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BBEJAEHUE

B noBOCHOUpCcKOM MHCTUTYTE simepHON (HHU3UKH OCYIIECTBISIETCS pa3padboT-
Ka YCKOPHUTEIBHOTO MCTOYHHUKA HEUTPOHOB, MPEIHA3HAYCHHOTO JJISI MPOBEICHUS
Oop-HeiTpono3axBatHor Tepanuu (BH3T) 3m0kauectBeHHbIX omyxodei [1]. Ox-
HOM M3 BOKHBIX 3a/1a4 SBJIICTCS TMATHOCTHKA ITyYKa U aBTOMaTHYEeCKas 00paboTKa
JTaHHBIX.

HcTouyHnK HEUTPOHOB MPECTABISIET COOON yCTaHOBKY, COCTOSIIYIO U3 HE-
CKOJIBKUX 4acTed. VI3 MOHHOTO MCTOYHHKA BBITATUBAIOTCS OTPHUIATSIIBHBIC HOHBI
Bojioposia ¢ 3Heprueit 20 k3B, 3aTeM Mmy4ok HamnpaBlI€TCS B YCKOPUTEIb-TaHIEM,
rae yckopsiercs 1o noreHunana | MB, mogaHHOro Ha 37€KTpOIbl YCKOPUTEIS. 3a-
TEM MYYOK Iepe3apsHKaeTCs, U €r0 SHEPTHsl yIBAMBASTCS HA BBIXOE U3 YCKOPHUTE-
J51. 3aTeM My4OK MOBOPAYMBACTCS TIOBOPOTHBIM MAarHUTOM M COpachIBaeTCs Ha JIH-
THEBYI0O MHUIIEHb, KOTOpas TEHEPUPYEeT HEHUTPOHBI B PE3yNbTaTe pPEaKIUU
"Li(p,n)"Be.

JIJisi AIMarHOCTUKHY My4Ka Ha BXOJE B YCKOPHUTENb ObUT MPUOOPETEH MPOBO-
nounbrii mpodumomerp WS-30 (D-Pace, Kanana), KOTOpbIii O3BOJISIET MTPOBECTH
u3MepeHue npodpuis mydka. ITOT TPOPUIOMETpP SBISETCS €IUHCTBEHHON Hepas-
pyIIaromeld JMarHoCTUKOHN IMyYKa MOHHOTO MCTOYHHKA Ha BXOJIC B YCKOPHUTENb Ha
JTaHHBI MOMEHT.

VYmpasienue npopuIoMETPOM OCYIIECTBISETCS MOCPEACTBOM MPOTPAMMBI,
KOTOpas TIO3BOJIIET 3aIlyCKaTh MPOGUIOMETpP U CUYUTHIBATH AaHHBIC. HO 3Ta mpo-
rpaMMa He TMOKa3bIBaeT TaKHe MapaMeTphbl KaK MOJHBIM TOK M MOJOKEHUE MyYKa,
HEO0OXOMMBIC I ONITHMAJIBHOTO BBOJIA ITyYKa B YCKOPHUTENb. [loaTOMY TpeOyer-
Csl IPOrpaMMHOE 00ecIieueHrne, KOTOPOE PAaCCUMUTHIBACT TOJHBIM TOK ITyYKa, €TO
MOJIOKEHHUE U €T0 pa3Mep, MPOU3BO/IS JOMIOTHUTEIBHYI0 00paboTKYy .

[ToMmuMo aBTOMaTHUYeCKOW OOpabOTKHM JaHHBIX TpeOyeTcs yaoOHOe Mpe-

CTaBJICHHE JIAHHBIX B ITOJb30BaTEILCKOM HHTEpdErce.



1 OIIMCAHUE NPEJMETHOM OBJACTHU

1.1 YerpoiicTBo mpoduiiomerpa
Cxema mpoBosiouHoro ckanepa WS-30 nokaszan Ha pucyske 1 [2]. O umeer
JBE€ BOJIb()paMOBBIC MPOBOJIOUKH, 3aKpeIieHHble Ha o0meM ctepxHe. [nmnna

cTepkHs paBHa 168.7 mm. [InuHa HOXek cocTaBisieT 49 mM, a quametrp 0,5 mm.

VYroa mexnay HokKamu cocTaBiisieT 90 rpamycos.

a 0

® ®
® @
® ' — @ J—
/ & ~ ]
PNOT POINTT : { Q
@ @
. ¢ o
i l T . q ’_J t":
] )
iLe @ | ¥ @) | ol

| Yy

100 iy il :
(®) (W) T +;},',

030
()
150

Pucynok 1 — Cxema npoBonounoro ckanepa WS-30: a — BepTUKaIbHOE TOJI0Ke-
HUe poduiiomeTpa, 6 — UCXOAHOE TOJIOKEHUE MPOdUIOMETpa

[Tpu npoBeneHNN U3MEPEHHS CTEPKEHb HAUYMHAET CBOE JIBH>KeHUE ¢ 13 rpa-
JIyCOB, 3aTEM IMOBOPAYMBAETCS 10 MUHYC 13 rpaaycoB W BO3Bpalaercs oOpaTHO,
rae 0 rpagycoB — BEPTUKAIBHOE MOJI0KEHUE CTEPIKHSI.

TOK, HpI/IXOI[HHII/Iﬁ Ha HOXKKH, CTCKACT Ha 3CMJII0 U U3MCPACTCA ITHNKOAMIICP-

metpom Keithley 6485.



1.2 CxeMa 3KCIIepUMEHTAIbHON YCTAHOBKH

Ha pucynke 2 n3zo0pakeHa cxema HU3KOIHEPTreTUIHOTO TpakTa: 1 — ucTou-
HUK OTPUIIATEIbHBIX HOHOB BOJOPOAA, 2 — MarHUTHBIE JIMH3BI, 3 — KOPPEKTOD, 4 —
3anuparolyre Koibla, o — NpoBoiaouyHb npodunomerp WS-30,6 — BakyymHas ka-

Mepa, 7 — 3IEKTPOAbI yCKOPUTEIIS.

Pucynok 2 — CxeMa HU3KOPHEPTeTUYHOTO TPaKTa IKCIIEPUMEHTAIBHON YCTaHOBKHU

CrnenyeT OTMETHUTD, YTO MPO(UIOMETP YCTAHOBIEH BEPTHKAIBHO, HOXKKAMHU
BBEpX. B MCXOIHOM MOJIOKEHNUU HOXKKH MPO(PHUIOMETpPa PacHoIOKEHbI ClieBa OCU
JBVOKCHHSI YacTHIl mydka. [Ipu 3amycke m3MepeHHsl CTep)KeHb HauyMHAeT HAKJIO-
HSTHCS HANPABO, U CUUTHIBAEMBIA YTOJ MPOPUIOMETPA HAYMHACT U3MEHSITHCS OT
13 no munyc 13 rpagycos.

[Tpodunomerp ycTaHaBIMBaiICS TaKUM 00pa3oM, YTOOBI MTy4OK, B HOPMaJlb-
HOM pe&XHUMe paboThl, IPOXOAMII IO U3MepseMoil oonactu npoguiomerpa. To ecTh
npoduIoMeTp u3mMepseT 00JacTh ¢ LIEHTPOM HE B OCH BaKYyMHON KaMephbl, a B TOM
MECTe, TZie MPOXOANT IMy4OoK. B nanpHelieM kanuOpoBKa MO3BOJIMIIA ONPEACINUTD
CMELIEHUE LEHTPA U3MEPSEMOI TUIOCKOCTU OT ocH Kamepsl. OHO coctaBwiio 6.25
MM BiieBO U 0.6 MM BHU3.

Jlo u mocne mpoduaoMerpa pacrooKeHbl KOJblla, Ha KOTOpbIE MOJaHO

HanpspkeHue MuHyc 300 B. Onu HeoOXoAMMBI Ui 3alIUpaHusi BTOPUYHOM 3MHUC-



cuu d1eKTpoHOB. Korga Tsoxenoe aapo atoMa BOIOPOJa yAapsAeTCs O IMPOBOJIOYKY,
OHO BBIOMBAET HECKOJIBKO IEKTPOHOB. DJIEKTPUYECKOE IOJIE KOJIEL HE JaeT Jer-
KMM DJIEKTPOHAaM C HU3KOM Ha4daJbHOW 3HEPrUEH BBUIETETh W3 IPOBOJIOYKHU U HE
BJIMSIET Ha TOK TSDKENBIX MOHOB BOJIOpoAa. Takum o0pa3oM, MpOoPHIOMETP CUUTHI-
BaeT TOJBKO TOK OTPULIATENbHBIX MOHOB BoJopona. IlompoOHee o 3ammparommx

KOJIbIIaX MOYKHO TIPOYUTATh B MyOnukamuu [3].

1.3 Ynpasasiomas nporpamma

Ynpasnenue npopuiaoMeTpoM ocylecTsisieTcs: nporpammoin Wire Scanner
V10.exe, koTopas mocraBiieHa BMecTe ¢ mnpoduaomeTrpoM. OHA OCYIIECTBISET
yIpaBJIeHHE JABUTaTeNieM U cOop AaHHBIX ¢ amrepMerpa. ['nnaBHas ¢opma ympas-

JISIFOIIEH MporpaMMbl H300pakeHa Ha pUCYHKE 3.

