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ABSTRACT

Many commercially-available oscilloscopes offer the FFT-based
spectral analysis capability and it is one of the most economical
ways to perform spectral measurement. However, the measure-
ment accuracy is always degraded by the incomplete-cycle sampling
present in FET. Such degradation in the FFT-based measurement
of multichannel CATV systems is investigated. It severely degrades
the spectral amplitude accuracy as well as the frequency resolution,
both of which are important in deriving the system parameters such
as CTB, CSO, and CNR. The undesirable effect is formulated math-
ematically for multichannel systems and the result is useful to obtain
more accurate spectral values. Windowing and a proposed correc-
tion method are used to alleviate such detrimental effects, and an
improvement of 3-5 dB in CTB measurement is achieved with the
proposed correction scheme. A procedure to achieve better spec-
trum analysis for multichannel CATV systems is also presented.
The analysis and the proposed schemes can improve the accuracy
in the FFT-based measurements of multichannel CATV systems
than the traditional windowing method.

I. INTRODUCTION

Multichannel analog community antenna television
(CATV) distribution system is still widely used in many
areas nowadays due to its low cost and compatibility with
current TV sets. In such analog CATV systems, the video
signals transmitted are susceptible to noises and nonlinear
distortions present in the transmission link [1]. In order
to obtain the distortion characteristics of a component
or system, it is necessary to acquire the spectral informa-
tion, from which the carrier levels and distortion levels are
obtained to calculate the composite-second-order (CSO),
composite-triple-beat (CTB), and carrier-to-noise ratio
(CNR). Conventional methods of analyzing the distor-
tion of cable-TV components, such as laser diodes, opti-
cal amplifiers, or Mach-Zehnder modulators, are achieved
by either direct measurement or computer-aided analy-
sis. For the former method, a set of frequency carriers
(tones) generated from a matrix generator is fed into the
component-under-test. The distortion level is then mea-
sured using a spectrum analyser from which the readings
are taken manually or through some data acquisition in-
terfaces such as IEEE 488 and GPIB. Such method re-
quires much expensive equipments and experimental er-
rors often arise in manual reading or data acquisition.
For the latter method, two approaches are usually used.
The first is using the components’ transfer characteristics,
such as the power-current (P-I) curve of a laser diode, to
find the nonlinear coefficients in the transfer function ex-
pressed in power series, y = ¢, + c1& + cgz? + cgz3 + - - -
[2]. The obtained nonlinear coefficients ¢1,.co and ¢3 then
can be used to calculate the distortion level. The sec-
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ond is using the numerical method to solve the governing
equations, like the laser rate equations [3] [4], of the com-
ponent and thus distortion level can be obtained. When
performing characterization of system components using
computer-aided measurement, the obtained system raw
data can be analysed in a more simple and economical
way by using some digital signal processing techniques,
such as the discrete Fourier transform (DFT). Therefore,
the practice of using computer-aided distortion measure-
ment in multichannel systems is very advantageous. How-
ever, in fast-Fourier transform (FFT), due to the finite
sampling frequency and sampling interval, the simulation
results may be unreliable and lead to inaccurate distor-
tion calculation. This is also a great problem in some
FFT-based spectrum analysers and digital sampling os-
cilloscopes with FFT-based spectrum analysis capability.

Several algorithms, such as non-parametric schemes [5],
windowing [6] [7] and interpolation [8], have been pro-
posed to improve the frequency resolution and to reduce
the spectral variance for signal corrupted by random noise.
However, with the prior knowledge of carrier frequencies
in CATYV systems, it is possible to achieve even more ac-
curate spectral power estimation at particular frequencies
of interest, such as the frequencies of carriers and different
distortion components, by properly choosing the sampling
parameters.

