Journal of Siberian Federal University. Engineering & Technologies 2024 17(7): 960-966

Radio Engineering and Communications
PapuorexHuka u cBsi3b

EDN: JIKXMK

V]IK 662.62:536.46:544.478.1
Retraining Data Sequence for Combined Detector

Muhanned AL-Rawi*
Bandung Institute of Technology
Bandung, Republic of Indonesia

Received 22.08.2024, received in revised form 24.09.2024, accepted 05.11.2024

Abstract. This work presents two detectors that are employed to manage the intersymbol interference
that the communication channels introduce. These two detectors work by combining a Viterbi detector
and a nonlinear equalizer. The second detector, which this study contributes, is called Combined
Detector-2(CDR?2). The first detector, which was previously constructed, is known as Combined
Detector-1(CDRI1). With a different data sequence, CDR2 is comparable to CDR1. Data transfer at 9.6
kbps over telephone channel is used to test these detectors with a nonlinear equalization. According to
simulation data, the CDR2 performs better than the CDR1, whereas the nonlinear equalizer performs
better than the CDR1.
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IHocenoBaTe/IbHOCTH JAHHBIX MOBTOPHOM TPEHUPOBKH
JJIs KOMOMHUPOBAHHOIO JIETEKTOpPa
Myxannen Anb-PaBu

Texnonoeuveckuu uncmumym banoynea
Pecnybnuxa Unoonesus, banoyne

AHnHoTanms. B 3T0i1 paboTe npencTaBieHbI ABa AETEKTOPA, KOTOPBIE NCTIONB3YIOTCS [T yIIPaBICHHS
MEXCHMBOJIBHBIMHU TIOMEXaMH, KOTOPBIE BHOCAT KaHAJIBI CBSI3U. DTH IBA ACTEKTOpa pabOTAIOT, 00 BEANHSSA
IeTeKTop ButepOu n HeMmWHEHHBIH SKkBanaifzep. Bropol meTeKTop, KOTOPHIH BHOCUT BKJIAI B 3TO
HCCIIeIOBaHNE, HAa3bIBACTCs KOMOMHIPOBAaHHBIM AeTekTopoM-2 (CDR?2). [lepBErif qeTekTOp, KOTOPHIH
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OBLII paHEee CKOHCTPYHPOBaH, U3BECTEH Kak KoMOnHupoBaHHbli nerektop-1 (CDR1). C npyroii
nocienoBaTeabHOCThIO JaHHBIX CDR2 conoctaBum ¢ CDRI. Tlepenaya qaHHBIX CO CKOPOCTHIO 9,6
KOHT/C 110 Tesie(hOHHOMY KaHaIly UCIIOJIb3YETCs ISl TECTUPOBAHMSI TUX AETEKTOPOB C HEIMHEHHBIM
skBajaizepom. CornacHo gaHHbsiM MomenupoBanusi, CDR2 paboraet nyurre, uem CDRI1, Toraa kak
HEJIMHEWHBIH dKBajaiizep padotaer snyuiie, uem CDRI.

KarmoueBsle cioBa: nerekTop ButepOu, mocieqoBaTeIbHOCTh JaHHBIX TTOBTOPHOU TPECHUPOBKH,
HeJMHEeWHbIH sKkBanaizep, MLSE.

Iutuposanue: Myxanuen Anb-Pasu. [TocienoBaTebHOCTE JaHHBIX HOBTOPHOU TPEHHPOBKH A1 KOMOHHHPOBAHHOTO JETEKTOpa
/ Myxannen Ans-Pasu / XKypa. Cud. dpenep. yu-ta. Texaunka u rexnonorun, 2024, 17(7). C. 960-966. EDN: JIKXMK

Introduction

Intersymbol interference (ISI) is one of the various types of impairments that the communication
channel contributes into the digital data transmission system. At the receiver end, ISI is handled using
adaptive linear or nonlinear (decision-feedback) equalizers [4]. It is generally known that using the Viterbi
algorithm and a maximum likelihood sequence estimation (MLSE), one can significantly outperform
equalization approaches in terms of detection performance [6, 7].

The Viterbi technique includes an excessive quantity of storage and an excessive number of
operations per received data symbol when the channel's sampled impulse response has a large number
of component parts. To accomplish the performance of the MLSE at reduced complexity, extensive
study has been done.

The article in [3] investigates and contrasts two approaches for simplifying the Viterbi detector
(VD) using feedback from the VD's built-in preliminary judgments.