>[® s

*» Wire Scanner

D-Paice Dehnel - Particele Accelerator Components and Engineering, Inc. © 2014

Setup ‘ Scan Data | Debug |

E» Run Wire Scan ] f Single Scan } e Stop Scan] ’-i‘ Save Setup I: Open Setup ]

User Setup Config File Path

CA\D-Pace Beam Diagnostics V10\Wire Scanner\Wire Scanner User Scan Setup Config.aoml |Elw

Data Log Path
IEW
i

Angle Measurement Units  Current Measurement

[ [Milli-Radians Number PLC

Scan Orientation =ilo
? Vertical
. . Current Range
Estimated Scan Time — -
= =1 20ma
=il15s L

Comments

Pucynox 3 — I'naBHast popma mporpammsl yrpasiaeHUs: IpoGUIOMETPOM
CkopocTh ABM)KEHUS NPOoQUIOMETpa 33aJaeTCsl BPEMEHEM IPOX0Ja B TOJE

Estimated Scan Time. CkopocTh orpoca amrepMeTpa MoCTOsHHAs ¥ HUKaK He pe-
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ryiaipyercs. i 3amycka CKaHUPOBaHUs HEOOXOAMMO HaxkaTh kKHonKy Run Wire
Scan.

[Tocne 3Toro mpoduIOMeTp HAYHET IJIABHO PAa3rOHATHCS M3 TOJoKeHus 13
TPayCcoB, B KAKOW-TO MOMEHT €0 CKOPOCTh YCTAaHOBUTCS, OH JIOHIET J0 TOJI0KE-
HUSl MUHYC 13 TpaaycoB U MIABHO OCTAHOBUTCS, M HAYHET JIBIDKEHUE B OOPATHYIO
CTOPOHY.

[Tocne okoHYaHWS CKaHWPOBAHUS MpOTrpaMMa OToOpa)kaeT JaHHBIC HA Tpa-
¢duke u coxpanser ux B (aiin, ykasanueiii B noje Data Log Path. I'padux 3aBu-
CUMOCTH TOKa OT TOJIOKEHUS mpoduiaoMerpa n3o0paxeH Ha pucyHke 4. [lo ocu
a0CIMCC YTIIBI TTOOXKEHUS TPO(QUIIOMETpa, TI0 OCH OPAWHAT TOK, MPUXOIAIINNA Ha

IIPOBOJIOYKY.

*» Wire Scanner

D-Pace Dehnel - Particele Accelerator Components and Engineering, Inc. @ 2014
Setup | Scan Data | Debug |

0-

-2E-6-1

-4E-6-]

-6E-6-1

-8E-6-1

-1E-5-1

-1.2E-5-

-14E-5-

-1.6E-5-

Current (4)

-1.8E-5-

-2E-5-

-2.2E-5-

-24E-5-

-2.6E-5-

-2.8E-5-

-3E-5-

-3.2E-5-] ' '
-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14
Probe Angle (degrees)

Pucynox 4 — I'paduk 3aBUCUMOCTH TOKA OT MOJIOKEHUS MPOGUIOMETPA MOCIIE
CKaHUPOBAHUS

B xone skcmityatanuu ObUI0 OOHAPYKEHO, YTO MPO(PHIOMETP CUUTHIBAET
npouib MydyKa CMEIICHHBIM MPH MPOXO/I€ MPOBOJIOYEK B Pa3HBIX HANpPABICHUSIX.

ITpu sTom Qopma myuka He M3MEHsIACh. bBBUIO CIENaHO MPENIONIOKEHUE, UTO
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cABUT npoduiiel ObUT BBI3BAH (DU3MUECKUM JIOPTOM ABUTATENS, & U3MEPEHUS yT-
JIOB OCYILECTBISUIACH IO BBICTABICHHOMY 3HAYEHUIO, @ HE M0 PEATbHOMY. DTOT
modt Obu1 u3MepeH u cocrasisger 0.4 rpagyca. Ho nHanpasienue modTa HEus-
BECTHO. JTOT CIBUI BUJTHO HA PUCYHKE 4.

JlaHHBIE CKaHMPOBAHUS COXPAHAIOTCSA B TEKCTOBBIN (haityr. daiiin uMmeer ciie-
JIYIOIIYI0 CTPYKTYpPY: 3arojIoBOK, I'JI€ ONHUCHIBAIOTCS UMs (pailiia, KOMMEHTapui,
BpEMsI CKAHUPOBAHMSI M €IMHULIBI U3MEPEHUS, U PA3eN JaHHBIX, KOTOPbIA COCTOUT
U3 CTPOK, TI€ B KaXKJ0M CTPOKE MEPBOE YKCIO — 3TO YroJl B rpaaycax, a BTOpOe
YUCJIO — 3TO TOK, NPUXOJAIIMKA HA MPOBOJIOYKY B ammepax. Ilpu stom B omHOM
(aiine MoKeT ObITh HECKOJIBKO KaJpOB MPoXoAa NpoHIIOMETpa OT MoioxkeHus 13
rpagycoB 10 muHyc 13 rpagycoB. Kanpsl HUKak He pa3aeneHbl. DToT Qailn coxpa-
HSETCA TOJBKO IOCJIE OKOHYaHUsl CKaHupoBaHus. Ha pucyHke 5 mpencraBiieH

IpUMEP COAEP>KUMOT0O TaKoro (paiiia.

File name: C:%\D-Pace Beam Diagnostics V18\Scan Data\Wire Scanner’26.87.17\12.csv,
Comments: ,

Scanner Type: Wire Scanner,

Wire Scanner Serial Number: WSB@2,

Scan Start Time: 1:83:48 PM 7/26/2017,

Scan Orientaion: Vertical,

Minimum Probe Angle (degrees): -14.08800,

Maximum Probe Angle (degrees): 14.0060,

2

Scan Angle (degrees),Current (A)
13.855168, -8.486211E-6
13.844801,-8.493662E-6
12.869127,-8.475835E-6
13.886656,-8.501112E-6
13.181878,-8.493662E-6
13.1168807,-8.486211E-6

A3 ATATAT o CA1117C &£

Pucynox 5 — [Ipumep coaepxkumoro (aityia ¢ JaHHBIMH CKAaHUPOBAHUS



2 IOCTAHOBKA 3ATAYHN

Heobxonumo pazpabotaTh nporpaMmMHoe oOecriedeHue, Mpou3BOAsIIEe J0-
MOJIHUTENIbHYI0 00pa0OTKYy JaHHBIX W3 OCHOBHOW MPOTpPaMMbI YIIPABJICHHS TIPO-
¢unomerpom. Pa3paboTanHas mporpaMMa JOJDKHA YIOBJIETBOPSITH CIIEAYIOIIHM

(GYHKIIMOHATBHBIM U HEPYHKIIMOHATBHBIM TPEOOBAHUAM U OTPAHUUYCHUSIM.

2.1 ®yHKuMOHAIbHbIE TPEOOBAHUS
Pa3zpaboranHoe mporpaMMHOE OOECTieUeHUE JTODKHO YAOBIETBOPATH (QYHK-
IUOHAJIbHBIM TPEOOBAaHUAM, KOTOPBIE OIMUCAHBI HUXKE.

— Pacuer uHTErpanpbHOro TOKa My4yka ¢ y4€TOM T'€OMETPUU JBMXKCHUS U
pa3MepoB MPOBOJIOYKH.

— IlepeBon W3 yrioB MOJOXKEHUS MPOPHUIOMETpA B JEKAPTOBY CUCTEMY
KOOpJIMHAT.

— Bo3MoxHOCTE 0TOOPa3UTh ABYMEPHBINA TPOPHIIb MTyUKa.

— Pacuera pazmepa nmyuka.

— Jlo6GaBuTh AJITOPUTM LIYMOIO/IaBJICHUSI.

— Bo3MOXHOCTh 0TOOpaXkaTh JaHHBIE 33JaHHOTO Kajpa Mpoxoja mpodu-
JOMeTpa.

— Oto0pa3uTh JaHHbIE CKAHUPOBAHMS Ha Trpauke, ¢ BO3MOKHOCTBIO U3-
MEHSATH CTUJIb, [IBET, IIUPUHY JIMHUU.

— Bo03MOXHOCTH COXpaHUTh M300pakeHHE Tpaduka TOKA U JTBYXMEPHOIO
npodus.

— Bce reomerpuueckne mapaMeTpbl IPOBOJOYEK AOJKHBI XPAHUTHCS B
daiine HaCTpoOeK.

— Bo3MoxHOCTh M3MEHATH (Dailsl HACTPOEK U3 MOJIb30BATEIHLCKOIO MHTEP-

deiica.

2.2 HepyHKUMOHAIbHBIE TPEOOBAHUS

PazpabotanHoe mporpamMmMHOEe OOECTEYeHHE JOJDKHO YAOBIETBOPSTH He-

(GyHKIHOHAJIBHBIM TPEOOBAHUSAM, KOTOPBIE OMUCAHBI HUXKE.
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— PeanuzoBath rpaduueckuii uaTepdEiic MOIB30BATENS, B KOTOPOM JIOJIK-

Hbl ObITh OTOOpaXEHbI BCE JAHHBIE O IyYKE: MOJOKEHHE MaKCUMyMa,
IIMpUHA Ha MOJIYBbICOTE, OOLIMI TOK, MH(OpMAaLIK HAa 3aJaHHOM HHTEp-
BaJjie, IUIOUIa/lb 3aHUMaeMas Iy4YKOM.