In characterizing multichannel CATV distribution sys-
tems, only the channel carriers, without video signal mod-
ulated, are input to the system for characterization. This
complies with the standard CATV characterization pro-
cedure in analyzing the carrier-to-noise ratios and distor-
tions of cable TV components and systems. All channel
carriers are supposed to have equal power levels. How-
ever, using computer-aided FFT-based measurement with
incomplete-cycle sampling, which will be discussed in sec-
tion II, all sampled frequency carriers will have unequal
power levels and the frequency resolution will be dras-
tically degraded. This will certainly lead to inaccuracy
in obtaining some system performance parameters such
as the CNR, CSO and CTB, in which a precise power
estimation of the frequency components is very crucial.
In short, we have to find some ways to ensure both good
spectral amplitude accuracy and adequate frequency reso-
lution in order to obtain reliable FFT-based measurement
in multichannel CATV systems.
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In this paper, the effects of sampling frequency and
sampling interval on the distortion calculation are pre-
sented and a simple correction scheme to improve the ac-
curacy of spectral amplitudes is proposed. The incomplete-
cycle sampling issue and possible methods to alleviate
the problem will be discussed in section II and III re-
spectively. In section IV, the accuracy of the nonlinear
distortion measurements of multichannel CATYV systems
will be discussed. The proposed scheme is shown to be
superior to the window methods. Finally, a procedure to
assure the spectral accuracy will be presented in section
V. The procedure can facilitate the components circuit de-
sign for the CATYV systems using subcarrier-multiplexing
(SCM), and can be applied to more general multichannel
transmission systems. It can be implemented on oscillo-
scopes with FFT-based spectrum analysis capability and
FFT-based spectrum analysers to improve the accuracy
for CATV system or other multichannel system charac-
terization.

II. EFFECTS OF INCOMPLETE-CYCLE SAMPLING

In FFT-based measurement, the input waveform is first
sampled, digitized and then the FFT is performed. The
FI'T operates on a finite time interval and replicates that
time interval over all time. If the finite time interval is
chosen such that the period of the resultant waveform is
the common multiple of the periods of all frequency com-
ponents (i.e. complete-cycle sampling; see Figure 1 (a)),
then the FFT results will approximate the actual spec-
trum with high fidelity. Otherwise, there will be great
transition or discontinuity at the joints between two repli-
cas and will give rise to a great problem (see Figure 1
(b)) known as the spectral leakage effect [5] [6], which
is denoted as the incomplete-cycle sampling effect in this
paper. Such effect deteriorates the frequency resolution
drastically. The spectral lines are much broadened and
spread out over a wide frequency range. Moreover, the
power level of each spectral line is lowered and fluctuates
since the energy of each frequency component is spreaded
to other frequencies. It is shown that the spectral am-
plitude fluctuation greatly depends on the incomplete-
cycle sampling ratio, L, which is defined as the ratio of
the number of sampled points to the number of sampled
points in one complete period of the frequency compo-
nents considered. Note that when L is an integer, this
corresponds to the complete-cycle sampling case. Practi-
cally, this incomplete-cycle sampling effect appears very
often in spectrum estimation since in general the input
waveform is random or is corrupted by random noise. It
is quite infeasible to find a finite time interval that can
achieve complete-cycle sampling for all frequency compo-
nents. Thus, the discontinuities among replicas of the
chosen time interval often exist. Even for deterministic
signal input such as the multi-carrier case, it is still be
difficult to find the common multiple of the periods of all
frequency components. As a result, the accuracy of the
analysis results is often degraded.
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Fig. 1. Incomplete-cycle sampling in 20-channel system (a) Complete-
cycle (b) Incomplete-cycle sampling, spectral amplitude inaccu-
racy=4.28dB. Channel frequencies: From 120 MHz to 234 MHz with
6 MHz channel spacing; amplitude of each channel carrier=1; sampling
frequency = 2340 MHz; number of sample points used in FFT is 3900
for complete-cycle sampling, and 4000 for incomplete-cycle sampling

