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then processed by the system to obtain a variety of other

signal-characterizing parameters.

Modern modulation schemes, such as w/4 DQPSK and MSK,
impose deliberate phase and frequency chénges‘on a carrier to
transmit data. In w/4 DQPSK modulation, for example, two-bit
data words, or symbols, sequentially produce one of four
instantaneous phase shifts to modulate the carrier. A 00 data
word causes a +45 degree phase change, a 01 causes a +135
degree change, a 10 causes a -45 degree change, and a 11 causes
a -135 degree change. When demodulating, each switch in phase
produces a symbol.

Because of these phase changes, it is often difficult
to measure important parameters, such as the frequency of the
carrier signal, that are useful in the design of modern
cellular radio systems and <classification of radio
.transmissions. The difficulty arises because the zero-
crossings of the signal are shifted by the phase modulation.
Depending on the modulating data, the number of zero-crossings
in a given time is often different from what would be seen on
an unmodulated carrier, thus making it difficult to accurately
decermine the unmodulated carrier frequency.

Existing systems for determining carrier frequency in
phase-modulated signals suffer either from inaccuracy or
relative complexity. Measuring devices such as frequency
counters are relétively simple, but often produce inaccurate
results. Because these devices measure average frequency Dby
counting the number of cycles in a given time, they produce
results that fluctuate randomly--and often significantly--
around the true carrier frequency, if modulation is present.
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paraneters by first determnnin Hase . deviati on and then using the phase

devi ati on r&i n tg}ed%rxp entitled, "Measuring the Fcilodula ion
Accuracy of w/4 DQPSK Signals for Digital Cellular
Transmitters", appearing in the Hewlett-Packard Journal, April
1991, Vol. 42, No. 2. The system receives as iﬁput a m/4 DQPSK
phase-modulated signal and digitizes its amplitude as a
function of time using analog-to-digital conversion. There
must be a minimum of several samples per cycle using this
method. These uniformly spaced components are treated as the
in-phase components of the signal. The signal is then passed
through a Hilbert transformer to derive the quadrature
components of the signal. Phase is obtained by taking the
arctangent of the quadrature signal divided by the in-phase
signal'and magnitude is obtained by computing the square root
of the sum of the in-phase signal and quadrature signal. Once
both phase and magnitude are- determined, a variety of other
signal-characterizing parameters can be obtained.

Based on the foregoing, one skilled in the art would
prefer a system that provides accurate information for
characterizing phase-modulated signals, but involves a
relatively less complex phase determination technique that
requires sampling commensurate with the modulation bandwidth.

There is, therefore, provided in a presently preferred
embodiment of the present invention, a system for
characterizing phase-modulated signals using a time interval
analyzer. The system employs a method for directly determining
phase deviatidn including the step of sampling the modulated
31gnal to produce a series of time stamps and cycle stamps
1nd1cat1ve of the time and number of zero-crossings of the
modulated signal. A phase deviation curve is then generated
as a function of-the time stamps and an estimated average
frequency. Once obtained, the phase deviation curve can be
used in the precessing section of the system to determine a
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modul ation bandwi dt1G. 1 is a generalized block representation of a system
) for characterizing phase-modulated signals using a time
interwval analyzer; |

FIG. 2 is +a graphical representation of exemplary
operation of the time interval analyzer of FIG. 1;

FIG. 3 is a tabular representation of time stamp and

; cycle stamp data collected during exemplary operation of the
time interval analyzer;

FIG. 4 is a block representation of the phase/frequency
determining section of FIG. 1;

FIG. 5 is a vector diagram showing the method for
determining origin offset within the procéssing section of FIG.
1;

FIG. 6 is a vector diagram showing the method for
determining I/Q mismatch within the processing section; and

FIG. 7 is a tabular representation of error i‘eadings
used in the method of determining I/Q mismatch.

Referring to FIG. 1, the system for characterizing
phase-modulated signals according to the present invention
includes a time interval analyzer 10, also called a time
digitizer, or time-stamping device for receiving an input
modulated signal 12 and outputting a series of stamps 14, 16
indicative of the-zero-crossings of the signal. The stamps are
delivered to a system processor 18 which includes a
phase/frequency determining section 20 for determining phase
and frequency deviation data as a function of the stamps." The
phase deviation data 22 is then sent to the processing section
24 of the processor for determining a variety of other signal-
characterizing parameters 26. Finally, the signal-
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analyzer samples the modulated signal, locates at least
selected zero-crossings (positive, negative, or both) of. the
signal, and records the time of occurrence of the zero-
crossings against a highly accurate built-in reference time
base oscillator 32. By cycle stamping, it is meant that the
analyzer identifies and counts the number of zero-crossings
that occur within a user-defined cycle time. As they are
produced, the time stamps and cycle stamps are temporarily
stored in memory 34 within the analyzer before being downloaded
to the phase/frequency determining section.

A suitable time interval analyzer for use in the present
system is commercially available from Hewlett-Packard Co., Palo
Alto, California, under the product name, HP53310. This
analyzer has a built-in reference oscillator that typically
produces time stamps accurate to within 100 picoseconds of the
actual zero-crossings. The device also includes user-defined
controls for setting the sampling size, sample selection, and
sampling rate. For example, the device can be controlled to
selectively sample the positive or negative zero-crossings or
both. The sampling rate can be controlled based on a user-
defined pace setting or cycle time. Pace is one method of
controlling the sampling rate by having the device count a
specific number of zero-crossings between samples. The
sampling rate can also be regulated on a time basis, e.g., by
a user-defined- cycle time during which the device is enabled
to sample data after a set time interval.

Referring to FIG. 2, in exemplary operation, the time
interval analyzer captures timing information from a simple
sine wave 38. In this example, the analyzer is programmed by
a user to time-stamp every eighth positive zero-crossing 40 of
the wave occurring at times tl1l, t2, t3, and t4. Typical



dramnngs wherein: FIG 1 is a generalized block representation of a system
for chaﬁacter|2|ng phase- nodul ated signals using a tine interval analyzer;
FIG 2 is a graphical representation of exenplary operation of the tine
interval analyzer of FIG 1; FIG 3 is a tabular representation of tinme
stanp and cycle stanp data coll ected during exenplary operation of the tinme
i nterval analyzer; FIG 4 is a block representation of the phase/frequency
determ ning section of FIG 1; FIG 5 is a vector diagram show ng the
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for recewuthgnamhaunmalyzer. The cycle numbers 46, or cycle stamp
readings, indicate the total number of zero-crossings (in this
case, pdsitive crossings) that have occurred at each
corresponding sample.

