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AnoTtanis. B namiif po60Ti IPOBOAUTHCA OLIHKA BIACTHBOCTEH MeAiaHHOI (idbTpallii, IO 3aCTOCOBYETHCS
10 BXIZIHOTO MOTOKY CHUMBOJIB. Bu3HaueHa 3anexHicte mapamerpiB ALl BigmoBigHO 10 HEOOXiqHHUX
sakocTeil MemianHOI ¢imbTpanii. Pospobmena Meroxuka peamizamii alropuTMy HIBUAKOTO 0OpOOIIIOBaHHS
3HaueHb MexiaHHMM (inbTpoM. IloBenmeni mocmimkeHHS e(deKTHBHOCTI MemiaHHOI (imbTpamii st
eKCIICPHMEHTAIILHOT0 Ha0opy BXiAHHX JaHUX.

AnHoTanus. B nanHOIl paboTe IPOBOAUTHCS OIEHKA CBOWCTB MEAMAHHOU (DMIBTPAIMY, YTO HPHMEHSIETCS
K BXOAHOMY IOTOKy cuMBONOB. OmpeneneHa 3aBUcHMOCTh mapameTpoB AILIIl 4To coOTBETCTBYIOT
HeoOXOAMMBIM KadyecTBaM MeJHAaHHOH ¢unbTpanuu. Pa3paborana MeTomuka peanu3aliyl alropHTMa
OBICTPOH 00pabOTKM 3HAUCHUN MeAWaHHBIM (uibTpoM. IIpomsBemeHo wuccienoBanue 3PGHEKTHBHOCTH
MeUaHHOH (QHIBTPAIUU I SKCIIEPHMEHTAILHOT0 Ha0Opa BXOAHBIX JAHHBIX.

Abstract. In this paper we evaluate properties of median filters, which is applied to incoming stream of
symbols. Dependency of Analog-to-digital device properties from required median filtering quality is
obtained. Realization method for quick values processing with median filter is developed. Investigation of
the median filtering efficiency was done for experimental input data sets.

Kaiouosi cioBa: MenianHa ¢GinpTparis, MBUAKANA MeTox ¢inbrpanii, mapamerpu AL
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BCTYII

[Muranasm O0opoThOM 13 3aBajaMy NPHUCBSYEHA BEJIMKA KiIbKICTh (yHIaMEHTalIbHUX Npanb. Bci BoHn
BiJI3HAYalOTh, 10 HE MOXXHA MOOyayBaTh (GiIbTp, KU e(eKTHBHO BWIIy4aB OM 3aBaju PI3HOTO XapakTepy.
[IpucTpoi Ta aJrOpUTMHU BHIIYYEHHS IMITYJLCHUX 3aBaJl MOXKHA PO3MOJUIMTH Ha AeKijabka rpymn. lo mepmoi
HaJlekaTh CriocoOu, sKi 0a3yloThcsl Ha OOMEXEHHI CUTHAJIIB 1 BAKOPUCTAHHI KJIFOYOBUX CXeM. AJie BOHH MOXYTb
3aCTOCOBYBATHCS JIMILE [UISl TIEBHUX BHUJIIB CUTHAIIIB, JI0 IEBHOI MipH 3MIHIOIOTH iX opMy 1 CyTTEBO 3MEHIIYIOTh
criBBigHOIIEHHsT curHai/mym [1]. [lo apyroi Hanexarh ajanTHBHI KOMIIEHCalilHI anroputMu. BoHu nocuthb
CKJIaJIHI, MPAIOI0Th NPU MaJoOMy piBHI LIYMiB 1 PO3IJISIAIOTHCS JIMIIE B TeopeTnyHoMy actekTi [2]. Tpers
rpylia BMILIy€e alrOpUTMHM, SIKI 0a3ylOThCS Ha HeNapaMeTPUYHMX METOJax CTaTUCTHKU [3] 1 € J0cTaTHbO
cTiikumu 10 nii 3aBan. Pa3oM 3 TUM, BOHM BUMararoTh II€BHOTO HaBYaHHS BHOIpKaMH 3 aHCaMOIIIO 3aBa,
€JIEMEHTH SIKMX IOBUHHI OyTHM He3aJe)KHUMHU. BUKOPHCTaHHS TakMX aJrOpUTMIB B YMOBax II€pelaBaHHs
IMIMPOKOCMYTOBHX CUTHAJIIB BUKJIMKAE CKJIJHOILI, B IEPILY YEPTy IOB’s3aHi 3 BEINKOIO KiTBbKICTIO O0YHCIICHb.

