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1.1 Principle of Digital Communication

Pseudo-errpr.monitoring (PEM) techniques are aAcomparﬁtivé— ‘
ly recent ad#ance in performance monitoring of digital trapsmission
‘systems and because they can be aﬁplie& more .efficiently and e
economically than alternétive techniques, theré is much interest .
in their developmest. This repbrthill examine the design and <\__
aﬁplication of various PEM techniqués; and the practicality of theif
-abe in digital transmission. " . “?‘ L

Before examining these PEM techniques it is worthwhile to
review.some-Qasic concepts of digital transmission. A communication
system consists of three components: a transmit;er, a channel, and
a receiver as shown in Fig. 1.1. 1In digital communication, the

, data'input to the‘transmitter consists of "bits" 6r binary digits,
-and tﬁis implies.transmission of signals at two'levels only. The
sigpdlling speed,'or the déta transmitted per secpnd, is_measured )
in "baudsf ;nd for data traﬁsmitted in binary formaf‘bits and

bauds are numerically equivalent.

{NPUT —— TRANSMITTER -CHANNEL RECEIVER |—= OUTPUT

Figure 1.1: Basic Communication System . ]

e .

At‘presedt binary information is being generated by many
types of equipment. The telegraph system is an example of a
binary information source, but this type of information is now A

being generated mainly by modern digital computers and analog

AT S IR
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encoders which encode analog signals in bits by means of Pulse

Code Modulation (PCM) or Delta Modulation (DM). S

£

Whatever the source, the transmitter assigns an electrical
wave-form to each possible sequence,of blts for appropriate trans-

missioh“through the channel. A channel is an inter—connecting

¢ medium between the transmitter and receiver: Telephone cables,

radio links, microwave channels and satellite transponders are

s

typiecal egamples. In passlng through the channel the transmitted

P LT e
-

"wave-~form is distorted, attenuated and corrupted by various forms
. . ¢ .

)

of "noise": Noise consists of unwanted random‘signals with certain j

‘ stétistiéal properties. . - -
The receiver, which performs the 1nverse function of the

transmitter, must recognize on receiving the transmitted data which one

of the possible sequences has been transmitted. Due to degradation:

of the wave-ferms by channel impe}rment, errors are introduced in
re-establishing the transmitted(;nformation.
As‘in analog communications, therelare many peremeters which .
'can be used to characterize the performance of digital communicat-.

ion systems. The most commonly used is the Bit Error Rate (BER)

t/ defined as the probability of error, Thus.
BER = P (e) .
k o
= Ne/Nt | , (1.0.1l
- Ne/Bto - N

Qo N » i
\

where P (e) is the probability of an erx"“or,‘Ne the 'number of bits'

/\\ | C ‘ . - \



- N l.
incorrectly received, Nt the total number of bits trqnsmitted

during the monitoring time, B the bit rate of'tﬁe bindry source,

and t  the monitoring. time. - ' féwb
i r‘Kf
1.2 Functional Diagram of a Basic Communication System

. The functional diagram of a wide-band digital transmisSiqn
system is shown in Fig. 1.2 for 300 to 3400 Hz wire-l;pe afplicat-
ions, the up-and;dqwn coﬁvertions do not aﬁﬁlyl In tﬁis éection
eacﬁ blbck in the transmission path will be describea in detail. -

\
The source coder is essentially an analog-to~digital (A/D)

convertor contéining sighal processing circuitry such as

conventional PCM or DM, a coﬁplex legic circuit, or even a

microcomputer device which remains the redundant part of the

.

information from an analog message. ‘More advanced source coding

techniques sueh as interframe coders and vocoders can reduce the
bit rate and channel bandwidth requirements for digitized audio
or video signals significantly. If the source information is in

digital format as in digital computers or time-division multiplexers

.then a digital path which does not include the source coder is

~ used. \

The error coder is used to detect and/or correct a certain

\]

class of errbrs, and tbereby reduces the probability of error in
the overall system. Due to the complexity of précesses for
efficient error correction and/or detection coding/decoding, and.

the consequent increase in the transmission bit rate, a larger

channel bandwidth is required. Binary data sequences are
¢

mae o gms o
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“a

randomized.in scramblers and the resulting sequenceS‘generate a

continuous spectrum void of discreet spectralllinesf thus, there
is an improvement in the interference environment The scrembled
data are then processed into multilevel or modified binary N

spectral-shaped signals in a channel coder which, in turn, feeds/

/ .
the base-band filter and output amplifier of a cable system, or
the modulator of a carrier system. Some of the trequently applied

AN

channel coders such as those based on non-return to zero and

return .to zero signalling, are studied briefly in the folloéing !

-

section. SO - ' ' -f-

- BASEE
. e Lo . = H
. s L

1.3 Channel Coding

:
]

Various types of channel coding technigques are employed in

digital communication. Applications differ from one type to

.another due to differences in time-domain representation and -

corresponding spectral densities. The channel bandwidth and
-sighial-to-noise (S/N) ratio‘required tol transmit; p predetermined

bit rate w1th a specit d probability of error P(e{ are the most

important channel coding considerations. The following four other

criteria are taken into consideration in various applications: °
(1) Signal synchronization capability;
B (2) Signal error detecting capability;

(3) Signal interference rejection and noise

immunity capability; ./
- (4) Cost due to complexity of transmission
:oder and receiver detector equipment. ?’
!
ey

P,

et el it g 413 10 o




of,

L em wAOATETOITR RS

bw

_ circuit-is used. ' \

o R )
'.‘
k)
A,
. R

. Y

. In the following description of frequently app®ied channel codes

“‘the same probﬁbility ot occurrenée is assumed for logic state | !
one (mark) and logic state zero (spacé), i.e. P(1) = P(O) = 0.5.
This is a realistic assumption for most systems but if the source

data do not meet“this‘condition of equiprobability a scrambler

s oy
1.3.1. Baseband Channel Coding Technicques R

In digital communication-systems‘fbe chahnel coder .

generates random sequences  of bits. *Each bi{, in synchronous

comunication, has a time interval of T (seconds) assigned for

¥

its transmission: A "one" is usually represented by a square a

Y

abp%Pce of a pulse indicgtdb é‘"zero"; I ) . N

pulgg of amplitude V_ volts and durations tp seconds while the

-
A

<o . , 'u%: C . _
(a) _Non-~Return to Zero (NRZ) Cotling y :

£l

? - If the pulse duration, tp seconds, (Fig. 1-3a and.b) is

equai to the bit interval T seconds the signal is called a Non-

" Return to Zero (NRZ) signal Ref. 1, page 27. This sig%ji'has an -

average DC-component value of VP/2 volts (Fig. 1-3a) and a

*

normalized mean power of vg/z watts, if zero volts denotes logié Q\,

zero. If-the signal is transmitted thrbugh an AC-coupled channel
' . { « . * . f
as is usually the case, then the DC component is removed (Fig. 1-3b);

. -
the normalized mean power of this signal is‘then V2

P watts.

’

-
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FIG. 1.3 _NRZ DAT) WITH AND WITHOUT O.C.COMPONENT

NRZs is one of the most frequently applied coding = .

techniques. PCM«cohvertors~and*outputs from A/D convertors of

o

Time Division Multiplexed (TDM) circuits are therefore very often
. : s . -
suitablf for procéssing NRZ data. '

L

b)l Return to Zero (RZ) Coe}ng
| If the pulse duration ?p (Fig. 1-43‘15 less than the bit
.- * interval T, the signal is referfed,to as.é Return to Zero (RZ)
L ’ éignal Ref. 1, page 27. The duty cycle, or duration cycle, of
‘ an RZ signal is defined {Ref. 1) as the ratio of theipulse ‘
ywidth (tp) to the bit intérvaI)(T). Usually, RZ pplses have a

50% duty cycle (Fig. 1-4). ~ S o7

, RZ pulses have a broader spectrum than NRZ pulses and Q<

require, for identical bit rates, a greatef bandwidth. For this
» v . \

I
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reason‘they are se{domfused ;n digital tripsm;ssioh. . 5
- ‘ ) N f . . ‘ ;
¢) Bipolar Return to Zero (BRZ) Coding ( IR
-If the ﬁg}se dura;ion ?p eqﬁals T/Z-anﬁ Y;'volts dend%és‘ )
'the first logic‘étate logic stape one) encountered (Fig; 1-5) 11
and’ -Vp the next 5ne, then the signal is calléd a Bipélar Return 
The BRZ code has tﬁ;ég,lévers, is . C

Ve f

to Zero (BRZ) signal Ref. 1.

>

sqmefimes"classified‘asha "pseudé—térnary"'Signal and is défjjfiy

. . TABLE 1.1

- ' BRZ__LOGIC TABLE

L

a
4

[y

INPUT LOGIC STATE

’

OUTPUT BRZ-CODED SIGNAL 5

First "1" encountered (bif‘timeislot 0,T)

. . ¢

N . F

- Y ’ + Vp (0,7/2) ~ . L/
. L | . ) ‘ o ‘(T72, T) . x\\ N . - ‘

"o
P ) . .
| .
° ] Uy mir

-Vp (0,7/2) . ;1‘ \’ul

ﬁcountered '
o 2z, T, ¥ ‘ L

a). Nex%’;;_nln e

. e ; o
Zero o - (0,T) -
‘ el
BRZ is a frequently used coding technique. Spécitically,
the standard Noffh Americal 24 channel, 1.544 Mb[s PCH;TDI oufbuts“ Cl
, . ) . ‘ . .

in BRZ code (2). g L
o ‘ . ' A\ . "
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<,

. !. .+ . The power spectral density of random sequences coded are
“ &

N\ . NRZ, RZ BRZ, and var1ous other b1nary formats are described by
Bennett (Ref. 1 - Chapter 19), in hls study it is shown that the

BRZ bandw1dth occupancy 1s the.same as that of an NRZ 51gna1

°

\;,4 Ih BRZ tranSm1581on equ1pment an invertor operates on
. every other pulse p051t10n so that sutce551ve pulse positions
“of loglc state " ‘cgzgot have fhe same polarity The recelver

is thus capable*of estlmating “the error rate by detectlng tﬂé‘\\\\\\

0 l ~—
number of. cases of two or more succes31ve "ones" w1th the same
! v

polarity. This error detection can be carried out by a very

simple logic circuit. ;

[}
-
is their inability to detect occurrences of’two succe581ve pulses

- ]

4in error. The error rate detector also fa the event that

The only dlsadyantage oflgulse—polarlty error detectors

an even number ol successive errors occur in greater than T
- . .
seconds (twé or’ more) ze;o states at random in’ BRZ data

Y3
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d) Diphase Coding

If the mirror image (7 - phase difference)‘of an RZ logic .
s ' .
state one denotes logic statle zero the ching is called Diphase
Codiing. (DC), (Fig. 1-6). Since, at low frequencies, the power

spedt®al density of DC in which Fhe two signals O and 1 are

‘ represented by the phase'OLﬁnd n of a square wave of peripd T is

. -¥ PR
negligible, analog ‘service channel signals are used at these

- .6
frequencies. This signal has a.broader spectrum then NRZ.

%

e) Transition Coding °

-In Transition Coding (TC) the transitions of,non-

transitions between succesigge states of the signal are the
significant features. The states of the signal- are tpe same as

for' direct coding but since the changes, of state contain the |

-information the error rate is doubled (compared to that of direct.

coding) once the decision is made at the receiver.

&

»

and'trapsitioﬂ codes were ,briefly described,

coding is perhaps the most freduentli used.

In this section some of the more frequently used direct

'and of these NRZ

Qutputs of PCM \’//)
" convertors and A/D convertors of TDM circuits are commonly NRZ

Conventional dlgital integrated circd!ts are often .
' . 2
. suitable for ,processing NRZ data Th oughout this report only

PEM. techniques applied to NRZ signals wilI be ered These

tec?niques can also be used to detect errors in a variety of digital

". base-band signals. . & ’

pulses.

13
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1.4 Criterion of Performance of Data Transmission Systems.
1+ * The final and’most important criterion of performancé of a

*data transmission links is the measure of the quantity of errors
pﬂw
the system introduces on the average, that is to say, how large is

the probability of error P(e),, or the bit error rate (BER)

Other important parameters are the total transmitted power, the -

inband’ power spectral density and the out of band spectrum which

.ig\a cause of interference:into other channels, the received carrier’

“to noise (CNR), the carrier to interchannel interference ratio (CIR)

and the demoduldted baseband signal to-noise ratio (SNR). Most well
designed transmission systems operate witb a very low P(e). There-
fore back to back P(e) measurements often give no sufficient
indication of the margins required for. the system Channel die-
-tortion and intersymbol interference measurements are helpful to
obtain this additional information. |

In this report frequently used meaeurements and‘a.recently

discovered BER estimation technique, the pseudoerror technique,

-are discussed. - ‘ ‘ ' -

-
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2.1 " Survey of Data Transmission Link-* . :

S

N

. 3 -
- A pulse code modulation (PCM) system using binary encoding " .

.transmits a sequence of binarxﬂgigits that is 1's and O'S. As

stated beforé,éff?se digits may;ﬁg‘repre§ggted in a number of ways.
! <0 T B
In general the binary digits are encoded so that a ﬁl"“is

represented by a signal S;(t) and an "O" by a signal Sz(t),\where

rsl(t)'and Sz(t) each have a duration T.” Tbe1resufi2Fg signal may
£ ) .

be transmitted directly or, as ’'is more usually'the ase, used to

" modulate a carrier as in Phase Shift Keyigg,(bSK) Differential Phase

N

Shift Keying (Dpézg* or Frequency Shif@\Keying (FSK). The received .
signal is corrupt

by noise and hence there is a finite probability -
\ | '

that the receiver will make\an error iq determining, within each

time'slot, whether a "1" or a O was transmitted.

The most importint feature of digital transmission is the

. ability to reconstruct’the transmitted pulse train after it has

travelled through a dispersive and noisy medium. This process of

reconstructing the pulses is performed at intervals along the

transmission path by regenerative repeaters which equalize,
synchronize and”iegenerdte the data. The functional diagram of

such a repeater is depicted in Fig. 2.1. For pﬁrpase of illustration,
it is assumed that an ac-coupled NRZ sequence is transmitted from

the previous repeater (Point 1 in the figure). The changel distdrts,
attenuates, and introduces Va}ioué types of noise inf;“fhe trang=
miéted iqformdtion tPoint'2 in the figure). The pulses appearing

at Point 3 are then shaped and raised to ;he'level where a puise,

no - pulse decision (decision level) can be made. This is performed

\ [y




.

o

by the preampiifier and equalizer settion of a regenerator
repeater. Finafﬁy, the reconstruction of the buises is accomp-
lighed by the simultaneous operations of the timing and
regeneration. o n ‘ \ “~

Bit'timing recovery is accomplisﬁed by Phase Locked Loops

16

. » o
or, in many cases, by non-linear processing and filtering of the LE

incoming data stream. The timingbpath provides narrow pulses
AN
(almost impulses), for the following purposes:

-

(1) to sample.the‘equalized pulse where

the signal to interfewence ratio should

be - at the maximum; B ) _ f
(2) to maintain the proper pulse spacing.

-

/ ,
The primary function of a regenerator is to reconstruct an

" exact replica of the pulse train at Point 1. The regenerator

con51sts of a sampling device a threshold comparator andga T-Sec

(period of each pulse) level holding device. The regenerator .

. proceeds whereby ;ﬁe incoming composite signal (pulse plus inter-

ference), at Point 5 zzeegés the decision level (threshold level)

and when the timing pulses at. the output of the timing device
sample the signal at the point where the signal has maximum peak
valne from the decision level (makimum &e opening).

In the ideal situation, the reconstructed pulse train at

Point 6 would be an exact replica of the pulse train at Point 1.

- « , Lo . Y

'Y
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N

o

In practiceﬂit\departs‘from the ideal in the iollowing ways:
. . —y .

o ! ’ o =
(L) If the interference is sufficiently .
large.at the decision time, the wrong
decision will be made and an error ,' IR
will occur.
) ' . ‘
(2) * If the spacing between the pulses
departs from its proper value, the
RO resultiné pulse position "jitter"
introduces distortion and inter-
) modulation noise.
\'\?
. ¢ / .
2.2 Error Rates and Eye Diagrams ' . ' L,

¢

Performance of a digital transmission system is measured
by its error rate. When the bandwidéh of such a transmission

system is restricted, ‘the wave form of Fig. 2.2a will _be distorted f.

- (Fig. 2.2b). Errors may then be made at the receiver in determin-

ing .the voltage level transmitted within the ,time slot associated

. . N i )

with each bit. ’ 7 W
Suppose that a pulse, representing a sample ofja baseband

signal, is applied to the input of a communication chgﬁnel of

1imited bandwidth. At the receiving end of the channel thé wave-

form resulting from this input pulse will not be confimned to the

time interval Allocated to this” sample. As a result; crosstalk

~occurs between baéeband‘channels. In unquangé?ed PAM, adjacent

s

time slots are often associated with different message ch nnels,
' ‘ ‘ ¢ . I L.

.
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N o i
and the term *crosstalk* is more appropriate. In PCM adjacent
.bits aqe"ﬁore generally’ symbols in the code representation of a ,
single quantized sample. Hence the term *inteasymbol interference*,
It has already been noted that intersymbol interfetence mey cause
errors in reading the digits of the bit stream transmitted in a
digithl transmission system. Errors of this type may be avoided ’
by extending the béndwidth. However, errors will still occur,
because of the additive noise., More generally, even wben‘the’
intersyﬁbol interference or the additive nofse, acting indiv1dua11y,
is too small to cause an error, the two together may combine to
cause an error. | g ) ‘ |

A convenlient graphical technique\fo; deterhining the
i

effects of the pragtical degradations introdhegp into the pulses

as-they travel to the regenerator is the '"eye diagraﬁ". This

i

diagram of two or more signalling intervals is the result of

)supeﬁ}mpoeing all possible pulse sequences. Such an eye diagram
is given in Fig. 2.2b.

One way to @btain a zood qualitative indication of the
performance of a digital transmission system is to examine the bit
stream on a cathode ray escilloscope. One way to ensure that such
an exwminatien yields a great deal of information at a glance is to I
set the time base of the scope so that it triggers at the bit rate |
and ylelds a sweep lasting one time-slot duration In the ideal
case of no noise and no ba?dwidth restriction, the bit trein |

waveform would appear as at the left in Fig. 2.2a and the scope

patfern as at the right. The scope pattern would consist of two




' e

: - :
the edges of-~the eye. ¢

horizont%i lines. - In Fig. 2.2b the bit train waveform illustrates

‘the effect of limited bandwidth and the scope pattern resembles

an "eye" and is called an '"eye diagram". F:ig. 2.2b shows an eye
diagra.m_ for an NRZ’ random binary sequence in which the individual
pulses at the inpuf to the regenerators has a rounded<off shape.
The decision area of "eye opening" for the decision level is
evident. In an m-level system there will be m-~1 separate eyes.

Fig. 2.3 illustrates a th.ree-level signal eye pattern and the

corresponding decision levels. 1In Fig. 2.2b, the horizontal lines

labelled +Vp/2 _and -Vp/2 correspond to ideal received ampiitudes.
Tﬁe vertical lines, separated by "the signalling interval T, \
correspond to the ideal-decision times (Maximum eye opening).

The decision,making process in the regenerator can be represented
by crosshairs 'in each eye as illustrated. The vertical line
represents the decision time, while.the horizontal haif represents
the decision level. 1In order to 'regenerate the pulse‘ sequence
without ‘ex’-lA'or, the eye ‘must be open, thereby méaning a decision
area must exist, and the decisiox;.crosspairs must be within i:he
open area. The effect of practical degradatlons of the pulses is

to reduce the size of the ideal eye A measure of the margin

against error is the minimum distance between the crosshair and

19
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//éfg//: Channel Impairments :

The modulation chahgel consists of the transmission
medium and whatever transducers are needed Yo couple the signal
to this medium. This transmiésipn medium typicaily includes
cable, microwave, or high-frequency radio links. In any evgpt,

for modulation and demodulation the channel is treated as an

‘analog link and its function is to sonvey the message presenteda

to it at its input and reproduce it at its output, The real
channel output typically differs from« its input in two ways.