Referring to FIG. 4, a 7w/4 DQPSK modulated signal 12,
nominally at 825.03 MHz in this example, is input into the time
interval analyzer 10. The analyzer is'set, using an internal

" local oscillator at 823 MHz to down convert the input signal,
thereby producing an intermediate frequency (IF) of 2.03 MHz.
The IF is chosen for balance between good phase resolution and
sampling time control (the lower the IF the better the
resolution, the higher the IF the better the cdntrol); The
pace is set at 14 so that the analyzer samples the signal at
about 145 kHz. In other words, the system takes one'sample for
every 14 cycles. This is a significant benefit over existing
systems that typically require several samples per cycle. The
sample size is selected to be 1024, meaning that a block of
1024 time stamps are collected. Based on the settings, the
analyzer time-stamps and cycle stamps . the signal to high
precision and collects the stamps in internal memory 34. The
cycle stamps are uniform and need not be explicitly stored.

Upon completion of the analyzing operation, or
concurrently therewith, the stamp data stored in the analyzer
is downloaded in block 50 to the phase/frequency determining
section 20 of the system processor 18 (FIG. 1) The system
processor may be, for example, a software-driven programmable
digital computer, such as a PC. A GPIB interface card (not
shown), commercially available from Hewlett-Packard Co. under
the product name HP8235B is suitable for'downloading the data
into the system processor memory 52.

The phase/frequency determining section employs an
estimated frequency in addition to the stamps, to generate a
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degrees or x135 degrees. In an alternative method, the system
processor automatically estimates the average frequency in
system block 56 as a function of the time sﬁamps and cycle
stamps stored in the system memory.. The user may choose
between which method is used through decision block 53.

The system processor uses one of at least two
alternative methods to automatically estimate the average
frequency. In the first method, the frequency is estimated by
~dividing the total cycle count by the total time. The total
cycle count is obtained by subtracting the first cycle count
from the last cycle count; the total time is obtained by
subtracting the first time stamp from the last time stamp.
This estimate may not be highly accurate. However, the
estimate at this point is subject to correction in later parts
of the system and need not be highly accurate at this time.

In the alternative, however, if desired, a more accurate
-estimate of the signal frequency is obtained by applying a
least squares fit over the cycle and time columns of the data
compiled for the signal. The régression produces a straight
line fit e, vs. t, set forth as follows:

(1) €. (1) = e+,

where e, is a constant derived from the regression curve fit,
t; is the refertnce time at which a stamp was taken, and £, is
the estimated frequency from the curve fit.

Depending on the modulation on the signal, the slope of
the £it has been found to be a good approximation of the signal
frequency. If the signal is a stable, unmodulated clock, for
example, and the error in the approximation is entirely due to
the round-off error in each measurement, the regression method
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as a function of the estimated average frequency. In

particular, phase deviation at time t; is determined as

follows:
(I1) Phase deviation at t; = e;-eg. (1)

where e; signifies the cycle number, and e.(i) represents the
value of the curve fit at i. Using formula (II), a preliminary
phase deviation curve can be calculated over the reference time
stamp values. A preiiminary frequency deviation curve can be
constructed in system block 62 by differentiating the phase
curve. .

The frequency deviation curve shows many instances when
the function exhibits sharp positive and negative peaks (local
maxima and minima) or spikes. These are the points where the
modulation.switcheé from one sampling point to the next.

If a nominal symbol rate is known, R,., then the actual
symbol rate can be precisely determined. To determine the
actual rate, an array of symbol numbers is first constructed
from an array of M local maxima and minima of the frequency
deviation function. The array of local maxima and minima can
be denoted as mx(i), where i goes from 1 to M. It is not
necessary to collect all switching points since some are not
very distinct. The process aims to fit an integral number of
symbols Az {i) between two adjacent maxima/minima (treated
alike) mx(i) and mx(i+1). The number Az (i) is computed as
follows:

(III.A) 8z (i) = INT[(mx(i+1)-mx(i)) -R.+.5]



Referring to FIG 2, in exenplary operation, the tine interval analyzer
captures #imng information froma sinple sine wave 38. In this exanple,
the anal yzer is programed by a user to time-stanp every eighth positive
zero-trossing 40 of the wave occurring at times tl1, t2, t3, and t4.

Typi cal -5 - results of the tinme-stanping process are shown in the table
of FIG 3. The. sanple nunber 42, indice8t+ve of the nunber of tines the
anal yzer has time stanped the signal, ranges fromone to the user-defined
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Ref erri ngaiso filolGowks: a [err] DQPSK nodul ated signal 12, nomnally at 825.03
MHz in this exanple, is input into the tinme interval anal yzer 10. The

anal yzer is set, using an internal |ocal Dscillator at 823 MHz to down
convert the input signal, z{(i+1) =E Az(k)

(111.B)

A linear regression can be made on the two arrays mx (i)
and z(i) to give an optimum function:

(III.C) Zoge (1) = a+b-mx(i)

where the slope parameter "b" is the symbél rate, and the
parameter "a" the ideal y-intercept.

The nominal symbol rate R, may be obtained in at least
two ways. It may be entered in input 66, or it may be
established by performing a transform (FFT) of the absolute
value of the frequency deviation in block 62 and cobserved for
a significant response. The user may choose between these two
ways in decision block €3.

Once the rate "b" is established, the symbol times s(k)

"are obtained by evaluating at t-values giving "half" integer
values of z., i.e., Zee = 1.5, 2.5, 3.5, etc.

i+=-a

TSI

s(i)=
(III.D)"

If the rate R,, 1s known to be very accurate, then the
linear regression may be used to estimate only the parameter
“a"' i_e"

(III.E) Zope (1) = @+Rypn-mx (i),

and the sampling times s(i) are given by



t hereby producing an internediate frequency (IF) of 2.03 Miz. The IF is
chosen for bal ance between good phase resol ution and sanpling tine control
(the lower the IF the better the resolution, the higher the IF the better
the control). The pace is set at 14 so that the anal yzer sanples the
signal at about 145 kHz. In other words, the systemtakes one sanple for
every 14 cycles. This is a significant bérefit over existing systens that
typically require several sanples per cycle. The sanple size is selected to
be 1024, neaning that a block of 1024 time gtanps are collected. Based on
the settings, the analyzer tine- stanps hhg'd?cle stanps the signal to
hi gh preci sion and col |l ects the staﬁﬁé Fmigrternal nenory 34. The cycle
stanps are¢gpifpym and need not be epr|C|FWV stored. Upon conpl etion of
the anal yzing operation, or concurrently therewith, the stanp data stored
in the anal yzer is downl oaded in block 50 to t he phase/frequency
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suitable for downl oadin e data into The system processQr nenor
deviation curve 1n.hlock 70. To establish the ideal curve the
preliminary phase deviation is sampled at the established
sampling times using any suitable interpolation technique, such
as cubic spline. The measured phase'change from one symbol to
' the next can be found by subtraction. The consecutive phase
changes are rounded off to the nearest of the four allowable
discrete phase values used in the 7/4 DQPSK modulation scheme,
i.e., +45 degrees, -45 degrees, +135 degrees, and -135 degrees.
The determination of phase changes proceeds, one symbol at a
time, until all symbols are processed. Then, these discrete
phase changes are sequentially summed to produce the ideal
phase deviation curve.
The ideal curve can be used to decode the w/4 DQPSK
signal in system block 70 in accordance with the following key:

+45 degrees = 00
-45 degrees = 10
+135 degrees = 01
-135 degrees = 11

The resulting code can be outputted, if desired, at output 72.
In system block 74, the ideal phase deviation curve is
compared to the preliminary phase deviation curve at the
sampling points to compute the residual phase error. The phase
errors (which can be determined for each symbol) are produced
at output 77. The phase errors can be used later to determine
signal characterizing parameters in the processing section 24
of the system. The root mean square of the phase error (rms
phase error) is output at processor output. The rms phase
error is an overall estimate of the phase error in one number.



The phase/frequency determ ni ng section enploys an estimted frequency in
additior to the stanps, to generate a -6 - phase deviation curve. The
estimated frequency may be input to the section through one of a variety of
nmet hods. I n one suitable method, a user inputs a nom nal frequency through
I nput 54. A nom nal frequency is necessary to produce a phase deviation
curve sufficiently accurate such that the-di fferences between adjacent
synbol times can be mapped correctly into +45 degrees or 135 degrees. In an
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obt ai ned BAeviakiiicacpleg thé thespreyiménaaynphase deviation plot yields
the necessary information to determine the frequency
correction. In addition block 80, the frequency correction is
combined with the preliminary frequency estimaﬁe from block 56
or input 54 to produce an accurate measured carrier frequency
that can be outputted. at system output 82. In practice, the
error in the measured frequency at output 82 has been found to
be less than 1 Hz in 7 ws. This is significantly less than the
error approaching 1 kHz typically found in the average
frequency estimate block 56.

The ideal frequency is also used by the processor to
determine a final phase/frequency deviation at system block 84.
The phase deviation is determined relative to the original time

- and cycle stamps stored in system memory 52. Final frequency
deviation is determined by différentiatimg the final phase
deviation. Both are outputted at system output 86 to the
processing section 24 1) for determining signal-characterizing
parameters such as, for example, frequency and phase spectra
‘using FFT analysis in block 88. '

The processing section 24 also uses the phase'error
calculations 77 from block 74 to determine signal-
characterizing parameters including origin offset (block 90)
and in-phase/quadrature (I/Q) mismatch (block 92). Origin
offset results from leakage in the multiplier of the I/Q
modulator used for w/4 DQPSK modulation. I/Q mismatch results
from a mismatch between the I and Q channels of the modulator
which manifests itself in an ellipse in the resulting
constellation. Both of these parameters are duly measurable
using the present invention. The origin offset is expressible
as a percentage of the average modulation. The mismatch is
also expressible in a similar manner.



fromthe last cycle count; the total tine is obtained by subtracting the
first tiMme stanp fromthe last tinme stanp. This estimate may not be highly
accurate. However, the estimate at this point is subject to correction
inlater parts of the system and need not be highly accurate at this tine.
In the alternative, however, if desired, a nore accurate estimte of the
signal frequency is obtained by applyingla | east squares fit over the cycle
and time colums_of the data conpiled for the signal. The regression
produces a strai BRECKFAAS i §O[ EAF &, 8, V&atanrdhagsamo|ildwstyages a
[err] whemechedr Lised Arrailed aprodessyang EeeRibhe FoR0IRNsd A fihyCobiibin
[err] is t?f reference tine ai which_a s%gn% %ai t aken, gnd [erT] is the
est i mat ed®F F&GhehByPFFORPFRESLRFCEST FP. CREBATT MG 3Rt AR BUFEE] BROBRTL he
signal , tderetbpenowitheufti ttheandeefdmendddulnes aigmor. amps sumifgi @Reof
the sign uengy. l.gnal. :i.s a. le; U ul ated clack, for
aalé%%iﬁge SEY exld WaR U ONgh il ?:.?E:i‘g is 'H?Pﬁd,y gt&xg t%f%ﬁgt 25

exanpl e, errof 1n the approximation s entire
round- of frepresennedably flgs vieahan: the regressi on nethod

(IV) V,=x+Jy

where V, represents the origin offset error vector, and x and
y are normalized. The radial unit vector R, at the kth node is
represented by the vector:

(V) R, = ¥/t = cos kn/4 + J sin kn/4

The tangential unit vector at the kth node is represented by
the vector:

(VI) 0, =7 R, = -sin kn/4 + J cos kn/4

The error vector V,, universal for all nodes, manifests
itself at the kth node as a phase error which is the projection
of V, onto the tangential unit vector, and a magnitude error
which is a corresponding projection onto the radial vector R,.
Accordingly, V, can be decomposéd into the following vector:

(VII) V,=x+Jy =R + P60,

where oR, 1is the radial component of V, and §£.68, is the
tangential component of V, at the kth node; «, and B8, are real.

The real numbers ¢, and 8, can be solved in terms of x
and y, resulting in the following set of equations:

(VIII) ¢, = xcos kn/4 + y'sin kn/4

- . X

(IX) | B, = -x'sin kn/4 + ycos kn/4

‘'The tangential component of the error vector V, at the kth
node, B,.6,, is given by:



-7- has been found to estinmate the frequency to better than 0.05 ppm (4 Hz)
inarelatively short neasurenent tinme of 102 m croseconds. In the case of
a signal subject to heavy phase nodul ation, the | east squares fit is not
signitficantly better than the other nethods of approximation. As

menti oned, however, great accuracy is not required at this time. Gven the
frequency estimated by any suitable nmetho2l; prelimnary phase deviation is
determ ned in system bl ock 60 as a function of the estimated average
frequency. In particul =Phaseg fgVv on t [err] is determ ned
as fol lowsixy!l) sered%w g’?l%’ﬁ}l%t f’: f IfAﬂZr()a [err] signifies
the cycl e nunber, and [err] r ¢peaseRky 4t hef \wisug&nofa)t he curve fit at i.
Using formula (11), a prelimnary phase deviation curve can be cal cul at ed
over the reference time stanp values. A prelimnary frequency deviati on

curve can be Consfﬁyﬁt%géhéiféi%%?h%@% égmB&SthEfféedE&é’%Thﬂﬂe&%P

curve. The freciuency deviation curvé shows nany i nstances when, the fun t| on

exhi bits sH:® A8 e h QydiRUre 8% dRIG FACSFOWH%%%%%W%W
spi kes. waﬁtﬁeﬂhﬁnifig petoisnWoEr eéHdhgystem.

