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PE3IOME

B noknapa e npefcTaBeH anropuThM 3a ONpeaensiHe Ha OCHOBHW NOKa3aTenu Ha enekTpoMarHnTHa cbBMecTuMocT (EMC), kaTo XapMOHUYHUTE U HECUMETPUYHUTE
ChCTaBKM, KOB(ULMEHTATE HA HECMHYCOWAANHOCT, HECUMETPUS, HEYPaBHOBECEHOCT Ha HAMpPEXeHUETO M Toka B XapaKTEpHU Bb3NM HA enekTpocHabauTenHu
CUCTEMM, 3axpaHBalLyM CMyLLABaL ronemMu ToBapu. AMrOPUTBMbBT € MpegHasHayeH 3a MUKPOMPOLIECOPEH aHamuaatop 3a KOHTPOM Ha  enekTpoMarHuTHaTa
CbBMECTUMOCT B enekTpocHabamntenHu cuctemu. OCBEH TOBa TOM Le NO3BONsIBA Aa CE NPOBEXAA M3cneaoBatencka pabota no yCbBbpLIEHCTBAHE Ha METOAUTE W
TOYHOCTTA Ha OLEHKa Ha eNeKTPOMarH1THaTa CbBMECTUMOCT.

[peanoXeHUsT B Tasu CTaTUs anropuTbM 3a ONpeaesisHe Ha - KoedULMEHTa Ha
OCHOBHW NMOKa3aTenu Ha eneKkTpoMarHuTHaTa CbBMECTUMOCT HeCI/IHyCOI/I}:l,aJ'IHOCT (0BLLO M3KPUBSIBaHE Ha
(EMC) B enektpocHabauTenHn cuctemn e npegHasHadveH aa XapMOHMLUTE) Ha HAMPEXEHUETO 1 TOKa:
Ce Mon3ea B MWKPOMPOLECOpPeH aHanmaatop Ha EMC,
paspaboteH oT aBTopute. CTpyKTypHaTa cxema M (hyHK- m
LiMOHarNHUTE Bb3MOXHOCTW Ha aHanuaaTtopa ca pasrfefaHu B Z U}
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Cupepos u dp.( 2003). V= o0 %:
Z R
U] v=2
OCHOBHW MOKA3ATENW HA EMC 50

2
o z ]V 50
B penctBuTENHOCT OCHOBHMTE nokasaTtenn Ha EMC B NZE2 400- z %:
enektpocHabgutenim  cuctemu  (EC), pedpunmpann B I >
crangaptute u Wuanosckuin u Op. 1977, ca kayecTBeHuTe

nokasatenn Ha enekTpuyeckata eHepruda, CBbp3aHn C

OLeHKaTa Ha HEeCMHYCOMOanHOCTTa Ha TOKa U HanpexXeHUeTo, - npeTerneHn KOG(*)I/ILU/IGHTI/I Ha
HECUMETPUATa B TpVI(ba:iHVITe cucteMn  Ha TOKa M HECMHycoMaanHoCT CaMO Ha  HanpexeHneto 3a
HanpexeHneTo, HeypaBHOBECEHOCTTa B Tqu)asHa cucrema, WHOYKTUBHOCT W 3@ KOHOEH3aTOpU:

OTKITOHEHMETO U konebaHNeTo Ha HanpexeHneTo.

OCHOBHUTE XapaKTEpPUCTUKN Ha HECMHYCOMHAnHOCTTa Ha
TOKa 1 HanpexeHUeTo ca:

- KOE(ULMEHTI HA XaPMOHULIMTE Ha TOKa U k..~
HaNPEXeHNeTo: U,
50
2
I, VU,
k, = 1.=—.100,%; v—z( V)
= : 0
1; kHc,wp = ——100,%,
1
U,
k,, = U.= —~.100,%; KBAETO
U, U, w I, ca xapmoHn4HM CbCTaBKI (XapMOHNLM), CHOTBETHO

Ha HanpexeHneTo 1 Toka,
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V - HoMep (NopsAbK) HA XapMOHULNTE;
O - napameTbp, KOMTO Npuema CTOMHOCTH 1 1 2.

KoeduUmMeHTUTE Ha XapMOHULMTE Ha TOKA U HANPEXeHUeTo
ce nanonaear 3a 136op Ha DUNTPOKOMNEHCATopPM, 3a OLeHKa
CTeneHTa Ha npeToBapBaHe Ha enemeHTMTe Ha EC u 3a
KOHTPOM Ha YCTpOWCTBaTa, KOMTO reHepupat  BMCLUM
XapMOHULIM.

KoeduumeHTUTE Ha HECUHYCOMAAMHOCT Ca NpeaHa3HaueH!
32 OLEHKAa Ha TOMMWUHHOTO HarpsiBaHe W AOMbIHUTENHUTE

3ary6u Ha aKTMBHA MOLLHOCT B eniemexTuTe Ha EC: K, u
k.1 - 3a cunosn TpaHcdopmatopy, kabemn U Bb3AyLIHK
C

€neKTponpoBoau; k

ne,ind " 3a HaMOTKM Ha aCUMHXPOHHU

ABUraTeny; kHc’mp - 33 KOHAEH3aTOPHN baTepuu, BKIKOYEHN

AVMPEKTHO 6e3 3alluTEeH peakTop.

