Please note that setting the bandwidth of the receiver's input filter to a
value different from the one stored in the channel table file, causes the
Channel display to go blank in order indicate that a non-standard setting
has been selected.

The Attenuation [dB] drop-down list enables you to set the input
attenuator of the receiver in order to attenuate strong input signal levzels
or temporarily simulate lower field strengths.

The Auto Attn button to the left (with the Question-Mark and Scale
symbols) activates the receiver's input AGC and optimises the input
attenuation for best performance. It should be pressed once after tuning
the receiver or changing the analysis menue.

The Signal Input drop-down list selects between:
- aerial for antenna and field measurements,

« wideband for non-selective high performance transmitter
measurements (demodulator input).

The 4T2 is equipped with a 2-channel diversity receiver. For diversity
operation,the two receiving antennas are connected to the aerial and the
wideband input simultaneously. If only one antenna is in use, it has to be
connected to the aerial input.

The SAW drop-down list selects the surface acoustic wave filter setting
in the aerial input:
e automatically following the the selected bandwidth or
¢ 8MHz, or
e 7 MHz

The MPEG Source drop-down list selects the source of the built-in
MPEG hardware decoder, or Streamer Server:

« internal HP selects the source to the OFDM demodulator’s
internal high priority transport stream output in case of
hierarchical modulation. If hierarchical modulation is not in used,
this output always carries the transport stream data.

« external for external MPEG transport streams fed to the 4T2
ASI, or SPI input.

« internal LP selects the source of to the OFDM demodulator’s
internal low priority transport stream output in case of
hierarchical modulation.
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Siteinfo, W 3.0.95460-5.0363 -  The Site Info text box can be used to enter a brief textual description
{ of the measurement site. Please note that text entered in this field will
be added to the file names in case of bit error and receiver headroom

recordings.
The header also contains the firmware release number. Clicking on Site

Info toggles between software release, device serial number, and IP-

address.
Date /7 Time——— The Date/Time info field displays standard date and time
s information.
’7 02.12.2005 16:46:24 The values are based on the internal PC clock

5.2 Status-Bar

The Status-Bar at the bottom of the application-screen displays RF-signal measurement results,
OFDM parameters, and acquisition parameters, as described below.

A zoom function is included for better visibility of the results. To activate the zoom function, click
the headlines.

RF @50 O [ Attn=284dE ) ,*|| OFDM Parameters [ CelID 0x002A ] unused e || Acquisition A
Level 1 Frequency Qffset | Reference || FFT | Modulation | Guard | Code Rate | Alpha | Spectrum | MNet Bit Rate 1 Spnc 1 BER b | BER al. | PER
[D3dm | #4He | loked [[8¢ [ e40aM 132 HR[ 78 LR[ - [none | noml [3186B443Mbs | locked [ DD0E-D | 0OBED | none

Illustration 5: Status Bar

5.2.1 RF-Signal

RF @50 O [ Attn=28dE ) @
Lewvel 1 Freguency Offzet | Reference
| 03dBm | 54 Hz | locked

The RF-Signal group displays general RF-signal information.

Level j The Level field displays the instrument input level.

,m Clicking on the Level bar opens a dialogue for level conversion functions
(please see below).

The Frequency Offset field provides a readout of the difference
between the incoming DVB signal frequency and the internally generated
reference according to the currently selected channel. The accuracy of the
readout can be improved by applying an external 10 MHz reference.

Frequency Offset

B4 Hz

|

Please take into account that the 4T2 needs a warm-up phase of about 10
min before reliable offset readouts are possible.

The Reference field shows the lock status of the 4T2 receiver's input
stages related to the internal reference source. For increased accuracy, a
10 MHz source can be fed to the 10 MHz reference input (via BNC
connector).

The 4T2 automatically aligns its internal clock to a connected external

Reference

locked

i
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reference source.
The status of external reference applied is displayed

5.2.2 OFDM Parameters

OFDM Parameters [ Cell-1D 0x0024 ] unused ,.'"-l
FFT I fodulation I Guard I Code Rate I Alpha I Spectrum I ket Bit R ate 1
LBk | B4@AM | 1/32 MR 78 LR | - | none | romal | 31.668443 Mb/s

The OFDM Parameters group provides readouts for the Orthogonal Frequency Division Multiplex
modulation properties of the signal. In Germany, common DVB-T COFDM parameter settings are:
16 QAM, Code Rate 2/3, Guard Interval 1/4 in 8 MHz UHF channels
16 QAM, Code Rate 3/4, Guard Interval 1/4 in 7 MHz VHF channels

In case of valid Cell ID reception the cell identification is displayed in the header:

| OFDM Parameters [ Cell-1ID Ox00245 )

The Cell-ID is used for identifying single frequency network cells. In DVB-T, the transmission of the
Cell-ID is optional, whereas its use is mandatory in DVB-H.

| The FFT (Fast Fourier Transformation) field indicates the FFT length used for
K the currently selected channel in OFDM multi-carrier operation.
The FFT length can be either 2k, 4k, or 8k.
* The 2k mode employs 1705 separate carriers (of which 1512 carriers
contain MPEG data); the 2k mode is optimised for fast mobile reception.
*  The 4k mode is used exclusively in DVB-H networks.
* The 8k mode uses 6817 carriers (6048 carriers containing MPEG data);
the 8k mode is optimised for Single Frequency Networks with the
possibility of higher transmitter distances.

Miodulation The Modulation field displays the type of modulation used in the currently
B selected channel. In general, every carrier is modulated by a modulation symbol.
BATAM Two different types of modulation can be used for the OFDM signal: Quadrature
Phase Shift Keying (QPSK), or Quadrature Amplitude Modulation (QAM).
The following three modulation types can appear in this field:
*  QPSK, 4 positions, conveying 2 data bits per carrier or
*  16QAM, 16 positions, conveying 4 data bits per carrier or
*  64QAM, 64 positions, conveying 6 data bits per carrier
M The Guard interval factor describes the ratio of the guard interval length to
the duration of the symbol part length. The duration of the symbol part in 8 MHz
channels is
e 896 ps for 8K mode,
* 448 ps for 4k mode,
e 224 ps for 2K mode.
The following guard interval factors are being used in the DVB-T transmission
system: 1/4, 1/8, 1/16, or 1/32.
Example: A guard interval factor of 1/16 results in
e Tg=1/16 * 896 ps = 56 ps (for 8K mode), respectively
e Tg=1/16 * 224 ps = 14 ps (for 2K mode).

1432

Cnde Fate The Code Rate field displays the code rate of inner error correction used in
HP:[ 78 LR | - the currently selected channel. The code rate is defined as the ratio of the

number of usable symbols to the total number of symbols. The following code
rates are specified in the DVB-T system:

1/2,2/3, 3/4, 5/6, or 7/8.

Lower code rates (e.g. 1/2) offer higher transmission robustness, while
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resulting in lower usable data rates.

gk The Alpha field displays the alpha factor for hierarchical modulation, which is
W used as a measure for the ratio of the distance between two neighbouring

constellation points of two quadrants to the distance between two neighbouring
constellation points within one quadrant.

The alpha factor can either be:

none (1) = non-hierarchical, 2, or 4 = hierarchical.

—— The Spectrum field indicates the orientation of the analysed spectrum. The
roma spectrum orientation can be either normal or reverse.
MetBitRate The Net Bit Rate displays the calculated MPEG-TS data payload rate
——————— according to the received OFDM Parameters. The Net Bit Rate depends on the
31.568443 Mb/s modulation scheme, the guard interval ratio, the code rate ratio and the channel

bandwidth. The results are displayed in Megabits per second.

Clicking the Net Bit Rate field opens a pop-up menu to change the display
to Net Bit Offset, Bandwidth or Bandwidth Offset.

‘ Net Bit Offset 1 The Net Bit Offset display shows the rate difference between calculated
Net Bit Rate as above and the actual bit rate measured by the 4T2 DVB-T Test
| D.0b/s Set. Positive values indicate that the incoming MPEG-TS data rate is higher (too

high) than the one specified in the standard for the selected modulation scheme.
Negative values indicate a lower (too low) data rate.
The results are displayed in bits per second.

Bandwidth ¥ The Bandwidth display shows the calculated bandwidth according to the
e received OFDM parameters. The bandwidth depends on the channel bandwidth
B.657.226.6 Hz and the FFT length. The results are displayed in Hertz.

Bwidth Dffset 1 The Bandwidth Offset display shows the difference between calculated
bandwidth as above and the actual bandwidth measured by the 4T2 DVB-T Test
0.0Hz Set. Positive values indicate that the incoming OFDM bandwidth is higher (too
— - high) than the one specified in the standard for the selected FFT length and
channel bandwidth. Negative values indicate a lower (too low) bandwidth. The

results are displayed in Hertz.
Please take into account that the 4T2 needs a warm-up phase of at least 10 min
before reliable offset readouts are possible, see remark at Frequency Offset

above.
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5.2.3 Acquisition

Acquisition &
Spne Y BERbV. | BERaV. | PER
| locked | D.O0E+D | D.00E+D | none

The Acquisition group at the right bottom of the screen displays the most important properties
of the received OFDM signal.

S ] The Sync field indicates the current status of synchronisation of
,W ;?eeld(.)FDM receiver. The following status can be displayed in this
Display OFDM FEC (Forward Error Correction)
locked locked locked
bad lock locked unlocked
unlocked unlocked unlocked
Display source Situation
serlocked Single Single-ended Receiver Reception
ended
receiver
mrclocked Maximum Diversity Reception
ratio
combined
| SYUC  One-time md:mnisaﬁon ' ! Cllckmg the Sync bar opens the Sync pop-up window:
lock:  Automatic continous resynchronisation One-time synchronisation forces the 4T2 to re-sync.
Demadulation Presettings... * Clicking on Automatic continuous resynchronisation

activates the 4T2 Auto-Sync mode. In this mode the 4T2
resets automatically every second. It can be used to avoid
receiver lock-ups in difficult reception conditions.

12 3 34 CBE I8

Presetting Usage
% Uruzed ¢ Proposed { Forced ¢ FailSave

OFDM parameters may be put in manually but there is also the
possibility to use the “Learn” button in order to apply the values
directly from the signal.

= Warning: Since the 4T2 permanently re-syncs, Error Rate
&+ DSP « CRU | recordings and MPEG stream displays are periodically
%fT - - | interrupted. The Auto-Sync status is displayed in red,
GuadeInter | £ = therefore.

i C U C e € 1B | +  Demodulation Presettings opens the following window:
Modulation———————— Is used to select between decoding by Chipset-DSP (hardware
LT 0 | decoding) or by the internal computer CPU (software decoding).
%‘"g';;g  Apha=1C Apha=2( Alpha= | For 4k-mode (DVB-H) CPU decoding has to be used to display a
Code Riate (HF) | constellation, since the built-in DSP works only in 2k- or 8k-mode. All

|

Leam | oK el || Only 4T2 with diversity receiver installed, or 4T2-Rack from 2009
model onwards will be able to decode content in case of 4k-mode
input.

BER BV The BER b.V. field shows the Bit Error Ratio before Viterbi

’m decoder in the 4T2 receiver.
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BER &V The BER a.V. field shows the Bit Error Ratio after Viterbi

oD decoder in the 4T2 receiver.

rer | The PER field shows the presence of MPEG Packet Errors. MPEG

W errors have direct impact on the quality of the received program.
The following parameters can be displayed in this field: None, or
Error.
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5.2.4 Input level conversion

AL
Channel Frequency [MHz] BwW [MHz] ion [dB] | Signal Input SAW [MHz] MPEG Source | Site info, SW 4.0.36.604 - 6.0.24.148 Date 7 Time
) e e O O L e R s | Es e 2011-0310 11:16:55
et Qusl I Ows Carier | IvsCanisr | MER s Carisr| EVi vs Carisr | Analysis
Canicis T Y Y O moduision [
Stat: |0 Error Rates @
Stop ’W
Centre Gap: |0 - Default expressions— |~ Variables Operands
10 Boundaries m ﬂﬂﬂ Irput Level [623 " dem) o St bess ! alf 9 & Antenna Factor
Symbols i e g | fae e -
@ nofi Wm.:auwm At Factor | [][145 [deum] o N I ) e ey -
I GarFatar Gain Factar [50 [8] ET. O | - BRIl + | <la0no0000  1zeswo
Symbols (067 [N I 50575 Ohm — [T (o < | | = | »=| »ffse0000000 123200
Advanced e | om0 1220
Predision bioda - 0K | _ Cancel || [lreuiLevel-AntenneFactor )] 420000000 121200 Delete
Results

Evaluated result [-62.3 Evaluate | [0.0 dByim w| | Add| 140000000 121500
3 3 460000000 128800
= = 480.000000 13.0500

500000000 120000 Load

0 dropped of 68170
dropratio  0.0%

MER [¢lB] 285

Il 550000000 12 4500

EVM [% 35 Sontent
e H ir O conononon 132100 Save
650000000 134500
Save A
SNCFS‘ Eg} B 00000000 | 140200
/ 750000000 14,6800
P [rms] U;Itlg _ &l s00.000000 15.4400
P [deg] U""“i |osooo0000 184900
o FrT T T T T T T T T T T T T T T T T T T T T T T
Al[%] 11} Inphase E ABC.ini

QE [deg] 07 E
STEM 0.006
STED 0.002 Clear/Start Stop SW Demod... | Boundaries... | Colowing... | Zoom... ]

RF <User def.> _*|| oFDM Parameters = Used CelHD 0x0002 - Native Interleaver _*|| Acauisition - 5
[N | [ p— Dﬂsel‘ e H FFT | Modulation | ] | Cods Rale ‘ Alpha ‘ Er— ‘ Net Bit Rats ‘H oo ‘| BERbY | BER & | PER
523 B 15 iemal | 8 B40AM | 1/ HP: 34 LP| - nonme | rnomel | 24802353Mb/s | serlocked | B34 | 54763 | 250

e 4 P 720061 Portable T, | TE | G <@ 28 s

Illustratioﬁ 6: Input level converéion dialogue

The 4T2 RF-analyser application includes a comprehensive input level conversion formula editor to
perform automatic level unit, or level to field-strength conversions.
The conversion can include gain factors, antenna factors, and any other expressible formula.

The results apply to all level displays throughout the 4T2, such as the spectrum, or impulse
response analysers.

Tl pere respectively dBm, dBuV, dBpA or
x|
dl il check-box for 75 Ohm inputs is included.

Companent I-"i"-B C

,(Ar: Froquency [MH2] IFau:tu:ur Bl Iil tion (positive values), or cable losses
2340.000000 12 6600
T | 360.000000 12.3200 field. Please note that internally the 4T2
Wl 380.000000 12,2600
E: 400000000 121000 Clear tcen; ea;f‘l;?rl\% lrarlleasured values. Fields with
420.000000 121200 Delete
Tt | 440.000000 121500 =~ |entered expressions.
460000000 12,8800
TH 420 gooooo 12.0500 ttom-right of the application screen, is
al t connector and an expression (formula) for
in S00.000000 13.0000 Load...
B50.000000 13.4500
O1 | 600, 000000 132100 i pe according to the settings in level
C( E50.000000 13,4500 S ave As. h the level field.
F00.000000 14.0200 —
7R0.000000 146300
200.000000 154400
850.000000 16.4300 j
j Modified “ hIRF-AnalyserEN.odt Page 16
Cancel |

Illustration 7: Antenna Factor entry dialogue



x
rDiefault exprezsion Wariable Qperand
Wl i | A | InputLeveIl IH[dBm] IEI I c¢ Less 1 | 2 | 3 | 4 | . |
i | ouy| dBps | [ABC e 5] 8| -] (]
dBpAm | &nt. Factor | 151 [dE /rn] IU— 7 | a | | | | ] |
:idéd:in&dm GanFactor | [100 (8] 100 o| . |ee| +| o]
[~ 50 ->75 Ohm Frequency | 7780 [MHzZ] IU— ¢ | < | z | i | ' |
r Exprezsion Function
M Cancel | IInputLeveI j I j
Evaluated result I? Ewaliate | ID.D IdEm j ﬂl_l

Illustration 8: Input level conversion dialogue > extended view

For user defined level conversions, a comprehensive calculator is provided, giving a variety of
mathematical-functions. The evaluated result will be used for all further measurements.