CrpoexTupoBaTh NPUIIOKEHUE TaKUM 00pa3zoM, 4TOObI MOXKHO OBLIO
0TOOpakaTb HECKOJIBKO (paillIoB M MX JAHHBIX Ha OJHOM rpaduke, aJis

BO3MOKHOCTH CPABHCHUA.

— ABTOMaTHueckas 3arpy3kKa JaHHbIX B IIPUIIOKCHUC ITOCJIC CKAHUPOBAHUS.

2.3 OrpanuveHus

Hwuxe npuBeneHbl OCHOBHbIE (DAaKTOPBI OIPAHHYMBAIOIINE BHIOOP BO3MOXK-

HBIX pGHIGHI/Iﬁ I10 pajin3aiy OTACIbHBIX Tp€60BaHHﬁ.

Tak kKaKk HET BO3MOXHOCTH TOJYYHUTh JAaHHBIE O CKAHMPOBAHWU M3 OC-
HOBHOM TPOTpaMMBbI HAMPSMYI0O B MOMEHT HW3MEPCHHS, OTPaHUYUTHCS
MOJIYYEHUEM JIaHHBIX W3 BBIXOJHOTO (aiia mporpammel. Takum oOpa-
30M, 00paboTKa OyAEeT MPOUCXOAUThH TOJBKO MOCIE OKOHYAHUS CKaHU-
pOBaHUAI.

[Ipu mocTtpoeHun ABYXMEPHOTO MPOGUIS MydKa OTPAHUIUTHCS MPOU3-
BEJICHUEM TaHHBIX JABYX HOXXEK. JTO HE OyJIeT SBIATHCS KOPPEKTHBHIM
npodriieM mydka, T.K. K&KIbIH OTCYET HOXKKA COOMpPAET CYMMY TOKOB,

MMPpUXOIAIINX HA HCC.
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3 OIIMCAHUE METOJ10OB

3.1 Meroa pacyera mMOJHOI0 TOKA IMY4YKa

YtoOBl paccunTaTh MOJHBIM TOK My4Ka HEOOXOIUMO MPOCYMMHUPOBAThH BCE
TOKH, KOTOpble m3MepsieT npoduiomerp. Ho nis koppekTHOro pacuyera He0OXo-
JTIUMO YYECTh T€OMETPHUIO JBUKEHHUS U TUIOLIAh, KOTOPYIO U3MEPSAET HOXKKA MPO-
dunomerpa.

B BeIXOgHOM (haiine 3HaUYCHHUE TOKA — 3TO CYMMapHBIA TOK, IPUXOASIINA Ha
MPOBOJIOYKY, KOTJa MPOPUIOMETP HMMEET COOTBETCTBYIOUIEE MOJIOKEHUE YTIa.
CKOpOCTh U3MEHEHUS YIJIa HE MOCTOSIHHA U U3MEHsAeTCA. B Hauane ckaHMpOBaHMS
CKOPOCTb U3MEHEHHUsI yriia HE BEIUKa T.K. MPOGUIOMETp pa3roHsAeTCs, B lajdbHEH-
IIEM CKOPOCTh YBEJIMYMBAECTCS W YCTAHABIMBAECTCS HA IMOCTOSSHHOM 3HAYCHHH.
CKopoCTh ompoca amnepMeTpa MOCTOsAHHAs. TakuMm 00pa3oM, BO3MOXKHBI CIENy-
IOIIIME BaPUAHTHI:

a) CKoOpoCTb M3MEHEHUs YIJia HU3Kas, U MPOPUIOMETP MPUHUMAET TOK C

OJIHOTO M TOTO K€ Yy4acTKa ITy4yKa HECKOJIBKO pa3.
6) CkopoCTh U3MEHEHHS yrja CIMIIKOM BBICOKA M MPOMUIOMETp MPOIYC-
KAaeT HEKOTOPbIE€ YUYACTKH My4Ka, 1€ TOK OCTAETCsl HEyUYTEHHBIM.

Ha pucynke 6 cxemaTH4HO M300pakeHbl 00a TUX ciayyas: riae Aa — yroia Ha
KOTOPBIH M3MEHHUJIOCH MOJI0KeHHEe TIpodrtomerpa 3a Bpems t, munyc t1, S — mio-
1aab, KOTOpas B MEPBOM CiIy4yae M3MEpSIeTCs /IBa pa3a, a BO BTOPOM cllyyae He

U3MEpPSETCS.
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Pucynox 6 — 3mepsiemas tuionaab Npy pa3HbIX CKOPOCTIX MPOPUIOMETpa: a —
CKOPOCTb HHU3Kasl, 0 — CKOPOCTh BBICOKAs

Jl51s TOrO 94TO00BI y4ecTh 00a 3TUX Ciydas HeOOXOIUMO YMHOXHUTH TEKYIIIEe
3HaYEHHUE TOKA Ha KOA(P(PUIUEHT, KOTOPBIH paBeH OTHOIIECHUIO IUIOMIAIU S, KOTO-
pyIO IpolIa IPOBOJOYKA NPU U3MEHEHHH YIUIa K IUIOMIAAH, 3aHUMAEMOW CaMOu
nposoJyioukoil. Hike npeacrasnena ¢popmyna 1 ams pacuera TEKyIIero 3Ha4YeHUs

TOKaA.

[ =p 28 (1)

Sleg

rae lj — 3To TOK Ha MPOBOJIOYKE, Sjeg — TUIOMIA/IB.

Ota mwiomanb Sig paBHA UIMHE HOKKM YMHOXXCHHOW Ha JIMAMETp, YTO B
cBoto ouepenb ecth 49*0.5, u S(Aa;) — 910 IomAab, KOTOPYIO MPOILIA HOXKKA 32
U3MEHCHHBIN yron Aa;. Jlanee 3amaua CBOAUTCSA K TEOMETPUUYCCKON 3a/1aue HaXO0X-
JeHus 9ToH momaan S(Aa;).

Ha pucynke 7 nzoOpaxeHa reoMeTpusi IBIKEHUS NpoduiioMeTpa, riae Kup-
HBIMH JIMHUSMH BBIZICJICHBI TIOJIOXKEHHS MPO(UIOMETPA C OAHON HOXKKOW BO BpeMsI

t1 nu tz.
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Pucynox 7 — ['eoMeTpust ABMKEHUS IPOQHUIIOMETpA: a — TUIOMIAAb S, KOTOPYIO
HE0O0X0IMMO HaWTH, O — SKBUBAJIECHTAs ILIOMIAAb S’

UtoObl HANTH TUIOIIAAb S, MOKHO MEPEUTH K HAXOXKJACHHIO TIJIOMIAU CEKTO-
pa kpyra S’ ¢ paaguycoMm R, KOTOpbIil onuckiBaeT KoHel HOKKH. Ha pucynke 8 Aa —
W3MCHEHHE yriia 3a Bpems t, munyc t1, LW — qnuHa ocHoBanwus, LI — mivHa HOXKKH.

[To u3BecTHbIM 3HaueHusM LI, Lw u yrima mexay HuMu MOXHO Haiti R mo

TECOPEME KOCUHYCOB!

R =./Lw? + LI2 — 2 X Lw X Ll X cos(b) . (2)

B dopmyie 2 yromn b 3To yron Mexay oCHOBaHHEM M HOXKKOM. Tak Kak yron

MEXXy HOKKaMU u3BecTeH U paBeH 90 rpaaycos, yroi b paBeH

b= 180—="=135 . (3)
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UtoOsl HaliTH IO S’ HEOOXOAMMO BBIYECThH IIJIOMIAh CEKTOpa Kpyra C
paaunycoMm LW n3 mioniaam cexropa kpyra ¢ paaunycom R. Cexktop Kpyra BBIYUCIIS-

eTcs o u3BecTHOM Gopmye. toro nmonydaercs:

ZAa

Aa
S'"=nXR*——-mXLw : (4)
360 360
B pesynbTrare Mojly4aercs, 4To ILIOMaAb 3aBUCUT TOJIBKO OT Ad, a MOIHBIA

TOK TTy4dka | paccuuTsiBaeTcs mo popmyie 5

[ =y Sl (5)

S leg

Takum 00pa3om, B T€X MecTax, I'/ie CKOPOCTh Mpo(dHiioMeTpa MajleHbKas U
Aa He BeNIMKO, IUIONIA](b, KOTOPYIO MPOIIET NPO(PUIOMETP, OKa3bIBAETCSI MEHBIIIE,
YeM IUIOIIA/lb, KOTOPYIO MMOKPBIBAET MPOBOJIOYKA U 3TOT KOAPPUIUEHT MEHbIIIE 1.
A B TeX MecTax, TJie CKOPOCTh ABMKEHUS MpoduioMerpa Oonbmias u S’ 60mbIe

Sieg KO3 (ppurenT 6obie 1.

3.2 MeTtoa nepecyera U3 YrjioB MOJIOKeHHUS POPHIOMETPA B KOOPAH-

HATbI HA IIVIOCKOCTH

Kaxnpie aBa yria npoduiiomerpa, ¢ mepBoid HOXKKH U BTOPOM, MOYKHO OTOO-
pa3uTh B KOOpJAMHATHI Ha MiockocTu. Ha pucyHke 8 moka3aHbl JBa COCTOSHUSA
npoduiioMeTpa, Korja oJiHa U3 HOKEK MPOXOJIUT MO TOM K€ IIIOCKOCTH 4TO U ApPY-
rasi, HO ¢ IpyruM YIJIOM. 3Hasi 3TU YIJIbl MOYKHO BBIYMCIIMTH KOOPJAWHATHI UX IEpe-

CCUCHMH.

