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Bit Error Ratio (BER) what does it mean?

« CH BER before error correction.

PV BER post Viterbi correction.

« RU Reed Solomon Uncorrected.

« Carrier to Noise (C/N)

* Modulation Error Ratio (MER)

 QEF (Quasi Error Free) Failure point.

 Practical demonstration.

« Adaptive Equalizer Response (AER) UNAGHM)|




COMPARISONS BETWEEN
DIGITAL AND ANALOGUE LaceYS:MW

Effect of noise on Analogue Systems (Gradually Poorer C/N)

45dB C/N 35dB C/N 25dB C/N 20dB C/N

Effect of noise on Digital Systems (Gradually Poorer MER)

35dB MER 18dB MER <qer> 17dB MER 16dB MER

Noise has very little effect on Digital
systems until the system fails completely.

UNAOHM




ERROR CORRECTION L aC ey S:MW

 BER is an error correction system developed by Dr. Andrew J
Viterbi and is commonly used in digital systems today. The Viterbi
error correction system is used in our set top boxes and is also
present in quality test instruments.

 BER Is aratio of data to the amount of errors
arriving into your stream.




BIT ERROR RATIO (BER)
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Because the count of data is so high, we
measure in an exponential format eq;

E-05 or errors present every 5 zero’s or
every 100,000 bits of data.

'EI;EE E-01=10
Frimi E-02 = 100
2l
il ¥ E-03 = 1000
LA,
ol E-04 = 10,000
E-05 = 100,000

E-06 = 1,000,000
E-07 = 10,000,000
- E-08 = 100,000,000

UNAOHM
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- Measurements made before the Measurements made after the
Poor quality first error corrector first error corrector
signal from
a,f'tenna CHANNEL BER PV. PER :Iﬂf; ouT TO
TUNER AID DECODER MUTERE! REED SOLOMON
—"| CONVERTER [—™ CORRECTOR »Error free
RU/COUNTER |
First error Second error
corrector corrector
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Error correction
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Before After the Errors present after
correction Viterbi second corrector,”
% corrector Reed Solomon”
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Errors in Error free
E-81 = 10
E-02 = 100
W Viterbi Error Reed
E-03 = 1000 Solomon
Corrector
E-04 = 10,000 Corrector
E-05 = 100,000

E-06 = 1,000,000
E-07 = 10,000,000

E-08 = 100,000,000 UNAOHM
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. When testing system integrity we use 5 different Digital
measurements.

LOCKED INDICATOR




“LOCKED INDICATOR”
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“Locked” indicator could be

ﬁgjéi?;?getr?te first digital HoiEe,En & g s s TR
| = 18 ) Prmb
’l"”:!:r.. 'n“i"'"":.. ?;?%
Indicating a locked status SEbi i B S A o
ol = B = 5 1 O
shows us that our e Lowyalie e
instrument has started = T:"—“ Dt - Heb St
counting data, even below IVIE @ B R nd L
: e R
a set top boxes functional
ability.
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. When testing system integrity we use 5 different Digital
measurements.

LOCKED INDICATOR

CHANNEL BER (PRE FEC)
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- Measurements made ore the Measuremeids made after the
Poor quality first error corrgictor first erroX corrector
signal from
vl CHANNEL BER PV.PER RATAIOSINEC
MPEG
TUNER A/D DE ER REED SOLOMON
RUICOUNTER |
First error Second error
corrector corrector
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« Channel BER could be

considered the “King of

Digital Measurements”
AHFE
Primi
i ¥

« This measurement
indicates any errors
present before any
correction has taken place.

CH BER 8.1- EO5=

8.1 errors present every 100,000 bits of data
before error correction.
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. When testing system integrity we use 5 different Digital
measurements.

LOCKED INDICATOR

CHANNEL BER (PRE FEC)

POST VITERBI (POST FEC)




PV-BER (POST VITERBI) | ,,
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-}?“-—% Measurements made before the Measurepfents made after the
Poor quality first error corrector |J fifst error corrector L‘

signal from S X GUTTo
antenna CHANNEL BT{ PV PER 1

MEE
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TUNER A/D DECODER MERERE! REED SGLOMON
—» CONVERTER ™ e RRECTOR P Error free
CORREGNOR

[RU COUNTER |

First error Second error
corrector corrector
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PV-BER (Post Viterbi) is
the first measurement after
the Viterbi error corrector. B

e Y

testsstsasinen

The Viterbi corrector is
working very hard
processing the data to
finally achieve an error free
result!

PV-BER 0.0E-08 =

0.0 errors present every 100,000,000 bits of
data after the first Viterbi corrector.
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. When testing system integrity we use 5 different Digital
measurements.