For instance, we consider a 20-channel CATV system
(carrier frequency from 120 MHz to 234 MHz with 6 MHz
separation) in which each carrier has equal power level.
The carrier frequencies used are harmonically-related car-
riers (HRC) [9] for CATV transmission just for simplic-
ity in the analysis. After performing the FFT, the ob-
tained power spectra with complete-cycle sampling and
with incomplete-cycle sampling are shown in Figure 1 (a)
& (b) respectively. The sampling frequency is 2340 MHz,
and the number of sample points is 3900 for complete-
cycle sampling and 4000 for incomplete-cycle sampling.
Notice the severe spectral line broadening, the degraded
frequency resolution and the fluctuating power level of
each frequency carrier due to the incomplete-cycle sam-
pling in Figure 1 (b). The noise floor is raised by about
260 dB and the value of CNR obtained is unreliable in the
incomplete-cycle sampling case. When analysing nonlin-
ear systems, the distortion terms which have power levels
below this ‘raised noise floor’ can no longer be identified.
Furthermore, the closely-spaced spectral components are
smeared and become indistinguishable. The lowered and
fluctuating power levels of the distortion terms also lead
to inaccurate distortion level estimation.

In order to study the effect of incomplete-cycle sam-
pling on the power spectrum, first we attempt to model
the effect on the channel carriers in which the resultant
variations in their power levels are quite significant in af-
fecting the measurement accuracy. When there are N
frequency carriers in the system, the resultant signal in



124

time domain is periodic, in which the period is equal to
the least common multiple of the periods of all N indi-
vidual channel carriers The resultant composite signal

coz(t) = Zl L a;sin(2w fit + ¢;) where a;, f; and ¢;
are the amplitude, frequency and phase of the ith chan-
nel carrier respectively in time domain. In DFT, a finite
time interval of the input signal is chosen for transforma-
tion and the spectrum of the original input signal can be
estimated. When M sample points are used with sam-
pling frequency fs, the spectral power of the carrier f, is
derived and simplified as in expression (1).

P =
AN e snim Lo A) (L= Lo+ A) () +i s
M?2 7 1‘7] sin(Z(Li—L-+A))

_ sin(n(Li+L.=A)) ——J'Jr(L +L, A)(

Sn( & (LitL—A) ¢

5 J¢:|] 1)

where A = [Mfr @(Mf') , ®(-) 1s a round-off opera-
tor and L; is the incomplete-cycle sampling ratio of f,.
For the case of incomplete-cycle sampling (ie. A # 0
and Mf’ # integer ), the variation in power levels of
all carrrers seems to have a regular ‘ripple’ pattern which
can be attributed to those sine terms in the numerators
and denumerators in expression (1). This power fluctu-
ation severely degrades the spectral estimation accuracy.
Therefore, methods to alleviate the incomplete-cycle sam-
pling effects need to be sought.

III. METHODS TO ALLEVIATE THE
INCOMPLETE-CYCLE SAMPLING EFFECT

In this section, we will present a new scheme to alleviate
the incomplete-cycle sampling effects. For comparison,
the common windowing scheme will be presented first and
followed by the proposed scheme.

A. Windowing

A possible method to solve the problem of incomplete-
cycle sampling is to force the both ends of the waveform
used in the finite time interval of the DFT to zero in a
graceful manner such that the transition or the disconti-
nuity is greatly reduced. This can be attained by multi-
plying the finite waveform by a window function. There
are several kinds of window functions [5] used in the de-
sign of the finite-impulse-response (FIR) filters. Differ-
ent kinds of window function have different shapes and
frequency responses and thus produce different frequency
resolutions and spectral amplitude accuracies. In order to
have good frequency resolution, the mainlobe of the fre-
quency spectrum of the window function should be narrow
while the sidelobes should be kept as low as possible to
reduce the power leakage to other frequencies which raises
the noise floor. On the other hand, for good spectral am-
plitude accuracy, the window passband should be flat but
the frequency resolution will be sacrificed. The spectral
lines will be broadened and the closely packed spectral
components cannot be differentiated. Thus, it seems that
the frequency resolution and the spectral amplitude ac-
curacy cannot be optimized simultaneously.
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Fig. 2. Rectangular window, hanning window and modified- hanning
window (a) Time domain representation; (b) Frequency response.

Here, we will consider three types of window functions
and the results of using the three windows will be dis-
cussed. The three windows are (i) rectangular window,
(ii) hanning window, and (iii) modified-hanning window.

