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Anotacija

Parskata perioda (01.05.2012 — 31.08.2012) tika veiktas sekojosas aktivitates: veikta 15 mkV
radiolokatora adaptivo metozu uzlabosana signala formas kroplojumu pie mazam signala amplitidam
samazinasanai; 15 mkV radiolokatora signalu atklaSanas metozu efektivitates izpete; strob&jamo
balansa komparatoru stavokla nolasiSanas k&des ietekmes uz komparatora dinamiku izp&te un balansa
komparatora SBK2 tuneldiozu optimalas asimetrijas noteikSana; stroboskopiska parveidotaja
projekteéSana un izgatavoSana elpoSanas lokacijas signalu apstradei ar galveno komponensu metodi;
raksturigd fazes punkta mekl€Sanas algoritma izmainas un izpete elposanas lokatora viena punkta
metodei un antenu parveide signalu kvalitates uzlabosanai; stroboskopiska parveidotaja uz tranzistoru
komparatora bazes frekvencu joslas paplasinasanas ar signalapstrades metodém iesp&ju izpéte;
stroboskopiska parveidotaja vadibas bloka, portativas att€loSanas iekartas un datora komunikacijas,
savstarpgjas sadarbibas sist€émas izstrade; radiolokatora UWB antenu salidzinosa analize; ar trokSniem
maskétu signalu ansamblu forméSana galveno komponensu metodes pielietojumam elpoSanas
lokacija.

levads

Ieprieksgja parskata perioda veiktie adaptivo metozu petijumi paradija, ka neskatoties uz to, ka
parveidotajam tiek nodrosSinata jutiba 15 mkV (RMS) un kvalitativa lielas amplitiidas (25 mV) signalu
parveidoSana, tas vel nenozimé, ka pietiekosi kvalitativi tiks parveidoti armT mazas amplittidas (271
mkV) signali. Iznak it ka paradokss — pie dota strobu skaita parveidotajs lielas amplitidas signalus
parveido ar mazakiem formas kroplojumiem neka mazas amplitiidas signalus! Izradas ka adaptivas
metodes rada mazas amplitidas signaliem specifiskus formas kroplojumus, kurus var noverst vienigi
palielinot salidzinasanas operaciju (strobu) skaitu. Sakara ar §Tm jaunatklatajam adaptivo metozu
1pasibam dotaja parskata perioda tika veikts pétijums, lai atrastu nepiecieSamo minimalo strobu skaitu
kvalitativai ka mazas, ta ar lielas amplittidas signalu registracijai.

Parskata perioda pabeigts signalu parveidoSanas adaptivas s-ud metodes pétijums liela signala
precizai registracijai. P&tijuma rezultati noformé&ti ka zinatnisks raksts un iesniegti publicéSanai
Zurnala ,,ABTOMaTHKa U BeIYUCIUTENbHAsI TexHUKa (skat. Pielikumu 1).

Savukart signalu atklasanai nav nepiecieSsama kvalitativa signalu formas registracija, jo ir
nepiecieSams tikai konstatét vai dotaja izverses diapazona ir vai nav atstarotais signals (pieméram, lai
atklatu vai zem cela seguma nav izskalojumu raditu dobumu). Lidz ar to uz signala formas kvalitates
rékina var ieekonomét strobu skaitu un lidz ar to palielinat lokatora atrdarbibu. Tad, kad signals ir
atklats var veikt ta kvalitativu registraciju ar precizas registracijas metodém. Tadai signalu atklaSanai
var lietot jau augstak aprakstitas adaptivas metodes, ka ar1 specializétas metodes ar parveidojuma
rezultatu papildapstradi.

UWB radiolokatora uztvergjiekartas stroboskopiska parveidotaja galvenais mezgls ir
parveidotaja galva ar strob&jamo balansa komparatoru. Lai uz komparatoru nevarétu iedarboties arejas
vides elektromagnétiskie trauc€jumi, komparatora elektriska shéma ir ievietota ekrangjosa metala
korpusa. Lidz ar to elektriskas shémas elektroniskie elementi veido parazitiskas kapacitates ar
ekrangjoso korpusu. Viens no svarigiem shémas elementiem ir komparatora stavokla nolasiSanas
rezistors, kas atrodas parveidotaja galva cilindriskas formas urbuma. Lidz ar to bija nepiecieSams
noskaidrot ka pie dotam pretestibas vertibam un dotajiem rezistora gabaritiem rezistora parazitiska
kapacitate iespaido komparatora dinamiku.

Strobg&jamais balansa komparators satur divas virkne slégtas tuneldiodes no kuram apaksgja
tieck Sunt€ta ar ieejas signala avota iek$€jo pretestibu. Tas rada lielu parveidotaja “nulles” Itmena
nobidi attieciba pret patieso nulles vertibu. Lai likvidétu vai vismaz bitiski samazinatu So nobidi
komparatora piedavajam ieviest tuneldiozu pika stravu asimetriju. Sai sakara parskata perioda tika
veikts petijums ar mérki noteikt tuneldiozu optimalo asimetriju.



ElpoSanas lokacijas signalu apstradei ar galveno komponensu metodi ir nepiecieSams
uztverejiekartas stroboskopiskais parveidotajs, kas ar antenu uztvertos gigahercu diapazona signalus
transforme laika parveérsot tos kilohercu diapazona signalos, kurus p&c tam var ievadit datord un
apstradat ar attiecigam diskrétas signalapstrades metodém. Sads stroboskopiskais parveidotajs tika
izgatavots dotaja parskata perioda.

Iepriek$éja parskata perioda veiktie elpoSanas lokacijas registracijas fizikalie eksperimenti
paradija, ka no objekta atstarotie signali ir masketi ar dazadiem traucgjumiem, kas apgriitina elpoSanas
kustibas registraciju. Viens no traucéjumu iemesliem bija antenu parak plata virziena diagramma, kas
ietver atstarojumus ne tikai no miis interesgjo$a objekta, bet arT no apkartgjas vides priekimetiem. Sai
sakara parskata perioda tika izstradatas, izprojekt€tas un izgatavotas antenas ar Sauraku virziena
diagrammu. Uzlabots arT elpoSanas lokacijas raksturiga fazes punkta meklesanas algoritms.

Ieprieks€jos projekta etapos veiktie pétijumi par tranzistoru komparatora pielietoSanas
iespgjam augstas jutibas UWB radiolokatora paradija, ka tranzistoru komparators nenodroS$ina
nepiecieSamo radiolokatora uztveérgjiekartas frekvencu diapazonu — nepiecieSama parejas raksturliknes
kapuma laika 100 ps vieta komparators nodroSina parak lielu (175 ps) kapuma laiku. Lidz ar to
parskata perioda tika veikts pétijums par iesp&jam paplasSinat tada veida parveidotaja frekvencu joslu
uz signalapstrades rékina. Sie pétfjumi ir attaisnojami ar to, ka tranzistori, ka elektronikas aktivie
elementi, ir stipri 1&taki un mazak deficiti neka tuneldiodes.

Stroboskopiska parveidotaja vadibas bloka, portativas att€losanas iekartas un datora
komunikacijas, savstarpgjas sadarbibas sist€émas izstrade veikta lai varétu radiolokatoru sasaistit ar
datoru signalu talakai papildapstradei ar cipariskam metodém.

Radiolokatora UWB antenu salidzinos$a analize veikta, lai salidzinatu ripnieciski izgatavoto
antenu Tpasibas ar projekta ietvaros izstradato eksperimentalo antenu 1pasibam.

Lai novertetu troksnu iespaidu uz signalu kvalitativo registraciju, veikta ar trokSpiem maské&tu
signalu ansamblu form&Sana galveno komponensu metodes pielietojumam elposanas lokacija.

Rezultatu kopsavilkums

1. 15 mkV radiolokatora adaptivo metozu uzlaboSana signala formas
kroplojumu pie mazam signala amplitidam samazinasanai.

Ieprieksgja parskata perioda veiktie adaptivo metozu pétijumi paradija, ka neskatoties uz to, ka
parveidotajam tiek nodroSinata jutiba 15 mkV (RMS) un kvalitativa lielas amplitidas (25 mV) signalu
parveidoSana, tas v€l nenozimé, ka pietieko$i kvalitativi tiks parveidoti arT mazas amplitidas (15
mkV) signali. Iznak it ka paradokss — pie dota strobu skaita parveidotajs lielas amplitiidas signalus
parveido ar mazakiem formas kroplojumiem neka mazas amplitiidas signalus! Tas izskaidrojams ar to,
ka adaptivas metodes rada mazas amplitiidas signaliem specifiskus formas kroplojumus, kurus var
noverst, palielinot salidzinaSanas operaciju (strobu) skaitu. Sakara ar STm jaunatklatajam adaptivo
metozu IpaSibam dotaja parskata perioda tika veikts pétijums, lai atrastu nepiecieSamo minimalo
strobu skaitu kvalitativai ka mazas, ta lielas amplitiidas signalu parveidoSanai.

Parskata perioda veikta adaptivas k-ud metodes, kas izstradata LZP projekta 09.581 ietvaros,
efektivitates izpéte signalu precizas registracijas reZima pie uzdotas parveidotaja jutibas 15 mkV un
dinamiska diapazona 64 dB. Ar k-ud metodi un tas pielietojumu 15 mkV parveidotaja projektésana
var iepazities Pielikuma 2. Parskata perioda veikts s-ud metodes un k-ud metodes efektivitates
salidzinajums. P&tfjumu rezultati paradija, ka kvalitativai mazas (271 mkV) amplitidas signalu
parveidosanai abos gadijumos ir nepiecieSami n=272 strobi. Lidz ar to minimala salidzinasanas
operaciju skaita zina abas metodes ir Iidzvertigas. Abas metodes satur adaptacijas koeficientu k, no
kura lieluma ir atkarigi lielas amplitidas (25 mV) signalu parveidosanas nelinearie kroplojumi.
Pétijumu rezultati paradija, ka k-ud metode nodrosina mazakus liclas amplitiidas signala formas
kroplojumus un ir €rtaka no praktiskas realizacijas viedokla, jo pielauj daudz lielakas adaptacijas
koeficienta k pielaides.



JaatzZimé ka klasiskas ud-metodes gadijuma minimalais strobu skaits bija n=2040. Tatad
augstak minéto adaptivo metozu pielietojums salidzinajuma ar klasisko ud-metodi lauj samazinat
nepiecieSamo strobu skaitu 7,55 reizes! Tatad tikpat daudz reizes palielinas radiolokatora darba
efektivitate (atrdarbiba), pieméram, viena laika vieniba apsekojamais cela garums.

2. 15 mkV radiolokatora signalu atklasanas metozu efektivitates izpéte.

Lai paaugstinatu radiolokatora darba efektivitati (atrdarbibu) signalu atklasanas rezima ir
velams, ka signalu atklasanai butu iesp&ams izmantot pec iesp&jas mazaku strobu skaitu. Tas ir
iespejams uz atklajama signala formas pielaujamo kroplojumu rékina. Kad signals ir atklats,
pieméram atklata neviendabiba viendabiga cela seguma, tad, atbilsto$i palielinot strobu skaitu, var
veikt signala precizu registraciju. Signalu parveidosanas k-ud metodes pétijumi paradija, ka $1 metode
maza iztvérumu (strobu) skaita apstak]os izv€loties attiecigus S, un K ir efektivi pielietojama signalu

atklasanai, pie tam saglabajot uzdoto 15 mkV jutibu un nekroplotu lielas amplitidas (25 mV) signalu
parveidosanu. Ta, pieméram, lai parliecinosi atklatu signalu ar amplitidu A =271 mkV, kas maské&ts

ar troksni, kura vidéja kvadratiska novirze ar ir 271 mkV ir pilnigi pieticko$i katra signala fazes
punkta lietot strobu skaitu n=40. Savukart §1 pasa signala precizai registracijai ar s-ud vai k-ud metodi
ir nepiecieSami n=272 strobi. Tatad signalu atklaSanas rezima radiolokators strada ar 6,8 reizes lielaku
atrdarbibu neka ta pasa signala precizas registracijas reZima.

Vel augstaku radiolokatora atrdarbibu (mazaku nepiecieSamo salidzinaSanas operaciju skaitu)
signalu atklasanas rezZima var panakt ja nepieprasa lielas amplitiidas signalu kvalitativu parveidosanu.
Parskata perioda ir izstradata uz “up-and-down” metodes bazéta signalu atklasanas metode
kombinacija ar parveidojuma rezultata konvoliiciju. Metode lauj pietiekami kvalitativi atklat signalus
pie loti maza salidzinasanas operaciju skaita. Konkrétaja projekta gadijuma metode simtprocentigi lauj
atklat signalus ar amplitidu A, kas ir vienada ar maskgjosa trokspa vidgjo kvadratisko novirzi
pielietojot katra signala fazes punkta tikai n=7 salidzinasanas operacijas. Vienlaicigi $is p&tijums
ilustre tas milzigas prieksrocibas, ko UWB lokacija dod efektivu signalapstrades metozu pielietoSana.

Ar k-ud metodes un specializétas signalu atklaSanas metodes pielietojuma rezultatiem signalu
atklasanas rezima detalizeti var iepazities Pielikuma 3.

3. Strobéjamo balansa komparatoru stavokla nolasiSanas kédes ietekmes uz
komparatora dinamiku izpéte un balansa komparatora SBK2 tunel|diozu
optimalas asimetrijas noteikSana.

Strobéjamo balansa komparatoru stavokla nolasiSanas kédes ietekmes uz komparatora
dinamiku izpéte.

Strob&jamiem balansa komparatoriem, kas biivéti uz tuneldiozu bazes, komparatora stavokla
nolasiSana péc strobsignala iedarbibas notiek nolasot sprieguma vértibu uz tuneldiodes TD1 (Sk.
Pielikumu 4, Zim.1). Lai p&c iesp&jas mazak Sunt€tu parveidojama ieejas signala k&di (R1), kas ar1
pieslégta tuneldiodes TD1 anodam ka arT pasu TDI1, nolasiSanas k&des pretestiba R4 biitu v€lama péc
iesp€jas lielaka. ArT no trok$nu, kas iedarbojas uz TD1 anodu no mezgliem “Y”- nobide un “Jutiba®,
ka ar no tranzistora BC847 bazes troksna ietekmes viedokla, pretestiba R4 biitu v€lama péc iesp&jas
lielaka. Savukart lai savstarp&jas ietekmes zina padaritu pec iesp&jas neatkarigakas kédes “Y’-nobide
un “Jutiba”, pretestiba R4 ir v€lama p€c iesp€jas mazaka. Tas ir savstarp&ji pretrunigas prasibas. Ka
kompromisa variants dotaja parveidotaja galvas elektriskaja shéma pretestiba R4 tika izveleta vienada
ar R4 =510 Om.

Lai mazinatu elektromagnétisko trok$nu ietekmi uz komparatora darbibu rezistors R4 kopa ar
visu komparatora elektrisko shému atrodas ekranéta konstrukcija. Lidz ar to rezistors R4, kas ir
ievietots parveidotaja galvas mehaniskas konstrukcijas urbuma attieciba pret ekranu veido Suntgjosu
kapacitati (Sis kapacitates lielums C*=2,8 pF tika noteikts eksperimentali). Sakara ar to tika veikts



komparatora nolasiSanas k&des parazitiskas kapacitates ietekmes uz komparatora dinamiku pétijums.
Par cik rezistora R4 parazitiska kapacitate ir izkliedéta, tad modelgjot tas ietekmi izkliedéta kapacitate
C* tika aizstata ar k&di no pieciem RC posmiem, kur katra posma kapacitate bija C=0,467 pF un
pretestiba R=102 Om.

Sados apstaklos tika uznemta parveidotaja parejas raksturliknes kapuma laika Tr atkariba no
pretestibas R5 strobsignala keéde lieluma. Model&Sanas nosacijumi: Ip1=8,1 mA; Ip2=10 mA; Ip3=20
mA; palaiSanas impulsa Uo frontes garums To=4 ns; tuneldiozu TD1 un TD2 parazitiskas kapacitates
C1=C2=0,8 pF; tuneldiodes TD3 parazitiska kapacitate C3=1 pF; visu tuneldiozu parazitiskas
induktivitates Ls=0,3 nH; Ra=R3=3 Om,; testsignala amplitiida Ui=5 mV.

Peétijuma rezultata tika konstatéts, ka parejas raksturliknes kapuma laiks ka pozitivam ta
negativam testsignalam atSkiras visai maz un ir praktiski nemainigs visai plasa pretestibas RS
diapazona (R5=20 ... 24 Om) un pats galvenais — neparsniedz projekta uzdoto maksimalo vértibu
Tr=100 ps. Tatad ar komparatora stavokla nolasiSanas pretestibas parazitiskas kapacitates ietekmi
dotaja parveidotaja galvas konstrukcija var nerékinaties (skat. Pielikumu 4).

Balansa komparatora SBK2 tuneldiozu optimalas asimetrijas noteiksana.

P&tijuma rezultata bija jaatrod tada TD1 un TD2 pika stravu asimetrija, pie kuras parveidotaja
“nulles” linija ir p€c iesp&jas tuvaka istajai nullei. Petijuma nosacijumi: Ip2=10 mA; Ip3=20 mA;
C1=C2=0,8 Pf; C3=1 pF; visam tuneldiodem Ls =0,3 nH; Ra=3 Om; Ro=360 Om; Re=510 Om;
Rnk=360 Om; lidzstrava caur strob&joso tuneldiodi 10=5,5 mA; kapacitate palaiSanas impulsa kede
Co=100 pF; palaiSanas impulsa frontes garums 4 ns.

Eksperimenta gaita: Tuneldiodes TD1 pika strava Ipl tiek mainita no Ip1=Ip2=10 mA uz leju
un mekléta tada Ip1 vertiba pie kuras “nulles” linija ir maksimali tuva Tstajai nullei.

Petijumu rezultata tika atrasts, ka optimala tuneldiozu pika stravu asimetrija ir Ip1/Ip2=0,6.
Detalizeti ar dota pétijuma rezultatiem var iepazities Pielikuma 4.

Nulles limena nobides kompensacija.

Paralg€li optimalas asimetrijas noteikSanai tika veikts pétijums ar mérki noskaidrot kads ir
kompensacijas spriegums Uko lai panaktu parveidotaja “nulles” Iimena atkaribas no signala avota
iek$gjas pretestibas nemainibu. Sis risindjums ir vajadzigs gadijumos, kad parveidotaja ieeja tiek
pieslégti signala avoti ar dazadam ieks€jam pretestibam. Piem&ram, dipola veida antenas gadijuma
signala avota iek$gja pretestiba lidzstravai ir bezgaliba, bet cilpas veida antenas piesléguma gadijuma
signala avota iek$gja pretestiba ir nulle. No ekspluatacijas ertibu viedokla ir vélams, ka parslédzot §is
antenas parveidotaja “nulle” paliku nemainiga. Veikto petijumu rezultata tika konstatéts, ka:

o Kompensgjosa sprieguma Uko vertiba ir neatkariga no komparatora tuneldiozu TD1 un
TD2 asimetrijas. Miisu gadijuma Uko=-1 V.

o Kompensgjosa sprieguma Uko vértiba saglabajas nemainiga un ir neatkariga no
strobg€josas tuneldiodes TD3 jaudas.

Detalizeti ar dota peétijuma rezultatiem var iepazities Pielikuma 4.

4. Stroboskopiska parveidotaja projektéSana un izgatavoSana elposSanas
lokacijas signalu apstradei ar galveno komponensu metodi.

ElpoSanas lokacijas signalu apstradei ar galveno komponenSu metodi ir nepiecieSams
uztvergjiekartas stroboskopiskais parveidotajs, kas ar antenu uztvertos gigahercu diapazona signalus
transformé laika parveérSot tos kilohercu diapazona signalos, kurus pé€c tam var ievadit datora un
apstradat ar attiecigam cipariskas signalapstrades metodém. Sads stroboskopiskais parveidotajs tika
izgatavots dotaja parskata perioda. Parveidotaja elektriska blokshéma dota Zim. 1. bet fotografija
Foto.1.
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Zim. 1. Stroboskopiskais parveidotajs elpoSanas lokacijas signalu apstradei ar galveno komponensu
metodi. Blokshéma.

Uztveérgjiekarta sastav no diviem kanaliem: X-kanala un Y-kanala. X-kanals veic zondgjosa
signala un strobsignala formesanu, bet Y-kanals — parveidojama signala momentano vertibu merisanu.
Izversi X-kanala nodrosina no datora padodot datus uz ciparu-analogo parveidotaju CAP1. Bez tam
X-kanala ir paredz€tas manuali iestadamas aizkaves zondg€josa signala trakta (R9) un strobsignala
trakta (R10). Sada aizkavju izvietoSana abos traktos lauj pieméroties praktiski jebkuriem p&tama
objekta aizkavju apstakliem fizikalaja eksperimenta. Ja strobsignals uz komparatoru pienak parak atri,
tad ar aizkavi strobsignala k&de to var ieregulét pareizaja faze. Tapat ieregul&jama palai$anas impulsa
faze zond@josa signala trakta. Parveidotaja izverses garumu paredzets parslégt manuali.

Y-kanals veic parveidojama signala momentano vértibu mérisanu saskana ar “up-and-down”
metodi. Parveidojamais signals nonak parveidotaja galvas SG1 ieeja. Parveidotaja galvas mehaniska
konstrukcija izstradata dota projekta ietvaros un jau aprakstita ieprieksgjas atskait€s. Merfjumu
rezultats tiek ieguts skaititdja SK1 izeja un tiek padots uz datu izeju. Ta ka Sajos fizikalajos
eksperimentos lokatora atrdarbiba nav svariga, tad Y-kanala izmantota pati vienkarSaka signala
momentano veértibu mérisanas metode - “up-and-down” metode. Lai parveidojuma rezultatu centrétu
ir paredzeta manuala nulles Itmena iestadiSana (R11). Y-kanala iedalas vertibas parslédzamas manuali
mainot Y-kanala pastiprinajumu: 50x; 200x; 1000x un 5000x.

#

R11 R15

Y — nabide

i

581

Foto.1. Stroboskopiskais pﬁrveiddtéj s elpoSanas lokacijas signalu apstradei ar galveno komponensu
metodi.



Pa X-asi parsledzamas sekojosSas izverses iedalas vertibas: 0,1 ns/div; 0,2 ns/div; 0,5 ns/div un
1,0 ns/div. Parveidotajam pa Y-asi ir parslédzamas Cetras iedalas veértibas: 0,2 mV/div; 0,5 mV/div;
1,0 mV/div un 2,0 mV/div. Parveidotaja parejas raksturliknes kapuma laiks ir 100 ps.

5. Raksturiga fazes punkta mekléSanas algoritma izmainas un izpéte elpoSanas
lokatora viena punkta metodei un antenu parveide signalu kvalitates
uzlabosanai.