Both techniques employ these choices to eliminate trailing ISI in an effort to shorten the channel's
effective memory and, consequently, the number of states kept in the detector. They are different in that
the second technique performs local cancellations for each state in the VD based on the related survivors,
whereas the first method does a single cancellation based on the most likely survivor living in the VD.

In accordance with one implementation of the present invention detailed in patent [5], an MLSE
sub-receiver has an MLSE equalizer device that generates equalized data in response to input data. The
transferred data is used to generate the input data via wireless transmission. With the use of a known
codebook and the residual channel response, the MLSE equalizer device analyses the incoming data
to create an MLSE codebook. The MLSE sub-receiver also has an MLSE decoder that can process the
equalized data and the MLSE codebook to find the combination of the two that has the highest likelihood.
The MLSE decoder employs the highest probability for decoding the equalized data in order to produce
a decoded transmission of data while minimizing the effects of multi-path communication channel.

A device and method for implementing an equalizer that combines the advantages of a decision
feedback equalizer (DFE) and a maximum-a-posterori (MAP) equalizer (or MLSE) are described in
patent number [11]. This results in an equalization device that is significantly less complex than a
full-state MAP device but still performs better than a conventional DFE. Two DFE-like structures
precede a MAP equalizer in the equalizer design. The initial DFE makes hesitant symbol selections.
The channel response is then truncated using the second DFE to a desired memory of L1 symbols,
which is less than the channel's total delay spread of L symbols. The MAP equalizer operates on a

channel with L1 symbols in memory (where L1=L), decreasing the equalizer's complexity overall.
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The topic of the study in [10] is the development of coupled linear Viterbi detection, or optimal
channel shortening, methods for ISI and MIMO channels. In the case of MIMO channel shortening,
a trellis is used in place of a tree structure to represent MIMO signals. The feasible information rates
of the shorter models are computed, and optimization is carried out from an information theoretical
standpoint. All of the parts of the class's best detector are deduced from closed form expressions.
Additionally, we demonstrate how the obtained model can be understood as a specific example of
previously described channel shortening strategies.

A unique MLSD receiver structure for nonlinear channels is presented in the study in [8]. The
NLC is viewed as a multiple input/many output system in order to develop this strategy. Then, using a
unique variant of the space-time whitened matched filter (ST-WMF) created by modifying the Gram-
Schmidt orthogonalization of the NLC's Volterra kernels, orthogonal signal components are computed.
The ST-WMF is followed by a VD with multidimensional branch metrics in the MLSD receiver. In
the presence of highly dispersive NLC, the ST-WMF's space orthogonalization and noise whitening
provide an effective solution to reduce receiver complexity. In real-world applications like intensity
modulation/direct detection (IM/DD) optical channels, complexity reduction is essential. For instance,
compared to an oversampled MLSD, the number of states of the VD in ST-WMF-MLSD required over
a 10 Gb/s, 700 km, IM/DD fiber-optic link is decreased by eight times.

Two low-complexity 2-D soft-output Viterbi algorithm (SOVA) detector design methodologies
are presented in the study in [12], and they each represent a different complexity versus performance
trade-off for multitrack joint 2-D detection. This research demonstrates that, in comparison to the
best symbol-based 2-D SOVA, it is possible to achieve nearly the same detection performance while
reducing the silicon area by more than 60 % in three-track joint detection. This is done through
simulations and application-specific integrated circuit design..

The adaptive near maximum likelihood detector, which combines pseudobinary and
pseudoquaternary near maximum likelihood detection methods, is described in the article in [1].
According to simulation data, adaptive near maximum likelihood detector performance is slightly
better than pseudoquaternary near maximum likelihood detector performance, but slightly poorer than

pseudobinary near maximum likelihood detector performance.