The transmitted signal may Be modiﬂied'in a deterministic, even
# .

though not necessarily known, manner such as dispersion, frequéﬁ%y'

offset, and/or nonlineari ies, The message can also be corrupted

. ha ™Y
statistically by the channel., Examples of this type of modificat-

a

ion are various types of additive and multiplicative noise such
as thermal and impulse noise. Typical impairments encountered in

the modulation-demodulation channel are discussed in tﬁe following

-

... 2.3.1. Noise

Any interference to a communications channel can.be

considered noise, All unwahted electrical waves corresptnding to

noise at the system output will be easily characterized. In case -

of data transmission the disturbance associated with these
generalf&ed electrical noises wilk/;ffect the accuracy of the
received information.

There are many potenfial sources of noise or interference

22
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e — s

it

does not prevent measuring the amount of.noise which can be

-

in a. transmission system. For exampie, intermodulation‘noise

.

resulting from nonlinearities in the transmission system,
interference ‘produced ‘by one transmission channel being coupled

to another (crosstalk), ;ineir distortions repre?enting"a kind,
& ’ \ .
of deterministic channel impairment and common types of noise
AN }
with thelr characteristdcally nondeterministic nature.

- ¥

Common Types-of Noise

The most égaﬁbn chara%teristic of noise is its non—

deterministic nature, i.e. its exact wavefbrm1cnnnot be predictéd.

o -

If ?redictionlwere possible, it would be easy to achieve gffective

noise-free performance. Lack of accu;ate waveform 'information

dégérmined.by‘the rms voltage (or current), average peak,” or
- o ! . -4 . *

4

rectified average voltage (or currént), measufed on an appropriate
meter. For different typns of noise the reI;tionsnips between
these Quaiities are different, and depending on type of noise, -
passage through a non-linear device will change npé frequency

spectrum and hiéce have an effect on the noise.

The use 'of a probabllity distribution or probab1lity ‘

‘ density function (pdf), is a common way to characterize many

types of noise waveforms. If the probabilit&_tpat ;he Qoltagé
is less than Vlis P(V), then the probability distribution
function extends from zero for V = - to one for V= o, ' The
probability density function, P(V) is representedxby the slope
of its distribution function. Since the area under the p.d.f.

L'.
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C spectral density which is measurable is commonly used and is

~

-

Do

:pnirs.

curve is equal to unity, the fraction of time or probability of

-V being in the interval from V =V

Monitor (LDM) is used to obtain the/probability distribution
function of the noise wave.

parallel threshold detectors feeding integrated output meters

-
A

x 4 probability function does not uniquely define random

*
noise

This is usually furnished by the frequency spectrum of the noise
-wave, (Sin/e the wave frequency components are not limited the
Fourier spectrum which is an energy spectrum for all freque

does not exist.

V]

is che ohm.

The autocorrelation function can also be used to charact-

ti

s

+

»

o

Instead the mean sguare voltage spectrum;,

~

given by this function.

[}

”

Lee {3} has shown that the auto-1

éiqg Wave Disturbance can theoretically be eliminated by

the\interfgrenceﬁ

.

. - Sine Wave Interference .” .

\

'~

1

7

1 to % = V2 is‘equal to the
Basicelly LDM consists of a bank of

The missdng parameter is the frequency (or time)~scaie

id:::ical w1th the power spectral_density, if the lodd impenddnce
prz:ééihe time scale of a‘goise wave. At any two instgnts of
, the degree of dependance between amplitudes of the wave is

'’ correlation function and spectral.density are Fourier transform

‘1oca%}y producing a sine wave 180 degrees out of phase to cancel

' In practice, an interfering sine wave may .

|

‘24

\\\{ area under the P(V) curve within that interval Level Distribution

Ty
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originate from an external uncontrolled source and igsvampI1dee
fr\auency, and/or phase are liable to vary unpredi@hably There-

2
’fore it is sometimes conyenient to treat sine wave interference
*

ag if it were noise with a inusoidal distf%y\iion of magnitude

s ! -

versus time. . i ' ‘
3
* !

s ‘, The amplitude density function of a sine ‘wave voltage of

peak amplitude A, is given by:-

v < A (\*\ '

.~ P(V) = 1 A 3
1 0 ‘ ™ A2 - V2 S
. , | - { 2(2.2. 1y
. = .0 V| . >.A }
I - ' ! e N

. .

The corresponding distribution function is - 2

- \ . ' N ) n
] s . . 1
1 1 v : }
= -— + — — -
P(V) 3 = arc Sin A -A s V<A }
. ' g . } .
= o ' " . . Vv < 'Z-“.}_ i (2%2 2)
' * |
} , . . ‘ . } i
# 1 . V>aA }

'
) s
. .
* ~

) The Average Absolute Value, Root Mean Square voltage and
tne peak value can be determined by the density fgncfion of
equation (2. 2 1). The peak value Q& this sine wave 18 given by
A in volts or 20 log A in dBV. The average absolute value.ie

" determined by douoliné the density tunctron‘of Eq.~(2.2.}o, ohich

5 .




t

s eorresponds to the'density function of a fﬁlly rectifiéd sine

wave, and by taking the expected value of the peak V, {4} given

byEq (2.2.3). e ‘L

= gy = £2

' C (2.2.30e
O n/ 4% - v L s}

>
N
-3
N
b
—p—;

E {|v]}

Finally, the rms voltage is given by the square root of

W,

the expeqted value of\Vz derived as- follows

T

° ' :
. ‘ £

Many voltmeters do hot read the peak values but instead

- , N

rectify ‘the voltage and read the average or the rms voltage of -«
the input signal. However the average absolute.vdlue is gO‘
.log n/2 = 3,92 dB. beloW the peak value for a -sine wave The

rms voltage is then 20 -log v2 ='3.01 dB below the‘pea value.

Many meters are constructed to respond to the rectified average

3

voltage and yet are calibrated in terms of rms sinewave voltages

< o . s \

(i.e. they read 3 92 - 3.01 = 91 ds high) Erioré can result

¢
whe& rms voltages of other types of signals are measured on such BN

a meter assumed to be the correct rms ahlue.

[

t
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Pilots :
TheaneaSAn for classifying 'single ffequéncy sinusoidal
‘waQes as single fré;henqy noise is because they are délibératel&
pléceﬂ on a'carrief faclility as pilots for synchroniziné
reinserted carriers,rand are often employed for line reéﬁlation
.and maintenance, namely, orderwire transmission. Conseqﬁently,

‘they can produce un&esired interference which is introduced by -

the nonlinearities in the system. Thé nonlinearities may
-produée‘harmonicé of the pilots freqﬁency and if one of these
harmonics falls into a FDM voice channel, the demodulqted output

of thaf channel will contain a single frequency audio tone. As

‘a coné%guence in digital radio, a single frequency inte;ference

will ‘produce an inter-modulated distorted eye diagram (as

illustrated in Fig. 2.4). ﬂThus, the regenerated bit stream

contains’ a highep bit error rate due to the singlg-freduency =

interference. A

Supervision
In a multichannel system the crosstalk of supervision

.(and occasionally signalling) tones into adjacen hannels are

also sources of single frequency interferenc'eT ! —~

o Thermal“ﬁoise .

In accordance with the kinetic theory of heat, thermgl
noise is a phenomenon associated with the continual random motion’ i

of the electrods in a conductor in thermal equilibrium with the

¥

'
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molecﬁles. _;hejresults given b& the eduipartition law of
Boltzmann and Maxwell states that for a thermal noise source,
the power density spectrum is independant of frequency( In all
ﬂreported‘measuremeﬁts, the available power of a thermal noise -

source has been found to be proportional to the Bandwidth ovef

" any range from direct 'current to the highest microwave frequencies

.commonly used. Because of this property, a thermal noise source

is. referred to as a white noise source (analogy to white light
which contains all visible wavelengths of lights). The term white

noise has become well established to impl& a uniform distribution

(yith frequency and will be so used here. If the bandwidths are

unlimited, the ' Equipartition Theory states tRat the available power
of the Thermal noise source is also unlimited.
For most practical purposes the available noise power of

a thermal noise source is directly proportional to the product of

'the bandwidth of the system and the absolute temperature of the

source. J '

Gaussian Distr{bution J
: ‘According to the "central limit theo;em", the outcome of
the .sum of large numbers gf independent events tends to have a
Gaussian distribution.. Thermél noise, which may be regarded is
the superpositiﬁn of an exceedingly large number of random‘
independent electronic signals, satisfies theoretical conditions

for a Gahssi}n,ﬂistributio%. The Gaussian-distribution'function

'fqr zero mean is shown in Fig. 2-54A, and‘}ts equation is:

s
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On LU 2Gn ‘ } ; i vy
j - , , .
\ . ‘ . A
Values for this intégral bave been tabulated for various
N . X 4 }. . i . .
values of V/en. The density function is also shown in Fig. 2-5b v
and is given by the diffizi;%ial of iq. 2,2.5.
. 9 \ ,
: rf y exp (—>— dx ' 2 |
' ' 1 . - o " 20n" - 1 -V
P(V) = ———— d = exp —x
on/ 27 . (/dx on/'ﬁﬂ 2qn
- (2.2.6)
The "mean square voltage" (the expected valﬁe of‘Vz) is edual to
. 2 !
the variance, cnz, Thus.'the\standard deviation of a Gaussian -
distributed noise source, 9 stands for the rms voltage. The ‘
expécted'value'of‘the random variable V which is the full wave \
rectified average voltage of Gaussian Noise is equal to: ! e

Y

-

Iy 2 e 2, 2 2 )
E(|V]) = S exp (-V°/20 . “) dv = o =
vl oV Zm V P (=¥ /%%, RV AR

The fatio of rms {0 average absolute voltage is giéen by
/]2 = 1.253 which is equivalent to 1.96 dB. From the previous

analysis of a sine wave, the rms to average absolute voltage of

+ 'a sine wave is 0.91dB. Thus, the rms value indicated for thermal

o

Wﬁ&‘mw e
- e .
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nolse, from a rectifying—type meter calibrated to read rms values'
for a sﬁne wave, will be 1.05 dﬁ lower than the actual value.

l 'fon a thermal ﬁéise sign;l the defin;tion of peak factor

differs from other signals. This is because Gaussian noise has a
probability greater'than zero of exceeding any finite magnitude

no matter how great. Th?s, the peak factor given by the ratio

of peak to rms voltage does not exist fo; a thermal noise signal.
Therefore, the definition of peak factor for thermal noise is

modified to bée the ratio of the value exceeded by the noise a ) !
certain percentdge of the time to the rms noise value.. Due to ’ ‘ ‘
the statistical properties and-behavior of thermal noise thi;sln
percentage of time is chosen to be 0.01 pefcent. ‘Peak magnitudes *

»
greater than 3.89 o (i.e. |V| > 3.89 ¢,) occur less thax™0.01

percent of thertime. Thus, the peak factor for a thermal noise .

éignalAié 3.89, or 11.80 dB. ,Inclusion of 0.001 percent peaks
increases the peak factor by only-1.1 dB to 12.9 dB. | . 1
.When making thermal noise loadiﬁé tests on amplifiers, & '
repeater telephone systems and active filters, the peak factor .
 must be considered. The active devices can handle oﬁly a limited
amplitude range before the éignal is clipéed or otherwise diﬁtorted.

L
As an example, if the amplifier is to be used to amplify a sine

wave signal or a thermal‘noiée‘signal without distorting the
waveforms, the power handling capacity of thermal noise is 8.8 dB
less than that for a sine wave.

The fact that thermal noise is white as well as Gaussian

v

i

has led many engineers into carelessly treating white and

bl d

-~
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Gaussian noise as synonymous. Such is not always the case.
For example, passing Gaussian Noise throug? a’liﬁear‘neﬁrork
such as a filter will leave it Gaussian but may consideraﬂly
change the freqqency spectrum.( On: the other hand, a single
impulse will not have a Gaussiah amplitude distributioh but will

r

have a flat or white frequency spectrum. &

Shot Noise‘

Shot Noise is due.to~the.discreet‘nafure'of electron flow
and i? foung in most active devices. It was first observed in the
anode cgrrgnt in vacuqm-tube amplifiers and was'déscribed.by
W. Schottky in 1918. The mean square shot noise current in a "
1-HZ bandwidth is:

12 rms = 2q1 ' (2.2.8)

Where Q = charge of the electron = 1.6(10)"'° Coulombs, and

I = direct current through the device in amperes.

R According to the central limit theorém, sinée‘shot noise is
made up“of a very large nupber‘of in@ependenf contriputors thé'
amplitude distributién‘of shot noise is Gaussian with variance

G = 12 = 2QI. ‘Observaéions confirm this assumption. 'Similarly,
itvis often accurate to assume thatnegch impulsive component of ’

the shot ﬁoise contains frequency components of equal magnitude

(uniformly distributed) across -all frequencies of prhctical interest,

with the result that shot noise is considered white as welL'as

i

-
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. thermal. noise. .
'In summary, both shot noise and thermai noise are white with
Gaussian distributed émplitudes. Linear filtering or shaping of
- them does no€ affect thefr Gaussian properties but'certainly, oes
not leave them white. Again, the terms white and Gaussian are not
synonymous. However, the magnitude of thermal noise is propoftionél
\¢£ absolute temperaturé, whereas the magnitude of shot noise is
pr;;hrtional'tdngg? square root of current. Thus, it is relategd -
to.signgl amplitude.

~

Low Frequency (l/f) Noise

L]

The random signal voltages associated witgycontact and
‘surface irregularities in cathodes and semlconductérs is called
-"Low-frequency (1/f) noise'". This noise is caused by fluctuations
in cénductivity of the medium and it appears to be a Gaussian
distributed noise. The effects of 1ow-f;equency noise have been
reduced by cleaning and passivating semi-conductor surfaces. A
~‘ good’device may have negligible low-frequency noise above about
1 kHz although the corner frequency for high—freduency low noise .
" transistors q;n be a few decaees higher."

e

Impulse Noise

i

Due to coroﬁa—type discharges that occur along a ¥eneater
line and also switching transients in central offices; short spikes
of ‘energy having an approximately flat frequenci'spectrﬁm over the

_ frequency range of interest will appear. .This tybe qg noise is

TR e s e
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called impulse noise, and appeafs to have an insigpificant effect’

"on hyman hearing, i e. the impulses.are below 1eve1s which might

cause hearing damage. However, .digital receivers are relatively

intolerant of these'impulses since they cannot distinguish between
, o , < . :

impulse noise and the pulses to be detected. Therefore, cnrrent

study\and control of impulse noise have marked effects on digital

- transmission. In any fixed'interval the number of pulses occurring

independently,ah random times follows a ?oisson process. Mathematic-

al;y this prqcess\is given by: T : jg

(2.2.9)

B
1

_Wwhere P(n)~is the prdbability.thaf exactly n pulses occur in a time‘

interval Qf duration, T, and v is the average number of pulses
occnrring in unit time. It hns been found experimentally that the
number of events per unit time can be approximated by a log-normal

distribution. : o o N

2.4 Prbbabilitg,of Error in aaGaussian Noise Environment

- To detect reliably the correct symbol at the input to the
regenerator,.some’minimum "signal-to-Noise" ratio is required.
Firsf,_considei’the codehin which at the output of the‘channgl
coder.-iseé‘overill Block Disgram of-Fig. 1.2) infinite bandwidth
NRZ pulses of amplitude +V,_ or -V are transmitted with équal -

P p
probability (Fig. 2 2a) The received handlimit and diqtorted

A . . '

At e oo
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signal has a rounded-off shépe after passing through the channel

(Fig. 2.2b). For this situation, the decision threshold would be
set at zero volt. At the decision time,'it the composite.signal is
greater than zero the regenerator would make the decisidn that a
positive pulse had been transmitted’and, if the received signal plus
nois# is less than zero, a negative pulse ﬁould be regenerated. To
find the probability of error, assume that the noise added to the
signal has a Gaussian Distfibupion function. 1If, at the decision

time, the noise level is more negative than 7Vb,.for’a positive

transmifte@ bit, error is introduced; for a negative pulse an error

occurs if the noise is more positive than'+Yp. : :

The probability of making such gp”errOr';s:

g 1 : ; 1 . S}
‘P(e) = §‘ Prob (V,>vp): + 5 Prob (v<vy,) i
- . ‘ } ’
/< ' ;
1 ®  -vn®/20 ’
= J dVn “ } (2.3.1) s
\/21ron Xp :}i
' ‘ , | }
% ' y . %
= 3 ertc _" | S 1.
A A )
n | ; ]

where o is the rms value of the noise and elfc is the complementary

‘error function. The probability of error, for the NRZ binary sequence,

€
versus the peak. signal to rms Gnussian noise (S8/N) ratio is plotted

°:I.n Fig. 2;6 as the curve labelled L-z. Above 15 dB the probability

i 0
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Eﬂsc;r‘ error decreases very rapidly with respect to small decre'agses'in

' S/N ratio. This phencmenon is referred to as the threshold or
cliff effect in digit' transmission. A typical repeater section
requires a probability of error in 10’8 symbols which refers to a.

S/N ratio of 16 dB.

10 3
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) . ‘Fi6. 2.6 Problbihty of error versus peak signal to rms gaussian noise s g ’ )
for random m-leve) polu transmission,

-
. /-

Flexibility in the trade between S/N ratio and bandwidth

°

.(which is relatéd fo signalling rate in bauds) may be effected by
using a multi—lev‘%} transmission system. Multi-level is used to P
mean multiple decision thresholds which implies three‘ or more
"transmitteq levels. For an.m-level PAM system, the probability
'y . , , . E

of error is given by: . S ) .
! ' . , f"‘v/

.M
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imperfections in“the'deciéion process itself.

<3

39 -

§§ is assumed that the noise power spectrum is constant over
*
\

all frequencies (“Whipe Noise”). .

n ¢
2

Error Rate with Non-Ideal 'Eyes

' . .

In digital communication, dqg to channel impairments,
& T ,

various practical -degradations shrink th® /eyes.

- the
The additional

S/N requirement to maintain the error rate is a’ functi;% of ﬁpe {

amount of degradation and the number of levels. -

sy
Ve, D

The margin’ against error is reduced by the various deg;/;atiéns

»

. \
added to ;he waveform as it travels to the regenerator and by the

The first of theée

decreases the size of the %ye, while the second moves the. crosshair

relative to the boundaries of the eye. It is more useful however

to account for the latter by holding the crosshairs fixed and ”

-

shrinking the boundaries. - : =

The degradations usually fall into two categories of amplitude

.and timingl corresponding to vertical and horizontal displacement.

To obtain the shrunken eye, the amplitude degradations such as

»

intersymbol intérference, echoes, regenerator output:variation and _.

decision threshold uncertainties are summed.  This sum is referred

to as AA. The boundaries of the eye are then shifted vertically,

as shown ‘in' Fig. 2.7 to account for these amplitude degradationms.

Next, the timing deéradations'such as staticrdecision time mis-
N

alignment and Jifter are summed. Tﬁis sum is referred to as AT.

.

The boundaries of thﬁ eye are then displaced horiiontally; as éhown

in the figure. Finally, the‘placement of the crosshairs is chosen .

b
o & .
. .

»
a

¢

SRS
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H

so as to maximize the vertical distance between its centre. and the

boundaries of the shrunken decision area. Tzf only remaining

degradation is noise, and to keep the probibilityvof'errq; unchangéd

P

-

from its value for the ideal system, the S/N ratio must be increased

.

by:.

AS/N = 20 log.p dB (2.4.1)

where H and h are the vertical openings of the ideal and degraded

eye respectively,'as illustrated in the figure.

Flé. 2.7 SHRINKING THE EYE TO ACCOUNT "FOR PRACTICAL

DEGRADATIONS -
Since the degradations are usually relate to the maximum

value of pulse rather than to the number of levels, it is useful to

define a peak normalized“eye degradation: T , .

v o , .. - S
3 = o . (2.4.2)

N

Since.(@—l)n - 2vp; AS/Nrfgr n m-level eye can be expressed as:
S N - ‘ |
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. AS/N = -20 log (1- gﬁﬁ) R
J ' 8
b .
= =20 log 1- 3(m-1) (2.4.3)

o

The relationship between S/N ratio eye degradation, and
number of levels is shownqin Fig.‘2.8. The‘figure presents the
S/N requirement for random polar m-ary transmission and a 10"10
error probabili?y as a function of D.