Iepriek$éja parskata perioda veiktie elpoSanas lokacijas registracijas fizikalie eksperimenti
paradija, ka no objekta atstarotie signali ir masketi ar dazadiem traucgjumiem, kas apgriitina elpoSanas
kustibas registraciju. Viens no traucéjumu iemesliem bija antenu parak plata virziena diagramma, kas
ietver atstarojumus ne tikai no mis interes&jo§a objekta, bet arT no apkartgjas vides priek§metiem. Sai
sakara parskata perioda tika izstradatas un izgatavotas antenas ar Sauraku virziena diagrammu.
Raidosas un uztverosas antenas dipoli ir trijstlirveida un izgatavoti ar kodinasanas metodi uz folggta
tekstolita pamatnes. Antenu ekrani izgatavoti no 0,5 mm bieza skarda. Antenu noslédzoSos ekranus
piestiprina ar kniedém vai ar lodéjumu antenu augSpuse un apaks$puse.

Uzlabots arT elpoSanas lokacijas raksturiga fazes punkta meklésanas algoritms.

Elposanas lokacijas algoritma apraksts:

1) Atrod piecas max/min vértibas.

2) Atrod apgabalu kura ir lielaka starpiba starp blakuseso$iem max/min.

3) Izrekina koordinates pa X asi sakuma un beigu punktam starp lielakajam max/min
vertibam.

4) Izrékina 1,25 no min vértibas un 0,75 no max vértibas.

5) Iezimé uz ekrana markierus Sajos parrékinatajos punktos.

6) Izrékina viduspunktu.

7) lezimé uz ekrana vidus markieri.

8) Izsledz izvérsanu.

9) Iestada attiecigo izverses punktu.

10) Zimég bildi uz ekrana, kas notiek $aja izvérses punkta.

11) Kad viens ekrans pilniba uzziméts parbauda vai izvérses punkts atrodas uzdotaja
apgabala (0.25 un 0,75 pa X un Y asim).

12) Ja izvérses punkts atrodas uzdotaja apgabala, tad zime nakoSo elpoSanas likni.

13) Ja neatrodas — tad veic korekcijas pa X un Y asim un tikai tad veic elposanas liknes
zimesanu.

Saskana ar augstak aprakstito algoritmu ir sastadita un instaléta elpoSanas lokacijas
programma.

6. Stroboskopiska parveidotaja uz tranzistoru komparatora bazes frekvencu
joslas paplasinaSanas ar signalapstrades metodém iespéju izpéte.

Eksperimentali tika parbaudita signalu parveidotaja amplitiidas linearitate (par izverses
linearitati atbild izvérses bloks, tapec ta netika apskatita). Sim nolikam bija uzbavéts specials makets
ar iespgju vajinat ieejas signalu un pastiprinat izeja signalu plasas robezas (lidz 46dB). Tika
parbauditas Cetras ieejas signala amplitidas: -20dB; -26dB; -40dB un -46dB (testsignalu formu un
amplitiidas skat. Zim. 2., normétos signalus skat. Zim. 3.). Tas deva iesp&ju precizi novertét signalu
parveidotaja amplitiidas linearitati plasa diapazona. Péc eksperimentu veikSanas tika apstradati iegiitie
rezultati un izdariti secinajumi. Signalu parveidotajs uzradija augstu linearitati (amplitidas klada
neparsniedza 0.4%). Teorétiski tika parbaudita iesp€ja un veikti matematiskie parveidojumi signalu
spektra ieglSanai un novert§jumam ar konvoliicijas metodi un signala formas atjaunoSanai ar
dekonvolicijas metodi. Matematisko parveidojumu un filtracijas rezultata tika iegiita pienemama

signala spektra Itkne un no tas atjaunots pirmatné&jais signals. leejas un izejas signalu atSkiriba bija
~14%.



Amplitude, [mY]

Equivalent time, [ns]

Zim.2. Amplitudas linearitates tests
Fizikalo eksperimentu rezultatu matematiska papildapstrade paradija, ka Sada veida dota
parveidotaja frekvencu joslu var paplasinat no 2,44 GHz lidz 3,05 GHz. Parveidotaja ar §ada veida
paplasinato frekvencu joslu amplitidu/frekvencu raksturlikne paradita Zim.4. Detalizéti ar dota

pétijuma rezultatiem var iepazities pievienotaja publikacija (Sk. Pielikumu 5).
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Zim. 3. Amplitiidas linearitates tests — normaliz&ts
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Zim. 4. Ar dekonvoliiciju iegiitais signalu parveidotaja impulsu reakcijas spektrs

7. Stroboskopiska parveidotaja vadibas bloka, portativas attéloSanas iekartas
un datora komunikacijas, savstarpéjas sadarbibas sistémas izstrade.

Stroboskopiska parveidotaja vadibas bloka, portativas attéloSanas iekartas un datora
komunikacijas, savstarpgjas sadarbibas sist€émas izstrade veikta lai varétu radiolokatoru sasaistit ar
datoru signalu talakai papildapstradei ar cipariskam metodém. Sist€ma izveidota modulu veida un var
tikt pielagota dazadiem pielietojumiem. Izstradata aparatiira un vadibas programmas datu savakSanai
un parraidei.

Detalizéti ar izstrades rezultatiem var iepazities pievienotaja publikacijas sagatavé (SK.
Pielikumu 6).

Papildus augstak minétajam, izstradata cela devéja sasaistes ar lokatoru shéma. Cela devgjs
sniedz informaciju par veikto parvietojumu. Sie dati tiek izmantoti stroba signala vadibai, kas
nodro$ina secigu lokatora datu ieguvi pec ieprieks iestatitiem intervaliem. Ka zemes lokatora bazi
paredzéts izmantot Mala Rough Terrain Cart parvietojamo lokatora platformu, kas aprikota ar cela
devéju jeb odometru Kuebler Miniature optic 2400. Iekartai janodroSina 5-24V baroSanas spriegums.
Iekartai ir divi ciparu izejas signali, péc kuriem iesp&jams noteikt veikto parvietojumu un
parvietojuma virzienu. Parvietojuma virzienu nosaka signalu savstarpgja nobide faze, bet atrumu —
impulsu skaits. Viena cela dev€ja rotacija atbilst 250 izejas impulsiem. Ta ka cela devejs piesaistits
parveidojamas iekartas ritenim ar lielaku diametru, tika veikta kalibréSana. Izejas impulsi pieslégti
mikrokontrolierim TI MSP430F2013, kura ar Timer A modula palidzibu notiek impulsu skaitiSana.
No datora pa UART interfeisu tiek nositita informacija — tiek uzstadits strob&Sanas intervals. P&c
noteikta intervala mikrokontrolieris genere stroba impulsu.
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8. Radiolokatora UWB antenu salidzinosSa analize.

Veikta sekojosu UWB antenu analize:
o Eksperimentali izgatavota raido$a antena Bow-tie kombinacija ar eksperimentali izgatavoto
uztvero$o antenu Biquad.
o Riipnieciski izgatavota raidosa antena AU-1.0G4.5GR (turpmak teksta AU) kombinacija ar
tadu pat uztveroSo antenu.
Salidzinajums veikts péc sadiem krit€rijiem:
o Izstaroto signalu centrala frekvence.
e No mérka (metaliskas plaknes) atstaroto signalu forma.
e Atstaroto signalu spektra platums.
o Virzienu diagramma horizontalaja plakng.
Eksperimentu varianti un tajos iegiitie rezultati:
1. Raidosa antena - Bow-tie, uztverosa - Biquad.
Eksperimentu rezultati paraditi Zim.5.

" _AF
05 1 452253 35445 5 fGHz . gl
a b c

Zim. 5. Eksperimentu rezultati antenu kombinacijai raidosa antena - Bow-tie, uztverosa - Biquad.

a) Signala centrala frekvence 3,2 GHz. Atstarotais no metaliskas plaksnes signals sastav no
diviem svarstibas periodiem. Signala platums limen1 0,9 no ta maksimalas veértibas - 0,61 ns.
b) Signala spektra joslas platums 1,66 GHz. Platjoslibas faktors:
n= fmax - fmin ~0.256
f +f

max min
C) Virziena diagramma horizontala plakng - 66 gradi.
2. Raido$a antena - AU, uztvero$a antena - AU.
Eksperimentalo pétijumu rezultati paradija, ka AU antenam atrodoties tuvu vienai no otras

(I = kﬂo, kur K=1..5) tas stipri viena otru iespaido. Ta rezultatd uztvertais signals satur

zemfrekvento trendu ar amplitidu, kas ir sam&rojama ar deriga signala amplitiidu (sk. Zim. 6. augsgja
dala). Lai So trendu samazinatu starp antenam ir jaievieto ekrans, pie tam jo lielaks ir ekrana laukums,
jo mazaks ir trenda Itmenis. Uzlabotais signals, pielietojot ekranu ar izmériem 170x100 mm, paradits
Zim. 6. apaksgja dala. Talaka ekrana laukuma palielinasana ( 350x350 mm) trenda iespaidu samazina
vel vairak, tacu tad konstrukcija kliist parak apjomiga un tapéc §is variants tika atmests.

Trenda ietekmes de] atstarota signala analize tika veikta tikai izverses augstfrekventa signala loga.
legttie rezultati paraditi Zim.7.
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Zim. 6. Eksperimentu rezultati antenu kombinacijai raidosa antena - AU, uztverosa — AU.
Zimg&juma augsgja dala labi saskatama zemfrekventa trenda ietekme: trenda amplitida ir
salidzinama ar deriga augstfrekventa signala amplitiidu.

151

Zim.7. Eksperimentu rezultati antenu kombinacijai raidosa antena - AU, uztverosa - AU.

Eksperimentu rezultati:

a) Signala centrala frekvence 2,55 GHz. Atstarotais no metaliskas plaksnes signals sastav no 1,5
svarstibas periodiem. Signala platums Itment 0,9 no ta maksimalas vertibas - 0,56 ns.

b) Signala spektra joslas platums 1,7 GHz. Platjoslibas faktors 77 =0,327.

C) Virziena diagramma horizontala plakng - 58 gradi.

Secinajumi:
e AU antenas impulsa platums ir par 8% mazaks neka izstradatajam eksperimentalajam antenam.
Tatad AU antenas telpiska izSkirSanas sp&ja ir par tikpat procentiem labaka.
« AU antenas virziena diagramma ir par 8 gradiem $auraka. S1pasiba var biit gan prieksrociba
gan trukums atkariba no konkréta pielietojuma.
e AU antenas centrala frekvence ir par 25% zemaka neka eksperimentalajam antenam. Zemaka
frekvence nodroSina labaku signala caurspiesanas sp&ju vide.
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e AU antenai ir sliktaka salagoSana uz frekvencém, zemakam par 500 MHz.

AU antenu atstarotais signals satur zemfrekvento trendu, kas maské derigo signalu. Sai sakara
antenu konstrukcija jalieto ekranu, kas konstrukciju padara apjomigu un vairakiem
pielietojumiem nederigu.

9. Ar trokSniem maskétu signalu ansamblu formésana galveno komponesu
metodes pielietojumam elposanas lokacija.

Bioradiolokacija ir attistijusies uz grunts lokacijas bazes, kur jau bija izstradati attiecigi signalu
modeli un signalapstrades metodes. Saméra labi sevi ir attaisnojis signala modelis no viena objekta
atstarota signala imitacijai

u(t) = Ae™ —e “"")Cos(ayt),
kur: &, 3 - signala formas (signala pieauguma un rimsanas) koeficienti; @), - signala spektra centrala
frekvence (@, =27 f, ).

Petijums tika veikts pie S$adiem signala parametriem: fo =2 GHz; o =3; ﬂ =b.

Sada signala modela forma labi atbilst reala no metaliskas plaksnes atstarota signala formai
(sk. Zim.8).

J fns

Z1m.8. UWB lokacijas signala modelis (a) un realie no metaliskas plaksnes atstarotie signali (b;c) ar
centralajam frekvencém attiecigi 3,5 GHz un 2,5 GHz.

Ka signalu modeli tika izmantoti divi impulsi, kas aizkavéti viens attieciba pret otru par laika
intervalu, kas atbilst 130 cm attalumam Iidz mérkim. Ka pirmais signals kalpoja antenu tieSais signals,
bet ka otrais — no mérka atstarotais signals. ElpoSana tika imit€ta izmainot atstarota signala aizkavi
péc lineara likuma robezas no 0 11dz 78 ps, kas atbilst cilvéka kriiSu kurvja kustibai ar amplitidu 1 cm.

Izverses diskretizacija sastadija 256 nolases punktus. Signalu apstradei tika formeta matrica A, ar
dimensijam (n, N), kur N — realizaciju skaits ansambli. Pie minimalas signala nobides 2,5 ps
realizaciju skaits ansambli sastadija N=32. Tad A =[a; J-] (i=1,2, ..., 256;j=1,2, ..., 32). Lidzigi tika

forméta matrica A | normali sadalitajam troksnim. Ilustracijai Ztm. 9. paraditi: a) trokSpa realizacija;
b) trokSna realizaciju ansamblis; c) trokSna sadalijuma funkcija.
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Z1m.9. Signala trok$na komponentes modelis.

Ar trokS$piem masketa signala ansamblus reprezent8ja matricas A= A +KA , kur K ir
reizinatajs, kuru piemeklé ta, lai tiktu formeéti realizaciju ansambli ar sekojosam signala/trokS$na
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attiecibam: 30dB, 20dB, 17dB, 10dB, 6dB, 3dB, 0dB, -6dB. Signala/troksna attieciba tika noteikta
atstarota signala posma. Ilustracijai Zim.10. paraditas atseviskas realizacijas pie dazadam
signala/troks$na attiecibam.

U
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Zim.10. Ar trokSniem maskéta signala attéli pie dazadam signala/troksnpa attiecibam: a) bez troksna; b)

17 dB; ¢) 3dB; d) -6 dB.

Lai uzskatami ilustrétu trokspa ietekmi signala uztverei Zim. 11. paraditi realizaciju ansambli
pie tam paSam signala/troksna attiecibam. Zim&juma att€lotas 32 realizacijas, kas nobiditas pa Y-asi
par lielumu AU . Tads zim&juma noform&jums veido sava zina signala pseidotelpisku attélojumu.
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Zim. 11. Realizaciju ansambli pie dazadam signala/troks$na attiecibam: a) bez trokSna; b) 17 dB; ¢) 3
dB; d) -6 dB.
Signala “uzkraSana” atlauj registrét atstaroto signalu pat pie signala/trok$na attiecibas -6 dB,
kaut arT p&c vienas atseviskas realizacijas (sk. Zim. 10d.) signalu atklat neizdodas.

Secinajumi:

e 15 mkV radiolokatora adaptiva k-ud metode nodro$ina signala formas nekroplotu registraciju
pie salidzinasanas operaciju skaita N=272.

e 15 mkV radiolokatora signalu atklasanu var nodrosinat ar k-ud metodi pie n=40, atbilstosi
piemeklgjot metodes parametrus k un s. Ar specializéto signalu atklasanas metodi var
nodros$inat praktiski 100% signalu atklaSanu pie n=7.

e [Esosaja parveidotaja galvas konstrukcija ar komparatora stavokla nolasiSanas k&des ietekmi
var nerékinaties. Komparatora tuneldioZu optimala asimetrija ir Ip1/Ip2=0.6.

e Izgatavots un parbaudits stroboskopiskais parveidotajs lokacijas signalu registracijai to
turpmakai apstradei ar galveno komponensu metodi. Parveidotajs nodroSina parejas
raksturliknes kapuma laiku ne lielaku par 100 ps.

e Uzlabots raksturiga fazes punkta mekl€Sanas algoritms elpoSanas lokatora viena punkta
metodei. Algoritms satur vairakas operacijas automatiskai fazes punkta mekl€Sanai.
Izgatavotas labakas konstrukcijas antenas.

e Ar signalu papildapstradi stroboskopiskajam parveidotajam uz tranzistoru komparatora bazes
panakta plasaka frekvencu josla (no 2,44 GHz Iidz 3,05 GHz).

e [zstradata aparatiira un vadibas programmas datu savakSanai un parraidei.

e Salidzinatas eksperimentali izgatavotas un ripnieciski izgatavotas antenas. Riipnieciskai
antenai ir sliktaka salagoSana uz frekvencém, zemakam par 500 MHz, ka ar1 atstarotais signals
satur zemfrekvento trendu, kas maské derigo signalu.
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e Ar trokSpiem mask&tu elposanas lokacijas signalu “uzkrasana” atlauj registrét atstaroto signalu
pie signala/troks$na attiecibas -6 dB.

Turpmakie darbi:

e Adaptivas s-metodes modernizacija 15 mkV jutibas parveidotajam.

o Kombinétas adaptivas metodes efektivitates izpete 15 mkV jutibas parveidotajam.

o Signalu parveidoSanas metozu parbaude mazaka fazes punktu skaita apstak]os.

e Komparatora SBK3 modela sastadisana, darba rezZimu piemekl&Sana un komparatora darbibas
principa parbaude un analize.

o Parveidotaja galvas SBK2 konstrukcijas izstrade, izgatavoSana un eksperimentala parbaude.

o Elposanas lokacijas viena punkta metodes eksperimentala parbaude ar uzlaboto antenu sistému
un uzlaboto signalapstrades algoritmu.

o Stroboskopiska parveidotaja izverses nelinearitates izpete un nelinearitates samazinasanas
iesp€ju izpéte.

e Tranzistoru komparatora matematiska modela izveide un priekslikumi komparatora darbibas
uzlaboSanai.

» Stroboskopiska parveidotaja sajigSana ar raiditaju un atstaroto signalu iegiiSana galveno
komponensu metodes eksperimentiem.

o legultas sisteémas FriendlyARM pieslégSana stroboskopiskajam parveidotajam, sistemas
aplikacijas izstrade. Eksperimentu veikSana stroboskopiska parveidotaja sasaistei ar datoru.
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Pielikums 1.

AJJAIITUBHBIN METO/, “up-and-down” C IEPEMEHHBIM IIIATOM

B. KAPKJIMHBIL, Dr. sc. comp.

Hncmumym s1eKmpoHUKU U 8bI4UCTUMENbHOU MEXHUKU
Y /zepbenec 14, Puea LV-1006, Jlamsus
E-mail: valdis.k@edi.lv

Ipenioxken aganTHBHBLIH “up-and-down” Meroa ¢ mepeMeHHBIM HIATOM,

H3MEHSIOIMMCS B COOTBETCTBHM € U3MEHEHHEM KPYTU3HBI NpeodpazyeMoro

cursajia. Meroa mo3BoJisieT 3HAYMTEIHLHO YMeHbIIMTH BpeMsi perucTpauuu

CHT'HAJIA U PACIIMPUTH TUHAMHYECKHUI 1MANAa30H M0 CPABHEHUIO C O00BIYHBIM
“up-and-down” MeTomoM.

KuroueBble ciioBa: crpobockonuueckoe npeodpasoBanue, 00padboTka
CUTHAJIOB

1. Bseoenue

B mporuecce cTpoOockonmuueckoro mpeodpa3oBaHusi CUTHajda BAKHBIMH IOKa3aTENsIMU SIBISIOTCS
CTETIEHb TOJABJICHUS BXOJHOTO INyMa, JWHAMHYECKHH [MAla30H NpeoO0pa3yeMbIX CHUTHAJIOB U BpeMs
npeoOpa3oBHUSA. DTH MOKA3aTeIN B3aWMOCBSI3aHBI U OMPEACISAIOTCS NapaMeTpaMy MPUMEHSIEMOT0 METo/1a
npeoOpa3oBaHusl.

OnHUM W3 TakWX METOJOB SBIAETCS MeToJ ,up-and-down”  (mamee ud ). KauectBo
npeoOpa3oBaHUs B HEM ONPEENSIOT JIBa MapaMeTpa: 3aJJaHHOE YHCIIO onepauuil crpodupoBanus N,
NpUXOsIIeecss Ha OHO MTHOBEHHOE 3Hau€HHe Mpeodpa3yeMoro CUrHajla W W3MEHEHHE BEeJTUYMHBI
BBIXOJIHOTO CUTHaNa S (IIar) mocjie o4epeHoro akta cTpobupoBanus. B Uud Metose 3TH mapaMeTpsl
SIBIISTIOTCSI HAaNlepe1 3aJaHHBIMH U HE U3MEHSIOTCS B MTPOIECCE PErHCTPALMU CUTHATIA.

Bo3MokHOCTH MeTO/la MOXHO YJIYYIIUTh, €CIIM B Mpollecce MpeoOpa3oBaHMs YUYUTHIBATh U
napaMeTphl CUTHaNA: aMIUIUTY/y, KPYTH3HY Ha Pa3HbIX €ro y4acTKax, T.e. HCIIOJIb30BaTh aJallTUBHbIE
anropuTMBl U3MeHeHHs mapamerpoB Ud metoma. B Hacrosieit paGoTe pacCMOTPEHBI  BE
Pa3HOBHHOCTH TAKOTO aITOPUTMA.

2. Aneopumm ¢ UBMEHAIOWUMCS WUA2OM (S Memoo)
CymHocTh  OOBIYHOTO ud metoma 3akmrodaercss B cieayromeMm. Ha  BXxox

CTPOOOCKOITMYECKOTO MpeoOpa3zoBarenss MmojaeTcss npeoOpadyemblii curHanm U, (t). Kaxmoe
MTHOBEHHOE 3Ha4€HUE ITOr0 CHrHaja U,; OmpeneseTcs B ukie N crpodupoBanuii (N >1)

€ =€ +S-5on(Uy; —€,4), k=1,2,..n, (1)
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rae S - MpHUpalieHNue WK YMEHBIICHHE CUTHAIA (I1ar) MPH OYepeIHOM CTPOOMPOBAHKH. 3a Pe3ysIbTaT
npeoOpa3oBaHysl B IIUKJIE IPUHUMAETCS 3HaYCHUE U, =€, .

[Ipennonaraercs, 4yTo MpeoOpa3yeMblii CUTHAl SIBISETCS CYMMOM Iosie3HOro curHama U (t)u
HOPMAJILHO paclpeeieHHoro amautuBHoro myma X(t), CpeaHeKBaIpaTH4ecKoe 3HAUYEHHE KOTOPOTO
00o3HaunM yepe3 o, . J1g mpocToThl B HanpHelIeM OyaeM mpeanoiarate o; =1, a BenmuuuHy mara S u

aMIUIMTYJy NpeoOpasyeMbIX CHUTHAJOB A, HU3MEpsATh B €QUHUIAX ©,. VIckakeHHs NpeoOpa3oBaHHOTO

CUTHAQJIa U CPEJHEKBAJAPAaTHYECKOE 3HAYEHUE BBIXOJHOIO IIyMa O, (IIMPUHA IIYyMOBOW IOPOJKKU) 3aBUCST
Kak OT 3HAYeHUs O, , TaK U OT 3HAYCHUH S U N, KOTOpbIE, KPOME TOT0, ONPEAEISAIOT BpeMsi, HE0OX0uMOoe

JIIA CTpO6OCKOHI/I‘leCKOFO Hp606pa30BaHI/I${.

