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Abstract — The paper determines the benefits and
feasibility of a method for additional gating of digital counts
in “sliding window” mode followed by additional gating of its
responses in both quadrature signal channels at once. The
method of two-stage additional gating of analog-to-digital
converter counts during 1/Q demodulation of digital signals is
analyzed.
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. INTRODUCTION

Modern analog-to-digital converters (ADCs) use high
signal sampling frequencies, thereby imposing specific
requirements on the speed of the digital segment of the data
processing hardware. To simplify these requirements,
thinning of the information flow is used. To ensure this
process, the easiest way is to use only part of the ADC
counts at the required interval, with the remaining ADC
counts not used. This method has certain disadvantages, as
it does not allow efficient use of signal energy, which leads
to significant energy and information losses. Therefore, the
actual task is to develop methods of additional ADC counts
gating, which were devoid of the mentioned disadvantage
and, moreover, have a reduced level of side lobes of the
amplitude-frequency response (AFC) due to the use of
preliminary analog or digital 1/Q demodulation [1-6] of
signal voltages.

Il. THE AIM OF THE RESEARCH

The paper aims to solve the problem of data loss and
incorrect reproduction during data transmission in
communication channels by increasing the noise immunity
of the communication channel by constructing a tandem
digital signal quadrature filter (DSQF) two-cascade circuit.

I1l. MATERIALS AND METHODS

As you know, additional gating (decimation) of the
analog-to-digital converter (ADC) counts [7, 8] allows for
a reduction in the level of the side lobes of the amplitude-
frequency characteristic of receiving channels of digital
means of communication and provides quadrature (1/Q)
demodulation signal voltage. In addition, it allows for
simplifying the requirements for the construction of a
digital path, which is especially important for making the
development of digital antenna arrays cheaper [9-11].

With a single-channel circuit, ADC (Fig. 1) application
of this version of the formation of quadrature component
signals can be carried out in a tandem manner [6].
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Fig. 1. DSQF tandem circuit with 2-stage 1/Q demodulation

The processing of voltage readings in this DSQF
cascade scheme (Fig.1) is described by expressions:

C= 2 (UI+U1), @)
5= (U1°-U1°). @)
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Fig. 2. AFC of a 2-cascade 1/Q demodulation circuit
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Fig. 3. AFC of a 2-cascade 1/Q demodulation circuit in logarithmic scale

Fig. 2 and Fig. 3 illustrates the AFC of the tandem 1/Q
demodulation circuit from Fig. 1 (solid line), with the
dashed line representing the AFC of the DSQF cascade of
only one.

This variant of signal processing, as expected, does not
allow for the elimination of the diffraction maximum in
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AFC (Fig. 2), resulting from the single-channel reception
circuit, but reduces the level of side lobes due to double
filtering in 1/Q-demodulators.

An alternative option for performing additional gating
of ADC counts (Fig. 4) consists of the distribution of
operations of accumulation of counts of signal voltages
obtained as a result of I/Q demodulation within two
cascades, as shown in Fig. 4.
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Fig. 4. Two-cascade implementation of counting decimation in the tandem
DSQF circuit

In this case, the operation algorithm of the first cascade
of the decimation of the output counts of 1/Q-demodulators
is implemented according to the expressions:

Aly= E(‘ DNAegpe cos(@ptt)+UL* sin(eptt)}, (3)

Z{‘ DN- 1{Ll cos(mptt)-Ul*sin(egtt)},  (4)
A2y=FTHU2E cos (o) U2’ sin(wg)} . (5)
BZX—E(‘ DN-Aeqgp¢ cos(mqtt)-U2%sin(mgtt)}.  (6)

where wp is the central radial frequency of the
decimator AFC, t is the sampling period of the ADC, and t
is the sequence number of the counts of the output voltages
of the 1/Q demodulation results.

Whereas in the second decimation cascade, only the
cross-summing of the signal counts accumulated in the
strobes is performed according to the equations:

C1=A1,+B2,, @)

S1=B1,-A2,, ®)

One limitation of the tandem circuit with multi-cascade
1/Q demodulation (Fig. 4) is the non-uniformity of signal
counts accumulation operations distribution between first
and second decimation cascades. To eliminate this
drawback, the improved version of tandem DSQF consists
in modifying the processing of voltage counts in the last
stage of the accumulator according to the expression:

C1=Y¥(A1,+B2,). 9)
S1=Y74(B1,-A2,). (10)

at the same time, the calculation operations for other
cascades remain unchanged (equation (3)—(6)).

The proposed variant of signal processing, presented in
Fig. 5, allows the process of DSQF strobe count
accumulation to be evenly distributed between two
consecutive decimation cascades, which simplifies the
bitness requirements for interfaces of inter-cascade data
transmission, especially in multi-channel digital antenna
arrays.
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Similarly, to the multi-cascade inclusion of 1/Q
demodulators, it is possible to use multi-cascade
combinations of 1/Q demodulation and decimation circuits.
Instead structure Fig. 1 a two-channel structural circuit
fragment shown at the input of demodulators in Fig. 5 and
Fig. 6 should be considered as a cascading element.
Meanwhile, the initial formation of quadrature components
should be carried out in an analog way.
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Fig. 5. Variant of a fragment of the tandem DSQF structural diagram with
a uniform accumulation of counts between two decimation cascades
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Fig. 6. Variant of the structural circuit of the tandem DSQF

Based on the cascading element in Fig. 6, in the case of
the example in Fig. 7 shows a variant of two-stage tandem
DSQF construction. This technical solution makes it
possible to simplify the requirements for the speed of
devices that implement the “sliding window” algorithm for
the second cascade of 1/Q demodulation, using low-order
filters in it, while the application of 1/Q demodulators of a
larger dimension is transferred to the stage of processing
strobe responses, where the speed data flow becomes much
lower.
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Fig. 7. An example of a two-cascade circuit of a tandem DSQF with a
cascading element from Fig. 6.