If all eight phase error vectors, one from each node,
are added together vectorially, the following occurs:

E BB, = (-x-sinXE +ycos—k—“) (-sinXE) 4
k=0 k=1 4 4

8
. i KT kn, . kn
]E: ( xs:.n——4 +ycos——4 ) c:_os——4

(XI) = 1 'COSE-TEC _Iszt.q-xs;Ln_kf.s nﬂr_+

o kn kx
(-y-7x) cos 2 sin i

=4 (x+5y) .
=4 x the offset vector V,

because:

(XI;) 2 [sm( k" ] = f:[cos(i")r = 4;
and

(XIII) kz_:l[Si“(%)“S(—?)]z =0



nodul ati on switches fromone sanpling point to the next. If a nom na

synbol rate is known, [err] then the actual synbol rate can be precisely
determned. To determne the actual rate, an array of synbol nunbers is
first constructed froman array of MIlocal nmaxima and mnima of the
frequency deviation function. The array of |ocal maxima and m nima can be
denoted as nx(i), where i goes from1l+4+¥M It is not necessary to collect
all switching points since sonme are not very distinct. The process ains to
fit an integral PBawdeionf (S hiRemonerFatpstWeah 29R13d) 2L R1IFRKI SBYOF®i m

(treated \ﬁééﬂ.‘@ﬁ‘ié‘%i*)pﬁaéuﬁéérkour thmeudRr dffdde ives@sBUted as fol | ows:
[err] wher e t£§ unction | th est integer. | ess_than or

hg%x; IS e_lar

equal to x. Thi S7iRTIBhECRor CHPI A¥RTRFS PRAGS. GFFOH VRIS 13t fpch

obt ai ned nedediledusequeoti A8y, starting with a z(1)=0 as follows: [err] A

linear regressiop,can ¢ IRde 9 I8 0 WPV Enl ®Ehé phase frequency
determining section does not affect the offset determination
because the net scalar sum of the phase errors due to origin
offset equals zero. The scalar phase error at node k due to
the offset V, is the wodulus of (.8, or simply B,.

Accordingly:

. kn kr
~x sin=—+y cos—
4 4 4

(XIV) [BO,] = By

The sum of all eight B, values is zero since:

(xv) > [sin{4E)]-3- [eos( X2 o

k=1 k=1

Based on the foregoing, the processing section
determines origin offset as a function of the phase component
of the error vectors. The most effective way is to add all
eight. averaged phase errors vectorially and divide by four.

Referring to FIG. 6, in addition to origin offset, the
processing section 24 (FIG. 1) measures I/Q mismatch infpercent
relative to modulation.

Assuming the radius of the vector unit circle is one,

then:

(XVI) I =1
(XVII) Q =1+ 9
(XVITI) ' n=X

The error vectors are caused by the elongated Q-vector:



ahd [err] to give an optinumfunction: [err] where the slope parameter "b"
Is the synbol rate, and the paraneter "a" the ideal y-intercept. The

nom nal synbol rate [err] nmay be obtained in at |east two ways. It may be
entered in input 66, or it may be established by performng a transform
(FFT) of the absolute value of the frequency deviation in block 62 and
observed for a significant response. Thel4rser nmay choose between t hese two
ways in decision block 63. Once the rate "b" is established, the synbol

times s(k) are obtained by Q)e/abuaf,lgﬂ.,@t tv, ¥3hgesyaiyi ng " haI f" integer
val ues of fygrstyl i.e., [err] 21’5 3.8, “etc. V?&err] If the rate [err]
Is known to be very accuraté{s—t—béﬁ,tW3=+Jmedf-,-r-e@|5e55| on may be used to
estimate only the paranmeter "a", i.e., [err] and the sanpling times s(i)
are given by

As above, the tangential unit vector at the kth node is:

(VI) 6, = 3 R, = sin kn/4 + J cos kn/4

The projection of'Vk onto 6, is B, the scalar phase
angle. The vector phase error is f6,. These values are -
computed and tabulated FIG. 7. '

' The phase/frequency deviation determining section cannot
measure V,. However, 8, ‘can be measured. Recalling that V. can
be broken down into tangential and radial components:

(VID) Ve = X + jy = akR, + B8

In formula (VII), ¢ and B, are real.

As mentioned above, only the tangential or phase-
component @8, is measurable. The mismatch & may be obtained
by combining four scalar phase deviation values f, as fo]_..lows:

(XX) ' 8, - By + Bs - By = 20

where 8 = the mismatch. Therefore, the mismatch can be
calculated in the processing section as a function of the phase
deviation output from the phase/frequency duration determining

section.
The two measurements, offset and wmismatch, are

orthogonal. In other words, the presence of one will not
affect the other in the computation. Specifically,

(XXI) B, - B, + Bs - B, = 28 (due to mismatch)



-9 - er
times ar,
generate

r] where i goes from1 to all synbols, not just M Once sanpli

ng

e established by any of the above suitable nethods, the system

s an ideal discrete phase deviation curve in block 70. To esta

the .i deal curve, the prelimnary phase deviation is sanpled at the

establis
as cubic
be found
t he near

DQPSK nodd

- 135 deg
time, un
are sequ
i deal cu
i n accor
+135 deg

hed sanpling tinmes using any suitable interpolation technique,
spline. The neasured phase chagge from one synbol to the next
by subtraction. The consecutive phase changes are rounded off
fi the foug al howa scr t e y used in the [e
3§#§&ﬁon scheng! ibé.fq#45 dbgrgegﬁggq%) é%%%%?; +135 degrees,
rees. The determ nation of phase changes proceeds, one synbol
Rillsogl | synbols are processed. Then, these discrete phase chan
entially summed to produce the ideal phase deviation curve. Th

rve can be used to?decode the [err] DQPSK signal in systemblo
déiﬁd'-élw th the foIBMﬁg =keyEor46i geafreles but 00 -45 degrees =
rees = 01 .

. 7
(XXIV) Y B8, = V, for offset

k=0

Just as in the offset case, the algebraic sum of the B, values
is zero, i.e.

, .
(XXV) Y By = 0 for mismatch.
=

Therefore, the linear regression process also will not affect
a mismatch measurement.

It is possible to measure origin offset and I/Q mismatch
using the present system when both are present at the same
time. Summing all phase error components vectorially yields
four times the offset, and summing four phase error vectors
algebraically as 8, - B, - Bs - 6,'yie1ds twice the mismatch.