14



Y

Cocrosnne 1

-~
] CocrozHne 2

N T
Lw)l — L7

a2

o X

0

=
Pucynox 8 — [lonoxenust npoduiiomerpa npu yrie al u yrie a2

[Tpu ompeneneHHBIX yriaxX pa3Hble HOKKH MPOodrIoMeTpa IpoXoIiT OAHY H
Ty K€ IJIOCKOCTh TOJT pa3HbIM yrioM. Ha pucynke 8 mokaszanel Takue yriel al u
a2. Lw — sTo nnuHa ocHOBaHUS, yribl acl 1 ac2 — 3TO yrJibl HAKJIOHA HOKKHU K OCH
abcmuce, L1 m L2 — 370 HEen3BecTHas JUIMHA OT OCHOBAHMUS 10 TOYKU MEPECCUSHUS
P nepeceuenust ¢ Hem3BecTHbIMU KoopauHatamu (X,Y). Ha camom mpodunomerpe
YTIIBI OTCUUTHIBAIOTCSI OT BEPTUKAIBHOTO TMOJIOKEHUS, U JJIsl YA00CTBAa MOKHO Ti€-

PEBECTH B YTJIbI OT Ocu abcuucce no Gopmyre 6.

al =90 —al’ ,
a2 =90 —a?2' ,

(6)

rae al’ u a2’ 3To yriiel npoduiioMeTpa OT BEPTUKAIBLHOTO MOJIOKEHHUS, KOTO-
pBI€ 3aMUCHIBAIOTCA B (paii.
MoxHO BbIpa3uTh koopauHaThl Touku P(X, Y) depe3 ypaBHEHHUE OT pa3HBIX

yraoB 8l u 82, U cOCTaBUTh CUCTEMY 3TUX YpaBHEHUM. /{7151 3TOr0 HYKHBI KOOPAU-
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HaThl Toukn C(XC,YC) y3na kperieHus Hoxek. [t cocrostaust mpodrtomerpa 1 u
2 xoopamHathl Toyek CI1(Xcl,Ycl) C2(Xc2,YCc2) y3ina KpelwieHUs! MPOBOJIOYCK

OyIyT BeIpakaThes 1o popmynam 7:

Xcl = Lw X cos(al) ,
Ycl = Lw X sin(al) (7)
Xc2 = Lw X cos(a2) ,
Yc2 = Lw X sin(a2) .

Jlanee KOOpaIUHATHI TOYKH TepecedeHus mpoosioyek P(X, Y) MOXHO BbIpa-
3UTh Yepe3 3TU KOOPJIMHATHI y3Jla KPEIUIeHUsI U Hen3BecTHbIe JuinHbl L1 u L2, Ho
BHayajie HEOOXOAUMO TEepecuuTaTh yriabl IS 1eHTpa acl u ac2. Yrom Mexmy
HOXKKaMu 90 rpaaycoB, HO HEOOXOJUMO BBIHECTH ATOT MapaMeTp JJIsi HACTPOEK,
MOATOMY YIOJl MEXKJy HOXKKaMH 0003HauuM La. Yriel acl u ac2 BeIpaxkaroTcst U3

al u a2 o caeayronuM Gopmynam 8:

La
l=al+—,
ac a > (8)

La
acZ=a2—7.

Temeps MOXXHO 3amucaTh CHCTEMY ypaBHEHUH 9 KOOpIWHAT TOYKHU Tiepece-

YCHU.

X = L1 %X cos(acl) + Xc1l

Y = L1 x sin(acl) + Ycl

X = L2 X cos(ac2) + Xc2 9)
Y =L2 X sin(ac2) + Yc2 .

Jlist Toro, uro6sl u36aBuThea ot L1 L2 Bbipazum ux, nepenecem XC YC B
JIEBYIO YacCTh U pa3/ielnM Ha MHOXUTENb nipu L1 L2. B pesynbraTte nomyuurcs cu-

crema ypaBHeHuit 10.
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( X Xc1

cos(acl) - cos(acl) = L1
. Y . .Ycl =1
sin(ac1) sin(acl) (10)
1 x Xc2
- = L2
cos(ac2) cos(ac2)
Y Yez _ o

\sin(ac2) N sin(ac2)

Teneps nzb6aBumcs ot L1 L2, npupaBHsaem ypaBHEHHUs, IOJTydaeTcs CUCTEMA

11.
X . Xc1 _ Y . Yc1l
cos(acl) cos(acl) - sin(ac1l) sin(acl)
X Xc1 Y Yc1l ) (11)

cos(acl) cos(acl)_sin(acl) sin(ac1)

HepeHeceM HCU3BCCTHLIC YJICHBI B JICBYIO 4YaCTb, 4 U3BCCTHLIC B IIPABYIO,

nojy4daercs cucrema 12,

X Y . Xc1 Yc1l
cos(acl) sin(acl) " cos(acl)  sin(acl)
X Y Xc2 Yc2 (12)

cos(ac2) sin(ac2) - cos(ac2) sin(ac2)

MoXxHO pacrnucath CUCTEeMY OTHOCHUTENIbHO yriioB al a2. Bmectro XC YC u

acl u ac2 3anucarb UX ypaBHEHUS, IOIyYUTC cuctema 13.

X _ Y __ Lwxcos(a1) _ Lwxsin(a1)
cos(a1+L2—a) sin(a1+%) cos(a1+L2—a) sin(a1+L2—a)
X Y _ Lwxcos(a2)  Lwxsin(a2) (13)

La\ . La La ; La
cos(az— 7) sm(az— 7) cos(aZ— 7) sm(az— 7)

Tenepp monyuynnachk CHUCTEMa YpPaBHEHUW C JBYMs YPAaBHEHUSMH U JIBYMs

nepeMeHHbIMH. Ee MOXHO pemuTh JTH00BIM U3BECTHBIM CIIOCOOOM.
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Takas cucrema ypaBHEHHI HE OyJET UMETh PEIICHUS, TOJIBKO KOrja He 0y-
JIET TOYKH TIEPECEUEHNs, T.€. KOT/1a HOXKKHU MMapajuIelIbHbI, BO BCEX OCTAJIbHBIX CITY-
Jasx HET HUKAKOro orpaHudveHus Ha yribl al u a2, u nnuny L1 u L2 u pesynbrar
Oyzaer. XOTs mpeamnoiaraeTcss 4YTo yribl MoyiokeHus npoduiomerpa al’ u a2’', u3
KOTOPBIX Mmojiydarores al u a2 mo ¢opmyse 6, mpuHaIekaT UHTepBaiaMm oT 13 1o
0 u ot 0, 1o munyc 13 coorBeTcTBeHHO. A ynHBI L1 u L2 He MoryT OBITH OTpHIIa-
TEIBHBIMU M OOJIBIIIMMH, Y€M JJIMHA HOXKH, KOTOpas paBHa 49 MM, XOTs IIpH pe-
HICHUH 3TOM CUCTEMBI OyAyT BOZHUKATh U TaAKWE PEIICHMUS.

Teneps, nmes aBa yria al u a2, MOXKHO PEIIUTh ATy CUCTEMY U HaWTH KOOP-
nuHaTel iepeceueHust (X, Y). Pemenne 3toit cuctemsl ais yriaoB al u a2 ohopm-

jsieTcst B GYHKIIMIO, KOTOpast Bo3Bpaiiaet 3HadeHus (X, Y).

3.3 Mertoa pacyera pasMepa nmy4kKka

Meron pacuera pa3Mmepa IydyKa OCHOBBIBAETCS HA MPEAbIAYLIEM alIrOpUTME
BBIYUCJICHUS KOoOpAuHAT. PazMep myuka BBIYMCIISETCS Ha TMOIYBBICOTE MPOQUIIS.

Ha pucynke 9 nzo0paxken npoduib mydka.
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al am1 a2 0 angle

max

Pucynox 9 — [Ipodwib nyuka. Ha ocu aGcuivce OTKIIaAbIBAIOTCS YTl TPOGUIO-
MeTpa, OCb OPJIMHAT - 3TO TOK

B nauasne onpenenstorcst 3Ha4CHUS MAKCUMYMOB MaxX u yriibl al, a2 u a3, a4
JUTS TIEPBOM M BTOPOM HOYKKHA COOTBETCTBEHHO. J[J1 Ka)X10M HOXKKH 3TH 3HAYCHUS
cBou. MHTEpBanbl YriaoB Uil MEPBOW M BTOPOM HOXKKH pa3feieHbl Hynem. T.e.
CUMTAETCS, YTO MEpPBasi HOXKKA MMEET YIUIbl OT 13 rpagycoB 10 HyJs, a BTOpas
HOKa OT HyJISI 10 MUHYC 13.

Janee HaxoasATCA nepeceueHus ¢ rpaukoM Ha ypoBHE Max/2. beiBaer, uto
ATUX MEPEeceYeHU MEHbIIEe WM OoJblle yeThlpeX. B Takux ciydasx aiaroputm
BO3BpaIaer omuoky. Eciu 3Tux 3HaueHud 4, TO ONpeNestoTCs yribl IpHU 3THX
IIEPECECUCHHUSIX.