For examgle, let D = 4. In this case, eiéht level traﬁsJ
mlssion cannot be used since the elght level eye closes at

= 0,.29. Five 1eve1 transmission would be quite difficult
requiring an S/N ratio of 43 dB since the five level eye ‘closes
at D = 0.5. Three level t&anéhission, however, would require
only 25 dB." : ! .
An additional technique for evaluating degradations is

the eye degradation plane., With AA and AT as coordinates,

cghtours along which AS/Nn;s a constant are given by a polar
quarternary system in which pulses at the input to the regenera?ion
have the cosine squared shapelillustrated in Fig.~2.9. The
combinations of AA and AT which completely*close the eye are

given by the curve labelled AS/N = = (Fig. 2.10).
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3.1 The Basic Digital System Problem

"An“importapt consideration in the designﬂof-any multi-user
“.communication system i? the ability to,aséess Fhé performance of
the operating system. The ultimate performance criterion is

that all users are completely satisfied with the service they’
receive. For a large multiple user multi-service, the cost of

a system that meets this criterion is prohibitivg. _Cbnsequéntly,
the system is designed to give certain prescribed traffic handling
capabilities that meet most user neeqs. ‘Thus a performance
monitor should indicate“if the system 1s giving the service it ‘
was designéd to give. The ultimate monitor checks each system

!

and tells whethef the service was given properly. For some mul;i-
natignal communication agencies, even if there were a system to.
gather all thé data on each use; the cost of examiq}ng the data‘
~would be prohibitive. Thus perfor@gnde monitoriﬁg must be ‘
restricted to an assessment of certain gross features of the
system, features that are critical to good service (as designed).
With the sharp increases in digitﬁl communicgtions that
" have occurred in the recent past and that are predictéd to -
continue, must of the service requirements can be morg'easily
handled by a timec-division multiplex (TDM5 system. More specific-
ally, the informatioh to be communicated is presented to the
system as a s huencejLI binary digits.. Dirterént ﬁsers send in
their sequencgg at different rates, almbsf all of which are

élpwer than the rate at which the system is c of operating.




-

L N ©
The user bit streams are converted to electrical waveforms and

multiplexed into different time slots in the main communication

channels. Since the electkical waveform is an encoding of

gt

‘ binary digital pulses, this system of waveform generation and
transmission is called pulse code modulation (PCM). The overall
system is réferred to by the acronym PCM/TDM. The specific task
reported'}n this gtudy was the investigation of performance

monitors for PCM/TDM systems.

3.2 Basic Parameters

The basic operation of any multipléxed communications -
' ~ -~

system is as follows: c:;\

¥
) First the user (subscriber) requests service so that he

el
[]

. may‘communicate a specific type of information to one or more ™
other users. The request may be  for service on a more or less *
ontinuing basis (a dedicated line) or on a demand basis (switched
‘\:)rvice).' When the request is granted, the user sends his

4 .
information to a central office serving the desired receiver.

There the information is demultiplexed and converted t6™ information.
that the receiver can understand. Thus, for any user-to-user -
systen the operation can bg(?roken into two pmrts; The firét
problem is that of getting in and ou?,of the system. The second
problem is proper operation of the system. In this report, the
first of these two problems is not discussed (the multiplexer . L

problam) but major effort ha- been diracted\to monitoring system

pertormance.




Once in‘the»system; each message ié a sequence of B{;ary
- digits encoded in an 3}ectricg1 waveform. ‘These waveforms are
then sent over links through intermediate stations (nodes,
offices) to their ultimate destination. The system will work
properly if each link and each node works properly. At the node
there are two probleﬁs. The first is that of getermining where

to send each message; (i.e. the routing information for each

. o .
incoming message must be properly interpreted and responded to by

proper transmission). The éecond is that of keeping up with the- .

v

traffic flow.
The main trust of this study is the assessment of perform-
"ance of individual iinks of a dat; communicationvsystem. The
blinks considerea-in‘this study are radio linéé. -That'is, the
basic digital waveform is used t6 modulate a radio frequenc§
carrier. fﬁis modulated cgr;ier is transmitted to a receiving
station that removes the ca}rier and converts the mbdulafion to

a waveform representing a sequence of bits. The index of perform-

ance 'of such a link is the "bit error rate", that is, the percentagi
P » :

of bit ®rrors between the original waveform and the final waveform

of each link. Spedifications of a reliable digital systém\require

A

no more than one bit ér;or in 107 bits on average. ~The terminology

used for this situation'is a "bit error rate x?ss thhn 10‘7 or a

probability of an error of 10~ 7w,

T a

+

3.3  Performance Monitoring Initial Considerations

" In order to meas%fe bit/error rate directly at the

{

+l
! 4
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b . . .
receiver,®one must know the transmitted bit stream exactly.
Obviously the receiver does not know exactly what is transmitted,
for if it did, there would be no need for the transmission.

As stated before the BER is measured and is defined as

(1) '
' Ne Ne
' BER = — =& ——
Nt Bto ? (3:3.1)
/ N ~
Where, e = number of bit errors in a time interval to; Nt = total

1

number of transmitted bits in tof B = bit rate of‘the binary

source; to = measuring time interval, i.e. error counting time. o

The BER under'g nonoperational (out-of-service) conditiop
is measured with a "Pseudo Random Binary Sequence' (PRBS) generator
and a BER anslyzef. The EER analyzer compares, on a bit by bit basis,
with the demodulated r?ceived bits with a storéd replica of )
the transmitted sequence and computes the BER. A large number 6!

~

coEmercially available BER analyzers exist on the market.” In the

above 1 Mb/Sec ;ange the Hewlett Packard HP 1645, the Marconi .8460 .

and theyTantron BO are some frequently used 1n§truments. A
' The main problem associated with simple out-of;service BER
analysis is fhat it {g not feasible to evaluate the performance
of An operating in-service sysiem carrying the unknown digital
i SQulse stream ot the'cuétomer. On-Line BER monitors make use of
;ﬁfﬂﬁ{%§ﬁariorr knowledge oi some characteristics of the received
signal. The measurement duration and the error rate estThation

‘ for a short to might also cause a problem. For example, to

~

. ‘ . .
» R T . ) ., I




evaluate a P(e) = 10-9 for a 1 Mb/S data stream, assuming that

‘fo be counted, a measurement interval of to = 104 sec. (approx-

in diversity or protection switching initiators}. -
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s

for a meaningful statistical estimate at lease 10 bit errors have

imately 3 hours) is required. However, the measurement duration

may have to be limited to less than one second because of some

possible system requ;reméhts for immediate action (for instance

On—line (inréervice) monitoring can be achieved with:

A %
(1) Test sequence interleaving; '
(2) Parity check coding; L
(3) " Code Violation detection; (
(4) Psuedo-error detectors.

‘ \
A brief description ofnihe first thfee of these test methods

follows.

Critical Parameters in thé Digital Network
1. Introduction:

vT;?}e are several parameters critical to the efficient

operatf; of a éommunication network but they may>ﬁe dividéd int;‘
two main categories - those of importaan\to the network user and
those imﬁi?tant to the network operafqr. ‘

A“ypical global commnication network is shown in Fig. 3.1
and serves to illustrate the dirfefént interests of the user and

the operator. The user is interested in the end-to-end performance

tr-\
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1 . N ¢ '{)
of such a network, say between A and B in Fig. 3.1; he is not

interested in the performance of a particular hop, such as from /

radio R6 to radio R7, or of an individual plece of equipment such

as the receiver in Rl, or of the ‘circuit routing. The.qperatdrs, :

on the other hand, must consider the performance of each element
in the netwgrk. 3

2. User Critical Parameters: >

'Tﬁg'network user 1s only‘interestéd in whether or not the

netwok will faithfully transmit a message when required
|

He is,.
therefore, concerned with two criteria.:iw ‘
. (1)  Error rate (or digelity);
(2) Availability. , .

From his)point of viéw the chadﬁéi”may be
e
shown in I;g. 3.2 for digital transmission.

modelled as

7
The model envisages

wthree‘pbssib}q fécgive states: ’
| «
T correst ¢
"‘(b)‘ Iﬁéérréqth l ﬁ |
(c) Outage, or erasure

; ° < opo
In the correct and incorrect states a bit is correctly or

¢

1ncorrect1y detected vhereus in the outage state the bit is lost

entirely. Bits 1n the tirst two states reflect fidolity whilo

Iy
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those in the _third state rerlect pvailahinty relntive to the

o B ‘
other two states. "Voice equh&lent detinitions of thege two
staﬁ:es are also ’phown in Fig ‘3. 2- R ‘

’ . R ’

: S FIG. 3. 2\ DIGITAL CHANNEL USERMODEL * - @ '
. [ ‘~ ” - - ‘ o . \
4 .
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" traditionally

be used to correct certain types of error.

availability is: . "

v v ’ ‘q * = -
‘Error rate (number of incorrect bits over the sum of all
& ‘ . -

bits) and availability (up time over total'ttme) are the

a

. , %
d measures of quality, but higher order statistics

'are also required. The latter include )the probability distribution
. N , : .

rst layers and ‘down time. -

~

of error

\,

\

a) Fidelity:

1

Fidelity is the end-to-end error rate but it’ is more than
simpIy the aﬁerage error rate (incorrect bits over tot@l bits

received) and must include various error burst or conditional

@

error effects. Thus, given that tgg previous bits were incorrectly
detected the probability that the next bit will be 1ncorrect1y

ggtected is also- required.' These various error statistics ate

of impértance since different messages, modulation, and coding
techniqueé differ in their ruggedness to various types of inter- _

ference and error statistics. Thus, error correcting codes may -

/ . . t
.

'b) Availabylity: - . - .

’

The error rate refers to brief failures of a system but “'
availability refers to- large outages.. The classis definition of
. : - . , R :

g

_ .. A = Up timie/Total time A ’
"o \ L4 - ’ -" ° ’ . - . N . - ‘
-but this gives no coniideratiqn to the leng%ha and trcqupiéi of
¥ PN "“\"" ‘ ’
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6utages‘or to thelr time of occurrence which are 1mpontant';og.

" some messages:. B . -

.
]
AN

Operator Critical Parameters: ¢

- The above-mentioned performance parameters are also
impo&tant to the network 6perator as they measure'ﬁgw well he is
ope;atiﬁg and maintaining the network énd, hence, ;geting‘his
service obliéati ns. These end-to-end parameters do not however
aésist in isolating\ faults in the'network and fér"this many more
parameters must be used and apﬁligd to elements in the‘network.

A major disadvantage of digital transmission is that, unless an.

error is caused, degradation information is lost at each regener-

.ative repeaggr. Errors caqsing recognizable code format violatioms

are the only exception to this but even if in this case it is only

possible to say that the dégraddtion was large endugh to cause the

»

error. For exémple; if the signal received at a regeneratiye

repeatér is very close to its decision threshold, no indication

N

will be evident at the receiving end, since the repeater will

transmit a clean signal as shown in Fig. 3.3. Because of this

\

phenomenon performance monitoring is required at each repeater.u
This monitoring capability will take two forms: One will be a

. N ) \ K4
qualitative monitor forming part of each repeater so that when an

N

alarm'thrgshold is exceeded an interrupt is generafed wgich, in

. turn, initiates,a‘morp detailed qualtitative test p qrmed by a :

. . ' . ' -
processor via order wires at a remote location. '

A digital transmission system may be considered to consist
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O e T I .

Fortunately, bﬁffer memorieé in|{ the mu receiver.can be uséd‘to

. : A , . -
reduce jitter. The accumulation of low

s g - »
. . .

of up to three major groups of equipment: Multiplex, repeaters,
and transmission media. Several important,paraméters should be ™

monitored within each of these groups; these indicate, either ‘

directly or indirectly, the equipment's ability to provide‘géliable

S
service.

!

(a) Multiplex Perforhance

i) ~ Bit Error Rate: The siest technique ;df

monitoring multiplex (mux) BER is to compare t ltiplex inﬁut

and ougput. This quickly detects multiplex failure,\but the BER

introduced by the multiplex must be 'small - say, on © derkio'll.

. 11) Phase Jitter: This 1s generated in every

@multiplex because staff and housekeeping bits are inserted with

the bit stream at tKe transmitter nd\removed at the receiver:

however, limit the number of mux’s .in tafidum. :
: I ¢ £
t. < ‘ ’ ' C ~
i11) Bit Integrity: , \
? - v/
1) Loss of Sequence: Large noise-bursts -
such as lightening or jamming may cause a large block of errors
and result in tﬁe loss of frame syncbronizatidh (éyncu). In most

cases loss of frahp syncﬁ‘in a higher order‘mui receiver will

result in a loss of frame %ynﬁh in all lower order hu?creceivé:s

~

\d

and in the PCN channel bank. AT v .
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2) 8tiff Indication Bit Errors: 1If the

— i o dm mam i amas - omn- — — ——

mux receiver 1ncorrect1j interprets a stiff indication signal

because of an error in transmission the{output will cohtain one

more or one less time slot. which will upset the frame synch. The

probabil;ty of such an occurrence iS5 greatly reduced by using

mulfi—bit codes for pulse stuffing; this allows errors to be

corrected and the margin to be monitored. . .
ot

-

T

"3) Inmput Signal Quality: The input signal

to a multiplex I/0 BER monitor can be used to_monitor the input

signai/quality; checks sﬁould fnclude signal presence, level,

Al

and qﬁality. " S N C = :
: . 1 - . \ , .
(b)' K Repeater Pe;lﬁ}mance .« . _
- i) Transggg: Four im;ortant transmit parameters

9should be monitored as follows:

1) Sigqgl_Lgygl_ The output power level.
g P R

should be above an alarm threshold set to ensure an adequaﬁf signal

at the next repeater, and a warning level above the alarm threshold

should’ilso be provided for margin. In some equipment the output

57

hY LI

degrades with a steady trajectory, and in such cases the sutput

- level traJectory can be used for "trend pned&ct¢on¢" (Fig. 3.4

end T - 3. 1). L ‘ | A
) . R ¥ ' .
A T L : J
' C S 3) Ougput laveshqu* This is critical to’
‘ \\ ' .
: ) ' “ “-k ?‘ ’
* . .
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transmission through a band limited channel and for low error

rete detection at the next repeater. The measuremﬁ!% could be

made in the time or frequency. domains, but considering the limited

alphabet time domain measurementé)wouid likely be most easily ‘ i
‘implemented. ) \ ﬁ |

A

‘ " 3) Phase Jitter: Repeaters are the major

cause of jitter which increases with the number of repeaters.

v
4

It may be reduced by inserting a-dijitterizer. N —

R Y -

’ o .4) Error Rate: The errors produced by a |
S . == - \ o . \
repeater after detection must be small. The size of the error

. . 4
rate depends on the number of repeaters, for long-Band Systems
. - - Ve

-12

N - :
the actual size of the error rate mai“typically be 10 A bit

"

b* bit comparison is possible but is usuaily.not reﬁuired Since .

thewmgni;gring of other iteme effectively detects faults.

L%
S 3 e
ii) Receiver: “ﬁny detectidn errors in the |,

~

'receiver are locked into the bit stream and consequently -an o

estimate of receiver probability of error is of paremount import-

ance. Even with correct detection any line d adations are

sorted in the regeneration process 80 estimates of both quality

aid error rate. are required. Input signal parametérs which shculd

LY

be monitored are as tolldws:.n s
' {

P [l
ie

o , 1)"§igggi~pgvgii The signal plus noise
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level is’easily monitofed, and under normal operating conditions .
. | - i
/ this is sufficient. When it is insufficient, oﬁher.measurements(
< |
e will indicate the high noise situation. * . o

-

o
- ' .
rd

2) Qigtgrgig;i Signal distortion is more
2 ‘diffidult to monitor but "adaptive channel estimator" (Fig. 3.QJ4
3.8) techniques are available to estimate the channel impulse or
frequéncy reSponT . - \ . ’ , e
-
3) ‘Noise: Noise may be monitored by two -
~techniques. An out-or-bandlélot mgasurement is simple but has >
the disgdv#ntage that the Aoise monitored is notpihat interferi;&
with the signal. In-band noise can be measured with a device |
which separates the signal from the gbise such as an adaptive R
.channel estimator; once separated, th@'noiée statistics can be

[
Cd

analyzed."

4) Implementation; Detailed snalysis of .

the signal rec;1ved at each repeater is complex and costly.
Consequently, a simple estimate of signal quality at each repeater

is useful This qualitative estimator will generate an‘interfupt

4]

11 the alarm threshold is excaeded and a more detailed estimate .

.can then\ba*made. The qualitative estimate should include the

®

effects of received signal plus noise, .noise impulpes and an

estimqte of distortion. Suitable techniques in this caao arb the

. psuedé-erroraeye pattern andxnlnn,mechniquSn. This qullitutive 4
5, ‘ / , “
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. eetimator could be a microprocessor whicb is~econom cal to bave- L

e, 4 at each ?epeater.» co . U o B
e - P \ _ o .
oL # . o . ‘ R £
P ﬁf‘_f " e, Preseure Alarms S A P
’ " B S R Qables andjwaveguides -are pressurized %b keep, Y

-, .« moisture out ot(theﬁ. Monitoring tbie préssure is useful because‘

moisture can cause - degradatipq, and,also becauee low pressure

.‘\’.\ ' /- 8

. indioetes,a break in the cable’or waveguide. Hence, the pressure

.

. ©o 'alaru:is also“a'ﬁdzdt isolation deyice Syetems bavg been

e N developed enabling the use of cable pressure to accurately locate

7' preaks 1p buried cable. - . = , «
. , ) ' L ' = - -4 - ’
g . o . \ . . ‘
oo . - ;¢4.7 . "Miscellaneous Parameters: ‘ B ¢
g :Q‘f.: " ..  Parambters which dé,not directly affect conuggieation .'
s . - system performénee are'indluded in this catqgory They o,'
7 o ’ ‘ L
! . ;ﬁ“’ howeVer hawe '} iong-term ettect on general network pert rmance.
i Lo :«ﬁ‘ I A o T .~ o
CT . ‘(a).\ : Contiguratfon and Rohting .« . " -
' &
-g Tl "'o .The tomplete net#ork‘conf/gurattyn.eboul% be
i . .
P known at all times for tdbhnical control .this includes Fhe‘ B

j,genernl circuit conﬁiguration and the etatus of all equipment

Ve L s et

in the cireuit.' The availability of the standby eqdipment is an

A V4
exnmple or tbis. Tbis intormution can be obtained by monitoring
tbe poeition .of the vurious Ewitcbes wﬂieh eet up circuit and .

°°‘ rol- standby eqyipment.. uiaeage r?uting of eadh paeket is .
0 1itt18 immortenee to toahnicll.cqntr‘\\dug toothe dynenic ”;,
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3.4 "Error Rate Estlmation by Counting Test Sequence in‘terleaving

At the 'I:ransmit;fe‘r of the digital radio-relay terminal,” . -,

sample pulses are inserted into the information pulse stream at’ the
. . . . . ¢ a > ’ '
rate of 1/N (N an‘ integer number) times the clock rate‘ as shown in

' . . c . ’ [

"Fig. ‘3.9, ;Conversel'y, at the receiver of the next relay, the sample
N ° - ’ P ) ) -
pulsés are extracted and‘ their errors are counted.

e e et - o ’ \ .

