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Error Vector Magnitude (EVM) and Modulation Error Ratio (MER)

single “figure of merit”analysis of the received signl. The calculated figure

isto include the toalsignal degradation el o be prss
commercial receiver’ decision circuits and so gve an in
ofthat receiver to correcty decode the signal,

The method for calculating MER s as follos: The carie

timing are recovered, which removes frequency error and phase rotation. Origin

amplitude imbalance are not corrected. The sum of the squares of the magritudes

“The purpose ofthe Modulaton Eror Rati (ER) measurement s to provide &

entat the input of a
dication o the abilty

r frequency and symbol

offset (e.g.,caused by residual carier or DC offse), Quadrature ertor, and

ofthe idealsymbol vectors i divided b the sum of the squares of the magniudes
ofthe symbo error vectors. The resut, expressed s a pawer rati i dB, is defined

as the Modulation Eror Ratio (MER).

Using EVM and MER
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Reactive Monitoring
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Approaching Cliff

Proximity to Digital CIiff

Montoring MER and EVM i criticl to maintaining a high-qualty MPEG-2 RF transmission fnk. The MER and EVM results help
to estimate the provimity ofthe digil ciff. The digia ciff s the point at which the received signl has degraded s much The
that the protection layers of Forwrd Eror Correction (FEC) and Reed-Salomon are not enough to recover
it The graph above shows that EVM continues t increase while MER continues to decrease as the signal continues to
degrade (even during good video and audio qualy). Bu, once the MER begins to reach ts minimum value (and EVM begins
1o reach s maximu vale),the BER of the received signalis 5o great that the qualty ofthe picture and sound becomes
unusable. Since MER and EVM can be used to detect a degrading signal, it s important to monftor wellbefore the picture
and sound go away. Forthis reason, understanding and monitring MER and EVM wil help in proactvely maintaining the

digtal R transmission link.

Quadrature phase axis

Abbreviations

Interpreting the Constellation Display

In-phase axis

Decision boundaries

it should be considered that MER s just one way of computing a “figue of mert*
for a vector modulated signal (ee TSI TR 101 290 Q Signal Analyss).

Another “igure of merit” calculation is Etor Vector Magnitude (EVM). It also
shown that MER and EVM e closelreated and that ane can generall be
‘compute rom the otrer.

MER and EVM measure essentillythe same quanty and easy conversion is
possibl between the two measures if the constellaton s known. When expressed
as simple voltage ratos, MER is equal to the recprocal of the product of EVM and
the peak-to-mean votage ratio fo the constelaion

MER is the preferred measurement for the folwing reasons;

> The sensitity of the measurement, the typical magnitude of measured values,
and the urits of meastrement combine o give MER an immediate famifarty
for those who have previous experence of CN or Signabto-Nose Rati (SN)
measurement

> MER can be regarded as a form of SNR measurement that vill gve an accurate
indicaton of a receiver' abiity to demodulate the signal,because it includes not
justGaussian noise, but all ther uncorrectable impairments of the feceived
constelaton 25 well

Ifthe only significant impairment present i the sgnal is Gaussian noise then

MER and SR are equivlent

RF Spectrum

Analog/Digital Satellite Signals

Analog/Digital Cable Signals

DVB/ISDB-T COFDM Signal

Spectrum analyzers provide help in troubleshooting RF problems. RF power measurements and frequency spectrum measurements are very
important in delivering digital video to the home. Diagnosing carrier modulation problems will require a demodulator specific to a modulation type

8VSB Channel Spectrum
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Tektronix MTM400 64-QAM Signal from Digital Cable

R

MER (cB):

EVM (%)
BER:

‘When measuring the quality of digital RF signals, it very useful to see the graphical representation o the constelaion

both the | in-pt

por Each location on

is framed

itthe signal falls vithin
The datai in ertor i it flls outside of s boundaries ino an adjacent location such as when the signal is affected by noise
orother interference. ignfcant degradeions in the sgnal can be dentiied including nise, coherent nterference, and

, the correct data will be received

Ku-Band (10-12 GHz) and C-Band (4-6 GH) satelte
feeds are downcometed to L-Band (950-2250 M)
using a Low Noise Block (LNB).The L-8and example:

above shows several analog NTSC transponders along
withseveral MPEG-2 QPSK tansponders.