In Fig. 8, Fig. 9, Fig. 10 and Fig. 11 illustrate the AFC
of the signal processing procedure at 8- and 16-count
strobing respectively, according to the tandem DSQF
circuit (Fig. 7).

PI1C S&T 20727

979-8-3503-9891-5/22/$31.00 ©2022 IEEE



300

00 1

100

]

[
Fig. 8. Strobe 8 counts

11

100

0

01

v i
] 30 ] N 120 150 180 200 u 70 300

Fig. 9. Strobe 8 counts in a logarithmic scale
A feature of the specified tandem circuit (Fig. 7) there
is a two-stage signal processing:
1st stage — application for a single-channel circuit of
analog-to-digital conversion of voltage signals for weight
processing of ADC counts in the “sliding window” mode
according to the process of quadrature demodulation [1, 2]:
Us=U,-11U,p+15U,4-5U,.¢ . (11)

US=5U,41-15U.5+11U,.5-Us. . (12)

where t is the sequence number of the ADC

counts, U:m is the quadrature voltage components;

2nd stage — use of the results of the indicated operation
of weight processing of signals as an input array of
quadrature counts for the two-channel operation of the
decimation of ADC counts according to the equations:

Wf=Zg£;“{Uf cos (wgtt) +UE sin (wgtt)3, (13)

Wf=Zgj%V1{Uts cos (ogtt)-Uf sin (wgtt)}. (14)

c(s)

where Ut is the quadrature components of the signal
at the output operation of the digital quadrature
demodulation (“sliding window"), y=0, Y-1 is the sequence
number of the strobe, N is the number of ADC counts from
which the decimation operation is performed, w, is the
central frequency of the decimator filter, t is the ADC

sampling period.
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Fig. 10. Strobe 16 counts
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Fig. 11. Strobe 16 counts in a logarithmic scale

The disadvantage of the two-channel tandem DSQF
construction options considered is the presence of large
side lobes caused by the diffraction lobe of AFC I/Q-
demodulators included in the first stage.

To eliminate this shortcoming, it is necessary to use
cross-processing of counts of both quadrature [6]. One of
the possible options for the implementation of such
processing is reduced to the two-cascade inclusion of
demodulators (Fig. 12), in which cross-processing is
performed in the first stage of quadrature demodulation,
and the second stage uses Fig. 5.

In Fig. 13, Fig. 14, Fig. 15 and Fig. 16 display the AFC
of signal processing with 8- and 16-count strobing,
respectively, according to the scheme of the improved
tandem DSQF, presented in Fig. 12.
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Fig. 12. Variation of the two-cascade circuit of the tandem DSQF with
cross-processing of quadrature
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Fig. 14. Strobe 8 counts in a logarithmic scale
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In Fig. 14 and Fig. 16, line 1 corresponds to the AFC of
the DSQF additional strobing filter [7, 8], line 2 is the AFC
of DSQF in Fig. 7, and line 3 of the improved tandem
scheme of Fig. 12 in total.

Thus, based on the results of mathematical modeling it
was confirmed that the application of two-cascade 1/Q-
demodulation circuit as part of DSQF (Fig. 12) allows for
achieving deeper suppression of DSQF side lobes. This has
a positive effect on improving the noise immunity of
receivers in digital communications under conditions of
out-of-band interference [12], as well as improving the
electromagnetic compatibility of radio engineering systems
[13]. The corresponding benefit significantly depends on
the dimensionality of the quadrature demodulators (filter
order), the selected demodulator weighting factors, as well
as the strobe lengths in the additional strobe filters for the
sequences of digital counts.
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Fig. 15. Strobe 16 counts
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Fig. 16. Strobe 16 counts in a logarithmic scale

IV. CONCLUSION

According to the research findings, it should be
concluded that the issue of improving the quality of
quadrature signal demodulation is quite relevant for the
further development of digital communications. Its
effective solution is possible on the basis of a combination
of technologies of digital quadrature demodulation of
signals and additional strobing of their digital counts. At
the same time, the electromagnetic compatibility and noise
immunity of the corresponding radio facilities will be
improved.

Further scientific research should be focused on finding
ways to replace tandem digital quadrature signal
demodulation circuits with additional strobing of digital
counts with equivalent single-cascade circuits. This will
simplify the corresponding hardware implementation based
on FPGAs or ASICs [14-17] and will make it possible to
reduce the cost of communication systems realizing the
Massive MIMO technology [18, 19], as well as other radio
engineering systems using multi-channel digital antenna
arrays [9-11].
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