L t

: " (N-1) BITS ¢, :

. . v' e _I ; B ‘ ’
C PULSE STREAM AT |- . " .
. INTERFACE POINT I—; ﬂ\r\‘l\f‘l\m\ [—t] 1 [ ¢ ’
' "7 PULSE STREAM AT S I \ \
‘ . ~RELAY LINE _ﬂml—]l—lmr] mﬂ‘Dr—ifU;fI
) | . ?L(N -1) B8iTs A ‘
' ~ “ ! N [ ~
‘ Y N : N sns ¥ i AL ADDITIONAL
A : . N Lo " ’J PU‘LSE
\. . - JL
o ; N -— ‘. -
’° CE R -TEST SEQ E CE \} ' f’ - //‘ /
Tt . UEN )
I! ~s. INTERLEAVING p;._sgs | S"] l—'—]_s . — ‘
. Tee . . f _£1
r . , | ./
T ' N ' S: SAMPLE PULSE
g 3 - \

. ° - " 1
‘..‘\ T . ») ‘ ﬁ oo o -
FIG 3 9 TRANSFORMATION OF: DIGITAL SIGNAL STRUCTURE BY L
) . ADDITIONAL PUkSE QINS‘ERTION po R
\The er}-or' rate of the«» on-line system is east:lms.ted -from the x

: -count ot sdmplo pulso errors. In: th\ig method the time taken to
. 1 K% ' N
»recognize a Speciﬂc error rate cond;[tion 13 ,,about N-times tha.t .

. \

‘ «required by counting the errars /in ul“thé tp,ansmittqd pulsea“ .suéh

o . . -
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signal whep the sample pulses are extracted.

¢

this experimental system, for example

3.5

~

\X \ . 70
‘ sk 1/ ) . - ‘
as in non—operational (out—o service) BER measurement. - —

The pulse repetition (clock) frequency of the digital signal -

is converted on‘tgansmission using a phase-controlled oscillator’

(Fig. ' 3.10), from r{ to“le/(N—l) or vice versa on receipt éf the
The data scrambler,’
shown in.Fig. 3. 10 enables transmission of pseudo-random binary

A

sequence signals, even if there is neither signal nor clock -timing
at the interface point of the. transmitting terminal
.

Fig.va.ll shows ‘the test results of this error rate

AN

estimation method when'applied to the experimental 20 GHz 20QMb/sec--

QPSK (4@0 Mb/Sec) trdﬁsmission system { Ref. 5 }. In

al error rate of 1074 is
A
recognized by countépg 8 bit errors in the sample pulses in about

t, = 100 m sec for parameter values of N =-511 bits and fl = 200 MHZ.

! T

Error Rate, Eggimation by Using Parity-check Coding ~4

e

T oAt the transmitting part of the radio-relay t minal marks
(symbol) in the inertace digital signal are countbd and the number~

of marks in each frame Fig. 3. 12 is translated into an r-bits

‘(modulo 2) parity-check code.

The ‘parity-check codes and frame- pulses are then additionally
inserted into the digital signal as shown in rig..3.1a< Conversely,

~

‘at the receiver thesé additional pulses are extracted and each.

I <]
extracted parity-check code is compared with the one generated in

the same manner £t the transmikting terminal as shown in*Fig. 3.10.

S e Mod
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RELAY LINE Ll —t !
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. ADOITIONAL PULSE len L FRAME _ — o ¥ UL sE
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; : 1 1 P 1 -1
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_ g PARITY-CHECK CODE (r BITS)
. FIG.’3.12 TRANSFORMATION OF DIGITAL SIGNAL STRUCTURE BY ADOING
X : PARITY CHECK PULSE |
. : . - Bl
“ »
« ) © .- .
. _ 4
n ) S ) ’ .

For a small error rate (below about ‘10 3 .fer example)

lﬂ the number of deviations in the paritn—check code comparison

n

is approximately'equal to the total number of errors in a11 thé

-

y pglseé in fhe ﬁigital signal. Therefore, the error rate of the.

B ~ [
’ .

L4 . .
fidio-relay circuit s estimated by counting.the number of ) \\

deviations in the parity-code ,ngfdrison as if it was measured

'

by cgunting the errors in’ all the ffaﬁsmitted_pu*gésl'

%3
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‘'Fig. 3.11 shows the test results of this error\/rate

estimation method applied to the experimental 400 MB/Sec 4-QPSk

.(qu Mb/Sec) guided-millimeter-wave tranqmissioﬁ system {Ref. 6}.

In this experimental system, gn error rate of 16-6 is recognized by
counting 8 bit deviations in parity-check codes in about 10 m sec
!or parameters values of N = 256 bits, r = 2 bits (module 4) and
£, = 400 WHZ. . , o

3.6 Disadvantages of Sequence terleasfgg and Parity-check Coding

As stated before one Loutnjnake spot tests on bit error ratg

\ .
by interrupting the inrormation flow every so often to transmit a A

test pattern\ot bits (sequence interleaving) This method is not
very practical with bigsi}ror rates of 10 -T7% of less. Since a teu

million bit test pattern would be required to obtain one-error on

" ‘the averjge, thus, a prohibitively long test pattern would be

required to obtain a statistically significant measure ot the error

rate. Ve o ‘

1
- The second approach was to’ monitor the error rate by encoding

the bite in error. detecting code. The simplest such code is the
.addition of a parity-check ‘bit after every Nth bit. By checking

parity codee the receiver can detect it there was an od number of *
A 4

errore in the proceeding (N-l) bite. It a parity-check is the only o

error deteetion scheme tor.e system operating at a bit error rate :

of 10 7, a long tine elupsee between errore.' If the system should ‘_’

€8

degrede to a bit error rete.o! 10 6 direct measure && perit]}errore o

‘na indicatiene.or trodbleq

L)
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Even ifﬁall eribrs were detected it WOuld take several hundred

- million bits to obtain a reliable measure of degradation at 10 6
This means that : large qyantity of information would flow through

the system with an unacceptable error rate before the monitor would

indicate trouble.
~  For a system operating a¥ a normal rate of 10—7‘or less one
shotld develop a degradation measurement system which reports

»trouble even though no errors have yet been made. This monitqi ‘
te and

should have an output that is monotopic with the bit error raf

°

sufficiently sensitive to give a reasonable indication of error '

x -
N‘%W s emenine
.

rate changes néar the normal-range of system operation.

: /
- ’ ¢’

W i N

-
'Y
-»
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3.7 " Code Vio],ation Detection -

Some signaling codes are intrinsically redundant "This-

AP YETE Y T

intrinsic redundancy can be used very %Fticiently to detect line

. errors in a very.short time. Bipolar codes and duobinary partial

o g g S SR

vresponse coding,have this property staticsi Bipolar coding and

. its use in bit error rate monitoring was discussed in Chapter 1. &~
z ' L "
; The partial response technique has been used to allow channel

o( ' "memory" to span over bit-time intervals. The technique was
\ , . : )

investigated ‘and -classified into 5 classes according to the features
, A , . ) . &
. of channel "memory". Partial response signaling;Cas been intensively °

studied and applied to p:actical data transmission for both low- e

| ~  speed and high-speed signal.rates. " 5 L
g ~[31" X The partial response signal tormat implemented by a digitel

1l0wbpl88 filter, is shown in rig, 3 13 \ Obgerving the wavotorm in
| - ‘fﬁﬂ5ﬁa‘7\"“ ﬂ.}";*H
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the figure the properties of a 3—1eve1,C1ass 1 partial response,
. can be summarized as follows:
! v \.l;
M " 1
(1) The output of the decoder is 0 if the: j
—Ppartial response @avefor@ was at a top ” x
peak. : ;
(2) The output is the opposite of the preceding’
R ! [ 4
bit if the partial waveform was at a
» ‘ . 3
. middle level. -
. = l —ipise - \ Vy
‘ Nuoten e e ! ! Deateld : -lm... 1 b«du‘ ’
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FiG, 3, 13 BLOCK DIAGRAM OF HYBRID DUOBINARY PARTIAL RESPONSE—

TRANSM.,ISSION SYSTEM WlTH ERROR DETECTION SCHEME

3

B

I addition to these detection features there is an’
O

’important format which can be used tor detecting errors 1n tha "

Lo
To describe the signal format a closely related

recedvad signal

PR

coding. called Duobinary,by A Lenden. wiil be introduced here.

5( N




7
Duobinary is simply formed by one extra encoding before the
, partial response procgss which can be expressed as
b, .= A ® A, _, (& Modulo 2 addition).

The relat\enship between Class 1 partial response and du/o-
binaéy is also shown in Fig. 3.14. iome interesting properties
of duobinary cap be stated as follows:

7
f‘ .r.flfrj’l:.-,w . ;':;l'l ,
[ £l TH
\ Ak
. :.:-;::,i': Al
) s of 4] N~
; ; NN }
i : i ;
, \.\ , s 4 M o1 ‘:lAli .x ’,' ) J l [ o 1 1 ! :
" . MU e S iln'nawnccmunmuw. ‘I sl kg e
B q Capasite ceveleorss of Qass l’rwud-h-p-u- Sighels uﬂ i
’ .:‘.' - ' 'l h “I "‘ ll'r’l_l_g_l_u. ILL_,L'_ :‘E-c- 0K |||‘u| "Hll lx'!'.i- -.":”
' 4 v
PN FIG. 5 14 COMPOS!TE WAV\E,FORMS OF CLASS
‘ PARTIAL RESPONSE SIGNALS \
o (1) ° . Top an\g bottom peaks are for 0's while .
R L . the mJ.,dd].% levbls are for 1's. ‘ :
, { (2) ' ' Adjacent top (\or bottom) peaks are d}
" . ' separated by an odd numbér 01’ 1's. ‘ ’
| - o ) AR
: o Composite wave forms as Class 1 Duobinary Partial Response
( -"7
Fignaling and the asaociated eye pat ern a‘@é shown in I-‘igs. 3.14°
”‘ . and 3.15 /;espectively. ' Le .
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: . 3.8 Pseudoerror Fundamentals

This study will cover the operating principle of a Pseudo-

. ' . Qe . ;

error Monitor and also mathematical method eynthesis.for"

such monitors. The operating principle described here was

originally given by Gooding {Ref. 7} and followed by J. Leon

Voo

b ef al {Refd 8}, and is'extensively utilized in data communication ‘

netébrkg. Past approaches to monitoring have included substantial
/ _5 N . . L4 s
emphasis on monitorihg specific.variebles, such ag the Signal-to-

.

i
A
kY
“ﬁ.

¥
‘!
%
"’gi‘

ah g
4

-

-
ty

Yy Noise Ratio and Insertion Loss.. This approach is honever better ’

o g Lt

J' suited to analog than the digital system monitoring

'

For digital systems, some means of monitoring bif error : ’
B poy :
.é rate, which is,a,key.veriable, is\desirable. Seye:yl of the methods

" described. previously could be used to .obtain an accurate bit error
rate estimate at a receiver but they'have the disadvantages of
long evaluntion time and interruntion of the data traffic. L 40

v e

This study is concerned with the proglem oi monitoring R

o - methods based on a pseﬁdoerror tecbnique which avoids both of the’

°

o ' disadvantages noted above. The method is based' on an extrapolation
R ‘ ‘ SO

tedhnique using "pseudoerror" as defined by Goosshg'{ﬂef- 7% *

for use in estimating error rates for adaptive FSK and PSK receivers
) 5
' operating over‘fading channels. SOme statistical aspects of the

\ method ﬁive been studied previouely by Weinstein {Ret. 9 } -

In an extensien~o£ Goeding 8 work; Leon { Ref. T‘reletes/ﬂ

A 3 values of monitor wariables, baaed on pseudoerrer to true bit

) ' . v ) . e ]
Lo errpr rates tor general tyne&-ot tailure. . ' f g S »‘

L g . et o
i

)
Sy,

e Sy BT e
>

N
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& 1.4

computing P(e) and. P(p) from Eq. {3.11.6) to (3.11.13) under a
variety ofyconditions. Results were obtained for binary and
quarternary, differential and coherent PSK systems.

Fig 3.1 gives't (u) for extreme conditions of CNR and
CIR. The intent of these curves is to show the range of possible
shapes for these density fuﬁctions; Also indicated on the curves’

’

are the decision boundaries and typical boundaries for pseudoerror.

) Figs: 3.18 and 3:19 give P(e) and P(p) versus CNR for typical values’

of CIB." Fig. 3.i§ applied for coherent and Fig. 3.15{10; differ-
e;tial PSK. Note that for fixed CIR the P(p) and P(e; curves are
essentially parallef for high CNR. The effect of the offset angle
6§ and P(p) is shown in Fig} 3.20 for quadriphase coherent PSK.

The results are fypical of the other cases studied. Curves of

P(p) versus P(e) for fixed CIR are given in Fig. 3.21.

Contour plots of°constant P(p) and P(e) as a function of

/

CIR and CNR are given 1n‘Fig. 3.22.

Monte Carlo Study

A Nippon Electric Company QPSK receiver {Ref. 11}, shown
schematically in 'Fig.-3. 23 was modelled for a Monte Carlo type
simulation study. The angle ot the received signal was computed
as a function of time so that a simulated on-line calculation of
pseudoerror could be/ca;ried out. Values of § equal to 10, 14,

18, 22, 26, 30, 34 and 38 degrees were used in the simulation.
A Monte Carlo simulation has the ﬁotential of 1ncorporat1n§'

any number of effects including nonlinearities. For the present

N e e vy
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'
study, Gauss#an noise, reference phasé\Jitter and frequency offset
Jitter were used as the sources of degradation.,,k
Generally speaking, it was found that the Monte Carlo

simulation program consumed considerab{e computef t;me. For éach i
2000 bits generated, the basic program without jitter offset effeéts
ran for apg;oximately 50 seconds on a CDC 6500 computer. At typicql
rates for coqpufer time it costs appk&ximately $4000 to locate a
single error at error rates of 106, r

| ﬁecause of this cos}t, Monte Carlo simulation studies were not

carried out for error rates below 10'3

.  Studies of P(p) for various
values of 6 at these enrof rates and higher were made with Gaussian
noise degradation and the results wére consistent with ;hose
obtained in‘'the analytical-numerical study.‘

‘As representative output of the simulation study, Fig.3.24
givesya ;ime history of Gooding's extrapolated estiﬂgte ot tr#e.
error rate, while Fig. 3.25 shows extrﬁpolatgd erro? rate behakiour
versus signal-to-noise ratjo with and without phase jitter with true
errof rate for comparison. Note that the quality of the extrapoiated

. estimate of true error rate is degraded by the presence of phase

Jitter.
N

A}
\\. 1o

3.12 Conclusions and Evaluation of Extrapolation Monitors

lThg annlyflcal results as shown in the graphs above can bé
used as a peifdrmance monitér giving a continuous indication of'ﬂ
‘P(e) or a highly quantized indicator. Ve refer to a continuous

indication as a proportional monitor since!%p)iq monatonically

>

"t
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‘related to!Ke)!orumost degradations: discussed above (Gooding s

estimate of true error rate could be used as a proportional monitor ) . J\
. The quantized indicator would be a simple thrcsco;d-with red and -
green, or re& yellow, green LED lights. Table 3, 2 ligfs Phe

AN »

desirable properties of the two) types of indication. .In a more .- ;

g recent report { 12 } the authors discussed the problem of extending

-

the pseudoerror monitor concept to ap indicator that constructs a
] [ ‘(
histrogram of the angle of received signals. TheAsimple moq;tor Lt
. . .. A .
of this study is adequate for evaluating system performance with

. ' . }
: a minimym of hardware. - o ' Pz : [ ]
t “ " A final comment on hardware implementatioc of an extra- ' I
~polction monitor seems approprigte. .Tpree~steps seem-necéssary for
* implementing any monitoring.device'based on pseudocrfof, namely :-
: . - - ) . e . v
3 > . - \ f ' . P
ot . €1) Detection of pseudoerrors as they ‘ )
occur; ' o w ’ -~ ‘ !
’ '(2)“ " estimati ofﬁpseudoefroy.probab}liéy.' a, e
by some ty of reictive frequehcy J 0 | . !
P -dalculatioc; ac' * o | h
. ‘ : NG (3) calculation of a inal honito: output ‘(4 ’ .
J as a function of esfi@atedﬁpéeudoerroc. | ! ‘

‘ . probability.’ o T

R I
i

Lo Although hardware implementations of the three steps listed

above have not been a subject of this study, such implementationa

3
- 3

fL' are not expected-to be complicated=or costly. The algorithm used

' N . .

R W,




. . .
- 4t . !
\ -
L4 s )
- "‘\

$§ the Monte Carlo study can be implemented”i\\Kw) raight forward

shion.

o - , o
Step 1 réquires an’offset in the decision threshold
- \ “ of the PSK. receiver,
. Step 2 requires some sort of counter to indicate
. :' the eumulative number of pseudoerrors’in a given
N : 'periodsoi‘time, and
. N " o T Step. 3 requires'an implementation of some fixed
Lo Iunotionalrrelation to deterﬁine the monitor output. " v
: : s | ‘ ' ' /Z'
Gboding { 7 }.and Weinstein {12} both described relatively simple

devices for estimating pseudoerror probability. _ . /

i

S | . TABLE 3.2 < - - e

E . DESIRABLE PROFERTIES OF MONITOR VARIABLES

. Lo . : / ) . .
e Proportional = . (/<( Quantized )

-"/' § )

1) Respond rapidly to degradations in system performance

-

éroduce a detectable indication of all possible system failures

‘

and degradations.

T Si . Moanotone fdnction of true 3) Unambiéuousl;)divide system

. . ‘ .

: ’ ‘error. ' .- states into a fixed set of
" o _ conditions. ~)

4) Single value function of , 4) Provide a margin or advanced

true error. - o indication of a change in

t

. . condition. ' y
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4.1 Basgband Transmission

'The.system contiguration_fo; baseband transmission is one
&R & ' i

' : \ )
without a modulated channel, as' shown in Fig. 4.1.
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The baseband signalcis mixed with Gaussian noise of Nyquist bﬁ;d-
width. The Nyquist band filter 1s approximated by a first-order
‘ filter.' The error rates of the baseband transmission with this
,’ _ noise for the NRZ signal are given in Fig. 2.86. .The experimental
y " error rate is Compared with a.theoretical-error rate, which'is
derived under an Pptimum systém without intersymbol interference.
There is8 1.2 db dif;erendé between these two error rates. The
" difference is attributed to the following:
Y
! ' . (1) . | The éimulated systeﬁ is not an optimum‘
| - system. . | | o > .
) (2) The NBZ signal at the subject of the
. RC-Low-pass filter defenitively has
. somé tails to inte;fere with the
i . , : . adjacent bits. (Evaluation of the
| ef:ecf of these intersymbol interferences N
’ \ on fbe\;rror'rate is rather difficult.)
; (3) . The Nyquist Low-pass filter fof the noise
\ is aporoximated by a siﬁplg first-order )
filter. ’“ ) L _ -
t . . ‘ . ‘ ' \
v ;,1 .

. - , = e srrem it R [P " 3
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4.2 ‘Pseudoerror Detector

For the baseband pseudoerror, P(p), detection a "secondary“(zJ
pseudoerror processor device is connected in paraLlelfwith the main

data path. | The pseudoerror %echniques used in parallel path is

catagorized as following:

(1) Techniques based on detecting the peak of
the composite signal (data plus noiég
existing within the "Pseudo-Error Zone"
(PEZ) of the received baseband signal,
(2) Techniques intentionhlly'1ncreasing‘the‘
' ‘error rate in the secondary (pseudoerror)

. . : path by degrading the performance of the

-/

In this chapter the basic concepfs of on-line pseudo-error

3

latter.

" monitoring, and the theory of the various techniques will be bresented.