LOCKED INDICATOR

CHANNEL BER (PRE FEC)

POST VITERBI (POST FEC)

REED SOLOMON UNCORRECTED




REED SOLOMAN (RU)
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Poor quality
signal from
antenna

Measurements made before the

first error corrector

Measurements made after the
first error corrector

CHANNEL EER

DATA OUT TO
MPEG

PV PER

TUNER

A/D
CONVERTER

DECODER

WIMERB I

REED MON
CORRECTOR

[RU COUNTER |

Second error
corrector

First error
corrector

P Error free
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* Once the data has passed
through the Viterbi corrector, it
then enters the second error S :

: T )4 r:I - £: p L ;:.:'_ !"
corrector called: , : S LE-H [t

Reed Solomon.

* Any remaining errors still O
present after the Viterbi BEiher
corrector will be repaired by the |
Reed Solomon corrector.

« If any errors are still present
past the Reed Solomon
corrector, you will see a count
of uncorrected packets of
information. This means you
are at system failure!

Picture at “Cliff Edge”
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QUASI ERROR FREE or “QEF”

*QEF is a measurement of system function above the failure point.

*Typical failure point for DVBT would be a measurement of; oepending on rec)

CHBER E- 02 PV-BER E- 04 MER 16dB

*\We would know this because once the RU corrector indicates
uncorrectable packets of information you are below QEF

Knowing the QEF point, you can easily determine system headroom.

AIT7 .58 = CHAFe
| ] Prmt
CHEER:5-&B-87 T e

OFOF hep
CHEER: 5.8~ 8BF CEEc

FuoBER: 3.Z8~-83 -




DIGITAL THRESHOLD “QEF”
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Errors present after
second corrector,"
Reed Solomon”

a

R i!a IR
Prmt
ey B H!I k
3 MER: 1. 3dE FlUIR:Low
Error’s "
present
SFE
=1
Reed
Solomon
Corrector
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_ _ a0 Carrier reference
 (Carrier to noise ratio Is Noise reference

simply an external
measurement of channel
power, noise and actual
carrier expressed in dB.

2 158.58 -F-85 1 Sen

o g 0
W e L

LiT
3

%L1 EE

« This type of measurement
can also be measured on a
digital channel,
unfortunately it's not the
answer. Carrier to noise

A
s 1=




Carrier to Noise
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« Carrier

MID M2D

« Noise

T

« Carrier to noise (C/N)
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. When testing system integrity we use 5 different Digital
measurements.

LOCKED INDICATOR

CHANNEL BER (PRE FEC)

POST VITERBI (POST FEC)

REED SOLOMON UNCORRECTED

MER
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Even though C/N measurements are mathematically associated
to Bit Error Ratio, it does not give us the complete picture.

MER is a measurement of the modulation

MER can be considered a figure of merit for the OFDM signal that includes
all types of impairments, internal & external, not just noise as in Carrier to
noise measurements.

Measuring MER in Digital signals is a critical part of determining how much
margin the system has before failure.

MER has also been referred to as a Digital version of C/N

MER measurement is expressed in dB UNAOHM
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PRACTICAL
DEMONSTRATION

This exercise is to help understand the reasons why analogue
measurements alone will not help you, and why
Digital measurements are a must.

A simple test like this can be made by anyone, using
a noise generator, a single channel filter and a
guality Digital test instrument.
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WD D

ON= 25,9

Firstly lets measure the Carrier to Noise
C/N = 25.9dB.

Looking at the Digital BER measurements
all looks OK. Note the MER measurement
of 25dB MER.

The MER and C/N measure alike. ;"h'm: :.;7efna ;\T ;;';.'ﬁne-u
C/N = 25.9dB
MER = 25.0dB

The Digital picture is perfect.




ADDING NOISE
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Adding a noise generator introduces broad
band noise. This noise generator has
attenuation in 2dB steps.

Spectral view of broad band noise

By simply adding the Digital carrier to the
generated broadband noise, we have
reduced the C/N & MER margin.

156-4654 MHz

MID M2

MD N




NOISE AND ANTENNA ,
SIGNAL COMBINED Laceys LV

454 MHz

SIGNAL -

NOISE
GENERATOR

COMBINER




NOISE FILTERED USING
SINGLE CHANNEL FILTER
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By adding a single channel filter,
we have created “in band noise”

Using in band noise, simulates
the typical types of internal distortions
that happens in the field.

NOISE
GENERATOR

SINGLE

156-464 MHz

MID M2D

Noise

o
»

CHANNEL

FILTER

In band
noise

COMBINER




NOISE HIDDEN |
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VB~ GEE MHZy -

ANTENNA e o
SIGNAL .

NOISE
GENERATOR .
noise
T
s M o 2.7
CHANNEL R X
FILTER

COMBINER

In band noise hidden ceviTtenis
under the digital channel UNAOHM |
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SO WHAT HAPPENS NEXT?
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FAILURE!