C:\Users\4T2\Work\ABC website 2014\ABCManuals\4T2SWManualRF-AnalyserEN.odt Page 17




5.3 Utilities

The Utilities buttons are located in the bottom right corner of the screen. They are used for file

and screen control operations.

The Video key opens an MPEG video window.
The Application Setup Files opens or saves user-specified ‘last state’ files.

The Help key starts the 4T2 online help.

The About key informs about the current software version, contains copyright information
and informs about ABC and the 4T2 development team.

The System Report button creates a report file containing both system and receiver
properties. Furthermore, the System Report contains a snapshot of the current TPS
information (TPS = Transmission Parameter Signalling).

The files are stored in the 4T2\ Reports\ folder by default.

The Save Picture button creates a screen shot of the current screen. You can cut the
border of a screen shot, turn the screen shot black and white as well as print and save the
picture. File formats are “JPEG” or “Bitmap”. Default directory is the 4T2\Reports folder.

The Lock button disables the user interface to avoid accidental operation. When pressing
the Lock button the overall 4T2 status is written to the last state file.

Attention: The Lock button is also used to unlock the 4T2 after finalisation of error rate
recordings.

The Key button opens up a dialogue window which allows you to activate any of the 4T2
options that may not have been included in the initial 4T2 package when purchased.

You will be asked by the 4T2 to enter a key to complete the activation of a new 4T2 option.

Batch Report Li_hj
Channels Dizplays
| [23]490.000000kHz 8bdHz & Modulation [ vz |
[22] 482.000000MHz ShiHz Modulation G vs Carrier
[211474.000000kMHz BhdHz kaodulation | ws Carrier
[E12] 226.500000mHz FtHz kodulation MER s Carrier
[E11] 219.500000MHz ?Hz bodulation BV v Carmier
[E10] 212 500000kHz FHz Spectum
[E9] 205.500000Hz FrHz Channel Impulze Responsze
[E8] 198.500000MHz PhHz Autokorelation on Samples
[E¥]191.500000mMHz 7hdHz CCDF
[EE] 184.500000MHz PhHz Group Delay Phase
[EB]177.500000MHz PMHz | = Graup Delay Time
[E 4] B4 500000MHz FrdHz
[E3] 57 500000MHz 7rHz -
All | Some | Current | Maone | All | Some | Current | Maone |
Delay after change 05: | Measurementtimeout |op. -
Frogress 00

e
Illustration 9: /Utilities/Batch Report

Batch Report allows for automatic generation of screen-shots to fully evaluate the applied DVB
signal. The screen-shots are stored in sub-folders according the channel names.
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6 Measurement Functions

The 4T2 DVB-T Test Set works as an off-air receiver with a low-noise tuner input and a high-
performance wideband down converter input.

Following the EN 300744 standard, the 4T2 provides evaluation and monitoring of all stages of the
digital TV signal, from transmitter to reception in the field.

The system performs real-time measurements of the OFDM modulation parameters as well as input
level and frequency offset evaluation. All measurements are performed without the need for any
external devices.

/™3 4T2 DVE-T Portable Test Set - Simulation Mode - =)

Channel Frequency [MHz] BW [MHz] A ion [dB] | Signal Input 5AW [MHz] MPEG Source | Site info, 5% 3.0.105.514 - 5.0.15.95 Date / Time

[z =] [momoor <] & ]| 2 [0 < feeid  <[fawe || [remd P <] | 4/27/2010 5:18:08 &M

Qwsl } Qs Carrier } Ivs Carrier ] MER ws Carrier] Evh vs Carrier} Simulation

Modulation
Carriers Modulation @
Start: |0

Stop : |6816

Centre Gag : |0 h

Error Bates @

Headroom

Spectrum @

Impulse (e
Response S

|3 Boundaries : |Faorced ~

Symbols

O Mo |4
Symbols (0-67): Al

Advanced
Frecision Mode :[™

Coverage P:?i

CCOoF
Group Delay

Streamer 2,

Quadrature

Results

0 dropped of 27268
drop ratio 0.0 %

MER [
EvM [2]
sl [%]

SNR[2E]:
05 [4E]:

Pd[rms]: &

FJ [deg]: Utilities

Al i Inphase 4
QE [d b

sl - ERE

gl‘;Eh[’)‘l . ‘ Clear/Start Stop A (off] | WY Demod... | Boundaries... | Colowring... | Zoom.. | Top Axis..

RF 500 /|| OFDM Parameters = Used Cell-ID 0x0000 = Native Interleaver || Acquisition = .
Lewvel ‘| Frequency foset| Fieference FFT | adulation Guard | Code Fate | Alpha ‘ Spectium MetBitRate N Syhc ‘| BER b\ | BER al. | FER
-47.5 dBm 72613 Hz external K B4 0AM /e HR 142 LR - nong narmnal 16.588235 Mb/s locked 31EE-3 7.B4E-E MNone

ABC Map Maker %%

Illustration 10: /Analysis/Modulation/Q vs |

All available analysis features of the 4T2 are displayed as buttons on the right-hand side of the
screen, headlined Analysis.
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6.1 Modulation

The Analysis Modulation menu provides five different display modes which enable to thoroughly
analyse the modulation characteristics of the received signal:

e Quvs| (constellation)
Q vs Carrier

| vs Carrier

MER vs Carrier and
EVM vs Carrier

6.1.1 Modulation Controls
The following section explains
modulation analysis.

—Carriers

Start ;|0
Stop: |BE16

Centre Gap : |0 -

il

I} Boundares : | Square =

Symbaols

[ fa :|1EI

—

Symbuls(ﬂ—ﬁ?):lAll 'I

Advanced
(Precisiun kdode [T

Clear/Stant

Stop I

the various control elements which are available to perform a

The Carrier Start field indicates the first carrier of the range of
analysed OFDM-carriers.

The Carrier Stop field indicates the last carrier in the range of
analysed OFDM-carriers.

By choosing the number of carriers in the Centre Gap field, the
range for the Carrier Suppression measurement can be selected.

1Q Boundaries determines symbol decision properties and may
be beneficial e.g. in low MER environments. Possible values are
“Forced”, “Squares”, “Circles”.

IQ Boundaries can remove constellation points from the
calculations if the lay outside the decision area. The number and
ratio of dropped constellation points related to number of carriers
and symbols is displayed under results. Visibility of boundaries can be

toggled with the Boundaries button below the diagram.

The number of Symbols being taken into account for the display
of measurement results is entered here. The progress bar is helpful
especially in case of a high number of symbols.

Symbols (0-67) relates to the pilot scheme displayed. Either all
68 pilots are displayed or only a modulo 4 subset, consisting of

» pilots #0,#4,#8, ... (mod 0),
»  pilots #1,#5,#9, ... (mod 1),
« pilots #2,#6,#10, ... (mod 2),
o pilots #3,#7,#11, ... (mod 3).

The Precision Mode improves accuracy of the displayed results in
6 MHz channels (4T2 with DSP chip-demodulator).

The Clear/Start button allows starting a new constellation
display.

The Stop button freezes (holds) the graphic display.
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Off
=2
n=>5
n= 10
n=20
& =50
Aurg (50)

il  Symbol Corrections  »

Boun

. w Visible |

Boundaries...

Rainbow
# Yellow
Result

oy |

relative
absolute

C:\Users\4T2\Work\ABC website 2014\ABCManuals\4T2SWManualRF-AnalyserEN.odt

® Basic

Linear - Single Symbol
Linear - Multi Symbol
IFFT - Multi Symbol

Avg(.n.) is active at MER vs Carrier and EVM vs Carrier
measurements. The value in brackets on the button shows the actual
setting.

SW Demodulation allows to select 4 different symbol
correction methods (channel estimation profiles):

*  Basic - according to the symbol gravity point

*  Linear - Single Symbol: using pilot carriers on ideal position

*  Linear - Multi Symbol: linear interpolation

e IFFT - Multi Symbol: Inverse FFT over all symbols, otimal

suited for situations with strong pre - and after-echoes.

Settings are applied when CPU demodulation is activated, see also

description of Sync button.

Toggles visibility of 1Q Boundaries according to the 1Q boundary
value selection on the left hand side.

The Colouring... button selects between fixed or measurement
result depending draw colour of the data points. You may select
between Yellow, Result and Rainbow.

The Zoom... button allows for scaling the display of constellation
points to 100%, 133% and 150%. 100% display concentrates the
constellation in the middle of the screen but shows also pixels which
appear far away from the centre points. The other modes give a
more detailed display of the data carriers.

In the display modes that show data versus carriers, you are able to
zoom in on any range of carriers using your left mouse button. Please
refer to (Q vs Carrier / | vs Carrier Display Mode) for
more details.

The Top AXis... button is used to adopt the diagram header
annotation to the user's requirements. It allows for toggling between
the following header scaling:

* none: no top axis scale is displayed

* relative: frequency display is zero at the centre position

* absolute: frequency display according to the chosen DVB-T/
H channel

Top AXis... it is not available in Q vs | Modulation display mode.
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6.1.2 Modulation Results

The 4T2 measures the following parameters of the OFDM Signal in real-time. The results are
displayed for the carrier range from Start to Stop carrier in the Carrier group. The number of
symbols taken into account is entered in the Symbols box.

Activating 1Q Boundaries may lead to dropping of constellation
points outside the decision area. The number of dropped symbols as

well as the drop ratio is displayed under Results.

5749 dropped of 27268
drop ratio 21.1 %

_pesul The Results field summarises the modulation analysis.
il The Modulation Error Ratio (MER) provides a single figure,
MER [dB] 134 indicating the quality of the received DVB-T signal. MER is defined as
EVM [54]: 192 the ratio of 1/Q signal power to I/Q noise power; the result is

CSI[]: 223

indicated in dB.

]
]
]
5'32‘{;‘3% el MER for digital modulation signals is a substitute to signal to noise
FJ[rms]: 0.34 ratio (SNR) for analogue signals.
) o 84 Higher MER values indicate better signal performance.
%] 1.0
OF [db. 1
STERM 0.081
STED : 0.01z

EVM The Error Vector Magnitude (EVM) is closely related to the
MER and can be computed from that figure since both EVM and MER
essentially measure the same error characteristic.

EVM is defined as the ratio of the average measured error magnitude
to the peak symbol magnitude in percent.

csl The Channel-State Information (CSl) is defined as the MER in
percent.

SNR SNR or Signal to Noise Ratio gives additional information about
the quality of the received signal. Since proper SNR measurements
require a sound data base, SNR values are displayed only if the
number of symbols is >= 20.

Cs The Carrier Suppression (CS) is a measure for the rejection of

unwanted sinusoidal signals affecting the centre of the analysed
OFDM signal. CS is measured in dB; high values indicate high
suppression or high signal quality. CS is measured only if the Centre
Gap is different from 0.

PJ The Phase Jitter (PJ) of an oscillator occurs due to fluctuations
of its phase or frequency. Using such an oscillator to modulate a
digital signal results in a sampling uncertainty in the receiver because
the carrier regeneration cannot follow the phase fluctuations.

The Phase Jitter is displayed in degrees.

PJ[rms] The RMS (Root Mean Square) Phase Jitter parameter is a
different representation of the Phase Jitter, indicated as an absolute
figure with two decimal places.

Al The purpose of the Amplitude Imbalance (Al) measurement is
to separate the QAM distortions resulting from amplitude imbalance
of the | and Q signal from all other kinds of distortions.
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QE

STEM

STED

The Al parameter is expressed as a percentage.

The Quadrature Error (QE) parameter describes the distortion
of a constellation diagram in case the phases of the two carriers
feeding the | and Q modulators are not orthogonal (their phase
difference is different from 90°). The QE parameter is indicated in
degrees.

The System Target Error Mean (STEM) gives a global
indication about the overall distortion present on raw data received
by the 4T2, including components like Carrier Suppression, Amplitude
Imbalance, Quadrature Error and non-linear distortion. For each point
in the constellation graph, the 4T2 computes the distance between
their ideal symbol point location and the point corresponding to the
mean of the cloud of that particular point.

The result is the Target Error Vector (TEV), whose Root Mean Square
(average) value is then determined for all points in the constellation
diagram and used to compute the numerical readout given in the
System Target Error Mean (STEM) field. It is visualised by the
displacement of the centres of the clouds in a constellation diagram
from their ideal point.

The System Target Error Deviation (STED) is calculated
from the STEM value and defines the STE standard deviation.
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6.1.3 Modulation Displays

Q vs | Display Mode (Constellation Diagram)

The constellation diagram is ideally suited for assessing the modulation quality of the DVB-T signal
at the first glance. It displays the amplitudes of Q(uadrature) and I(nphase) modulated signals in
the complex domain. On demand, the symbol decision thresholds can be displayed. Various
degrading effects such as noise, interference, 1/Q imbalance, and phase jitter may be viewed on
the constellation diagram. Each of these effects results in a distinctive cloud shape or other
degradation from the sharp constellation point pattern that can be expected for an ideal signal
with no or only little modulation errors.

An example constellation diagram (live screenshot) for a received 64 QAM modulated
DVB-T signal appears in the following illustration. Carriers are displayed according to the selected
Colour Mode; pilot carriers are always displayed in blue colour.