A number of pseudoerror implementation techniques, and their measured

© performance in additive Gaussian noizpfﬂnon-Gaussian noise, interchannel-

interference, and intersymbol interference environments, will be

.described and analyzed in the following chapters. ' Experimental results

in these interference egviroﬁments are also presented. The results

(oStained using a coherent QPSK 1.544 M bit/S modem) cleafly indicate
that pseudo-error monitors can be gainfully employed in 'even more

complex'interterenbe environments than referred to in the 11terature, '
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4.3 ¥ Composite Signal Peak Detection in Pseudo-Error.Zone (PEZ)

In data transmission, the "eye pattern" has been used as a -
measure of channél characteristics. The quality of signal can be

clearly shown 1in the eye pattern. Furthermore,‘proper sample timing

(1) and slicing levels (ii) can be easily determined from the e&e

pattérn.
) ‘ , \ .
(1) ‘ Sample timing is obtained at maximum eye “.
‘ _opening. J , . '
B (ii) Slicing level for AC ébupléd NRZ eye  ° .,

i epattern is the Zero c}ossing levelq(in

. this case zero volt). V
, 7~ . ,
The basic idea of combbsite signal peak detection within the

]
v )

PEZ can be understood by considering a simple discrete waveform

corrupt by noise. Suppose that:the signai waéeform is a rectangular

[

wave such that +V volts represents a binary "one" and.—V'erresents '

a "zero" (AC-coupled NRZ). The binary number 00101 is shown in
: R
Fig. 4.2a as a dashed curve. A possible received signal corrupted

by noise is' shown by the.solid curve. Note that in the first logic

state, there is a short section‘where,%he received sigﬁél 1s‘aétua11y

o

positive. There are similar "wrong" sec¢tions in each of the two
succeeding intervals, If the noise has a mean value of zero, the
effect of the noise is reduced by averaging. Thus a deéision as to

x ) i

whether the signal in a pafticular interval is a zero or a one is '

made by integrating the received signal over the interval of‘time'

Fy

JUSHUUUI S B T spU——.
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occupied by one bit. If, at the end of any interval the integrater
output is positive, the receiver decides that a one was transmitted.
If the integrator oufput is negative, then it decides a zero was

transmitted. The integrator outputs for the.signals of Fig. 4.2a,

p—" Q

in this case all five bits, would be received correctly by
"integrate—and-dumn" circuitary..
L In the example above nt was assumed that theAintegratnrnresefs
at the trailing enge of each bit. Now; if the dumping time was off 20%
as shown in Fig. 4.2c, then the signal in fhe third interval, which
should be a one would be detected as a zero. Thus the factors which
contribute to errors include both noise and timing errors in the
received siénhl. ) |
wnen the signal-to-noise ratio is very high and properly
conditioned, and the timing is preciée, then the detector output at
the decisionlinstnnt (dump or reset instant) wili be +V for a‘"one“
nnd -V for a "zero". The §ffect~or noise, timing errors, and poor
signal amplitude conditioning, is to make the output; AV instead\nr
V. The factor 4 represents the effect of noise and can in nrinciple,
take on any value. In the case of a timing error 4 < 1, and also in

the case of a loss of signal gain, or fading of the signal;.When

A is near zero the system makes an error.

*

If the transition from proper system operation (Anl) to operation

" with frequent errors (A<<l) is a gradual oné, then we can detect errors

by observing the values of A. For each error detection. there is a
distinct A value. When there are essentially no errors, the values of
A will always be bounded well away from zero. When there are many

errors, there will be even more cases where A is near. zero.

By LA Rer

el wsiene
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We assume that. noise dbnditiops that make A very negative are

L)

'iextremely rare. ‘
_ The ménitor scheme 1nvéséigated in det;il in the subsequent

7"sectfoné of this .report was set to a threshold value of a, say'

‘ ‘A = 0.5 as shown in Figs. 4.3a and 4.3b. Whenever A is less than

this threshold we say a pseudoerror has occurred. Heuristically

‘this pseudoerror rate is greater than the error rate and monotonically

\ related to the actual error rate.

N
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4.4 Two-level Pseudoerror Zone (PEZ) 1y

In this techniqpe for detecting the peak of a composite
signal wiéhia the PQZ{ a new decisioﬁ zZone replacés the "one"
-and "zero" decision level used to detect the received signal.
.This new decision'zone is called the pseudoerror zone and all
received signals falling in thié zone are pseudoerrors.

The objectivg is to find a‘;elationship between tﬁe pseudo;
error and the actual error rates given that pseudoefrors occur much
faster (say 100 to 1000 times) than thg.actual erfors.

The error and pseudoerror zones are easily séén in terms‘Qf
prpbability density functions. ‘Figure~4.§a shows the probability

dehsity function ¢f a bﬂnary»bésebaﬁd NRZ data sequence with noise

(Note 1)

added. The decision threshold-is VT/T. All received

signals greater than ¥I are detected as V and all those less than

VI'/1 as -V. Fig. 4.3b shows the decomposition of P(V) into its
component distributions, so that the probfbility‘of an error,

given that +V or 7V was transmitted, can be seen; for-example, the
cross-hatched area is the probability of error given-that a +V was

transmitted. Furthermore, if Va is received it is more likely that-

Note 1. The probability density of the noise sample
no(T) is Gaussian and hence appears as in Fig. 4.4.
Suppose that during some bit interval the input signal
voltage is held at, say -V, then, at the sample voltage
So(T) = -VT/T. while the noise sample is no(T). If no(T)
. is positive and larger in magnitude than VT/1 , the total
sample voltage Vo(t) = So(T).+ no(T) will be positive.
Such a sample voltage will result in an error, and . the
probability of such a m%@interpretatiqn, that is the
probability that no(T)>%=, is given by the shaded area
of the zone -in Fig. 4.4, The PEZ limits are also shown
in Fig. 4.4. ‘ . T
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a -V was transmitted and it is decidéd that a -V was transmitted,
.but it 1is stilljpossiblé to decide that a +V was tr;nsmitted instead.
' ‘ ' Thus when the‘51gndl peak appears near the decision threshold its
‘ correct'detection is in doubt. l b ‘

Lﬁig 4, 46’&éiines the cross- hatched zone as/fg; b;eudoerror
zone, and a$ can‘ﬁijseen from Fig. 4. 4b a received signal in this
zZone has a high probability of being inconrectly detected. Ahy' L
signal in this zone is considered a pseudo error. Singe the pseudo

" errors occur more frequently than real errors, the pseudoerror rate
is an hmplification of the.t}ue error rate. This comprises an error
amplification technique. .

| Derivation of the probability of two-level PEZ," for a baseband‘

\L

two-level PAM system in a Gaus#ian noise environment, together
X >

'with the statistics of‘!he number of pseudoerrors are derived in the

» following sections.

f [NO(T)J

L v
L
¢ :
.‘ ,
FIG,4.4 THE NORMAL PROBABILITY OF THE NOISE
SAMPLE No (T) AND PSEUDOERROR REGIONS )
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4.5 Derivation of Probability of Two-level PEZ

G In this section the equation for the probability of psendou .

. . e ' -
error, P(p), in an "Additive White' Gaussian Noise" (AWGN) environment

-

will be derived. The final eéuation for the binary baseband system

- . .
having the PEZ will also be established. h .
. \ The probability of error:of a naseband PAM system is given
by { Ref.13} T « -
‘ ' P(e) = (1-% ) Pr (|n|>d) (4.5.1)

? -~

H

"where L is, the. number of baseband transmission levels ind Pr stands ;<
1
for the probability distribution function. . - 5

R For White Gaussian Noise (WGN), this expression becomes

i)

\

= 2¢(1-L) o [4 a T
\ : P‘e)- | 2(}1 i) ,Q\ [0] | (4_5.g)
’ . . -/
where ’ . | ,
| . . : \
Qx) = - f exp -t%/2 dt © (4.5.3)
T d2m x ) . ‘
-/

‘ and d is the difference between the ictual level of the received

'{ signal and the nearest decision thresholdr a2 is the total mean - ' Jf

'power of the WGN at the comparator input, n, is the valuye of the Q

N

noise at the sampling instant.
p “ Ce
7 ) YA similar situationm to that of the baseband PAM system

described above eéxists An coherent modulation schemes as shown in.




Band-pass filter (BPF). Fol%%x%fg the BPF, at (B)
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Fig. 4.5. At the receiver input (A) the noise baﬁdwich is

relativeiy wide in comparison with ;he bandwidth of thé~receiyer

¢

, fhisﬂnoise has

jAfter‘the demodulator, at '(C) the power

a flat power spectrum.
speéctrum density of the noise remains the same.as at (B). The

e . | ¢ . . . \'
limited.bandw}dth of the WGN at (C) is‘furgher filtered by_the

. a \\
received Low Pass Filter (LPF). This filter does ‘not modify the

probability density function (Pdf) of the Gaussian néise; however ‘k\'\
it further limit; the bandwidth at (D). At the input of the ., f“‘a/
comparator (a threshold detector) a signal Qith added band-limited

WGN is received. The detector is then followed by a sa@pligg - {

device. | - : Co '

' ’

The mathematicallmodel of the system is shown in Fig. 4.6. :5

C(w) is used to band-limit the WGN which has a umiform power spectral

Al

density %. The input symbols (An) are assumed to havé two equally
speced levels of equal. probability (L = 2); symbols occuring at

3
differeAt times are independent. .The time duration of each symbol

'

is‘T. Ased on the above conditions P(e) can be expressed as:

N 1S

| P(e) =4 Pr [lnl>d]l , . (4.5.4)
3

. e,
. Suppose that’' noise n(t) is applied to the inmput of the RC-LPF, {R(w)}, .

at the time t = O then the noise power at the output of the LPF {R(w)} o

at t = T is given by , {Rer.15}  ~ ‘

' . '
@

A
-
x’f’i’:ﬂ":{*"‘v\ ...‘.*{" R

B

J
3

i




o . 107

\ ‘ ) . :
—_ 9| DEMO — LPF —T— , e SN—

IO ' n/2

ot
¥
s
-
- -
s =

\?. . . . nf;;
" oo . ) , . . s
. r . “ ' ' ' f’ . +f Lo A
f ' - ! - + -t
,,;-' LN | fcl o \”cl f-cl e fc:l ca c2 ;
:: > 0 ' « 'l

_.FIG. 4.5 SIMPLIFIED MODEL 'FOR TWO LEVEL RECEIVER

%, ) ) . . {d. } ;alr« , (-
s ’ ' ' n , ’
!
| weN L

‘ z' ‘ ™~

Ld

¢
g ]
ST e T e ’ '
t :‘; a N | ' :.‘ v . :" 3 ‘ R ' : . ) . | )
LR ,"v “_. i X B { . . - ' . . . . .
./"ﬂ o - "', 3 . "' :, -r/ oy -fCI,‘. 0 +fC| f' Co, ‘

3 Lo . - . - T " P .o !

S ' FIG, 4.6 MATHEMATICAL MODEL FOR TWO LEVEL =

1 s o TRANSM!SSIQ{L 'SYSTEM
. , . . L} :

4 -t ) . w ' * ‘\ ] 4 \ '
TR I )

¢ Arp— 7 = P >
[P P9I -
. s ’ , v
. 7 \ -
A 1




N - Y
| | o 108 -
‘, . l . ' ‘ . . . l . e .
o . J
. ' {
No2(p) = DI . (4.5.5)
oo , ) 212 : ‘
A
. where T is the signal bit duratiéﬁ and t is the time constant
(t = 1/RC) of the LPF. The signal amplitude at time t = T, at the ’
.output of the LPF is given by B N
r“ -7 il , ‘\
, So(T) = = (4.5.6)

N

<

s
!

| | é

whefe'V is the beak Signal amplitude at (A). By replacing the threshold

comparator by a PEZ circuit the pseudoerror of the on—line signal

will be’ obtained (Fig. 4.7). The function of PEZ is to detect the

value of the composite signal peaks within the\PEZ At the samplingy

instant it 1£ important to determine the probability of occurance

. of these peaks. From this the probability of pseudoerror {P(p)} can- %

be calculated for a two-leveliNon-Return to Zero (NRZ) random binary' .

. . sequence with added bahd-limited WGN. C o ) \J,//
P
"The probability density of the noise No(T) (Fi&, 4 4) at ' 1
: L
d the output of “the LPF at (B) is given by: @
] X ; g . . . .
o P No(T) = —3— ‘N°(\T)/2°\ /,,,_,,» (4.5.7)
\ U T 7 - '
\ . . . 0 = \“/bu)' \
S ' - ' n - -
(4]
. \
where the variance 092 of the noise after passage through the first “
order LPF, is given by (Rer 15} Sl , . '_
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o = NIM = vI/2T , (4.5.8)

‘ P(p) then is defined by the area under the normal probability
density curve of Fig. 4.4. from (1 - A)d to (1 + A)d where A

indicat\ﬁ-the arbitrary decision level in terms of signal amplitude

.V and d = !2 is the typical received level at the regenerator.

r T e

etoLL g g :
. [ vT- €XP ~No“(T)/20 “ . dNo(T) (4.5.9)
/ﬁ?&; (1-8)= . e o o

"P(p) =

while the probability of the true error P(p) is given by

e *

1 f° ex -Noz(T)/ze 2 ) o ‘
yr S*P - 0/%. |, dNo(T) - (4.5.10)

v21rc° --r—

uf'Pfe) -

By definitioﬁ, the normal probgbilit§ distribution is giiényby,

Q//‘ B | ‘ I
~ x \ ) . .

P(x) = f 3(t)ydat .  (4.5.11)

where ' I

/Zn ’ A :-

XS
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4, -is fixed for a given PEZ such that o <A < 1 then P(p) is given .

;
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so from equations (4 5 9) and(4~5 11)
P(p) = p{(1+A)\/ 2V T} —P{(1-4) 2" 2T (4.5.12) .
- . .
and hence, . ' - ' | .
' 23;-3 [P, v .
P(p).= P{(1+8)V —} -P{(1-A)V —} . -~ '~ (4.5.13)
: ¢ n . A . : .
T N
in which
E_ = V2T

. . ' " Lo ' 'l{
is the signal energy per bit. .Fig. (4.8) shows ﬁlots of P(p) versus

%—S- as.obtained from equation (4.5.13) for A = 0.8, A = 0.9 and - X ‘g

A = 0.95 using a standard table of areas under the normal probability

curve.

4.6 Pseudoerror Versus Error Rate in Gaussian ﬂoise'Environment

The mathematiczi'model'ot &' two-level pseddo error techniquc
.in a Gchssian noise ehvironment was derived in Section 4.4. The L ot
pseudo-error Zone. (PEZ) was defined and any'detected received signal .

in this zone was called a pseudoerror. Sincé the PEZ is defined

T i R L

such that pseudo-errors occur more frequently than real errors, the
* pseddoerror rate is an amplification of the error rate.

R. O. Brown {Ref.16} derived some of the statistical prope;ties for

0

the basic pseudo-error amplification technique which can be also

'
N - »
L T N e

‘F“;Y’.r;r'..: M‘“ .
RPN Bt
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i Pl
applied to other error amplification techniques

For simplicity consider the differences between a typical

~
received signal and the decision threshold as :d (d = VI/T) as '
having an equal probability of occurque and the noise to be”
Gaussian N(o,q). The decision threshold is zero volts at the i
' regeivqr regenerator. ‘Suitable modifications can be made to the
results Tound here for other cases.
The probability of an error for a two-level PAM signal is
‘given by (4.5.2). The result for L = 2 is C v
. . ¥ ¥ ‘
f Ny e =adh | (4.6.1)
v - ¢ . '
Where Q (3) is defined by equation (4.5.3)
i i
' For simplicity define o(x) as
x \‘° R . -
. d(x) = . / exp -t /2 dt ' (4.6.2)
4_‘:, ' T m o . B - 1 N
> hence ' «
i * " j
¢ - i
P(e) = Q(n) = 5 - ocx) Y (4.6.3)
L4 wt ) b \
' ‘The probability that +d or -d is incofrectiy detected is
C %P(e). Similarly the probahility of correctly detecting a bit is
‘ . - * "t I )
: | ' o1 d g | < '
P(c) = 1 -P(e) = §'+‘0(E) ) (4.6.4) p
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i
v .

. - ) ’ “ . )
while the probability og correctly detecting +d or -d is %P(c) and

4.

the probability of a pseudoerror is

L3 b N ‘ N ' ‘ I‘
P(p) = / f£(x) . dx \ (4.6.5)
A a 4

\\
If the boundaries of ihe pseudoerror zone (L & L )‘are such that
l - t -t.as for a symetric distribution, the probability of a "

pseudo-error becomes approximately o : -

. N o

R . i
. .& P(p) = 1 'y exp{-(x+d)2/202} .dx i
s Y210 -L oL . :
— f / N 1 -
d+L d-£ . .
. = (25 - o5 N CR AL
For typical vafﬁes of fand d, this can be further .approximated by v o,
P(p) " 3 - «»(ﬁ‘—‘) o . (4.6.7)

1

The value of P(p) is high ‘for the tail of the probdbility éurve

. beyond the PEZ. Fig. 4.8 shows the probabilities P(e) and P(p) as

4

a function of A where A is defined as : o .
- ’ b ‘
i ) . K- B ‘ (4.6.7a)

. N f
’ . ) .

Next, define the error amplification A(e) as the ratio of the p& eudo-

error rate’ to the true error rate° . . ) ‘ :
- L s

.




| n ; 1
. .
Al . ’ T y 9 R
. . . ',// . P - |
\ P ' / A(e) = Ble . (4.6.8)
In ‘the present 'i:a'se, v‘v)\ith appropriately large argumenfs ¥
\ “ . . \ . N
‘ o : . b -
o expl-(a-m)%20¢%) . ‘
P(p) = —= . =B . . (4.6.9)
. 3T (a-2) S
. | \ _ . Bk ‘
and ‘ . ‘ co T
! . . . . . . Ll H
; 2,,.2 ’ : 3
P(e) = g . exp{‘d /20 } ‘7 .‘ (45.6.10) i
; m d < I ‘ , ' L . . ;
; | S ; i
3 " and ' _ - . S
§ Ate) = L exp {-(22-231)/202} | . (4.6.11)
-’ S ‘ , SI‘R' ¢ . ¢
;n’l ¥ ) ' . ) . . ‘ .
- .Since d is usually significantly greater than % - - - )
. ACe) = exp {d.%/0°} L ) " (a8.12 _
: N R '; -“ l N - ) ¢ ' ) i
; ) /\. _ , - p
or . > ' \ LA

i co . * .
1 ‘ L " A(e) = 10 logm exp {d-llaz}

' ; \ . )

= 4.3 dgf¢® aB C e J(4.8.13)
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Since, in this approximate réiationship, A(e) is a monotonic
fqnctidnlsf the product "d.&", "d.&" can be used is an approximate
indicator of the error amplification. ﬁquation 4.6.12 is an
exponential relhtiothip whefei# approximations have been made }n
the exponent and its .accuracy is therefore frequently in'question.
For precise results'mére.exaﬁt_relationships such as equat%on 4.6.11
should be usedt Equation 4.6.12 is useful for obtaiging'a rough

estimate of the gain as a function of L and d.

¥

4.7 o Statistics of the Number of Pseudo Error Observations

It P(p) i; estimated by averaging the numbe} of pseudoerrors

observed in n observations, it becomes a random variable.

" ions is given by the binomial distribution {Ret. 16}.

N . ‘ ,/‘J l ' f’
C L POe = (R - e @

For large n this distrlbdtioq|redu&es to the Gaussian

\ | A \ ' v
. ~
. P(x=h) = N[P(p),B(p).{1-P(p)]]

. —

Consequently, P(ﬁ)'- h-n becomes \

P(p) = N[p(p) ,P(p) (ll‘,}‘,ﬁl}] |
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* Gaussian noise environment with SNR = 10dB with a two-level pseudo-

- and P(e)=9 x 10~

-when the standard SNR is 10 dB (P(p) = 7 x 1070) then if h = 200

-

Fig. 4.9 shows this result as a'{unction of § for 90, 95 and 99

1

percent confidence levels and that the confidence iimits depend on

the value of P(p).
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In mény cases 1-P(p) = 1 so that the dénsity of P(ﬁ) becomes
. N [pp), Ep)) A | |
| For P45y to be in the range P(p)e 6P(p) with probability ¥, )
'the-reqﬁired number of observation-n is found from “
8/0.P(p) L 2‘. ' | -
Y= — [ exp {-z9/2} .dz L (4.7.2)
/2T &/APlp) - o ¢ :
. = , ‘
For example, for Y = 0.95 (95% contidence): ; ’ y ‘%
. - - ;
6/n.P(p) = 1.96 - §
L : ‘ ’ | : . / §
. . . - ' v
n,P(p) = ?—%—1_6. - . ) , .