QapPsk

QPSK signls ae commanly found s DVES digtal
satelite ystems. They are used in Digital Signal News
Gathering (OSNG), a5 wel as n TH and DBS. QPSK
signals are susceptble to aimospherc conditons such
as ain and snow storms. See ETSIEN 300 421 for a

Cable delivery systems commonly prvide both analog
and digial cariers. This spectrum analyzer display shows
three anelog NTSC carrers Ch 69, 70 and 71) and
severaldigtal QAM carriers (Ch 72-79) This example:
shows thatchannel 72 i curtenty inactve.

Digital Modulation Techniques

64-0AM

1Q constelations of 64-QAM can be found i both DVB-C
and ANSIISCTE 07 2000 (previously SCTE DVS 031, also

known 25 TU .83 Annex B) digalcable systes. 64-QAM
signals can also be found in DVB-T and ISDE-T terrestal

systems.

DVB-T defines eithr 2K or 8K low-frequency QAM or
QPSK carrierswihi the 6, 7, o 8 Mz caier, ISDB-T
allows for 2k, 4k, o 8k, The example above shows.
severalthousand low-requerncy cariers all ithin an

8 Mz band.

256-QAM

1Q constelaions of 256-QAM can b found n both
DVB-C and ANSUSCTE 07 2000 digtal cable systers.
256-QAM wilcary more bits per symbol when compared
10/64-QAM and QPSK, butis more susceptde o erors in
the midst of modulaton impairments

This BSB display shows the dynamic range of
the 6 Mz carieras wlas the pilot carter on
the leading edge. ATSC has chosen 8US8 as its
modulation scheme and is common t the UsS.,
Korea, and Taivian.

8VSB Const

lation Display

The 858 constellaion display i created from is eight
urique levels per symbol. MER and EVM measurements
are derved from the samples and their proximity 1o each
ofthe eight evels. Constellaton problems such as nose,
phase ertr, phase noise, and ampitude imbalance can

Transmitted symbols (shown as dots)
are the indvidual symbol landings

Inter-symbol ntererence zones.

ransmission distortons, as well as moduator impairments such s IQ imbalance o Quadrature errar. Understanding the

help in ikt by allowing the operator to identy th type of mpairment
and islate the source. Follwing installation and acjustment o modulators, ampliiers, and splters, moduiaton impairments
can appear due 1o various | and Q vectors being distoted i amplitude or phase

Quadrature phase axis

Target symbol
or Vector Magnitude
M)

Transmitted
symbal

In-phase axs

System Noise
(Non-coherent
Interference)

» Joud around the

complete descrpton of the DVB-S signa.

Typical 1Q Constellation Impairments

Quadrature Error
(Phase Error)

Anerrorin the In-

Phase Jitter
(Phase Noise)

ideal point.The cloud density lightens as it
expands away from the center.The dispiay is
considered Gaussian s representative of
noise in a communicaton system. The
Gaussian “standard” bell shape distrbution
curve can be used o predic th probabity

ATSC Atvanced Telesion ystens Comitee

ETRETS! Techica Report

ETS Eutopean Telecommurication Standerd

BER Bt e ate
corom EVM Eror Vector Mg
Mo

P FEC Forard Eor Corecton
W Contiuous Wave

DBS DiectBroadeast Stete
DSNG Dgtal Sgna ews Gatering
OTH Direct o Home (satelite deveny
0B Diha Vieo Brcadcasting

DVB-C Dighal Video Broadcasting baseine
sysem or digtal cabe teesion ETS 300 429)

DVB-S Digtal Video Broadcasting baseine

1C1 ter-Carter nererence
IF nermedit Frequency
10 i-phasefQuatiature components

RD Integrated Rt Decoter

(OFOM Orthogona Frequecy Dision Mltplex RS Reed-Sobmon that the noise will exceed a gven ampifude or
threshold. The broader the cloud or Gaussian
distibution, th higher the probabilty that a
boundary adjacent to a symbol wilbe crossed.
The example above shows several samples
that have either crossed the decison boundry,

or almost crossed the boundary

PE Phase Eror RTE Residal Targt rror

PID Packet denifer SCTE Sty of Cable
Teecommuncations Engineers
P Phase Jiter

PLL Phase Locked Loop
PN Singe Frequency Netvrk
PRES Pseudo Random Binry Sequence. e Freaueney
1 Senvce nformation
P51 MPEG-2 Program Specic formaton
i}