ﬂ AT2 DVB-T Portable Test Set - Simulation Mode -

Channel Frequency [MHz] BW [MHz] ion [dB]-Signal Input SAW [MHz] MPEG Source fo. 5% 3.0.105.514 - 5.0.15.95 Date / Time:
@ [z +] [ss0000000 ~] [5 ] ﬁ [0 =] ||aeid  w||auwe || [intemalnP =] | 4/27/2010 5:18:08 &AM
. Qs I Qs Carrier } s Carrier I MERvs Carrier] Evivs Carrier] Simulation
Modulation
Carriers Modulation E
Start: |0
] ~ Error Rates @
Stop : 6516 - =
- I~ Head
Cenfre Gap : |0 hd — - easEam
I Boundaries : |Forced + B B Specium @
Symbols — — Impulse [ ]
) N, ’4— _ - Response l:;
n B Coverage f.wﬁ
Symbaols (0-67): |4l - - - :
ymbols (067) - CoDF
Advanced 2 -
Frecision Mode :[™ = | I Group Delay §
= -
o_| -
Results S ‘_‘
0 dropped of 27265 N ~
drop ratio 0.0 % N ~
MER [dE] : 39.9 B B -
EWM [%] : 0.8 | | ABC Map Maker J2g
CBI[%]: 1.0 | -
SR [dE]: 33.0 — -
C5 [dB]: - - - 3(‘
PJ[rms].: 0.1 ] B L
PJ[ded]: 11 Utilities
Al[%]: 0
OF [deq]- 00 Inphase
STEM: 0.003
STED: 0.0 ‘ Clear/Start Stop Awn (off .| SW Demod... | Boundaries... | Colowring... | Zoom.. | Top Axis.
RF 500 ,7|| OFDM Parameters = Used Cell-ID 0x0000 = Native Interleaver || Acquisition = )
Level “ Frequency Dﬂset| Reference || FFT | Modulation Guard | Code Rate | Alpha | Spectm | MetBit Rate | Sync ‘| BER b, | BER aV/. | PER
-47.5 dBm -T2613 Hz ertemal 8K 64 QAM /8 HP: 12 P - none harmal 16.588235 Mb/s locked 31EE-3 7E4EE Mone

Illustration 11: /Analysis/Modulation/Q vs | display (constellation diagram)

C:\Users\4T2\Work\ABC website 2014\ABCManuals\4T2SWManualRF-AnalyserEN.odt Page 24




Q vs Carrier / | vs Carrier Display Mode - Zoom Function

In all displays where the number of carriers is indicated on the horizontal axis (Q vs Carrier, | vs
Carrier, MER vs Carrier, and EVM vs Carrier), you are able to zoom in on any range of carriers,
down to one carrier, by dragging the mouse pointer from left to right over the area of interest
while holding the left mouse button down. The exact range of carriers currently being analysed is
indicated in the Carrier Start and Carrier Stop fields. After you have finished analysing a
particular section, press the left mouse button and drag the mouse pointer from right to left in
order to zoom out again to full span.

A magnifying glass icon at the lower left corner indicates a zoomed display. Clicking on this
symbol always zooms back to full span display.

In the Q vs Carrier display the pilots appear on the centre line. Carriers selected in the Centre Gap
field appear in red colour.

[ AT2 DVE-T Portable Test Set - Simulation Mode - = ar |
Channel Frequency [MHz] Bw [MHz]A ion [dB]—Signal Input SAW [MHz];~ MPEG Source | Site info, 5w 3.0.105.514 - 5.0.15.95% Date / Time
@ [zz ~] [ssonoomo0 ~] [z ] ﬂ o =] | |seiasl  =|[awo =] | [intemanp =] || 44277200 5:25,43 AM
. vl Ivs Carler ] MER ws Carrier} EVive Carrierl Simulation
Modulation
Carriers Modulation @
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Illustration 12: /Analysis/Modulation/Q vs Carriers
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MER vs Carrier / EVM vs Carrier in Zoom Mode

The diagram below shows the MER vs Carrier analysis display (zoomed).

[ 4T2 DVE-T Portable Test Set - Simulation Mode - (= |

Channel Frequency [MHz] BwW [MHz] A ion [dB]Signal Input SAW [MHz]l; MPEG Source || Site info, 5w 3.0.105.514 - 5.0.15.95 Date / Time
@ [z3 ~] [ssonoomo0 ~] [z ] ﬂ o = | |seial  =|[awo =] | [intemanP =] || 4/27/2010 5:28:53 AM
- Qwsl I Qs Carier ] |ve Carrier  MER s Carrier l EVivs Carrierl Simulation
Modulation
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Start: |352
Error Rates @
Stop: 5443
Headroom

Centre Gap : |51 -
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Results Streamer 2y
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MER [cB] : 40.3 -
EWM [%] 049 ABC Map Maker %ﬂ
C3I[%]: 1.0
SR [dB]: 330
CS [dB]: 28.9
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BRI N SDlﬂ WDlﬂﬂ 15|DD ED|DD 25‘00 30‘00 35|DD 4000 4500 5000 5500 6000
GEAcli[%]: gg Carnier @
2q]: J Z =
i 4 B
STEM .00z
STED - 0.001 ‘ Clear/Start Stop Awg (80) ... | W Demod... | Boundaries.. | Colouting... | Zoom.. | Top Axis..
RF 500 || OFDM Parameters * Used Cell-ID (x0000 = Native Interleaver || Acquisition = A
Level ‘| Frequency fosel‘ Reference FFT ‘ Madulation Guard ‘ Code Rate ‘ Alpha | Spectium MetBitRate V|| Spnc ‘| BER b\, | BER a. | PER
-47.6 dBm -72E09 Hz external aK B4 QAM 1/ HP: 1f2 LR - none narmnal 16.588235 Mb/s locked 1.BBE-3 0.00E+0  Mone

Illustration 13: /Analysis/Modulation/MER vs Carrier

MER vs Carrier gives a variety of information about the MER behaviour of the received signal.
The full information is shown when the averaging function is activated by setting a value different

from zero at the Avg(...) bar.

A coloured display is shown, the lines having the following meaning:
- steady blue line: true MER value, according to the measured and displayed MER value

- intermittent blue line: “optical” mean value of the MER curve

+ green line: MER curve, averaged over the number of symbols, set by Avg(...)
» red dots: minimum MER value during one average period

- yellow dots: maximum MER value during one average period

Some hints:
+ In the case of software demodulation activated (in the Sync pop-up menu) use an

adequate low number of symbols in order to have reasonable response times.
- The same applies to the order of average symbols.

The averaging feature is available at the EVM vs Carrier measurement function as well (not
described here in detail).
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6.2 Error Rates

The Error Rates analysis menu provides stacked-bar displays of bit error rates (BER), incoming
level and MER performance over time in the central part of the screen, with a minimum of ten
measurements per second being averaged to one stacked bar.

In addition, there is a real-time display of current bit error rates in the left part of the screen,

headlined Error Rates.

This chapter gives an overview of the controls and the relevant analysis features provided by the
4T2 in the Error Rates menu.

[ AT2 DVE-T Portable Test Set - Simulation Mode - el )
Channel Frequency [MHz] BW [MHz]-A ion [dB]—Signal Input SAW [MHz];~MPEG Source—Site info, 5% 3.0.105.514 - 5.0.15.95 Date / Time
Gz =l [oman - [5 | 2 o = | [ein  lfate <] [iematr <] || H27/2010 53212 44

B Feis BER per Second lBERperMinute] EERperHDur] Simulation
by oy PER Interval from 412712010 5:32:05 AM to 4127/2010 5:32:13 AW —
[[EXT—
1E-2 TEa,
]
1E-3 ) =
1E -2 b
1E-4 .
—
. .
1E-6 1E-3
$ [\ |
1E6 c o o
5 1E-4¢ (1]
20 T i =
= Streamer £
@ - y —
1E -5
2=
. ABC Map Maker &
1 E -6 =1
Raw-data snapshats
Disabled = 1E-7-—~ t f Tt T T f : : T f t
50 -45 =40 -35 -30 -25 =20 -15 -10 -5 1] B &
Labels Time [s] Uhiliti
.
~ [ before Viterbi [T after Viterbi ] Packet Errors [l Unlocked Wl Power Interrupt|
£ (1Bl [T
J EEF_D427100531 cov | | | |
RF 500 _*|| OFDM Parameters = Used Cell-D 0x0000 - Native Interdeaver || Acquisition = J
Level | Fiequency Oifsel| Rieference || FFT | bodulation Guard | Code Rete | #ipha | Spectum | NetBtRete V|| s;e W BERDY. [ BERav. | FER
475 dBm -f2611 Hz extemnal 8K E4 QAWM 148 HF: 1/2 LR - none normal 16.588235 Mb/s locked = =

Illustration 14: /Analysis/Error Rates

6.2.1 Background Information

The Bit Error Rate (BER) is the primary parameter which describes the quality of a digital
transmission link. The BER is defined as the ratio between erroneous bits and the total number of
transmitted bits, i.e. a BER of 1*E-4 means that there is one erroneous bit in a total of 10,000
bits.

6.2.2 Error Rates Controls
The following section explains the various control elements which are available to the user in

order to perform an error rate analysis.

: Clicking the Clear/Start button starts a new, real-time BER
Clear/Start . .

measurement session. Before actually starting the measurement, a

window will pop up, asking you to determine the file name under
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which the new measurement results will be saved on hard disk. The
default name suggested by the system consists of the letters ,,BER_*
plus the measurement start time, indicated in ,,ddmmyyhhmm*
format. To save under this name, click Save, or enter any other file
name of your choice.

]T The Stop button stops the current measurement and freezes the
stacked-bar displays of BER over time in the central part of the
screen, while the bar display of BER before / after Viterbi including
the PER display (Packet Errors) in the current measurement interval
(in the left part of the screen) continues to display real-time
measurement results.

= After having scrolled through a number of measurement result

E pages, you can click Previous to display the previous minute/hour
of the measurement results.

If a recorded measurement includes more samples than can be

I et -> I . : .
displayed on one screen, you can click Next to display the next

minute/hour of the measurement results.

Raw Data Snapshots stores raw sample data to the external
harddisk for further evaluation by the software demodulator.

This feature provides in-depth information on the incoming signal,
even when all other attempts of demodulation fail.

Advanced Broadcast Components is able to provide tools for this in-
depth analysis on request.

Please note that activating this feature results in a huge amount of
data stored, and make sure that your system is able to cope with it.

The Open File symbol button opens a dialogue box listing the files
recorded in previous measurements (each one named according to the
measurement start date).

Error Rates measurement results are logged to the 4T2\Error Rates\
directory of the 4T2 hard disk. Any of these files can be loaded and
the results analysed using the Next and Previous buttons.

The Open File button is available only when there are no active
measurements running, i.e. after clicking Stop.

______ A right-click on a bar displays recording date and values.

| [&lIBEFI_D?‘I 0022326 caw

10/9/2003 9:05:28 AM X
BER b, =162E-4

BER a\. = 0.00E+D

PER =0

MER [dB] = 25.0
Lewvel[dBm]=-71.4
ITTITITTTITITITITTTT

6.2.3 Error Rates Results

Displayed results include BER before Viterbi decoder (green), BER after Viterbi decoder (light
blue), as well as Packet Errors (yellow) impairing the decoded video and audio signals, and
unlocked status (red).

Clicking with the right mouse button on a bar in the graph displays the bar’s own measurement
results for each parameter.

The display interval for the stacked-bar graph is selectable, thus allowing the user to visualise the
impact of bit errors over various time periods: BER per Second, BER per Minute, and BER per
Hour.

Since more data is processed in BER per Minute and BER per Hour mode the resultant resolution is
higher in these modes: BER per Minute allows displayed BER values down to 1*E-9, BER per Hour
allows for BER down to 1*E-10. Please note that in all settings the BER of 2*E-4 is marked as the
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commonly accepted limit for BER after Viterbi in order to get a quasi error free (QEF) MPEG
decoding output.

In the BER per Second mode, the user is able to select Labels to be affixed to the measurement
bars. Available labels are Level (in dBm or dBuV) or MER (in dB) values indicated above the
graphical display. If activated, this function will display the average level or MER value every five
seconds. Measured values are, however, recorded and saved in the measurement result table
every second (see table below).

Error Rate recording is automatically continued after a power breakdown. In order to work
properly, the keys are locked when starting error logging. If you want to make changes during the
logging period (not recommended) you have to remove key lock status manually (see Utilities).

After a power down and power up, the 4T2 boots and starts the Analyser application
automatically. If the power break occurred during a recording session the previous recording
session will be continued. The same files will be used for data logging.

Error Rate Recording is limited only by the 4T2 hard disk space. As a rule of thumb 10 years of
continuous recording would require about 5 GByte of disk space.

Error measurement results of the 4T2 are always stored to file and are thus available for later
processing (see 5.2.4). For ease of operation, a new file with measurement results will
automatically be created by the 4T2 software if a measurement lasts for more than 24 hours.

In addition to the BER results, for every recorded measurement the 4T2 also creates a file
indicating statistical information about the 4T2’s current status, OFDM parameters, etc. This
information is stored in a file named ,STA_BER_ddmmyyhhmm.csv“ (depending on the
measurement start date) and can easily be analysed using MS Excel (see example below).

ABC DVB-T Portable Test Set 4T2 Serial No.: 1000046
EXE: Version 2.5 DLL: DLL Version 2.5 / 15.11.2004
Site Info

Receiver Setup
Attenuati  Signal

Date Time Channel Frequency Bandwidth on Input MPEG Source
15.11.2004 11:28:15 25 506 8 MHz 0dB aerial internal HP
Receiver Status

Frequency
Level[dBm] Offset Reference  Sync State BER b.V. BER a.V. PER
-81.6 -1 Hz locked badlock 9.08E-02 0.00E+00 error
Decoded TPS
Information

Code Rate
FFT Modulation Guard Code Rate HP LP Alpha Spectrum Net Bit Rate
13,270,588

8K 16 QAM 1/4 2/3 - none normal Mb/s
System Information

Virtual RAM
RAM Free Free
132 MBytes 1,945 MBytes

Impulse
Options: Response Coverage MPEG TS Spectrum
Installed: yes yes yes yes
Last Calibration
Date: no calibration

6.2.4 Error Rates File Structure
Error rates results are recorded in ASCII format (*.csv) that allows for easy processing with any
standard office software package. If you would like to use these data for statistical evaluation,
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open your Windows Explorer and select the required file and simply double-click to open with MS

Excel.

These files have the following structure:

Count

25
26

26

M-BERbV

2.40E-01

8.77E-02

9.07E-02

8.67E-02

E- E- MM/dd/
M-BERaV M-PER Lock Timing yyyy
06.07.200
0.00E+00 6 Y N 4
06.07.200
0.00E+00 25 Y N 4
06.07.200
3.07E-04 26 Y N 4
06.07.200
1.89E-04 26 N N 4

Description of the parameters mentioned above:

hh:mm:s M-Level

S

11:28:16

11:28:17

11:28:18

11:28:19

[dBm]
-81.6
-81.6
-81.4

-81.3

M-MER DateTime

6.7.04
14.9 11:28
6.7.04
14.9 11:28
6.7.04
15.1 11:28
6.7.04
15.5 11:28

Column Header | Value units
description
M- == Measured,
Error
M-Count number of measurement samples per second [1]
M-BERbV bit error rate per second before Viterbi decoding [1/s]
M-BERaV bit error rate per second after Viterbi decoding, before Reed-Solomon | [1/s]
decoding
M-PER number of packet errors per second after Reed-Solomon decoding [1/s]
E-Lock receiver locked status in negative logic: [YIN]
No (receiver front-end locked ) or
Yes (receiver front-end unlocked)
E-Timing timing status in negative logic: [YIN]
No (more than 10 measurements per second) or
Yes (less than 10 measurements per second)
MM.dd.yy recording date of measurement sample [date]
hh:mm:ss recording time of measurement sample [time]
M-Level measured level of the incoming signal [dBm |dBuv]
M-MER measured modulation error rate (MER on all OFDM data carriers) [dB]
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6.2.5 Bit Error Rate Current
The fourth tab-sheet BER current is a combined two dimensional display of BER before Viterbi,
BER after Viterbi, MER and RF Signal.