[ombnHUTENHN KOeMUMEHTH, AeUHUPaHN OT ENeKTpo-
TEXHUKaTa, KOWTO XapakTepuaupaT Xxapaktepa (CuHycompa /
W3KPUBEHA CUHYCOMAA) Ha KPUBUTE Ha HaMPEXEHNETO 1 TOKA:

- koedmuMeHT Ha dopmaTa (3a cuHycomaa
k=1.11)

1

.U :
k"U_U_C,,’ ky= —;

cp

- KoeduLMEHT Ha amnnuTyaaTa (3a

cuHyconpa k, = \/5 )

- koeuLMeHT Ha AedopmaLus

1

1

U
kDU - Ul; kDI - 79

KbOdeTo

U n | ca edekTBHUTE CTOMHOCTI HA HAMPEXEHMETO 1 TOKa
Ha edHa hasa 3a uHTepBana T=277 (f e ocHoBHaTa YectoTa
Ha 3aXpaHBaLLOTO HaNpPexXeHune);

Ucp , leo — cpeaHmTe CTOMHOCTM Ha HANPEXEeHUETO 1 Toka Ha
efHa hasa 3a uHTepeana T;

Uy, I — edpeKTUBHMTE CTOMHOCTH HA OCHOBHUSI XapMOHUK Ha
HanPeXeHNEeTO 1 TOKa;

Umax , Imax — MaKCUManHUTE CTOMHOCTM Ha HAMPEXEHNETO U
TOKa B MHTepBana T.

CpaBHsiBalku onpeeneHnTe CTONHOCTH Ha KoeuuneHTuTe
Ha chopmata W amnnuTyaaTa, ¢ NOMOLUTA Ha aHanmaaTop 3a
EMC, ¢ xapaKTepHUTe CTONHOCTU 3a CMHycoMaa ce onpeaens
W CTENEHTa W xapakTepa Ha Aedopmauusita Ha KpuBWTE Ha
TOKa 1 HaNPeXeHNeTo.

CTeneHTa Ha HecuMeTpust Ha TpudasHa cucTema Ha
HarpeXeHeTo MNW TOKa Ce XapakTepusupa CbOTBETHO C
KoeDULMEHTUTE HA HECUMETPUS Ha HampexeHueTo M ToKa,
KOWTO Ce OMpesensT C U3pasuTe;

KbaeTo
U,nl

pos pos
TenHata (npaBaTa) nocneaoBaTtenHoCT Ha HanpexeHueto n
TOKa;

U, 1., - ehextvBHITE CTOMHOCTY Ha OTpULATENHATa

neg

ca eq)eKTVIBHVITe CTOAHOCTM Ha MONOXM-

(obpaTHaTa) nocneaoBaTENHOCT Ha HANPEXEHWETO U TOKa;

U U 1

posd T onegy T posy mnegd . atheKTMBHUTE CTOMHOCTY

Ha NOnoXutenHata M oTpuuatenHarta nocrnenoBaTenHoCT Ha
V-TA XapMOHUK Ha HanpeXxeHNeTo 1 ToKa.

CTeneHTa Ha HeypaBHOBECEHOCT Ha TPUAIHUTE CUCTEMM
Ha HaMPEXEHNETO 1 TOKa Ce XapaKTepuanpa ¢ KoeULMEHTUTE
Ha HEypaBHOBECEHOCT Ha HAMPEXEHMETO W TOKa, KOUTO Ce
OnpeaensT ¢ u3pasute

a,= %_100= 100, %;
Upos
40
, A
0, = —2.100 = ——="%,
Ip 40 )
. IOSV
) Lo
KbAeTo

Upo n lp ca edektuBHUTE CTOMHOCTU Ha Hynesarta
MoCNefoBaTENHOCT Ha HAMPEXEHUETO U TOKa;
Uo,y 1 Iy, - eheKTUBHUTE CTOMHOCTM Ha XapMOHULMTE Ha
HarpeXeHNeTo W TOKa C HyneBa NocneaoBaTeHoCT.

Pa3maxbT Ha OTKMOHEHMETO Ha HanpexeHneTo no gasu ce
onpegens ¢ u3pasa

_U0-U,

V(t) 100, %,

H
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KbaeTo
U(t) e obeuBHaTa kpuBa Ha eeKTMBHATa CTOMHOCT Ha
HanpexeHueTo;

Ux — HOMMHAmHOTO HanpexeHue Ha enekTpudeckara Mpexa.
Ot 3asucumoctta  V(t) ce OmnpemensiT  CPemHusT,
CPEAHOKBAZPATUYHMAT — pa3Max W  CPefHOKBALpaTUYHOTO
OTKIOHEHWE Ha HampexeHueTo.

Mo aHamoruyeH HauuH Ce OMpefdens OTKIOHEHWETO OT
ocHoBHaTa uecToTa. PasmaxbT Ha koneGaHusiTa  Ha
HaMPEeXeHWeTo 1 YecToTaTa He Ce pasrnexaar B Tasu paborta.

3a onpenensHeTo Ha OCHOBHUTE nokasatenu Ha EMC e
HeobXooMMO [a Ce OnpedensT XapMOHWUWTE Ha TOK U
HanpexeHue N0 ¢asM UM CUMETPUYHWTE CbCTaBKM 3a
OTLENHWUTE XapMOHWLW B TpU(a3HUTE HECUMETPUYHM CUCTEMM
Ha TOKa U HanpeXeHeTo.