OcTaHHIM YacoM /sl BUWIyYEHHS IMIYJIbCHHX 3aBaj IIMPOKO BHKOPUCTOBYIOTHCS MeZiaHHI (iLIbTpU
[4], sKi BBaXKAIOTBHCS Iy)Ke MEPCICKTUBHUMH. MemianHuil QimbTp siBJiss€ cOO0I KOB3HE BIKHO, SKE 3a3BHYAil

OXOIUTIOE HETIapHy KiJbKiCTh BHOIpOK N aHAJIOrOBOTO CHUTHAITY i(r ) BuxigHoro BenuuuHOI0O (iIbTpa j/j €

BiZJPaxyHOK, Ui SKOTO y BiKHI iCHY€ ( % BiIpaxyHKIiB MEHIINX ab0 piBHUX HOMY 3a BEJIMYHWHOIO Ta

CTIUJIBKH K OUIBIIHMX 200 piBHUX HOMY 32 BEIMYHHOIO:
y, = med{xo,xl,...,xj,...,xN_z,xN_l} , (1)

[Mopsinok ¢ineTpy N BU3HAYAETHCS PO3MIPOM anepTypH (BikHa), sIKe BUKOPUCTOBYETHCS JUIsl (LIbTpaii.
Haiimpocrimnm, 3a BUSHAYEHHSIM, € OJHOBUMIPHUI MepiaHHHMH (QiIbTp 13 TpUBiApaxyHKOBUM BikHOM [5]. s
poro ¢inbTpa chopMynboBaHi OCHOBHI NPHHIMIIN anapaTHOl peamizauii, ajge Juisl (QiIbTPIB BUIIMX MOPSIKIB
BOHA BHUSIBIIIETHCS JyXe CKiiaaHoo. [IporpamHa peasnizaiis BUSIBISETHCS CYTTEBO IPOCTILION, OCKUIBKH JUIS
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UG POBHUX OIMOSIPHAX CUTHAIIB 3HAYEHHS BUX1THOTO CUTHAY JOPIBHIOE apu(METHIHIN cyMmi

Tt X v T XN )

Meniannunii  QinbTp XapakTepU3YEThCS HENIHIWHUM TIEPETBOPEHHSM CUTHAJIB, OCKUIBKM HOTO
BJIACTHBOCTI HE nepeadayaroTh BAKOHAHHS YMOBH aINTHBHOCTI:

med(k . x(i)) =k- med(x(i))
med(a + x(i)) =a+ med (x(z)) , 3)
med (x(i)+ g(¢)) # med (x(i)) + med (g (7))

ne med(x) — omeparop B3ATTS MeHdiaHW; k, a — TOCTiiHi, x(i), g(i) — TIOCIIZOBHOCTI BHOIpOK
JIOBXXHUHOIO N.

OCKITBKH peecTpariiio 3Ha4YeHb, N[0 HAIXOAIATh 3 KaHaldy 3B’S3Ky, MAOIUIBHO 3[ifiCHIOBaTH 3
BukopuctanasM ALIII, To HeoOXiTHO BU3HAYUTH HOTO OCHOBHI MapameTpu [6].

MinimManpHa KUTBKICTH BigpaxyHKiB, sfKi HEoOXimHO 3adikCyBaTH IS OYHMIICHHS iH()OPMATHBHOTO

CUTHAJY BiJl IIyMy MeaiaHHUM (igbTpOM, BU3HAYAETHCS SIK N _% -k, , ne k, > 1 — xoediuient 3amacy

JIUCKpETH3allii CUTHAITY.

2-k
m_TWR_TRD . (4)

ADC =

ne Typc — TpuBadicts nukiny neperBopenss AL, 7yx — TpHBaNiCTh MPOrpaMHOrO IHKIY 3aIyCKy

ALIT 3a nomomoroto iHTepdeiicHoi cxemu a0 MomeHTy nomanHs curHany “Tlyck”; Tpp — TpHBadicTh

NPOrpaMHOro LUKy 3unTyBaHHs JaHuX 3 ALII Bix MomeHTy Bu3HaueHHs curnaiy “KiHeus neperBopeHHs” /10
MOMEHTY 3alIMCyBaHHS JaHUX JIO TaM’sTi.