W3BectHa npubnmkeHHas popmyia [1], Belpakaromasi 3aBUCUMOCTb MEXIY O, U O

o, =+/0.6250,5+0.2557 , @)
Xopomo coBliaaaomads € SKCICPUMCHTAJIbHBIMHU OdHHBIMU JIJISA 0 <S< 12 O'1 . I[JIH YBEPCHHOT'O
0OHapy>KeHUsI CUTHalIA C aMIUIUTYI0# mopsiaka o, Ha (oHe uryma HeoOXoaumMo, 4Tobsl o, /o, =5

torna coriacHo (2) S=0.065. Ecnu e Tpebyercs AOCTaTOYHO TOYHO PErHCTPUPOBATH (POPMY

TaKOro CHrHana, OTHolleHue o, /o, mnomwkHo ObiTh nopsinka 20, T.e. S=0.004. Ho npu sTom (mpu
HEM3MEHHOM 3HAYeHUH N) ¢ yBEIMYECHHEM aMIUIMTyAbl A, OBICTPO HAapacTalOT HEIHHEHHBbIC

UCKXEHHS MPeoOpa3oBaHHOIO CUTHANA, W JUIT UX MPEIOTBPAIICHUS MPUXOAUTCS YBEIWIUBATH N,
YTO MOXKET OBITh HEXKEIATeIHLHO H3-3a YBEIMUCHUS BPEMECHH MTPEOOPa30BAHMS.

Jlns ycTpaHeHHs 3TOTr0 HEXeJaTelnbHOIro SBJIEHUS ObLT MPEUIoKeH T.H. S MeToA [2], ogHako
OoJiee moipoOHO HE OBUT UCCIIENOBaH. JTO aIallTUBHBIA METOJ, B KOTOPOM JIJIsi 00€CTIeUeHUs MaJIbIX

3HaYCHUH O, U 3aJaHHOI'0 Iralia30Ha U3BMCHCHUA aMILNIUTYQ Al IpH BO3MOKHO MaJIbIX 3HAYCHUAX N

HCITOJIB3YCTCA HCpCMCHHLIfI mrar S Ha OCHOBE OII€HKU KPYTHU3HbBI BXOAHOTO CHUTHaJIa B OKPECTHOCTHU

PEruCTpUpPpyEMOro MrHOBEHHOI0 3HA4YCHUA U, ;. B kauecTBe TakoM OlLIEHKHU HCIOJIB3YCTCA BCIIMUMHA

Wi :%ansgn Uy —€;4)- 3)

Ecnm gepe3 p; 0003HauuTh 4MCiIO peanusanuii, koraa sgn(u,; —e;, ) =1, To paBeHCTBO (3) MOXHO

MNpEaACTaBUTH B SKBHBAJICHTHOI (I)OpMCZ

2D.
=2, @
n
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OTKyJa BUJHO, YTO W, SIBJI€TCA JUHEHHON (yHKIueH oT P; u u3sMeHsercs or —1 npu p;, =0 go 1
npu P; =N, T.e. 3aBUCUT OT KPYTU3HBI CUTHAJIA B |- TOH TOUKE CTPOOUPOBaHMsA. 3HAUEHHE I1ara Juis
CIICYIOLIETO IUKJIA OINpeessieTcsl Kak QyHKIUSA OT W, B TEKYIIEM LUKJIE:
i =S, F(w;), ®)
T€ S, - Ha4aJabHOE 3HAYCHME 11Ara.
B npocrenmem cirygae
f(w;)=s,L+k|w]), (6)
rae K- koadduunenr. PaccMotpum, Kak OT 3Ha4YeHU# S, ¥ K 3aBHCHT BBIXOJHOM IIyM O,, a TAKKe

HEJIMHEHHBIC NCKaKEHUS 1 [[I/IHaMI/ILIeCKI/Iﬁ Juaria3oH.

Hckaxenus npeoOpa3oBaHHOrO curHama U,(t) OyzeMm oOLEHHMBATH 1O HOPMHPOBAHHOMY

CPEeIHEKBaAPATHUECKOMY OTKIOHEHHUIO ero (opMmbl 0T GopMbl peodbpazyemoro curnana U, (t):

1 |1 & 0
=— |—)> (u,; —U,;)", 7
O-fn Al nT Zl( si 2|) ()

rae N; - YUCJIO PErMCTPUPYEMBIX MTHOBEHHBIX 3HAUCHHMH B IE€pecdeTe Ha MEpHoj Ipeodpa3yeMoro
curHama T, a U,; - CpeaHee 3Ha4YeHHE |-TO oOTcyeTa NpeoOpa3zoBaHHOro curHanma. llox
JMHAMHUYECKUM JIUaNa3oHOM OyaeM IMOHMMAaTh JUaNa30H 3HA4EeHUH aMIIMTyn A,, BHYTpU KOTOPOIO

O, HaXOOUTCA B 3aJlaHHBIX HPCACiax. HpI/ITOM Oollee BaXKHOH SIBIIIETCS BCPpXHAA TI'paHULIA

Juaria3oHa Almax , TaK KaK HWKHIOKO I'paHUIY 3a49aCTYHO TPYAHO ONPCACTIUTD U3-3a JOIMOJIHUTCIIBHBIX

WCKQXCHHUH, BHOCUMBIX aJTATHBHBIM IITYMOM.
B kadectBe npeoOpazyemoro OyaemM UCIoIb30BaTh CHHYCOUIATbHBIN CUTHAI
usi:Alsinz—”i, 1=1,2,..n;. (8)
N,

AHanu3 IIyMOBBIX CBOMCTB UO MeToma sBIseTCs BecbMa CIIOKHOM 3amaueii. Kpome
ynoMsiHyTOH paboTel [1], 9Ta 3amaya paccmaTpuBanach Takke B pabdortax [3,4], rae moaydeHbI
MaTeMaTHUYECKU KOPPEKTHBIE PE3yIbTaThl, HO JUIIb IJI JOCTATOYHO MAJIbIX 3HAYEHH N U KOTOpPHIE
CIIOXKHBI JUIsl aHanu3a. B ciydae ke OONBIIMX N U MEPEeMEHHBIX 3HAYEHUH S HU3-3a CIO0XHOCTH
aHaiM3a 3ajaya BooOlle He pemagach, TaKk e, Kak M 3ajJaya, Kacaromlasics HCCIeIOBaHUS
HEJIMHEHHBIX HUCKaXeHH. CIO0XHOCTh UCCIICIOBaHW OOYCIIOBICHA TEM, 4YTO TIPOIECC

npeoOpa3oBaHus 10 S METOMY, B 3aBHCUMOCTH OT Buja ¢pyakiuu f (W) ompenensiercs He MEHee YeM

TpeMsi mapameTpaMu (BMECTO JBYX B KiaccuueckoMm U MeToje), a TakKe TeM, 4TO HEOOXOJUMO
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NPUHUMATh BO BHHUMaHHE KOPPEJSIHIO MEKIY COCETHHMH OTCYETAMH MPEoOpa30BAaHHOTO CUTHAIA,
YTO TakKe CHIBHO oOcliokHseT aHamu3 [3,4]. [loaToMy mansi moiiydeHuss pe3ylbTaToB Oyaem
UCIIOJIb30BAaTh IIIaBHBIM 00Pa30M CTaTUCTHYECKOE MOJCITUPOBAHHE.

Ha pwuc.la mokaszanel curHansl 1 u 2, mpeoOpa3oBaHHBIE COOTBETCTBEHHO C ITOMOIIBIO

o6bryHOr0 Ud Merona u Smerona . IIpu BHIOpaHHOM 3HaYEHHMH aMIUTHTYAbl A, mpeoOpa3oBaHUE C

noMoOIIb0 Ud MeToma CONMpOBOKIAETCS 3HAYMTEILHBIMH HCKAKCHUSAMH, B TO BpeMs Kak ¢opma
BXOJIHOTO CHTHaJla M CHUTHAJa, MPeoOpa30BaHHOTO C MOMOIIBIO S METO/a, MOKAa3aHHBIX Ha 3TOM XKe
PHCYHKE, OTIMYAIOTCSI HE3HAYUTEIBHO.

Ha puc.1b mokazaHo uM3MEHEHHE CpEIHEro 3HAYeHUS S B 3aBUCUMOCTH OT MI'HOBEHHBIX

3HAUCHUH npeo6pa3yeMor0 CHUI'Hala. BI/I,Z[HO, qTo S(Ul) >S5, HE TOJBKO Ha YyYacCcTKE, 3aHUMacMOM

CUTHAJIOM, HO U Ha y4yacTKax, rae U, =0.

Puc.1

la — curHan, mpeodpaszoBanHsblii ¢ momornsio Ud metona (1) usS metona (2) ;
s=5,=0.01,n=50,n; =50,k =5,A, =20,

1b — u3menenue mara npu MpeoOpazoOBaHUM S METOIOM.

Ha puc.2 noxazansl 3aBucuMoctu o,(K) mpu ABYX 3HaUY€HUSX S, M JABYX 3HAUeHHAX N.

[Iym OGosbire, yeM B ciydae oObrgHOro Ud MeToma W Bo3pactaeT ¢ pocToM Koddduimenta K.
Kpome Toro, B omiinume ot 06pdHOr0 Ud MeToma, HHTEHCHBHOCTD IIyMa 3aBHCHT TAKKe OT YHCIIA
cTtpoOupoBanuii B nukie. Kak mnokasamum pe3ynbTaTbl MOJCIUPOBAHMS, MPU OYEHb OOJBIINX
3HAUCHUSAX N OH MEPECTACT 3aBUCETh OT K , CTPEMSCh K 3HAYCHHIO, OMPEACIIICMOMY BBIPAKCHHEM

(2) npu s=s,.
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[lepeiimeM K pacCMOTPEHHUIO BOMPOCOB, CBS3aHHBIX C HEJIMHEWMHBIMU HCKAKCHUSIMH.

Bxogsmue B gopmyny (7) cpenHue 3HaueHHs U,, MOXKHO BBIYMCIMTH aHanuTuuecku. CpengHee
U3MEHEHHE BelIUYMHBI €;, (cM.popmyny (1)) B akTe €IUHMYHOIO CTPOOMPOBAHMS C JOCTATOYHOU

TOYHOCTBIO MO’KHO BBIPA3UTh KaK

€, =6 ,,+s@-2®(u,;, -€,,,), k=1,2,..n, 9)

rne ®(u,, —e,, ) - uHTErpanbHas GyHKIMS HOpMAIBLHOTO pacipeaenaeHus. OTcioaa Mmoiaydaem, 4To

W, =Y (1-20(u,, -, ). (10)

0.5

0.45

0.4

Puc.2. 3aBucumoct o, (K) npu pa3anvHbIX 3HAUYCHUSIX S, U N.

Pacuets! popmbl mpeoOpa3zoBaHHOrO cUrHaja ¢ ucnojib3oBanueM ¢opmyn (9) u (10) orauuaroTcs ot

pe3yabTaTOB, TOJYYCHHBIX C MOMOIIBIO YUCICHHOTO MOJETUpoBaHUs He Oonee yem Ha 1.5+2%.
Curnanel 1 u 2 Ha puc.la moxydeHbl IMEHHO C MCIIOB30BaHUEM YyKa3aHHBIX (opmyin. OgHaKo 3TH

OTJIMYUS MOTYT WUIpaTh 3aMETHYIO pojib IpH pacuere o, (popmyna (7), Tak Kak B HE€ BXOJUT
pasHocTb U, —U,,. [ToaTomy npu pacuerax o, OyIdeM HCIOIb30BaTh YMCICHHOE MOJEINPOBAHUE.

B03MOXKHOCTH HCIIONIB30BaHMS IEPEMEHHOI0 IIara WIUIIOCTPUPYET pHUc.3, TAe MOKa3aHBbI

rpaduku o, , (A,;) mwis ud meroga (K=0) u S meroma. Eciiu momycTuMblii ypoBeHb HETMHEHHBIX

HUCKOKEHUN TpeoOpa30BaHHOTO CHUTHANIA YCIOBHO MNpuHATH paBHBIM 0.05, To mpu BBIOpaHHBIX

mapameTpax N,N;,S to aas Ud metoma 3To TpeGoBaHUE BOOOIIE HEBIOIHIMO, B TO BpeMsl KaK JJIs
S MeToza JOIYCTHMBIN Auana3oH aMmumtyn A, npessimact 250. KadyecTBEHHO CXOHbBIE PE3YIbTAThI

MOJTYYaIOTCS ¥ MPU APYTUX 3HAUCHHUSAX ITapaMETPOB.
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Puc.3. BaBucumoctu o, (A;) mis o6braroro Ud meroma (K =0) u qsas merona (K =50) mpu

n=50,n; =50,s=s,=0.01.

Jlns ud Mertoza BBINOJHEHHE TPEOOBAHHHN 110 BEIMYMHE O, , BO3MOXHO ITyTE€M YBEIUYCHHUS
n. Tak, mpu S =0.011s nocTIKEHNST BEepXHEW TpaHUIIBI AMHAMUYECKOTo auamna3oHa npu A, = 250
Tpedyercs okoso 2600 cTtpoOupoBaHUi Ha OJHO MTHOBEHHOE 3Hau€HHME curHajia mpotuB S50 it S
meroaa. OHAKO OJHOBPEMEHHO HaJI0 YYHThIBaTh, uTo npu K =50 o, ~0.18, uro npumepHo B 2.3
pasa Gombmie, yem it Ud merona. [ToaTomy Gosiee 0OBEKTHBHO CPAaBHUBATH YHCIIO CTPOOMPOBAHHI
IPU OJTHUX M TEX )K€ 3HAYCHUSX O, M OJJMHAKOBBIX BEPXHUX I'PAHUIIAX TUHAMHYECKHUX THANa30HOB.

CpaBHeHHE OBIJIO NMPOBENEHO NMPH 3HAUYCHHH O, ,, COOTBETCTBYIONIEMY COIJIaCHO (hopmyie
(2) mary s=0.01lu ocymecTBisuioch cieayromuM odpasom. [Ipu pa3nuunbix 3HadeHusx d u mpu
HEU3MEHHOM 3HaueHHMH N =N, =90 (BbIOpaHHOM MO TEXHUYECKUM COOOPaXEHUSIM) OIpeAessIach

HMIMPHHA IMHAMHYECKOro auana3oHa. [Ipu aTom s kaxmaoro d HE0OX0auMO OBLTO MOI00paTh CBOE

3Ha4YeHHEe S,, YTOOBI YIOBJIETBOPHUTH ycioBue o, (d,S,,N,)=0,,. 3ateM a1 ud meroma mpu

s=0.01 omnpenensnoch YKUCIO CTPOOMpPOBAaHUU N HEOOXOIMMOE UI1  JOCTHKEHUS

ud >

COOTBGTCTBYIOH_[eﬁ IIUPUHEBI JUalta3oHa.
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900 : : : : : :

Puc.4. 3aBucumocts N4 (A, )-

P€3y.HBTaTI>I IIOKa3aHbl Ha pI/IC4 M CBUJCTCIILCTBYIOT, YTO U IIPHU TaKOM CPaBHCHHMH S MCTON
HMECT SIBHOC INMPCUMYLICCTBO. Kaxk CJICAYCT M3 IMPUBCACHHBIX HAa PUCYHKEC JAHHBIX, IIPH WU3MCHCHHUUN

BEPXHEHM IpaHMIbl JUHAMUYECKOro AManazoHa A ot 20 mo 80 orHomeHwe N, /N, JUHEHHO

1 max

yBenuuuBaercs ot 2.4 1o 9.4

Pe3roMupyst MOXKHO 3aKIIOYHUTh, YTO IPEUMYILIECTBOM PaCCMOTPEHHOTO BapuaHTa S METojia Mo
CpaBHEHHIO ¢ U0 METOIOM SBJISETCS BO3MOKHOCTh O0ECIICUCHHST MaJIbIX HEJIMHEHHBIX UCKaKEHUH B
IIMPOKOM JHMAala30He W3MEHEHUS aMIUTUTYyJ [peo0pa3yeMoro CHUTrHaja W MeEHbIIee BpeMs
npeoOpaszoBanus. HepocTaTkoMm siBiisieTcst OOJIbIIee 3HAYSHUE BBIXOIHOTO IIyMa, YBEIIMYUBAIOIIEECS C
YBEJIMYCHUEM 3HaueHHsl K, XOTs 3TOr0 MOXHO MOJHOCTHIO HJIM YaCTHYHO M30ekaTh, YMEHbILIAS S, .
V37105%KE€HHBIA aTOPUTM MOXKHO TPOCTO PEATU30BaTh YHCTO AIIAPaTHO, YTO BAXKHO C TOYKH 3PCHHUS
OBICTPOACHCTBHSI.
3.Bapuanm s memooa ¢ 00noHUMeNbHbIM NAPAMEMPOM

YIOMSHYTBI HEIOCTATOK MPEIBIIYIISIO BapHaHTa YaCTHYHO MOXKHO YCTPaHUTh, €CIIA
BEJIMUMHY I1ara U3MEHSTH IO CIEAYIOIIEMY TTPABIITY:

Sist = So (1+k‘Wi‘r)v (11)

rae =1 - koapounuent. Takum oOpasoM, popmyina (6) sBIsieTCs YaCTHBIM ciydaeM ¢opmysl (11)
npu r =1.

Ha puc.5 npuBemenst 3aBucumoctu o, (K,r) mis derpipex 3Hauenuwit r. Kak u B

IpeIbIIyIeM BapHaHTe S MeToma, O, pPAacTeT ¢ yBeNWYeHHeM K, OHaKO CKOPOCTh poCTa C
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YBCIIMYCHUCM ' 3aMCIJISICTCA. Ha PHUCYHKEC 3TO HC OTPA’KCHO, HO, KaK U B IIPCABIAYIIIEM BApHUAHTE, O,

3aBUCHT TaKXKe M OT MapaMeTpoB S, U N U sBIAETCA, TaKUM 00pa3oM, (QYHKIHMEH OT 4YeThIpex

aprymenToB: o, = f(k,r,n,s;).

S I S R R S S R S B

Puc.5. 3aBucumoctu o, (k,r) mpu n=30,s, =0.01.

Bnusinne koaddunmenta r Ha Bux GyHkuuu o, (A, ,r) IpoIEMOHCTPUPOBAHO HA pHUC.6 MpH
S; =0.01,k =50 pmns 3mHauenmit r=1 (kpuBast 2) m r=2 (xpuBas 1). Bepxuss rpanuna

JAUHAMHUYCCKOIro Jauaria3oHa B oboux ClIydadx OCTacTCd IMPAKTUYCCKU OHHHaKOBOﬁ; Ooiee

3HAYUTCIBbHO U3MCHSCTCA TOJIBKO 3HAYCHUEC O, IPH MaAJbIX 3HAYCHUAX Al’ HO 3TO HC OYCHb

CYIIECTBEHHO, TaK KaK TJaBHbIE MCKAKEHMsS BHOCATCA aATUTUBHBIM IIyMOM. OJHAaKo TIJIaBHOE
omyue B ToM, uto npu P=1 o0,=0.18, B To Bpems kak npu p=2 o0, =0.108. IToaTromy
NOCJETHUI BapHaHT SMeToJa LeNecooO0pa3HO NPUMEHSTh TaM, TJe HEOOXOAMMO MOJYyYHTh IO
BO3MOXHOCTH 00Jiee HU3KOE 3HAUYSHHE BBIXOTHOTO IIIyMa CTPOOOCKOMTUYECKOT0 MpeodpazoBaTersl.
Kak yxe ynmoMmMHMHanoch, aHaJUTH4YECKHE (OPMYIbI, CBS3bIBAIOIIME BEIMYUHY BBIXOJHOTO
IIyMa C IapaMeTpamMH S -MeTOJa, MOJNyYHTh HE YHAaeTCs M3-3a CJIOKHOCTH 33maun. [lostomy Oblma
Cc/IelaHa TIOTBITKA MTOYYUTh YMITUPHYECKUE 3aBUCHMOCTH Ha OCHOBE DKCIIEPHMEHTAIILHBIX TAaHHBIX. B
npoliecce CTaTUCTUYECKOTO MOJEIMPOBAaHUS OBUTM ONpeAeeHbl 3HAYeHUs O, IS MapaMeTpoB S -
METOJla, HM3MEHSIOIMXCS B IMpelenax, B OONBIIMHCTBE CIIydaeB OTBEYAIONIMX MPAKTHUYECKUM

TpeboBanusm, a umeHHo: 0 <k <100;0.004 <s,<0.04;30<n<100;0<r<6.
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Puc.6. Bnusaue xosddurnmenta r Ha Bun yakuun o (A, r).

U3 puc.5 BUgHO, uTO NpH I > 2 GyHKIMHU O, (K, ) mpakTHyecku JTUHEHHO 3aBUCAT OT K, 4TO
HECKOJIBKO 00JieryaeT 3a/1auy MoMcKa SIMIMPUUCCKUX 3aBUCHMOCTeil. OIHAKO 0Ka3alloCh, YTO HAKJIOH

byukmit o, (K,n, r) ciaokHbIM 00pa3oM 3aBHCHUT OT MEPEUYUCICHHBIX apPryMEHTOB, TaK 4YTO
YIIOMSHYTBIE€ 3aBUCUMOCTH YAAn0Ch HaWTH aumb uid =2 mnpu 0.004 <s,<0.04;30<n<60. s
0, Obla royiyyeHa cieayromas sMnupuyeckas Gopmyna:
o,k,n,s)=0,,+0.0105k (o, 150—0,, ) F(Nn)-f(s), (12)
rie o,, - 3Ha4€HUe O, , NOIy4eHHOE U3 (hopMyIsl (2) mpu S =S, ;
f (n) =0.0000211n* —0.00305n+0.1931; (13)
f(s)=-823.19(s/c,)* +74.46(s/ o, ) +0.7318. (14)

[TorpemHocts dopmynsr (12) He mpeBbimaer 5% BO BCEM Juana3oHe M3MEHEHHsI MapaMeTpoB
k,n,r,s,.
Ha puc.7 noka3zana 3aBucumoctu o,(K,n,s) roe r=2;s,=0.01, a n pasus 30 (npsmas 1) u

60 (mpsimast 2). Tam ke KpyKOYKaMu OTMEUYEHBI JIaHHBIE, TIOJIYYCHHBIE B Pe3yJbTaTe YUCICHHOTO
MOJICIUPOBAHUA. DKCIIEPUMEHTATIbHBIE JaHHBIC OTJIMYAIOTCS OT BBIUMCIEHHBIX MO (opmyne (12)

MeHee ueM Ha 5% , 9TO BBIIOJJHACTCA U IJIA APYTrUx 3HAUCHU N .
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Puc.7. Dmnupuyeckue 3aBucumoctu o, (K,n,s).

4. 3aknouenue

[IpoBeneHHOe wHcclenoBaHUE IOKa3biBaeT AI(PQPEKTUBHOCTh NPEIIOKEHHOTO aJalTHBHOTO
anroput™Ma. OH TMO3BOJIIET HA TOPSIOK M Oojiee COKPaTHTh BpEeMsl PErucTpalud CHrHajla o
CpaBHEHHIO C OO0bIYHBIM Ud MeTOZOM, oOecrme4ynBas MpU OSTOM TO JK€ WIA MEHbIIee
CPEIHEKBAIpaTHYECKOEe 3HAYEHUE BBIXOJHOIO IIyma. [Ipu paBHBIX BpeMeHax perucTpaluy CUrHaiaa
QJanITUBHBIA  aJlTOPUTM TO3BOJISIET B JIECATKM pa3 pacHIMpPUTh JWHAMHYECKUH JIMara3oH.
B03MOKHOCTh JTOCTHKEHUSI BHICOKOTO OTHOIICHUSI CUTHAJI/IIYM O3HAYaeT, YTO B Psijie MPUMEHEHHN
Kakas-nu0o JONOJHUTENbHAs 00paboTKa MpeoOpa3oBaHHOIO CUTHajla He TpedyeTcs.