Korato cuctemute ca HeCMHYcOMaamHM U HECUMETPUYHM
HanpexeHusiTa (TOKOBETE) Ha OTAeNHUTe hasu ce pasnarat
Ha XapMOHWYHW CbCTABKW C MOMOLLTA HA NpeobpasyBaHNeTo
Ha ®ypue W cries ToBa 3a BCEKM OTAENEH XapMOHMK Ce
OnpeenaT CUMETPUYHUTE CbCTABKM Ha HyNeBa, NONoXUTENHa
W oTpuuaTenHa nocrefosaTenHocT. 3a onpedensHe Ha
XapMOHUYHUTE U  CUMETPUYHUTE CbCTaBKM € CbCTaBeH
anropuTbM 3a aHanusaTopa.

AJITTOPUTBM HA PABOTA

Tyk We pasrnefame obluata nocneaoBaTenHocT Ha pabota
W anropuTbMa, KOWTO Hail-MHOTO HaToBapBa cucTemara C
W34MCIUTENHM NpOLeAYpH, @ MMEHHO paboTata B pexum
XapMOHUYeH aHanu3. PasnuuHnte pexumu Ha pabota Ha
aHanusatopa ca pasrnegaqu B Cuaepos u dp. (2003).

006w anropuTbM Ha paboTa Ha aHanu3aTopa

Ha ®urypa 1 e gapeH B 06obLeH Bug anropuTbM Ha
paboTa Ha aHanu3atopa. Toi BKMOYBA CNEOHUTE OCHOBHM
CTBKN:

. WHuumManmuanpaHe Ha pecypcuTe Ha cuctemarta. Tyk
ce WMa npedBup HacTpoika Ha pabota Ha BCUYKM
MopTOBe Ha MpoLecopa, NpUCBOsIBaHe Ha CTOAHOCTW Ha
BCWYKW MPOMEHNMBI HEOOXOAUMU NPW U3YMCHIEHNSATA W
YNPaBEHNETO 1 aHanu3 Ha NPeABapUTENHO 3aafeHu
HaCTPOWKW W JaHHW B NameTTa.

. M3bop Ha pexum Ha pabota. W3bupa ce Hskoi OT
OMMCaHUTE PEXVMM Ha paboTa.

. VlaMepBaHe W M3YMCRSIBAHE HA BCUYKM BENUYMHM
3asI0XEHN B CbOTBETHNS PexnM Ha paborTa.

. AHanu3 Ha 13bpaHWs HauMH Ha MpeAcTaBsiHe W
Bu3yanusauus Ha LCD ekpaHa.

. BpbLuaHe 0THOBO KbM 1300p Ha pexum Ha paboTa .

AnroputbM Ha paboTa B peXuM XapMOHUYEH aHanu3
Obuwata nocrnegoeaTenHocT Ha paboTta Tyk e JajeHa Ha
Ourypa 2 ne:

. /136op 1 npoBepka Ha cxemaTta Ha CBbp3BaHe.

. 3afaBaHe Ha OCHOBHW MapameTpu No 13MepBaHeTo
W M3YMCMEHMSITa KaTo: 4ecToTa Ha AMCKpeTuU3auus,
WWpOYMHa W BUL Ha M3NON3BaHMs 'mposopey’ mpu
U3MepBaHeTo, BUA Ha LMdpoBus UNTLP, MakcuManeH
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XapMOHMK Ha OT4MTaHe (ropHaTa rpaHuWua 3aBucu OT
npeau TOBa 3afafeHuTe NapameTpm).

. W3mepBaHe Ha HanpexeHuneTo 1 Toka ype3 ADC.

. Lindpposa cuntpaumns Ha 3acHeTUTE OUCKPETHU
CWrHanu v 3anuc B nametTa.

WHnumanuampare Ha pecypeuTe Ha
cucTemara

by

/3bop Ha pexum Ha pabota

v

VlsmepBaHe U n34uncnaBaHe Ha
BENMYNHNTE 3aN0XEHU B peXnma

v

Busyanusaums

v

Queypa 1. bnokosa cxema Ha 0bwusSM an2opumbM Ha
paboma

C ornen noBuLaBaHe Ha TOYHOCTTA Ha pesynTaTuTe OT
TpaHctopmaumuaTa Ha Oypue curHanmbT Ce  OrpaHMyasa
4eCTOTHO. YeCTOTHOTO OrpaHNyaBaHe MoXe Aa Ce OCbLLECTBM
C HUCKkoYecTOTHU mnTpu. OCHOBHO Ce W3non3saT ABa Tuna
¢untpu FIR (Finite Impulse Response - ¢untpu ¢ kpaitHa
umnyncHa xapaktepuctuka) u IIR (Infinite Impulse Response -
unTpu ¢ BeskpaitHa UMNyncHa xapakTepucTuka). B koHkper-
HWST cnyyait e u3nonseaH FIR unTbpbT Nopaau npocrata cu
CTPYKTYpa W yaobHUTe XapaKTepuCTUKW, KOUTO TOW NpuUTEXaBa
a MMEHHO nunca Ha obpaTHa Bpb3ka MBaHoB (1997).

Lncpposusat FIR dunTbp € NUHENHa AUCKpeTHa cuctema
€OVH BXOZ W eduH M3X04, C MOCTOSHHM BbB BPEMETO
napameTpu, T.e CUCTEMAaTa € WHBapuaHTHa KbM MpeMecT-
BaHeTO BbB BPEMETO (peakuusita Ha cuctemarta He 3aBuch OT
MOMEHTa Ha NoAaBaHe Ha BXOLHWS cUrHan).

