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Peghepam — B naniii cTaTTi 3aIIpONIOHOBAHO i1e10 AIapaTHOr0 KOMILIEKCY, IO Bignosinae 3a 00po0ky curnaiis. Kon-
LeNT CTBOPEHO Ha OCHOBI aHAJIi3y NmpoayKuii Ha PUHKY Ta 0a30BHX NmoTped KopucryBada. Buxopucranns FPGA (Field-
Programmable Gate Array, I1JIIC) no3BoJisie JocrTu 61/1bIOro GyHKUiOHATY 3 3MEHIIECHHM BHKOPHCTAHHSM aNapaTHUX
pecypciB. Konuenr siBjisie co0010 peasizainiio Ha mMporpaMoBaHiii MaTpuli OAMHAAUSTH CMYIOBOI0 eKBaJai3epa sikMii
00c/IyroBy€ 3BYKOBHUIi NMOTIK, 1110 HAIXOAMTH 3 30BHIIIHIX /zKepes: 3 aHAJ0roBoro Bxoay ado Bluetooth-mony.isi, 06pod.ie-
HUI CHTHAJI HAAXOAUTh Ha miacuaoBay. Taka yHiBepcajbHa cxeMa 103BOJISIE, 3aBASIKH HIMPOKOMY CIEKTPY pery/Il0BaHHs

Y4acToT, HOJINMIIYBATH AKICTh 3BYKY Ha BUXO/i ayaiocHucTeMH.

Knrwuogi cnosa — cmepeopecusep; oopooka cucnanie; Field-Programmable Gate Array.

L Bceryn

PecuBep € HEBiI’€MHOIO YacTHHOI OyIb-SIKOTO
Cy4acHOro My3W4HOro ueHtpy. Lle# npuctpiii sBise
co0010 MifcIIoBay 3 HU(PO-aHATIOTOBUMH TIEPETBOPIO-
Bauamu (nani LIAII), nenTpoMm sikoro € mporecop, mio
BignoBigae 3a o0OpoOKy curHamiB. s manoro mpu-
CTPOIO XapakTepHa BENMKa KUTBKICTh pPi3HOMaHITHUX
CUTHANBHUX BXOJIB Ta BHXOIB, Y 3aJIEKHOCTI Bil KOH-
¢irypanii, Ta morped kopucryBaya. Hapasi Oimpmricte
pecHuBepiB MPAIIOIOTh OHOYACHO 3 ayio 1 BiZleo CHUTHA-
JaMH, Ta MaroTh Ha3By AV-pecuBep. Aie mo poouTH,
SKIIO OOpOOKa BilEO MOTOKY HEmoTpiOHa? Y TakoMy
pasi € HeoOXiIHICTh CTBOPEHHS MPUJIALY, O HALLICHHH
Ha OCHOBHI METOJM NMPUHOMY ayJio CHUTHAJIB, 3 MOXKJIH-
BICTIO MiAKIFOYCHHS 1HITUX 30BHIMIHIX JKEPEI.

II.  AHAJI3 PUHKY

Hapasi Ha puHKY IIpeacTaBlieHO He Oarato Mojesen
CTEpPE0 pecHBEPiB, OCKUIBKU iCHYIOTh OLIbII (DyHKIIO-
HAIBHUHM mpwiax mig Ha3zeorwo AV-pecuBep (Audio-
Video), sikuii 3naTHUI 0OpOOIIIOBATH HE TIIBKH aymio,

AHTEHE

Bluetooth mogyne FPGA EQ

Puc.1 CtpykTypHa cxema

a i Bineo curHanu. Taki npuctpoi 3a0e3nedyroTh He0o-
XiTHUM MiHIMaTbHUM HabopoM (yHKIiH 1 ocoOnMBUX
TEXHOJIOTIN KOXHOI KoMmaHii. Y 3aJleKHOCTI BiX IIHH
npuctpi Oyme matu MeHme abo Oimbine iHTEpQeiciB,
TEXHOJIOTIH MOJIIIIEHHS ayio 00poOKH, a TAaKOX pi3HY
MOTY>KHICTH MIJCHIIOBAaYa BUXiTHOTO CHTHAIY.