DTO MO3BOJSIET MPHUMEHATh AAANTHBHBIA UO METOJ B TaKMX NPHIOKEHUSX, IZle OOBIYHBIN
ud MeTox HEMPUMEHUM, HalpUMep, B CBEPXIIMPOKONONOCHBIX (super wide band) paamnonmokaropax,
I7le aMIUTUTY/1a PETUCTPUPYEMOT0 CHUTHAJAa MOXKET U3MEHATHCS HAa HECKOJIBKO MOPSIKOB U UMEIOTCS
OTpaHUYCHUS Ha BPEMsI PETHUCTPAIIHH.

[Tpocreiimumii BapuaHT ajqropuTma, paboTaromuii cornacHo Gopmyse (6), Jerko peain3oBaThb

arraparHo, 0e3 Kakux-JImoo JOITOJIHUTCIIBHBIX onepaunﬁ.
PaboTa BeINONHEHA B paMKax ITPOCKTa HHcmumyma OJIEKMPOHUKU U sviyucaumenvuou mexuuxu Ne

2010/0307/2DP/2.1.1.1.0/10/APIA/VIAA/078 High sensitivity super-wide-band radar technology

(LoTe), punancupyebbiii coBMecTHO ¢ EBponetickum @onnom Pernonansaoro Pazsurwsi.
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Pielikums 2.

AJIAITUBHBIN K- UP-AND-DOWN METO/I IPU KOMIIAPATOPHOM
CTPOBOCKOIMNYECKOM INPEOBPA3OBAHUU CUT'HAJIOB UWB
PAIMOJIOKALINMN.

K. KPYMUHBII, doxmop eviuucrumenvrulx Hayk
B. INIOUMHBIL, urorcenep
Hncmumym 21eKkmpoHUKYU U 8bIYUCTUMENbHOU MEeXHUKU
ya. J[3epoenevt 14, Puea LV-1006, Jlamemus
E-mail: krumins@edi.lv
Hccaenyercs HOBBI aJaNTUBHBI METO. Jifi §: CTPOOOCKONMNYECKOTO
npeodpa3zoBaresisi KOoMNapaTopHoro tTuna. J¢¢eKTUHBHOCTL METO/Aa OLEHNBAETCHA
npu wucnoab3opanuum merogna B UWB pamgmonoxkanmuu. Iloxg 3¢¢ekTHBHOCTHIO
MOHUMAETCSl KOJHMYECTBO CPaBHEHHMH, Heo0XoauMoe Jisl 3aJaHHONW TOYHOCTH H
YYBCTBUTEJbHOCTH NIPe0OPA30BAHUA CUTHAJIA.

KiwueBble cjioBa: KomIiaparopHoe cTpob-mpeobdpasoanune, UWB
paIroIOKalKsl, aJallTHBHBIE METO/IbI, OOHAPYKECHHE CHTHAIOB, Up-and-
down mero.

1. BBEJ[EHUE

N3BecTHO, 4TO B KayecTBe MNpueMHBIX ycTpoicTB UWB panmonokaropoB HMCIONB3YIHOTCS
cTpobockonuyeckue mnpeodpazoparenu [1-5]. JJanHHOE HCCienOBaHME OTHOCUTCS K HCIOJIb30BAHUIO
CTPOOOCKONMYECKUX Tpeodpa3oBaTeneii kKommapaTopHoro tuma [6-11]. M3MepeHue MrHOBEHHBIX
3HaUEHUN CTPOOOCKONMUYECKUM Mpeodpa3zoBaTeieM KOMIApATOPHOTO THUMA TMPOUCXOIUT MyTeM
MHOTOKPAaTHOTO CpPAaBHEHUs MOBTOPSEMOIO CHUTHaJla C MOPOroMm. M3BECTHO HECKOJBKO MPOLELYp
Takoro u3Mmepenus curiana [10]. OMHUM U3 3THX METOIOB SBJISIETCS TaK Ha3bIBAeMBbIi ,,up-and-down”
MeToa (mamee Juis KpatkocTH B Tekcre — Ud wmerom). CoriacHo 3TOMY METOAy, HM3MEpPCHHE
MTHOBEHHOTO 3HAYECHHSI CUTHAJIA TIPOUCXOAUT CIETYIOIIUM 00pa3oMm.

[Tycte B MOMEHT BpeMeHM {; MIHOBEHHOE 3HA4Y€HUE CHUTHaJa paBHO U;;, MacKUpyeMoe

HOPMaJIbHO pachpelefieHHbIM aJJUTHBHBIM ImymMmoM X ¢ gucnepcueit DX = 0'12 U CpPEIHUM

sHauenueM EX =0. TOF,Z[a MOXHO CUHMTAaTh, YTO HAa BXO/J Hpeo6pa3OBaTeJI$I HeﬁCTByeT CHUTHAJI
Uy, =uy; + X, (1)
KOTOpBII cpaBHMBaeTCs ¢ moporom € ;. Ilocie npoBe/ieHus onepalky CpaBHEHMs YCTaHABINBACTCS
CJICAYIOMICC 3HAYCHUC TTOpOoTra eiijrl COTJIAaCHO BBIPAKCHHUIO
€. =€, +s-sign(U,; —e,;), ()

i,j+1
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rjae S - mrar ud mporeaypsi,

e,, =0 - ucxoaHOE 3Ha4YEHHUE TIOPOTa.

ITocne JO0CTATO4YHO OOJIBIIOr0 KOJIMYecTBa N CpaBHeHI/Iﬁ nmojryda€M pe3yjbTaT U3MEPCHUA

MIHOBCHHOTO 3Ha4eHus U ; B BUJE Hampsukenus U,; =€, . Ilocne usmepenns B dase t;, casuraior

(azy crpoOupoBaHUs B TOUKY pa3BepTKHU i, W MoBTOPsAOT Ud mponeaypy npu HadaabHOM 3HaYCHUH

rnopora
€11 =Cin- 3)
B nanHo#t paboTe mpeaiaraeTcs U ucciaeayercs agantuBHbiid Ud Meton (manmee K -ud meron),
UCTIONB3YIOMIHH JIUIs alanTalui UH(QOpMaIIHIO, MOJYYSHHYIO B TIPOIIECCe U3MEPEHUs B 3aJJaHHOM (aze
CUrHana.
Meton uccienyercs Ha mpumepe npeodpasoanust mojenu curiaia UWB paaunonokanuu —

rapMOHHMYECKOTO MOHOKOJICOaHUs
. (2. (4)
u; = Asin n—l ,
T

rjae:

A - aMIIMTYyza CUTHaa;

N; - KOJIMYECTBO TOYEK (ha3bl HA NEPHOJ MOHOKOJIEOaHHsI, B KOTOPBIX IPOUCXOIUT U3MEPEHNE
MT'HOBEHHBIX 3HAYCHHIA;

| - HOMep ToYKH (ha3bl CUTHAA.
OcranbHble UCXOAHBIEC TAHHBIE UCCIICIOBAHUS:

A* - MakcUMallbHasi aMIUTMTY/IA ,,HEUCKAKEHHOT0” MpeoOpa3oBaHMs CUTHAJIA;

0, =1 - HOpMUPOBaHHOE CPEIHEKBAAPATUYHOE OTKJIOHEHHE MACKHPYIOLIETO LIyMa Ha BXOJE
npeoOpa3oBarers;

O, - CPCAHCKBAAPATHYIHOC OTKIIOHCHHUC IIIyMa Ha BBIXOAEC npeo6pa3OBaTen51;
O, - MAaKCHUMaJIbHO AOIIYCTHMOC 3HAYCHHUC CPCAHCKBAAPATHYHOI'O OTKJIOHCHUSA LIyMa Ha

BBIXOJ€C npeoGpa3OBaTeJ1;1;

o, - k03 duumeHT uckaxxenus: GopMbl CUrHaja:

std(u, —u,) | ®)
oy =——7>—7,
A
C - MAaKCUMAJILHO JIOMTYCTUMOE 3HaUeHUE KodhDHUIMeHTa HCKaXeHUsT (DOPMBI CUTHAJIA;

N - amuHa pa3BepTKH (MOHOKOJEOaHUE HAXOIUTCS B IIEHTPE Pa3BEPTKHU);
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o;, ¢, =c/ V2 - makcumansHO JOTYCTUMOE 3HaueHue Koddduirenta nckaxxkeHus (Qopmbl
CHrHaja ¢ aMIuTynoi A =1 B quanasone passepTku 2N, ;
o;,<C, =c/ V2 - makcumanbHO JOTTyCTUMOE 3HadeHue Kod(PuIMeHTa ucKaxeHus GhopMbl

CHTHaja ¢ aMIUIMTynol A = A* B auama3oHe pa3BepTKH 20N, .
Koaddunments! nckaxenus Gopmbl curHana o, U 0, KOHTPOIUPYIOTCs B Oojiee IHUPOKOM

Jara3oHe Pa3BEPTKU B CBS3HM C TEM, YTO NPH AJANTUBHBIX METOJAaX MpeoOpa3oBaHUs HMCKaKCHUS
CHTHAJIa MOT'YT PacIpOCTPAHATCS 3a MPeIeiiaMy TIepruoia MOHOKOJICOaHNSI.

B nannom uccnenosanuu npunuManocs N =100, n; =50.

Pesynbrarhl  WccienoBaHMW —TpeJHA3HAYCHBI IS MCIOJIB30BAaHUS B TpPOeKTe Ne
2010/0307/2DP/2.1.1.1.0/10/APIA/VIAA/078 ,,High sensitivity superwideband radar
technology”(LoTe). B yka3aHHOM TpOEKTe BBINIE YKa3aHHBIC IMMApaMETPbl HMMEIOT CIICIYIOIIHE
3HaueHus: o, =271 uV; 0'; =15V ; A*>25mV; ¢c=0.05; c, =0.035. Ilocne mpuBeneHUs
napamMeTpoB K  OTHOCUTENbHBIM  3HAYEHUSIM  IOJy4aeM: o, =1; (T; =15/271~0.055;
A*=25000/271~93. Takum o00pa3oM IMOJydyaeM, 4YTO JUHAMHUYCCKUU JHMANa30H MPUEMHOTO
yerpoiictsa coctasnster d = 201g(25000/15)~ 64 dB.

B mporiecce BBITIOTHEHUS BBIIIE YKa3aHHOTO MPOEKTA OBLIO HAWIEHO, YTO MIPH HCIIOJIb30BAHUN
ud meroma MHHMMAIbHOE KOJIMYECTBO CPaBHEHHH CHTHaTa C MOPOTOM, YIOBIETBOPSIOIIETO
TpeGoBanusm o, u A*, pasHo n=2040.

B pamkax mpoekta JlatBuiickoro Cosera mo Hayke Nr. 09.1581 “Equivalent time signal
processing and digital image processing in real time systems” pa3paboTan agantuBHblii K -ud metos,
CYIITHOCTh KOTOPOTO M3JIaraeTcs B JaHHO paboTe.

WccnenoBanust HampaBiieHbl Ha cpaBHeHHE Y dexTruBHOCTH K -Ud MeToma ¢ pesynbpratamu Ud
MeTona. I (HEeKTHBHOCTH METOJIOB OLIEHWBAETCS MUHUMAIBHBIM KOJMYECTBOM OTEpalluii CpaBHEHUS
CUTHAJIa C IMOPOTOM, OOCCIICUYUBAIONIUM 3a/IaHHYI0 YYBCTBUTEILHOCTh U TOYHOCTH MPEOOPa30OBAHHS
curHana. B cBs3W ¢ OOJNBIIMMH aHATUTHYCCKHUMH TPYJHOCTSIMHU HCCIICIOBAHUS TPOBOJATCS MyTEM

CTaTUCTUYCCKOI'0O MOJACINPOBAHUA.

2. AMAIITHUBHBIH Kk -UD METOJ] IPEO5PA3OBAHNA CUTHAJIA
AnantuBHelii K -ud MeTom I amanTanpdd MPEAnojiaracT HCIOJIb30BaTh HH(POPMAIHUIO,
MOJIYYCHHYIO B TPOIECCE M3MEpPeHMs B 3aJaHHON (a3e curHana. CoriiacHo 3TOMy METOJy oOIee

KOJIMYECTBO N OIEpaluil CPABHEHUM CHUTHAla C IIOPOrOM pasleisercsd Ha aBe yactu N, +N, =n. B

JaHHOM HCIICJOBAaHUY MTPUHUMAIIOCHh N, = N, . B mepBoii yactu nuamepenus ud nporeaypa mpoUCXOJUT
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cornacHo (2) ¢ maroM S=S,. [Tocie N, cpaBHEHMil ompenensieTcss KOJMYECTBO N, TPEBBILICHUM

ropora. Ilocne »TOrO BBIUMCIACTCS BEIWYMHA IIara JJIA BTOpOI\/'I JaCTu HU3SMEPCHHUA COTJIaCHO

BBIPAXECHUIO:

oo (6)
s=5, k%— +V |,
1

rae K - koadduuueHt aganraryu,
I 1 V - mapaMeTpsl MeToa. B HalieMm rcciae1oBaHUM UCTIONB30BAINCh =6 u v =1.

Bo Bropoii wactu um3aMepenuss Ud mporeaypa HPOMCXOAUT corjiacHo (2) ¢ miarom (6).
PesynbraTtom n3mepeHus, Tak ke Kak ¥ B Ud MeTozie, ABIsETCA MOCIeIHUM MOpor: U,; =€, .

WccnemoBanuss  mpoBoawiMch npu  Ke {0;2;4;...496;498} ¢ maroMm Ak=2 u
n € {190;200;210;...270;280} ¢ marom An =10.

Jinst xaxmoit komMOMHau K u N ObUTM HalJeHBl TakWe 3HAYCHHS S,, IPU KOTOPBIX C
BeposTHOCTBIO 0,997 cpemHeKBagpaTHYHOE OTKIOHEHHE pe3yibTara IpeoOpa3oBaHHs —IIyMa
HAaXOJUTHCS B IPEAEIAX O, € (0.9850'; ;0.9950, )

[Ipn nmomydeHHOM TakuM 00pa3oM S, HPOUCXOAAT MpeoOpa3oBaHUS MOHOKOIEOaHMM Ui
BBIYUCIIEHUS KO PUIIMEHTOB UCKAXKEHUs (JOPMBI CUTHANIA O, U O, .

Jlns BbIUMCIEHUSL O, ucnonb3yercs A =1. BBUIy cTaTUCTHYECKOrO XapakTepa pe3yibTaTa
npeoOpa3oBaHys CUTHAJIA MAJIOW aMITIMTY B! 7Sl BBIYUCICHUS O, HCIOIb30BAIOCH MHOTOKPAaTHOE
(m, =49) ycpenHeHune pa3BepToK:

o, =std(uz —u,), (7)

rae Uz - pe3ysbTaT yCpeIHEeHUs pa3BepToK U, .
[Ipeobpa3oBanme curHama ¢ ammaTynoil A =93 wncmomb3yercss UIs BBYHCICHUS Oy,

corjJiaCHoO
std(u, —u 8
o, =S80 —u) ®)
A

[Tocne aToro n yeenuuuBaercs Ha An =10u MoaenupoBaHKe MOBTOPSAETCS.
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3. UCCJIEQOBAHUE 3ABUCHUMOCTHU KOSPPUIIUEHTA HEJTUHEWHBIX
HUCKAKEHHH CUTHAJIA MAJIOH AMITJTUTYIhI

I/ICCJ'Ie,I[OBaHI/Ie 3aBUCHMMOCTH KOC)(i)(bI/II_[I/IeHTa O HEJIMHEHHBIX MCKaKCHHI CHUTHAaja MaJiou

aMIIMTyabl npoBoamnock npu A =1. B pesynprare 3TUX HCCI€JOBaHWNA OBUIM YCTaHOBJIEHBI
CIIeIyIoIlre CBOICTBA.

[Ipu 3amanHOM G; I Kaxaoro N ObuiM  HalieHsl S, (k) U A1 KaxOoro S

COOTBETCTBYIOIIIUE O, (SO ) ITocne 3Toro ObLIO IMPOBEACHO YCPEAHCHUC PE3YIIbTAaTOB:

o l 249 (9)
So=—"—-) S,\2-2
0 250; o(2-2)
u
g 29 (10)
o,=——» 0,2-2).
: =550 2 .(2-2)
[Tony4ensie g u 0_2 MIPOBEPSUINCH Ha BBHIMOJHEHUE TEOPETUUECKOIO COOTHOIIEHHs st ud
Merona [7]:

o, =1/0.6250,5+0.2557 . (11)
Pe3ynbpTaThl IPOBEPKH MO3BOJIAIOT CHOPMYIUPOBATE!

Ceoticmeo 1. Ilpu amantuBHOM K -ud Metone 1y pacdera HEOOXOJUMOTO S, NPH 3aJaHHOM

0, MOXHO I10JIb30BaThCsl BhIpaxkeHueM (11).

0,062
0,061

0,06

o | uvp AL'”" ] HVMV“V I

0,056

0,055

0,054
0 50 100 150 200 250 300 350 400 450 500

Puc. 1. 3aBucumocts k03 puninenTa uckaxeHus: opMbl CUTHATIA O l(k) npu N =190.
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Ceoticmeo 2. o, ot korddunuenrta Kk 3aBucut HesHauutensHo. st mwumoctpamu Ha Puc. 1
TPUBE/ICHBI PE3YNIBTATH CTATHCTHYECKOTO MOJIETMPOBAHHS IO ONPEIEICHUIO 3aBUCHMOCTH O (K)
uIg nuarnasona kK e {0;2;4;...496;498} npu N =190. M3-3a ctaTucTryeckoro pa3dpoca moydeHHbIX
pe3yabTaTOB 3aBUCMOCTh O'fl(k) anmMpPOKCUMHUPOBAIACh IPAMOM & (k) =-1.614-10"° -k +0.05840 no

METOly HaUMEHBIINX KBaJpaToB. M3Menenus ¢ (k) B DTOM Auana3oHe coctaBisieT Bcero o =1.4% or

CpE/IHEro 3HAYCHHUS

Efl — é/(kmin )+ g(kmx ) ~0.0580. (12)

ITpu n =280 3asucumocts (k) eme cnabee u & =1.0%.

BBuny cna0oii 3aBUCUMOCTH O l(k), HO BeCbMa OOJIBIIIOrO CTATUCTUYECKOr0 pazdpoca O'fl(k)
(B HalleM IIpUMepe cpellHeKBagpaTHUHOe OTKIIOHeHuE paBHO 0,0012) B kauecTBe o, IpU KaxaoMm N

HCIIOJIB30BAJICA PE3YJIbTAT YCPCAHCHUA:

1 249 (13)

> on(2-2).

T 2505

Ot

CrnenyeT OTMETHUTb, YTO pe3yabTaThl BeuucieHui o (12) u (13) coBnagaror.

0,06000
0,05500
0,05000
0,04500
0,04000
0,03500

0,03000
180 200 220 240 260 280 300

Puc. 2. 3aBucumoctb k03¢ punimenTa uckaxxeHus: GopMbl CUTHATA MAJIOH aMIUIUTY b O'fl(n).
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Hcnonb3ys (13), Obuta monyuyeHa JAMCKpETHAas 3aBUCHMOCTD O'fl(n)npn 3HA4YCHUSX
ne{190;200;210;...270;280}. Jnst  HaxoKAEeHWsT 3HA4YeHHs N, MpU KOTOPOM  BBIMOJHSIOTCS

TpeboBanus o, ~0.035 u o, 6(0.9850'; ; 0.9950, ), 3aBHCHMOCTh &'(,(N) ammpoKcHMHpOBaNach

HenpepsIBHON QyHkiued Y =Q-n‘ mo MeToay HAMMEHBIIUX KBAaAPATOB:
o,(n)=87.53/n"*. (14)
3aBUCUMOCTH Gfl(n) nmpu N e {190; 200;210;...270; 280} u ee anmpokcumanus (14) mpuseaeHa
Ha Puc. 2.
Takum oOpazom, ucronb3ys (14), ObUIO HaMIEHO, YTO MUHHMAJIbHOE KOJIUYECTBO ONEpAIIHid
CPaBHEHHUS CHTHajla C IIOPOTOM, YJOBJIETBOpSAIOIIEE TpPeOOBaHUAM O, € (0.9850';; 0.9950';) u

0,,=0.0353, paBHo n=272.

4. UCCJIEQOBAHUE 3ABUCHUMOCTH KOSPPULIUEHTA HEJTHHEHHBIX
HUCKAKEHHUH CUTHAJIA BOJIBILIOH AMIT/IUTYV/IBI.

HccnenoBanue 3aBUCHMMOCTH KOS(l)(bHHHeHTa HEIUHEHHBIX HCKaKCHHUH Ufz(k) CHUIrHajia

OOJIBIIION AMIUIUTYABlI TPOBOAMWIIOCH IIPU Al =03. Pe3y.]'IBTaTBI MOACIINPOBAHUA IMOKa3aJIn, 4YTO B

Hauale JMANA30HA 3aBUCHMOCTh O ,(K) yMeHbmIaercs ouens pesko. OHAKO TIOCHE TOCTHKEHHS
muauMyma  dyrkumeit o, ,(k) Mmummmyma B Touke K=K, o,(k) mapacraer wmemmenso.

HpaKTI/I‘-IeCKI/I 9TY 3aBUCUMOCTDb MOKHO alllIPOKCUMUPOBATH OTPE3KAMU IABYX IIPAMBIX.

B kadecTBe WLTIOCTpaIMy Ha Puc. 3 mpuBenena 3aBucHMOCTh O (,(K) mmsa ciygas n=190.
ITpu sTOM GBUTO TONYYeHO, 4TO O ,(0) = 0.50, B Touke MuMMyMmMa - o,(26) = 0.0023, a B KOHIIE
JMarnasoHa - o,(498) ~0.012.

Cesoticmeo 3. O06paboTka pe3yabTaTOB MOJEIHPOBAHUS IMOKa3ajia, YTO TOYKA MEPeceYCHHUS

anmnpoKCUMHUPYIOLIEH MPSAMOI Malarolero y4acTka O'fz(k) C OChbIO a0CIMCC 1aeT OPUEHTUPOBAYHOE

snauenne K, ~ K.

KoadduumenTs! anmnpokcuMupyromeid npsMoil MOXHO TMOJY4UTh, HalpUMeEp, 4yepe3 TpH

PaBHOOTCTOSIIIINE TOYKH O‘fz(k) METOJI0M HalMEHBIINX KBaApaTroB. Tak, B HalleM NMpUMepe NpOBes

MOJICTTUPOBAaHUE O'fz(k) B Tpex Toukax K e {0;14;28} npu N=190 u n=270ommbka onpeneIcHus

k k. =-4 n k

COCTaBIISIa COOTBETCTBEHHO K min = —

appr — Kmin = 3. Jl11 HaXOKI€HHsS TOYHOTO

min appr

3Ha4yeHus K ;, MozmenupoBaHue O 2(k) IPOBOAUTH € JOCTATOYHO MAJIBIM LIATOM.

n
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Puc. 3. 3aBucHMOCTb KO QHIMEHTa HCKaKeHHs (popMBI curHana o, (k) mpu n=190.