Forn=0,---,(M-1)
Rectangular Window :

win)=1 [rect(M)]
Hanning Window :

w(n) = 3[1- cos(£22)] [hanning(M)]

Modified-hanning Wrndow :

@(n) = hanning(3M + 1) ® rect(3)
w(n) = @(n)/|w(n)] [modified — hanning(M))

The first two are standard window functions while the
third one is proposed and obtained by convolving a rect-
angular window with a hanning window. The time do-
main and frequency domain representations of these three
window functions are shown in Figure 2 (a) & (b) respec-
tively. Figure 2 (b) is shown that the rectangular win-
dow has the narrowest passband but it gives the greatest
discontinuity at the end of the chosen finite time inter-
val in the case of incomplete-cycle sampling. Therefore in
terms of frequency resolution, rectangular window has the
best performance in complete-cycle sampling case but the
worst in incomplete-cycle sampling. For the second and
the third windows, the discontinuity problem is greatly
alleviated due to their graceful rolloff at both ends. The
hanning window has relatively higher sidelobe level and



thus higher noise floor than the modified hanning window,
but its passband is narrower than the latter. So there ex-
ists a tradeoff, the wider the spectral lines, the lower the
noise floor or vice versa.

The use of window functions imposes a power penalty
to the system. All carrier power levels will be lowered.
However, since the power penalty can be determined ac-
cording to the window function used, the final spectrum
obtained can be corrected to compensate for such power
penalty, with the advantage of improved frequency reso-
lution. For any number of channels, the power penalty
of using hanning window and modified-hanning window
is about 6 dB and 7.7 dB, respectively. The effects of
the use of hanning window and modified-hanning window
functions to alleviate the incomplete-cycle sampling ef-
fect are shown in the Figures 3 and 4. Note the reduced
carrier power level variations when windows are used as
compared with Figure 1(b) and the lower noise floor of the
modified-hanning window case over the hanning window
case.

Power Spectrum with Incomplate Cycle Sampling, with Hanning window
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Fig. 3. Incomplete-cycle sampling in 2Z0-channel system using hanning
window; spectral amplitude inaccuracy = 1.35 dB. (Same parameters as
in Figure 1).
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Fig. 4. Incomplete-cycle sampling in 20-channel system using modified-
hanning window; spectral amplitude inaccuracy = 0.97 dB. (Same pa-
rameters as in Figure 1).
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Fig. 5. Spectral amplitude inaccuracy versus total number of channels
using the three kinds of window functions. (Same parameters as in
Figure 1).

B. Correction Scheme for Carrier Power

A correction method is proposed to correct the carrier
amplitude inaccuracy of a given spectrum. A parameter,
the incomplete-cycle sampling ratio L; of the frequency
component f;, is defined as the ratio of the number of sam-
ple points (M) to the number of sample points in one com-
plete period of the frequency component f; (i.e. ‘;—:) Such
parameter is the measure of the degree of incomplete-cycle
sampling effect on the particular frequency component f;.
A correction factor C, which is based on the mathemati-
cal formulation of the spectral amplitude fluctuation due
to incomplete-cycle sampling effect, is derived in terms of
the L’s. The correction factor for channel r is given by:

N .
3 [ sin(m(Li — Lr +8)) jn(Li-Lo+a) (252

Cr (L = I + )

Il

=1

B s.in(ﬂ‘(Li + L, — A)) C—j7r(Li+Lr—A)(MT_1):|
sin(f5(Li + Lr — A))

2

2)

Given a spectrum of N channels after performing FFT,
the correction factor C for each channel can be derived
in terms of the corresponding values of L's. By applying
such correction factor, the actual spectral power of the
carriers can be restored. For instance, for channel r, the
obtained spectral power after FFT is P.. The corrected
spectral power will be P.apy = Pr4p) — Crap)- Nu-
merical simulation shows that the spectral power of the
channel carriers in a multichannel case can be corrected
to nearly 100% accuracy.