III. TIPOBJIEMATHUKA

OcHoBHa mpobiieMa 30cepe/pkeHa y 1iHi. He 3Baxa-
JOYM Ha BIJHOCHO HEBEIMKHMH I[IHHHMK, CHOTOAHI HE
KOKCH, XTO XOu€ KYIUTH CO0l1 ayaio amapaTypy MOXKe
e 3poOMTH BUKIIOYHO 3 OOKy (hiHaHCOBOI cuTyarii.
Liny ¢hopmyroTh TeXHOJOTIi Ta IHKEHEPHI piIlleHHs, SKi
000B’513K0BO TIOBMHHI OyTH HasiBHI 3 TOYKH 30py BHPOO-
HUKAa Ta TEHJACHIIH pUHKY, ajle He BCi BOHM HEOOXimHi
KIHIIEBOMY KOpHCTyBady. ToMy HaWOpOCTIIMN BHXIiZ
3 TaKOl CHTYyalii — CTBOPEHHS SKICHOTO MPOAYKTY, SKHA
MaTHMe JHie 0a30BHHA HEOOXiTHWH (YHKIIOHAJ, IO
6yne 100%-BO BUKOPHUCTOBYBAaTHUCH MPH POOOTI, 3 MOXK-
JUBICTIO TTOJANIBIIOTO MiAKITIOYCHHS 30BHINIHIX Iepea-
BaviB 3BYKOBOro curHany, Hanpuxiag CD/DVD mpo-
rpaBaya, TOIILO.

Migcunioeay

Buxin Ha guHamim
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IV. OIMC KOHLEITY IPWIALY

BuHuKkae 3amaqa CTBOPUTH SIKICHUH NPWIAA B yMO-
Bax 0OMeEXeHOro OMKETy, 1 IUIA BUPIOICHHSA MaHOL
poOJIeMH MPOTIOHYETHCSI KOHIIENT PECHUBEPY, IO Halli-
neHnid Ha poOoTy 3 TexHoioriero Bluetooth Ta AUX
(AUXiliary channels). ¥ GinbImocTi BunaakiB, KOPUCTY-
Ba4 Oy/e BUKOPHUCTOBYBATH CTAaHAAPTHI 3a SKICTIO CHT-
HaIIM, [0 HAJIAI0Th MOMYJIIPHI IIOTOKOBI ayAio CepBicH,
a BOHH, y CBOIO 4epry, He MiATPUMYIOTh MOTIK lossless
audio [1]. Tomy € cenc BukopuctoByBaTH skicHi AIIIT
i IIAITI, ane 6e3 miaTpuMKu BHCOKOI po3psiaHOCTi. [anHe
pIlICHHS! 3HU3WTH LIHY NPOIYKTY, ajue JJisi KiHIIEBOTO
KOpHCTyBaJa pi3HuIs He Oyne momitHa. OcoONHBICTIO
JaHoro mpunany € BukopucraHHs FPGA Mikpocxemu
[2], sixa € yHiBepcadbHHUM IHCTPYMEHTOM JUIS IpOTrpa-
MmyBaHHA. 3acTocyBaHHs FPGA y cucremax aynio ama-
paTypH BHTIIHO 3 TOYKM 30py amapaTHUX Ta Mporpam-
HUX pecypciB. OCHOBHA mepeBara — MOXIIUBICTh KOH]i-
rypyBati Ha onHili FPGA meBHy KiTBKiCTh CHTHAIBHUAX
K, IS JOCSTHEHHS OiabIIol HIJIBHOCTI OOYMCIIEHB.
3 TOUKH 30py OOpOOKM CHUTHAIIB, el MiXiJ J03BOJISIE
3MEHIIUTH 3aTPUMKY CHTHAlIy BiJI BXOLY IO BUXOIY
cucremu. Hapasi HaliOinpln momynsipHUi cnoci® peai-
3awii 3ByKOBOi anaparypu — Bukoprcranns DSP (Digital
Signal Processor) [3], ane € BUumaaKu, Koy ajisi 00poOKu
Ta MEPETBOPEHHS ayJi0 CHUTHAJIB HEOOXiHO BUKOHATH
PO3IOIT 00YNCITIOBAIFHOIO HABAaHTAXKEHHS HA JIEKiIb-
ka DSP, y TakoMy BUIIaJKy rocTpo CTa€ npodiemMa CHH-
xponizanii. Bukopucranas FPGA Bukirouae TaKy cUTy-
arifo, OCKUTBKA BeCh OOYHCITIOBANBHUNA OJOK Oyze
moOyIoBaHWN Ha OAHIM mporpamoBaHiii MaTpumi. Ha
JTAaHWHA MOMEHT TPEACTaBICHO BEIUKY KUIBKICTh MIiKpO-
CXeM pi3HO{ MOTYXHOCTI, IO TO3BOJISAE MiAiOpaTH Halo-
NTUMAJIBHIIIE PINICHHS I MOO0YI0BH CHCTEMU 00pOO-
Kd curHamiB. J[ns BijmoOpakeHHS OCHOBHHX OJIOKIB
pecuBepy 3anporioHOBAaHO CTPYKTYPHY CXEMy, HIO 30-
OpaxeHa Ha puc. 1.