. Fig. 4.9 is useful for testing, the state of the system against -

a known! standard. For example, given a system operatiﬁg in a

error monitor with A = 0.8 we have from Fig..4.9 P(p)=7 x 10-3 and
4

BT, et AR A SR P e e 4 8

. Por 95% confidence that P(p) is accurate_tb-
t 20%,n= 100/P(p) = 14.3 Kilobips must be observeJ. Coﬂversely,

suppose 14.3 Kilobits are observed with the éame monitoi in a system

observations are made and § = 0.2 is selected it can be concluded,b'

based on a 95% confidence test, that a rare event has been observed
. . {
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and that the system is not operating with a SNR = 10dB.
. »

Similarly, if h = 115 with a 95% confidence of being within
20% of the trﬁg value it can be‘accepted that the system is |
operating with SNR = iOdB.

In general it was shown by Browﬁ,{Ref. 16} that the minimum

accgpthble value of h is about 10. In this case, the true P(e) is

within ¢ 50% of P(p) and the confidence coefficient is about* 90%.

<

If‘ihe gradient of a typical P(e) = f(CNR) curve is taken into hccount,

- then this estimate may be considered very accurate (equivalént to

0.3dB variation) in the carrier-to-noise riq1o*(CﬁRj. o

\ .
4.8 - . Width of Confidence Interval for a Given Confidence Level

When the monitor only monitors h (the pumber of pseudoerrors)
and n (the number of bits observed) with no other information being
known, upper and lower confidence limits on the estimate of P(p) = %
may be found by the fq@lowing technique of Hald {Ref 17}.

© The upper and lower 1im1ts P and P are.

“(pu) (pL)

\ .
f1F1-p, (Fy-£5)

P
(pu) ~
“ 12+f Fl pl(f 2)

. where
' \
) fl = 2(h+1> :
B fz = 2(n’h) " Y C . /
Pi, = Probability that h/n is greater than P(pu)
F(, ) = The F-distribution
! . ‘Y ’ "
'
_-.E-—i-‘-'_“_—:-“"— - - - L4 —

RS e
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. S I .
‘ P(ps) = f 2 v‘. vy l

411
£y

where

£') = 2(n-h+l) ’ T - , o

1'2 = S ._' A ’ i
-

P2 = Probab;lf!% that h/n is greeter than P (p2)

N .
bi . . L .

©

Ia the present case n is typically large, ot the order of

1000 or more, while h is small typically less than 1008, For such - J

1
cases Brown {Ref. 16} used two xz-distributions to,approx{dgte the i
a . - _). . B M - 1
F-ddstribution Thus: | !
. K R v :‘a \
: 2 ' : : o |
: N 1 - ‘
@ - 12' .._ ‘
Fp(w.ﬁﬁ) = ;5-7-~;;' g (4.8.4) i\
(1-p) s
Substituting these results into the confidence 11m£t§3’ '
: 1 —
P(pu) = f(n-h) g . . Lo
. 1+—-§ . .. ‘ : Y ' .
... XQee) [2(_!:+1)]h o R C LR
l . : ,-ﬁ' ' | 9 . ) ‘," , | ":.
- ;K.‘ ﬁ . ‘. ‘ N ;.‘ :. - » o .'
. : . d . : .." ! i e e ! ,:{‘,‘r
. ooy T b U SRR S -,
- L T
M "‘* 9“,‘; - ‘q‘{?w y :‘ ~r" i
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Bl YRR & A o
L e P = : ‘ - . N S , -
(%4 2n.,.2h+2+xz (2h) ‘ » | (4.8.6)
. - . : ]:'pz. , .
N - ’ ' ‘_‘ ’ ‘ d o N
- N {i ) ¢ -
‘ For exampl suppose 10,000 bits are observed containing 10 pseudo—
v errors {P(p)-lo 3} then for 95%*confidence, the upper and lower™
1im{ts on P(p) are: o -
: S . ( ‘f LT ’ ) . “ - ) ¢
E’: " ' i - N . / ) \ .' 1 . ,‘ I . M ’ ’
CE A P{pw) = 173(30.000 -10) " (4.8.7)
._ ; '_‘ R T " ’*I . X2 [2(10+1)} 4
, L, 1-0.025. ¢ , L "
%’ | - e coosy E o °
: i SR e . X:. %&23 ' . \‘ R
STl P(p) - = \1 (4.8.8) -
e 2:(10,000)+2, (10)+2+¢2 2. (107 Co
’ ) . " . ° g ) . S - 1-0-975 LI :
L ¢ T e S &
. { g , : :{ L .
' ™ . - ' ‘ N B
Jw T 0 From staidard tables of the ‘-distribution: B, . = .00184 - _
‘f:’\ andvpim_) = 00048 for the 95‘1; confidence 1limits on the estimate of
N 5T 4 P(py = -001-0f intéFest is the width of the confidence level, i.e.:
fi - ) o ) e | 4 ’ n . - N
s S p(pu)’ _ p(pL) @ . . .
p : . p.,_'! T r= - .'/ ' b o (4.8.9)
;; he ; o . CP(pu) 7 , ,
I - .- -
; E o . ‘ - . ’ . .
13\, fop small yulues-&ot r. By ‘substitut:lng equg\‘t_ions (4.8, 5)and (4.7.6) into
A S
. - 4. 8. 9)a set of curves’ can be obtained which allow one to hetermine
g the width of the.contidknce interval for a given confidence leyel- ' -
| | ’ k. h ‘l. - “ N s 3 * an : : l : ” -
\ ! 1] ] e »~ u ‘ - h“..

e 1>
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4.9  Application to Multilevel Systems : " :

./ Results obtained by use of the equations in section’ 4.4 -through

4.8 are distribution-free.and hence are applicable to a signal with . .

!

any type of distortion. For a 4-Phase PSK system with signal levels

4

(tl,tlf, the decision thresholds and pseudoerfor zoneé\:ie\showq

in FiE. 4.10. In this case the number of-pseudoerrors is the total

F] )

numbér of received sigﬁals in_all of the pseudberror zones. -’

- t .
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4,10 Multi-Zone Pseudo-Error Monitor

In’f;e previous sections, the operatinglpripcipleé of
iwo-levél PEZ (Fig. 4.11) and the statistical method of sxnthesis
were studied. fhe following seégions will cdve¥ the opérating
K principles of the Multi-Zone Pseudo—Er'ror Monitof (MZP) as well ‘

as the mathematical model for synthesising'such a monitor. The

[ '

operating principle described here begin§ by, considering an eye
patternt-ea tool which is extensivelf utilized in data cdmmunication

monitoring systems.

4 I

\
SLICYNG ‘LEVEL A

'REGENERATOR DECISION

\ ¥ S 4 v k4
" THRESHOLD LEVEL ’..‘;m.i@.m‘
© SLICING.LEVEL B . /'Aw,‘k ' “i' ‘ A

.o ; .
. >

FIG. 4.1 EYE DIAGRAM AND 2—PEZ

L4

P

. Consider the eye diagram shown in Fig. 4.12. The”eyg-opeﬂing
’ . - >
of Fig. 4.12 is divided into 2p zones, and for simplicity the slicing
AN M
levels of equal distance. A typical positive demodulated signal

peak:at the receiver representing logic Udne" is sliced into p
Ap“ i ) R
equally spaced-zones above the decision threshold. Simildyly, 8

. . % .
,
B v ' a

—
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negative"véltage representing logic "zero" is sliced into p

TN

equally spaced zones below the threshold.

By slicing the incoming

one's and zero's into p zomes, 2p zones are constructed in the‘eye

124

"opening. Any zone in the positive portion of the eye is assockated

with a symmetrically located zone in the

negative’part of the eye,

and both zones have the same monitoring statistical properties.

The number of zZones may Vary dependlng on the system require-

ments and the accuracy of ‘the monitor.y

3

THRESHOLD LEVEL i

}

HHEN

il ||
gl |
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i
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FIG. 4,12 TWO LEVEL EYE PATTERN AND

il&
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o
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Ialle |
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MULTIZONE SLICING\LEVELS

L T

The function of the MZP monitor differs from %he two-level

PEZ. It is based.on the detection of the demodulated signal peak

within one of the zones at the sampling instant.

Considering a transmitted bit, this bit is sampled at its

maximum peak in order to be regenerated.

The MZP's function is to

sample each received bit (positive or negative) at the instant oi

k)

.

Ll
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. -
regeneration and detect in which one of the zones it is located.

. . v R
In this study whenever a zone, say the ith

zoge,‘is referred
‘qé, tﬁe 1P 2ones above and below the thresh61d°aré‘referred to.
For "n" number - of tested bits the occurences of composite

- peaks in each of the z&nes are counted. The number coﬁnted in.each

of thé various zones will give a‘good statisfical estimate of the -

' 4
performance of the transmission system.

The output processor of the MZP monitor can be preprogramme%f "
in different ways depending on the app}ication and the accuracy o{ ‘ ,
:thé monitgp, One can set the MZP to detect the zone.with éhe | 4
maximum count in '"n" observations. In sﬂcﬁ,a case thé MZP will -
activate a.Light Emitting Diode (LED) associated with the zone which
observes the maximum count of the sampled de-modulated signal .
exiéting in that particular zone. vaiously ;his type of MZP
monitoring system will have "p" number of LEDs which”will monitor
and give a gdﬁd indic#tion of the BER and the signal-to-noise ratio
. of the éystem.

‘The second alternative is to consider the number of peaks

detected in the other zones. For thig purpose there will be p number
.0f digital displaysland on€e must estigﬂte the BER By referring to
a statistical chart which will provide the necessary information.

A simple prebrogrammed digital circuit can also be built into the

¢

MZP in order to automatically provide the BER estimate from the zone

th

counts. It must also be noted that if the i~ counter (1=0,1,...p-1)

h

displays "n" the count of the composite peak in the 1t zone, from

n observations, the following equality is valid.

&
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£ nlan | o (4.10.1)

The third alternative is to assign to each of the zones a o
certain threshold COunting level based on a selected probability’ i
\ level so that the corresponding LED is activated if the -count

exceedé the threshold. The BER estimate is obtained from the

‘probab:égties associated with the LED's activated at the end of . ,

edch test ﬁeriod. Note that it is unlikely that non-adjacent

"y . ED's will be activgted in this t§pg of procedure. . .
! . Thus, MZP monitoring is the key to evaluate received composite
‘. data. It also has the capability of evaluating the éignal peak at
“ the instant when the regemerator makes its decision-(timge
synchroﬁized with the reggnerator). For a given confidence limit,
BER evaluation of a communication system by using MZP monitoring

technique requires less obserYation bits (n) than 2-PEZ or other

pseudoerror techniqﬁes.

4.11 The MZP Monitoring.in Gaussian Noise Environment

In a Gaussian noise environment, any increase in the noise \
power will be reflected in an increhse in the standard deviation,

T of the noise probability density function (pdf). The demnsity

i ‘ runction of scrambled data (logic one and logic zero with an equal

) probability ot occurrence) plus added WGN is shown in Fig 4.13.
‘ o '
Fig. 4.14 also illustrates the HZP zones and the slicing levels.

-~

i

|
1
i
!
3.‘ ( '
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" value. Conversely the density aroun

Since the area Jnder the probability density function is unity, the

Pdf decreases in amplitude as t noise power increases, it also

increases in width so that the densyty decreases,around the mean

the mean value increases when
the noise power decreases.
The above statement can be understood by cohsidering the

eye diagram of a binary dig{t with added WGN as in Fig.'4.14.

LOGIC "1’ PEAK

SLICING LEVELS {

DECISION THRESHOLO LEVEL

o]
SLICING LEVELS {

LOGIC 0" PEAK

\FIG.4'-.14 EYE DIAGRAM WITH ADDED WHITE GUASSIAN NOISE AND MZP LEVELS
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°

For a low noiee environment the prebability density of the noise
peaks existing inside the zones close to the data peak level is
higher than in the 2Zones near the regenerator decision'level.
Conéerselyifor a higher ﬁoise'power the‘probability density of

noise occurring around the decision level becomes higher.

In the foliowipg section we will evaluate some statistical !
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. ’ N
properties of MZP zones in terms of the probability of occurrénce
of signal peaks versus the signal-to-noise ratio or energy per bif

>

to noise power density.

4.12 Derivation of MZP -in a: Gaussian Noise Environment ‘ .-

The mathematical model 'of the system is shown in Fig 4.6.
C(w) is used t6 band-limit the WGN which has a uniform power
spectral density over the ;ntire Frequencfc;ange, %. . :
| Preyiously it\was stated that ;he probability density of
the.noise power, No(T), at the output of the LPF (at A in Fig, 4.6),
is giyen by:
5

P {No(T)} =
( “:\’u\ ’ GO&T'

exp ;No(T)/Zoo '(4.12.1) A 1

. . . A N '
where the variance of the noise at the output of a. first order

RC-LPF 1is given by:

" . ’ ’ . ‘)
0,2 = No(T) = nT/21° (4.12.2)

The proba 5f¥~- ‘of “occurrence of the composite signal peak

inside a given zone Puzp(e) is derined by the area-under the normal
R

probability dénsity curve of Fig 4.1 from [1 (p-i)A] VT/t to

[i (p-i-l)A] VT/t plus the area from [1+(p-i l)A]VT/r to

[1+(p—:l)A] VI/t where: . *

»
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Tor an individual zone.

f ‘
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' -
2p = number of slicing levels ' \
. - A -‘,pil (for the. case of equiwidth zones)
. e . .
. JV ‘= NRZ data peak amplitude o ’ l

Time duration of a single bit or period

=3
]

' of the sampling instant . R
. T = LPF time constant \

= 0,1, 2,...p-1 (see Fig. 4.12)

—4'5 -

= typical received signal level.‘

The following integrals are derived in order to obtain pMZP(e)

»
P -

[ 1—(p-1-1ya) vi/1

P __(e)= exp {-N 2('1‘)/20 }.AN_(T)
. Mz /270, [ (p—i)A]V’I‘/T °
' [1+(p-i)A]VT/T . g :
+ / exp  {-N_°(T)/20 “}.dN_(T)  (4.12.3)
[-l-(p -4~ 1)A]VT/1 °

The probability of the true error is giVen by equation (4.5.10).
6

By definition, the normul probability distribution is given by

. equation (4.5.11). : ’ . . : : t

{ T
i

. From equation (4.5.11), and for 4 .= 1(P+l) equation (4.12.3)

. becomes:
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and hence

s > - 13y,

o pellt) /v, P{(2+1)./2v % - Sy

Pyzp { &)= (p+1) | (p+1)

., p{(2p 1)/2v2'r/n§ p{Qp—i+1)¢2V T/'lﬁ (4.12.4)

(p+l) ‘ (p+1)

,\ E i - M
1+4 / 2+14 ‘
2p-i / 2p-i+1 / ‘
+ .
. p{ p+1d 4 p{ P+l } - (4.12.5)

’ V2
in which E g = X—$ is the signal energy per bit.

T
The PMpz(e)’equation in terms of A for equidistant slicing

levels is given as follows:

[

Punle) P{A<1+1)/ )-P{A(2+1)/ Zey o
+ p{cz-(zn)u/ —} -p{cz-(1+1)41/-_ c4.12. e)

Vs . -‘ f ‘\
From‘eqnatiéns (4.12.4) through ( .12}6) and a table of the o
. S ) - ‘,y ~
ordinates of the normal probabilicf distribution, one could obtain ,
. | o
, ) 0o .
— - - B e TV ) v ,_.n‘f{‘ m‘ b3

B




: . ~ 132
f‘ ( " . .

a set of probability curves for the existance of signai'peaks

within each MZP zone versus the S/N or ﬁg. This set of curves «

_ can then be,used to derive an estimate of the BER.

FormZ)of equations(4.12.4)to(4.12.6)can also be obtained
for other types of distribution functions and hence the concept is
applicable to signals with any type of distortion. |

AN

4.13 Error Rate Amplification _by Degradingﬁthe Performance

in a Parallél Path,

' The basic idea of the-techniques presented in tnis section
is to connect a "secondary'" decision device that is parallel with
the main data path This secondary path has intentionally-degraded
performance. The ontput sequence of this path has an error rate
much greaterlthan the unknown error rate of the main receiver.
This amplified error rate is specified by taking the main receiver
output data as -a reference and counting the number of mfg—matches
witn respect to the seccndary output data stream. Every mis-match
is called a nseudoerror. Pséudoerrors occur more frequently than .
true errors in the main data path, and thus the pseudoerror rate ¢
P(p) 1is higher than the true error rate. |

The controlled degradation ot the secondary path may be
obtained by modifying the eye diagram sampling instant with’ respect
to the optimal one. Alternatively, in the secondary path the ‘ -
‘ post-detection 1oq—pass‘filter might have a wider band (greater fc
than optimal) than'the post-detection filter in the main demodulator.

Thus, more noise appears in:the secondary pseudoerror path than

s '
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. in the main data path due to the larger b;hdwidth. Another

' alterngtive is that, the pos%-deteétion low-pass filter might have
. a narrower band than tég optimal post-detection filter in the main
demodulator. 1In this fi;ter with smaller cutoff Ireqdency, more
intersymbdl-interference‘is iﬁtroduced'than in the main path.due
to the smallef bandwidth thereby increasing the error rate o£ the
phréllél path. .

.

In the following sections the controlled’degra&atipn of the

parallel path, (implementation of sampling offset, increasé in noise
' 4
power, and introduction of intersymbol-interference in the signal)

is discussed_in more defail.

¢

4.14 Error Rate Amplification By IntroducingﬁSampliggﬁOffsef‘

Considering that a binary-encoded PCM base band signal consists’
of a time sequence/sg/;oltage ievels +V or -V, suppose, aé is
alwéys the case with the types of noise we consider, that the noise
voltage has a probability density which is entirely'Symmetrical
with respect to'zero‘zolts, thén the probﬁbility thay the noise has
increased the sample valué is the same as the probabiiity that the
noise has decreased the sample value. It then seems entirely
reasonable that we can do no better th?n to assume that if fhe sample
value isknegative_the transmit#ed level was -V:’ It ls,kot course,
éogsible that at phe'sampling time the ﬁoise vothge may be of a
magnitude largeerhan V and of a poiarity,opposiﬁp to the polarity
assigned to the transmitted bit; In this cusé,grrqxwlill ---- gecur as

indicated in Fig. 4.15.
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; . ‘ Suppose a delay (At) is made on the timing of the sampling

.
L N
i N

0 gl o

.' ’ . ) [ N
FIG.4.15 ILLUSTRATION .THAT NOISE MAY CAUSE AN ERROR IN THE
\ %ETERMINATlON OF A TRANSMITTED VOLTAGE LEVEL ‘

[l

-

The probability of error is reduced by processing the

receiveddfignal plus noise in such a manner that w?/are éhen ablé

to find a Sample time where the séhple'voltagé due to the signal

is emphasized relative to the sample voltage due to the noise. Such
a processor regenerator samples the receiving bit at the maximum

peak (maximum eye opening), and thé aperation of'the regeneratgr
during each bit interval is independent of the waveform during past
an future bit intervals. . |
instant at the secondagy‘path, thereby the probabilitj'of error s
is increased due ;q the faét that the superimposed‘noiég ¥eak has

a éreater probabi%ity of taking a magnitude li}ger“thag V and of

a polarity opposite to thé pQ}arity assigned.to the'fransmitted

‘bit. ‘Therefore, the bit eryor rate is increased in\the sgg;gg;ry )

path due to the ti@g offset of £he sampling instant. Hencg, a; error
ampiification’is created by this techniqu;. There exists a direct

relation between increase/decrease of error|aﬁpliticatioh‘and

Te
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Derivation of the probability of pseudo—error (error :

“

g&plification due fo sampling offset) can be obtained by considering
an eye opening and the eifect of the sampling offset on the / . 4

pertdrmance of the parallel path. Fig. 4.16 illustrates a typic§1
.q{\ '
eye diagram and’§§e main regenerator sampling instant (at maximum

_ eye op¢ning) along with the parallel path sampling instant (at At

- sec from the optimal ‘timing). (Due to the fact that there is a

e

volt difference on the signal amplitude -at t and t +At we could - .

say ‘that the error amplification is caused due to signal degradation.