Heka BxogHaTa nocregoBaTenHocT e {un} , d peakumnaTa

Wa ¢untbpa - {Y,}. Bcaka nuHeiiHa cucTema Moxe

e[HO3HayHO Aa Obge onmpefeneHa uype3 peakuusita W Ha
NOCNeAoBaTENHOCT OT €AMHUYHM UMMYIICU, BCEKM OT KOMTO ce
AeduHMpa No CneaHMs HaumH

5 (k)= {LO},k= 0,k% 0.

BxogHaTta nocrnegoeaTenHocT Moxe ga Obae peanun3npaHa
KaTo Cyma OT €AUHUYHN UMNyncu
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0

u(n) = Z u(k)d (n- k).

k=~

Tvi kato FIR cunTbpa € nuHelHa cuctema, TO HerosaTa
peakLus e

y(m) = LIS u(l)d (n- k)],

k=-n

3 a IMHEeMHWTE W WHBapUaHTHU KbM MPEMECTBAHETO BbB
BPEMETO CUCTEMM AUCHEPEHYHOTO ypaBHEHWe NpueMa Buaa

[

Y= Y u(kyh(n- k),

k=-w
KbeTo {hk} € MMNymNcHaTa XapakTepucTuka Ha unTbpa.

Ha npakTuka BxogHaTa NocnefoBaTeNHOCT € OrpaHuyeHa.
Mpu N Ha Bpoi BXOAHW OUCKPETU 3a peakumsTa Ha (unTbpa ¢
KpaiiHa MMMyricHa XxapakTepucTuka ce nomnyyasa

N-1

y(n) = Z u(k)h(n - k) = h(k)u(n - k).

Cymarta OT Npou3BefieHNeTO Ha [Be AMCKPETHU nocrneao-
BATENTHOCTH, YNMTO MCKPETH Ca Pa3MECTEHN BB BPEMETO CE
Hapu4ya KOHBOMIOUMS, UNW cBuBaHe. [udepeHyHOTO Yypas-
HeHWe Moxe Aa Gbe 3anMcaHo Mo CReaHUAT HaumH

Wy =, h, g

Korato OposiT Ha BXOAHMTE AMCKPETM CbBraga C Opost Ha
KoehuuMeHTUTE Ha MNTBPA, NOCAEAHMAT Ce peanusunpa Ypes
MaTemaTnyeckata onepauusa KpbroBo CBuMBaHe, B MPOTUBEH
Cnyyan — 4pes3 anepruoamyHo CBUBAHE.

PeakuusTa Ha (untbpa B z — obnactra e

Y(2)= H(2)U(2),

kbaeTo H(z) e npepaBatenHaTa yHKUMs Ha unTbpa
H(z)= § h(k)z*
k=-w

YecToTHa XapakTepucTuKa Ha unTbpa e Ha npakTuka .

Tosu TtMn  unTpu ca IMHeWHO hasoBM - T.e
XapakTepucTukata WM € NUHeMHa (PYHKUMS Ha YecToTarta.
ToBa CBOWCTBO € ronsiMo MPeaUMCTBO MPU WU3NOSI3BAHETO Ha
unTbpa B pasnuyHKU yCTpOCTBA. OUNTHPBLT € MNUHENHO-
a3 camO MNpu  KOE(ULMEHTM CUMETPUYHM  OKOMO
LEHTpanHus KoeWUMEHT T.e MbpBUS M MOCTedHus ca
efHakBu. 3abaBsHETO Ha €OMH NMHENHO-a30B PUNTLP €
(N-1)/Fs, kbpeto Fs e wu4ectoTata Ha AMCKpeTM3aLms
(kBaHTyBbYHA uyectoTa), a N e 6poAT Ha [auckpetute.
MpumepHo 3a 21 auckpetn W 1kHz kBaHTyBbYHA YecToTa,
3aKbCHeHeTo LWe e (21-1)/1 = 20 MunucekyHau.

MpoektupaHeto Ha FIR dunTbpa e oCbliecTBEHO MO
meToda Ha “nposopeua”’. [llpu TO3M MeTog HayanHuTe
WMMYNCHN XapaKTEpUCTMKM Ce YMHOXaBaT C Mpo30peyHa
yHKumMs. CblUecTByBaT pasnMyHM  NPO30PEYHN  (hyHKLMN
KpbCTEHM Ha oTkpusaTenute um — “Tpo3opel” Ha XeMMuHT,
bnekmaH, Yebuwes u gp. Koweomwouusta BOAM [0
u3rnaxgaHe Ha aMnnuTyaHO-YeCTOTHUTE  XapaKTepUCTUKM.
Peanusupanm ca FIR duntpu uype3 wu3nonssaHe Ha
npaBObIbIEH NPO30pel, U npo3opell Ha XeHuHr (Hanning
window), KaTo BTOpWAT ce u3uckea oT crangapta BAC EN
61000-4-7. MoTpebutenat onpeaens TMna Ha uUnTbpa, KOATO
LLe ce M3nona3ea.

Mpu npoekTUpaHeTo Ce cnassa CnedHaTa nocneaosa-
TenHoCT Ha paBoTa: 3aaBaT ce YecToTaTa Ha AUCKPETU3aLMNS,
cpsi3BallaTa YecToTa B IleHTaTa Ha MponyckaHe 1 cpsssalliata
4ecToTa B NMeHTa Ha 3a[bpXaHe; U34NCIABAT Ce LMpUHaTa Ha
rnpexoaHata NeHTa W HopMMpaHaTa cps3Ballja YecToTa;
CriefBa M3uMCNABaHe peda Ha (PUNTbpa; nonydasar ce
Koe(ULIMEHTUTE Ha (MNTBPA, Crief KOETO MOXe fa Ce Nomnyum
pesynrara oT dunTpauusTa no .