Omnopna Hanpyra ALl He moBHHHA OyTH MEHIIIOKO, HiXK BXiTHUI CUTHAT fc(t) 3 ypaxyBaHHIM MTOXUOKU

KBaHTyBaHHs. J[J1s1 OLlIHIOBaJIbBHUX PO3PaXyHKIB MOXKHA CKOPUCTATHUCH CIPOLIEHOIO (hOPMYJIOI0

Ugapc 2 AUppe +v - [Ug + Ug, Q)
N pe \/}7

Jlnst pBifikoBOTO aHamOro-nmu(pPOBOTO TMEpeTBOpIOBava KiHIEeBa (HopMmyna s BU3HAYEHHS KUTBKOCTI
po3psiniB AL He3ane)kHO BiJf BUILY CHUTHATY

UO‘ADC

nypc = log, +1- (7

1
Uo.upc —|Uc|' V+7\/—
2
h
3anisHAs KoedimieHTy 3amacy MeAiaHHOTO (iTbTpa Hasae HOBI BIACTUBOCTI anropuTMmy ¢inprparmii. e
JIO3BOJISIE BUKITIOYUTH CUTYaIlii, KOJIM BXiTHUN CUTHAT (HiTbTpa CTAE KOPSHEBUM, TOOTO HE 3MIHIOETBCS ITiJT Yac
MIPOXODKEHHS Kpi3h HHOTO. KpiMm 1poro, anroput™ MemiaHHoi ¢inbrpariii, moOyIoBaHUN AN PEKYpPCUBHOTO
PEXUMY, Ma€ CYTTE€BO OUTBITY CIIPOMOKHICTD JUIS 3TJIAKYyBaHHS HU3BKOAMILTITYTHOTO IITyMY.
Takum unHOM, npoTsiroM vacy [0, 7] Ha BXiJ MeiaHHOTO (DLIBTPa MOCTYIIAE CYKYITHICTb CUTHAIIB fc(t)

IndopmaruBuuii curnan x(¢ - r) Mae HeBioMe 4acoBe posramryBaHHsa t € [0, 7], npuuoMy Ha neil iHTepBal
npurnazaae 6arato €JIeMEeHTIB po3JIily 3a 3aTpUMKOI0. [10TiK iIMITYJIBCIB y(f) Ma€ BUTIISLIL:

-1
Z(t): ZO’(z.j‘Uz-j'f(t_TzJ)’ ®)
=



METOJIM TA CHCTEMH OITHKO-EJIEKTPOHHOT I IIH®POBOT OBPOBKN 30BPAYKEHD TA CHTHAIIB

ne U,;, — ammiiTyna iMnynscy B noTowi x(f); 7; — HOro 4acoBe pO3TallyBaHHS; k,; — Koe(ilieHT
HasABHOCTI IMITyJIbCHOI 3aBaJIM, AKMH JOPIBHIOE OJMHMLII 3 IMOBIPHICTIO p, Ta HyJIIO — 3 iMOBipHicTIO (1 - p,).

Take 3aBHaHHS 3aBaJd BiAMoBinae moToky beprymmi, s sikoro Ha inTepsaii [0, 7] icHye He Oinpmie L
To9oK. CTaTHCTHKA KOKHOI TOYKH XapaKTePHU3yETHCS YACTKOBOIO IIITBHICTIO

${(T) = Pri - WiTy) » (€))
1€ p,.; — IMOBIPHICTb IOSIBH j-TOT0 iMIYJIbCY; W{(T,) — PO3IOILI MOMEHTIB iX MOSBH.

T . . .
3a yMOBM BUKOHAHHS yMOBU HOPMYBaHHs IW’(T )dr =1, ipu p, = 1 (nHa inTepsani yvacy [0, 7] HasBHi
J\Ex My
0

BCi L iMIyIbeiB) Ta wi(z,) = 6(7 — 7;), NOTIK )(f) BUSHAYAEThCSA AK JETEPMiHOBaHA IMITyJIbCHA 3aBaJla.