In the next section, we will consider the distortion is-
sue in CATV systems and the correction method will be
extended to the correction of spectral power of distortion
components.
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IV. NONLINEAR DISTORTION IN MULTICHANNEL
CATYV SYSTEMS

Due to the nonlinearities of transmitters, receivers, am-
plifiers and other operating devices, many unwanted spu-
rious frequency components (distortions) are generated in
multichannel analog CATV transmission systems. These
distortion terms severely degrade the video signal qual-
ity when they fall on the video channels. The nonlin-
ear distortion performance can be assessed by examining
the frequency spectrum and finding the relative power
levels of the distortion components with respect to the
channe] carrier power. For HRC frequency assignment,
the channel frequencies are integers and thus it is quite
easy to achieve complete-cycle sampling. However, in the
standard CATV channel frequency assignment, the chan-
nel frequencies are not integers and thus it seems that
the incomplete-cycle sampling always exists in FFT-based
spectrum measurement. The power levels of channel car-
riers and the distortion terms are no longer accurate and
the obtained system parameters such as CNR, CTB and
CSO are unreliable. The correction method for the carrier
power has been proposed in the previous section. For the
inaccuracy of a distortion term’s power, it is contributed
by the incomplete-cycle sampling effect of the channel car-
riers, the distortion term itself and all other distortion
terms. The following two examples illustrate the FFT-
based two-tone third-order distortion estimation and the
triple-beat distortion estimation. It is shown that the
measurement accuracy is improved by using the proposed
correction scheme as well as the traditional windowing
method.
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Fig. 6. Incomplete-cycle sampling on nonlinear distortion performance
in a 2-channel input (a) Complete-cycle sampling; (b) Incomplete-cycle
sampling. Channel frequencies: 300MHz and 350MHz; amplitude of
each channel carrier=1; sampling frequency=3500MHz; number of sam-
ple points used in FFT is 700 for complete-cycle sampling and 710 for
incomplete-cycle sampling.

A. Two-tone Third Order Distortion Estimation

Consider ~ the input composite signal: z(t) =
a1 sin(27fit) + agsin(27 fot). Assume this two-tone com-
posite signal is fed into a Mach-Zehnder modulator, which
has a sinusoidal transfer characteristic and is biased at
the half-transmission point. The even-order distortions
are negligible [10] since the transfer function is an odd
function. The output signal is

y(t) sin(z(t))
sin{ay sin(27 f1t) + azsin(27 fot))  (3)

Figure 6 (a) & (b) show the spectrum of the output
signal in the cases of complete-cycle and incomplete-cycle
sampling respectively for f; = 300MHz and f; = 350MHz.
For these two carriers, different types of distortion terms,
such as (f1 &+ f2), (2f1 & f2), - -+, do not fall on the two
input carriers. In the case of complete-cycle sampling,
all second-order and third-order distortion terms present
are also in the case of complete-cycle sampling and so the
spectral amplitudes are accurate. However, as depicted
in Figure 6 (b), the peak power levels of the carriers and
distortion terms show deviations from the complete-cycle
sampling case (Figure 6 (a)). Moreover, the ‘noise floor’
is raised by 240dB, and all the distortion terms that are
buried under the ‘noise floor’ can no longer be identi-
fied. The power levels of those buried distortion terms
are assumed to be the noise floor level. Thus the ob-
tained values of the second- and third-order distortions
will be higher than the actual values while the CNR will
be much smaller. The inaccuracy of the nonlinear dis-
tortion level in the case of incomplete-cycle sampling can
also be alleviated using the windowing and the proposed
correction methods.

l

il

(a) Windowing

The spectral amplitude accuracy obtained can be im-
proved by using the window functions mentioned in
section III. Although there will be a power penalty
of all frequency components’ peak power levels when
using the window functions, the power levels can
be corrected using a correction factor (the value of
the power penalty of the corresponding window func-
tion). In this way, the power levels will still be re-
liable with improvements in the frequency resolu-
tion. The spectral power of the two-tone third-order
distortion terms fq = (2f2 — fi) (400MHz) before
and after windowing versus different incomplete-cycle
sampling ratio Ly of this distortion term are shown
in Figures 7 and 8 respectively, where f;=300MHz,
f>=350MHz, sampling frequency f;=3500MHz and
the number of sample points varies from 2000 to 2100.
The window correction factor has been added to com-
pensate for the power penalty of the window function
used. It is shown that the variation of the spectral
power of fgis-1.34 dB for using hanning window and
-0.97 dB for using modified-hanning window. The_ob-
tained spectral power of the distortion term is always
lowered than the actual value.
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window, sampled at 3500MHz with 2000 to 2100 sample points
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(b) Correction Scheme for Distortion Power