. MpunaraHe Ha 6bp30TO NpeobpasyBaHue Ha Pypue
(FFT) v nonyyaBaHe Ha KoeuUUMUEHTUTE, U CLOTBETHO, W
XapMOHULIMTE Ha HaMPEXEHWETO 1 TOKa.

B cnyyaute, korato curHanuTe Ce nonyyaBaT eKcnepu-
MEHTamnHo, a He M0 aHanUTWYHW W3pasu, CblLecTByBaT ABA
OCHOBHM MeToAa 3a obpaboTkaTa um ;

- Mpu MbPBUAT METOA MbPBOHAYANHO CE M3BbPLUBA

anpokcuMaums Ha (PyHKUMUUTE W cried TOBa Ce npunara YucneH
METO/ 3a MHTErpupaxe;
- Npu BTOPWUST METOA4 Ce U3BbpLUBA 3aMecTBaHe Ha
HenpeKbCHaTOTO hypu1epoBo npeobpasyBaHue c
€KBMBAmNEHTHO AMUCKPETHO npeobpasysaHue Ha Pypue (DFT),
KaTo Ce W3Non3BaT [AMCKPETHUTE [aHHW; TO3W MeToA
n3nonssame M Hue 3a obpaboTkata Ha OMUCKPETHUTE HM
cUrHanm.

B KOHKpEeTHWs, Crydaii BMECTO WHTErpupaHe ce Hanara
M3BbPLUBAHE Ha HenocpefcTBeHO npecmsTaHe Ha DFT 3a
BCekn oTyeT. Taka Hanpumep, npecmsitaHeTo Ha DFT ¢ 512
(N=512) otyera uaucksa 1,5.10° matematudeckn OeincTaus.
M3nonssaHeTo Ha 6bp30TO NpeobpasyBanue Ha Oypue (FFT)
Hamansea Toau Gpoit Ha Nlog,N (mpuGnuautenHo 2,5.10°
[encTBust 3a cblyms 6pon otyetn) JoHeBcka u dp. (1999). Ot
Tasn rnegHa TOuka B anmroputbMa Ce uanonsea 6bp3o
npeobpasosaHue Ha Pypue.

WAma pasnuynn anroputmn 3a peanuavpaHe Ha FFT. B
Cny4asl ce 13non3Bea Taka HapeyeH anropuTbM 3a JeuuMauus
no speme. Hait-0bwo TOM MOXe ga ce onuiie no ChneaHus
HaumH: Tpbrea ce ot DFT npeacTaBeHo BbB BUAa

F(n)= 2'1 W™, n= 0,1,2,..., (N-1);

0

KbOeTo
F(n) peanuata ot koeguuneHTute Ha DFT;
f(k) — BxogHaTa peguua (MHOEKCHT K Ce acouumupa ¢ BpeMETo),

a W - e-JZH/N_

TOANILHUK Ha Murro-zeonoxkus yHusepcumem “Ce. Mear Puncku”, mom 46(2003), cs. I, MEXAHW3ALINA, ENIEKTPUOUKALINA U ABTOMATU3ALINA HA MUHUTE



AKo npeanonoxum, ye bposT Ha otyeTute N ce genv Ha 2. B
TO3M CRyYail € NpenopbYnUTeNHO Aa ce pasrnexga DFT Ha ase
No-kKbCM peauuM, egHaTa Cbabpkalia OTYETUTE C YeTHM
Homepa f(2k) n gpyrata cbabpxalla OTYETUTE C HEYETHUTE
Homepa f(2k+1), kboeto k=0,1,2,...,(N/2-1). B pa3paboTteHus
anropuTbM [ENEHVETO CTaBa Ha YeTUpU peguuu, KOoeTo
no3eosnisiBa no-6bp3oTo 06paboTBaHe Ha ronsMo KONMYECTBO
AaHHK. 10 TO3M HauWH ce onpeaensT XapMOHULMTE Ha ToKa |
HanpexXeHWeTo egHOBPEMEHHO U Ha Tpute asu. B TakbB
Cnyyaln cymata MOXe Aa Ce MpefcTaBW kaTo NofyyeHa oT
4eTUpn Cymmn

Havarno Ha pexum
XapMOHWYeH aHanua
(aHarm3 Ha
HecumeTpusTa)

W360op v npoBepka cxemara Ha
CcBbp3BaHe

v

3afaBaHe Ha OCHOBHYM NapameTpu Mo
N3MepBaHeTo

/amepBaHe Ha HanpeXeHMeTo 1 Toka
c ADC
Lndposa duntpaums
Bbp3o npeobpasysaHe Ha Oypue
(FFT)
Pexum?
OnbenensHe OnpepensHe Ha
noxaspaTilanMTe Ha CAMETPIHHITE
CbCTaBKM
HecuHycouaan-
HoCT
HacTpoitka?
OnpepensHe Ha OnpepensHe
€HepreTUyH1Te nokasaTenure Ha
rnokasaTenute HecuMeTpus
Buayanusauus

®ueypa 2. briokosa cxema Ha paboma 8 PEXUM XapMOHUYEH

aHanus
N/4-1
F(n) = Z fER)W" )™ +
=0
N/4-1
+ Z f(4k+ 1)(Wn)(4k+l) +
=0
N/4-1
+ Z f(4k+ 2)(Wn)(4k+2) +
=0
N/4-1

DICEEUS

3anucaH B gpyr BuA, pe3ynTaTbT OT NpoLeca Ha AeneHie Ha
YeTVpY NoapeaunLy e

F(n)= Z Zf (4t m) (") =

3 N/4-1

2] Sk mor oy

lMpouechkT Ha AeLyMaLms No Bpeme NpoabihKkaea oKaTo ce
LOCTUMHe rpaHnLm Ha u3mMeHeHne Ha K - 0 u 3.