Skmo koMOiHOBaHHWI CHUTHAJ fc(t) JIUCKPETU3YETHCSA 32 YacoM 3 iHTepBaioM AT 1 1 BigpaxyHKH
HiIal0ThC KOB3HIM peKkypcHBHIM MeniaHHii ¢inbTpauii 3 aneprypoio N, TO 3 ypaxyBaHHSM yTBOPIOBaJIbHOI
¢ynkuii ©(z) notoxy bepnysuri

N-1 N ;
(=)= 101+, (-1)=Tp 2", (10)
i=0 i=0
1 00(z
€ pyi=— (z )
i oz 220
MoskHa 3armucaTy IMOBIPHICTh BUITyYESHHS IMITYJIbCHOT 3aBajIH SIK:
N
2
Pwp =2 Pi- (11)
i=0

a00 y BUIaJKy PiBHOCTI BCiX p;, 1 noToky bepHymi

N-1

2 i —i
pfl]B;): Z;;)CN'p;('(l_p;[)Nl- (12)
i=

Sxmo -1 << 1, To norik 3a cBOiIMH BJIACTUBOCTAMHU HABGJIMKAETLCA 10 MOTOKY Ilyaccona [7], i

2P

~

0(z)=e (13)
N-1 T N-1 1 N1

ne A= ijj'wj(rl)drlz X p;=AN i A=—3%p;, — cepeaus iHTCHCHBHICTh
=0 "0 =0 N j=1

IIyaCOHIBCHKOT'O IIOTOKY B MEXaX alepTypy KOB3HOTO PEKYPCUBHOTO MeliaHHOTO (iIbTpa.
3naueHHs N - AT xapakTepu3ye 4acoBHi iHTepBall, Ha sKoMy OepyThes N BinpaxyHkis. Toai

N
2. AN
P = 27'6 A (14)
=0 1!

Pesynbrati po3paxyHKiB iMOBIPHOCTEH BMIIy4eHHsS iMIyJbCHOI 3aBajJd Bif IMOBIPHOCTI p, s
PEKYpPCUBHHX MeJliaHHUX (QUIBTPIB 3 pI3HUMH anepTypamu HaBezieHi Ha puc. 1. OTpumaHi pe3yabTaTH NOKa3yloTh
BUCOKY €()EKTUBHICTh BUKOPHCTaHHS (PIJIbTPIB TAKOTO THITLY.

Jnst MeiaHHOTO (iTbTPa MOKHA JOCTATHBO IPOCTO Pealli3yBaTH aJrOPUTM IIBUJIKOTO 00pOOIIOBaHHS,
KU 0a3yeThcs Ha MOOY/I0Bi Pi3HULIEBUX MaTPUILL 3a AOMOMOTOI0 MOporoBoi GyHkii HacuuenHs Fy; = flx; — x;),
B SIKili
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F(a)= 1,Ax>0
~10,Ax <0
1
0.8
0.6
0.4
02
0
0

Pj

(15)

Puc.1. IMoBipHOCTi BUIy4eHHs iMITyJIbCHOI 3aBajy pN BiJl IMOBIPHOCTI p,, 171 pEKypPCHUBHHUX MeliaHHUX (ibTpiB
3 aneptypamu N=3,5,7

Jlnst pineTpa 3 aneptyporo N = 5 IpH epIux 11’ ATy 3HadeHHs X MaTpuisg FO 6yae matu Burisin (6.2).

S = = = >

(xo X0 )
(xo X )
(xo X )
(xo X3 )

/(o =)

a00 B y3araJbHCHOMY BHUIJISIII

- =

(xl X ) (x2 xo) f
(x1 x1) f(xz xl) S
(xl xz) f(xz xz) S
(xl X3) f(xz x3) S
(xl x4) f(xz x4) S
FOO FIO FZO F30
FOl Fll F21 F31
FOZ F12 F22 F32
F03 F13 F23 F33
F04 F14 F24 F34

3 xo) S
3 x1) f(
3 xz) f(
3 x3) S
3 x4) f(

)

3)

3cyB Ha OZIHY MO3HMIIIO B3I0BXK Py 3Ha4YeHb jaae MaTpuuio F1, B sKkiii moTpiOHO po3paxoByBaTH JIMILIE
JIeB’SITh 3HAaU€Hb, PO3TAIIOBAHMX Y BHJIEHIN 00JacTi.
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Fll F21 F31 F41 FSI

T
.
b
5
>

, )
1715 FZS F35 F45 F55
N N
E=ZF,-,-=Zf(xl-—xj) (5)
j=0 j=0

Cyma pisHULb 3Ha4€Hb [ 33 CTOBIYMKAMH IIOKa3ye HOMEP 3HAYEHHs II0 BEJMYMHI 1 Jla€ MOXKIIUBICTh
COpPTYBAaTH 3apeECTPOBAHI 3HAYEHHA X; 33 BEIMYMHOIO: 1 BiAmosizae MiHiManbHOMY, N — MakCUMalbHOMY, a

(V+ % — MeliaHHOMY 3HAYEHHIO.