Tenepp, KOr1a UMEIOTCS YIJIBI HA MOJYBBICOTE U YIJIbl MAKCUMYMOB, MOKHO
HAaWTH KOOPAWHATHI OTPE3KOB HA IJIOCKOCTHU. JIJIMHBI 3TUX OTPE3KOB SIBISIOTCS

IIUPUHON TTyYKa B OJHOM TUIOCKOCTH M B JIPYrOM. 31eCh HENb3s YyIOTPEeOUTh Tep-
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MHWH IIHMPHHA W BbICOTA, IIOTOMY YTO 3TH JIMHBI HC ABJIAFOTCSA TAKOBBIMU. Ha pu-

cynke 10 n3o0pakeHbl MoI0KEeHUs TPO(UIOMETpa MPHU TaKUX yriax.

a3

Pucynok 10 — ITonoxenust mpoduiomMeTpa Ipu yriax Ha MOJTYBBICOTE U YTJIe MaK-
CUMyMa

Jliist Toro utoOb Haiitu (X1, yl) HeoOxonuMo moacTaBuTh yrisl aml u a3 B
GYHKIHIO TIepecdeTa YriioB B KOOPAUHATHI, KOTOpask OMMCcaHa B MPEABITYIICH Ti1a-
Be. AHAJIOTUYHO JJIs TOYKH (X2, Y2) — moacTaBuTh yribl aml u a4. mest koopau-
HATBI TOUYEK MOXKHO BBIYMCIUTE L — paccTosuue ot (X1, y1) mo (X2, y2) mo u3BecT-

HOUl popmyiie 10:

L= (x2—-x1)2+(y2—yl)? . (14)

Takum 00pa3oM, pacCUUTHIBACTCS U Ipyras MIUPHUHA, 1T KOTOPOH UCIIOJb-

3yeTCsl yroJI BTOPOTO MakcuMyMa am2 u yribl al u a2.
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B nmporpamme 3TOT aIrOpUT™M pacIupseTcs, U NOJIb30BATEINO NIPEIOCTABIIA-
eTCsl BOBMOXKHOCTh BBIOpATh, HA KAKOM BBHICOTE OT MAaKCHMyMa pacCUMTHIBAThH pas-

Mep ImyJKa.

3.4 MeTtoa miyMonoaaBJieHusi

[IIymononaBnenrne TpeOyeTcsl sl MpeaBapuTEIbHOM 00paOOTKU TaHHBIX,
9TOOBI YOpaTh HE3HAYUTENbHBIE BCIJIECKH U YIIPOCTUTH AATBHEHIIYI0 00padoTKYy.
Jns ynaneHus: MIyMOB XOPOIIO MOJIXOMAST aJITOPUTMbI YaCTOTHOTO aHalv3a J1aH-
HbIX. CyHIECTBYET MHOKECTBO AJITOPUTMOB YaCTOTHOT'O aHajau3a. Tak Kak JTaHHBIE,
C KOTOPBIMH pabOTaeT MPUIIOKEHUE, SIBJISIOTCS HE IEPUOTUIHBIMU, ObLIO BEIOPAHO
JMCKPETHOE BeHBIET-TIpeoOpazoBanue [4].

BxoaHble TaHHBIE TOKA PaCKIIaJbIBAlOTCS Ha BEUBIIET-CIEKTp, Aajnee KOd()-
(GUIUEHTHl CO 3HAUYEHUEM HUXKE MOPOTOBOr0 YNAJSIOTCS, 3aT€M MPOUCXOAUT 00-
paTHOe npeoOpazoBanue. [loporoBoe 3HaueHUE 3a1ae€TCs NOJIB30BATENEM KaK MPO-
LEHT OT MaKCHUMAaJIbHOTO 3HauyeHus. TakuM oOpa3oM U3 CUTHaja YJalsoTCA He-
00JIbIIIME BCIUIECKH U OCTAIOTCSI BCE 3HAUAIIME JaHHbIC.

B kauecTBe MaTepMHCKOro BeiBieTa Al mpeoOpa3oBaHusl ObUT BBIOpaH
CIUIaiH BEWBJIET, KOTOPBIM, KaK MOKa3ajia IMPAKTUKA, JIY4Ile BCEro Crila)KUBaeT
CUTHAJ, T.K. CaM SIBJISICTCS TJIaAKON (hyHKITUEH.

Ha pucynke 11 mpexacrtaBieHbl HeoOpaOoTaHHble JaHHbIe. Kak BHUIIHO, B

CHUTHAaJIC €CTh HEOOIBIIHE IITYMOBBIC BCIIJIICCKH.
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Tor(A)

40,00016
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Pucynoxk 11 — HeoOpaboTannbie JaHHbIC TPOPUIIS MydKa
Ecnu nmpuMeHUTH BBINMICONUCAHHBIN aNTOPUTM C 3 MPOIEHTaMH MOpora Ha

ATOT CUTHAJ HEOOJIbIITNE BCINIECKU CTIIAISATCS, PE3yJIbTaT MOKa3aH Ha PUCYHKe 12.
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Pucynox 12 — Pe3ynbpTaT NpUMEHEHHS aJITOPUTMA TyMOIIOaBICHUS C 3 MPOIICH-
TaMu Mopora

Jlanee eciy BBICTABUTH MOPOT ItyMa Ha 30 MPOIEHTOB, TO OCTAHETCS TOJIBKO
caMbIii OOJIBIIMHI M0 aMIUTUTYIC€ ¥ HU3KHKM 110 4acToTe KOA(h(HUIIMEHT B CHUTHAJIC.

Pesynbrar Ha pucynke 13.
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Pucynok 13 — Pe3ynbTat npuMeHeHust anroputMa irymornoaasiaeHus ¢ 30 mporeH-

TaMu Mopora
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4 OIIMCAHME TPOI'PAMMHOTI'O OBECIIEYEHUA

Jliist pa3paboTKu MpUIIoXKeHUs ObLT BIOpaH s3b1k C++ u perimBopk Qt [5].
Qt — 570 GpeiiMBOPK, MO3BOJIAIOIMINN pa3padaThIBaTh MPUIOKEHHS C TpadUIeCKUM
uHTepdericom nomp3oBatens Ha si3pike C++. [lpu sTom kon, HanucanHbi Ha Qf,

HC MPHUBA3BIBACTCA K CUCTCMC U ABJISICTCA KpOCCHJ'IaT(i)OpMeHHI)IM.

4.1 OnucaHue MoJIb30BaTEJIbLCKOI0 HHTEPPeiica

['maBHas popma pa3pabOTaHHOTO MPUIIOKEHHUS TIPEACTABICH Ha PUCYHKE 14.

Ii, Profile Multi Draw e - ] X

BifpaT naniy D: 07.17 |13 | Hacrpoian ||\ gaiina 17.c5v - [ —
M W I

ove(mA) -0.00025348
{ma) -0.000235366

x 6.35526
Y 0.987197

s
st.osv -0,00012

wi Tok(nA) | Vrdopuauns Ha nHTepsane

Tok Ha WHTepBane(MA)
-0,0002 |-
TpowenT ot ofuero

Tox Ha nepsoii Hoxke -6.45068  93.8466

-0,00024
Tox Ha BTopali Haxke -6.50602 96.7306

Cpenruit Ha nsyx -6.47835 95,2729

-0,00028

Pucynok 14 —I'naBHas popma pazpaboTaHHOTO MPHUIIOKEHUS

Jlist Toro, yToOblI 3arpy3uTh JAaHHbIE B MPUIIOKEHHE, HEOOXOIUMO HaXXaTh
KHONIKY BwiO6pams nanky. DTO BBI30BET CTaHIApTHOE JMAJIOrOBOE OKHO BbIOOpa
nepuktopund. HeoOxonumo BeIOpaTh Manky, B KOTOpOH cozepskarcs (aiiabl gaH-
HBIX C pacllUpeHueM .CSV, KOTOpbIe CreHepHrpoBaja MporpaMMa yrnpaBJIeHUs MPO-
dbunomerpom. [loce Toro kak nmanka BeiOpaHa, (aiiibl ¢ pacMpeHrueM .CSV 0To0-
paxarorcsa B ciucke cieBa. s ynoO6cTBa BeIOpaHHasi TUPEKTOPHUS COXPAHSIETCS B
TEKCTOBOE MOJIE CBEPXY. JTa AUPEKTOPUS HAYMHAET IIPOCMATPUBATHCS pa3 B ce-
KyH/ly Ha HaJIMYME HOBBIX WJIM U3MEHEHHBIX (PaillioB, U €CJIM TAKOBBIE €CTh, TO OHU

N00AaBJISIOTCS B CIIUCOK U OTOOpakaroTcs Ha rpaduke.
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Jnisa Toro, 4To0bl 0TOOpa3uTh MHGOpMaUIo B ¢aiine, He0OX0IUMO KIIHK-
HYThb Ha HEro J[Ba pa3a B CIHCKE, TOT/a 3TH JaHHbIE 0TOOpa3sATcs Ha Trpaduke, U
co3gacTcsi HOBbIM OJOK (OpMBI cripaBa, B KOTOPOM OyAyT OTOOpa)K€HbI BCE BbI-
YUCIISIEMBbIC JaHHBIC O MydKe W HAacTpoiiku rpaduka. Eciam HeoObxoammo otoOpa-
3UTh MHOTO (paiijioB, TO OJIOKH (PopMbl OYIyT MOOABIATHCS CHU3Y M TOSBUTCS
ciaiziep s MPOKPYTKH.

