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ANALYSIS OF SIGNAL PROCESSING METHODS IN MIMO SYSTEMS

Conflicts of the last decades (the Chechen war (Russian Federation), armed confrontation in the countries of the Middle
East and North Africa, anti-terrorist operation in the territory of Donetsk and Lugansk regions (Operation of the United
Nations)) go beyond the existing (traditional) forms and methods of warfare, conducted on the background of information
and psychological operations and the active using of electronic emitters. Therefore, provision of sustainable communication
is one of the priority directions of scientific research. One of the directions of increasing the noise immunity of radio
communication devices is using of the multi-antenna radio communication systems. However, they are complex technical
systems. There are many approaches to increase the impedance of multi-antenna systems, but the authors of this article
limited themselves to considering only the methods of signal processing, namely orthogonal spatial-temporal codes. During
the study, the authors used the basic provisions of the theory of communication, the theory of antennas, the theory of noise
protection and signal-code structures. In the course of the analysis, the authors found, that the computational complexity of
the orthogonal codes used in MIMO systems is directly proportional to the number of transmitting antennas in the system,
which leads to a linear increase in the number of computational operations in the processing of signals was using
mentioned spatio-temporal codes. However, this type of spatial-temporal codes has high energy efficiency in MIMO
systems with a small number of antennas. The authors propose to develop a method of space-time coding of signals in
multi-antenna radio systems with high energy and spectral efficiency, when the proposed method had an acceptable
computational complexity.

Keywords: signal-interfering environment; information transfer speed; bit error probability; spatial-temporal processing;

MIMO system; parallel channels.

Introduction

Conflicts of the last decades (the Chechen war
(Russian Federation), armed confrontation in the
countries of the Middle East and North Africa, anti-
terrorist operation in the territory of Donetsk and
Lugansk regions (Operation of the United Nations)) go
beyond the existing (traditional) forms and methods of
warfare, conducted on the background of information and
psychological operations and the active use of electronic
emitters.  Therefore, provision of sustainable
communication is one of the priority directions of
scientific research. One of the directions to increase the
noise immunity of radio communication devices is using
of the multi-antenna radio communication systems.

MIMO  (Multiple Input Multiple Output)
technology has been found to be practical in many
modern telecommunication systems, in particular
wireless LANSs of the IEEE 802.11n standard, as well as
WIMAX and LTE mobile wireless networks, and others
[1-5].

The essence of MIMO technology is similar to the
method of spaced reception, when several uncorrelated
copies of the signal created on the receiving side due to

the diversity of antennas in space, in polarization, in the
distribution of signals at frequency or in time. Spatial
multiplexing was implemented in MIMO radio systems:
the data stream on the transmission was split into two or
more sub-streams, each of which was transmitted and
received using various antennas [1-6, 10-12].

The transmission of signals in the MIMO system
results in inter-symbol interference (ISI) on the
receiving side and may cause errors in the receiver
output. In order to compensate for these distortions,
channel alignment or evaluation of its impulse response
must be performed, which will allow the most faithfully
recovered symbols.

The purpose of this article is analysis of signal
processing methods in MIMO systems.

Presentation of main material research

Let's formalize the work of the MIMO system. In
general, the structure of the MIMO system has in its
composition M, transmitters (transmit antennas) and M,
receivers (receiving antennas) (Fig. 1). Transmitted
signals after the influence of the relay fading and white
Gaussian noise (WGN) in the radio channel, arrive at
the M, receiving tracks [1-10].
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Fig. 1. The block diagram of the MIMO system
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Consider the MIMO system M,xM,, depicted in
Fig. 1. High-speed data flow was divided into M,
independent sequences at 1/M,, which was then transmitted
simultaneously from several antennas, respectively, using
only 1/M, of their primary band.

The data flow converter at the transmitter end of the
communication line converts the serial stream into parallel,
and at the receiving terminal it performs the inverse
transformation.