The system as described has additional benefits other
than sampling'commensurate with the modulation bandwidth. For
example, since samples take place at signal zero-crossings,
when the signal is not present, no samples are taken.
Therefore, in the case of burst-type signals, all of the
samples take place inside the burst, thereby providing an
efficient means of using samples. Also, because the present
system measures ﬁhase directly, it avoids the complexity of
converting voltage vs. time data to phase vs. time data.

bli sh

such
can
to
rr]
and
at a
ges

e

ck 70
10

While the invention has been described and illustrated.

with reference to specific embodiments, those skilled in the
art will recognize. that modifications and variations may be
made without departing from the principles of the invention as



-135°degrees = 11 The resulting code can be outputted, if desired, at
output ¢2. In systemblock 74, the ideal phase deviation curve is conpared
to the prelimnary phase deviation curve at the sanpling points to conpute
t he .resi dual phase error. The phase errors (which can be determ ned for
each synbol) are produced at output 77. The phase errors can be used | ater
to determ ne signal characterizing parapgiers in the processing section 24
of the system The root nmean square of the phase error (rns phase error) is
out put atdefdDeedsid the ptlfaims Th@'dmﬂt@ee,eramm@gmrdwerﬁhédesmmiée of

the phase. 1006 | BeONGIWIREL s o0s1Gr/oThB0RLkO RN, BRI LATLEdeLagOueDRY 1o

typically FHo ood appr oxr e arrier trequency rn thée p
of [err] nqnsxtmmcan ohebdosilsarede toetthaadber deeeraihimgphaseor agdnal

estimte ¢ '@éﬁc&%@%ﬁi‘&enac%@%ﬂhl%he Rhen 8l fe%Cttd)fotl-Ié}e kb &b

n.
Conpari son between phase deviati Oon plot and the prelim naf

phase deARf iRIRSA ROGHIAHROR hePR R R aryte |§ﬂ’6r‘iﬁﬁﬁ§ﬂ‘c"cbngd‘é?%r+ﬁ%%l t he

frequencyphase deviation function need be different. All other
processes need not be changed.



correcty 98 In addlf“UN‘bIock 80, the frequency correction is conbined with
the' pre B&mg y estimate from bl ock 56 or input 54 to produce an
accuraté rer frequency that can be outputted at system output
82. In rror in the neasured frequency at output 82 has been
found to be Iess Hz in 7 ns. ThIS Is significantly | ess than the
error approachlng 1 kk& typically found 17n the average frequency estinate
bl ock 56 %?f édeal frequency is also used by the processor to determ ne a
final pha ¥ quency devi ation at system bl ock 84. The phase deviation is
detern1ned relative to the original tinme and cycle stanps stored in system

final phase deyi i on REbBoR" 0L ORakaoPELeL IhNtoa 8L 8 TH EBhATY' TRa)
proceSS|n@o@EE%SEﬁQZHhﬁ)SFGPSdé#brnln|ng si gnal - character|2|ng par anet ers

such as, for exanple, stn@glliﬁ@Cthtmm\ﬁ%& 314@iaNG EEI)aF_‘B'?{ﬁbéubQ
bl ock 88 Thﬁ E fceSS|gg section 24 %I uses the phase error cul at1 ons
ek Sl

77 from@pP 5Y P§ taBfe SR - characterizing paraneters
including origin offsest¢Mbudthwsemd56h phas elvirabeat frequehcs) of saatch

f?Eka gzﬁnmod&iégea 8&}§§Err§§§553 fr, leeakage in the nultiplier of the
" determining (60) the phase deviation of the
modulated carrier signal (12) as a function of the time stamps
(14) and estimated average frequency.

2. The method'of claim 1 wherein the sampling step
(10) comprises producing (10) a plurality of cycle stamps (16).

3. The method of claim 2 wherein the estimating step
comprises determining (S6) the average frequency as a function
of the time stamps (14) and cycle stamps (16).

4. The method of claim 1 wherein the phase deviation

determining step further comprises:

generating (60) a preliminary phase deviation
curve;

differentiating (62) the preliminary phase
deviation curve to determine a preliminary frequency deviation
curve;

identifying (62, 64) points of local maxima and
minima of the preliminary frequency deviation; and

determining (64) the sampling points as a function
of the preliminary frequency deviation curve and local maxima
and minima. -

5. The method of claim 1 wherein the phase deviation
determining step further comprises the steps of:
éenerating (60) a preliminary phase deviation curve
as a function of the time stamps (14) and estimated average
frequency;

) O D



nDduIaF &ﬂ] DQPSK nodul ation. 1/Q msmatch results froma
m smat ¢ ‘W and Q channel s of the nodul ator which manifests
itself |n the resulting constellation. Both of these

paraneters are asurabl e using the present invention. The origin
offset is expre55|ble as a percentage of the average nodul ation. The

m smatch is al so expressible in a siml&at8fanner. Referring to FIG 5, a
vector diagramillustrates a nmethod used in the processing section for
determining origin offsBFeInHSeﬂééﬁtar@%ﬂhﬂkat&ﬁ@he nmodul ation and in the

proper direction w thogkc5Re iBREAS %49 §B Yhg BBEhtsA§§UH‘ PantBgohagkus

h
of the vector unit circle is gne, "the of P I s"represented by the vector:
[err] VWKH%PTe?YTbPépFé§§nt§n9he origin offset error vector, and x and vy
are normal i zed. The r agamplingt (vertuie b&'r‘eﬂ.]lnﬁlnatﬂiﬁphtahwﬁdelia&ibﬁpd&@ﬁ@@t ed
by the vector he tangential unit vector at the kth node is
representé%gb h gkalgg pogn@s.

6. The method of claim 5 further comprising the steps

of: -

keying (70) the sampled phase deviation curves to
recover predefined modulation values;

generating (70) an ideal phase deviation curve by
sequentially summing the recovered modulation values; and

decoding (70) the modulated signal by reading the
idealized phase deviation curve.

7. The method of claim 6 further comprising the steps
of computing (74) phase error by comparing the idealized phase
deviation curve with the preliminary phase deviation curve at
the sampling points. "

8. The method of claim 5 further comprising the steps

of: '

mapping (70) measured phase deviation wvalues at
sampling points (64) to ideal modulation values;

generating (70) an ideal phase deviation curve by
sequentially summing the recovered modulation wvalues;

determining (74) a frequency correction (76) by
comparing the ideal phase deviation curve with the preliminary
phase deviation curve; and

determining (80) carrier frequency (82) by adding
the frequency correction to the estimated average frequency.