Cam Onox QOpMBI COACPKUT BCE BBIUUCISIEMBbIC IMapaMeTphl My4yka |
HACTpOWKH oToOpakenus rpaduka. Ho nundopmanuu ObU10 HACTOIBKO MHOTO, YTO
NPUIIIIOCH Pa3MECTUTh €€ Ha pa3HbIX BKJIaakax. Ham Bcemu Bkiaakamu otoOpa-
KEHO Ha3BaHME (ailla, ecTh KHOIKA, MO3BOJISIONIAs MEHATh LBET rpaduka, u
KHOIIKa YOpamsp, KoTOpast yaanseT rpaduk U JaHHbIE O HEM U3 OTOOpaKEeHUS.

Bxnanka @aiin otobpaxkaer o6myro uHdopManuo o Qaiiae U HaCTPOUKHU
rpaduka, uarepderic nzodpaxeH Ha pucyHke 15. Tak kak B ¢aiije MOXET ObITh
HECKOJIBKO KaJIpOB, €CTh Cjailiep, KOTOpPBIN YIpaBisieT OTOOpakKEHUEM Kajpa.
[Tonp30BaTeh MOXKET U3MEHUThH pa3Mep W Tull JuHuu Ha rpaduxe. Knonka Ilpo-
¢punb BBI3BIBAET HOBOE OKHO, B KOTOPOM OTOOpa)kaeTrcs JBYMEpHBIM Mpoduib
nyuyka. Craiiiep nryMOmnoIaBJIeHHs MO3BOJISIET MOJB30BATENI0 MOA00paTh MOPOTo-

BOC 3HAUCHHUC JIA aJI'OPpUTMA YAAJICHUA IITyMOB.

HazeaHue dalina  3.c8v - YhpaTte

©aiin Marcimym WhipiHa OBt Tor(MA) MHdopMawa Ha MHTEpBane
NaTa cKaHupoBaHuA 12:40:53 PM 7262017
Kanp 1/2 I
PazmMep nAHMK
CnnowHas * | Tun nuHKK
MpodKne

UJ'?'MDI'IEIJJ,EIBJ'IEHME I

Pucynok 15 — Bknaaka @aiin B 6710Ke JaHHBIX
Bxnanka Makcumym otoOpaxaeT JaHHbIE O MAaKCUMyMe Iy4Ka: yroj Mak-

CUMyMad, MaKCUMAJIbHOC 3HAYCHUC TOKA U IMOJIOKCHHUC MAKCMMYMa B KOOpJIHWHATAX
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Ha mjockocTtu. Takxke ecth kHonka Iloxkazamb MaxKkcumym, KOoTopasd I00aBIIsIeT

NYHKTHPHYIO JIMHUIO Ha rpaduk B TOYKe MakcuMyMa. Bkiiajgka mpencraBieHa Ha

pucyHke 16.
HaseaHue dalina  3.csv - YpaTe
alin Marcmym LLikpiHa OB Tor{MA) MHbOpMaLMA Ha MHTEPBaNE
¥ron Ha nepsoi Howke  1.68369 MoKa3EIBaTE MAKCMMYM

¥ron Ha BTopoi Howke -8, 25786
MaKcHMManEHEIR Tok Ha nepeoi Hoxee(mA) -0.000319872
MaKCMMaNEHEIR ToK Ha BTopoi Hoxee(mA) -0.000232197

MonoskeHe (M)
X 4, 33582

i -5.37398

Pucynox 16 — Bxianka Maxkcumym B 6J10Ke JaHHBIX
Ha Bxnaake Hlupuna otoOpaxaroTcs TaHHbIC O ITMPUHE MTyYKa Ha MOTYBbI-
coTe. JlaHHBIE BBIUUCIAIOTCA MO AJITOPUTMY, OMUCAHHOMY Bbie. Jyis ygo0cTBa
obu10 Mo6aBiieHo mose Ilnowyads, xkoTopoe OTOOpakaeT IIIONIA/b DJUIMIICA, TIC
IIMpPYHA U BBICOTA JJUIAICA €CTh IIMPUHBI HA IBYX HOXKaxX. Bkiiaaka npeacrasie-

Ha Ha pucyHKe 17.

HazeaHwe dalfing  3.05v - VY6paTs

daiin MEK oMY LLkpmHa ORI Tor(MA) WMHhopMaELWMA Ha MHTEPEaNE

LLprHa Ha nonyseicoTe{MM) .
- [v] MokaswiBaTE CEpemmH
LUMpHa Ha nepsoi Home 9.86211 D ¥

LpiHa Ha BTopoi Homke 15,8058

Mnowanb 122,425

Pucynox 17 — Bxinanka Illupuna
Ha Bknagke Oéuguit mok oTodpa>kaeTcsi MOJHBIA TOK MyYKa B MUJUIHAMIIE-

pax. UuTepBan cymmupoBaHus Jyisl NepBor HOXKKHM OT 13 1o 0 rpamycos, Ajis BTO-
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poii Hoxkku OT 0 1o munyc 13. Takxke oToOpaskaeTcsi CpeJHUI TOK Ha JIBYX HOX-

kax. Bknanka nzo0pakeHa Ha pucyHke 18.

HasBaHwe diaiina  3.0sv - ¥hpaThb

daiin Makcimym LWhapHa OBLwME Tok{MA) MHdopMaLmA Ha MHTepBane

ToK Ha nepsoi Hoxke  -0.87304
Tok Ha BTopoi Homke  -6.72591

CpefHWiA Ha OBYX -5.79973

Pucynox 18 — Bxitagka o61mimii Tok B 0JI0KE TaHHBIX

Ha Bxnanke Hugpopmayus na unmepeane oroOpaxxaroTcs JaHHbIE B MPO-
MEXKYTKE, KOTOPBIM 3a7aeTcsl Kak MaKCUMYM TOKa, JIEJICHHBIA Ha YUCIIO, BBEICH-
Hoe B mnoje Yacme. [lonb3oBarenb MOXET BBOJUTH MPOU3BOJIbHOE 4Hciio. Eciu
BBECTH YHMCJIO 2, TO MHTEPBaI OyJET OMpEEeICH Ha IMOJYBHICOTE OT MaKCHMyMa
nyudka. [Io yMoa4aHuio 3TOT napamerp noJ0upaeTcsi TakuM o0pa3oM, 4TOObI 3Ha-
YeHHe TOKa ObLTO 95 MPOIEHTOB OT 00IIIETr0 TOKa HAa BCEM MHTEpBae. 37eCh 0TO0-
pakaeTcs MMpUHA B MIULTUMETPAX U TOK B 3TOM nHTepBasie. dopma npeacraBieHa
Ha pucyHke 19. B Oynymem rutanupyetcsi 100aBUTh BO3MOKHOCTh 3a/1aBaTh WH-

TCPBAJI IIPOCTO YCTBIPbMA 3HAYCHUAMU YI'JIa.
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HazeaHwe daiina  3.csv - VBpaTe

®ain Makcumym LIMpHa OBwmiA Tor{MA) WHbopMaLma Ha MHTepEane

YacTe |4,2000 & nDKa3bIBaTb MHTEpBan

LUipira(tm) Tok Ha HTepsane(MA)

LMpKHa Ha nepeoid Howke 17,7318
. MpovueHT oT obwero
LWKprHa Ha BToOpoH HOokKe 13,6569

Mnowaae 253.826 ToK Ha nepeoi Howke -0.45068 93.3460

Monoxenne cpesa (MM)

Tok Ha BTopol Hookke  -6,50602 96,7306
15.604 0.74278

§.95225 36,7876 CpedHWi Ha oeyx -5.47835 95,2729

Pucynok 19 — Bknaaka Hugopmauus na unmepeane
Knonka Ilpoguns Bo BKIanke @aitn otobpakaeT IBYMEPHBIA NMPOGUIbH

nyudka. OKHO oToOpaxkeHus rnpoduist uzodpaxeHo Ha pucynke 20.

0,0003 D

[AuameTp oTEepcTHA(MM)
MWKCENEi B MUTMMETPE
0,0002 YpoBHE rpaaveHTa

24

3 - 0,0001

¥ (M)
3

- -0,0001

-0,0002
-24

X () -0,0003

Pucynok 20 — OxHO 0TOOpa)keHUsT ABYMEPHOTO MPOMUIIS MydKa
Kaxxapiit mukcens mpoQuiis CTPOUTCS KaK MEPEMHOKEHUE TOKOB C IBYX HO-
xeK. IIpu 3ToM mosiokeHue Ka)I0To MHUKCENsS BHIYUCISETCS 10 alfOPUTMY Iepe-
cdera yrioB B koopauHathl. [lapamerp Juamemp omeepcmus — 510 nuameTp
oTOOpakaeMoi 00J1acTH, OH OTOOpPaKAETCs MyHKTHUPHON OKPY>KHOCTHIO. JKenThIit
KPY>KOK OTOOpa)kaeT MakCUMyM Tyuka. [IyHKTHpHbIE TUHUM SIBISAIOTCS IIUPUHON
Ha nonyBbIcoTe. [lITpuxoBast MMHUS BHU3Y OTOOpa)KaeT BEPTHKAIBHOE TOJIOKCHHE

OCHOBAHMU:I.
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B npunosxeHuu ectb BO3MOKHOCTH 3a/1aTh IMapaMeTphl npoduiomerpa. 1o
JieNIaeTcsl HaXKaTHeM Ha KHOIIKY HAaCTpOMKHU B rJaBHOM okHe. Ha pucynke 21 n306-

Pa’KCHO OKHO HACTPOCK.