In such a system, signals on the transmitting side
were emitted simultaneously and in the same band of
frequencies through the M, transmit antennas. The
transmitted signals, after the effect of the fading of the
signal and the additive white Gaussian noise, arrive in the

M, of the receiving paths. Each additive tract receives an
additive mixture of transmitted signals.

Due to the multidirectional effect in the path of radio
waves propagation, each of the transmitted signals is
repeatedly diverted from various objects, thus forming
independent trajectories of radio waves passing between
each transmitting and receiving antennas. In this way,
MIMO technology can benefit from the multipath effect. In
addition, due to the spacing of the antennas, both the
transmitting and the receiving side significantly reduces the
correlation between the complex transmission coefficients
of all paths of signal propagation from transmitting to
receiving antennas, which increases the efficiency of signal
processing on the receiving side (Table 1).

Table I — Characteristics of communication systems using MIMO technology

Generation 3G 3,5G 4G 5G
Beginning of 1990 <2000 2000 2014
developments
Realization 2002 2006-2007 2008-2010 planned to 2020
high capacity, I[P-oriented
even more increase the speed of network, multimedia high capacity, IP-oriented network,
Services capacity, up to 2 third-generation support, speeds up to multimedia support, speeds up to
Mbit/s networks hundreds of megabits per tens of megabits per second
second
Transfer rate to 3,6 Mbit/s to 42 Mbit/s 100 Mbit/s - 1 Gbit/s 10 Gbit/s - 100 Gbit/s
Modulation BPSK-64QAM BPSK-64QAM BPSK-256QAM BPSK-1024QAM
WCDMa, HSDPA, HSUPA, LTE-Advanced, WiMax Ha 6a3i Texnomnoriit WiMAX 2,
Standarts CDMA2000, HSPA. HSPA+ Release 2 (IEEE 802.16m), LTE-Advanced i Wi-Fi
UMTS ? WirelessMAN-Advanced '
. TDD, FDD |+ Epp, cpMa, | LPP: FDD, MC-CDMA, |15 ppiv, MIMO-OFDM,
Technologies WCDMA, EV- MIMO. OFDMA SC-FDMA, MIMO-BF, SDN
DO, OFDM ’ OFDM, MIMO-OFDM
Spatio-temporal ~ encoding started using in  higher the Rgrc symbolic spatial-temporal code, the

communication systems starting from the 3G standard.

On the transmission side, the information symbols
a; are divided into blocks of W symbols, respectively
processed and radiated through S transmit antennas for a
given number of time intervals K. The spatial-
temporal code can be presented as a generating matrix,
in which the rows correspond to the transmit antennas,

and the columns are the time intervals for the
transmission of symbols:

Sit S12 S1K given

$21 S22 S2K ;i

given , (l)

th] th2 thKgiven
where sy, j=1,S,k=1,Kgl-ven is function from
complex information symbols a;, i = 1, 2, ..., which is

emitted j-th antenna on k-th time interval.

The symbolic speed of the MIMO system is
defined as the ratio of the length of the information
symbol W to the amount of time required for
transmitting this block of time Kgiy: Rsrc = W/Kgiy. The

higher the efficiency of using the frequency resources of
the radio channel.

Spatial-time codes are divided into two classes:
orthogonal and non-orthogonal. Among the orthogonal
codes, it is necessary to allocate the code of Alamouti,
whose generative matrix has the form [2-7]:

’
q —a

G= )

ay aqf
Alamouti character code speed Rsrc = 1. In the
matrix (2) the rows are orthogonal to each other, the
same is valid for its columns.
In this research, we confine ourselves to
consideration of only orthogonal spatial-temporal codes.
If, in a complex, the transmission coefficients of
the first and second transmitting antennas /; and 4, to

the receiving antennas, respectively, one can record the
system of equations for the signals received in two time
intervals A and k,

N =hoy +hoy +ng;
{ (3)

Yy ==hoy + o +my,
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where y;,i =1,2 is the counting of the complex bending

in the receiving tract on the i -th time interval; n; is the
countdown of the complex Gaussian noise in the
receiving path at the i -th time interval.