[ E 4T2 DVB-T Portable Test Set - Simulation Mode -

Channel F y [MHz] BwW [MHz] ion [dB] | Signal Input SAW [MHz] MPEG Source | Site info, 5W 3.0.105.514 - 5.0.15.95 Date / Time |
’7@] 123 ~| |4su ooooo - | |8 —‘( el v |auo % inteinal HP —”7 ( 4/27/2010 5:3410 AM
|

BER perSechdl BER per Minutel BEF: per Hour E Simulation

=1
' todulation n
Eror Rates

Headroaom

Spectrum i

Impulse E
Response

Error Rates

b, al FEFR
ZBBE-3 B73EE 00

BER b.V. [exp]

BER a.V. [exp]

ccor N
Group Delay i

Streamer @:‘,

ABC Map Meker 474

Bits before Viterhi

Na [IE+6 :I

—

Level [dBm]

"Raw-d ata snapshots

ID\sabIed -
‘EIBEH_DAZNDDEN csv | Clear/Start |

RF 500 _+|| OFDM Parameters = Used CellHD (x0000 - Native Intereaver | Acquisition - J
Level ‘l Frequency Elffsell Reference FFT | Modulation | Guard | Code Rate | Alpha | Spectium | MNet Bit Rate ‘" Spnc ‘l BER b\, | BER a. | FER

| 475dBm | F2613Hz  edtemsl | BK | B4QAM | 148 HP: 122 LP: - none  romal | 1BEBE2MbA | locked | - - -
Illustration 15: /Analysis/Error Rates/BER Current (BER, MER, and Level)

By selecting the number of bits before Viterbi different BER accuracy may be reached.

g : 2 Fastest results; BER values down to 1*E-6 can be measured.
—Bits before Yiterbi

No. [1E+6 ﬂ

[

Slowest response but highest accuracy: BER values down to
~Bits before Viterbi——— 1*E-9 can be measured.

1E+3 j’
B
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6.3 Headroom

The Headroom analysis menu allows for assessing the quality of the received OFDM signal by
inserting of high input attenuation which is gradually decreased. These measurements are an ideal
tool to determine the input signal quality headroom at the site of measurement.

In this analysis mode, the 4T2 gradually attenuates the incoming signal, starting at 30 dB down to
0dB in 1 dB steps, resulting in an increasing C/N performance and therefore in decreasing bit
error rates. Three different display modes are available for this analysis:

BER versus Attenuation, MER versus Attenuation, and BER versus MER.

il
Channel Frequency [MHz] BW [MHz] A ion [dB] | Signal Input MPEG Source | Site Info Date / Time
(@ [Em =] [soeooooon =] [5 <] (ﬂ Jo j]( aerial =l |7mtemaIHP -—|ﬁ ” 10/21/2004 3:04.52 PM |
. BER vs Aftenuation |MERvs Attenuation | BERvs MER | Analysis
Receiver Headroom
 Time Interval
5 sec Modulation n
Error Rates @
Headroom
Spectrum @
g g
[x] Impulse
E E Response E
= m
2 B 3 Coverage e
2 | 7 -
z 3 E ceor N
] Group Delzy [
“Result Lroup i .
BER bV, 15E-2 ; Lk RS
BERaV.: 14E-6
MER: 211 dB
PacketErors: 0% IE7m_en o0 ex oea e en ocnocnoen oenoon e b 0
Countad - a1 5 & 7 & 9 10 11 12 13 14 1% 16 17
. Attenuation [dB]
RS Del I hefore Yiterhi O afterViterbi O Packet Errors
Locked : true
‘ ﬂ Head 1021041503 csv | Clear/Start || i
RF @50 O _*|| OFDM Parameters [ Cell-1D 0x0000 ) unused 7| Acquisition w
Level 1 Frequency Offset | Reference FFT | odulation | Guard | Code Rate | Alpha | Spectium | Met Bit Riate Spnc 1 BER b\, | BEF a'. | FER
| E79dEm | 2Hz | locked 8¢ [ 1emaM | 14 HP [ 223 LR - [ none | nomal  [13270588Mbss || locked | 1432 [ T11EE | none

Illustration 16: /Analysis/Headroom (BER vs Attenuation Mode)

In BER vs Attenuation mode, it is easy to determine the “quasi error free” status (QEF = 2*E-4 BER
a.V.). In Figure 5-7 it is reached with an attenuation of 11 dB.

6.3.1 Background Information

In order to fully understand the receiving conditions for DVB-T signals at any particular site, it is
important not only to exactly measure signal parameters on site (e.g. C/N performance, BER
etc.), but also to simulate the effect that various levels of signal attenuation have on the quality
of the received signal and on the locked status of the receiver.

6.3.2 Headroom Controls

The following section explains the various control elements which are available to the user in
order to perform an on-site receiver headroom analysis.

C:\Users\4T2\Work\ABC website 2014\ABCManuals\4T2SWManualRF-AnalyserEN.odt Page 32




~Time Interval—— _The Time Interval entry field lets you determine the time
interval (in seconds) for each attenuator step. The minimum value is
|5 BEE 1 second. However in order to get stable results, it is recommended
to use a longer time interval, e.g. 5 seconds.
T Clicking the Clear/Start button starts a new receiver headroom
I e v | measurement.
E The Stop button stops the current measurement. If not pressed

by the user, any measurement will automatically terminate after
having stepped the attenuation of the received signal between 30
dB and 0 dB.

The Open File symbol button opens a dialog box listing the files
recorded in previous measurements for later evaluation.

| = | |Head_1007030841.cav

6.3.3 Headroom Results
Below you will find a list of parameters displayed by the 4T2 Results group on the left hand side
of the screen while a receiver headroom analysis is performed:

BER b.V. The BER before Viterbi field indicates the Bit Error rate before
processing through the Viterbi decoder.

BER a.V. The BER after Viterbi field indicates the Bit Error rate after processing
through the Viterbi decoder.

MER: The Modulation Error Ratio (MER) is supposed to provide a single "figure

of merit" analysis of the received ODFM signal. The MER is defined as the ratio of
1/Q signal power to 1/Q noise power; the result is indicated in dB.

Packet Errors %: Packet Errors are defined as erroneous packets in the MPEG transport
stream which the decoder has been unable to correct. This field indicates the
percentage of MPEG packet errors for a particular attenuation step.

Counted: The Counted field gives you the total sum of packet errors that have
occurred in the course of a measurement series from 30 dB to 0 dB.

Attenuation: The Attenuation field always shows the current level of attenuation in the
course of a measurement series from 30 dB to 0 dB.

Locked: The Locked field confirms the receiver locking status during a measurement

series. Either True or False can be displayed in this field.
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The Headroom function may also be used to show the relation between MER and attenuation. See
the following figure:

%4T2 D¥B-T Portable Test Set

=18 x|

Channel Frequency [MHz] BW [MHz] A on [dB]Signal Input MPEG Source [ Site Info Date 7 Time
’7@ 75 o N EC e Y | (ﬂ Jo j—‘( gerial 2| lrextema\ j—”VAdEDEDm ” 15.11.2004 14:52:42 |
2 BER vs Attenuation  MER ws Attenuation |EERvs MERl Analysis
Recerver Headroom
rTime Interval
5 e Modulation E
22.0¢-7
Ertor Rates @
21.5
2104 Headroom
20.5 Spectum E
20.04
— 1857 Impulse
% Fesponse E
= 1904
w Coverage
= 185 -
18.01 ccor [N
175
P Group Delay S
17.0
BER bV, - MPEG Yideo
BER M. : ek
MER 16.0
PacketErrors: 0% 0
Counted : 0 i
enision: _ Input Attenuation [dB]
Locked : =
‘ E Head AdCaCom 11060413 | ClearfStar || Stop
RF @50 O 1| OFDM Parameters [ Cell-ID 0x0000 ] unused 7| Acquisition G
Lewvel 1 Frequency Offzet | Rieference FFT | odulation | Guard | Caode Rate | Alpha | Spectium | et Bit Fate Spnc 1 BER b\, | BER a. | FER
| 545dm | 3Hz | locked [ ek [ t60aM [ 14 HR[ 23 WP - | none | nomel  [13270508Mbrs | locked | 141E2 | DO0ESD | none

Illustration 17: /Analysis/Headroom (typical MER vs Attenuation)
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6.4 CCDF

CCDF (Complementary Cumulative Distribution Function) is a tool to specify the linearity
characteristics of the OFDM signal.

6.4.1 Background Information

The CCDF gives information about the amplitude distribution of the signal under test. CCDF curves
show the probability (P) of the appearance of any the peak-to-average ratio (PAR) of the
measured signal.

Ideal COFDM signals have a noise-like amplitude distribution identical to the so-called Gaussian
response. Any non-linear distortion during the processing chain of the COFDM signal, e.g.
compression or clipping effects will result in a deviation from the Gaussian response. The 4T2 s
able to display the Gaussian curve together with the measured CCDF. This makes detection of
deviation from the ideal behaviour easy.

The Crest Factor, as the maximum peak to average ratio in dB is displayed.

[ AT2 DVE-T Portable Test Set - Simulation Mode - el )
Channel Frequency [MHz] BW [MHz] A ion [dB] | Signal Input SAW [MHz] MPEG Source | Site info, 5% 3.0.106.514 - 5.0.15.95 Date / Time
Gz =l [oman - [5 | 2 o = | [ein  lfate <] [iematr <] || H27/2010 54114 A

cCDF CCOF | Simulation
\S/:I::ansgcsnunt 1EE - 5 asten M
] Error Rates @
Average 10 < 1E-1-]
1 Headroom
Status R
@ ok = Spectum [l
Results ] Impulse T
1 L
CrastFactor [dB]; 13.3 1E-3 eSS —
_ ] Coverage P.‘;“
a ]
= 1E-4- ~
o ] CCDF
= ] =
-'l; 1E5| Group Delay
o ]
Markers ] Streamer 2,
Prabahility . PAR [dB] 1E-6
1| 1604E3 30
1E-7- b=
& 4B.BE-3 6.0 1 ABC Map Maker g
3 4863 9.0 1E-5-]
4 E70E6 120 ‘
1E-3-
5 i 50 R T L L e e L L T e e e T ]
o1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Pointer 5
Peak to Average Ratio (PAR) [dB] _
PARL[dE] 79 B
Frobability : 12.2E-3
robability ‘ Clear/Start Stop Gauss Line Markers . MEM ...
RF 500 _*|| OFDM Parameters = Used Cell-D 0x0000 - Native Interdeaver || Acquisition = i
Level ‘| Frequency fosel‘ Fiefeience FFT ‘ odulation Guard ‘ Code Rate ‘ Alpha | Spectium MetBit Rate V|| Spnc ‘| BER b\, | BEF a'. | FER
-47.5 dBm 72607 Hz extemnal aK 54 [AM 18 HP: 12 LR - none narmal 16.586235 Mbds locked 2.24E-3 115E-5  Mone

Illustration 18: /Analysis/CCDF

C:\Users\4T2\Work\ABC website 2014\ABCManuals\4T2SWManualRF-AnalyserEN.odt Page 35




6.4.2 CCDF Controls
The following section explains the various control elements which are available to the user in
order to perform CCDF measurements.

ICI—fStn The Clear/Start button starts the CCDF analysis and resets the average counter.
ear, al

The Stop button freezes the display.

;

Stop

I—_ This item toggles the display of Gauss tolerance field.
Gauss Line

The Markers ... button opens a pop up window with the possibilities of Show,

Lk Hide or Edit markers. The 4T2 provides 5 markers within the CCDF plane. If the
Markers are hidden no measurement results will be available at the bottom left part

of the screen. Edit opens the marker positioning dialogue box.

The MEM ... button opens a pop up window with the possibilities:
Add or Clear.

FER ...

Add Add allows for storing of the current trace to the background. Stored traces are
Clear coloured in blue. Multiple storing is possible. Clear removes all stored curves.
MEM ... provides an easy way to compare results of different measurement
situations e.g. for adjustment improvements.
The MEM ... function is also available in the Spectrum, Impulse Response,
and Group Delay mode of operation.

6.4.3 CCDF Results
Below you will find a list of parameters displayed by the 4T2 Results group on the left hand side
of the screen while a CCDF analysis is performed:

——— The CREST factor is defined as the ratio of the peak voltage to its
{ e root-mean-square value. Since the CREST factor doesn’t say how
often the peak occurs, the CCDF curves give more complete

information about the high signal levels than the CREST factor does.

The Markers area at the bottom left part of the screen contains
five result lines for the five markers on the CCDF display.
1 PAR [dB] 30 The peak to average ratio value (in dB) plus the corresponding
Probability: 1.32E-1 probability for each marker point are displayed in this section.

Markers

o | PAR[EE]: &0
¥ | Probshility : 7.06E-2

3 | PAR[EE]: 40
¥ | Prabshility - 5.82E-3

4 | PAR[B]: 120
* | Probability: 1.62E-4

5 | PAR[dB]: 150
¥ | Probahility: nfa
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= Marker 1
" Marker 2
" Marker 3
" Marker 4
" Marker 5

 Deltal-3
" Delta 2-3
" Delta 2-4
" Delta 34
" Delta 35
" Deltad-5

Lancel | juls I

Pointer

PAR[E]: 10
Frabahility: 1.45E-3

Some remarks on CCDF:

«  CCDF readout, together with the Crest Factor (CF) is used to assess the quality of DVB-T/H
power amplifier stages.

Instead of displaying the PAR and probability of a certain marker,
you can click the arrow underneath e.g. the figure 1 marker to open
the Markers selection dialog.

If you prefer to display e.g. the difference between marker 1 and

marker 2, click Delta 1-2.

The Pointer area displays PAR and probability of the current
mouse pointer position in the CCDF diagram.

« Aclean sine-wave signal has a Crest Factor of 3 dB.

» Anideal COFDM signal displays a CF of approximately 14.5 dB.

« Very noisy antenna input signals appear like a noise-only signal, similar to the Gaussian
reference curve. Make sure that you actually have a receiver lock when measuring those

signals.
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6.5 Group Delay

Group delay measures the frequency dependant phase response and transition time of the
incoming signal through a device under test (DUT).

I 4T2 DVB-T Portable Test Set - Simulation Mode - =
Channel Frequency [MHz] Bw [MHz] ion [dB] | Signal Input 5AW [MHz] MPEG Source | Site Info, 5% 3.0.62.405 - 4.9.0.46 Date / Time
@|23 | [ssnomoon -] 2 ] ﬂ o« | |seiasl  w|[awo =] | [intemanP =] || 8/14/2007 11:07:51 AM

G Del Simulati
Group Delay Fiiraea | ETEp BEEY 1 imulation
Settings abs. Frequency [MHz] Modulation M
Average [100 3 487 488 409 4an 491 492 433 ErorRates (i |
00 inalnnonllonnnlnnanlonanlonnallonnalans
Status 900 Headroom
@ ok 800
700 Spectum [
500 Impulse h_
RO0 || ' Response L
400 i ‘ ‘ | Coveral i
C ge gl
_am | I 4|I|||| | ll‘ )
[ | . | al P
Markers £ 200 T b '|| |'| \|' ||\,|I ?:M il CCDF
= [ { -
1| FreaMHz: 2200 | £ wg , || |1 [l /] |"\|| /] Group Delay
A Doy was | A il - eali | - ! Iw] | | Group Delay
¢ o AR ; . TRt “ |‘ :
5 | FreaiMH): <1000 || 2 200 M i ] l i | MPEG Video
X Delay[ns]:  96.1 300 ‘II
4 | Freg[MHz]: 0.000 <
3 Delay [ns]: -106.5 -500
-600
4 | Freg[MHz: 1000 700
¥ Delay [ng]: 2728 -a0n
5 | Freq[MHz]: 2.200 ~4Im
¥ . -1.000
Delay [ns]: 1637 @ T T
-1.269 0 1.264
Pointer rel. Fraquency [MHz]

Freq[MHz]: 3.792
Delay [ns]: 3814 ‘ CleayStart Stop WENY . Markers .. MEM ...