1 Dialog ? X
dw dx §
e W, — % Haueno koopauuaT
N
\
Amara Hokin () L2 42,000000 P
P!
L2 & Ton a
v ) )
T I
Crewerite ¥ () dy -190,638000 MiodT b
TNiodT (rpan) b 0,400000 c ]
6] ] &
KanuBposia Ans wkank! mannAneTpos(umjrpag) | 15,00 !

KoopaiHaTs! oTofpakaTs sepKansHo

Pucynoxk 21 — OxHO HacTpoek
B »TOoM OkHe 3amaroTcs Bce mapaMeTphl IpouiioMeTpa, OT 3TUX MapaMeT-
POB 3aBHUCST pacdeThl TOKA W TMOJIOKEHUS. ECTh BOBMOXXHOCTh OTOOpaKkaTh KOOP-
JIMHATBI 3epKalibHO. Bce 3T HacTpoiiku coxpaHstorcs B ¢aitn settings.ini B au-

pekTopuu ¢ npunoxkenueMm. Ha pucynke 22 nzo0paxkeH Qaiisi ¢ HacTpoKamu.

[General]

LastPath=D: fusers/Timad5/ \x41f\x440\ x43e\x44\ x4 38 \ x4 3b\ x4 3\ x4 3\ x435\x442\x448 /26 .07 . 17
Wirelength_mm=168.78679700000001
Leglength_mm=49

Leghidth_mm=8.5

LegsAngle_c=98

DeltaX_mm=6.2541799999999999

Delta¥ _mm=-198.63500000000001
Luftlngle_c=0.40000000000000002
ShowMirror=true

mmAxisCalibNumerator_mm=15
mmAxisCalibDenominator_c=6.7999999999999998
SettingsVersion=2.4

Pucynok 22 — Conepxxumoe aiina ¢ HacTporKaMu
B atom ¢aiine xpanutcs none LastPath, B koropom 3amuceiBaeTcst mocien-
HSs BbIOpaHHas mnanka. M oHa moArpykaercs MpU OTKPBITHH MPOTPaMMBbI.
Taxxe yka3pIBaeTCS HOMEpP BEPCHH MPOTPaMMBbI, 4TOOBI (aill HACTPOEK COOTBET-
CTBOBaJI Bepcuu mporpamMmbl. Eciau storo ¢aiina He Oyner B mamke, TO OH CreHe-
pUpyeTcsl MporpaMMON aBTOMAaTHYECKH, W B MHapaMeTpbl mpoduiomerpa OyIayT

IMPOCTaBJICHBLI 3HAYCHH 110 YMOJIYAHUIO.
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4.2 TIporpaMMHAas apXUTeKTYpa NPUI0KeHUSs

Jlns mpencraBieHust NaHHBIX Tpoduiomerpa Obul  pa3paboTaH Kiiacc
ProfileData. Dot kiacc comepxut naHHBIC W3 OgHOTrO (aitia. Takxke B HEM co-
JepkaTcs OOBEKTHI, OTBEUalOlMe 3a OToOpakeHue TrpaduKkoB, H  BH-
JOKET(BU3YIBHBIN OOBEKT) OTBEYAOIIHIA 32 OTOOPAKCHUE BHIYHUCIIIEMBIX TAHHBIX B
rpaduueckom unrtepdeiice. Ha pucynke 23 nzolOpakeHa nuarpaMma KJIaccoB Ha
KOTOPOU TIPENICTaBICHBI OCHOBHBIC KJIACCHI, CBS3aHHBIC C XPAHCHUEM U IMPECTaB-

JCHUECM JaHHBIX.

MainWindow

- profiles : QList=ProfileData” >

ProfileData
- newFile(QString path) : void -
- deleteProfileFromPlot(QString fileName) : void - ampersGraph : QCPGraph

- realAmpersGraph : QCPGraph

- scrollArea : Q5crollfrea
- infoBlock : ProfileinfoBlock

OVector<int> ProfilelnfoBlock
51 Q\Vector=d

uble> - ui: ViProfileinfoBlock;

: QVector<=Frame *=>

Frame — + setters
+ slots

+ signals

+angles : O
+ampers : QV

+ smoothAmpers : Q\ -
l - findBord

- loadF All params®) : void
- denoiseAngles(QVector<double> angles) : QVector=double>

Pucynoxk 23 — UML nuarpamma Kj1accoB, OTBEUAOIINX 3a MPEACTABICHHE TaHHbBIX

Knacec MainWindow — 3to kiacc OCHOBHO# ()OPMBI, OH COJCPIKHUT CIIUCOK
ykaszateneil Ha 00bekThl ProfileData. B atom crimcke XpaHATCs TOJIBKO q00aBIICH-
HbIC HAa OTOOpaXCHHS JaHHBIC, OHH MOATPYKAIOTCS B MOMEHT J00aBJICHHUS, T.€. KO-
I'J1a TOJIb30BATEN b PEIIUT UX OTOOPA3HUTh.

B konctpykrope oobekt ProfileData pasouBaer maHHbIe HAa Kaipbl WU IS
KaXJIOro Kajpa co3faercs o0beKkT Frame, kotopsiii momerniaercs B maccuB. O0b-
eKT Frame coep>KuT MacCHBBI YIJIOB, TOKOB M CTJIaKEHHBIX TOKOB. B HeM mpowc-
XOJUT BBIYMCIICHUE BCEX JAHHBIX O MyYKeE.

B o0bekre ProfileData comepxarcs oObeKTHI ynpapistomme rpadukaMmu.
Taxke B HeM coaepkutcsi ykaszarenb Ha Bumpker ProfileinfoBlock, B xoropom

otoOpaxaroTcs AaHHble. Korga moisib3oBarefib M3MEHSIET TOJIOKEHUE claijepa,
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HaIlpUMeEp, LIIYMOIIOJABICHHS], TO HE3aMEUIUTEIbHO BBINOIHAETCS MOJHBIM LUKII
00paOOTKHU JAHHBIX, BKIIIOYas OTOOpaKeHHE M3MEHUBIIMXCS JAaHHBIX Ha rpaduke
u B Onoke uHTepdeiica. Takum o0pa3oM MOJIb30BATENb Cpa3y BUAUT Pe3yJbTaT

CBOUX JIEUCTBUIA.

4.3 bubJauoreka Ajsi padoThl ¢ TUCKPETHBIM BelBJIeT-

npeodpa3oBaHueM

JIJist TUCKpEeTHOTO BeWBIIET-TIpeo0pa3oBaHus HCIOJIb30Badach OMOIMOTEKa
GSL (GNU Scientific Library), nanucannas Ha si3pike C [6]. [l Gonee ynoOHOTO
UCIOJIb30BaHUsl OMOIMoTeKu Ha si3bike C++ Obla pa3paborana coOcTBeHHasi OUo-
JMOTEKa, KOTOpas MpeAOoCTaBIIICT MPOTPAaMMHBIN HWHTEpdeic mis paboThl ¢
BEUBJIET-TIPEOOPA30BAHUEM.
bubmmoteka comepxkut kiacc WaveletSpectrum, xotopelii peanusyer mpe-
oOpazoBaHue. B KOHCTpykTOpe 00BEKTa IMepeaeTcsi MAaCCUB JAHHBIX MPOU3BOJIb-
HOU JJIMHBI, 111 KOTOPBIX BBINOJHSAETCA NMpeoOpa3oBaHue, U TN BelBiera. O0b-
eKT KJIacca COIEPKUT MyOJUYHbIN IBYMEPHBIN MacCUB BeWBieT-criekTpa. [1oib30-
BaTeJb KOJa MOXKET HANpsMYI0 MEHATh KO3(PQUUIUEHTHI B CIEKTPE, HO IJs y100-
CTBa ObLIH pa3paboTaHbl METOIbI, KOTOPHIE TPOU3BOIAT 00PAOOTKY CIIEKTpa:
e void threshold(double percent) — ynanser ko3 duiMeHTs U3 CrieKTpa
KOTOpBIE MEHBIIIE B MMPOIIEHTAX YyeM mapameTp percent.
e void highFilter(double value) — ymMHOXaeT BEpXHIOIO MOJOBHHY CIICK-
Tpa Ha 3HaucHue value.
e void lowFilter(double value) — ananoruuno mpeawpIIyIIEMY, TOJBKO
JUIS1 HUDKHEW YacTH CIIEKTpa.
e void levelFilter(int level,double value) — ymHoxaeT ko3¢ durreHTsI
Ha 3a/IaHHOM YPOBHE Ha 3HaucHue value.
e void intervalFilter(int startLevel,int stopLevel,double value) — ymHo-
*aeT k03 dunneHTs! Ha mapameTp value Ha yka3aHHOM HHTEpBaJe.
e QVector<double> toData() — Bo3Bpaliaer MaccuB JAaHHBIX MOCIE 00-

paTHOro Mpeoodpa3oBaHMUs.
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Hcnonp3ys 3Ty 6MOIMOTEKY, aITOPUTM IITYMOIIOIaBJICHHS OMMCHIBAETCS He-

CKOJILKUMH cTpokamu Ha si3bike C++ Qt. [IpuMep xoja mpeacTaBieH Ha pUCYHKE

24,
v wold Frame: :denoiseRmpers|()
{
hd if(lampers.isEmpty () ) {
smoothimpers.clear () ;
WaveletSpectrum *DWI = new WaveletSpectrum(ampers,WaveletSpectrum::BSFLINE_3038);

DWT->threshold (noiseReductionPercent/100.0) ;
smoothimpers = DWNT-»>toDatal() !
delete DWT;

Pucynox 24 — IIpumep ncmonp30BaHus OMOIMOTEKH JIJIST TITYMOTIOIaBJICHHUS

4.4 Jkcnayaranusi IpOrpaMmbl

B npornecce ucnonb3oBanusi npouioMerpa BO3HUKAET OOJIBIIOE KOJIUYe-
CTBO JIAHHBIX, 3TH JJaHHBICE MOXHO 00paboTaTh B pydyHOM pexkume. Toraa mocie
MPOBEJICHUSI DKCIIEpUMEHTa 00pabOTKa 3aliMeT OT ABYX JI0 MATH 4yacoB. B To Bpems
KaK C pa3paOOTaHHBIM MPHUIIOKEHUEM HEOOXOAMMBIEC JAHHBIE O MyYKEe MOKHO BU-
JI€Th MPSMO BO BPEMS IKCTIEPUMEHTA.