It is believed, that the system carries out a coherent
reception, that 1is, the complex coefficients of
transmission of paths of propagation of signals between
each pair of transmitting and receiving antennas are
known.

System (3) can be rewritten in the following form:

Wy +hyy, = (|hl|2 +|h2|2)a1 +hny +hyny;

, , . , (4)
hyy1=hy, = (|h1| +|hy | )az +hmy +hpn;.
After conversion we get:
o = Wy +hyy btk
(R (N
)

(7o _h‘yé)_ hmy =y,
(1 +{2af) (s +1eof

In order to calculate the estimates of the
transmitted symbols in the demodulator in accordance
with the criterion of maximum likelihood, it is
necessary to minimize the squares of the norms of the
vowels of resignation

2 2
oy +hyy) (h2y1 _hlyz)

Oy ——— -
(1P el )| | (F +1F)

Thus, demodulation on the receiving side is
reduced first to the calculation of soft ratings

(6)

~ iy + -
ol = 1ty .

(P P
(héyl —hlyé)
(11 -+ )

System (5) consists of two equations, each
containing only one unknown variable, that is, one

unknown information symbol, it is possible to calculate
the estimates of symbols, that are optimal by the

criterion of maximum likelihood. It should be noted,
that while the number of arithmetic operations for
calculation is directly proportional to the number of
transmitting antennas, that is, the demodulation
algorithm according to the maximum probability
criterion has a linear computational complexity.

The separation of the two transmitted signals
becomes possible due to the orthogonality properties of
the matrix (2), which satisfies the following condition:

GG =([af +[arf 1. (8)

In the general case, the matrix (2) of the space-
time code of dimension M xK, satisfies a certain
condition

G'G =k, 9)

where k 1is a certain constant, then this code is
orthogonal; when it is used demodulation of symbols is
based on the criterion of maximum probability with
linear computational complexity, directly proportional
to the number of transmitting antennas.

Unfortunately, for systems with more than two
transmit antennas, QAM has no orthogonal codes at
speeds Rstc = 1. When switching to more transmit
antennas, for example, 3 and 4, the symbolic speed of
the corresponding orthogonal codes does not exceed
3/4. The symbol speed of the codes for five or more
transmitting antennas does not exceed 1/2.

Conclusions

In this article, the authors analyzed the parameters
of orthogonal spatial-temporal codes used for signal
processing in MIMO systems.

In the course of the analysis, the authors found,
that the computational complexity of the orthogonal
codes used in MIMO systems is directly proportional to
the number of transmitting antennas in the system,
which leads to a linear increase in the number of
computational operations in the processing of signals
using the mentioned spatial-temporal codes.

However, this type of spatial-temporal codes has
high energy efficiency in MIMO systems with a small
number of antennas.

Consequently, an urgent scientific problem arises,
which was solved in further studies by the authors,
which consists in developing spatial-temporal signal
processing methods with acceptable computational
complexity and high energy and spectral efficiency.
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AHauni3 meroaiB 00po0ku cursajis B cuctremax MIMO
P. M. )Kusotoscekuii, O. C. Momit