[IpoBenieHHBIE HAaMU HCCIEIOBaHUS MOKa3ald, 4TO HpU 3amaHHOM A =1 MuHHMambHOE
KOJIMYECTBO CPaBHEHUH CHUTHaNa ¢ MOporom ompexensercs tpeboBanueM o, = 0.035. TpeGopanue
0, <0.035 mpu A*=93 u n =272 BemomnHsercs ¢ OoapIuM 3amacoM (cM. Puc. 4).

B pabore [8] Obl1 mpeioKeH aJanTHUBHBIM MeTon (dajnee S METOM), aHAJIOTMYHBIM BbIIIE

U3JI0’)KEHHOMY. MeToJT OT/IIMYaeTcsl TeM, YTO UCIIONIb3yeT MH(POPMAIIHIO, OJyUYEHHYIO B peauayIIen
daze i—1 u3MepeHusi curHaia B BBH/C OTHOIICHHUs KOJMYECTBa N, MpeBbIIeHUH mopora. Toraa

mar ud npoucaypsl B CJ'ICJIYIOIJ_ICﬁ (1)336 ONpeACIIAAOT COIJIACHO BBIPAKCHUTIO
2n’ ' (15)
S, =S| k-1 +v |,
n

Izie S, - 3HauUeHHe 11ara B IepBOM TOUKE Pa3BEPTKH,

K - KO3 pHuIHMEeHT aganTaium,
I ¥ V - mapamMeTpsl METO/1a.
B wHacrosme#t pabore cpaBHHBamach 3¢ GeKTHBHOCT, S Metoga W K-ud meroma mpu

OJIMHAKOBBIX 3HAUEHUSAX MapaMEeTpoB I U V B Juana3oHe Ne {240;250;260;270;280}. B pesynbrare

HCCICOO0BaHUA OBLIO YCTAHOBJICHO, 4YTO oba MCTOda M0 MHWHUMAJIBHOMY KOJIMYCCTBY onepaum‘/'l
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CPaBHEHHUS CHUTHajJa C IMOPOroM, YIOBIETBOpSIOIIUM KpurepusiM o <0.035u o, <0.035 npu

o, <0.055, paBHOIICHHBI.

0,01400
0,01200 !\!_!/!\!/!—!\!_!/!
0,01000
0,00800
0,00600

0,00400

0,00200 A=k i r— e A

0,00000
190 200 210 220 230 240 250 260 270 280

Puc. 4. 3aBucumocTts ko3 puienTa uckaxenus popmsl CUTHaIA O'fz(n): npu K =K. kpusas

n

o0o3HaueHa TpeyroibHUKamMu; ipu K =498 - kBagparamu.
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Puc. 5. 3aBucumocts k03¢ purmeHTa uckaxxeHuii curaana 6oipmoi ammmtyas! (A =93) mpu S

mertoze (ToHkas kpuBast) u ipu K -ud metoae (kupHast kpusas). KonndecTBo onepariuii cpaBHEHUS

curHana ¢ moporom n =270.
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Crexyer OTMeTHTB, uTO 3aBucHMOCTh o (K), Tak ke kak m mpu k-ud merome or

ko3 dunmenTa K mpakTU4ecKu HE 3aBHCHUT.

ViccrenoBanue 3aBuCHMOCTH o, (K ) Tokasao, uto Kk -ud mMetont oGecrieunBaer Gonee TouHOE

npeoOpa3oBaHue curnana 6onpmoil ammutyas! (A =93) u Oonee MUPOKUI AUANIa30H AOMYCTUMBIX
3HaueHui kodpduimenta K (cm. Puc. 5). [Tocnennee siBisieTcsi CyNIECTBEHHBIM MPEUMYILECTBOM IIPH
NPaKTUYECKON pean3aliui MEeTo/1a.

[Tpu MOBTOPHOM NMPOEKTHUPOBAHUH ITOJOOHOTO YCTPOICTBA, MOKHO J1aTh CIEIYIOIINE
PEKOMEH IallHH.

Hlar 1. IlpoexTrpoBaHue Npy 3alaHHbIX O, , O, U C; CIEAyeT HaYMHATh C pacyera S,

COrJIaCHO

s, =+/1.562507 + 402 —1.250,. (16)
lar 2. TIpu HEKOTOPOM BBIOPAHHOM N U PACYUTAHHBIM S, HPOBOISIT MOACIMPOBAHUE HA

ITPOBEPKY BBINTOJIHCHUSA YCIIOBUSA

0<c -0, <¢, (17)
r7e € - BeIOpaHHas TOYHOCTh MojJ0opa oy, .
[ar 3. Ecnu o, > C,;, TO yBeNMUUBaOT N U NOBTOPSIOT wmar 2. Ecim o, <C, — &, TO

YMEHBIIAIOT N W NOBTOPSIOT ILar 2.
[Har 4. HaiinenHoe TakuM 00pa3oM N, IpU KOTOPOM BhINOIHsIETCS ycioBue (17), sBisercs
MUHUMAaJIBHBIM KOJINYECTBOM OII€palil CPaBHEHUI CUTHAJA C TIOPOTOM.

Hlar 5. IIpu HailiieHOM N HAXOIAT OpUEHTUpOBa4YHOE 3Ha4YeHUe K Ha ocHoBe Ceoticmea 3.

Jlnist 3TOro HaxoAAT KO3 (UIMEHTHl anmpoOKCUMHUPYONIEH NpsIMOM MaJaroliero yyacTtka O'fz(k) o

METOY HaMMEHBIITNX KBaJgpaToB. HaHHBIe JJI alllIpOKCUMAaIlM IMOJTy4aroT, IMIPOBOASA MOACITIUPOBAHUEC

O'fz(k) B Tpex Toukax K e {0;14;28}. Touka nepecedyeHns anMmpOKCUMUPYIOIIEH MPSIMON MaAar0IEro

k

ydacTka sz(k) C 0CbI0 abCIMCC 1aeT OPMEHTHPOBauHOe 3HaveHne K, ~K ;. .
lar 6. M3mensist K ¢ 1ocTaTouyHO MajbIM IIArOM, IMYTE€M CTATHCTHYECKOTO SKCIEPHMEHTA

Haxo4gdT MHUHUMYM 3aBUCUMOCTU Ufz(k). HOJ’Iy‘-ICHOC npu 5STOM 3HAYCHUC kmin SABIIACTCA

pEe3yJIbTaToOM ONTHMHU3AIMK TTapaMeTpa K .
[Tpumeuanue. BBuay Gonbmioro pasdpoca pe3yabTaToB CTaTUCTUYECKOTO 3KCIIEPHMEHTA IO

HaXO0KJCHUIO O'fl(k *), KOJIMUECTBO YCPEIHEHUH M; HEOOXOAMMO BBIOpATh JOCTATOUHO OOJIBILIHM.

Tak, B npumepe M, =49 u n=270 oTHOCUTENbHAs MOrPEIIHOCTb KO3(duieHTa Gfl(k) pu
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JOBepUTENbHOM UHTepBane +3c cocraBisano 9%, a npu M, =1225 oTHOCUTENbHAS MOTPEIIHOCTb

COKpaTWIsICh 10 2%.

5. UCIIOJIB3OBAHUE Kk -UD METOJ/IA B PEJKUME OBHAPY)KEHUA CJIABbIX
CUTHAJIOB.
k -ud MeTox mccienoBaics B pexuMe 00HApYKEHUS ClIa0bIX CUTHAJIOB, COOJIIOAs IPH 3TOM TOYHYIO
pEruCTpalMio CUTHajda OoJIbIION aMIUIMTyAbl. Eciu B HalieM npuMepe HMHTEPEecOBATHCA TOJBKO

napaMeTpaMM O, U Oy,, TO KOJIMYECTBO OIEpaluil CpPaBHEHHs CUTHAJIA C IOPOrOM MOKHO
3HAUUTEIILHO YyMEHbIINTL. Tak, TpeOoBaHus 0 o, U O, BbiNonHAOTCA npu N=40 , s, =0.0022 u
k=240. OgHako O, OpH 3TOM 3HAYUTEIBHO IPEBBIACT JOMYCTUMYI BEIMYMHY TpPeOOBaHUS
TOYHOM perucTpalMu CcurHaiza MU paBHO o, =0.25. Ha Puc. 6 npuseneHsl pe3ynbTaThl

npeoOpa3oBaHusl curHana ¢ ammunTynoil A =1 u ¢ ammaurygoi A =93 npu Bbllle yKa3aHHBIX
yCIOBUSX  (pe3ylbTaT IpeoOpa3oBaHHMs CHTHajda OOJNBIIOW AaMIUIMTYAbl Ha H300paKCHUH
HOpMupoBaH). V3 Puc. 6 BuAHO, 4TO CHUTHAJI MajOW aMIUIMTYABI XOPOIIO BBIIENSAETCS Ha YPOBHE
IIymMa, XOTsI 1 IMEET MEHBIIYIO aMIUTUTYly ¥ HEKOTOPYIO 3a/IepKKy 1Mo ¢aze. Takol pexkxuM MOXKHO
UCTIONB30BaTh Il OOHApy>KeHHs ClaObIX cuUTHaNOB. [Ipu HEOOXOIMMOCTH TOYHOW PETHUCTpaIid
cnaboBO CHTHaNA cieayer ucmosb3oBath N =272, S, =0.00473 u k=30. Ha Puc. 7 npuBeneHs
pe3ynbTaThl IpeoOpa3oBaHus ClIa0OBO CHUTHAJa B peXUME OOHApyXeHUsl (KUpHasi KpuBas) U B

peKUMe TOUHOU PEerucTpannu (TOHKast KpUBas).

0,8

-0,6

Puc. 6. HopmupoBaHHbIe pe3ynbTaThl IpeoOpa3oBaHus CUrHaia ¢ aMmuTyaon A =1 (xkupHas

kpuBast) u A =93 (tonkas kpusas) K -ud merogom npu N=40, s, =0.0022 u k =240.
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Puc. 7. PesynbTar npeobpazoBanus ciaboBo curaana K -ud MeTooM B peskuMe 0OHAPYKEHHSI

(n=40, s, =0.0022 u k =240 ; xupHasi KprBasi) U B Pe)KUME TOUHOH PErUCTPALIH CUTHAIA

(n=272, s, =0.00473 u k =30; ToHKast KpUBas).

Beiie ykazaHHBIN crioco0 0OHapy:KEHUs CUTHAJIOB BBITOJHO OTIMYAETCS TEM, YTO B PEKUME
oOHapyXeHHsI U B PeXHME TOYHON pEerucTpaiiyl MOXHO HCIIOJIB30BaTh OJAMH U TOT K€ alTOPUTM
0o0paboTku curHaioB. [lepekmodeHne pabOTHI JIOKaTOpa, MCmoab3yromuid K -ud MeTon, U3 0JHOTO

pexrMa Ha APYrod IMPOUCXOAUT IYTEM MEepEeKITIOUeHNS mapamMeTpoB N, S, u K.

6. BbIBO/BL.

1. ITpoexktupopoBanue npuemHoro ycrporctsa UWB pannonokaTopa ¢ 4yBCTBUTEIBHOCTBIO
15 mkV u nuramugeckum auanazoHom 64 dB mokasaiio, 9To B pekrMMe TOYHOUM perucTpariy CUTHaa
amantuBHbld K -ud wmeron, mo cpaBHeHmro ¢ Ud Meromom, naer 7,5 KpaTHOE YBEIUYEHHE
OBICTPOJCHCTBUS PAHOIOKATOPA.

2. Bo3MmoxeH pexuM oOHapyxkeHHs cinaboro curHaiga K-ud wmerogom, mpu KOTOpPOM
COXpaHsieTcs 3aJJaHHasi YyBCTBUTEIBHOCTh U AUHAMUYECKUH HAIa30H, HO YMEHBIIAETCA aMIUIUTy1a
U UCKaxkaercs (opma cimaboro curHajga. Takod PeXUM TO3BOJISIET YBEIUYHTH OBICTPOICHCTBHE
paaroI0KaTOpa Mo CPAaBHEHUIO C PEKMMOM TOUYHOW PErucTpalny curHania emie 6,8 pas.

3. Pazpaborana »s¢¢dexkTuBHas mpoueaypa NPOCKTHPOBAHUS AHAJIOTHYHOTO MPUEMHOTO

ycrpoiictBa UWB paanonokaropa, ucronb3ytomiero K -ud meros.
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Paborta BbIOJHEHAa B pamMKax MPOEKTOB HMucmumyma 21eKMPOHUKU U BbIYUCTUMENbHOU
MeXHUKU:
- Ne 09.1581 ,,Equivalent time signal processing and digital image processing in real time systems”,
¢dbunancupyemsrii Jlarsuiickum Hayurnom CoBeTom,
- Ne 2010/0307/2DP/2.1.1.1.0/10/APIA/VIAA/078 ,High sensitivity superwideband radar

technology”(LoTe), punancupyemsrii coeMectHO ¢ EBponelickum @ongom Pernonansuoro Pa3zsutusi.
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Pielikums 3.

15 mkV radiolokatora signalu atklasanas metoZu efektivitates izpéte.

Signalu atklasana, saglabajot lielas amplitiidas signalu precizu registraciju.

Lai paaugstinatu radiolokatora darba efektivitati (atrdarbibu) signalu atklasanas rezima ir
velams, ka signalu atklasanai biitu iesp&jams izmantot péc iesp&jas mazaku strobu skaitu. Tas ir
iespgjams uz atklajama signala formas pielaujamo kroplojumu rékina. Kad signals ir atklats,
piem&ram atklata neviendabiba viendabiga cela seguma, tad, atbilsto$i palielinot strobu skaitu, var
veikt signala precizu registraciju. Signalu parveidosanas k-ud metodes pétijumi paradija, ka ST metode
maza iztvérumu (strobu) skaita apstaklos izvéloties attiecigus S, un k ir efektivi pielietojama signalu
atklasanai, pie tam saglabajot uzdoto 15 mkV jutibu un nekroplotu lielas amplitiidas (25 mV) signalu
parveidosanu.

[lustracijai Zim. 1. ir paradits signals ar amplitidu A =271 mkV, kas maskéts ar troksni, kura
vid&ja kvadratiska novirze ari ir 271 mkV. Derigais signals atrodas izvérses vidi un praktiski nav
redzams. Savukart §T pasa signala parveidojuma ar k-ud metodi rezultats signalu atklasanas rezZima pie
strobu skaita n=40 paradits Zim. 2. Pargjie $1 reZima parametri ir sekojosi: k-ud metodes solis
S, =0.0022 ; adaptacijas koeficients k =240. Pie tam tiek saglabata parveidotaja jutiba 15 mkV.
Salidzinajumam zim&uma paradits arT signala ar amplitidu A =25 mV normétais parveidojuma
rezultats pie ta pasa strobu skaita un tiem paSiem metodes parametriem S, un k. Ka redzam lielas

amplitidas signals tiek parveidots kvalitativi neskatoties uz loti mazo strobu skaitu. Savukart mazas
amplitudas signala parveidojumam ir samazinajusies amplitiida.

o

pEq B¢ 350

Zim. 1. Ar troksni 271 mkV (RMS) maskétais icejas signals — monosvarstiba ar amplitidu
A =271 mkV . Signals atrodas izv@rses vidii un praktiski nav redzams.
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Zim. 2. Signala ar amplitidu A =271 mkV, kas bija maskéts ar 271 mkV (RMS) troksni
parveidojuma ar k-ud metodi rezultats signalu atklasanas reZzima (bieza linija) un signala ar amplitadu
A =25 mV parveidojuma normétais rezultats (tieva linija). SalidzinaSanas ar slieksni operaciju
(strobu) skaits abos gadijumos n=40.
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Zim. 3. Signalu atklaSanas rezima registrétais signals (bieza Iinija) p&c 100-kartigas viduvésanas:
n=40; s, =0.0022; k =240; m=100. Skaidri redzami signala kroplojumi — signala formas izmainas,
amplitiidas samazinajums un aizkave laika attieciba pret signalu precizas parveidoSanas reZima
registréto signalu (bieza linija) ari péc 100-kartigas viduvésanas: n=272; s, =0.00473; k = 30;
m =100.

Lai ilustrétu mazas amplitiidas signala formas kroplojumus Zim. 3. paradits atklaSanas rezima
registrétais signals (bieza linija) p&c 100-kartigas viduvésanas salidzinajuma ar precizas parveidosanas
rezima registréto signalu (tieva linija) ari péc 100-kartigas viduvésanas. Metodes koeficienti precizas
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registracijas rezima: n=272; s, =0.00473 ; k=30. No iegita rezultata redzam, ka signalu
atklasanas rezima bez ampltidas tiek kroplota ari harmoniskas monosvarstibas forma un paradas

aizkave attieciba pret precizas parveidoSanas rezima registréto signalu. Precizas parveidoSanas rezima
registrétajam signalam formas kroplojumi praktiski nav redzami.

Signalu atklasana, pielietojot papildapstradi.

Bez augstak minétas k-ud metodes tika pétita specializéta signalu atklaSanas metode, ko veido
“up-and-down” metode kombinacija ar parveidojuma rezultata konvoliiciju. P&tjjuma pienemts, ka
uztvertais signals tiek stroboskopiski parveidots ar ,,up-and-down” metodi un talak veikta ta
papildapstrade, izmantojot konvoluciju ar etalonu.

Pétijuma merkis bija noteikt minimalo strob&Sanas operaciju skaitu n_ ,
parveidojama signala momentano veértibu pie uzdota atklasanu procenta un uzdotiem parveidojuma
parametriem.

Ka parveidojamais signals izmantota sinusa monosvarstiba

. 2m. .
u,;, =Asin—i, i=1,2,..,n;, 1)
Ny
kur A, ir signala amplitida, bet n; - registré§jamo momentano vertibu skaits, rékinot uz signala

periodu T . Parveidojums veikts pie izvérses garuma (punktu skaita) N, =1024, mainama ,,up-and-

rékinot uz vienu

down” metodes sola S un mainamas n; vértibas.

Model&Sanas procesa signalam (1) tiek piesumméts normali sadalits aditivais troksnis ar vid€jo
kvadratisko novirzi o, . Signals var atrasties jebkura izverses vieta. Signalam u, tiek veikta
konvoliicijas operacija ar etalona signalu (1):

u; =conv (u, ,u, ). (2
Atklasanas procesa signala maksimala vértiba u,,, Vvienas izverses ietvaros tika salidzinata ar
trok$nu celina iesp&jamo lielako vértibu u, .. . Lai noteiktu pédgjo, izmanto A =0. Tad . j izvérsém
atrod maksimalas signala u, vertibas U, ; ; no $is kopas izv€las maksimalo vertibu:

u =max(u,; ). 3

n max
Signals tiek uzskatits par atklatu, ja
U oy = Uy - (4)
Modelésanas eksperimentos U, ., tika noteikta pie j =50000. ArT atklasanas procenta
noteikSanai operacija (4) tika atkartota 50000 izvérseém. Signala (1) amplitiida izveleéta A = o, ; arT S
vertibas méritas o, vienibas.
Tabula.1 Operaciju skaits n,,, pie uzdotiem atklasanas procentiem.

r]min
n, =25 n; =50
> 99 % 99.9% 100% 99% 99.9% 100%
0.005 13 14 17 8 9 10
0.01 11 12 15 6 7 8
0.02 10 12 15 6 7 7
0.05 10 12 15 5 5 7
0.1 10 11 14 5 6 7

Atklasanas procents tika noteikts dazadam parametru S un n; kombinacijam. ModeleSanas
rezultati apkopoti tabula, kura ir redzams minimali nepiecieSamais strob&Sanas operaciju skaits n, ,
rekinot uz vienu momentano vértibu pie uzdotiem signala atklasanas procentiem. Ka jau vargja
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sagaidit, pie n; =50 Sie skaitli ir 1.5+ 2 reizes mazaki neka pie n, =25. Bez tam redzams, ka tie
samazinas pieaugot S vértibai.

Zim.1. ir paradits tipisks signalu u, un u, izskats pie vienas parametru s, n; un
n.., kombinacijas. Redzams, ka konvoliicijas operacija nodroSina pietiekosi lielu signala/trokSna
attiecibu, lai signala atklaSanai varétu izmantot nosacijumu (4).

1 : : : : :

U2 : ' : : ' a
05 rd-b---Arr----b- ot b gk iy ]
Tk | i : i
01__ i l LIRS L D LT -
A U PR L
RIS A B L ] SN N S A .
i i i i .
A I 1 I 1 I
0 200 400 600 800 1000 1200

0 200 400 600 800 1000 1200

1.zim. Signalu atklasanas reZzima iegtie signali: a — ar “up-and-down” metodi parveidotais signals
u, ; b —ar konvolicijas papildapstradi iegtitais signals u, ; Metodes parametri:
s=0.1,n, =50,n,, =5.

min
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Pielikums 4.
Strobéjamo balansa komparatoru stavokla nolasiSanas kédes ietekmes uz
komparatora dinamiku izpéte un balansa komparatora SBK2 tuneldiozu
optimalas asimetrijas noteikSana.

Strobéjamo balansa komparatoru stavokla nolasisanas kedes ietekmes uz komparatora dinamiku
izpéte.

Strob&jamiem balansa komparatoriem, kas buvéti uz tuneldiozu bazes, komparatora stavokla
nolasiSana péc strobsignala iedarbibas notiek nolasot sprieguma vértibu uz tuneldiodes TD1, kuras
katods ir savienots ar “zemi” (sk. Zim.1). Lai p&c iesp&jas mazak Suntétu parveidojama ieejas signala
kedi (R1), kas arT pieslégta tuneldiodes TD1 anodam ka art paSu TD1, nolasiSanas k&des pretestiba
R35 butu vélama péc iespejas lielaka. ArT no troksnu, kas iedarbojas uz TD1 anodu no mezgliem “Y”-
nobide un “Jutiba®, ka ar1 no tranzistora BC847 bazes troksna ietekmes viedokla, pretestiba R4 biitu
velama p@c iespgjas lielaka. Savukart lai savstarpgjas ietekmes zina padaritu pec iespgjas
neatkarigakas kédes “Y”-nobide un “Jutiba”, pretestiba R4 ir v€lama péc iesp€jas mazaka. Tas ir
savstarpgji pretrunigas prasibas. Ka kompromisa variants dotaja parveidotaja galvas elektriskaja
shéma pretestiba R4 tika izvéléta vienada ar R4 = 510 Om.

Ekranéta

e konstrukcija

| RS 150

| I @ Uo

: R2 TD3 :

| 33 R3 |

| |

| TD2 | Cl InF

I Rl R4 | R8
legja >—:—|% 510 : ”_|:|7 Uz formataju

| %ZLTD]- | R6 R7

| | 1K 1K

L - - - - ____ _

"Y" nobide  "Jutiba"
my/div
Zim. 1. Strob&jama balansa komparatora un ta stavokla nolasiSanas elektriska shéma.