G

in other words, a decrease in signal to noise rwgio of the paralQeI ° .

path ) Thus the degradatibn in the parallel patb’is very close to

ﬁ?ﬂ Tog 2AVdB and the error amplification in the parallel path can

\
be obtained from S/N versus P(e) curve of the system

r“ (;
w’*‘.-'_ I

5
.f\ FIG. 4.18 OPTIHUI AND OFFSET SAMPLE TIHING AND TBE N

. '\ EQUIVALENT hpu'mnn DEGRADATION AV'+AV"-AV

RS
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This method is also used in this stﬁdy'to estimate the

” ? . .

performance of a data communiCation system. Experimental results -

- Etained from tbis type of pseudo—error system is.given in the

following sections. = " f -Qx{i;ﬁ/

4.15 Error Amplification by IntroduZingﬁMoré'Noise in \;] ?
- | Parallel Path s // ’\\x
7 The‘seéonda;y path, has a degfadgd performance due to ghe S

fact that the post detection LPF has a wider band than the post-
.)

detection filter in the main demodulator. ~ In this secondary , ¢

pseudo-error path more noise wild appear than in the main path

due to the ;arger bandwidth. The output sequence of this path has

an error rate ﬁuch greater than the unknown error rate of the main

L

"receiver. As was mentioned before, this amplified error rate is

4

obtained by gaking the main recgiﬁer output data as a reference ‘ h

ang counting the number of mis-matches with respect to the secondary

output data stream. Every mis:match is a pseudo-erfor.

»™

4.16 Error Amplification by Introducing Intersymbol-

Interference,(ISI)

Intersymbol-Interference (ISIS enhancement in the secéndar&
path may ne obtained by introducing a narrb&er band LPF than the s
"post,detection-ttltér in tne parallel path. Due to intersymbol-
interference the performance of the secondhry path is degraded.

Therefore, a larée amount of BER 1is achieved.'

i “ The procéss of detecting the pseudo-error remains the same
us the other technique described before. ' y
. AR
~ N v {.




bt Sk S

s

e o

-

v L S 137
In addition, it should be pﬁ%nted‘out that each 61 the - .
méthods &escribed in sections.4.13 to,4;15 have some disadvantage: |
?he use of more noise mdy not be pogéible since the noise available .
may'be restricted by bandpass filters ih the §ystem, the use of
tpe sampling point offset method of introducing deg;;dation can be’
Jitter-sensitive and the shape of P(p) versus Eb/No curve may be .
less than ideal at the same error rates }f'ISI degradation is used:_
In. order to overcome the problems variations in the méthﬁds
described are possible. For example, a pseudo detection path may

. I s . .
be created containing its own PSK demodulation path and its own

bandpass filter. Such an\approach would permit the pseudo demodulétor
»~

wn

~design to be independent of any constraints imposed by the traffic

path bandpasg filter,

e L R ey
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5.0 Design‘and Evaluation of m.Pseudeerror Monitoring For

A

- .PSK Transmission System

A

o

The theory described in the previous chapters will now be

applied to an example in data transmission system. Attention

will be Iocusedrin particular PSK implementations because of PSK's
utiiity, generality and the ease by which‘the concepts can be
directly applied to baseband transmission systems. It is also well

known that coherent binary and four-phase PSK system performance

. - F o,
can be theoretically analyzed in an equivalent baseband configuration.

For this reason our theoretical baséband model presented in the

previous section directly applies to PSK systems.

»

‘ . [ N
A

L . o . .o '
5.2 Principle of Qperation Data Above Voice (DAV) ﬁ‘k&
3 .

Radio relny systems cnrrying FDM voicé or video tra'ffic using
frequency modulation can.be usen to carry an additional digital
signal up to several megabits in capacity. The data transmission
system used to implement for the pseudo-error concept is termed

Data Above Voice/Video (DAV/DAVID) and employs a QPSK carrier above

-

the top baseband frequency of the existing analog traffic\in a
part of the baseband not normally used for FDM transmission. DAV .
equipment carries 1.544 Mb/s and is also used on cable systems and
is suitable for satellite communication systems. '\

In DAV the 1.544 Mb/s or 2048 Eb/s bipolar digita; signal is
converted to a tonr-phase cohenent PSK mbgulated signei end combined
wifh the FDM baseband. In the case of a 860 channel FDn=baseb§nd,

the QPSK signal is located at 5,0'IBI. For this use any céntinnity

N\ .
AY
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pilot and noise measuring $lot must be above 6MHZ. For other

' system channel capacity, different frequencies for the QPSK garrier

and pilot would be more appropriate to provide the most efficient
. ~

A

system.
- At the receiver side the QPSK signal is separated frém the
FDM 6gséband and démodulated'to provide a bipolﬁr outppf. The
FDM baseband is filtered éo remove the QPSK signal. i
'For all DAV measurements a Quarternary Coherént PSK modem
des&gned by RCA Limited was gmployed. This modem forms the mos;
essential part of the RCA—QSSQ'DAV-DAVID System. . The bf:;k diagram
of thq feéeiver section is shown in Fig. 5.1. '

The transmitter performs essentialiy Eg;yinverse signal process-

ing functions from that of the receiver and therefore is not showd*
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5.3. Pseudo-Error Monitor Circuit Description .

In this section the general principle of operation of a

given.

*Pseudo Error Monitor implemented with digital techpiques is

Five different pseudo-error monitors implementing various

techniques were comﬁletely designed and evaluated. - The-first one

designated 2-PEZ, where the 2 preceding PEZ represents the number

of slicing levels (one pseudo-error zone). . The second was

Multi-Zone Pseudoerror Monitor (MZP).

Of this model an operational -

prototype unit was assembled and tested, the number of pseudo-

error zones for this monitor were four for each logic level. The

fhird mpnitor was a combination bf the three&error ampiification

units described before (noise addition (Fig.S. 2), sampling point

\ '

offset (Fig; 5. 3) and intersymbol interference enhancement (Fig 5.2).

These monitors were operational at 1.544 Mb/Sec.

The block diagram of g two-level PEZ is shown in Fig. 5.4.

The buffer amplifier

S

\

, BAUD RATE DATA
Ll B

10R Q

CARRIER REF.
INPUT PSK - >\ |TRAFFIC’ PATH
AT
- ‘ | {REGENERATOR

’ Ji

\

" WIDER FILTER FOR NOISE

ENHANCEMENT, NARROWER
FOR-I1S!I ENHANCEMENT

[Pp(c)TO BER

CONVERTER —>

=
~— (MICROPROCESSOR)| BER
| . _ 1 - INDICATION
FIG. 52 PSEUDOERROR DETECTOR REALIZATION By .  CLOCK
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maintains a high bridge impedance to isolate the modem from the

2-PEZ monitor. The high input impendance and unity gain property

. - @
of this amplifier maintains the exact replica of the demodulated

/
signal to the input of 2-PEZ . without any effect on the main data
@

traffic. ' ' N

The two threshold comparators‘in the diagram are set equi~
spaced above and below the nominal level of the modem's threshold

. ' ' ’ . ’
comparator. A )

The internal clock from modem bit timing recovery circuit

is 1/2 times faster than data bit rate (l4gé5 Mb/Sec).

This élock is used for two purposes:
(1) To sample the composite signai peak at
the maximum eye openiné. This operation,
{s performed through a J-K flip, flop
where the output and the inverted output froh
the threshold comparator is fed‘to K and J‘
inputs of the %%ip, flop respectiveiy. At
eac; clock pulse lead;ng edge transition,
the éontenf of‘J—K is transferred to.Q

o - output of the flip, flop.
(2) To drive the.P(ﬁ)\to BER logic converter.

l . ' . + .
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The output fch the Building block A has more probability of
detecting negative pulses incorrectly whereas, the output from the
Puilding block B has more probability of detecting positive pulses
incorrectly. Threshold ‘comparator of Block A detects peaks of the
composite signals with regard to reference level A, see Fig'(éill).
The comparator of Qlock A will detect the composite signal peaks
below A as a negative pulse (logic state ero), whereas the threshold
comparator B will detect the same sigqal positive (logic one) as

1

long as it falls in. the pseudoerror zone, therefore, the two signals
willshave opposite\polarity. Detected signel peaks above ‘the

level A will have positive polarity (logic state one)'at the output
'of both treshold comparators and similarly the signal peaks selected
below the level B will have negative (logic state zero) for both '
threshold comparators. Therefore the'combineq operations‘ot
sampliné'the signal peaks, determining tﬁe state‘of logic through
both comparators indepenéently and the modulo two addition ‘of the

o

two outputs from the threshold cooparator will result in random binary
+ pulses representing the numoer of composite peaks.within the pseudo- -

error zone. Finally the last of these building Plocks is ; pre<

programmed logic circuit or a microprocessor which converts the

number of pseudoerrors to the true error rate. ‘

The circuit diegr&m for the two-level PEZ is given in Fig. 5.5.

PN This circuit having a total of. 33 components was implemented

‘usiqﬁ“ﬁ&mitter Coupling Logic" (ECL) integrated circuits to';ake

advantage of this relatively high speeo logic family in comparison

with the other families. ‘ D -

»
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5.4 Principle Operation of MZP Monitor

'HaQIng egstablished the general pripciple of -operation of the
2;PEZ'monit6}, a brief survey of the principle oﬁeration for the
.MZP monitor 1is given. _ } ' ‘

The block diagram of MZP is given in Fig. 5.6.

Thié monitor was implehepted‘usiﬂg ECL logic de?ices due to
relatively high bit rate of the modem.r |

~ The general principle operation of the MZP is similaf‘to

2—PEZ,.it differs in principle with the nuﬁber gf threshold lévels,
iﬁplementing equal ﬂhmber of thresholq‘detectors. The "exclusive oa"

logic device - combipes the two adjacent threshold outputs which

will result in a random pulse stream indicating the number of

composite signal ﬁeaks detected in the zone between two levels. '

Finally the outputs-from the exclusive or logic devices can

9
a digital counter circuit with a

be eithér’téd to a microprocessor, j preprogrammed logic device or

edeterminéd counted threshold
1eve;, to activate the corresponding LEDS determining the estimate
of the BER of ‘the system. ’

¢
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5.5 - Noise:Addition, Intersym‘*; Interference (ISI) Enhanoement

:l and Sampling O;Iset Implementation Technologz
< | .
,L Circuit components used for pseudo-error detection path
v v . ( ’ v .
implementing, noise addition, intersymbol interference (is1)'

enhancement and sampling offset, are generally the”same'tybe‘as

dbed for the modem traffic path Figs. 5.2 and 5.3 illustrate the

) block diagrams of the three implementation techniques. ‘

- T

1 o N
power in comparison with the receiver noise poger is introduced due

to\the fact ‘that the LPF of the pseudo-error path has a wider

equivalent noise bandwidth than the postdetection LPF of the modem

. receiver (Fig 5. 2) "Conversely, by maintaining an LPF in pseudo-

error path with a smaller cut—off frequency than the LgFfog the

main data path, the eye diagram opening becomes smaller due to the

X a

fact that ISI of the pseudo-error path is greater than the ma data

path (Fig. 5.2). In the case. of éampling offset the regenerator

1

part of the pseudq-error section remains theé samehgs the main data

regenerator except the sampling time (clock) is ottset from the
]

| maximum eye opening position with a delay circuit which can bhe

simply implemented with a variable resistor, a capacitator and a

flip flop. The triggering time of 8he flip. flop is varied with the

\,variation of the rising and {Xalling time ot the variable R-’C An

conjection to the strobing pins of the tlip tlop ' This maintains
<P ,

a time.delay relation: between the input output of the f1ip flop.-

* -9 The otheqlingredients are/the butfer ump itier to isolate

r path !rom the modem traffic path nnd the P(p) to

]

As stated before for the case of_ noise addifion,\more noise

?

W
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BER‘converter."The latter device is able to'identify the BER - ' , ;

corresponding to t e num er of ' pseudo-error counts received in the
. measurement time T Qver the entire BER range 21 interest. The -

first element in~its construction is generally a counter acting as '

a totalizer. Simple digiénl or hybrid circuitry may then be used %

to process the counts and produce a BER estimate. Of particular

mote for some applications, is the utility of a microprocessor since

-
-

its programming and storage can contain very accurate information

of

on the P(p) to BER relationship.

- : . ~

5.6 Physical Description and Circuit. Diegram
ﬂ& (a) ,
\ " -The Pseudo—Error Monitor unit is used with a DAV and/or
DAY}D hybrid series. |

Functional Description o *

’

This unit is also capable of monitoring the

BER rof any other digital modems. The unit may be.used at terminals

orcthrough repeaters. The unit is used to monitor the modem BER.

and may control the switching and diversity terminals throughout the
3

communication system. The unit‘i&so generates alarm logic outputs

for use in associated cirqui&g - o ‘

£
e ! ) . . R 4

v

. (b) General
A The PEI card is mounted in an RCA—II-GOO receiver ba.se-‘

band amplitier and»alarm shelf The 100 millivolt baseband eye

‘ ("eye 1" .or "eye 2") from either one of the 420 KHZ (cut-oft trequency)

LPF enters the unit’at Pin 6 (Input) -buffered by UZ

U is a
¥ - 1 1

unity gain high input impednnce (greater than'lo ohml with a low.:
8 - : * - ."- ¥ '
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‘output imﬁedance of approxima%ely 10 Ohms. The signal output

- Single output at pin 1l of U2B is connected through C12 to one of
. a .

-~ output (pin 8) through R16’ R17 to. pin 9 of U2A‘ The output from

& [15k

» N A Y
from U1 is directly connected to four. pseudo-error generator circuits.

The signal amplitude remains the same (100 m volts) at the inputs

of PEM circuits because of the low output impedance of U.-

1° ‘

The first one of the four PEMs is a 2-PEZ circuitry basically f

|

consisting of two di:fferential amplifiers U, and Ug, variable e |
resistors, and J-K flip f1 ps. - ‘

. ¥ '
The signal is applied to U2 throug?out R11 end C11 and R12'
Tge variable resistor R13 sets the drive level (one of the two: '

levels of 2- PEZ) of the differential amplifier. UZB (Pin 3 and 4)

the dual inputs at piﬁ 5 of U,c- The gain and stability of the
|
differential amplifier connected in tandom in order to form the

%ﬁreshold detector is established by the signal feedback from the

U2C at pin-8 is connected thgough U3A and U3B to J-K flip flop dual
inputs (U4A)‘ The function of Us, and Usp is basically to shape
the output signal .from U2C in a proper ;ectanéular ECL level. The

3

clock signal enters the card at piﬁ 16 and is fed to pin 4 qf U4A‘

U4A samples‘the threshold differential amplifier at the point where N !

'the paximum eye opening is located i.e. it is synchroniz d with

the modem regeneration_clock timing circuit. The data Q; ut from .

U4A is then fed t°'U6i (J=K fl1ip flop) thpough USA and USB' The

. timing clock of UGA‘is provided from ‘the clock delay circuitry'built

in' the PEM unit in order to synchronize all the pseggo-errors

generh;ed by the pseudo-error generatoqp,in'the PEN Unit., \
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The second circuit connected to the output of U1 is
similar to the circuit described before. The function of this
éircuit is similar to the one described before with an identical
circult description. The only 6ifférence of this circuit from the !
former is that the comparator drive variable resistance is tuned |

in sudh'a way that the second decision level is the mirror image

, 3 - ) 4
of the first comparator decision level, ffom the modem regenerator

decision level. ..
The ogtput from U7C is then applied to the dual input of
4B (pin 13 and 11) through USC and U3D The clock rate of the

modem receiver is used to trigger Usn (J-K £lip flop) at maximum ‘ 1

eye opening. U4B is used as a sampling device. The random binary
nguencé data at the output of U4B is then applied -to UGB through

U5C aQQ%USD' U6B is triggered by the delay clock from the delay

. circuitry which maintains the sampling offset circultry within the .

?EM'unit. The latter shifting process on-data is due to the fact

that the pséudo-error pulses from 2-PEZ and other sources of pseudo-.

error should be fime;synchronized éith the output pseudo-error

pulses using sampling offset technique. A
“Finally the random datalfrom the,optputs of qu and'UGB which

do not carry the same .information, due'%o‘the fact that the threshold

Lt
-

levels were otfset are applied taq the dual inputs of an ' ’

."Exclusive Or" logic gate, UBA* The random pulses at the output ot

U8A 1ndicate the number of misamatches oi the data at the dual

1npnt of UBA' The number of pseudo-error pulses in an obserzﬁtion : N

'(test period) achieved from this technique indicate the number of

Ao d
o ' "@ L JI
CoN - »
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eompositersignal peaks within the PE%. Finaily theee pulses are
appiie& in P(p) and P(e) logic circuit., ' g
The third of the four outputs from bl 1s'applied to the
input of a pseudo-error generator circuit based on offsetting the
time of tte sampling device. The threshold detector circuit (Ug)
yill rem in the same as the modem regenerator threshold detector.
The output signal from Ug is applied to the dual ]

(J-k flip flop) which is'triggered by the delayed clock

respect to the modem clock ‘rate. The delay on the clock ng

The delay cincuit operates aqcerding to the variable time cons
of the R-C, ile. the f£lip flop will register the clock until its -

Q output arrives to. the f1ip flop triggering level, (feeds back

6leages the registered clock
' to.its output " As stated before the loutput Neock is - g®layed according

to the input clock of Uy~ The output data -fr

m U;q, Which consistsi;5’

©f a higher error rate in comparison with the main data, is applied
to one of the dual iﬁyuts o{ USB forvcompgrieon with the receiver
‘main traffic data.‘ In order to avoid any interruption‘;rom PEM to
the rhheiver main data traffic, a duplicate of the receiver regeneratorh
1s built in the PEM unit. The output from this unit is delayed through
UIOB (J-K flip flop) and applied to the other 1nput of UBB‘ UBB

'L PR N

generate pulses namely pseudo—error pulses, according to the mis-

matches of the signals ‘trom U10A and UIOB' Finally the, paeudo-error .

pgises are ‘applied tP P(p) to P(e) logic circuits. -0 o
/s . . . { .

The last oneé of the signal ountputs from Ul was applied to a

v

H .
'
. > . 5 .
“ . - » N
) ' . ¢ -
. L . . Y
. . ~ v .
. . T
- . .
'
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receiver conventional regenerator (built-in the unit) through a

R-C LPF with a cut-off frequency much less than the cut-off ,}

frequency of the receiver LPF. The R-C LPF degrades the eye pattern

by introducing more intersymbol interferéncef(ISI). Pbsiously the
outpuf from the latter regenerator has more error fate'que to the

eye closure of the signal in this path.

Finally the outpuf @ata from the ISI circuit is compared -with
the main data, generated in the unit, through Usé (exclusive or
logic gate). The odﬁput from Usc is delayed and applied:to P(e) to
P(p) logic circuits. ,

In order to dch&eve a pseudo-~error rate«b;Qed on decreaging

the signall to noisesratio of the ;seudo-erro; path;\a LPF with
bnoader cut-off frequency ban& than 7h€/receiVer p&st—detection LP?
is dev The signal in this cas@@is taken~bé}ore the recei&er
post-detsptrbn LPF and,appiied to the pseudo-error LPF. The remain-
1né process Is similar to the ISI circuit and finally\the pseﬁ@p-
error rate is delayed and applied to P(p) to P(e) logic device.

This monitor having a total of 95‘cqmponents was ibplemﬁite%i

using ECL integrated cifggitshggﬁxake a&%antiﬁe of its relativéiy

.me%}um speed in comparison with other families. .-

‘ AN ; : . :
'The IC's numbers, resistance and captéitance values are givep

in Table 5.1. ‘

« As stated before, the P(p) to P(e) lo ;9ﬁdev1cé'can be efther

“a simplefanalog or digital counter or At may be a sophisticateQ\/1

. rqicroproéessor circu;t,q depending on the system requirement ind {
. ~ . ) ) ' \
applicationgﬁ _Fb; this reason it has never gone beyond the stage

“3
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of pro;otype. For the same réason no P(p) to P(e) was permanently

added to PEM, ilthough«the measurements were taken\using external

counters to accumulate count of pseudo-errors dﬁring-the fest

periods. A 'double sided printed circuit artwork for the PEM was

prepared as it-is shown in Figs. %7 and 5.8. -
The final assembled version of PEM is shown igxﬁig 5.9

¢

a .
Notice that all output signals are accessible Ehrough the PEM front

pa%el BNé connéctors.ﬂ Provision was made to have these signals on
fhe rear plugboard via finger pins (Fig. 5.7). '

Finally, Fi 5.3 also shows ‘the PEM components layout which

will facilitate the ‘PEM assembling. procedure.
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‘ .
5.7 Measurement Techniques and Test Results

-«

This section describes the different set-ups and tecnniques

i

util%zed in measuring the PEM performances. These measurement

results are given.