Konduixru ocrannix necarmiits (YeueHcrka BiiiHa (Pociiicbka ®eneparis), 30poiiHi npoTUCTOAHHS B KpaiHax banspkoro
Cxony Ta IliBHiuHOI AdpHku, AHTHTEpOPUCTHYHA onepauis Ha Tepuropii Jlonenpkoi Ta Jlyrancekoi obnacreit (Omneparis
0O06’ennanux Cuil)) BUXOAATH 33 paMKH iCHYIOUMX (TpaguuiiHux) ¢Gopm Ta crocobiB BeneHHs 0OHOBUX Iiif, NPOBOIATHCSA HA
¢oHni iHbOpMaIIHHO-ICHXONOriYHUX OIlepaliii Ta aKTHBHOI'O BUKOPHCTaHHs 3ac00iB Pa/liOENIEeKTPOHHOrO nozasieHHs. OTxe
3a0€3IeUeHHs CTIHKOro 3B’SI3Ky € OJHUM 3 NPiOPUTETHUX HAIPSAMKIB HAYKOBHUX JIOCITI/pKeHb. OIHUM 3 HAIPSAMKIB IiJIBUILCHHS
3aBaJI03aXMILEHOCT] 3ac00iB pajlio3B’A3Ky € BUKOPHCTaHHS 0araTOAaHTEHHUX CHUCTEM palio3B’si3Ky. IIpore BOHU € CKIIaJHUMU
TEXHIYHHMH CHCTeMaMu. IcHye 0araro miIXoziB A0 IiJBHILEHHS 3aBaJO03aXUILEHOCTI 0araTOAHTEHHUX CHCTEM, IIPOTE aBTOPU
3a3HA4YCHOI CTATTi OOMEXWINCS PO3IIIAJIOM JIMIIE METOHIB OOpOOKM CHI'HAJIIB, @ CaMe OPTOrOHAIBHUX IIPOCTOPOBO-YaCOBUX
koziB. B xoni nocmivkeHHs aBropamu Oyiii BUKOpHUCTaHI 0a30Bi IOJOXEHHS Teopii 3B’A3Ky, Teopil aHTeH, Teopii 3aBao-
3aXUIIEHOCTI Ta CUTHAIBHO-KOJIOBHX KOHCTPYKLiH. B Xoni mpoBeneHOro anaiisy aBTOpaMM 3’sCOBaHO, 11O OOYMCIIOBAJIBHA
CKJIa[JHICTh OPTOTOHAJIBHUX KOZIB L0 BUKOPUCTOBYEThCA B cuctemMax MIMO npsiMo mpornopiiiiHa KiJIbKOCTI INepeaaBalbHUX
aHTEH B CHCTEMi, III0 MPU3BOAUTH JO JIIHIHHOIO 3pOCTaHHS KUTBKOCTI OOYHCIIOBANBHHX ollepaniid mpu oOpoOIi CHrHaiiB 3
3aCTOCYBaHHSM 3a3HAYCHHX HPOCTOPOBO-4acoBHX KoaiB. IIpoTe 3a3HaueHMii BHJ NPOCTOPOBO-YACOBHX KOIIB MA€ BHUCOKY
eHepreTuuHy edexruBHicTh B cucreMax MIMO 3 Masoro KUIBKICTIO aHTEH. ABTOpaMH 3alpOIIOHOBAHO HPOBECTH PO3POOKY
METO/ly POCTOPOBO-YACOBOTO KOJYBAaHHS CHTHATIB B 0araTOaHTEHHHX CHCTEMAaxX pajio3B’sI3Ky 3 BHCOKOI €HEpPreTHYHOI Ta
CIIEKTPAIBHO0 e(heKTUBHOCTI, IIPU LIbOMY, 11100 3aIIPONOHOBAHUI METOJl MaB NPUHHATHY OOUMCIIIOBAIBbHY CKIIAHICTb.

Kar4doBi cioBa: curaaibHO-3aBajjoBa 00CTaHOBKA; IIBUKICTH Iepesaul iHpopManii; IMOBIpHICTH GITOBOI MOMMIIKY;
MIPOCTOpPOBO-YacoBa 00podka; cucrema MIMO; mapaiesbHi KaHaI.

AHam3 MeTo10B 00padoTKu curHajaos B cucreMax MIMO
P. H. J)KuBorosckuii, A. C. Momut