RF 500 *'|| OFDM Parameters = <waiting> || Acquisition <waiting> i
| #ipha | Spectum | MetBtRate V|| sme W BERby. [ BERav. | FER

Level ‘| Frequency Elffsel‘ Reference FFT ‘ Modulation
-46.3 dBm -F2E13 Hz locked aK 16 DaM 144 HP: 2/3 LR - none narmnal s locked 2.09E-3 5.34E-6 Mone

Illustration 19: /Analysis/Group Delay

6.5.1 Background Information

Group delay can be calculated by differentiating the phase response versus frequency.

It reduces the linear portion of the phase response to a constant value, and transforms the
deviations from linear phase into deviations from constant group delay (which causes phase
distortion in communication systems).

The average delay represents the average signal transit time through a DUT.
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6.5.2 Group Delay Controls

The following section explains the various control elements which are available to the user in
order to perform Group Delay measurements.

These two buttons are used to toggle the display between Phase

= Diel
Phase Group Delay | and Group Delay results.

I— The Clear/Start button starts the group delay analysis and
S resets the average counter.
Stop | The Stop button freezes the display.
The Markers ... button opens the following pop-up window:
You may:
7 Show
o Hide or

® Hide |

; Edit
Edit
markers.

The 4T2 provides 5 markers within the display. If the Markers are
hidden, no measurement results will be available at the bottom left
part of the screen.

Edit opens the marker positioning dialog.

R VBW ... allows for setting the video bandwidth. When clicking on
VBW ... the following pop-up window appears:

The video bandwidth may be selected easily;
300 Hz . . .
N the default value is displayed in bold letters.
S Please note that not every combination of RBW
- and VBW is possible.
10 kHz
® 30kHz
100 kHz

The MEM ... button opens a pop up window with the

possibilities:
add Add or
Clear Clear.

Add allows for storing of the current trace to the background.
Stored traces are coloured in blue.

Multiple storing is possible. Clear removes all stored curves.

MEM ... provides an easy way to compare results of different
measurement situations e.g. for adjustment improvements.

The MEM ... function is also available in the Spectrum,
Impulse Response, and CCDF mode of operation.
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6.5.3 Group Delay Results
Below you will find a list of parameters displayed by the 4T2 Results group on the left hand side
of the screen while a Group Delay analysis is performed:

~Settings The Average selector field allows determining the average

. number of display points per measurement. If required, please click

ShslEel |1U ZI at either the "increase" or "decrease” arrow to change the setting.

T You may also type the average number directly. The blue bar

indicates the progress of the averaging process. This may be helpful

especially if averaging takes place over a higher number of symbols.

I — The Markers area at the bottom left part of the screen contains
five result lines for the markers on the Group Delay display.

_}J Féi?ﬁ;":';} '3-1320g Depending on the selected results display type (Group Delay or

Phase, see 5.5.2), the 4T2 displays either the group delay (in ns) or

the phase (in degrees) for each of the defined marker points

o | FreqMHz]: -3.000 . . . :
% | Beisifs]. 1150 displayed in this section.

3 | Freg [MHz]:  0.000
Delay [ns]:  -76.2

4 | Freq [MHz]:  3.000
Delay [n=]: 3563

5 | Freg [MHz]:  3.300
Delay [ns]: BOBS

Instead of displaying the delay of a certain marker, you can click
the arrow underneath e.g. the figure 1 marker to open the Markers
selection dialog.

Freq Mz |- If you prefer to display e.g. the delay difference (or phase

Freq [MHz): [ difference) between marker 1 and marker 2, click Delta 1-2.

2.200
000
Freg [MHz]: [0
oo
’_

Freq [MHz]: 1

1
hd
2
hd
3
hd
4
h 4
5
v

Freg [MHz] :

Cancel ‘

Pointer—————————— The Pointer area displays the group delay (or phase) of the
Freg[MHz]: 0.803 signal at the current mouse pointer position in the diagram.

Delay [ns]: 123
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6.6 MPEG Video (HW decoder option)

Some of the 4T2 portable units are equipped with an internal MPEG hardware decoder.
The MPEG decoder processes MP@ML (main profile at main level).

The MPEG Video function allows you to select a DVB-T channel and perform real-time monitoring
of video, either on the 4T2 screen or via an external monitor. Audio is transmitted through the

built-in speaker.

[ AT2 DVE-T Portable Test Set - Simulation Mode - =TEr e
Channel Frequency [MHz] BW [MHz]-A ion [dB]Signal Input SAW [MHz];~MPEG Source [ Site Info. S'W 3.0.62. 405 - 490 46 Date / Time
fe) R e I O | e B O N N e | e | e 11/4/2007 55741 PM
Fieset Simulation
‘ MPEG Yideo
todulation M

Program ]QAM il ]

Scan Error Rates @

“Walues
@ Dec " Hex Headroom
Mame Spectrum @
- ) G Impulse (.
Wideo PID - - Responge (M
= e f =
j 1 o Coverage E.%a
Audio PID ¥] i / :
PCRPID ! AL/ =
AN 7 Fr
’—L| | !l < Group Delay -
Manual s MPEG Video f
Add Insert . z
Edit Delate
OVB-T AT2 At
\Wehsener =
Settings

« 2hfps 30fps

¥ Direct Draw

Width 720 Height 572
Aspect ratio 43
Sound and Image

I~ Mute

(R AR ! Perrnanent | Full Screen ‘

RF <User def > || OFDM Parameters = <waiting> || Acquisition <waiting> J
Level | Fiequency Oifsel| Fisference || FFT | odulation Guard | Code Rete | #ipha | Spectum | NetBtRete || spe W BERDY. [ BERav. | FER
T 72610 Hz locked ar 16 DA T4 (HR:| 2430 || LE: = HohE normal = locked 2.30E-3 1.11E5 Maone

Illustration 20: /Analysis/MPEG Video

The MPEG Video monitoring function can also be superimposed on other measurement windows of
the 4T2 by clicking the Permanent button, thus allowing for an additional visual check of the
monitored channel while performing other measurements.

Full Screen shows the video in the original resolution without other measurement results on the
display. Right clicking on the video screen allows for toggling the sound on/off or changing the
programs within the multiplex.
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6.6.1 MPEG Video Controls
The following section explains the various control elements which are available to the user in
order to monitor the received MPEG video information.

Scan I

—Mame

|RTL -
“ideo PID

512 |
~Audio PID

|651 -

—Marme

2 SAT 1 (ger)
3. 8 LIVE (gen)

“idea FID

b2

‘PCR PID

8140

When selecting a certain DVB-T channel, the 4T2 automatically
scans for video and audio Packet IDs of this channel. The result of

the search is indicated in the list of PID fields: Name, Video PID,
Audio PID and PCR PID.

The scan can also be done manually by using the Scan button.

The four drop-down lists in the MPEG Video section enable you to
make individual PID selections from the data available within the
received DVB-T ensemble.

The Name drop-down list allows you to make your selection from
a list of program names, sorted by the criteria "TV" and "radio”. Just
click any of the available program names, and the relevant program
will immediately be displayed on your screen (for video),
respectively the audio program will be played using the built-in
speaker. After having made a selection in the Name drop-down list,
the relevant PID number of the selected program will automatically
be displayed in the other combo boxes below.

If you know the exact PID (Packet Identifier) of any program you
wish to display, it may be more convenient to select this program by
simply entering this PID directly in the Video PID or in the Audio
PID combo box.

See Video PID.

The PCR (Program Clock Reference) PID is required to synchronise
audio information with the relevant video information of a TV
program. Unless you change the PCR PID selected by default, the
audio signal corresponding to a certain video signal will
automatically be synchronised.
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Four buttons are used to manually edit PID lists.
Click the Add button to enter a new program.

Click the Edit button in order to edit the current program. Figures
can be entered either in decimal or hexadecimal format (prefix “$”),
Ardd Tet=1=151 depending on the selection made below.

Click the Insert button to insert a program name in the PID list.

Click the Delete button to delete an entry from the PID list.

kanual

Edit Delete

Lists are automatically stored per program.
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sound and Image The Sound and Image section allows to fine tune the brightness,
™~ Mute contrast ,and colour saturation of the monitor.

L3
Lt | Yolume j The Volume and Balance controls allow for quick audio channel
verification.

Balance
Brightness

Level N Contrast

Erege | SEturation

RF <User def

Program CAM/Cl l The Conditional Access Module allows to decode encrypted

content.

[ CAM/ Cl Active
— The 4T2 supports standard definition hardware decoding.

— There are two Cl slots available (optional).

On Screen Display

FIN

[ [Send | Concel

CI/ CAM deactivated
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6.7 Streamer
Non hardware decoder versions of the 4T2 implement an MPEG-TS to IP encapsulator and server.

The Server “converts” the demodulated RF-channel content into an IP-based data stream.
Clients applications can receive the stream by listening to the IP address and process the signal.

It is not mandatory for the client application to run locally on the 4T2. The processing software
can also run remotely on a different computer in the network.

Possible clients are the 4T2 Content Analyser, VideoLan for content decoding, or the StreamXPert
for analysis.

Transport streams can be stored on hard disk using the built-in recorder scheduler. An ASI output
is provided for stream forwarding.

ﬁ 412 DVB-T Portable Test Set - Simulation Mode - _L@ E[
Channel Frequency [MHz] BW [MHz] A ion [dB] | Signal Input SAW [MHz] MPEG Source | Site info, 5w 3.0.105.514 - 5.0.15.95 Date / Time
G ER ] [0 ][5 | 2 [0 ]| [eeid  <[fare =] | [iemadtP <] || 44774201101 546 22 A
Simulation
Transport Stream
Server status Server settings Modulation m
1P Multicast streaming status I bduilticast streaming
n/a I~ &ctive  |Paddess  [127 |0 0 1 Port(s)|1001-1003 Error Rates @
A5 output status A5 output Headroom
stopped ™ Active  ASI-Device  |Autn - Connector |Auto -
Spectrum E
Recorder status Recorder tasks —
Status  idle Active  Mame Status Time Impulse L.',
Task:  nfa Add Open Folder Fesponse 2=
File size: n/ia = C =
Duration nia nfa Record 1 min. ~overage gyl
Stop ==
_Deke | sten | CCDF
Clients Group Delay E
vl ewe
Program ‘c:\plogram files\widealan'wlchvic. exe Jparams |udp:@127.0.0.1 1001 ~| Fun Streamer x":;‘
UDPMulticastPoms canner. exe
Program | C:\Program Files\8BC 4T 2\UDPMullicastPomSc: J Params |udp.@1 27.0.0.1:100 «| FRun
Ma Program selected ABC Map Maker -
Program J Params | ~| FRun P -l
Mo Program selected
Frogram J Params | ~| Fun
No Program selected t !‘3(‘
Program J Frarams | | [l Utilities
RF 500 || OFDM Parameters = Used Cell-D (x0000 - Native Intereaver 7| Acquisition = i
Lewel ‘| Frequency lesel‘ Reference FFT | I odulation Guard ‘ Caode Rate | Alpha | Spectrum MetBitRate Spnc ‘| BER b\, ‘ BER at. | FER
-47.5 dBm 2613 Hz external 8K F4 OAM 1/ HP 142 LR none nomal 16.588235 Mb/s locked 3.38E-3 134E-5  Mone

Illustration 21: /Analysis/Streamer

Recommended server settings :
Protocol: UDP

IP address: 225.9.9.1 (in all other cases)
Ports: 1001 - 1004

IP address: 127.0.0.1 (4T2, not plugged into a network)

Multiple clients must not have the same port setting because they would interlock each other.

Operation recommendations:
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- In the client area, any application program with command line parameters can be entered

to be launched with a single button click.

«  Onrecording MPEG-TS large files are created. If you expect to use the recorder
extensively the use of a NAS HDD device is recommended.

« A second computer, IP connected to the 4T2 can effectively work as an external video

decoder / analyser, if required.
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6.8 Spectrum Analysis

The Spectrum analysis menu allows for monitoring the DVB-T signal spectrum. The following
figures show typical spectrum displays for modulator measurements and DVB-T live reception.

™3 412 DVB-T Portable Test Set - Simulation Mode -

Channel Frequency [MHz] BW [MHz] A ion [dB] | Signal Input SAW [MHz]| MPEG Source || Site info, 5% 3.0.105.514 - 5.0.15.95 Date / Time
G EE] [mooon <] [& <) w0 | e <lfame <] | [imemabp <] | | 4/27/2010 5:47:39 AM
Spectrum Spectrum } Simulation
Settings abs. Frequency [MHz] s Modulation u
B w
Acege | ZI 432 493 = Eror Rates @
3
Status -30 E Headroom
@ Ok -5 8
a0 E Spectrurn @
745.§. Impulse “_
50 Fesponge M
£5 Coverage P;;i
Relative Markers < CCDF
-85
Freg [MHz]:  -4.200
1
* | Level[dB]: -329 70 Group Delsy [
o | Freg[MHz]: -3.750 75 Streamer 2
¥ | Level[dB]: 07 -80
-85
g | Freq[MHz]: 0000 —_ “
* | levell]: 02 | B 40 ABC Map Maker 47
@ 45
4 | Fregq[MHz]:  3.750 z
> | Level[dB]: -406 || £ -100
g i H S M S B
g | Freq[mMHz]: 4200 < -3812 -2.542 -1.271 0 1271 2542 3|z
¥ | Level[dB]: -48.2 £ rel. Frequency [MHz]
Pointer ‘ Detector: FME ~ Res BW: 10 kHz  Video BYv: 10 kHz
Freg [MHz] =
Level [dB
Sl ] e ‘ Clear/Start Stop Detectors ... | Masks ... REW ... WEWY harkers ... MAE b
RF 500 || OFDM Parameters * Used Cell-ID 0x0000 = Native Interleaver || Acquisition = i
Level “ FlequencyDllsat| Reference FFT | Modulation Guard | Code Rate | Alpha ‘ Spectium MetBit Rate X Sync ‘| BER b¥. | BER a¥. | FER
-47.6 dBrn 72611 Hz extemal 8K B4 OAM 1/8  HR: 142 LR nane nomal 16.5688235 Mb/s locked 311E-3 TE4EE  Mone
Illustration 22: /Analysis/Spectrum
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B 472 DVB-T Portable Test Set

18] x]

|'Cham|e|

Frequency [MHz] BW [MHz]| A ion [dB] | Signal Input MPEG Source || Site Info
| [FM ] faosoon =] [7 =] l(ﬂ [0 j]{ aerdl = ﬁ\nlemalHP j—‘(ﬁdEnEnm

Date / Time
2311.2004 14:44:22 |

| Spectrum

Settings

Auetage |1D ﬂ

[—

Status
(@' Ok

rAbsolute Markers

hd

Lewvel [¢B]:

T | Level [dB]:

1 | Freq[MHz]: 184300

-51.7

o | Freq[MHz]: 184750

-50.3

3 | FreqMH2]: 198500

abs. Frequency [MHz]
20

202

[wgp] apnyjdury “sqe

Analysis

Modulation u
Eror Rates @

Impulse
Fesponse

Coverage F.’{fi

CCDF

Group Delay g

o=
=
¥ | Level[dE]: -0.7 2 MPEG Vide,
4 | Freg[MHZ: 202250 || £
¥ | Level[dB]: -46.2 g :
5 | FreqMHz): 202.200 s -3.808 -2537 -1.268 2537 3.605
¥ | Level[dB]: 511 rel. Frequency [MHz]
- [ Detector RMS — Res BW: 10kHz  Video BW: 10 kHz |
Pointer
Freg [hHz]: 196.161
Lewvel [dB]: 14
Sl I Clear/Stan Stop | Detectors | Masks .. | REYY . ‘ WEY .. | Markers ... ‘ MER ...
RF @50 O ,*|| OFDM Parameters [ Cell-ID 0x3503 ) || Acquisition o
Lewel 1 Frequency Offset | Reference || FFT | M odulation | Guard | Code Rate | Alpha I Spectrum I Bwidth Dffset Spnc 1 BER b\, | BER aV. | PER

-2Hz

| 7.1 dem |

| locked

16 GAM 0.0Hz

E3

]

HF:| 34 LR - |nune | namal |

“ locked

| 1.75E-4 | DO0E+D | none

Illustration 23: /Analysis/Spectrum (with masks)

6.8.1

Background Information
The spectral density of a terrestrial DVB signal is defined as the long-term average of the time-

varying signal power per unity bandwidth.