ANALOGUE MEASUREMENTS
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156-454 MHz .- - -

: OFDM DIGITAL TERR (BACK = C(SPN))
MID M20 ' PRMTCMENUS) CONST(DIGI) MPEGC(TV)

(N= 28.7 | CHEW 1 7M RR 18k Au
MOD 164QAM Au CODE :2/3 Au
SPECT :1Di UARD :11/8 Au
OFFSET!: Auto

LBCKED CFD: -0.0

PWR index: OK MER: 16.3 dB
RU : 264 < 00h0OOmOLs)

%%\ BER: 5.43e-02 pV BER: 2.55e-03

C/N = 28.7dB MER 16.3dB

NOTE THE DIFFERENCE BETWEEN C/N & MER

QEF
CH BER E-02
PV BER E-04
MER 16dB




SUMMARY
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e 1 GO~ LBE MHZ g

156-454 MHz.,

- B ANALOGUE N g%
i MEASUREMENTS

LOOK RELATIVELY
THE SAME T

DIGITAL TERR
CMENUR) CONST(
(MEA

OFDM DIGITAL TERR (BACK = (SPN))
PRMTC(MENUS) CONST(DIGI) MPEG(TV)
AER(MEA)

CARR :8k Au

ECT
OFFSET!1Auto

— XTIPD =

PWR index: OK  MER: 26.0 dB LOCKED
DIGITAL SR T
Fe= Te MEASUREMENTS %Sgi BER: 5 43e-02 pV BER: 2,55e-03
TELL THE COMPLETE
STORY

OZ—XDTVO=

OEF POINT

CH BER E- 02 PV-BERE-04 MER 16dB UNAOHM
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MID H2D i MD K20

(N= 28.7

WORKING NOT WORKING

THIS IS WHY YOU CANNOT RELY ON ANALOGUE MEASUREMENTS
ALONE WHEN MEASURING A DIGITAL SIGNAL.

CARRIER TO NOISE MEASUREMENTS ARE NOT ENOUGH.

BER & MER MEASUREMENTS ARE A MUST!
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Adaptive Equalizer Response or “AER”
The measurement of digital reflections

Also known as “digital echo’s”
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- Digital carriers can be very sensitive to reflections caused by a
variety of problems such as:

Buildings

Hills

Tree foliage

Bad terminations

Poor splitters

Kinks in the cable

Single frequency networks or “SFN”

These are all contributing factors that can cause
“ECHO!S”
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To compensate for these reflections all set top receivers have an adaptive
equalizer built in that detects the number of reflections and compensates
for them.

It's quite important to measure how hard the adaptive equalizer is working
compensating for reflections.

If the adaptive equalizer is working too hard, any further degradation in
the signal may be too much for the adaptive equalizer to handle and a
catastrophic loss of data may result..... (cliff edge).

Satellite Eurosat magazine 2004.




AER
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Primary signal in time Reflection at 3630 meters
Reflections

+ SQUALISER RE!PONSE

(SN = FULL x‘ AXIS(1. & Km)
{MzA) = BACK

DT | 020-06 :
|k '

+ EQUALISER RESPONSE -

(SPN) = FULL x ﬁlll(l ‘ Kl)
<+ CMEA) = BACK

DS: 3630 m

DT: 1.20e-05 s -

GUARD MKR(S,MJ:-DS 2 o

+ EQUALISER RESPONSE !
(SPN) = FULL x hXIS(ZZ I 'K-)

!

Channel’s guard interval

end of FEC range
EP3000EVO

UNAOHM
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T40a
- FH B
NN i
AR EE Correction range
10} :
L e
l'_iF[if‘l bppl HRls: 153, 8KHm
_ Primary
Primary Reflection
Reflection FEC Guard interval

The further the reflection in time, the harder the adaptive equalizer is working

If the reflection arrives outside of the guard interval, the incoming data
will be corrupt.

UNAOHM
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Single Frequency Networks “SFN”

With the introduction of the secondary transmitter sites, also introduces
the single frequency networks.

A single frequency network is a group of transmitters
transmitting on the same frequencies. On analogue transmitters this
would be displayed as “co channel” interference.

With digital transmitters it can become “echo's”




Echo’s
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Reflections

Secondary transmitter
or “SFN”

Time delay

H””H. «
“||||Il| :

Adbpiivecequisiiressicnt moaysesemte fefaitine s
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How do | reduce any present “echo’s”?

* Reduce the reflected or secondary signal

 Mechanical attenuation: trees, roofline
* Antennas with a better front to back ratio

» Antennas with narrower beam width performance




Test Instruments
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UNAOHM have a range of professional test equipment
available.

For this presentation we used the entry level
T40a & semi broadcast level EP3000.

EP3000
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Bit Error Ratio & Modulation Error Ratio

What does it mean?
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