Kondaukrsl nocnennnx necsarunernii (Ueuenckas BoitHa (Poccuiickas ®eneparys), BOOpYKEHHbIC MPOTHBOCTOSIHHS B
crpaHax bimkuaero Bocroka u Ceseproit AQpuku, AHTUTEppOpUCTHYECKas onepalys Ha Teppuropun JloHernxoii Ta JlyraHckoit
obnacreit (Onepanus O6benuHeHHbIX CHil)) BBIXOAAT 38 PAMKH CYIIECTBYIOIIHMX (TPaJULHOHHBIX) (OPM Ta CIIOCO00B BEeIECHHUE
60eBBIX JICHCTBUH, IPOBOAATCS Ha GoHE MH(POPMAIMOHHO-TICUXOIOrHUECKHX OIEpalluii Ta aKTUBHOT'O MCIIOIb30BaHUE CPE/ICTB
PaaModIeKTPOHHOrO nozasieHus. [ToaTomy Bonpoc obecriedeHne CTOMKOH CBS3M €CTh OJHUM M3 IIPUOPHTETHBIX HAIPaBICHUH
Hay4HbIX HcciefoBaHud. ORHMM M3 HalpaBICHUH IOBBILIEHHUS IOMEXO3AIIMIIEHHOCTH CPEACTB pAaIHOCBSI3U  €CTh
UCIOJIb30BAHUE MHOTOAHTCHHBIX CHUCTEM paauocBs3u. OHM SBILSIIOTCS CIOKHBIMH TEXHMYECKUMH cucremamu. CyiecTByeT
MHOI'O ITOJIXOZIOB K IHOBBIIICHHIO ITOMEX03AIUIIEHHOCTH MHOTOAHTEHHBIX CHCTEM, TEM HE MEHEE, aBTOpbI YKa3aHHOW CTaTbU
OrpaHUYMIINCh PACCMOTPEHHEM JIMIIb METOJIOB 00pabOTKM CHI'HAJIOB, @ UMEHHO OPTOrOHAJIBHBIX IPOCTPAHCTBEHHO-BPEMEHHBIX
KoIoB. B Xone mccneoBaHus aBTopaMu ObLUIM HCIIOIb30BaHHbIC 0a30BbIC MOJIOKCHUS TEOPUH CBSA3HU, TEOPUH AHTCHH, TEOPUM
MOMEXO3alMINEHHOCTH U CHI'HAJIbHO-KOZOBBIX KOHCTPYKUMH. B Xozme HpOBEeNEHHOro aHainu3a aBTOPaMM BBICHEHO, 4YTO
BBIYUCIIUTENIbHAS CIOXKHOCTh OPTOrOHANBHBIX KOJOB, 4YTO Hcmoib3yercss B cuctemMax MIMO mpsmo mpornopruoHanbHas
KOJIMYECTBY IEPEJIAIOIINX aHTCHH B CUCTEME, KOTOpas MPUBOJUT K JINHEHHOMY POCTY KOJIMYECTBA BBIUMCIUTEIBHBIX ONepanui
npu 00pabOTKe CHrHAJIOB C NIPUMEHEHHEM YKa3aHHBIX NPOCTPAHCTBEHHO-BPEMEHHBIX KOIOB. TeM He MeHee, yKa3aHHbIH BHUI
[POCTPaHCTBCHHO-BPEMECHHBIX KOJOB MMEET BBICOKYIO 3Heprernueckyro sd¢exruBHocts B cucremMax MIMO c¢ manbiM
KOJIMYECTBOM aHTEHH. ABTOpPaMH IPEIOKEHO IPOBECTH pa3pabOoTKy METOIa MPOCTPaHCTBEHHO-BPEMEHHOI'O KOIMPOBAHMUS
CHTHAJIOB B MHOTO2HTCHHBIX CHCTEMaX PaJMOCBSA3H C BBICOKOH YHEPreTHYECKOH M CHEKTpalibHOH 3] (EKTUBHOCTH, NPU 3TOM,
4TOOBI PEATOKEHHBII METOJ] HMEJI IPUEMIIEMYIO BBIUUCIIUTEIIBHYIO CIOKHOCTb.

KiaoueBble ciIoBa: CHIHAIBHO-TIOMEXOBAas OOCTaHOBKA; CKOPOCTH Iepefadyd MH(MOPMAIWH;, BEPOSTHOCTH OWUTOBOH
OIIMOKH; IPOCTPAaHCTBEHHO-BpeMeHHas 00pabotka; cucrema MIMO; napanienbHble KaHabL.
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