Fig. 5.10 shows the test bench equipped for medium frequencyv

digital: communications performance evaluations. : dm\
Excluding the burst measurements, inplementation methods
applicable Fo nurst type feceiyers are those used for QPSK ?ime
Division Multiple Access Satellite Systems and Voite Activated
Single Channel per Carrier Satellite Syntems the tolldwing tests
were selected in order to evaluate the charactegkot various types

;
o

of PEM in different environments

.o
LN
.

ke (1) ' 2—PEZ‘mensufeménts'by using conventional laborntory'
equipment, i.e. | ’ P n F
. (n)‘ P(e) of conventiongi regenerator
versus Eb/No in a Gaussian noise ™ _
\,/ - énvirdnmenff | ‘ | , g AN
‘ "(b) P(p) versus Eb/No measurement~tof
A = 5 and A = 7 and their comparison

with theoretical predictions.

(¢) P(p) veisus<Eb/N0 measurement for
A = 5 and A= .7 in the presence. of

% ‘ - non-Gaussian noise’ for ngon-GN 20 dB.

K1 ‘ : ~ . v . e .
. . . 0 - . 1 N :
e R T A Tt o s N R ¢ N T 0 e o

T e+ et ke i o et g
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‘ | 3 ‘
(11) 2-PEZ measurements by implementing the technique on
'RCA DAV mojem, that.is: .

(a) P(p) versus C/N in Gaussian noise '

: environment A= .5 _ N “
L . ' . ./

) (b) P(p) versus C/GN in the presence oL .

i o .of a 20 dB Carrier SQ:I::Gauss;ian
- noise. '

L}
- » N L

(c) P(p) versus C/GN in the p:;efsencé
of a 20 dB Carrier to single frequency

tone near the carrier fréquency.

'.(111) Implementing the PEM Sampli off et technique on
RCA DAV modem in Gauseian noise enviromnent wi h and without 20 dB

e
single tone interference Sear the modem carrier Irequency. :

(iv) Measurement of the pseudo-error rate o:t RCA 'DAV modem

_in Gaussdfn noise envircnment implementing the ISI technique.

b ‘ .

' ’"“’ *{‘3,:&\!'); %‘kueasurement ot the MPEZ technique utilizing conventional

}3«,&5“;% 5 .' " .
. laborato 4 %ment. . v j ’ I e,
- ' 3‘ g, . * ’ . . ) :

The burst perthce of PEM could not he evaluated for th’e\‘ following

reasons: " L
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4

(a) The test equipment %Vailable yas not

) -+ suitable to evaluate the burst ' "' Doa

operation. \E~~' . o | _ o,
~ " »~ " - f :
(b) This measurement was evaluated in
RCA Limited for implementation on

the DAV/DAVID Hybrid Transmission

/',*' | 7

-

system.’

v

The block diagram of .the test set-up utilized in evaluating
parameters (i) to (v) is shown in Figs. 5.11 and ' 5.12.

All tests were performed by feeding the PEM with the longest

pSeudo random binary sequence (220-1) available at the output of the

HP 1930A. The data was of NRZ format.
The probability of pseudo-error of the different type of

pseudo-error monitored in the presence bf variousvtypes of inter-

'terence (Guussian, non~-Gaussian and single trequehcy tone 1nterference)

- L}

"was evaluated and shown in Fig. 5.13 to Fig. 5:15. A )

The probability of pseudo-error of 2-PEZ was evaluated using o a

-conventional measuring techniques and the block diagrnm ot the test.

—

set-up is shown in Pigs. S. 11 and 5.12. An amplifier hnving 20 dB -

of gain was 1nserted in ‘the ‘noise path in order to provide’ adequate

noise power in noise bandwidth of less than 1ooxnz. This tilter

a5
1nd1rectiy limite the a-plitude of the noise peaks pnpventing the

amplifier from going,into saturetion. and detorming.the Gaussian

probability density function. A 50 to 75 ohms adaptol matches the

-
7
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amplifier output impedance with theé variable attenuator.

.

[4
non-Gaussian noise source was created by passing low-pass band

A

S
limited Gaussian noise tﬁrough a non}inear device (in ihis case’

~

an amplifier was selected operating at its saturation point due to

nolse power).

A linear adder (resietive type T network) combinmed =

B

*the Ghussian\source output with the non-Gausdian noise source.

A second linear adder cOmbined the transmitter output with the -

[~
-

N
oise sou ces. Thig is equivalent to. an infinite bandwidth
_souy ¢ , :

noisy channel. Ah RC low-pass filter LPF-1*preceded the data regenergtor

M
L limiting the noise and the signal bandwidths in order to approximate
ﬂ an almost optimum receiver. The rest ot the set—up is conventional
To obtain the best ng) ane P(e) performances the regenerator

and 2 PEZ-hds to s

to sample the received signal at its maximum eye
¥

opening. This is achieved by edﬂusting the clock via the variable

delay generator (HP-1909A) ' — -A'z/i} '
’ The probability of pseu -error ;as evalnated as a function ‘
- /‘

—

k]

of therheasured signal to noise ratio, .e. P(e) = £(S8]N), at the

et ¢

,regenerator s input. It was ‘then’ restated in terms og‘the energy

J
« per bit (Eb) over the noise density (No) using the tollowing - N

relation. o oo . - o
. N . ° y ‘." ° o\ ' ..r
N R T W, bR (8.7.2) X
cal i P - S s
where BU is the measured noide bandwidth and br 18 ‘the, bit rate. g E
.I: r% is the RC LPPoi cuteoft treqnengy. then the equivulent "
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imately 1 dB away from the t%}oretical prediction. (Chapter 4';;;/"
- eqnation 4. 5 13 ) : %

N . ‘ - : . N N ) v ‘ ' , . ’ .
. (11) The P(p) cnive of 2-PEZ having A =..7 is approximatel{“

-'Perrormnce nn dmadgﬂ und the 2-PEZ P(p) partormnco

. ‘ . . 168 !
¥ i .
\ s SR B f;c? : . e
noise bandwidth, or measured noise bandwidth is: f‘.‘ - . -8
P L - .
1 ¢ : i
- . \ . I
o . _ 4. _ 71",
| BU = fc - m/2 . . _(5.7.2) .
I v ; 3 \ Q' . 1 :
. P . i X
Substituting this relation into equation 5.7. 1 and express- -~ Cad
ing Eb/No in dB we obtain. o . ) . o,
» M ,\‘ ' .
g o . .
- 'E—b— ' m ' ! § I_go ‘ ’
a No dB 10 log10 [N] + 10 logy [br , %] . (5.7.?) N
For a bit rate of 1544 kbps a first evaluation of P(p) for
A =0, 5 was done using. the LPF-1 ﬁaving a measured fc of *

1200 KHZ (BM = 1884 KBZ) . The results are given in Figscs 16 and 5'11

From these Fraphs we notice that - ‘ ' _ \

1

4
i

(L) The P(p) curve from 2-PEZ, having A = 0.5, is approx-

o

- ™~ :

’ - &
N . CE &

v a

8 dB away trom the theoretical prediction (Chapter 4 equatidn 4.5. 13)

These . divérgences are moet pwobably within the measurement ‘RCCUracy.
A\

IN " £y L 'J

A second P(p) meusurement was taken 1ntrpduein¢ both Gauuian

‘and non-Gaussian noise at, the same time. . 'The signmb to non-Gausg.an

4

2
noise power. rat:lo was 20 dB'. In this case, the regenex-e}tor P(e) , .

\

-~
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y \ b . . u ’J
- than the case toq Gausslan noise only. .
In this case the proﬁibility of pseudo-error increased
accordingly with the prdbability of true error rate, i e. the

pseudo-error rate gaiJ'tactor the ratio of probability ot pseudo—

.
\\error to’ probability of true error rate GF = P(p)/P(e), did not
\
E yary greatly for bit error rate less than’lo 6 LY
i IZ has to be pointed out that for small values of the : .

2- PEZ Gain féqtor (GF) lecreases and the reliability of P(p) curve

‘increases.« In this case for the same confidence level longer

<

evaluation'time is required.§

A The performance of a MPEZ was, evaiuated using the same '
. conventional measuring techniq&;s as Z—PEZ . The measurement set-up -
- is simila: to that oi -2-PEZ. Two additional digital counters were
used to coudt'pseudo—efior pulses obtained from the remaining pseudo--
- grror. zones. | . {\QF o ‘ E = : o

t The probability’of’pseudo-error of the three existing zouij

were - evaluated as a function of the measured signal to noise ratio ,

i.e. P(p) = £(8/N), at the regenerator 8- input It wgs/then reStated

f n tefhs of Eb/No using equation 5. 7 3.
FOr a bit rate of 1544 Kbps evaluation of P(p), tor A= sz

: ¢
' A= .4 and A= .6, was done using the LPF-1 having a measured fc o§
k .

1200 KHZ (BN = 1880 KHZ). The results are given in Fig. 5.18.

From this graph wefnotice,that. \‘ ' . . ‘ .
~ LN - . . [} . 5 T

S i -

v e o A

(1) The P(P) of each zone is different for a.given Eﬁ/ﬁo. f
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. I

- ' [ i
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(11) From an evaluation time and confidencé¢ level point ' j

'

- 0f view, in a given P(p) range ot interest“gne zone is more -

) reliable than the other. . /,ﬂJf v )u. - \

The test set-up used to evaluate the performance of pseudo-

error monitor (PEM) is shown in Fig. 6.12. It depicts a four—phase

’
B AR TIPE TN
—

ra

BSK modulator/demodulator together with instrumentation to introduce

TR
1Y

. -varlous ﬁorms of channel impairments and sig?fl therruptions. Note-

- that any combination of noise and single frequency taqne can be ,

g s " poAE

-

introduced The,QPSK modem “ em$1;§ed for the test operates at

1544 Kbps. The error rate and pseudo-error rate meaeurements are

«

[} ’ . \
. carried out utilizing one half of the information data fr@s the

.
s -

QPSK demodulator i.e. the PEM operatiﬂg bit rate was 772 Kbps.
Because of the identical circuits utilizing the QPSK modu}ator and

demodulator path and the scrambled data output from the demodulator .

i , outputs with an edual probability of ones" and Czeros" it is
. i <
| © ., logical to conclude that the P(p) and P(e) obtained from this

L ' measurement set-up is half the-actual peeudo-error and true error

| ‘ " rate or'theJQPSK modemt The key elements of the test setvup are’

- »

shown Lo as to &epict with cl‘rit}\the Iunetions carried out.( The . -

fgkeneretor emplgyed in PEI as deeigned iﬂentical td‘that employed
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' Fig. 5.13 shows the results achieved’in tests depicting samples df‘
& -pertqrmadbe u?ilizing the metheds of .sampling e;;get and the ISI
‘enhancement. These tests show that lgrge gailn factors are possible.
The gain factor can be varied anywhere from 1 to 5 x 165 in the

following ways: by adjustment of: the cutoft frequency of the low

tim%ng and finally, by changing the le s_o!hg: ..ine chrves
are depicteQ‘in terms of four-phase Wé:;§>r,to noise ratios. It
should be noted that the gain factor is not the same‘for all bit
. ' - error rates, nor is :t linear with BER., |
P Fig. 5.14 shoys the perﬁgégance of the nfodem ahd the pseudo-~

erfbrfJEtector in a situation in“which there is additional.Gaussian

P

A ‘ noise as well a§ a carrier wave tone creating a C/I ratig/gtrzo dB

¥ Ny htioh) The traffic data errors and the pseudo errors are both .,

increased by the single frequency tone while the gain factor remains

\

" reasonably stable.

By passing low pass band-limited Gaussian neise through a

LY
L ]

nonlinear device, a nbn-éaﬁssian seurce was created In order to
. : check that the detector reémained stable out of band 1ntermodu1¥€10n
noise was used. This intermodulation noise was similar to»e "apiky"
| neise.- It had a greater~damaging ettect on the P(e) curve .than the
g ) Gaussian noise had, . Both Gaussiln and non-Gaussian notse w&fe TN
; P 1‘§roduced simultaneoualy. The carrier to non-Gaussian.noise powmr’?
'§' o ratio was 20 dB. There was 11tt1e change in the gein tactor for'fgt

error rates of lesscthan 10-8 (see Figs. 5 13, 8, 14 and 5 15) RN

. (Sampling offset, IS1 enhancement and 2-PEZ methods of PEM implement— :

>
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\

In conclusion one can saq)that the two most important

elements 1n the performance—of a pseudo-error detector are the

.
.

following: o \\ . :

’ .

(1) The ability to achieve a sufficient error

gain factor, ‘ SR v : ;

e (23 The ability to:achieve a stable gain .
factor tn a situation in which there are

B . both éaugsian and non-Gaussian pergturbations.

. , ‘ : [ o A
; o M

. ;
. o -

The error gain factor has been defined previously as the -~

ratio of P(p) to P(e) at a given bit energy to noise density ratio
(Eb/No) If the pseudo-error detector is being used to estimate
the BER in a short timq span then high gain factors are usually
desirable. It .should be noted that the gain tactor does not '

S
necesEhrily have to be the same over the range of the BER of .

B

interest «but 1t should be relatively stable. - L

4




Cll‘ —

Cia

: ’ 7 luy - LHOO33CG
é T 147370, - MCL035P
o ' 14 - Uy - HCl010P
L .14 - U, o MC1032P
. © . M« Ug - MC1010P
v N 14 - Uy - NC1032P
T . Ao, . o
L; e, e + }4 - ,U7 - u91035p

Lo S l‘\g‘;;{xm
SEE A

RN .3@.‘2'{%‘ Rt
o Ao Tasay
ey T e
- »,'{,ﬁ S 3. oo B :‘ul.
Ly R

.t

ot

PRI
u’},‘f,\: R

e
3 'r.ﬁi&’{%""r:ﬁ%".’f

ot
Sk NS

“ . By = Ry - 820 , N .
LT . . Ry = Ry - K | .

* ' Ry =~ Rjg - 0 to Ik | - a
: | . T R\4' = By - 5100 - o . z
- Rg = 'Ryg - IK ’"“ - ‘ Co x
T K S R"f = Ry - 2000 -

g q - < ;’01 - C;; ~-- 0.68yF

. R .Cy "= cl,{: - 0.88yF

‘ : Cy = L .- 10oF - °

150uF
10nF

I‘ A
- T oL
L4 .
- 7 e h
K &
A L
ol GO
, J
N
-7
o
-
rn
«"".“:. N,

Ay e
-}-qﬂ;‘.;
.

SRR Sk

b3 i Lay St<= TR

a‘w‘i; :{‘é &“"{."‘;’ﬂ
e id

w4




R VN

Rk
7

e

ey

T ——

i ' ! .
: 3 e ' . : .
~ N ‘ |
3 i ’ ‘ .
P o .
. %”J )
“ 4
/ ,
v Co } ‘
C
P ) , g
o . ‘ - I
T e -1’ 1 16 . 18 -
. o/ a8 , . - -
. T ' ) ; e \ ‘ . R
. - ) FIG. 5, l3 SEUDOERROR DETECTOR PERFORMANCE
S IN_GAUSSIAN NOISE (7 ah
: v‘ ‘_ v N .
o S ' R '.°'
' - - ‘\ A - ; b ”‘(:" . -
T ;v:
- .n)v‘— ':f .‘. ‘;_’. -,r\“@‘ L_X‘ b
3" IR -t ”‘:".")‘:‘;, 12 ‘f‘?i{y ?’ik .
“ .4»{ oo \MSLV‘:A"M ;,-,' ."::‘r“‘m;‘i w' o
P

o3 "-c').-p

S

w,»,}n o

; Y e bd,
" »i‘i‘w"}: é B \"-j;(o‘ -‘,}; o

Py VRN N

,,\,, N .‘:‘5*"‘-\«3\‘ R

P PR RS D SN .
A R 1 T e

3 I N LR AP )

[ENE TR R AT
LREAEPES W PR SN




R

. o oo

g

N

TR g e o

0"

. 10%} N ,
. \ ) ! ) .‘ e
v \ D é l'l
1075}
. ' \ L
. \' ‘

2

) 1 ! 1 A NG
1# 16 TR , ‘
" .¢/x, a3 - .

FIG 5 l4 PSEUDOERROR DETEGTOR PERFORMANCE

. ol
' L rar \'-n‘ aar
AT RS ,m: &) 1 :
R % N LRy W lg.q ¢ .}
’ h‘ﬁ?" Gi] 'l {oh & £ K .‘y‘;l »:'-’ :

'&’ e N "‘ 1 ',
M{‘%‘ ’“’f“}“éﬁ

T4y r-*#“t‘:di P
LRI h,

oty

3 v. "‘r‘..qb,m. ;

m paesauce OF I‘JTERFERRING TONE .

_—
.
' ..
R
g
CA
. e
N
IR RN

w:&«;m» %J{ ¢ ,ra&’.

~c z&;ﬁ "“Y’"‘Mﬁé'
‘ra, ﬁ) it 5 5L ‘t;f%" "‘.N,.- r ot "\,
‘,é..». mﬁ.’ﬁ }g sﬁ‘f“‘; q‘ixx; s‘h b

T
R s o
J‘}; ’*r'%_‘; ’Kgg

g

R



2 e PR ."’_‘

BER, C/Non-Gauss.
\poiss

- 20 dp
o~ ;

©FI6,5.8 PSEUDOERROR DETECTOR PERFORMANCE IN- \ S
| Passzuce QF: 'NONGAussmN NOISE «

,,4»

S ‘.L TR .

%f ; 4: i <‘ LI

N m.~ ‘r“".n

s

vamé»;_ k&j '7’1»43’ ‘r:
4" i \4«‘,(..3,

E’&
'nl*‘m.,/}',;la_,.f-\ i,
! .-V

3

X .rﬁt
i ,Vt"ﬁ‘,vﬁ‘v"vw

IR

b ¥ ‘P
‘ i 3 o i 'y N )
8 3 T ‘: % U, i ‘% h o o £ v ﬁ“ ek, 'Tkt "3 f‘\".‘r"l i '
,{J }Jf;(m‘x‘“q.,(*z‘}g:”"””" h ’ . ' Al ‘L“‘i%’" RAR A 3 . ! 4 9L ::'L o

3T ﬁ, %“m" '\ A AH




DR T o TCUE RS,

b e e #m e ek e
.

INPUT SIGNAL ‘ | P . :

Pulse Type " Synchronous NRZ '(

3.0

4.0 .

5.0

182

APPENDIX A

Pseudoerror Monitor (PE_) Specifications -

4

DESCRIPTION

The Pseudoerror Monitor model PEM is an optimum monitoring"
scheme specially designed for monitoring the BER of digital
modems‘ y

It consists of 95\66mbonents,‘ana;og devices and logic

devices. o , .

Bit Rate ' - 772 kbps '
Pulpe’Amplitude: 100 *s%lo Milli .Volts

Impedance: . 75 ohms

INPUT CLOCK
Pulse Amplitude: 1 1 Volts

Pulse width: .100 10 n Sec
.Repetition rate: 772 kHz ' .t
Impedance: o

OUTPUT SIGNAL r

:Signal amplitude (75 ohm load) C-MOS or TTL Logic Level to

the input of" P(p) to P(e) Convertor'

“+

POWER SUPPLY REQ‘UIREMENTS C NN

r

"A; =5.2 £ |1 volts dC

: +§ % .3 Volts dC (For-P(p) -~ P(e) TTL Circuit)

B
€: +15 t .3 Volts dC (For P(p) - P(e) C-MOS Circuit)

!
!
!
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