9. The method of claim 1 further comprising the step
of displaying (21) the determined phase deviation curve.

10. The method of claim 1 further comprising the steps
of:

l IIII"I IIIIII lllll IIIII Il IIII



t he vect oThis $heet Hhs HdaeRelacsar vector [err] universal for all nodes, manifests
itseff at 4] a phase error which is the projection of [err]
onto the 't I [ rvector, and a magni tude error which is a
correspondi ng proj ect onto the radial vector [err] Accordingly, [err]
can be deconposed into the following vector: [err] where [err] is the
radi al conponent of [err] and [err] is th8-tangential conponent of [err] at
the kth node; [err] and [err] are real. The real nunbers [err] and [err]
can be solved in ternsdgterMHming (EuIRNARP i9FIPe FATPONRPRESsEF7dfas a

equati ons: fhgetlonheft @mee et mEQED i sofddVEacionf vector [err] at the
kt h node, [err] is given by: -%@- kgér] This tangential or phase
conponent is deternine&uFﬁﬁﬂﬁbh(§ pFBSe BBGFS: i Bh 85tpﬁ?m§8nEﬁFéL4f7??om
t he phase/ feegoenally; and
determining (90) origin offset as a function of
the summed phase error components (77).

11. The method of claim 1 further comprising the step
of: '
determining (74) phase error components (77) as a
function of the determined phase deviation;
summing (92) the phase error components (77)
algebraically and determining (92) I/Q mismatch as a function
of the summed phase error components (77).

12. A method for characterizing modulated signals (12)

comprising the steps of:

inputting a modulated signal in;o a time interval
analyzer (32);

identifying and recording the time and number of
selected zero-crossings of the signal using the time interval
analyzer;

downloading the recorded time and number of zero-

' crossings into a system processor (18); and ' _

processing the recorded time and number of zero-

crossings for generating a phase deviation curve.

13. The method of claim 12 wherein the inputting step
comprises inputting a w/4 DQPSK modulated signal into the
analyzer (32).

14. The method of claim 12 wherein the identifying and
recording step comprises:
controlling the analyzer (32) to sample a user-
defined number of zero-crossings;
controlling the analyzer to sample the signal at
a user-defined pace.

* [ L ] S * -



detern1nﬂﬁ %@ system |f all eight phase error vectors, one
from each d together vectorially, the follow ng occurs: [err]
because:- n (XI') denonstrates that adding all eight errors
vectGriaIIy produces four times the offset vector. In practice, the average
phase error evaluated at each node is used for [err] The linear regression
used in the phase frequency determ ni ng2gecti on does not affect the offset
determ nati on because the net scalar sum of the phase errors due to origin

of f set equals Zerxs. ThEhsmeluiroq)betselaﬁ.molzamemeimM:h‘hjelcimltdmiurgfaﬁn

Lerr]. ISF Hﬁ%;é@%?ﬂ#%ps? rrif LheOEedﬁfagé’ti&%rin&mﬁ8ﬁ95995¥ 2eid ]

The sum o ues Zero since:
cr0531ngs from a memory within the analyzer (32) to a memory
within the system processor (18) by way of an interface card

built into the system processor.

16. A system for characterizing modulated signals
comprising:

a time interval analyzer (10) for receiving a
modulated signal (12) and outputting a series of time stamps
(14) . and cycle stamps (16) indicative of selected zero-
crossings of the signal (12); and

a system processor (18) coupled to the time
interval analyzer (10) for determining signal-~-characterizing
parameters (26) as a function of the time stamps (14) and cycle

stamps (16).

17. The sysﬁenlof claim 16 wherein the system processor
(18) comprises:

a phase/frequency determining section (20) for
generating a phase deviation curve (22) as a function of the
time stamps (14) and cycle stamps (16); and '

a processing section (24) coupled to the
phase/frequency determining section (20) for determining
signal-characterizing parameters (26) as a function of the
generated phase deviation curve (22).

18. The system of claim 17 wherein the processing

section (20) comprises:
means (90) for calculating the origin offset of the

modulated signal -(12); and
means (92) for calculating I/Q mismatch of a phase

modulator which generated the modulated signal (12).

19. The system of claim 16 further comprising means
(48) for downloading the series of time stamp (14) and cycle



Based Ofy;l di€et HY 5:90R DYt N€ Processing section determnes origin offset as
a fauncti corrponent of the error vectors. The nost effective
way is t}ﬂ”ﬂjll mﬁ averaged phase errors vectorially and divide by
fourx Re ' 6, in addition to origin offset, the processing
section 24. (FIG 1) nmeasures |I/Q m smatch in percent reI ative to
nodul ation. Assum ng the radius of the-gketor unit circle is one, then:
(XVI) | =1 (XVIl) [err] The error vectors are
caused bystawpel dh§at §dow thet bime mtgrrvaﬁ-eanflmeabéﬂc@) thethangeaten
unit vectgfoakskBe Khlgynode is: [err] The projection of [err] onto [err] is
[err] the scalar phase angl e. The vector phase error is [err] These
val ues are

20. The system of claim 16 further comprising a system

display (30) coupled to the system processor (18) for
displaying the signal characterizing parameters (26) determined
by the processing section (24).

/lll/ll//l/ll/llllllllllllllll



conputed and tabulated FIG 7. The phase/frequency devi ati on determ ning
sectiop*cannot neasure VK. However, [err] can be neasured. Recalling that
[err] *can be broken down into tangential and radial conponents: [err] In
formula (M1), [err] and [err] are real. As nentioned above, only the
tangenti al or phase- conponent [err] is neasurable. The mismatch 6 may be
-obt ai ned by conbining four scal ar phase deviation values [err] as foll ows:
[err] where 6 = the m smatch. Therﬁg he m smatch can be cal cul at ed
in the processing section as a functi e phase deviation output from
t he phase/fr eQUSHSYEMUFOR OEARMNCIBRIZING SRRASEMONPRLATER SEGN¥ALENeNt s,
offset and msmtch, are %%&W%%‘rm: hfreveY, ARAezERNe presence of one
nt

will not affect the other e conputation. Specifically, [err] [err]

A system for characterizing phase modulated signals
(12), e.g., w/4 DQPSK signals, includes a time interval
analyzer (10) coupled to a system processor (18) for"
determining a variety of signal chai‘acterizing parameters (26)
as a function of readings (14, 16) made on a'phase modulated
signal (12) by the analyzer (10). The system processor (18)
includes a . phase/frequency  determining section (20) for
generating a phase deviation curve (22) and decoding (70) the
modulated signal (12). The system processor (18) further
includes a processing section (24) for determining various
signal defining parameters (26) including origin offset (50)
and I/Q mismatch (92) as a function of the phase deviation
(22) .