{as defined in SO/EC 13816-1[1] SMATV Satelie Master Antenna TelVison

o
S0 nemational Oganizatn for Sandardzaion

TV Iemational Telecommuricaton Uion

Ve-T
sysem for ighal tenetril eevsion
(E1S 300748

£ Enored Bock

MR
MPEG Maving Picture Exprt Group
NTSC Natol elvson System Comitee

QE Quatatue Eror STD System Targe Decoder

QEF Quasi Exor Free TEV Target e Vector

QEY Quadrature Eror Vector TS Transport Steam

(QPSK Quaternary Phase Shit Keing T Teision

RF Ratio Frequency VS8 VestigalSideband Modulaion

RMS Root Mean Square: Ul it interal

phase and Quadrature axes of the constelation
changes the ideal square shape nto a damond
or paralllogram. The placement o each
symbol i displaced along the | and Q axes in
proparton to s distance from the centra as.
This creates an eror vector in each ais for
each symbl,

With an IQ phase errr of 2 degrees, each axis
is shifed by 1 degree toward each other or
away from each other.

An error of 1 degree causes a erfor vector of;
tangent 1 degree = 0.017 or 1.7%. This s
also one o the povier components of MER
measurement

Ap play resembles a crescent
shape fo each constellaton point. The shape
is more apparent a the outer edges of 16-
(QAM, 64-QAM, and 256-QAM consielation
dlispays (s near the center). This effect s
from the angular shitof th signal. Alllacal
osciltors or carrers add phase noise 0 the
received sinal. Phase noise is cumulative
through the network. A QPSK or QAM
demodulator can track the signal using a
PLL.The PLL can act as a high pass fiter

and thereby reduce the phase noise at low
frequencies, bu eting through high-equency
phse noise, Therefore, the MER measurement
due to phase nois is mulipled by the ampitude
esponse of the QPSK o QAM PLL.

Gain Compression

Signal ampifier compression can be seen as

be seen on an 8YSB constelation ispay.

Amplitude Imbalance
(Gain Error)

Ampliude imbalance can be seen when the

shftof the outer paints ofthe
disply .., pincushion. This s because tis
more severe on th larger ampliudes (1ot
detectable on QPSK and 4-QAM signais. This
compression is norinear and can be most
easily seen in the comers of the constelation
lislay where the ampitude isthe larges,

The effectis not the

diterence in the g the n-phase
and Quadrature companents of the
constellation looks morefie a rectangle than
a square, Each symbol isoffst toward one
axis and away from the other as in the same
proportion. Ths creates an eor vector in each
axis or each symbal. The diference in an 10
2% error in| and

center ofthe constelaton isply because:
the ampltude i the smalkst. In a 256-QAM
example with 1% compression, 4 symbols (n
the comers)at 19 or 0,001 power, 8 symbals
et 0.5% compression o 0.000025 power, and
12 symbals get 0.25% compression or
000000625 out of all 256 symbos.

gain of 4% (0.34 dB)
296 enor i Q. Therefore, each symil s
assocated with a 25 error vector The relative
power is -34 dB. The average pover resuling
1020 1 gain ertor s 34 8 below the signal
powe. 1Q gain errr is one of the power
components of MER measurement.

Coherent Interference

Coherent distortion creates doughnutshaped
constellaton points. This is because of the sum
of difeent requency vectors. Introucing a
W intererence 1o a QPSK or QAM signal wil
introduce an error vctor thatwil otate when
compared to the received symbals at a
difrence in frequency between the carier
and the intererer, Th result s a doughnut-
shaped distoton witin the constelation, The
amplitude of th intererer is the ampliude
ofthe eror vector The elative power o the
interference is a power component of MER
measurement
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MTMA400. A next-generation
RF and MPEG transport stream
monitor for broadcasters, network
operators, and system ntegrators
Who need a scalable soluton to
detect signal degradation.

RFM210. The RFM210 offers comprehensive
RF confidence monitoring and support for a
wide range of DVB-T transmitter configurations,
with network capabilty in an affordable, space:
efficient package.

Using MPEG-2 RF

WCA300. Due (0 is versatle features,
high accuracy, and measurement
speed, the WCA200A Series is
equipped to perform both complex
RF and modulation analyss, and fast

RFA300A. Designed expressiy for
8VSE signals, the RFA300A s the
only compiete measurement set
avaiable for monitoring transmissions.
in accordance with the ATSC Digital
Televsion Standard,

RSA Series. A new series of rea-time
Spectrum analyzers that provide the first

and accurate design verfication,

RF dentifcation (ID) tags to sophisticated
radar appicatons.
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