In order to avoid the DVB-T signal interfering with signals in other channels, the transmitted

spectrum shall comply with defined spectrum masks.
TR 101 290 defines spectrum masks for critical and non-critical cases.
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6.8.2 Controls and Displays

The absolute frequency (in MHz) is shown in the upper part of the display and determined by the
selected input channel/frequency (e.g. 498.000 MHz if channel 24 has been selected from the
European frequency table).

The absolute amplitude (in dBm or dBuV, depending on the selected level unit) is displayed on the
right hand side of the screen.

Relative values for amplitude and frequency are displayed on the lower and left axis respectively.
The 4T2 shifts the top of the DVB-T block automatically to match the line relative to 0 dB.

The Clear/Start button starts the spectrum analysis and resets

ClearfStart the average counter.

Stop The Stop button freezes the display.

Detectors ... opens the following pop-up window:

IEd

Detectars ...

Detector modes: Max for maximum /
Avg for average or RMS for root mean square
may be selected.

Max
fvg
& M5

Markers ... opens the following pop-up window:

karkers ..

You may: Show / Hide or Edit markers;

L they may be located on:
Hl'jde Relative or Absolute positions.
Edit
Relative

® Absolute

Five markers are available within the frequency spectrum. If the
markers are hidden, no level measurement results will be available at
the bottom left part of the screen. Edit opens the marker
positioning dialog.

The Markers area at the bottom left part of the screen contains 5
result lines for the 5 markers on the spectrum display

—Markers

1 |Freq[MHz] -3.900 .
Level [dB]: 443 Absolute or relative frequency (see marker description above) plus
the corresponding level or level delta (in dB) is displayed in this

2 |FrEq[MHz]: 3000  section.
Lewel [dB] : 1.1

3 |Freq[MHz]: 0.000
Lewvel [dB]: -0.1

4 |Freq[MHz]: 3.000
Lewvel [dB]: 1.4

5 |Freq[MHz]: 3.800
Level [dB]: 412

Masks ... opens the following pop-up window:
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] Show / Hide or Edit masks.
Shiow ‘

® Hide |
Edt
When moving the mouse pointer over Masks ... field in the Show

status, the name of the currently used mask (as determined by the
user) is displayed for about three seconds.

Edit may be used to customise spectrum masks according to
individual requirements. It opens up the Edit Mask dialogue, allowing
defining 8 segments for the lower and upper limits defining the
spectrum mask. For this purpose two times 9 points may be set
manually. Points 3, 4 and 5 usually define the pass band of the
spectrum. Frequency and level offset for low and high mask limit
values can be allocated for each of these points.

In order to store a defined mask, please click the Save button.

To retrieve any previously defined and saved spectrum masks,
simply click the Load button within the Masks Edit dialogue.

Per default, masks are stored in the \4T2\spectrum\ subfolder.

Maskstdt |

Mo, | Freglower | LewelLower | FregUpper | LeveIUpper|

1 -12.000 -G2.6 -12.000 -77.8
2 -h.600 -57.6 -6.000 -h2.8
3 -4.000 -45.8 -4.200 -40.6
9 -3.603 -2h -3.803 25
& g.00a -2h g.o0a 25
B 3603 -2h 3803 25
7 4.000 -45.8 4.200 -40.6
i 5.800 -h7.8 B.000 -he.8
q 12.000 -32.6 12.000 -77.8

-l ower

Frequency [MHz]: | Lewel [dE]: |
~Upper

Freguency [MHz]: | Lewel [dB]:

-Comments

# <— comment lines hawe to startwith this character ﬂ

open | save Cancel | [0k

RBW ... allows for setting the resolution bandwidth. When clicking
on RBW ... the following pop-up window appears:
T The resolution bandwidth may be selected easily;

i the default value is displayed in bold letters.

10 kHz
® 30kHz
100 kHz

VBW ... allows for setting the video bandwidth. When clicking on
VBW ... the following pop-up window appears:
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hAER
—Settings
Anverage |1 0 ﬂ
 —
—Puointer

Freg[hMHz]: 4483
Lewel [dB]: -484

Marker Edit x|
Freg [MHz] : I—S.BDU

Freg [MHz] : |-3.000

Freg [MHz] : |0.000

Frag [MHz] : |3.DIJD

Freg [MHz] : |3.900

oo e

Cancel |

The video bandwidth may be selected easily; the
ins:zz default value is displayed in bold letters. Please
note that not every combination of RBW and VBW is
e possible.
10 kHz
& 3 kHz
100 kHz

The MEM ... button opens a pop up window with the possibilities:

add Add or Clear

Clear

Add allows for storing of the current trace to the background.
Stored traces are coloured in blue.

Multiple storing is possible. Clear removes all stored curves.

MEM ... provides an easy way to compare results of different
measurement situations e.g. for adjustment improvements.

The MEM ... function is also available in the Impulse
Response, CCDF and Group Delay mode of operation.

The Average selector field allows determining the average
number of display points per measurement. If required, please click
at either the "increase” or "decrease” arrow to change the setting. You
may also type the average number directly. The blue bar indicates
the progress of the
averaging process. This may be helpful especially if averaging takes
place over a higher number of symbols.

The Pointer area displays Frequency and Level of the current
mouse pointer position in the spectrum diagram.

If you click at any button containing the red arrows in the

Markers group, the Set Marker Display opens up allowing
setting the results lines values.

Thus you are able to determine, which frequency and amplitude
delta or absolute values you want the 4T2 to display.

Markers may also be shifted manually by setting the mouse pointer
close to the marker (selection) and moving the mouse right or left
with depressed right mouse key.
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6.8.3 Shoulder Distance Measurements

Shoulder distances can be measured using the 4T2 with the built-in markers and mask features.
Sample files for 7 MHz and 8 MHz non-critical masks are stored on the hard disk in the sub-folder \
4T2\Spectrum\.

Using zoom and markers, the shoulder distance measurements can be easily performed.

E AT2 DVB-T Portable Test Set - Simulation Mode - .-;E‘I El

Channel Fi [MHz] BW [MHz] A ion [dB] | Signal Input SAW [MHz];  MPEG Source || Site info, 5% 3.0.105.514 - 5.0.15.95 Date / Time
Gl < famooon L] (& ]| 2 [0 < | [emil  <|[ae <] [itemaliP <] || 4272010 5:45:41 AM
: Spectrum ‘ Simulation
Spedrum LIRS RO
Settings abs. Frequency [MHz] s tModulation u
Awerage [100 j 4856 485.8 486 486.2 496.4 4866 486.8 i Error Rates @
1 3
Status E a0 F Headroo
@, Ok B | R
04 -5 ® : @
= = Spectrum
1 g @
-4 e 2 Impulse
g B 55 Response
] d Coverage (&gl
Relative Markers 13 - CCOF -\\
. E =70
Freg [MHz]:  -4.200 24
1 B i
¥ | Level[dB]: -449 b 5B Group Delay
-29 E
9 | Freq[MHz]: -3.750 o -80 Streamer 2,
¥ | Lewel[dB]: -0.5 E -
Freq [MHz]:  0.000 B
3 req [MHz]: 0. — -4 .
* | Level[dB]: nwa || B -4 ABC Map Maker %74
= -95
4 | Fregq[MHz]:  3.750 = B
¥ | Level[dB]: i || £ 54 a0
g L S S IS R ES S S RESSSSS
5 | Fregq[MHz]:  4.200 ‘t -4.363 -4.165 -3.967 -3.768 -3.87 -3.372 <3173 z !3(‘
~ Level [dB]: nfa 2 rel Frequency [MHz] Lhilities
- [ Detector RMS  Res BW: 10 kHz  Viden Bv: 10 kHz |
Paointer
Freg[MHz]: -3.380 ||+
Level [dB -47.0
Sl ‘ Clear/Start Stop Detectors ... | Masks .. REW ... WEW harkers ... MAE b
RF 500 || OFDM Parameters = Used Cell-ID (x0000 - Native Interleaver 71| Acguisition = i
Level “ FlequencyDllsat| Reference FFT | Modulation Guard | Code Rate | Alpha ‘ Spectium NetBit Rate W Sync ‘| BER b¥. | BER a¥. | FER
-47.6 dBm 72613 Hz external aK B4 QAWM 1/8 HF: 1.2 LR nome normal 16.588235 Mb/s locked 247E-3 382E6 Mone

Illustration 24: /Analysis/Spectrum (zoomed to lower shoulder)

Using markers and a zoomed spectrum display, the shoulder distance is available at a glance. As
the top area of the DVB-T signal is centred at 0 dB relative, even absolute marker results show
already the accurate shoulder distance.
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@ AT2 DVB-T Portable Test Set - Simulation Mode - .-

Channel Fi [MHz] BW [MHz] A ion [dB]|-Signal Input SAW [MHz];MPEG Source || Site info, 5% 3.0.105.514 - 5.0.15.95 Date / Time:
Gl = oo -] [z ]| 2 [0 = |[eeial  <f[ame <] [itemalip <] || 442772010 5:43:22 AM
Spectrum ;Spectruml‘ Simulation
Settings abs. Frequency [MHz] s todulation u
B o
average [0 2 484 was L Enor Fiates [iT |
SO S S S S S NS R
= 18 308
tatus = Headroom
@ ok 1 -3 E
L]
8 -0z Spectrum @
3 =]
483 Impulse
-2 50 Response
K -5 Coverage S
-12 - “E0 -
i E ccoF R
Relative Markers 47 5 L
Freq [MHz]: -4.200 E
1 _29
¥ | Level [dB]: nfa 22 E -70 Group Deley
27 =75 e
5 | Freg[MHz]: -3.750 @3 Streamer
* | Level[dB]:  na E -80
37 65
g | Freg[MHz]:  0.000 — = N
¥ | Level[dB]: nfa E ‘e E 40 ABC Map Maker JJ‘EE
o 47 | <
4 | Freq[MHz]:  3.750 e s
> | level[dB]: &03 | £ E| -4
g L EEEESSSSSSS S S S T
5 | Freq[MHz]:  4zo0 || < 191 2292 2674 3,068 3438 382 4202 £!3C
= Level[dB]: 478 2 rel Frequency [MHz] Utilities
o [ Detector: RMS  Ries BW: 10 kHz _ video Bv: 10kHz |
ointer
Freg[hHz]: 4319 ||~
Level [d5] 45 | Clear/Start Stop Detectors hasks RBW WBW harkers ME M
RF 500 || OFDM Parameters = Used Cell-D 0x0000 - Natlive Interleaver 4| Acquisition = 4
Level “ Flequencyﬂllsat| Reference FFT | Modulation Guard | Code Fate | Alpha ‘ Spectium NetBit Rate N Sync ‘| BER bV | BER aV. | FER
-47.5 dBm -72615Hz external 8k B4 LAM 1/ HP: 12 LR nomne normal 16.588235 Mb/s locked 2.37E-3 T.B4E-G Mone
Illustration 25: /Analysis/Spectrum (zoomed to upper shoulder)
The upper shoulder distance is measured the same way as the lower shoulder.
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6.9 Impulse Response

The Impulse Response menu enables time domain analysis of the incoming OFDM signal.

It also provides additional information by displaying the corresponding distance (in km) of the
received signal on the upper horizontal axis.

45 4T2 DVB-T Portable Test Set - Simulation Mode - [E=
Channel Frequency [MHz] BW [MHz]| A ion [dB] | Signal Input SAW [MHz] MPEG Source | Site info, 5W 3.0.109.537 - 5.0.20.105 Date / Time
@lES j ‘17?.EUUUUU ﬂ |T j ﬂ |U j |ae|ia\ jlautu j |\nlemaIHF‘ ﬂ ‘HF'AnaIyselApphcat\on 01.05.2010 145847
i Channel Impulse Response | Auto-Carrelation on Samples I Simulation
Impulse Response g i
Setiings B T Gusrd 123 s DT Ussful 1024 ps I T Symbal 1152 s | Madulation E
Average |10 él Distance [km]
40 a0 0 0 0 10 20 30 40 50 GO Evror Retes i |
SFM Power Measurement Lol b b o Ly b e b Ly 1
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= n
FefAmal | 50ps U o
oo 5 Spectrum E
Squelch 30 dB -20.0 =1
Dofooog g Impulse ]
250 = Response D08
E S
= Coverage [
300 E
ccoF i
-35.0
Group Delay puis
Markers -40.0
Time [ps] Lewvel [dBm] 50 Streamer 2y
1 500 823
2 1000 -884 7 =
= StreamxXpert &-ﬂ
i 20,00 942 @ 550
=
1 30.00 -97.7 'Té -60.0
<
3 000 -100.2 < 650
— T T T Tt T T T
100 50 i i 100 150 200 _
Pointer -~ Time [ps]
Tirne [ps]: 135.92
Lewvel [dB]: 1096 ‘ Clear/Start Stop Sync Fresze X Markers ... MEM ..
RF 500 _*/|| OFDM Parameters = Used Cell-ID Dx0000 = Mative Interleaver || Acquisition = A
Level V| Frequency Olfset| Reference || FFT | Moduation | Guard | CodeRate | apha | Spectum | WetBitRate || spne W BeRbv | BERaV. | FER
-47.5dBm -f2613 He external e B4 QAM 148 HP 142 LR - nong niomal 16.588235 Mbis locked J83E-3 0.00E+0 Mone

Illustration 26: /Analysis/Impulse Response

6.9.1 Background Information

This measurement may be used in order to analyse the time conditions of several DVB-T signals
arriving at the same reception point (resulting in symbol interference), which is particularly useful
when monitoring Single Frequency Networks (SFN).

In the Impulse Response screen, the time delay between transmissions in a multi-path
environment is displayed.

Two different algorithms are implemented:

Channel Impulse Response, transformation of energy density spectrum into the time domain:
e requires receiver locked state on the incoming DVB-T signal
e delivers precise time and amplitude information
e is restricted to echoes / reflections within the Guard Interval
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Auto-Correlation on Samples, IR ~ ACF(F(t)) = IFFT [ | FFT (F(t))|2%]:

works on the digitised input signal

gives precise time information

is independent from the signal properties i.e. no DVB-T signal has to be present

delivers any periodic share of the signal as peak in the display, which in case of a DVB-T

signal includes: Guard Interval, FFT length, symbol length and combinations thereof

e Peaks due to echoes / reflections are clearly higher in amplitude than peaks due to
internal signal periodicity.

Both algorithms have their advantages and disadvantages. The application shall be chosen
according to the input conditions.