. B 3aBucumocT oT u3bpaHuAT pexum Ha pabota
cregBa  M3uMCnsiBaHe  HA  MokasaTenMTe Ha
HECUHYCOMAAMNHOCT N0 hOPMYNN - UM NOKa3aTenuTe Ha
HecuMeTpus B TpUdhasHu cuctemmn no hopmynn - , karto
Ce W3non3eat onpeaeneHnTe XapMOHUYHU U CUMETPUYHM

CbCTaBKU.
. Busyanusaums Ha u3bpaHM OaHHM. Bupa w
BENUYUHUTE Ce KOHTPOMMPAT OT noTpeduTens.
. BpbllaHe  OTHOBO  KbM  W3MEpBaHETO  Ha

HanpexeHWeTo 1 Toka (TpeTa TOYKa OT anropMTbma).

B 3aKntoueHre Moxe [a Ce JOMbIHW, Ye OCBEH NOCOYEHUTE
roKasaTenu CBbp3aHi C eNeKTPOMarHTHaTa CbBMECTUMOCT B
eNeKTPOCHAbAMTENHN  CUCTEMM  MMa  pa3paboTeHn U
MPUIOXEHN B aHanM3aTopa anropuTMW 3a M3YWCHsBaHe Ha
€HEPreTUYHUTE XapaKTEPUCTUKM HA ENEKTPUYECKIUTE MPEXM U
npogbmxasa pabotata No exkcriepUMeHTUpaHe, noaobpsBsaHe
1 pasiLMpsiBaHe Ha Bb3MOXHOCTUATE Ha cucTemarTa.

NNTEPATYPA

Honescka C., b.JloHeBcku. Bbp3o npeobpasysaHue Ha Pypue.
- TexHuvecku YHugepcumem-Cocgpusi, 1999.

MeaHoB P.C. Linchpoea 06paboTtka Ha egHOMEPHM CUrHanm. —
labposo, TY-labposo, 1997.

Cupepos C., H. MaTtaHos, b. Boitues, B. leoprues. CtpykTypa
1 paboTa Ha MUKpPONPOLIECOPEH aHanM3aTop Ha
€NeKTPOMarH1THa CbBMeCTUMocT. — KObuneiiHa
mexQyHapodHa Hay4Ha cecusi 50 200uHu MY "Ce.NeaH
Puncku" 14-14 mati 2003, Cogpus.

lngnosckun ALK, b.M.Bopucos.
OOHOMa3sHBIX W ABYNNEYEBBIX
yCTaHoBOK, - Kues, 1977.

CuwmeTprpoBaHme
ONEKTPOTEXHNYECKNX



Cudepos C. u dp. AJITOPUTBM 3A OLIEHKA HA OCHOBHM MOKA3ATEITN HA EJIEKTPOMATHUTHA...

penopbyaHa 3a nybnukysaHe om
kamedpa “Enekmpucpukayus Ha muHume *, MEM®

FOANLIHNK Ha Munro-2eonoxkusi yHugepcumem “Ce. Mean Punicku’, mom 46(2003), cs. lll, MEXAHUSALIWA, ENTEKTPUOUKALIMA M ABTOMATU3AUMA HA MUHUTE

18



ALGORITHM FOR EVALUATING THE BASIC CHARACTERISTICS OF THE
ELECTROMAGNETIC COMPATIBILITY OF ELECTRICAL POWER SYSTEMS BY DIGITAL
ANALYZER

Sider Siderov Nikolay Matanov Borislav Bojchev Vulchan Georgiev

Technical University of Sofia, Sofia—1756, .8 KI.Ohridski Blvd., Faculty of Electrical Engineering, Department of Electric

Power Supply, Electrical Equipment and Electrical Transport
E-mail: E-mail:

matanov@bitex.com bojchev@tu-sofia.acad.bg

E-mail:
vulchy@tu-sofia.acad.bg

E-mail:
ssiderov@tu-sofia.acad.bg

ABSTRACT

An algorithm for evaluating the basic characteristics of electromagnetic compatibility (EMC) such as harmonic and asymmetrical components, nonsinusoidal,
unbalance coefficients (factors) of voltage and current in specific nodes of the electrical power systems, providing for some specific distorting big loads is presented in

this paper.

This algorithm is designed for digital analyzer for control of electromagnetic compatibility of electrical power systems.
In addition, it will allow a certain research work to be carried out, concerning the methods and the precision of evaluation of electromagnetic compatibility.

An approach for determination the characteristics of
electromagnetic compatibility (EMC) in electrical power system
are discussed in the paper. This approach is used in digital
analyzer developed by the authors. The structural scheme and
functional abilities of the analyzer are discussed in retile in
Cupepos u dp. (2003).

BASIC CHARACTERISTICS OF EMC

The basic EMC characteristics are subject of many
standards and publication such as Lugnoscku u dp. (1977).
These characteristics are critical for electrical power quality
and are related to evaluation of non-sinusoidal current and
voltage, unbalance in three phase power systems, voltage
variation (deviation) and fluctuation.