OCHOBHI CKJIaJI0Bl CXEMU:

1) Bluetooth-monyns. Ha nanuii MomMeHT 1ist Tex-
HOJIOTisI JTy’Ke IIUPOKO PO3BUHYTA. Y KOXKHOTO
€ MPUCTPid, HATIPUKIaZ cMapThOH, KUl MOKe
nepenaBatu ayaio maHi depes Bluetooth. ITpo-
rpatoun ayaio yepe3 Bluetooth, mxepeno moxe
3HAXOJIUTUCHh Y MEBHIH 30HI Jil, THM CaMUM He
O0OMEXXYI0YH KOPUCTyBada B 3PYYHOCTI KOpHC-
TyBaHHS.

2) AUX. 3Bu4aiiHa TEXHOJIOTis IepeaBaHHs aHa-
JIOTOBOTO CUTHAITy 1o Kabemo. J[o3Bosie miak-

JIIOYUTH CTEPEO PECHBEP /10 OYIb-SIKOTO JKepe-
Jla CUTHAJIY.

3) FPGA EQ. ExBanaiizep noOynoBaHuii Ha OCHOBI1
MIPOrpaMoOBaHOi JIOTi9HOT MaTpuIi. Takox KpiMm
3BUYalfHOTO €KBaJai3epy, y 3aleXHOCTI BiJ
moTped Ta mobakaHb KOPHUCTYBada, JOIATKOBO
MOJKHA OTHCATH aJITOPUTMH 3BYKOBHX €(EKTIB.

4) IligcumoBau. KoxkeH pecuBep MOBHHEH MaTH
y CBOIMl KOHCTPYKIII MiJCHJIIOBaY CHTHANIB.
VY BUNaAKy AaHOTO KOHLENTY 3aKiaJeHo BOyI0-
BaHUW migcwiroBad Ha S0BT, MOTYKHOCTI SKOTO
JOCHUTBH JUTS BUKOPUCTAHHS y MPOCTHUX JTOMAIIHIX
ayJio cucreMax.