(Please note that Figure 1 should accompany the abstract when published)



Just as in the offset case, the algebraic sumof the [err] values is zero,
i.e. [err] Therefore, the linear regression process also will not affect a
m smat ch neasurenent. It is possible to neasure origin offset and I/Q

m st ch using the present system when both are present at the sane tine.
Summi ng all phase error conponents vectggially yields four tines the

of fset, and sunm ng four phase error vectors algebraically as [err] yields
‘twice the m smatch. The system as de i ddi tional benefits other
t han sanpling commensurate with the j on bpndw dt h. For exanpl e,
since sanpl es take place at signal zgro-c when the signal is not
present, no sanples are taken. Thereflor t he| case of burst-type
signals, all of the sanples take pl ade Qurst, thereby providing
an efficient nmeans of using sanples. t he present system
measures phase directly, it avoids the ﬁp itly of converting voltage vs.

tine data to phase vs. tinme data. Wil éniRe ntion has been descri bed
i iments, those skilled in

é@iations may be

the art will recognize that nodifications ﬁﬂd.
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\

made Wit hout departing fromthe principles of the invention as -16-
defined jn the clains. For exanple, although described in the context of
characterizing [err] DQPSK nodul ated signals, the invention can be tail ored
to characterize other phase and frequency nodul ated signals. Wen applied
to other frequency and phase nodul ation, on2 the rule for constructing the
i deal phase deviation function need be different. Al'l  other
processes need not be changed. What is clainmed is: 1. A nmethod for
characterizing a nodul ated signal com prising the steps of: sanmpling the
nodul ated signal to produce a plurality of tinme stanps and-cycl e stanps;
estimating the average frequency of an unnodul ated carrier signal as a
function of the tinme stanps and cycle
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stanps; determ ning the phase deviation of the nodul ated signal as a
functionsof the tinme stanps and esti mated average frequency. 2. The nethod
of claim1 further conprising the step of displaying the determ ned phase
deviation curve. 3. A nethod for characterizing a nodul ated signal com
prising the steps of: sanpling the nodulgged signal to produce a plurality
of tinme stanps; estimating the average frequency of an unnodul ated carrier
signal; and determ ning the phase deviation of the nodul ated signal as a
function of the time stanps and estinmated average frequency, the phase
deviation determning step further conprising the steps of: generating a
prelimnary phase deviation curve; differentiating the prelimnary phase
deviation curve to determne a prelimnary frequency deviation curve;
identifying points of |ocal maxima and minima of the prelimnary frequency
devi ati on curve; and
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determ ning sanpling points for sanpling the prelim- nary phase deviation
curve as a function of the prelimnary frequency deviation curve and | ocal
maxi me and mnima. 4. A method for characterizing a nodul ated signal com
prising the steps of: Substitute sheet - 27 May 1998 - 18 - sanmpling the
nodul ated signal to produce a plurali4i of tinme stanps; inputting the tine
stanps into a processor; estimating the average frequency of an unnodul at ed
carrier signal; and determ ning the phase devi ation of the nodul ated signal
as a function of the time stanps and estinated average frequency, the phase
devi ation determ ning step further conprising the st@ps of : generaying a
prelimnary phase deviation curve as a (
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3

function of the time stanps and estinmated average frequency; entering a
synbol rate into the processor; establishing sanpling points as a function
of the sym bol rate; and sanpling the prelimnary phase deviation curve at
t he .sanpling points. 5. The nethod of claim4 further conprising the steps
of keying the sanpled phase deviation cgves to recover predefined
nodul ati on val ues; generating an ideal p deyiation curve by -
sequentially summ ng the recovered pred qd G%Gulation val ues; and
decodi ng the nodul ated signal by reading e idealized phase deviation
curve. 6. The nmethod of claimy further conprising the steps of conputing
phase error by conparing._the igﬂalized phase devi ation curve with the

prelimnary phase devié&fb at the san£AdORLADD/ 7704/
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Substitute sheet - 27 May 1998 - 19 - 7. The nethod of claim4 further
conprisiking the steps of recovering predefined nodul ati on val ues by mappi ng
nmeasur'ed phase devi ation-values at sanpling points to ideal nodul ation
val ues; generating an ideal phase deviation curve by sequentially summ ng
t he recovered predefined nodul ation valwgg; determ ning a frequency
correction by conparing the ideal phase viation curve with the
prelimnary phase deviation curve; and determning carrier frequency by
addi ng the frequency correction to the estinated average frequency. 8. A
met hod for characterizing a nodul ated signal com prising the steps of:
sanpling the nodul ated signal to produce a plurality of time stanps;
estimating the average frequency of an unnodul ated carrier signal;
determ ning the phase deviation of the nodul ated signal as a function of
the tine stanps and estimted average frequency;

FIG. 7
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prising the steps of:

samphng the modulated signal to produce a plurahty of
time stamps and cycle stamps;

estimaring the average frequency of an unmodulated
carrier szgnal as a fuimction of the time stamps and cycle
stamps;
determining the phase deviation of the modulated signal
as a function of the time stamps and estimated average
frequency.
2. The method of claim 1 further comprising the step of
displaying the determined phase deviation curve.
3. A method for characterizing a modulated signal com-
prising the steps of:

sampling the modulated signal to produce a plurality of -

tme stamps;

aumatmg the average frequency of an unmodulated

carrier signal; and

determining the phase deviation of the medulated signal
as a function of the time stamps and estimated average
frequency,
the phase deviation determining step further comprising
the steps of: |
generating a preliminary phase deviation curve;
differentiating the preliminary phase deviation curve to
determine a preliminary frequency deviation curve;
identifying points of local maxima and minima of the
preliminary frequency deviation curve; and
determining sampling points for sampling the prelimi-
nary - phase deviation curve as a function of the
preliminary frequency deviation curve and local
maxima and minima. |
4. A method for characterzing a modulated signal com-
prising the steps of:

Date: 2T MAY 193

as a function of the determ ned phase
t il Aescpiion Negedepbgmeedr.lor conponents vectorially; and deternining

afihimas) as: pagb@nlltoopaged .2'hg surmed phase error COWOEZTS' 9! f
mrawﬁtgf(é)a #3d 2Ene pagsddd 4t ed si gnal It :
sanp ||3g¢“§§%armd a3e8d - Sbopakd 0 produce a plurality of time stanps;
ting the average hjmnm an-uxiedul ated carrier signal;

t he nodul at ed signal as a function of -
t‘ffﬂat.ed-au-e-nage frequency; - 20 - determ’'ning
.on of the determ ned phase deviation;
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~sumred phase error conponents.

signals com prising the steps of: inputting a nodul ated si gnal

interval analyzer, identifyig and recording the tinme and nunber of selected
zero-crossings of the signal using the tine iSukstitkte M di ng

the recorded tinme and nunber of zero-
and processing the recorded tinme and nunber of zero-cross-

10. A method for characterizing nodul at ed

into a tine

crossings into a system processor;
I ngs for

~generating a phase deviation curve. 1hg Ihe nethod of claim 10 wherein the

i nputting step conprises inputting a [err]

DQPSK nmodul ated signal into. the

anal yzer. 12. The nethod of claim 10 wherein the identifying and recording

step conpri ses:
zer o- cr ossi ngs;

defi ned pace.