Lai mazinatu elektromagnétisko trokSnu ietekmi uz komparatora darbibu rezistors R4 kopa ar visu
komparatora elektrisko shému atrodas ekranéta konstrukcija. Lidz ar to rezistors R4, kas ir ievietots
parveidotaja galvas mehaniskas konstrukcijas urbuma attieciba pret ekranu veido Sunt&josu kapacitati
(81s kapacitates lielums C*=2,8 pF tika noteikts eksperimentali). Sakara ar to tika veikts komparatora
nolasiSanas kédes parazitiskas kapacitates ietekmes uz komparatora dinamiku pétijums. Par cik
rezistora R4 parazitiska kapacitate ir izkliedeta, tad modelgjot tas ietekmi izkliedéta kapacitate C* tika
aizstata ar k&di no pieciem RC posmiem, kur katra posma kapacitate bija C=0,467 pF un pretestiba
R=102 Om.

Sados apstaklos tika uznemta parveidotdja parejas raksturliknes kapuma laika Tr atkariba no
pretestibas Rv=RS5 strobsignala k&de lieluma. legitie skaitliskie rezultati pozitivam un negativam
testsignalam paraditi tabula Tab.1 ka ar1 att€loti grafiski Zim. 2. Par€jie model€Sanas nosacijumi:
Ip1=8,1 mA,; Ip2=10 mA; Ip3=20 mA; palaiSanas impulsa Uo frontes garums To=4 ns; tuneldiozu
TDI1 un TD2 parazitiskas kapacitates C1=C2=0,8 pF; tuneldiodes TD3 parazitiska kapacitate C3=1
pF; visu tuneldiozu parazitiskas induktivitates Ls=0,3 nH; Ra=R3=3 Om; testsignala amplitida Ui=5
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mV. No iegitiem rezultatiem redzams, ka parejas raksturliknes kapuma laiks ka pozitivam ta
negativam testsignalam atSkiras visai maz un ir praktiski nemainigs visai plasa pretestibas Rv
diapazona (Rv=20 ... 24 Om) un pats galvenais — neparsniedz projekta uzdoto maksimalo vertibu
Tr=100 ps.

Tab. 1.
Rv Tr f 4,0 Tr f 4.0 Ns
14 124.4 133
16 122.4 131.3
18 121.6 123.1
20 56 61.1
22 50.6 52.5
24 51.4 54.2
26 87.4 95.4
28 197.9 226.7
Tr [ps]
250

200 ///

150 ——Tr f 4,0
Eﬁ / —=Tr f 40 Ns

100

50 =3

0 T T T Rv [Om]
10 15 20 25 30

Zim. 2. Parveidotaja parejas raksturliknes kapuma laika Tr atkariba no pretestibas Rv strobsignala
kede, nemot véra komparatora stavokla nolasiSanas k&des rezistora R4 parazitiskas kapacitates C*
ietekmi.

Secinajums: Ar komparatora stavokla nolasiSanas k&des parazitiskas kapacitates C* ietekmi var
praktiski ner€kinaties, jo iegiitais parveidotaja parejas raksturliknes kapuma laiks optimalaja rezima
(Rv=20...24 Om) ir Tr=50 ps un tas ir ievérojami mazaks par projekta pielaujamo kapuma laiku
Tr=100 ps.

Balansa komparatora SBK2 tuneldiozu optimalas asimetrijas noteiksana.

Ir jaatrod tada TD1 un TD2 pika stravu asimetrija, pie kuras parveidotaja “nulles” linija ir p&c iespgjas
tuvaka Tstajai nullei.

P&tfjuma nosacijumi: Ip2=10 mA; Ip3=20 mA; C1=C2=0,8 Pf; C3=1 pF; visam tuneldiodém Ls =0,3
nH; Ra=3 Om; Ro=360 Om; Re=510 Om; Rnk=360 Om; lidzstrava caur strob&joso tuneldiodi 10=5,5
MA; kapacitate palaiSanas impulsa k&dé Co=100 pF; palaiSanas impulsa frontes garums 4 ns.
Eksperimenta gaita: Tuneldiodes TD1 pika strava Ipl tiek mainita no Ip1=Ip2=10 mA uz leju un
mekleta tada Ip1 vertiba pie kuras “nulles” Iinija ir maksimali tuva 1stajai nullei.

Pie Ip1=10 mA parveidotaja “nulles” Iinijas skaitliskas vértibas pie dazadiem Uko spriegumiem
paraditas Tab. 2. El nozimé parveidotaja “nulles” Iinijas sprieguma vértibu kad parveidotaja ieeja
pieslégts signala avots ar bezgaligu iekS$€jo pretestibu (pieméram, dipola antena). Em nozimé
parveidotaja “nulles” Iinijas sprieguma vertibu kad parveidotaja ieeja pieslégts signala avots ar ieks¢jo
pretestibu Ri=50 Om (salagota slodze). Eo nozimé parveidotaja “nulles” linijas sprieguma vértibu kad
parveidotaja ieeja pieslégts signala avots ar ieks€jo pretestibu Ri=0 (pieméram, cilpveida antena). No
iegltiem rezultatiem redzams, ka visos gadijumos parveidotaja “nulles” linija atrodas stipri virs
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patiesas nulles. Ta, pieméram pie Ri=0 parveidotaja “nulles” linija ir ar sprieguma vértibu Eo=2,157
V.
Tab. 2.
Uko | El Em EO
-111.932 | 2.133 | 2.157

-1.13 | 2.098 | 2.229 | 2.157

-1.5 ] 2.569 | 2.502 | 2.157
Nakosaja eksperimenta tika izvéleta pika stravu asimetrija Ip1/Ip2=0,8. legitie skaitliskie rezultati
paraditi Tab. 3.

Tab. 3.
Uko | El Em EO
-1]11.288 | 1.315 | 1.312
-1.13 | 1.454 | 1.411 | 1.312
-1.25 | 1.607 15 1,31

No iegiitiem rezultatiem redzam, ka pie visam signala avota iek$€jam pretestibam parveidotaja
“nulles” Iinijas spriegums ir biitiski samazinajies. Ta, piemeram, pie Ri=0,0 Om parveidotaja “nulles”
Itnija ir ar sprieguma veértibu 1,31 V. Tatad samazinot TD1 pika stravu no 10 mA uz 8 mA “nulles”
linijas spriegums ir samazinajies 1,64 reizes.

Nakosaja eksperimenta tika izveleta pika stravu asimetrija Ip1/Ip2=0,7 un tika ieguta v€l mazaka
parveidotaja “nulles” linijas nobide Eo=0,8 V.

Lai parliecinatos kadu iespaidu Ip1 samazinasana Iidz 7 mA ir atstajusi uz komparatora dinamiku, tika
uznemta stroboskopiska parveidotaja parejas raksturliknes kapuma laika atkariba no Rv. legitie
skaitliskie rezultati paraditi Tab. 4. bet grafiski — Zim. 3. Ar kvadratiem apziméta Itkne kas atbilst
negativam testsignalam, ar rombiem — pozitivam.

Tab. 4.
Rv | Tr f 40| Tr f 40 Ns
20 93.6 120.1
22 93.6 113.1
23 50.3 55.9
24 55 56.2
25 60.9 64.7
26 83.4 85.7
28 188.7 196.2
Tr [ps]
250

200 /

150 ——Tr f 4,0
-\\ —=—Tr_f 40_Ns

100

LN

0 T T T T T
18 20 22 24 26 28 30

Rv[Om]

Zim. 3. Parveidotaja parejas raksturliknes kapuma laika atkariba no Rv pie tuneldiozu asimetrijas
Ipl/Ip2=0,7. Ar kvadratiem apziméta likne kas atbilst negativam testsignalam, ar rombiem —
pozitivam.
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Ka redzams no ieglitajiem rezultatiem parveidotaja parejas raksturliknes kapuma laiks (50 ps)
optimalaja reZima ir ievérojami mazaks par projekta pielaujamo (100 ps). Tatad tuneldiozu asimetrija
komparatora dinamiku nav bitiski pasliktinajusi. Lidz ar to tuneldiozu asimetriju var palielinat vél
vairak lai parveidotaja “nulles” linija biitu tuvaka patiesai nullei.

Lai prognozétu vélamo tuneldiozu asimetriju iegitie “nulles” linijas rezultati (sk. Tab. 5) tika atteloti
grafiski Zim. 4.

Tab.5.
Ip | El Em EOQ
7 11.007 | 0.938 | 0.825
81454 |1.411 | 1.312
10 | 2.098 | 2.229 | 2.157

E[V] Uko=-1.13
25
2 /
15 —+—El
—m— Em
——EO
1 4
0.5
O T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11'MTD1[mA]

Zim. 4. Parveidotaja “nulles” linijas sprieguma atkariba no tuneldiozu asimetrijas (TD1 pika stravas
atliktas uz abscisu ass). Ri=0,0 Om - Iinija apziméta ar trijstiiriem; Ri=50,0 Om - linija apzim&ta ar
kvadratiem; Ri=bezgaliba - linija apzim&ta ar rombiem.

No ieguta attéla redzam, ka prognozgjama optimala tuneldiozu asimetrija varétu but 1p1/Ip2=0,6. Pie
Sadas asimetrijas tad arT tika veikts nakoSais eksperiments. legiitie rezultati att€loti Tab. 6.

Tab. 6.
Uko | El Em EO
-0.95 | 0.373 | 0.388 | 0.395
-1 0.437 | 0.425 | 0.395
-1.13 | 0.602 | 0.521 | 0.395
-1.25 | 0.755 | 0.61 | 0.395

No iegiitiem rezultatiem redzam ka esam vél vairak pietuvojusies patiesai nulles vertibai. Tacu atkal ir
japarbauda, kas notiek ar parveidotdja parejas raksturliknes kapuma laiku. Kapuma laika atkariba
Tr(Rv) skaitliski dota Tab. 7., bet grafiski — Zim. 5.

Tab. 7.
Rv |Tr f 40| Tr f 40 Ns
22 102.2 96.9
23 90.1 94.3
24 58.3 62
25 63 66.2
26 77.2 84.6
27 149.5 146.5
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Zim. 5. Parveidotaja parejas raksturliknes kapuma laika atkariba no Rv pie tuneldiozu asimetrijas
Ip1/1p2=0,6 pozitivam (likne apzim&ta ar rombiem) un negativam (Iikne apziméta ar kvadratiem)
testsignalam.

Ka redzam optimalaja rezima (Rv=24 Om) parejas raksturliknes kapuma laiks ir nedaudz palielinajies
salidzinot ar ieprieks$€jo asimetrijas gadijumu, tau joprojam tas ir mazaks par pielaujamo (100 ps).
Lidz ar to Sada pika stravu asimetrija joprojam ir pielaujama. Ta ka iegiita “nulles” linija (Eo=0,4 V)
joprojam nedaudz atSkiras no patiesas nulles tad nakoSaja eksperimenta tuneldiozu asimetrija tika
palielinata vél vairak: Ip1/Ip2=0,5. Iegutie skaitliskie rezultati paraditi Tab. 8.

Tab. 8.
Uko | El Em EO
-09 | -0.24 | -0.232 | -0.225
-0.95 | -0.177 | -0.195 | -0.225
-1|-0.113 | -0.158 | -0.225
-1.13 | 0.053 | -0.062 | -0.225

Pie sadas asimetrijas tika uznemta parveidotaja parejas raksturliknes kapuma laika atkariba no Rv.
Skaitliskie rezultati paraditi Tab. 9m, bet grafiski — Zim. 6.

Tab. 9.
Rv | Tr f 40| Tr f 40 Ns
21 103.8 116.6
22 64.8 67.9
23 61.8 64
24 67.8 72.6
25 68.6 72
26 77.2 82.1
27 133.2 137.4
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Zim. 7. Parveidotaja parejas raksturliknes kapuma laika atkariba no Rv pie tuneldiozu asimetrijas
Ip1/1p2=0,5 pozitivam (likne apzim&ta ar rombiem) un negativam (Iikne apziméta ar kvadratiem)

Ka redzam, parveidotaja parejas raksturliknes kapuma laika pieaugums arl pie $adas tuneldiozu
asimetrijas ir piepemams, tacu parveidotaja “nulles” linija jau ir ar negativu vertibu (Sk. Tab. 8. Eo=-

testsignalam.

0,225 V). Tatad ir notikusi “nulles” Iinijas parkompensacija un asimetrija ir par stipru.

Augstak minétie eksperimenti paradija arT sekojoSo: parveidotaja “nulles” linija ir atkariga ne tikai no
tuneldiozu pika stravu asimetrijas, bet arT no pretestibas Rv strobsignala k&d€. Sai sakara tika veikts
eksperiments, lai noskaidrotu parveidotaja “nulles” linijas atkaribu no Rv pie asimetrijas Ip1/Ip2=0,6.

legiitie skaitliskie rezultati paraditi Tab. 10., bet grafiski — Zim. 8.

Tab. 10.
Rv Em
22 | 0.4059
23 | 0.2362
24 | 0.0722
25| -0.075
26 -0.209
27 | -0.3297
Em [V] Em
05
0.4 -
0.3
0.2 N
0.1
0 \ [——Enm]
012 21 22 23 24 \x 26 27 28 Rv[Om]
0.2
0.4

Zim. 8. Parveidotaja “nulles” linijas atkariba no pretestibas Rv strobsignala k&de pie tuneldiozu pika

stravu asimetrijas 1p1/1p2=0,6.
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No iegiita rezultata redzam, ka pie Rv=24,5 Om tiktu panakta praktiski ideala “nulles” Iinijas nobides
kompensacija.

Lidzigs eksperiments tika veikts ari pie asimetrijas Ip1/1p2=0,5. Iegttie rezultati paraditi Tab. 11. un
Zim. 9.

Tab. 11.
Rv Em
21| 0.1099
22 -0.055
23 | -0.2228
24 | -0.3869
25 | -0.5387
26 | -0.6844
27 | -0.8273

Ka redzams no Zim. 9. ar1 pie $adas asimetrijas un Rv=21,7 Om ir iesp&ama praktiski ideala “nulles”
Iinijas sakritiba ar patieso nulli. Savukart no citiem eksperimentiem, kas veikti §a projekta ietvaros ir
zinams, ka jo lielaka ir Rv vértiba, jo mazaka ir parazitisko induktivitasu Ls ietekme uz komparatora
dinamiku. Par to liecina ar1 straujais kapuma laika pieaugums 5 mA tuneldiodes gadijuma pretestibai
Rv samazinoties no 22 Om uz 21 Om, kur parejas raksturliknes kapuma laiks pozitivam testsignalam
piecaug no 64,8 ps lidz 103,8 ps un negativam testsignalam no 67,9 ps lidz 116,6 ps. Tapéc talakajos
eksperimentos lietosim tuneldiozu asimetriju 1p1/1p2=0,6 pie Rv=24...25 Om.

Em

0.2

0 ~

20 21 22 23 24 25 26 27 28
-0.2

-0.4 \ —e—Em
-0.6 \\

-0.8 \\

-1

e

Zim. 9. Parveidotaja “nulles” linijas atkariba no pretestibas Rv strobsignala k&de pie tuneldiozu pika
stravu asimetrijaslp1/Ip2=0,5.

Visos augstak min&tajos eksperimentos ka strob&josa lietota tuneldiode ar pika stravu Ip=20 mA, kas
pie asimetrijas Ipl/1p2=0,6 un praktiski idealas “nulles” Iinijas kompensacijas (Rv=24...25 Om)
testsignalam ar amplitidu 2,5 mV (meérot to parveidotdja ieeja) nodroSina parveidotdja parejas
raksturliknes kapuma laiku 68 ps un 72 ps attiecigi pozitivam un negativam testsignalam. Augstak
mingtajos petijumos testsignala amplittda tika izveleta tik maza lai optimalas asimetrijas meklgjumos
atbrivotos no kapuma laika klidam, ko papildus tuneldiozu inercei ienes nelinearie kroplojumi. Lai
parliecinatos par parveidotaja dinamiku ar1 pie lielas testsignala amplitudas tika veikts parveidotaja
dinamikas pétijums pie augstak minétas asimetrijas (Ip1=6 mA; Ip2=10 mA) un maksimalas
testsignala amplitiidas parveidotaja ieeja Ui=25 mV.
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Komparatora dinamikas pétijums asimetrisku tuneldiozu un liela signala (Ui=25 mV) gadijuma.
Peétijuma nosacijumi: Ipl=6 mA; Ip2=10 mA; Ip3=20 mA; CI1=C2=0,8 pF; C3=1 pF; visam
tuneldiodém Ls =0,3 nH; Ra=3 Om; Ro=360 Om; Re=510 Om; Rnk=360 Om; Iidzstrava caur
strob&joso tuneldiodi 10=5,35 mA; kapacitate palaiSanas impulsa k&dé Co=100 pF; palaiSanas impulsa
frontes garums 4 ns; Ui=25 mV.

Lai komparatora ieeja biitu signals ar amplitiidu 25 mV tad, nemot véra sprieguma kritumu uz signala
avota ieksgjas pretestibas Ri=50 Om, ekvivalenta sprieguma lielumam modeli ir jabit divas reizes
lielakam, t.i. 50 mV, jo ieeja veidojas sprieguma dalitajs starp Ri un Ru.

legiitie rezultati paraditi Tab. 12. un Zim. 10.

Tab. 12.

Rv | Tr f 40| Trf 40 Ns
22 73 135
23 39 119
24 40 80
25 44 86
26 59 119
27 114 189

Tr [ps]
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180 /.
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Zim. 10. Parveidotaja parejas raksturliknes kapuma laiku atkariba no Rv liela testsignala (25 mV)
gadijuma pozitivam (likne apziméta ar rombiem) un negativam (likne apziméta ar kvadratiem)
testsignalam 20 mA strob&josas tuneldiodes gadijuma.

No iegutajiem rezultatiem redzam, ka optimalaja reZima (Rv=24 Om) parveidotaja parejas
raksturliknes kapuma laiks testsignalam ar amplitiidu 25 mV attiecigi pozitiva un negativa testsignala
gadijuma ir 40 ps un 80 ps (kapuma laiku starpiba 40 ps). Tapéc tika veikts nakoSais petijums vai §is
kapuma laiku atSkiribas nevar samazinat pielietojot jaudigaku strob&joSo tuneldiodi ar pika stravu
Ip=50 mA.

Pétijuma nosacijumi: Ipl=6 mA; Ip2=10 mA; Ip3=50 mA; CI1=C2=0,8 pF; C3=1 pF; visam
tuneldiodém Ls =0,3 nH; Ra=3 Om; Ro=360 Om; Re=510 Om; Rnk=360 Om; Iidzstrava caur
strobgjoso tuneldiodi 10=6,8 mA; kapacitate palaiSanas impulsa k&dé Co=100 pF; palaiSanas impulsa
frontes garums 4 ns; Ui=25 mV. Eksperimenta rezultata tika noskaidrots, ka $ada gadijuma
nepiecieSama palaiSanas impulsa amplitida Uo=6 V. Savukart komparatora dinamikas pétijjuma

52



rezultati pie augstak minétajiem nosacijumiem paraditi Tab. 13. un Zim. 11. No iegltajiem
rezultatiem redzams, ka pie optimalas Rv vértibas kapuma laiks pozitivam testsignalam ir 48 ps un
negativam 63 ps (starpiba 15 ps). Tatad pielietojot jaudigaku strobg&oSo tuneldiodi parejas
raksturliknes kapuma laiku starpiba salidzinajuma ar 20 mA strobgjoso tuneldiodi ir samazinajusies
2,66 reizes, kas ir biitisks parveidotaja metrologisko Tpasibu uzlabojums.

Tab. 13.
Rv | Tr f 40| Trf 4.0 Ns
34 54 76
35 50 73
36 49 67
37 48 65
38 48 64
39 48 63
40 50 64
41 53 68
42 62 80
Tr [ps]
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Zim. 11. Parveidotaja parejas raksturliknes kapuma laiku atkariba no Rv liela testsignala (25 mV)
gadijuma pozitivam (likne apzimé&ta ar rombiem) un negativam (likne apziméta ar kvadratiem)
testsignalam 50 mA strobgjosas tuneldiodes gadijuma. Kapacitate palaiSanas impulsa k&dé Co=100
pF.

Lai varetu pielietot 50 mA strob&joSo tuneldiodi pie palaiSanas impulsa frontes garuma 4 ns bija
nepiecieSama palaiSanas impulsa amplitida Uo=6 V, kas ir tehniski neérti, jo tad nav pielietojamas
TTL mikroshémas, kas nodro§ina maksimalo amplitiidu aptuveni 1idz 4,9 V. Sai skara tika veikts
nakoSais eksperiments pielietojot atraku palaiSanas impulsa fronti To=2 ns. Tika iegiits ka tada
gadijuma palaiSanas impulsa nepiecieSama amplitiida ir Uo= 4,58 V kas ir pilnigi pienemami TTL
shému gadijuma. Savukart parejas raksturliknes kapuma laiku atkariba no Rv paradita Tab. 14. un
Zim. 12. No iegiitiem rezultatiem redzams, ka kapuma laiku atSkiribas pozitivam un negativam
testsignalam ir vél vairak samazinajusas. Optimalaja Rv vértibu diapazona (Rv=39-40 Om) kapuma
laiku starpiba ir tikai 7 ps.
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Tab.14.

Rv | Trf 20 Trf20Ns
34 61 75
35 58 69
36 55 66
37 52 61
38 52 60
39 52 59
40 52 59
41 53 59
42 56 64
Tr [ps]
80
7 .\'\.\\
%0 .\\‘\‘\—:—i‘_._"/";:
50
——Tr £ 20
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Zim. 12. Parejas raksturliknes kapuma laiku atkariba no Rv liela testsignala (25 mV) gadijuma
pozitivam (likne apziméta ar rombiem) un negativam (likne apziméta ar kvadratiem) testsignalam 50
mA strobg&josas tuneldiodes gadijuma. Kapacitate palaiSanas impulsa k&dé Co=100 pF; palaiSanas
impulsa frontes garums To=2 ns.

Vel viena iespgja samazinat palaiSanas impulsa Uo amplitidu pie frontes garuma To=4 ns ir
pielietojot palaisanas impulsa kédé lielaku kapacitati. Sai sakara tika veikts nakogais eksperiments
pielietojot palaiSanas impulsa k&de par kartu lielaku kapacitati Co=1000 pF. P&tijuma mérkis bija
noskaidrot kada tada gadijuma biis nepiecieSama palaiSanas impulsa amplitiida un ka tas ietekmés
parveidotaja parejas raksturliknes kapuma laiku.

legttie rezultati paraditi Tab. 15. un Zim. 13, no kuriem redzam, ka parejas raksturliknu kapuma laiki
nav biitiski mainijusies. Starpiba starp kapuma laikiem pozitivam un negativam testsignalam ir 11 ps.
Pretestibu Rv pielaizu diapazons arf ir saglabajies aptuveni tads pat. NepiecieSama palaiSanas impulsa
amplitida ir ievérojami mazaka un vienada ar Uo=3,55 V, kas palaiSanas impulsa forméSanai lauj
pielietot TTL mikroshémas.
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Tab. 15.