The correction method used in section ITI-b can be
extended to correct the spectral power of the distor-
tions present. Since the carrier amplitudes are much
greater than that of the distortions, we can assume
that the incomplete-cycle sampling effect from other
distortion terms that affect the specified distortion
term are insignificant as compared with the contribu-
tion from the channel carriers. A correction scheme
is proposed to give better estimation of the spec-
tral power of the distortion components. Consider
the distortion component fy, the corrected spectral
power is derived and is given by:

1 2

Pi = o |lgXSa- DDy ()

P = 3m

where X _fy is the obtained spectral amplitude at fy
after performing FFT and

Dy = i & [ sin(a(Li — La+ 4A)) I m(Li—La)
el 2] sin(x’:[—(L,- — Lg+ A))
_sin(m(li + La=B)) _jn(Li+Lo)
Sin(%(Li +Lg— A))
sin(wA)  sin(w(2Lg — A)) _jiorp,
sin(A)  sin(&(2La — A))

B = ima(%h

D,

The spectral power of the two-tone third-order dis-
tortion terms fg = (2f2—f1) (400MHz) before and af-
ter correction versus different incomplete-cycle sam-
pling ratios Lg4 of this distortion term is shown in
Figure 9 where f1=300MHz , fo=350MHz, sampling
frequency f,=3500MHz and the number of sample
points varies from 2000 to 2100. After the correc-
tion, the spectral power variation at f; is greatly
reduced to about & 0.5dB. Compared with the re-
sult using hanning window (-1.35dB) and modified-
hanning window functions (-0.97dB), it gives smaller
spectral power variation. Moreover, the variation of
the spectral power at fq exhibits a periodic pattern.
The variation range reduces gradually with greater
number of sample points (i.e. greater incomplete-
cycle sampling ratio Lg). Note that at integer values
of the incomplete-cycle sampling ratio L4, the spec-
tral power at 400MHz is the closest to the actual
value since at these points, complete-cycle sampling
of the distortion term at 400MHz occurs. The small
spectral power variation after the correction is due
to the incomplete-cycle sampling effects from other
distortion terms. For instance, as depicted in Figure
9, when L4 equals 230.5, error reduction after correc-
tion is about 3.95 dB. Using the scheme, the spectral
power error of 3-4dB in the distortion term can be
corrected. Thus the proposed correction scheme is
quite effective in improving the spectral power accu-
racy.
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B. Composite Triple Beal Estimation

Consider a 10-channel CATYV system with channels car-
rier frequencies start from 121.25MHz to 175.25MHz with
6MHz spacing. For such standard CATV frequency as-
signment, the distortion components present at the car-
rier frequencies are the triple beat terms while the second-
order and two-tone third-order distortion components will
not fall on the carrier frequencies. The whole compos-
ite signal is passed through a Mach-Zehnder modulator
biased at half-transmission point. The output signal is
sampled at 1752.5MHz and then FFT is performed.
Incomplete-cycle sampling occurs and thus the spectral
power estimation using FFT is inaccurate. Three ap-
proaches, the hanning window, the proposed modified-
hanning windows and the proposed correction scheme have
been applied to alleviate the incomplete-cycle sampling
effects. The numerical simulation for CTB estimation is
done in two steps. First, the spectral power P;_¢ of the
chosen channel, say channel ¢ at frequency f;, is deter-
mined when only channel 7 is present in the system. Then,
the channel 7 is disabled and all other 9 channel carriers
are enabled. The distortion falling at frequency f; will be
the triple beat components and its spectral power P;_crp
is also obtained. The ratio of P;_c1p to P;_¢ will be the
value of CTB at channel ¢. In this example, the values of
obtained CTB at channel frequency 139.256MHz, using the
above spectral estimation approaches, are shown in Fig-
ure 10. Notice that the proposed correction scheme gives
the most accurate values in CTB estimation, among the
three approaches, for different incomplete-cycle sampling
ratios. The proposed correction scheme gives about 3 to 5
dB accuracy improvement over the windowing methods.