controlling the analyzer to sanple a user-defined nunber of
controlling the analyzer to sanple the signal at a user-
13. The nethod of claim 10 wherein the downl oadi ng step
conpri ses transferrlng the recorded tine and nunber of

sampling the modulated signal to produce a plurality of
time stamps;

inpurting the time stamps into a processor;

estimating the average frequency of an unmodulated
carrier signal; and

determining the phase deviation of the modulated signal
as a function of the time stamps and estimated average
frequency,

the phase deviation determining step further comprising

the stcps of:
generating a prelumnary phase deviation curve as a
function of the time stamps and estimated average
frequcncy,
entering a symbol rate into the processor;
establishin_g_ sampling points as a function of the sym-
bol rate; and
sampling the preliminary phase deviation curve at the
sampling points.
5. The method of claim 4 further comprising the steps of:
keying the sampled phase deviation curves to recover
predefined modulation values;

generating an ideal phase deviation curve by sequentially
' summing the recovered predefined modulation values;
and -
decoding the modulated signal by reading the idealized
phase deviation curve.
6. The method of claim § further comprising the steps of

computing phase error by comparing the idealized phase

deviation curve with the preliminary phase deviation curve

at the sampling points.
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zero-crossings froma nmenory within the analyzer to a nenory within the
system processor by way of an interface card built into the system

precessor. 14. A systemfor characterizing nodul ated sjignal s_com | Si ng:
a time interval analyzer for receiving a nnddﬁdEﬂﬂgﬁighﬂﬁlzﬁﬁilﬂﬂﬂﬁﬁﬁﬁgng a
series of tine stanps and cycle stanps indicative of selected
~zero-crossings of the signal; and - 21 - a system processor coupled to
~the time interval analyzer for determi¥ rg signal -characterizing paraneters
as a function of the tine stanps and cycle stanps. 15. The system of claim
14 further conprising neans for downl oading the series of tine stanp and
~cycle stanps fromthe tine interval anal yzer to the system processor. 16.
The system of claim 14 further conprising a systemdisplay coupled to the
system processor for displaying the signal characterizing paraneters
determ ned by the process- ing section.
7. The method of claim 4 further comprising the steps of:
recovering predefined modulation values by mapping
measured phase deviation values at sampling points to
ideal modulaton values;
generating an ideal phase deviation curve by sequentially
summing the recovered predefined modulation values;
determining a frequency correction by comparing the
ideal phase deviation curve with the preliminary phase
deviation curve; and
determining carrier frequency by adding the frequency
correction to the estimated average frequency.
8. A method for characterizing a modulated signal com-
prising the steps of:
sampling the modulated signal to pfo_duce a plurality of
time stamps;
esumanng the average frequency of an unmodulated
* carrier signal;
determining the phase deviation of the modulated signal
as 2 function of the time stamps and estirnated average
frequency; .
determining phase error components as a function of the
determined phase deviation;

~ summing the phase error components vectorially; and

determining origin offset as a function of the summed
‘phase crror componenits.
9. A method for characterizing a rnodulated signal com-
prising the steps of:

sampling the modulated signal to prcducc a plurality of
time stamps;

esumanng the average (requency of an unmodulated
carner signal;

determining the phase deviation of the modulated sxgnal
as a [unction of the time stamps and estimated average
frcqut.m.y,

I  This Is the replacement ihéb*t

L " o 2



17.- A system for characterizing nodul ated signals com prising: a tinme

I nferval analyzer for receiving a nodul ated signal and outputting a series
of -time stanps and cycle stanps indicative of selected zero-crossings of
thé signal; and a system-processor coupl ed t(ﬁubﬁiltuteréheﬁezvtaﬂﬂalnﬁ?éer _
for determini ng signal -charaterizing paraneters as a function of the tine -
stanps and cycl e stanps, wherein the system processor conprises a :
phase/ fre- quency determ ni ng secti-©r20f er generating a phase deviation
curve as a function of the time stanps and cycle stanps and a processing
section coupled to the phase/frequency determ ning section for determ ning
"~ signal -characterizing paraneters as a function of the - generafed phase
deviation curve. 18. The system of claim 17 wherein the processing section
conprises: means for calculating the origin offset of the nodul ated signal;
and neans for cal cul ating [err] m smatch of a phase nodul at or whi ch '
generated the modul 8‘ f Sjrﬂng phase error components as a function or Lhe

determined phase deviation; and

summing the phase error components algebraically and
determining the I/Q mismatch as a function of the
summed phase error components.
10. A method for characterizing modulated signals com-
prising the steps of:
- - inputting a modulated signal into a time interval analyzes;

identifying and recording the time and number of selected
zero-crossings of the signal using the time interval
analyzer;

downloading the recorded tHme and number of zero-
crossings into a system processor; and

processing the recorded time and number of zero-cross-

ings for generating a phase deviation curve.

11. The method of claim 10 wherein the inputting step
comprises inputting a /4 DQPSK modulated signal into the
analyzer. :

12. The method of claim 10 wherein the identifying and
recording step comprises:

controlling the analyzer to sample a user-defined number

of zero-crossings;

controlling the analyzer to sample the signal at a user-

defined pace.

- 13. The method of claim 10 wherem the downloading step
comprises transferring the recorded time and number of
zero-crossings from a memory within the analyzer to a
memory within the system processor by way of an interface
card built into the system processor. |

14. A system for characterizing modulated signals com-
prising:

a time interval analyzer for receiving a modulated signal

and outputting a series of time'stamps and cycle stamps
indicative of selected zero—crossmgs of the signal; and
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a system processor coupled to the time interval analyzer
for determining signal-charactcrizing parameters as a
function of the time stamps and cycle stamps.

15. The system of claim 14 further comprising means for
downloading the series of time stamp and cycle stamps from
the time interval analyzer to the system processor. :

_ 16. The system of claim 14 further comprising a system
‘display coupled to the system processor for displaying the
signal charapterizing parameters determined by the process-
ing secton.

17. A syscem for characterizing modulated signals com-
prising:

a time interval analyzer for receiving a modulated signal

and outputting a series of time stamps and cycle stamps
indicative of selected zera-crossings of the signal; and

a system processor coupled to the time interval analyzer
for determining signal-characterizing parameters as a
function of the time stamps and cycle stamps,

wherein the system processor comprises a phase/fre-
quency determining section for generating a phase
deviation curve as a function of the time stamps and
cycle stamps and a processing section coupled to the
phase/frequency determining section for determining
signal-characterizing parameters as a function of the
- generated phase deviation curve.

18. The system of claim 17 wherein the processing section

comprises:

means for calculaung the orgin o&'set of the modulated
signal; and

means for calculating I/Q mismatch of a phase modulator
which generated the modulated signal.
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