Rv | Tr f 40| Trf 40 Ns
34 57 74
35 53 71
36 52 65
37 50 63
38 50 61
39 50 61
40 52 61
41 55 65
42 62 78
Tr [ps]
90
80 /
70 —

) \-\-\-_._././A///’
50 \\‘\ —e—Tr 4,0

—=—Tr f 40 _Ns
40

<
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<
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Zim. 13. Parejas raksturliknes kapuma laiku atkariba no Rv liela testsignala (25 mV) gadijuma
pozitivam (ltkne apziméta ar rombiem) un negativam (likne apziméta ar kvadratiem) testsignalam 50
mA strobg&josas tuneldiodes gadijuma. Kapacitate palaiSanas impulsa k&dé Co=1000 pF.

Lai ilustrétu jaudigakas tuneldiodes pielietoSanas efektivitati parveidotaja dinamikas kvalitates
uzlaboSana pie relativi 1énas palaiSanas impulsa frontes Zim. 14. paradita parveidotaja parejas
raksturliknes kapuma laika atkariba no pretestibas strobsignala kédeé parveidotajam ar 20 mA
strob&joso tuneldiodi ( likne Tr 20 mA) un parveidotajam ar 50 mA strob&joso tuneldiodi (likne
Tr 50). No Zim. 14. uzskatami redzams, ka jaudigakas tuneldiodes gadijuma ir stipri samazinajusies
kapuma laiku atSkiriba pozitivam un negativam testsignalam un ievérojami palielind@jies pretestibas Rv
pielaizu diapazons (pretestibas uz X-ass atliktas relativas vienibas).
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Zim. 14. Parejas raksturliknes kapuma laiku atkariba no Rv dazadas jaudas strobgjoSo tuneldiozu
gadijuma: 20 mA — liknes apzimétas ar lielakiem kvadratiem un trijstiriem; 50 mA- liknes apzimétas
ar rombiem un mazakiem kvadratiem.

Secinajumi:

e Musu izstradataja parveidotaja galvas mehaniskaja konstrukcija ar strob&ama balansa
komparatora stavokla nolasiSanas kédes parazitiskas kapacitates ietekmi uz komparatora
dinamiku praktiski var nerékinaties.

e Parbaudot tuneldiozu pika stravu dazadu asimetriju (Ip1/Ip2=1,0; 0,8; 0,7; 0,6 un 0,5) ietekmi
uz parveidotaja “nulles” linijas sprieguma lielumu tika konstatéts, ka optimala komparatora
tuneldiozu asimetrija ir Ip1/Ip2=0,6.

o Lai samazinatu parveidotaja parejas raksturliknes kapuma laiku atSkiribas pozitivam un
negativam testsignalam vélams pielietot jaudigaku strobgjoso tuneldiodi (Ip=50 mA).

o Lai jaudigakas strobgjosas tuneldiodes gadijuma (Ip=50 mA) palaiSanas impulsa form&Sanai
varétu lietot TTL mikroshémas atrastas Sadas iesp€jas: 1) palaiSanas impulsu padot caur
pietiekosi lielu kapacitati (miisu gadijuma 1000 pF); 2) samazinat palaiSanas impulsa frontes
garumu [1dz 2 ns.

Nulles limena nobides kompensacija.

Parveidotaja nulles nobides kompensacijas kédes darbibas izpéete tika veikta lai parbauditu vai izdodas
atrast tadu kompensacijas sprieguma vértibu Uko pie kuras mainot signala avota ieks€jo pretestibu
parveidotaja nulles linija praktiski nemainas (neparvietojas pa Y-asi).

1.Petijuma nosacijumi simetrisku tuneldiozu gadijuma: Ipl=10 mA; Ip2=10 mA; Ip3=20 mA;
Rko=360 Om; Co=100 pF; To=4 ns.

Tika uznemta “nulles” Iinijas Eo(R1) atkariba no Uko pie dazadam signala avota iek§€jam pretestibam.
legtitie rezultati paraditi Zim. 15. No ieglitiem rezultatiem redzams, ka parveidotaja “nulles” Iinija
klast neatkariga no signala avota iek$€jas pretestibas, ja kompensgjosa sprieguma vértiba ir Uko=-1 V.
Tas nozimé to, ka piesledzot radiolokatora uztvérgjiekartas ieeja dipola antenu (pretestiba ir
bezgaliba) vai cilpas antenu (pretestiba ir nulle) parveidotaja nulles linija nenobidisies pa Y-asi.
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Zim. 15. Parveidotaja “nulles” linijas atkariba no kompensgjosa sprieguma Uko pie dazadam signala

avota iek§€jam pretestibam: Ri=0,0 Om - Iinija apziméta ar trijstiriem; Ri=50 Om - linija apziméta ar

kvadratiem un Ri=c0 Om — [inija apzimé&ta ar rombiem. Pargjie nosactjumi: Ip1=Ip2=10 mA; Ip3=20
mA; C0=100pF; To=4 ns.

2.Pétijuma nosacijumi asimetrisku tuneldiozu gadijuma: tuneldiozu asimetrija Ipl/Ip2=0,6 (Ip1=6
mA,; 1p2=10 mA); 1p3=20 mA; Rko=360 Om; Co=100 pF; To=4 ns.

No iegiitiem rezultatiem Zim.16. redzams, ka arT pie $adas tuneldiozu asimetrijas saglabajas “nulles”
Itnijas stabilitate, ja Uko~ -1 V (Uko=- 0,954 V).

Im=TD1 6 mA E [V]
- \ L
\;\ U0
o4 —e—El
. . \ . |—=—Em
G B
Uko [V] T T T T T T T C
-1.3 -1.25 -1.2 -1.15 -1.1 -1.05 -1 -0.95 -0.9

Zim. 16. Parveidotaja “nulles” linijas atkariba no kompensgjosa sprieguma Uko pie dazadam signala
avota iek$gjam pretestibam: Ri=0,0 Om - linija apzim@&ta ar trijstiriem; Ri=50 Om - linija apzimé&ta ar
kvadratiem un Ri=c0 Om — linija apzim&ta ar rombiem. Pargjie nosactijumi: Ip1=6 mA; Ip2=10 mA;
Ip3=20 mA; C0=100pF; To=4 ns.

3.Petfjuma nosacijumi asimetrisku tuneldiozu TD1 un TD2 un jaudigakas strob&josas tuneldiodes
TD3 gadijuma: Ip1=6 mA; Ip2=10 mA; 1p3=50 mA; Rko=360 Om; Co=100 pF; To=4 ns.

No iegiitiem rezultatiem (Zim. 17.) redzam, ka arT jaudigakas tuneldiodes gadijuma saglabajas ta pati
Uko vértiba (Uko=-1 V) pie kuras parveidotajs ir nejutigs pret signala avota iekSgjas pretestibas
izmainam.
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Zim. 17. Parveidotaja “nulles” Iinijas atkariba no kompensgjosa sprieguma Uko pie dazadam signala
avota iekS€jam pretestibam: Ri=0 Om - linija apziméta ar trijstiriem; Ri=50 Om - linija apziméta ar
kvadratiem un Ri=c0 Om — Iinija apzimé&ta ar rombiem. Pargjie nosacijumi: Ipl=6 mA; Ip2=10 mA;
Ip3=50 mA; C0=100pF; To=4 ns.

Secinajumi:
1. Kompensgjosa sprieguma Uko veértiba ir neatkariga no komparatora tuneldiozu TD1 un TD2
asimetrijas. Misu gadijjuma Uko=-1 V.
2. Kompensgjosa sprieguma Uko veértiba saglab3jas nemainiga un ir neatkariga no strob&josas
tuneldiodes TD3 jaudas.

Strobéjama balansa komparatora SBK?2 stavok]a nolasisanas impulsa platumu izmainu izpéte.
Strob&jama balansa komparatora SBK2 stavokla nolasiSana notiek kontrolgjot nolasiSanas impulsa
platumu. Lai vartu parliecinoSi nolasit komparatora stavokli impulsa platumiem komparatora
nostrada$anas un nenostradasanas gadijumos ir jabit pietiekosi atskirigiem. So atskiribu iestada ar ar
komparatora lidzstravas rezimiem. Sai sakara tika iestadits lidzstravas rezims un veikts pétijums par
nolasiSanas impulsa platuma izmainam komparatora nostradasanas un nenostradasanas gadijumos pie
dazadam pretestibas Rv strobsignala k&dé veértibam pozitivam un negativam testsignalam. Pargjie
petijuma apstakli: Ipl=6 mA; Ip2=10 mA; Ip3=50 mA; Co=1000 pF; To=4 ns. legttie skaitliskie
rezultati paraditi Tab. 16. un grafiski att€loti Zim. 18.

Tab. 16.

Rv Tf=4 ns | noPs [ns] | noNs [ns] | nenoPs [ns] | nenoNs [ns]
34 210 160 376 382
35 193 152 377 383
36 179 147 378 378
37 169 139 380 386
38 157 135 381 387
39 150 133 382 388
40 144 133 383 388
41 142 134 383 389
42 141 135 383 389
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Zim. 18. NolasiSanas impulsa platuma izmainas komparatora nostradasanas (no) un nenostradasanas
(neno) gadijumos pie dazadam pretestibas Rv strobsignala kede vertibam pozitivam (Ps) un negativam
(Ns) testsignalam.

Secinajums: No iegiitiem rezultatiem redzams, ka visa pretestibas Rv pielaujamo veértibu diapazona

(Rv=34-42 Om) saglabajas pietiekosi izteiktas nolasiSanas impulsa platumu atskiribas ka pozitivam ta
negativam testsignalam.
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Pielikums 5.

Design and evaluation of a stroboscopic signal converter based on discrete
transistor clocked comparator

N. Agafonovs 1]G. Supols [1]Institute of Electronics and Computer Science, Dzerbenes str 14,
Riga, Latvia LV 1006, E-mail: nikolajs.a@edi.lv

Abstract
Stroboscopic converters are used for transformation of high-frequency signals from the GHz range in
to lover frequency signals. The transformation is done in time domain where the transformed signal
is obtained from several hundreds of repetitive input signal periods. Some of most sensitive ground
penetrating radars (GPR) utilize balance comparator as signal detector.
In this work discrete stroboscopic signal converter (DSSC) based on discrete transistor clocked
comparator is discussed. We show design of such stroboscopic converter and test setup for
parameters measurement. As results is shown test results of DSSC signal amplitude transfer linearity
and mathematical method for bandwidth calculation is discussed.
Bandwidth is calculated using deconvolution method. Approximate bandwidth of this converter is
about 3 GHz, but the result highly depends on the quality of the time based test signals.

Introduction Stroboscopic converters are used for transformation of repetitive high-frequency
signals from the GHz range in to lower frequency signals.

The transformation is done in time domain where the transformed signal is obtained from several
hundreds of repetitive input signal periods.

The stroboscopic converters or also named equivalent time samplers, because the result of the
transformation is an image of the repetitive signal in equivalent time.

Stroboscopic signal converters are being used for decades. They have proved to be reliable and
working in broad bandwidth. In this work discrete stroboscopic signal converter (DSSC) based on
discrete transistor clocked comparator is discussed. We show design of such stroboscopic converter
and test setup for parameters measurement.

Bandwidth is calculated with deconvolution method. As results is discussed test of DSSC signal
amplitude transfer linearity and mathematical method for bandwidth calculation. Corresponding
figures are given.

Related work From the output signal type of view stroboscopic converters can be divided in to two

categories: Analogue and discrete stroboscopic converters.
In analogue stroboscopic converters a high speed switch elements (Schottky diodes) are used. The
diode acts as a switch element and driven by a narrow pulse allows the relatively weak input signal to
pass through the diode and charge a reactive element (capacitor). The reactive element acts as a
memory devise and stores a charge value proportional to the signals instantaneous value. So the
analogue conversions output is an analogue form.
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Figure 1: Balance-type stroboscopic converter

The main drawback of these types of converters lays in the fact, that the narrow strobe pulse adds up
with the relatively small input signal and masks it. This masking effect reduces the sensitivity of such
type of converters. There are sampling gate circuits in which this drawback is partly resolved by using
half bridge or full bridge sampling gate circuits. In these sampling gates two opposite polarity strobe
pulses are used, which subtracts each other in the reactive element. But the masking effect stays,
because it not possible to obtain to completely ideal opposite polarity pulses.

In discrete stroboscopic converters a high speed comparator circuit made of tunnel diodes or
Josephson gates is the main component. The comparator circuit together with a balancing network
forms the discrete stroboscopic converter (Figure 2).

The balancing network which consists of a compensator K and feedback resistor R(e) tries to bring
the comparator in a metastable (when the probability of switching to both of the output states are
equal) state when the clock edge arrives. This metastable state last only for a moment, after that the
comparator makes a decision and switches to one of the two possible (discrete) states ("0" or "1")
indicating which of the two inputs has a greater instantaneous signal value. The compensator output
signal E(i) changes the value stepwise between the clock pulses and is proportional to the input signal
instantaneous value at the time moments when the clock signal edge arrives and stays constant till the
next clock pulse arrives.

Ry Ry
11U,
D, E%TD3
RU RE
U>—3 [ —<E
TD,

Figure 2: Tunnel diode based balance comparator

By using highly sensitive and fast switching clocked comparators, high sensitivity and high bandwidth
stroboscopic signal converter can be obtained.

Such clocked comparator could be made using series connected tunnel diodes (Got pair) (Figure 2).
The tunnel diodes 7D(1) and 7D(2) form a balance comparator and a more powerful diode 7D(3) acts
as a clock pulse edge sharpener. The clock signal U(0) through the resistor R(0) is applied to the
tunnel diode 7D(3). When the current through the diode reaches a threshold level, the diode switches
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and forms a fast rise time voltage pulse V. This voltage pulse though the resistor R(V) is supplied to
the series connected tunnel diodes 7D(1) and 7D(2). The amplitude of the voltage pulse V is set so
that only one of the two tunnel diodes can switch into high voltage stage. Which of these diodes will
switch to the high-voltage state depends on the ratio between the instantaneous value of an input
signal U(i) and a compensation voltage E(7) . If one chooses E(i) of such a value that tunnel diodes
switch over with equal probability in the course of repeated strobing, then the following relationship is
true:

E(i)= (R(E)R(u))U() (1)
By choosing a small value input resistor R(U) and a high value reference input resistor R(E) a high
conversations gain k= R(E)/R(U) can be obtained. System architecture DSSC consists of a clocked
comparator and the feedback circuit (Figure 2).
Comparator has two inputs and one binary output (Figure 2). These levels are not TTL or CMOS
levels, but approximately 0.1V and 0.7V. Voltage maximum at sampling head output is defined by
base-emitter diode voltage and minimal voltage is defined as collector emitter resistance in saturation
region.

DSSC input signal appears on one of comparator inputs. Feedback signal appears on the other
comparator input. On clock rising edge, comparator decides which of the two inputs is larger and sets
binary output level according on input signals difference (Figure 3). The feedback consists of a
differential amplifier and integrator. Differential amplifier converts the output signal of comparator to
necessary levels for analogue integrator input. Analogue integrator output signal serves as a feedback
loop and as SSC output providing low frequency (20 Hz) analogue output signal. Feedback loop
contains R6 resistor, which acts like output signal attenuator.

Figure 3: Stroboscopic signal converter block diagram

Clocked comparator is the key component of DSSC. DSSC parameters (bandwidth, dynamic range,
sensitivity, self noise, non-linear distortion) depends on comparator performance and layout.

Used clocked comparator (Figure 3) consists of two transistors in common emitter layout and is
interconnected as two inverters (VT1 base connected to VT2 collector and vice verse).
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Figure 4: Clocked comparator

Input high frequency signal is fed through R5/R3 voltage divider and feedback is fed through R6/R4
voltage divider. This layout guarantees that comparator’s inner signals is balanced and prevents DSSC
output signal offset drift.

On rising clock edge through R1 and R2, voltage on both transistors starts to rise. When voltage
rises near transistors switch-on threshold input signal affect VT1 and VT2 voltages. If VT1 have
higher voltage on collector than VT2 have, then VT2 is starting to open and VT1 subsequently stays
close.

Test setup Test pulse former consists of cascaded Step Recovery Diodes (SRD), which generate
positive polarity Ins pulse width trapezoidal pulses with 100ps rise/fall edge time.

The apparent high frequency signal was measured with 6GHz digital sampling oscilloscope (DSO).
Measured with DSO signal was taken as a benchmark and assumed to be 100% matched to the
observation signal. Same signal is measured by the DSSC (Figure 4).

6GHz
Real time
t f\ ns Osciloscope

1

tf\ms

\ Oscilloscope

Ch1

Y

Test i
Trigger ———m» Pulse —"—» StEObOS'::p'C » Ch1
Former onverter
Time *
Base Clock Ext. trigger
Generator ?
Sinhr.

Figure 5: Test setup

DSSC output signal is analogue, so it needs to be observed on some other device. As observing device
we used oscilloscope with low bandwidth, as DSSC output signal frequency is about 20Hz.
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Time base generator provide stable reference frequency for DSSC and for low bandwidth
oscilloscope, so that they are synchronized.

Deconvolution Linear systems can be characterized by their transfer function in frequency domain
or by their impulse response in time domain . The relation between the systems output signal y(z),input
signal x(7), and systems impulse response /4(¢) in time domain can be expressed with convolution
integral

V(ty=x(£)*h(t)= integral (+inf, -inf) (h(t—7)x(t)dx) 2)
where * denotes the convolution operation. In frequency domain the convolution transforms in to
multiplication; that is,

Yjo)=X(jo) x H(jo) 3)
where Y(jo), X(jo),and H(jow) are the frequency domain representations of y(¢),x(¢) and A(%),
respectively. From this the transfer function can be expressed as

H(jo)=Y(jo) / X(jo) “4)
By simply dividing the measured output signal complex spectrum with measured input signal complex
spectrum, the result would have noise-like error around the zeros of X(jw). To avoid this a
normalization filter can be applied.

H(jwy=1/(+ A1/ X(o)*) * Y(jo)/ X(o) (5)
where A is the normalization coefficient.
Results At first systems linearity was tested. For testing purposes a tunnel diode based test pulse

former was designed and measured, using a reference 6 GHz bandwidth real time oscilloscope (Figure
5).

g g

Amplitude, [mV]
g

Figure 6: Test pulse on 6 GHz reference oscilloscope

For linearity test purposes the same pulse former was used. The input signals level change was
obtained using fixed 18 GHz bandwidth 50 Ohm signal attenuators, placing -6 dB, -20 dB attenuators
in cascade. The resulting, attenuated stroboscopic converters step responses with attenuated test pulse
with attenuation from -20 dB till -46 dB can be seen in picture (Figure 6).
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Figure 7: Linearity test using attenuated test pulse signal

For better linearity and distortion estimation the attenuated step pulses are amplified by coefficient
inverse to their attenuation level and normalized against the first (-20dB) pulse (Figure 7).

For testing the converters frequency and step responses a different, trapezoid type pulse former was
used. The pulse former consist from a tunnel diode based step-wise pulse former connected to a
shorted coaxial cable with the length, that corresponds to a reflection after 1 ns. The corresponding
input (from 6 GHz reference oscilloscope) and output signal (from the converter) can be seen in
(Figure 7). The both signal are normalized against their peak value.

From the system’s input and output signals, DSSC amplitude-frequency spectrum (Figure 7)

calculated using the frequency-band deconvolution algorithm
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Figure 8: Normalised attenuated test signals
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Figure 10: Transfer function spectrum (I1=1)

Quality of the result depends highly on the input signal quality (bandwidth and noisiness ) and from
the normalization coefficient A . Using the normalization coefficient A=1, the resulting converters
frequency bandwidth is approximately 3 GHz (Figure 10).

Summary and Conclusions In this paper we presented an equivalent time sampling converter based
on discrete RF transistors which can be used as sensitive high bandwidth receiver for a Ground
Penetrating Radar (GPR), where the bandwidth of approximately 3 GHz is fairly enough. Linearity
test showed that this type of converter is highly linear in broad range of measured signal amplitudes.
The approximate bandwidth of the DSSC was obtained using frequency domain deconvolution
method. The approximate bandwidth of this converter is about 3 GHz.
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Pielikums 6.
VK 34.021

A. CEJIUBAHOB, maructp, accucTeHT HCTUTYTa 37€KTPOHUKHU U BHIUUCIUTENILHON TEXHUKH, T. Pura

KomnbrorepHo-ynpasisieMasi cMCTeMa JUCKPETHOT0 CTPOOOCKONNYECKOT0
npeodpa3oBareJisi CHTHAJIOB

B nanHOM crathe IpeUIONKEH MOJXOJ K PELICHHIO NMPOOIeMbl pa3pabOTKH KOMITIOTEPHO-YIIPABISEMOH CHCTEMbI JUCKPETHOIO CTPOOOCKONUYECKOro
npeodpasoBarens curHanoB. Cucrema pa3pa0oTaHa B MOXYJIBHOH apXUTEKType W MOXKET OBITh aJalTHPOBaHA Ul KOHKPETHBIX IPUMEHEHHUH.
Paccmotpeno anmapartHoe obecnedenue, uppoBoe ypaBiIeHHe, cOOp U Iepeada JaHHBIX HU(PPOBOro Ipeodpa3oBaTelis U pa3padoTKa KOMIBIOTEPHOU
nporpammsl yrpasnenus. Vin: 3. bubmuorp.: 10 Ha3s.

KaioueBnble cioBa: J[MCKpeTHBIH cTPOOOCKONHYECKUH MpeoOpa3oBaTeNlb CUTHAIOB, IpaMIeCcKHil MOJIB30BaTeNbCKUil nHTEpdelic, nHTepheich
nepeauyu JaHHBIX, KOMIIIOTEPHO-YIPaBysgeMble CHCTEMBI, COOp JaHHBIX, IPOrPaMMUPOBAHHE MUKPOKOHTPOJIIEPOB.

IlocTanoBKka mpo0ieMbl M aHAJM3 JIMTepaTypbl. B Hacrosmiee Bpemst cOOp AaHHBIX CBEPXIIHPOKONOJIOCHBIX
(UWB) curnanos Tpebyercs BO MHOTMX IMPUMEHEHMAX, TAaKUX Kak MOYBONpOHHUKaronme paauoiokatopsl (GPR) [1, 2],
paauonokatopbl “BuaeHusi ckBo3b creHy” (TWI) [3], umnynscHas pedraexromerpust (TDR) [4], memunuHcKas
BU3yanu3anys [5] M B APYrMX NPUMEHEHHMSX, TAE€ CBOICTBA MAaTEpPHAIOB B CpPENE PAaCIpOCTPAHEHUS OJIKHBI OBITH
OTIPEIEICHBI.

Psin pasnudHBIX MOJXO0J0B cOOpa AAHHBIX OT HMOBTOPSIOIINXCSI CUTHAJIOB IPEICTABICHBI B IOCIEIHNUE OBl — cOOp
JIAHHBIX B OKBUBAJICHTHOM BpeMeHH [6, 7], cOOp CHUIHAJIOB B 9KBUBAJICHTHOM BpEMEHH KOMOUHHUPOBaH O cOOPOM JIaHHBIX
B pealibHOM BpeMeHH [3], yabpTpa-ObIcTphie aHANoro-nu)poBsie mpeodpasoBarebHbie MUKpocXxeMbl [3] u T.1. Kaxsiit
MOAXOJ UMEET PsiJ JOCTOMHCTB U HEJOCTAaTKOB. Pa3zpaboTka anmapartypbl cOOpa JaHHBIX B PEKHME PEalIbHOIO BPEMEHH U
KOMOMHUPOBAaHHOTO cOOpa JaHHBIX J0pora M JOCTHKHMMasl 4acToTa JAUCKPETHU3AIMH SIBISETCS OTHOCHTEIBHO HHU3KOM.
CO6op mHaHHBIX B OSKBHBAJCHTHOM BpPEMEHHM WM ammaparypa TUCKPETHOrO CTPOOOCKONMUYECKOro MpeoOpa3oBaTels
curnaioB (DSSC) paccMoTpena B 3Toi cTatbe.