Data transmission system

The model of the data transmission system is shown in Fig. 1. Each 4-bit of binary data generated
by the model's first component, a random data generator, is mapped into a 16-point QAM constellation.
As a result, the random number generator outputs the data symbol «si,» and all combinations of «1,
«3, and «j1, «j3» are valid si values. The Quadrature Amplitude Modulation (QAM) transmitter, which
comprises of a transmitter filter and a QAM modulator, then receives the data symbols. Before the
signal is modulated, the transmitter filter, which is a low-pass filter, limits the signal spectrum. The
QAM transmitter's output is a QAM signal with an information rate of 2400x4bits=9600 b/s=9.6kb/s
and a carrier frequency of 1800Hz. Before approaching the QAM receiver, the QAM transmitter's
output travels over a telephone channel and is amplified by Additive White Gaussian Noise (AWGN).
The QAM demodulator and receiver filter make up the QAM receiver. To provide realistic levels of
intersymbol interference, the transmitter filter is used with the receiver filter, a low-pass filter. The

Least Mean Square (LMS) estimator uses the data symbols ri from the output of the QAM receiver to
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Fig. 1. Model of data transmission system
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estimate the sampling impulse response (SIR) of the baseband telephone channel. Finally, the detector

uses the data symbols ri and SIR to produce the observed symbols (s'1).

Combined Detector-1(CDRI)

Detectors

This detector, which was first created in [5], combines a Viterbi detector and a nonlinear equalizer,

as seen in Fig. 2. The output of the VD, which is the identified sample s'i, is sent to the NLE through a

linear feedforward transversal filter. To provide the input signal to VD, the output signal from this filter

is subtracted from the sample ri that was received. Because of this, the NLE employs the quantized

feedback correction to completely or partially remove ISI from the detector input signal, as will be

discussed below.

The sampled impulse response of the baseband channel is given by (g+1) component row vector as

R =[hohy woe oo e

Thus the received sample value is

hy

g
= SihO + Z Si—jhj + w;

Jj=1
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Where S; is the wanted transmitted sample, w; is noise component, and ISI is
g

j=1
The input signal to VD will be as follows, if ISI is completely eliminated by a linear feedforward

transversal filter (assumed to be the case that the detected sample s'i= transmitted sample
x; = siho + w; )

In this scenario, VD functions as a straightforward threshold circuit, and CDR1 acts as an NLE.
However, if a portion of the ISI is eliminated by a linear feedforward transversal filter, VD then deals
with the remaining portion of the ISI, as mathematically depicted below.

The received sample in eq.2 can be rewritten as

m 9
= Sih(] + Z Si—jhj + Z Si—jhj + wW; (5)
=1

j=m+1

and the input to VD is

g m
X;i =1 — Z Si—jhj = Z Si—jhj + 4 (6)
j=m+1 j=1

Where the second part of ISI is removed by linear feedforward transversal filter.
It is evident from eq. 6 that as m increases, the portion of ISI addressed by VD grows and,
consequently, the complexity of VD increases; nonetheless, performance will improve as m increases.

In this case, m is set to one (m=1) to reduce the complexity of VD, and the input to VD becomes

x; = sihy + 5;_1hy +w; (7

From eq. 7, it is clear that the length of the channel's SIR becomes g+1=2, which considerably
reduces the complexity of VD.

LA A VD s’
17 >
A _
Feedforward
transversal filter

Fig. 2. Block diagram of CDR1
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Combined Detector-2(CDR2)

This detector is comparable to CDR1, with the exception that it begins using correct discovered
data symbols (si) from the known retraining period at the end of the training period. As a result,
at the end of each retraining period, the intersymbol interference (which is the second part of Eq.
6) will be correctly cancelled. Fig. 3 depicts the transmission order of information data and training.

Communication systems currently employ retraining [2, 9].This detector employs it.

Training

Data Data

[y

20 0 120

Setting vectars

to correct one

Fig. 3. Retrainingcase

Simulation results

To find out how well the three types of detectors, NLE, CDRI1, and CDR2, tolerate AWGN when
operating across telephone channels, a series of computer simulation tests have been run on the system
in Fig. 1.

By plotting symbol error rate (SER) vs signal-to-noise ratio (SNR), the performance of the entire
system is evaluated. SER is provided by

SER=NEDS/NTS

where NEDS is the number of erroneous detected samples & NTS is the number of total transmitted
samples.

The performances of the three detectors are shown in Fig. 4. The performance of CDR?2 appears to
be 2 dB better than that of CDR1 at an error rate of 10-5. Additionally, CDR1's performance is 0.6dB
better than NLE's performance.

Summary and conclusion

On the basis of computer simulation, a bandpass transmission system model was created. The
system uses a QAM signal that is transmitted through a telephone channel to operate at a rate of 9.6
kbps. This simulation has utilized the NLE, CDR1, and CDR2 detectors. The outcomes demonstrate
that CDR1 performs better than NLE, but less well than CDR2.
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