TakuM 4mHOM, AJISL peanizalii aNropuTMy LIBHIKOTO OOpOOJIOBaHHS 3HAYEHb MeIiaHHUM (UIBTPOM
HEOoOX1JTHO 3/1IHCHUTH PsiI JIH:

- chopmyBatu Matpuiro FO juist nepmux N 3apeecTpoBaHUX 3HAYEHb 3TiTHO BUOpaHOT
aneptypu QinbTpa;

- po3paxyBaTH 3HaueHHs [ ; 7111 KOKHOTO 31 CTOBMYMKIB MaTpuli FO;

- BUOpaTH HEOoOXi/THE 3HAYEHHS 3 TIepIIuX N 3apeeCTPOBAHUX;

-ana matpuni Fn BU3HAuUMTH 3HA4YeHHS Fjypmn-1) T8 Funey 0pH 0<j<N;

- 3 IONEPEIHBO PO3PAXOBAHUX 3HAYCHD F, ;1| BUITYIHTH 3HAYECHHS F ;1. 1)51j) TA Fpyijyn-1)s

- IO CTOBIIYMUKA [, MAaTpuLli Fn nonaTu sHAYEHHS F ;) nin-1)-

JIi1 IpoJOBXYIOTECS 0 THX IIip, MOKH BCi 3HaYEHHs HEe OyayTh 00pobieHi. Takuil aroput™ J103B0JISIE
y BHUNQJKy HEOOXiTHOCTI 3aMICTh CEPEAHBOIO BMOpATH IHIIMH PaH)KOBAHWH €JIEMEHT BiJl MIHIMAJIBLHOTO JIO
MaKCHMaJIbHOTO 1 MOXe OYyTH JOCTaTHBO IIPOCTO peaii3oBaHuii Ha OyIb-IKOMY IPOLECOpi, B TOMY YHCIIi i Ha
OJTHOKPUCTAIBHIX MIKPOKOHTpOJIEpax.

Jist oniHKK epeKTUBHOCTI pOOOTH AOLIIBHO CHOPMYBATH JUCKPETHHH CHUTHAJN JOCTaTHBO CKJIAJHOT
¢opmu, mignaTu Horo Aii aMTHBHOTO OLIOrO HIyMYy pi3HOI aMIUITyIu 1 0OpoOHUTH MeaiaHHUM (QUILTPOM NpH
BUOpaHiii anepTypi. s ekcriepuMeHTy JOCTaTHBO MEPEBIPUTH MeliaHHI (GUIBTPHU 3 MiHIMAJIILHUMH allepTypamMu
N=3TaN=S5. IIpu upoMy HOLIJIBHO peanizyBaTH aJrOPUTM LIBUAKOTO 0OpOOIIOBaHHS, HABEACHHH BHIIE.

Curnan BuOpanuil OimossipHUM 3 amiutitynolo 12 B, OaiitoBa komoBa komOiHartiss — 100111108.
PesynbTaTit 00poOIIOBaHHS HaBEeHI Ha pHUC.2 Ta puUC.3.

HaBeneni miarpaMu miaTBEpIKYIOTh BHCOKY €(EKTHBHICTh POOOTH MeIMiaHHUX (iIbTpiB, TEOPETUIHE
JTOCITI/PKEHHS SIKUX MTPOBEIEHO BHINE. 301IbIIEHHS allepTyPH CIIPOMOXKHE 3HAYHO IiABUIINUTH €(EKTUBHICTD, aje
MOB’sI3aHe 3 JOAATKOBUMH allapaTHUMH 1 IPOTPAMHUMH BUTPATAMH.
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Puc. 2. Pesynbpratu BUIIpoOyBaHb MeliaHHUX (DiTETPIB
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