The basic characteristic of non-sinusoidal current and
voltage are:
- Harmonic ratio of current and voltage

components
I

k, = 1.= ~.100,%;
Il
U,

ky, = U,.= —.100,%;
U

- Voltage (Current) total harmonic
distortion (THD)

50
LU T
=2 100+ Y k%

U1 v=2

50 )

VZ2[V 2 2
k. .= — .100 = k;, ,%;
He | Il ZZ v Y

- Normalized THD of inductions and
capacitors:

kHc,ind -
1
50
2
(v, )
kHC,Cllp = =2 1007 %9
1
where

U, and I, are voltage and current harmonics;

v - harmonic order;
o - a parameter taking value 1 or 2.

The current and voltage harmonics ratios are used for
choosing power filters, estimating the overload power system
elements and for control of the units that generate harmonics.

Harmonic distortions are intended for evaluating of heating
and extra active power losses in the elements of electric power

system: k.., and k,, - for power transformers, cables and

- for asynchronous motor coils; k - for

airlines; k He.cap

He,ind
directly connected capacitors, without protective inductors.

There are some more coefficients (factors), defined in the
electrical engineering, which characterize the form of current
and voltage:

- Form factor (sine wave - k 7=1.11)

9

U I
ky=—; k,=—
U > A

U, I,

- Crest factor (sine wave &, = J2 )



aU U al ]
- Fundamental factor
U I
kDU . El; kDI . 719
where

U and [ are r.m.s. value of the voltage and current taken for

one phase and period T=277 (fis the fundamental frequency);
Uy , I — average voltage and current values for the

fundamental component for one phase and period T;

U, I — voltage and current r.m.s. values for fundamental
component;

Umax , Imex — the maximal (peak) voltage and current values
in period T.

The distortion of the current and voltage curves (forms) can
be evaluated by comparing form and crest factors derived from
measurements and these calculated for sine wave.

The unbalance in three-phase system is characterized by
unbalance factor that can be determined to be:

40 5
U Z Uneg,v
- neg - v=1 o/.
£, 2100 = A2 100,%;
pos 2
Z Upns,v
V=1
o
1 z Ineg,v
£ = I”eg 100 = ”4:01—100,%,
pos 2
Z ]pax,l/
V=1
where
U,,and 1, are rms. values of positive sequence

components of voltage and current;
Uyeet 1, - are rms. values of negative sequence

components of voltage and current;
U U 1

posdTonegh T posy ,[”"g’v - are r.m.s. values of
positive and negative sequence components of voltage and
current harmonics with order v.

The degree of unbalance of a three-phase system is often
characterized by unbalance factor of voltage and current which
is determined as:

2
I VZ]IOV
a, = —% 100= = %,
Ipos 20 2
Z Ipos,v
v=1
where

Up and I, are r.m.s. values of direct sequence components of
voltage and current;

Uou 1 Iy, - rm.s. values of direct sequence components of
voltage and current harmonics with order v.

The voltage deviation amplitude for each phase can be
defined by the expression

V()= U(t)—_UHl()(),%,

H

where

U(t) is wrapping curve of the voltage r.m.s. values;

Uy — the nominal voltage of the power system.
The average and r.m.s. amplitude as well as average and r.m.s
voltage deviation can be determined from V/(t) .

In analogical manner the fundamental frequency deviation
can be determined. The voltage and frequency fluctuation are
not subject of this paper.

The voltage and current harmonic calculation are necessary
to determine the basic EMC characteristics. Direct positive and
negative component are estimated in three-phase unbalance
systems.

When current and voltage are non-sinusoidal and unbalance,
first the Fourier transformation has to be done and after that
the direct, positive and negative sequence component are
calculated for each harmonic. The algorithm discussed in this
paper considers the way of determination of the above
quantities.

OPERATION ALGORITHM

This paragraph considers the main algorithm and it's
heaviest part — harmonic analysis that will be discussed in
details. All possible operation modes are described in Cuaepos
u dp. (2003).

General operation algorithm
Generalized flowchart of the operation algorithm is given in
®urypa 1. The following basic steps are shown:

. Initializing the system resources assigning initial
values to all variables, configuration 1/O interface and
data memory check.



Operation mode choosing. The desired mode has to
be selected in accordance with the client task.

. Measurement. At this point all quantities related to
chosen mode are measured and acquired data are put
into computation routines.

Visualization (Show) of the results in the LCD.

i Returning to operation mode choice.

Initiate system's resources

by

Operation mode choosing

v

Measuring and calculation

v

Show results

v

Figure 3. Flowchart of general operation algorithm

Algorithm in harmonic analysis mode
A flowchart describing working sequence is given in ®urypa
2. The main steps are:

. Choice of the external connection scheme. After
each change a checking subroutines is started to
reassume absence of mistakes.

. Setup of the basic measurement and calculating
parameters. The user can select some measurement
parameters as: sample rate, the kind of window function,
the kind of anti-aliasing filter, the maximum harmonic
order (the upper bound of the harmonic order depends on
the previously setup parameters)

o Performing the actual measurement with ADC.

. Filtering the acquired data and saving in the memory.

As it is well known the input signals has to be limited in the
frequency domain in order to receive correct results from Fast
Fourier Transform (FFT). A digital filter is used to prevent the
aliasing of out-of-band noise and interference. A Finite
Impulse Response (FIR) filter is chosen because of its
simplicity and suitable characteristics.