6.9.2 Controls and Displays

I— The Clear/Start button starts the impulse response analysis and
tesn | resets the average counter.
| The Stop button freezes the display.

Markers ... opens the following pop-up window:

T— You may: Show / Hide or Edit markers

8 Hide |
Edit

Five markers are available within the frequency spectrum. If the
markers are hidden, no level measurement results will be available
at the bottom left part of the screen. Edit opens the marker
positioning dialog.

~Markers The Markers area at the bottom left part of the screen contains
5 result lines for the 5 Markers on the spectrum display.
Freg[MHz] . -3.900 The exact relative frequency (see Marker description above) plus
—YJ Level[dB]: -4453 the corresponding level or level delta (in dB) is displayed in this
section.

| Freq [kMHz]: -3.000
Lewvel [dB]: 1.1
| Freg[MHz]:  0.000
Lewvel [dB]: 0.1

| Freg[MHz]: 3000
Lewvel [dB]: 1.4

|Freq[MHz]: 3.800
Level [dB]: 412
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Zoom Function

Time [us]
Time [us]
Time [us]
Time [us]

Time [us] :

By clicking any button containing the red arrows in the Markers
group, the Markers Edit dialog opens up allowing to set the results
lines values.

Thus you are able to determine which time and amplitude delta or
absolute values you want the 4T2 to display.

Zoom-in on any time range is performed by dragging the mouse
pointer over the area of interest from left to right while holding the
left mouse button.

To Zoom-out to full span, hold the left mouse button and drag the
mouse pointer from right to left.

The Average selector field allows determining the average number
of display points per measurement. If required, please click at either
the “increase” or “decrease” arrow to change the setting.

The MEM ... button opens a pop up window with the possibilities:

Add Add or

Clear Clear.

Add allows for storing of the current trace to the background.
Stored traces are coloured in blue.

Multiple storing is possible. Clear removes all stored curves.

MEM ... provides an easy way to compare results of different
measurement situations e.g. for adjustment improvements.

The MEM ... function is also available in the Spectrum, Group
Delay, and CCDF mode of operation.
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6.10

Coverage

The Coverage function enables the 4T2 to relate OFDM measurement to position data derived from
a GPS receiver. The combined data is logged on the 4T2 disk.
The coverage database is in ASCIl comma separated values (csv) and may thus be converted to any
file format for post-processing, like using coverage prediction software.

There are up to 4 receivers supported, allowing for a maximum of 4 channels to be measured at
the same time.

Currently, the application supports Garmin, and Navilock GPS receivers following the NMEA

standard

.

Fe 4T2 RF-Analyser E]
System Channel Frequency [MHz] BW [MHz]| A ion [dB] | Signal Input SAW [MHz] MPEG Source | Site info, SN 10000217 - 10100100
[OVBTHW Demadl =] | &3] [47 =] 2000000 <] [& =) 23 [14 = | [eeid  <[[are || [itematr <] | |
Settings | Tahle Map Date £ Time
e | 1 | 10414/2013 51237 PM
Spstemn Channel Frequency [MHz] BW [MHz] Active PLP C5Y file name: Raw-data snapshots
= [ =l |sezooooon— [& [ | [oesr Disabled =/ Modulation H
RF (141) G b| eer | ErmarFiates @
Level Spectrum| SNR || FFT| Modulation | Guard| Code Rate Alpha Sync | BER BV, BER a¥.| PER
-44.0 dBm romal 254 dB || 8K 16QAM | 144 HP: 243 LP: nda | none locked | G46E-6 | 0.00 0 Headraom
> Spstem Channel Frequency [MHz] B'w [MHz] Active PLP L5 file name Cal. / Tune statug Spectrum @
v inuse K - — - tonitaring
|oveT «||47 ~| |e6zoooooo  f8 [ | lesr @ Impulse e
L
RF - Audiary (171) B[ TPS (172) »| eer | REEETES —
GPS Data COMb = Level Spectum| SMR | FFT| Modulation | Guard| Code Rate Alpha Sync | BER bV, BER a¥.| FER Coverage y
-60.8 dB 24.3dB | |8K- TEOQAM | 144 HP:| 243 LP: | nd ful | 2E5E6 | 0.00 0 ~
m e nfa | hone Ul CCOF
@ Spstemn Channel Frequency [MHz] BW [MHz] Active PLP C5Y file name: Cal. / Tune status —
¥ inuse |[over ~|[#7 +| [cezoooooo [ [ || [zce @ Monitoring (Cyyau g Dtz
RF - Ausiliary (1/1) G b| eer | Streamer &2
Level Spectrum| SNR || FFT| Modulation | Guard| Code Rate Alpha Sync | BER BV, BER a¥.| PER
-49.9 dBm 255dB | |8k- | 1604M | 144 HP: 2/3 LP: nfa | none full | 336E-6 | 0.00 0
4T2Z Content FF
Spstem Channel Frequency [MHz] B'w [MHz] Active PLP L5 file name Cal. / Tune statug Anakyser
Saeltes NENEEHENEEEE = oveT | | | =il
Longitude 52e | 10°| 06.05" |M RF (141) ‘ TPS [142) ’ | BER |
Latitude 09° | 56' | 50.58" |E
= Lewel Spectum| SMR || FFT| Modulation | Guard| Code Rate Alpha Seync | BER bV, BER aV.| PER
Current signal
- 1 B 3 u 2K 1432 HF:| - LP:| -
| |
‘MyFilslT est42c
B & Star‘ll Stop
RF 509, Attn 14.0dB *|| OFDM Parameters = Used Cell-ID 0x0AD3 = MNalive Interleaver | Acquisition = A
Level “ Frequency Dflsel‘ Reference FFT | Madulation | Guard ‘ Code Rate ‘ Alpha ‘ Spectum MetBitRate  W| Sunc ‘| BER b, | BER aV. | PER
-44.0 dBm -108 internal aK 16 QAM 144 HP: 2/3 LP: none harmnal 13270888 Mb/s locked B46E-B 0.0o Mone
Illustration 27: /Analysis/Coverage (settings display)
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6.10.1 Obtaining map information

The process to perform coverage analysis is very simple and can be done in a number of ways, all
leading to accurate and reliable results.

The 4T2 can be used to superimpose measurement results on a map of the coverage area, but it is
not mandatory to do so. This means that one can perform coverage measurements without loading
a map file.

We do, however, encourage to use the map display feature as this is some kind of an online
verification during the measurement session.

To use a map for the coverage analysis you will need to have a map-file of sufficient size and
resolution in a bitmap format (PNG, JPEG, and BMP supported).

After setting two reference pins, the map is scaled automatically. It is not mandatory to set the
reference pins before starting the measurement session. They can be altered during a running
measurement session, if necessary.

ABC is providing a MapMaker application that enables to obtain up-to-date map data from the
internet (Open Street Map Project http://www.openstreetmap.org). The map data is
automatically referenced and a loaded map file will immediately display correctly in the RF-
Analyser.

6.10.2 Center application screen area

The Settings tab holds all settings of the measurement receivers in the 4T2.
Up to 4 receivers are supported under positions 1..4.
The position 1 receiver on the top is always the 4T2 main receiver and thus controlled by
the main application settings accessible on the very top of the application-screen.

Raw-data snapshots is a debug tool that allows the storage of IF sample data during the
measurement run. This is for ABC internal use, should there be very difficult receiving
conditions where more expert opinion is required. ABC has specific proprietary debug tools
to work on this data. Please note, that this function stores a lot of data. It is therefore
recommended to disable during normal use.

Position 2 to 4 are auxiliary receivers and can be tuned in the corresponding dialogues.

The Table tab provides a detailed list of all measurement samples that have been gathered during
a measurement session.

Depending on the position 1..4 selected, the table display changes to the data measured
by the corresponding receiver.
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The Map tab shows the map and the superimposed track herein.

Depending on the position 1..4 selected, the map display changes to the data measured by
the corresponding receiver.

The Map tab offers additional tabs for display and documentation:

Track Tab-sheet ‘ ‘

& Track | & Rer1] & Ref2] &t P3| A= »
YWalue selection Colour & Range E0%
+ Power " BER a¥.
o LIEEETET .
Min T ST . Ma | Colowr and Fange [dbwy] Draw ..
Zoom ...

Properties of the superimposed track can be selected here:
*  Value Selection: Colours of the track derived from input level, or bit errors
*  Width: Width of the displayed track
*  Colour & Range: Selection of colours related to input properties

Ref 1/2 Tab-sheet ‘ ‘

ﬁ Track ‘15.A Ref1 ]: Hef2l %% GF'S] ﬂ '...T.JT... i
Coordinates L. — .. = 60%
[ Longitude W |ﬁ 00,00 (: E\?:;t Latitude |§ E 00.00 (: gg::tl?] Apply Map
Curert  [gog [o0 [ooo0  [E 52 "[o0 foooo N %@ Diraw ...
Zoom ...

For manual scaling of displayed map:
*  Coordinates: Allows the positioning of reference pins on map, and supports the
data acquisition from an attached GPS receiver.

GPS Tab-sheet | |

2 Teack | & Ret1] & Ret2 w® GPS | A=)
Fointer GPS time and quality G0

Longitude 09B4'2672E  Latitude B20M4.47'N

GFS Fosition HET
Longitude —  Latitude J H# of Satelites Diram ...
Height — elocity Canfidence Lewel T

Main data display of an attached GPS receiver.

The button Map allows the replacement, or selection of a map file.

The button Draw allows the selection of values to be drawn on the map.

The button Zoom allows the zoom of the map and measurement data according to user
requirements.
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6.10.3 Left application screen area

GPS Data COMnn displays the GPS communication and indicates traffic on the interface.
While driving, an arrow will point into the direction on the compass dial.

Current position information and the number of satellites received is displayed for data
confidence evaluation.

The Current signal section allows for a quick evaluation of the reception quality. It can be also
used to switch between the receivers. A button to the left of the receiver indicators allows for a
complete retune of the receiver front-ends.

Waypoints allows for connection to wheel sensors, should GPS not be available (like in tunnels).

As there is additional hardware required, please contact ABC for a further explanation of the
usage.

Click the Start button to start a measurement.
Click the Stop button to terminate the current measurement.

The File New dialogue allows creating a new coverage measurement project. You will be asked to
save the current settings. Entering a new filename opens a project based on the current settings.

The File Open dialogue allows opening an existing coverage measurement project.

The File Import dialogue allows opening a legacy single channel coverage project file in the ini
format used by RF-Analyser up to 2007.
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7 Miscellaneous

7.1 Hotkeys

Hotkeys allow quick operation without the need for using a pointing device. They allow for faster
navigation by the experienced user as well as for control in automated scripts.

Setup Features

Ctrl-0
Ctrl-1
Ctrl-2
Ctrl-3
Ctrl-4
Ctrl-5
Ctrl-6
Ctrl-7
Ctrl-8
Analysis Selection
Alt-M
Alt-E
Alt-H
Alt-S
Alt-1
Alt-C
Alt-D
Alt-G

Alt-V

7.2 Glossary

Opens the Select Channel Table file open box.

Highlights the Channel Selector .
Highlights the Frequency Selector .

Highlights the Bandwidth Selector .

Activates the Automatic Attennuation process.

Highlights the Manual Attenuation Selector .
Highlights the Signal Input Selector .
Highlights the MPEG Source Selector .

Highlights the Site Info edit box.

Activates Analysis/Modulation.
Activates Analysis/Error Rates.
Activates Analysis/Receiver Headroom .
Activates Analysis/Spectrum.

Activates Analysis/Impulse Response .
Activates Analysis/Coverage.

Activates Analysis/CCDF.

Activates Analysis/Group Delay.

Activates Analysis/MPEG Video.
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Abbr.

BAT
BER

C/N
CCDF

CREST

Cs

Csl

DVB-T

EIT

ETR
ETSI

EVM

FEC

FFT
GPS

HDTV

1Q
IRD
MER
MFN
MIP

MP@HL

MPEG

NIT

OFDM

Meaning

Amplitude Imbalance
Bouquet Association Table
Bit Error Rate
Carrier-to-Noise

Complementary Cumulative
Distribution Function

Carrier Suppression

Channel-State Information

Digital Video Broadcasting -
Terrestrial
Event Information Table

ETSI Technical Report

European Telecommunication
Standard Institute
Error Vector Magnitude

Forward Error Correction

Fast Fourier Transform
Global Positioning System

High Definition Television

In-phase/Quadrature
components

Integrated Receiver Decoder
Modulation Error Ratio

Multi Frequency Network
Megaframe Initialization

Packet
Main Profile at High Level

Motion Picture Experts Group

Network Information Table
PID 0x0010

Orthogonal Frequency Division
Multiplex

Description

The purpose of the Al measurement is to assess the QAM
distortions resulting from amplitude imbalance of | and Q
signals.

A DVB table that describes a set of services grouped together
by a broadcaster and sold as a single entity.

The ratio of erroneous bits to the total number of bits
transmitted within a certain time interval.

Ratio of RF or IF signal power to noise power

Statistical information about the signal amplitude distribution

CREST factor is defined as the ratio of the peak voltage to its
root-mean-square value

Carrier Suppression is a measure for the rejection of
unwanted sinusoidal signals affecting the centre of the
analysed OFDM signal. CS is measured in dB; high values
indicate high suppression or high signal quality.

The Channel-State Information is calculated as a properly
defined distance between the received data symbols and the
constellation points. The higher the CSI, the less reliable is the
carrier. The average CSI corresponds to a quantised average of
the CSI taken over the number of carriers.

Baseline system for digital terrestrial television

The DVB SI table that supplies the decoder with a list of
events corresponding to each service and identifies the
characteristics of these events.

EVM is defined as the ratio of the average measured error
magnitude to the peak symbol magnitude and is averaged over
a statistically valid number of symbols.

A method for protecting the transport stream against error
by adding error control bits before RF modulation. With these
bits, errors in the transport stream may be detected and
corrected prior to decoding.

Mathematical calculation for analysing the frequency
spectrum of non-periodic functions.

Satellite-based system for exact determination of current
location by analysing signals received from the GPS satellites.

Digital TV with a resolution approx. Twice as high as that of
Standard Definition TV for both horizontal and vertical
dimensions. HDTV has an aspect ratio of 16:9, as compared to
4:3 for SDTV.

Base-band modulating signals whose amplitudes can be
monitored for signal distortions.

A receiver with an MPEG-2 decoder, also known as set-top
box.

The MER is defined as the ratio of 1/Q signal power to I/Q
noise power; the result is indicated in dB.

DVB-T network configuration with DVT-T transmitters sending
different content on different frequencies

A transport stream packet used by DVB-T to synchronise the
transmitters in a multi-frequency network (MFN).

MPEG-2 specifies different degrees of compression vs
Quality. Of these, MP@HL is the most commonly used for
HDTV.

The standards body responsible for the development of
MPEG-2, the standard for digital television broadcasting.

The DVB table that contains information about a network
including its orbit, transponder, etc.

Multi-carrier type of modulation used for DVB-T transmission.