Kontpons DSSC sBnsietcst anmapaTHbIM, YIPaBIIEMBId ¢ IOMOIIBI0 KOMITbIOTEpa. B mocneaane roasr BCE Oombie
MPUMEHSIOTCS BcTpoeHHbIe cucteMbl, kak PC104 [3]. DSSC umeer undpoBsie JaHHBIE Ha BBIXOJE peoOpazoBaTeis. Tak
kak ynpasienne DSSC u Bu3yanuzanus BBIXOJHBIX MJAaHHBIX IPOBOJMTCS Ha KOMIIBIOTEpE, BaXXHO OOecrednTh
COOTBETCTBYIOIINI TpeOyeMoil CKOpoCTH MHTEepQelc mepeaadn AaHHBIX. YHHBEPCAIbHBIM CPEICTBOM U B IOCIEIHEE
BpEMS 4acTO HCIIOJIb3YyEMBIM DEIICHHEM Iepefadn MU(POBBIX AAHHBIX SBISIOTCSA MPeoOpa3oBaTeNy MapaLIeTbHOTO U
nocienoBarensHoro nHTEpdeiica Ha USB xommanuit FTDI [8].

B pa3nuuHBIX NPUMEHEHUSX KOMIIBIOTEPHOE YIPABICHHE W BH3YalIM3allUs MPOBOJUTCS Ha CTALMOHAPHOM WM Ha
MOPTAaTUBHOM OOOPYIOBAaHUM, IOTOMY BaXKHO pa3paboTaTh YHUBEPCAIBHYIO KOMIBIOTEPHYIO mporpaMmy. Yacto
MpOTpaMMBbI pa3pabaThIBAIOTCS TOJBKO AT OofHON omeparroHHO# cucteme (OC), 4To OrpaHHYMBAET YHHUBEPCAIBHOCTH
cuctemsl [8].

st 00paboTKH JaHHBIX B CHELU(UUECKUX MPUMEHEHHSX, CYIIECTBYIOT OecIuiaTHble OMOIMOTEKH, pa3paboTaHHbIE
CHENHaNUCTaMHA KOHKPETHOTO HaIlpaBJIeHHs, HanpuMmep, oubmuoreka iGeos [9] mmst 00paboTKM M BU3yalIn3aIiil JaHHBIX
NPHUKJIJTHON T€O(PHU3UKH.

Lear craTbm — pa3paboTKa apXUTEKTYyphl PEKOHPUTYPHPYEMOW ammapaTypbl M METOAMKH cOOpa JaHHBIX
ceepxmmpokononocHsix (UWB) curnanos, ynpasisieMoll KoMnbloTepoM. B crare paccmarpuBaercst criocod coeTMHEHHs
CTPOOOCKONHMYECKOro TIpeoOpazoBarens, NEepUPEPUHHBIX YCTPOHCTB M KOMIBIOTEpa /I IepeAadyd JaHHBIX |
YCTaHOBKH/CUUTHIBAaHUA MapaMeTpoB. [IpemnoskeHHBIN MOAXOJ, NMPHUMEHEHHE KOTOPOTO  ITO3BOJISIET HCIIONB30BaTh
anmaparypy Ui pa3IM4yHBIX Ha3HAYeHWH, ITOCTPOSH Ha MOXYJIHHOM TNpHHIHUME. Ammaparypa, Kak ¥ mporpamMMa cOopa
JAaHHBIX ¥ KOHTPOJIS, JIETKO peKOH(UTYypUpyema.

OO0 as apXUTEKTypa CUCTEMbI

a) i, L3
| %.-r;..> t
gy uA=Tm—r ] | | |
4 Aty == > [ S L t
2Ats 3Ats 4Ats 5Ats

0 RTINS

Puc. 1. Crpobockonnueckoe npeodpa3oBaHue CUTHANA
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IIpennaraemast 37€KTpOHHAs CHCTEMa pa3paboTaHa 1O MOAYNIbHOI apxurekType. OCHOBHBIE ()YHKIHOHAIbHBIC
OJI0KH MOTYT OBITh JIETKO PEKOH(HUTYPHUPYEMBI U aJaNTHPOBAHbI JUII KOHKPETHBIX MPIIIOKEHUH. B 1ienmom cucrema Mosxer
OBITH pa3feneHa Ha TPU OCHOBHBIE YacTH — ammaparypa CTpOOOCKOIMMYECKOTO NMpeoOpa3oBaTelsi, MHKPOKOHTPOJUIEP C
nepuepruitHBIMI YCTPOUCTBAMH U ITEPCOHATBHBIN KOMIBIOTEP TN MOAYIIE BCTPOCHHON CHCTEMBI.

[opTatuBHasa BCTPOEHHASI| « Coxpanchue qaHHbIX, [NepcoHanbHbIN
cucrtema 00paboTKa CHIHAJIOB, KOMMbtoTep (Linux,
(FriendlyARM) BH3yaTH3ALMsA JaHHBIX WS, 1 T
— o KoHTposb cucTemMbl
USB-Parallel
USB- ||« Tlockurka romain ucxoonvle dannvie) i
UART || * Hacrpoiixa napamerpos, ’ Bxopoit
CUMTBIBAHHME TAPAMETPOB curian
MVIKpOKOHTpOJ'IJ'Iep
Crpobockonunyeckui
KoHTponb HanpsKEeHNEe THTaHHs npeo6pasoBatens

Kourpons FPGA
Hacrpoiika napamerpon
Kourpons GPS u koHTpOIBL
JUcTaHImi (CTpoOupoBanme)
Kourpons nepudepuit

Puc. 2. O0wmast apXUTEKTypa CHCTEMBI

BxomHO# aHaMOTOBBIA CHTHAN MOJAETCS HAa BXOJ TAKTOBOTO KOMIApaTopa CTPOOOCKOMHYECKOTO MpeoOpa3oBaTelis
(Puc. 3.). TakToBBIif KOMITapaTOp CPaBHUBACT BXOJHON CHTHAJI C CHTHAJIOM OOpPATHOI CBSI3M 10 3aJHEMY (POHTY CHTHAJa
cTpoba. TakToBBIE HIMITYITBCHI MITH CHTHAIBI CTPOOa CIBUTAIOTCS MO BPEMEHHU Ha WHTEpBaN Atg Imociie KakIplii BBIOOPKH Ha
MPOTSDKEHUH 3alaHHOTO OoKHa BpeMmeHH (Puc. 1.). BrixomHoW cuTHam KoMmapaTopa MOma&Tcsl Ha CYCTYNK THIIA ,,BBEPX-
BHI3” (Up-down counter), BEIXOI0M KOTOPOTO SIBISIETCS [U(PPOBOI CUTHAN. BBIXOAHBIE JaHHBIE TOAAIOTCS TAKXKE B IEMb
oOpaTHOM cBsi3W 4epe3 HU(POBOI NepeKIoyaTesb JMHAMUUECKOTO JUana3oHa 1 npeoOpa3yroTcsi 00paTHO B aHAJIOTOBBI
CHUTHAJI Yepe3 MapajuIe/bHbINA 1Hu(po-aHaIoroBeiii npeodpasosarens (IIAIT). BeixomHble maHHBIC CYCTYMKA MMONAIOTCS Ha
6JI0K yIpaBJIeHHUS U MEPEChUIAIOTCA Ha KOMIIBIOTED.

MukpokokTponnep
ynpasnenve

FPGA  uart USB-Parallel

Komnsiorep

Wmnynbcst
cTpoba

iR

Mpeobp:
YPOBHS curHana BBEPX-BHUI'|

Brok koHTpons

BxoaHow
curHan

TakToBOM-
Kkomnapatop

MapannenbHblii Lcpo-
aHanorosbIit
npeoGpasoBatens [icbpoBoN

nepexniovaren
—4uanasona |

Puc. 3. briok ctpobockonmuyeckoro mpeodpazoBareis

Hcnonp3yeMblil TAKTOBBI KoMIapaTop coOpaH Ha JUCKPETHBIX TpaH3UCTOpax [7] paOoTaromuX B PeKUME Majoro
CUTHAJIa WJIK Ha OCHOBE TYHHEIBHOTO auoja [6]. Beicokas dyBcTBHTENBEHOCTH [6,7] 1 oueHb BhicOKas (okoo 100 I'T'm)
TeopeTHYecKasi ITMPHHA MTOJIOCH YaCTOT CUTHAJIOB MOXET OBITh JOCTHTHYTA C TIOMOIIBIO TPeIaraéMbIX M0X0/I0B.

Yacte cTpobocKomHMYecKoro Impeobpa3oBaTens HUMILIEMeHTHpoBaHa B Mukpocxemy FPGA (Puc.3.), xotopas
BKITIOYAET B ce0sI aNTOPUTM AMHAMHUYECKONW KOMIIEHCAIINHI ¥ MOBBIIAET 3((EKTUBHOCTD U OBICTPOACHCTBHE CHCTEMBI.

s Hactpoiiku mapamerpoB FPGA u xoHTpons mepudepuiHbIX YCTPOWCTB, MCHONB3YyeTCs] MUKpOKOHTposuiep T1
MSP430. Jlns cBSI3M MUKPOKOHTpOJUIEpa C KOMITBIOTEPOM, MCIONB30BaH mpeobdpaszoBatens FT232. McxonHbsie naHHBIE
FPGA moparoTcs Ha KommbioTep uepe3 mpeobOpasoBarens USB-Parallel FT245, obecneumBas BBICOKYIO CKOPOCTB
nepeaadyy JaHHBIX.

Pa3padorka nporpaMmMHOro ooecnedeHus

Jnst KOHTPOJISI CHCTEMBI CTPOOOCKOINYECKOTO IIpeoOpa3oBaTess, BU3yalu3auul IH(POBBIX JaHHBIX U 00paboTKH
CHTHAJIOB TpeOyeTcs pa3paboTka mporpaMmHoOro obecredeHus. [Iporpamma 1opkHa OBITH HE3aBUCHMa OT KOMMEPYECKHX
KOMIIOHEHTOB ISl paclpocTpaHeHus. J{isi Ha4ajabHOTO TECTUPOBAHHS MHTEP(EHCOB INepefavyd JaHHBIX M KOHTPOJIA
CHCTEMBI HCIIOJIB30BANach Iporpamma rpadudeckoro mporpammupoBanus LabView. HauanpHerii npnéMm naHHBIX,
BU3yaNM3aIisl W IpeaBapUTeNbHas 00pabOTKa CHTHAJIOB OCYIIECTBILUINCH B IPOrpaMMe KOMIBIOTEPHOH aireOpsl u
MonenmpoBanua Matlab, koTopas obimamaeT MHOXKECTBOM CHEIM(DUISCKUX MHCTPYMEHTOB M IPUMEPOB sl 00pabOTKH
CUTHAJIOB Pa3HBIX MPUMEHCHHH.

LabView n Matlab ymoGHBI Tpu pa3paboTKH, HO HE TONATCS Ui KOMOMHHPOBAHUS HMCXOMHBIX KOJOB PAa3HBIX
OMONMMOTEK M pacIpOCTPaHEHI, IOTOMY OCHOBHOE IIpOrpaMMHOE obecrieueHne pa3padbaTeiBaiaocs Ha s3pike C++.

[Mporpammuoe obGecnieuenne (I10) paspaborano mpu wucnosszoBanuu Qt 4.8.1. [10] - xpocc-miatdopMeHHOro
UHCTpyMeHTapusi paspaborku IO Ha s3pike mporpammupoBanusi C++ u OMONMOTEK APYrMX NPOW3BOIUTENCH Ha
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http://ru.wikipedia.org/wiki/C%2B%2B

miatrpopme Windows. [IporpammupoBaHie OCYIIECTBISETCS B MHTETPUPOBaHHON cpene paspaborku Qt Creator IDE.
WuTepdeiic paspabaTeiBacTcsi B BH3YyaJbHOH cpene pa3paboTku rpadumueckoro wuHTepdeiica Qt Designer. s
obecriedeHnsT COBMECTHMOCTH HHTETPHPOBAHHON cpenbl pa3paborku, miarnaa Qt Designer, 6ubamorexn QWT, mrarmnnaa
QWT s Designer u 6ubnmmorekn QExtSerialPort 65Ut CKOMIMIHPOBAHBI ¢ UCXOIHOTO KO C IIOMOIIBI0 HMHCTPYMEHTa
Qmake u xoMmmIATOpHOTO HHCTpyMeHTapus MinGW. OTaenpHbIE YacTH JOCTYITHBI B CKOMITIUIMPOBAHHBIX BEPCHUSIX, HO
HEKOTOpBIE W3 HUX HE COBMECTHMBI ¢ HOBeimell OmOmmorexoit Qt. Hanéxknelt okazamock caMHM CKOMITMJIMPOBATH
MHCTPYMEHTHI Pa3pabOTKH U OMOINOTEKH.

Qt mo3BoJIAET 3amycKaTh HamucaHHOE ¢ ero nomoinsio 10 B GOJBIIMHCTBE COBPEMEHHBIX ONEPALMOHHBIX CHCTEM
(Windows, Linux, Unix, Mac OS X, Embedded Linux) myTtém mpoctoif KoMIHISIMU TporpamMMsel st kaxaoid OC 6e3
U3MeHeHHs1 ucxonHoro koxa [10]. Qt mMmeer OONbIIOE KOJMYECTBO BCTPOCHHBIX OMOIMOTEK M OMOIMOTEK CTOPOHHHX
NPOU3BOJUTENEH, NpeHa3HaYeHHBIX JUIS CIEeHHaJIbHBIX Leneid. Kpocc-miuardopMeHHbIH UHCTpyMEHTapuil BBIOpaH Uit
paspabotrku IO nHa mnardpopme Windows W Juisi NpUMEHEHHMs Kak Ha IEPCOHAIBHBIX KOMITBIOTEpaX, TaKk M Ha
MOPTATUBHBIX YCTPOHCTBAX ¢ omepannoHHoi cucremoir Embedded Linux.

HNHrepdeiicyl mepenayu JaHHbIX

USB-UART (Ilocredosamenvuviii unmepgetic) - uHTEpPEHC YIpaBICHHS, OCYIIESCTBICH C MOMOIIBI0 CTOPOHHEH

oubmmorekn QExtSerialPort 1.2 Beta. Heckonbko anpTepHATHBHBIX OMOIMOTEK OBUIM PAacCMOTPEHBI, HO UMENH MEHBIIE
(hyHKIIHOHATBHBIX BO3MOKHOCTEH.
B Hauane nporpaMmbl IPOBOJIUTCS] CKAHUPOBaHHE BCEX JIOCTYITHBIX MOPTOB MOCIIEA0BATEIFHOTO HHTEpdelica ¢ MOMOLIBIO
¢byukuuit enumerator(). Tloxp3oBatens KOHUTYPUPYET MapaMeTphl MOCICIOBATEIBHOIO HHTEp(eica (CKOPOCTh, YHCIIO
OWTOB M CTOI OWTOB, MAPUTET) B JUAIOTOBOM OKHE M OTKphIBaeT mopT. CTaryc MmopTa BUICH HA CTATYCHOW IaHEIH.
BupTyanbHblii MOCIeIOBATENBHBIA MOPT KOHPUTYPHPOBAH B pexume cobObithii (event-mode) mis cOopa maHHBIX 6e3
3anepxku. Kaxnaplii npusaTeii 0aiit B Oydepe BbAAET CUTHANI TPUITEpa W NPOUCXOJUT 4YTeHHE OaiToB. Mcmonb3yeTcs
pexuM coObITHil (event-mode) Bmecto cranmaptHoro pexuma ompoca (polling-mode) anst npuéma naHHBIX B peagbHOM
BpeMeHH. DyHKIUSA ,IPUHATHE NaHHBIX  BBI3BIBacTCs (yHKuued tpurrepa (event notifier), mpoeepsiomen Hamuume
OaiiToB. DTH (YHKINH B3aMMOCBS3aHbl IPOrpaMMHBIM MexaHu3MoM Qt - signal-slot.

USB-Parallel (Ilapannenvhoiii unmepgpetic) wHTep(heEhCc yrIpaBleHUS OCYIIECTBICH C ITOMOIIBI0 OHOIHOTEKH,
npunaraemoii kK FTDI FT245 mukpocxeme, D2XX. MakcumarnbHas JOCTHXHMAsi CKOPOCTh nepenauu qanubix — 1 MB/s.
Mukpocxema FT245 ucnonssyercs Bmecte ¢ Mmukpocxemoi namsitu EEPROM, B koTopoii XpaHsTCs nporpaMMHupyeMble
unenrudukaropsl Vendor ID (VID), Product ID (PID) u crpoka omucanue ainsi MACHTH(UKAIMK YCTPOMCTBA NPH
noakmoueHnr. D2XX Oubnnorexa COAEPKUT NMPUBS3KK JIpadBepoB il onepanuoHHbix cucteM Windows u Linux u
Habop (YHKUMIA AUl yIpaBIeHUs Mapajle]bHOrO MOTOKAa JaHHBIX - Oydepusanus AaHHBIX, NPUEM U Mepeaaya JaHHbIX,
uieHTUGHUKALUS W HMHULNMAIU3AIMs  ycTpoiicTBa. 3apaHee 3aJaHHOE KOJMYECTBO JIAHHBIX CUHTHIBAIOTCS U3
cTpobockonmuueckoro Ojoka TpeoOpazoBaTeNss M COXPAHAIOTCS I 00pabOTKU M OTOOpakeHUsT Ha JKECTKOM JHCKE
KoMmrbroTepa. [locte cOopa maHHBIX, Ha MUKpOKOHTposuIep M-MCU nockunaetcst komanaa “ready”, n HHUIHATH3UPYETCS
CJITyFOLINH MK cOOopa JaHHBIX.

XpaHeHue JaHHBIX U 0TOOpaKEeHUE

pu manmmanuzanun DSSC mapaMeTpsl cOXpaHSIIOTCS B ONEPATHBHON MaMATH U TaK)Ke B TEKCTOBOM (paiiine Ha skECTKOM
JIICKEe KOMITHIOTEpa B MOHATHOM monb3oBarento popmare ASCIL. IIpu kaxaoM U3MEHEHUH TapaMeTpoB CO31aETCS HOBBIN
(haiin. [loryueHHBIC TaHHBIE TAKXKe COXPAHSIIOTCS B TEKCTOBOM (haiiiie, HO B (hopmaTe NCXOMHBIX HaHHBIX (hex).
Busyanunzaius JaHHBIX MOXeET OUTh OCYIIECTBIICHA B IBYX PEKHUMax, B 3aBUCUMOCTH OT IIPUMEHEHHUs. PexxuM pearsHOTo
BpPEMEHH, KOTa Kak[aas MpHUHATas BIOOpKa OTOOpakaeTcs Ha AWCIUIEE, UCTIONB3YeTCs B MEOUIMHCKUAX MPUMEHEHUSX,
HalpUMep, B JCTEKTOPE IBIXaHUS YeJIOBEKA.

Bonee pactipocTpaHEHHBIN peXUM HAKOTUICHHS, KOT/Ia Ha IUCIIee 0TOOpaXkaeTCsl HAKOTIJICHHBI MAaCCUB JTAHHBIX C TOUKH
orcuéra (TpuUrrepa), MCIOAB3YETCS BO BCEX OCTAIBHBIX MPHUMEHEHHSIX CTPOOOCKOMHMYECKOro mpeobpaszosarens — GPR,
TWI, TDR u B MEIUIIMHCKOM BU3yaIU3aL1U.

Jnst oToOpaxkeHus TaHHBIX B rpaduke B Qt mporpamMMe HCIHOb3yeTcsi OMOIMOoTeka HHCTPYMEHTOB ,,M300pakenne
TexHU4YecKnx rpadukoB QWT”. Dra Ombnmoreka naeT BO3MOXHOCTh OTOOpaKeHMS JAAHHBIX B rpadMKax pa3IMYHBIX
CTWIEH W TO3BOJISIET II0Jb30BATEsIM MacIITa0MpOBaTh M JIBUTAaTh OTOOpaKeHME IS JIy4IEro aHajin3a CHTHAJIOB.
BubnmoTeka Takxke IpeI0CTaBIsET pa3HbIe CTHIIN PETYJISITOPOB U CIAiiIepoB U1l HACTPOMKH ITapaMeTpoB.

BrIBOABI

[IpencraBnenHas cucTemMa SBISETCS YHHBEPCATBHOM CHCTEMOI cOopa IaHHBIX CBEPXIINPOKOIIOJIOCHBIX CHTHAJIOB C
KOMITBIOTEPHBIM yrpaBiieHreM. Cucrema pekoH(GUrypupyema ajist pa3IudHbIX TPUMEHEHHN 1 HAYYHBIX UCCIICAOBAHNH.

[IpoBoamitack KOMIUJISAIUSA W TECTUPOBaHWE pa3pabOTaHHON MpOrpaMMBbl it BCTpoeHHOH cuctembl FriendlyARM
mini6410 ¢ omeparronHoi cucreMoit Embedded Linux ¢ ycnenmabiMu pesynbTaTamu. PazpaboTka mporpaMMbl Ha 6aze Qt
nenaer e€ YHHBEpPCANbHOH M 3(P(PEKTHBHON, OMHAKO NPHXOTUTCA CTAIKUBATHCS C MpoOIeMaMH KPOCC-KOMITHIISIIUU 1
0COOCHHOCTSIMU OIIEPALIMOHHBIX CUCTEM.

PazpaboTanHyto cucTeMy IUIAHUPYETCSl HHTETPUPOBATh B peaiibHble u3nenus, kak GPR, TWI u nerexkrop apixanus u
MPOBOJIUTD UCCIIEIOBAHUS M SKCIIEPUMEHTBI.
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Bynymas pa3zpaboTka OyaeT BKIOYaTh B ceOsl 00HOBJIeHHE MUKpOoKOoHTposutepa oT TI MSP430 16-OuTHbBIN cepun Ha
Oonee mourHbril 32-0utHEI MuKpokoHTpoiurep ARM Cortex M3 mns 6omee 3pQeKTHBHOTO, HAAEKHOTO M OBICTPOTO
ynpaBieHus cuctemoil. [ImaHnpyercs ycoBepIIeHCTBOBATh TpaHUUECKHi IMOJIB30BATEIBCKHNA HHTEp]EHc M mporpammy
00pabOTKN CUTHAJIOB JJIS1 BU3YaIH3alUH JAHHBIX Pa3IMdHbIX IPUMEHEHUH.
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In this paper a computer manageable system of discrete stroboscopic signal converter is proposed. System is developed in modular architecture
style and is easy adaptable for specific applications. Stroboscopic converter’s hardware, digital control, data acquisition and transmission are discussed.
This paper mainly focuses on development of digitally controllable system and interface to PC.
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