The digital FIR filter is linear discrete system with single input
and single output. It has constant (according to time)
parameters. In that way the system reactions is independent
from the input signal initial time. Any linear system can be
unambiguously determined by its reaction to the series of
normalized pulses, each of which can be defined by the
following expression /Ba+os (1997):

5 (k)= {LO},k= 0,k# 0.

If we mark the filter input with {un} and its reaction (i.e.

output) with { yn} , the input can be presented as a sum of
normalized pulses

0

u(n) = 2 u(k)o (n- k)

k-

And the filter output is expressed by
y(n)= LI{) u(k)d (n- k)}].
k=-0

For the linear, time invariant systems, equation can be written
as

[

y(n)= ) u(k)h(n- k),

k=

where {hk} is impulse response of the filter. In practice the
input sequence is constrained, so if the number of input points
is N, the FIR filter output will be

N-1 N-

y(n) = Z u(k)h(n - k) = Z1h(k)u(n— K).

This sum is called convolution and can be written in the next
way

Wi =, *h, g

If the number of discrete input values is equal to the number
of filter coefficient, it is realized by the mathematical operation
ring shrinkage (circular shrinkage) but if not aperiodic
shrinkage is used.

The filter response in the z-domain is

Y(z)= H(2)U(2),

Where H(z) is the filter transfer function
H(z)= Y hk)z"
k=-n

The phase response of this kind of filters is a linear function
of the frequency, which is a big advantage of such kind of



applications. The linearity is achieved only for the filter
coefficients are symmetrical around the central coefficient (i.e.
the first and the last coefficients has to be equal). The linear
filter delay is (N — 1)/Fs, where Fs is the sampling frequency,
and N is the number of points. For instance for 21 point and 1
kHz sampling rate the delay will be 20 ms. In practice the
frequency response is given by .

The "windowing" approach is accepted in filter design. The
initial impulse response is multiplied by "window" function. The
convolution realized in that way leads to smoothing in the
frequency response. The user can chose between rectangular
window and Hanning window. The last one is required by
standard EN 61000-4-7.

In filter design the following sequence is accepted: first the
sampling rate is set; the pass band and the hold band are set,
after that the transition band with and normalized cutting
frequency are calculated. Finally filter order and filter
coefficient are defined. The results after filtration can be
obtained by using equation .

. Performing Fast Fourier Transformation (FFT) and
determine current and voltage harmonic ratio.

When the signals are captured experimentally but are not
given as analytical expressions, there are two common
methods for their processing:

- In the first one a function approximation is done, followed by
numerical integration.;

- In the second method continuous Fourier Transformation is
replaced by Discrete Fourier Transformation (DFT). This
approach suits better to our tasks. The FFT is always preferred
than directly applying DFT because of reducing mathematical
operations. For example DFT with 512 samples requires
1,5.10° mathematical operations, while by FFT this number can
be reduced to about 2,5.10* mathematical operations for same
number of samples. In general FFT requires N.log2N complex
multiplications, where N is the number of samples [loHeBcka u
op. (1999).

The abbreviation FFT represents not single method but set of
algorithms that speed up the process. One widely used
algorithm is called ‘time decimation”. It can be generally
described with the following equations:

F(n)= 2'1 fKW™, n= 0,12,...,(N-1);

where
F(n) is coefficients row of DFT;
f(k) — input data sequence (the index k associated with the

time), W = e 12"/N.

Begin harmonic analysis
(unbalance analysis)
mode

Check-up connection scheme

v

Determine of main measuring
parameters

>y

Measuring U and | with ADC

v

Filtering input samples

v

FFT
Regime?
Calculate negative and
Evaluation non- positive sequence
sinusoidal signals component.
(harmonics ratio,
THD, and e.t.c)
;ﬂfuﬁiz Calculate
€19 Unbalance factor
indices

v v v

Show results

Figure 4. Flowchart for harmonic analysis mode

If the number of samples N can be divided by 2, the initial
DFT can be decomposed in two shorter subsequences - the
first one containing all samples with even indexes f(2k.), and
the second one comprised by all samples with odd indexes
f(2k+1), where k=0,1,2,...,(N/2-1). Each of these two new rows
of data is decomposed in to parts in its turn. In that way the
current and voltage harmonics are evaluated for all three
phases at the same time. In this case the sum can be
represented by four subsumes given by .



N/4-1

F(n)= Z f@kyw" )™ +

N/4-1
+ Z f(4k+ 1)(Wn)(4k+1) +
=0
N/4-1
+ Z f(4k+ 2)(Wn)(4k+2) +
=0
N/4-1
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This formula can be writhen in other way

3 N/4-1
Fy=Y Y f@k+ mpmtm -
m=0 k=0
3 N/4-1

2] ] Sk mor oy

The time decimation process continues until initial and final
values for kK become equal to 0 and 3.

N In dependence on the current mode of operation
either non-sinusoidality characteristics are calculated by
expressions - or unbalance parameters are calculated in
accordance to the equations - .

. The analyze is completed by visualization of the
results. In stand-alone regime of operation the results are
shown in graphics LCD module. If the analyzer is

Recommended for publication by Department of
Electrical Engineering, Faculty of Mining Electromechanics

connected to PC specially developed software capture the
data and gives much more possibilities for data
processing and visualization.

. The algorithm loops with measurement of the next
current and voltage periods.

The analyzer can evaluate a wide variety of EMC
characteristics. In addition active and reactive power for a
user-supplied interval can be measured. In such way
observation of the load variation could be performed.

During the last few years the requirements concerning EMC
became stronger and stronger. Such requirements are
included in the new standards. This means that the question
for fast and cheep measuring devices is its importance.
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