C:\Users\4T2\Work\ABC website 2014\ABCManuals\4T2SWManualRF-AnalyserEN.odt Page 62




Abbr.
PAT

PCR

PES

PID

PJ
PLL

PMT

PPTR
PTS

QAM

QE

QPSK

RS

SDT

SFN

SI

SNR
STE

TDT

TEV

TS

Meaning

Program Association Table
PID 0x0000

Program Clock Reference

Packetised Elementary Stream

Packet Identifier

Phase Jitter
Phase Lock Loop

Program Map Table

power peak to RMS
Presentation Time Stamp

Quadrature Amplitude
Modulation

Quadrature Error

Quaternary Phase Shift Keying

Reed Solomon

Service Description Table

Single Frequency Network

Service Information

Signal to Noise Ratio
System Target Error

Time and Date Table

Target Error Vector

Transport Stream

Description

The MPEG-2 table that identifies all programs in the
transport stream and provides the PID value for the PMT
associated with each program.

A time stamp in the transport stream used to synchronise the
decoder’s clock with the original system time clock of the
encoder. The PCR is transmitted at least every 0.1 seconds.

A stream containing variable-length packets of video, audio,
or data.

A unique integer value that identifies elements in the
transport stream such as tables, data, or the audio for a
program.

Rapid fluctuations of phase.

The process by which the decoder uses the PCR to lock its
system time clock to the original system time clock of the
encoder.

The MPEG-2 table that indicates the PID values for packets
containing the audio and video components of a program. It
also provides the PID.

A time stamp that indicates the moment at which a frame of
audio or video must be presented to the viewer. Found in the
PES header, the PTS is transmitted at least once every 0.7
seconds.

A modulation scheme for digital signals mainly used in CATV
transmission. Amplitude and phase of a carrier are modulated
in order to carry information.

64-QAM, 16-QAM, and 4-QAM (QPSK) are commonly used,
according to bit rate/ruggedness requirements.

The Quadrature Error (QE) parameter describes the distortion
of a constellation diagram in case the phases of the two
carriers feeding | and Q modulators are not orthogonal (i.e.
their phase difference is not 90°).

A type of modulation for digital signals mainly used in
satellite transmission (DVB-S).

Protection code; refers to (usually) 16 bytes of error control
code that can be added to every transport packet during
modulation.

The DVB S| table that describes the characteristics of
available services.

In an SFN, all transmitters within a region are sending the
same signal (bit-synchronous), as opposed to multi-frequency
networks which are not bit-synchronised.

The DVB protocol that specifies transmission of the data
required by a decoder to de-multiplex the programs and
services in the transport stream. Mandatory DVB S| tables
include TDT, NIT, SDT, and EIT.

Ratio of RF or IF signal power to noise power, indicated in dB

The STE gives a global indication about the overall distortion
present on raw received data.

A mandatory DVB SI table that supplies the UTC time and
date. This table enables joint management of events
corresponding to services accessible from a single reception
point.

In a constellation diagram, the distance between the ideal
symbol point location and the point corresponding to the mean
of the cloud of that particular point, is referred to as TEV.

A stream of 188-byte packets that contain audio, video or
data belonging to one or several programs.
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7.3 DVB-T/H Modulation Parameters

Key properties of 2k, 4k, and 8k modulation modes:

channel BW mode Noof carriers  carrier spacing  OFDMwidth ~ FFTlength  OFDM  elementary period ~ symbol length  frame length  super frame length  guard guard Tsymbol Cmin  Cmax  scattered pilots
[MHz] [ [1] [Hz] [Hz] )] [1] [1] [us] sym*68 [us] fr*4 [us] (] [us] [us] [ [
%k 1705 4464,29 7,61 2.048 778 7164 224 15232 60928 174 56 280 0 1704 131
178 28 252
116 14 238
13 7 231
4k 3409 2232,14 7,61 4.09% 718 7164 448 30464 121856 174 112 560 0 3408 261
1/8 56 504
116 28 476
132 14 462
8k 6817 1116,07 7,61 8.192 718 7164 896 60928 243712 174 224 1120 0 6816 524
178 112 1008
116 56 952
132 28 924
channel BW  mode  Noof carriers  carrier spacing ~ OFDMwidth ~ FFTlength OFDM  elementary period ~ symbol length ~ frame length  super frame length  guard guard Tsymbol Cmin  Cmax  scattered pilots
[MHz] [ [1] [Hz] [Hz] [ [1] [us] sym*68 [us] fr*4 [us] (] [us] [us] IO
2% 1705 3906,25 6,66 2.048 7/8 178 256 17408 69632 174 64 320 0 1704 131
178 32 288
116 16 m
132 8 264
4k 3409 1953,13 6,66 4.09% 718 178 512 34816 139264 174 128 640 0 3408 262
178 64 576
1716 32 544
132 16 528
8k 6817 976,56 6,66 8.192 778 178 1024 69632 278528 174 25 1280 0 6816 524
1/8 128 1152
116 64 1088
1732 R 1056
channel BW  mode  Noof carriers  carrier spacing ~ OFDM width ~ FFTlength OFDM  elementary period ~ symbol length  frame length  super frame length  guard guard Tsymbol Cmin  Cmax  scattered pilots
[MHz] [ [1] [Hz] [Hz] )] [1] [1] [us] sym*68 [us] fr*4 [us] (] [us] [us] IO [1]
F3 1705 3348,21 5,71 2.048 178 7748 298,67 20309,33 81237,33 174 75 33 0 1704 131
178 37 336
1716 19 37
1732 9 308
3 3409 1674,11 5,71 4.09% 778 7748 597,33 40618,67 162474,67 174 149 747 0 3408 262
178 75 672
116 37 635
132 19 616
8k 6817 837,05 571 8.192 7/8 7/48 1194,67 81237,33 324949,33 174 29 1493 0 6816 524
178 149 1344
116 75 1269
132 37 1232
channel BW mode Noof carriers  carrier spacing  OFDMwidth ~ FFTlength  OFDM  elementary period ~ symbol length  frame length  super frame length  guard guard  Tsymbol Cmin  Cmax  scattered pilots
[MHz] [ [1] [Hz] [Hz] [ [1] [us] sym*68 [us] fr*4 [us] (1] [us] [us] IO
% 1705 2790,18 4,75 2.048 178 7740 358,4 24371,2 97484,8 174 90 448 0 1704 131
1/8 45 403
116 22 381
173 1 370
£3 3409 1395,09 4,75 4.09% 778 7740 716,8 48742,4 194969,6 174 179 896 0 3408 262
178 90 806
116 45 762
132 1 739
8k 6817 697,54 4,75 8.192 718 7140 1433,6 97484,8 389939,2 174 358 1792 0 6816 524
18 179 1613
1/16 90 1523
132 4 1478
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Continuous Pilot Carriers (CP)

(Carrier indices)

Transmitter Parameter Signalling Carriers (TPS)

2k mode (45 CP, 17 TPS)
0 34 48 50 54 87 141
201 209 255 279 282 333 346 413
432 450 483 525 531 569 595 618
636 688 714 759 765 780 790 804
873 888 901 918 939 942 969 984

156 192

1050 1101 1107 1110 1137 1073
1140 1146 1206 1219 1262 1269
1286 1323 1377 1469 1491 1594
1683 1687 1704

8k mode (177 CP, 68 TPS)

0 34 48 50 54 87 141 156 192 201 209 255 279 282 333
346 413 432 450 483 525 531 569 595 618 636 688 714
759 765 780 790 804 873 888 901 918 939 942 969 984
1050 1101 1107 1110 1137 1073 1140 1146 1206 1219
1262 1269 1286 1323 1377 1469 1491 1594 1683 1687
1704 1738 1752 1754 1758 1791 1845 1860 1896 1905
1913 1959 1983 1986 2037 2050 2117 2136 2154 2187
2229 2235 2273 2299 2322 2340 2392 2418 2463 2469
2484 2494 2508 2577 2592 2605 2622 2643 2646 2673 2688
2754 2777 2805 2811 2814 2841 2844 2850 2910 2923
2966 2973 2990 3027 3081 3173 3195 3387 3298 3391
3408 3442 3456 3458 3462 3495 3564 3600 3609 3617 3663
3687 3690 3741 3754 3821 3840 3858 3891 3933 3939
3977 4003 4026 4044 4096 4122 4167 4173 4188 4198
4212 4281 4296 4309 4326 4347 4350 4377 4392 4458 4481
4509 4515 4518 4545 4548 4554 4614 4627 4670 4677
4694 4731 4785 4877 4899 5002 5091 5095 5112 5146
5160 5162 5166 5199 5253 5268 5304 5313 5321 5367 5391
5394 5445 5458 5525 5544 5562 5595 5637 5643 5681
5707 5730 5748 5800 5826 5871 5877 5892 5902 5916
5985 6000 6013 6030 6051 6054 6081 6096 6162 6185 6213
6219 6222 6249 6252 6258 6318 6331 6374 6381 6398 6435
6489 6581 6603 6706 6795 6799 6816
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7.4 Software License Agreement

ABC is willing to license this software to you on the condition that you accept all of the following terms contained in this Software License
Agreement. This is a legal agreement (“agreement”) between you (either an individual end-user or an entity) and ABC. By using this
software, you are agreeing to be bound by the terms and conditions of this agreement. If you do not agree to the terms and conditions of
this agreement, promptly return the software and other items that are part of this product in their original package with your sales receipt
to your point of purchase for a full refund, or if you have downloaded this software from a ABC web site, then you must stop using the
software and destroy any copies of the software in your possession or control.

1. Grant of Rights. Subject to the terms and conditions of this agreement, ABC and/or its suppliers grant to you a non-exclusive license to
use the software and the corresponding documentation (the “Software”) in context with the ABC product you have purchased. No other
rights are granted. The Software is in use if it is loaded on the computer’s permanent or temporary memory. For backup purposes only, you
may make one copy of the Software. You must include on the backup copy all copyright and other notices included on the Software as
supplied by ABC.

2. Restrictions. The Software contains copyrighted material, trade secrets, and other proprietary materials of ABC and its licensors. You
agree that in order to protect those proprietary materials, except as expressly permitted by applicable law, neither you nor a third party
acting on your behalf will:

(I) decompile, disassemble or reverse engineer the Software;

(1) modify or create derivative works of the Software;

(ll) use the Software in any manner different from the context of the ABC Ltd. product it was developed for;

(IV) transmit the Software or provide its functionality, in whole or in part, over the Internet or other network (except as expressly permitted
by ABC); or

(V) sell, distribute, rent, lease, sublicense or otherwise transfer the Software to a third party, except upon a permanent transfer of the ABC
product using the Software; provided that:

(a) all Software updates are included in the transfer,

(b) you do not retain a copy of the Software, and

(c) the transferee agrees to be bound by the terms and conditions in this Agreement.

3. Ownership. The Software is licensed, not sold, to you for use only under the terms and conditions of this Agreement, and ABC reserves all
rights not expressly granted to you in this Agreement. ABC and/or its licensors retain title to the Software, and all intellectual property
rights therein.

4. Termination. This Agreement shall be effective until terminated. Upon any violation of any of the provisions of this Agreement, the right
to use the Software shall automatically terminate and the Software must be returned to ABC or all copies of the Software must be destroyed.
You may also terminate this Agreement at any time by destroying all copies of the Software in your possession or control. If ABC requests
you to stop using the Software, you will comply immediately with this request. The provisions of paragraphs 3, 7, 8 and 11 will survive any
termination of this Agreement.

5. Limited Product Warranty. ABC warrants to you that the Software will substantially conform to its published documentation and the
media containing the Software shall be free from significant defects in material and workmanship each for a period of 12 months from the
date of purchase. ABC’s limited warranty is non-transferable and is limited to the original purchaser. This warranty gives you specific legal
rights, and you may also have other rights which vary under local laws.

6. Remedies. ABC’s entire liability and your exclusive remedy for any breach of warranty shall be, at ABC’s option, to: (a) repair or replace
the Software or media, provided that the Software or media is returned to the point of purchase or such other place as ABC may direct, with
a copy of the sales receipt, or (b) refund the price paid. Any replacement Software or media will be warranted for the remainder of the
original warranty period or thirty (30) days, whichever is longer. These remedies are void if failure of the Software or media has resulted
from accident, abuse, or misapplication.

7. Disclaimer of Warranty. The warranties expressly set forth in this Agreement replace all other warranties. ABC and/or its suppliers
expressly disclaim all other warranties, including, but not limited to, the implied warranties of merchantability and fitness for a particular
purpose and non-infringement of third-party rights with respect to the Software or media, and any warranties of non-interference or
accuracy of informational content. No ABC dealer, agent, or employee is authorized to make any modification, extension, or addition to this
warranty. Some jurisdictions do not allow limitations on how long an implied warranty lasts, so the above limitation may not apply to you.

8. Limitation of Liability. In no event will ABC and/or its suppliers be liable for any costs of procurement of substitute products or services,
lost profits, loss of information or data, or any other special, indirect, consequential, or incidental damages arising in any way out of the sale
of, use of, or inability to use any ABC product or service, even if ABC has been advised of the possibility of such damages. In no case shall
ABC’s and/or its suppliers’ total liability exceed the actual amount paid for the ABC product or service giving rise to the liability. Some
jurisdictions do not allow the exclusion or limitation of incidental or consequential damages, so the above limitation or exclusion may not
apply to you. The above limitations will not apply in case of personal injury where and to the extent that applicable law requires such
liability.

9. U.S. Government Restricted Rights. Use, duplication, or disclosure by the U.S. Government is subject to restrictions set forth in this
Agreement and as provided in DFARS 227.7202-1(a) and 227.7202-3(a) (1995), DFARS 252.227-7013(c)(1)(ii) (OCT 1988) FAR 12.212(a) (1995),
FAR 52.227-19, or FAR 52.227-14 (ALT Ill), as applicable.

10. Agents and Third Party Purchasers. [f you are acquiring the Software on behalf of another person or entity, you represent and warrant
that you have the authority to bind the party or entity for which you are acquiring the Software to the terms and conditions of this
Agreement.

11. General Terms and Conditions. This Agreement will be governed by and construed in accordance with the laws of Germany. If, for any
reason, a court of competent jurisdiction finds any provision of this agreement, or portion thereof, to be unenforceable, that provision of
the agreement shall be enforced to the maximum extent permissible so as to affect the intent of the parties, and the remainder of this
Agreement shall continue in full force and effect. This Agreement constitutes the entire agreement between the parties with respect to the
use of the Software and supersedes all prior or contemporaneous understandings, communications or agreements, written or oral, regarding
such subject matter. ABC may, in its sole discretion, modify portions of this Agreement at any time. ABC may notify you of any changes by
posting notice of such modifications on ABC’s web site (http://www.4T2.eu) or sending notice via e-mail, postal mail or other means. Your
continued use of the Software following notice of such modifications shall be deemed to be your acceptance of any such modifications to the
Agreement. If you do not agree to any such modifications, you must immediately stop using the Software and destroy all copies of the
Software in your possession or control.

The Software is protected by copyright law and international treaty. Unauthorized reproduction or distribution of the software is subject to
civil and criminal penalties.
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7.5 Waiver

While the information contained in this document has been carefully compiled to the best of our
present knowledge, it is not intended as representation or warranty of any kind on our part
regarding the suitability of the products concerned for any particular use or purpose and neither
shall any statement contained herein be construed as a recommendation to infringe any industrial
property rights or as a license to use any such rights. The suitability of each product for any
particular purpose must be checked beforehand with our specialists.

7.6 Document History

Status
Approved
Approved

Release

01.02.10
01.07.13

© 2019 Advanced Broadcast Components
All Rights Reserved. Copyright in the whole or any part of this document belongs to ABC and may not be used, sold, transferred, copied or
reproduced in whole or in part in any manner or form or in or on any media to any person without the prior written consent of ABC.
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