Composite Triple Beat (CTB) at 139.25MHz
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Fig. 10. CTB at 139.25MHz in a 10-channel CATV system, sampled at
1752.5MHz

V. A PROCEDURE OF SPECTRUM ANALYSIS FOR
MvuLTICHANNEL CATV SYSTEMS

Incomplete-cycle sampling which leads to spectral power
variation is quite common in FFT-based spectrum anal-

ysis. Therefore, we propose a procedure as a guideline to
attain better spectral estimation accuracy in multichan-
nel CATV systems and thus the system parameters, such
as CSO, CTB and CNR, obtained will be more reliable.
The procedure is summarized in the flowchart as shown
in Figure 11. When the channel frequencies are HRC,
complete-cycle sampling can easily be achieved. The ob-
tained spectral amplitudes at the channel carriers are thus
quite accurate but incomplete-cycle sampling may still oc-
cur at the distortion components. Incomplete-cycle sam-
pling often occurs when standard CATV frequencies are
used. Therefore, windowing or the correction method may
be used to obtain better results. Either choose a window
function with low sidelobe level for lower spectral leakage
effect or use the proposed correction scheme to obtain
more accurate and reliable results. When the proposed
correction scheme is used, the incomplete-cycle sampling
ratio should be obtained first for the frequency component
concerned. Then, the correction methods for channel car-
riers and distortlon components are used to correct the
FFT’s results. It provides an alternative to achieve bet-
ter accuracy in FFT-based measurement in multichannel
CATYV systems.

By following the above as a general guideline, the FFT-
based multichannel CATV system measurement is done
in two steps. First, the spectral power of each channel
carrier should be estimated first, considering only that
channel is present in the system, by using either the win-
dowing or correction methods. These obtained channel
carrier spectral powers will be used to calculate the CSO,
CTB and CNR later. Also, this information is useful in
the proposed correction scheme for distortion estimation.
After that, all channels should be enabled and the second-
order and two-tone third order distortions can be similarly
estimated. For composite triple beat distortion measure-
ment, the chosen channel should be disabled since the
triple beat distortion will fall on the carrier frequency.
After these two steps, the values of CSO, CTB and CNR
can be more accurately estimated.

In general, by using this procedure, the spectral power
variation of different frequency components concerned is
minimized and the frequency resolution can be improved.
Moreover, this procedure can be implemented easily in
oscilloscopes with FFT-based spectrum analysis capabil-
ity and FFT-based spectrum analysers to achieve better
spectral power accuracy and frequency resolution.

VI. CONCLUSION

FFT-based measurement is simple and economical but
it always suffers from the undesirable incomplete-cycle
sampling effect which severely degrades the spectral am-
plitude accuracy as well as the frequency resolution. In
this paper, we have studied such deteriorous effect on
FFT-based multichannel CATV system measurements.
This is formulated mathematically for multichannel sys-
tems and the result is useful in giving more accurate
spectral values. Windowing and a proposed correction



method have been used to alleviate such detrimental ef-
fect on both carrier and distortion power measurements,
and the comparison results are given. It is shown that
the proposed correction scheme has 3-5dB improvement
to achieve more accurate CTB measurement over the win-
dowing method. A procedure to achieve better spectrum
analysis for multichannel CATYV systems is also presented.
The proposed schemes can be implemented in the oscillo-
scopes with FFT capability and also the FFT-based spec-
trum analysers to improve the measurement accuracy in
multichannel CATV systems.

SPECTRUM ANALYSIS
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Fig. 11. Flowchart of the proposed procedure of spectrum analysis for
multichannel CATYV systems.
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