BUCHOBOK

BukopucranHs nporpamMoBaHOi JIOTIYHOI MaTpHIli
JUIS pearizamii oOpoOKM CHTHATIB Ma€ IEBHI IepeBaru
HaJl PO3BHHYTUMH TEXHOJOTiIMH Ha 0a3i CHIHaJBHUX
nporecopiB (DSP), 3 TOUkH 30py 3MEHIICHHS 3aTPUMKH
MPOXOIDKEHHS CHTHAITY 3 BXOIY IO BHXOJAY CHCTEMH, Ta
KUTBKOCTI BUKOpPUCTaHUX MikpocxeM. [IpencraBnenuit
KOHIIENIT TIPHJIAJAy JO3BOJISE 3alpOrpaMyBaTé LEHTpa-
JIBHHH TIPOIeCcop Mia MOTpeOr KOPUCTyBada Ta TCHJCH-
il puHKy, ockinbku FPGA - nie yHiBepcaibHUiA 1HCTPY-
MEHT JJIsl IPOrpaMyBaHHs, caMe TOMY MOXKHa peasrizy-
BaTH NPOTrpaMHy YacTUHY MOYHMHAIOYM BiJl CTBOPEHHS
edexTiB THNy peBepOepalii, IUCTOPIIMHY (CIIOTBO-
PEHHSI), TOLIO, /10 TIOBHOIIIHHOTO €KBaJlai3epy 3 JMOBiJIb-
HOIO KUIBKICTIO Jiana3oHiB perymoBaHHA. Takox HeoO-
XiHO 3BEpHYTH yBary Ha 3pYYHICTb BHKOPHUCTaHHS
onuiei FPGA-mikpocxeMu 3aMicTh JEKIJIBKOX OKpPEMHUX
DSP 6mokiB. Y mepury 4epry me 3MEHIIHUTH KiJIbKiCTh
allapaTHUX PECypCiB Ta 3aTPUMKY IPOXOPKEHHS CHUTHA-
Iy, TakoX BukopuctanHsi FPGA B ckimamHux cucTemax
00pOOKH CHrHAJIIB €eKOHOMIYHO BHTiIHO, OCKLIBKH IEKi-
JpKa MiIKpocxeM a0o BY3JTIB 3aMIiHIOIOTBCS OJIHIEIO.
[IpoTe, pi3HUI y BUTpaATax, HacaMIiepe]l, 3aJIC)KUTh BiJl
CKJIaJIHOCTI CHUCTEMH, TOMY B JaHili CTaTTi He BKa3aHi
KOHKPETHI I[IHOBI IepeBary, 3yl YHUKHEHHs HEI0CTO-
BipHOT iH(popMarii.
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Peghepam—B naHHOM cTaTbe HpeiI0KeHa Hes aNIIapaTHOr0 KOMILIEKCA, KOTOPbI oTBe4yaeT 3a 00padOTKYy CHUrHa-
J10B. KoHuent co31ad Ha 0CHOBe aHAJIM3a NPOAYKIMH HA PbIHKe U 0a30BbIX NIOTPeOHOCTEl no1b30BaTelisi. Mcnoab3oBanue
FPGA (Field-Programmable Gate Array, IIJIMC) mno3poJsier JocTHYb 0o/bumiero (yHKIMOHAJA € YMEHbIICHHBIM
HCNOJIB30BAHHEM ANNAPATHBIX pecypcoB. KoHuenT npeacrasisier co0oii peann3anui Ha NPOrpaMMHPYeMbIX MaTpHLIax
OJMHHALATH I0JOCHOr0 3KBaJlaii3epa 00CJIy:KHBAIOLIEr0 3BYKOBOil NMOTOK, MOCTYNAIOIIMI ¢ BHEINHHX HMCTOYHHMKOB
¢ aHajorosoro Bxoaa win Bluetooth Moxyns, o6padoTaHHbIi CHrHAJI MOCTyNaeT Ha ycuiauTendb. Takasi yHHBepcaJdbHas
cxeMa Mo3BoJIsieT, 0.1aro1apsi LIMPOKOMY CHIEKTPY PeryJIMPOBAaHHS YaCTOT, YJIy4lIaTh Ka4ecTBO 3ByKa HAa BbIX0Je ayaHo-
CHCTeMBI.

Knrwouesvie cnosa — cmepeonpuemnuk; oopabomka cucnanos; Field-Programmable Gate Array.
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Abstract—This article proposes the idea of a hardware complex that is responsible for processing signals. The concept
was created on the basis of product analysis in the market and the basic needs of the user. Using FPGA (Field-
Programmable Gate Array) allows you to achieve greater functionality with reduced use of hardware resources.

This device is an amplifier with digital-to-analogue converters (hereinafter - DACs) centered on the processor respon-
sible for processing the signal. There is also a large number of different signal inputs and outputs, depending on the con-
figuration and user needs. There is a need to create a device targeting the basic methods of reception of audio signals, with
the ability to connect other external sources. The programmable matrix has implemented eleven band equalizer for man-
ual adjustment of the vast range of input signal spectrum. The basis of each band is the implementation of a bandpass
filter for each predetermined frequency. It is especially important to have more frequencies adjustable from 60 Hz to 2000
Hz, since most musical instruments run off frequencies from this range. In this way, with a lot of adjusting peculiarities,
you can achieve better sounding on different speakers.

In most cases, the user will use standard quality signals that provide popular stream audio services, and in turn, they
do not support lossless audio stream.

The use of FPGA in audio equipment systems is beneficial in terms of hardware and software resources. The main
advantage is the ability to configure a certain number of signal circles on one FPGA to achieve higher compute densities.
From the point of view of signal processing, this approach reduces the delay of the signal from the input to the output of
the system.

Using FPGA with its technical capabilities improves this situation, since the whole computing block will be built on
a single programmable matrix. Today there is a large number of chips of different power; this allows you to choose
the most optimal solution for building a signal processing system.

Keywords — stereo receiver; signal processing; Field-Programmable Gate Array.

@
L®_ﬂ Copyright (¢) 2019 Makcumosuu b. O.



http://creativecommons.org/licenses/by/4.0/
mailto:bmaximovich@gmail.com
mailto:fel@kpa.ua
mailto:fel@kpa.ua
mailto:bmaximovich@gmail.com
mailto:fel@kpa.ua
mailto:fel@kpa.ua

	Концепт стереоресиверу
	I. Вступ
	II. Аналіз ринку
	III. Проблематика
	IV. Опис концепту приладу
	Висновок
	Перелік посилань

	Концепт стерео-ресивера
	Stereo receiver concept