C noMoIIpIo MPUIIOKEHUSI OBLJIO UCCIIEIOBAHO BIUSHUE MTPOCTPAHCTBEHHOTO
3apsiia Ha My4oK. B TpakTe HaMepeHHO yXyaIIaics BaKyyM, IPU 3TOM U3MEHSJICS
TOK W pa3Mep mydka. [logpoOHee o HcciieqoOBaHUM MPOCTPAHCTBEHHOTO 3apsja
pOYUTaTh B cTaThe [/]. Takke 3Ta mporpamma MCIoIb30BajIach B SKCIIEPUMEHTAX
M0 MU3MEPEHUIO YMUTTAHCA U T10 BBITSTUBAHUIO OOJIBIIIOTO TOKA U3 MOHHOI'O UCTOY-
HuKa. OOBIYHO yCcTaHOBKA paboTaeT Ha TOKe OT 2 J0 5 Mumuamnep. Y 1ajioch Io-
JYYUTHh TOK B 8 MUJUIMAMIIEp OTPULIATENBHBIX MOHOB BoAopoda. B panbHelmem

OyIyT MOMBITKK MOJYYUTh TOK B 10 Muiinamep.
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ITBI.

SAKJIFOYEHHUE

Bunel npoaenanHoit paboThI:

1) Beuto pa3paboraHo mporpaMMHOE obOecrieueHue ¢ rpaduIecKuM HHTEp-
deticoM mosb30BaTesl.

2) beuta pazpaboraHa mporpamMMHasi OMONIHOTEKa Ui pabOThI C BEUBIET-
npeobpazoBanreM Ha ocHoBe GSL.

3) bbuta nzydena npeaMerHas 001acTh 00paObOTKU IU(POBBIX CUTHAJIOB.

B xone 3Toii paboThl ObuTH pa3paboTaHbl U PEATM30BaHBI CIEAYIOIIUE METO-

1) Meton pacdera HHTETpAIbHOTO TOKA MTyYKa.
2) Merox pacyera NOJOKCHUSI MAKCUMyMa TTyYKa.
3) Metox pacuera pa3mepa Imydka.

PazpabotanHoe mpuiokeHHe ObUIO MPOTECTUPOBAHO W BHEAPEHO Ha JEH-

CTBYI-OIHGﬁ YCTAaHOBKC. HpI/IJIO)KeHI/Ie YCIICHIHO HCIIOJIB3YCTCA AJIAI U3MCPCHHA TOKA

U PYTUX TapameTpoB myudka. K qanHoi paboTe npuiaraercs akT O BHEIPEHHUH.

Bo3MoxHO, B palipHelIeM pa3paboTaHHbIE METONbI U aJITOPUTMBI OyIyT

MIPUMEHATHCA JJIs1 HEPA3PYyIIAOIIEH TUAarHOCTUKY IyYKa B YCTaHOBKE, IPEIHA3HA-

YEHHOU JJI1 KIIMHUKH.
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MNPUJIOXKEHUE A UCXOJHBIA KOJ|

#include "mainwindow.h"
#include <QApplication>

int main(int argc, char *argv[])

{
QApplication a(argc, argv);
QTime time = QTime::currentTime () ;
gsrand( (uint) time.msec()) ;

QFont f£f;
f.setPixelSize (11);
a.setFont (f);

MainWindow w;
w.show () ;
return a.exec();

#ifndef MAINWINDOW H
#define MAINWINDOW H

#include <QMainWindow>
#include <QDebug>

#include <QFileDialog>
#include <QListWidgetItem>
#include <QSettings>

#include "profiledata.h"
#include <directorymonitor.h>

#include "settingsdialog.h"

namespace Ui {
class MainWindow;

}

class MainWindow : public QMainWindow
{
Q OBJECT

public:
explicit MainWindow (QWidget *parent = 0);
~MainWindow () ;

//Settings

static QString settingsFileName;

static QString lastPathFieldName;

static QString wireLengthFieldName;

static QString leglengthFieldName;

static QString legWidthFieldName;

static QString legsAngleFieldName;

static QString deltaXFieldName;

static QString deltaYFieldName;

static QString luftAngleFieldName;

static QString showMirrorFieldName;

static QString angleToRKoefNumeratorFieldName;

static QString angleToRKoefDenominatorFieldName;
private slots:

void on_selectFolderBt clicked();

void on_profilesList itemActivated(QListWidgetItem *item);
void on pathEdit editingFinished();

void deleteProfileFromPlot (QString fileName) ;

void newFile (QString path);

void watcher (int,int);

void on_pushButton clicked();

void rescaleAxis (QCPRange r);

void on_settingsButton clicked();
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void reloadSettings(double _wireLength, double legLength, double legWidth, double
_legAngle, double _deltaX, double deltaY, double _luftAngle, bool _showMirror, double
_angleToRKoefNumerator, double _angleToRKoefDenominator) ;
private:

bool fromMonitor = false;

Ui::MainWindow *ui;

void loadingSettings();

//global info

double wireLength = 169;

double legLength = 50;

double legWidth = 0.5;

double deltaX = -190;

double deltaY = 0;

double luftAngle = 0.4;

double angleToRKoefNumerator = 15;
double angleToRKoefDenominator = 6.8;
double angleToRKoef = angleToRKoefNumerator/angleToRKoefDenominator;
double legsAngle = 103.6;

bool showMirror = true;

void scanProfiles (QString folderPath) ;
void addProfileToPlot (QString fileName) ;
QList<ProfileData*> profiles;

void initPlot () ;

DirectoryMonitor *monitor = nullptr;

}i

#endif // MAINWINDOW H

#include "mainwindow.h"
#include "ui mainwindow.h"

QString MainWindow::settingsFileName = "settings.ini";

OString MainWindow::lastPathFieldName = "LastPath";

QString MainWindow::wireLengthFieldName = "WireLength mm";

QString MainWindow::legLengthFieldName = "LegLength mm";

0String MainWindow::legWidthFieldName = "LegWidth mm";

0String MainWindow::legsAngleFieldName = "LegsAngle c";

QString MainWindow::deltaXFieldName = "DeltaX mm";

QString MainWindow::deltaYFieldName = "Delta¥Y mm";

QString MainWindow::luftAngleFieldName = "LuftAngle c";

QOString MainWindow: :showMirrorFieldName = "ShowMirror";

0String MainWindow::angleToRKoefNumeratorFieldName = "mmAxisCalibNumerator mm";
QString MainWindow::angleToRKoefDenominatorFieldName = "mmAxisCalibDenominator c";
//test

MainWindow: :MainWindow (QWidget *parent)
QOMainWindow (parent),
ui (new Ui::MainWindow)

ui->setupUi (this);
QWidget *widget = new QWidget (ui->scrollArea);

OBoxLayout *lay = new QBoxLayout (QBoxLayout::TopToBottom,widget) ;
widget->setLayout (lay) ;
ui->scrollArea->setWidget (widget) ;

connect (ui->scrollArea-
>verticalScrollBar (), SIGNAL (rangeChanged(int,int)),this, SLOT (watcher (int,int)));
loadingSettings();
initPlot();
}

MainWindow: : ~MainWindow ()

{
QSettings settings(settingsFileName,QSettings::IniFormat) ;
settings.setValue (lastPathFieldName,ui->pathEdit->text());

ui->profilesList->clear();

for(int i = 0; 1 < profiles.count(); i++){
profiles.at (i) ->deletelater();

}

profiles.clear();
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delete ui;
}
void MainWindow::on selectFolderBt clicked()
{
QString folderPath = QFileDialog::getExistingDirectory (this, "BeBpaThb
>pathEdit->text (),0);
ui->pathEdit->setText (folderPath) ;
scanProfiles (folderPath) ;

}

void MainWindow::scanProfiles (QString folderPath)

{

ui->profileslList->clear () ;
for(int 1 = 0; i < profiles.count(); i++){
profiles.at (i) ->deletelater();
}
profiles.clear();
if (monitor != nullptr) {
monitor->stop () ;
delete monitor;
}
monitor = new DirectoryMonitor (folderPath,1000,".csv",false);
connect (monitor, SIGNAL (fileChanged (0String)), this, SLOT (newFile (QString))) ;
monitor->start();

QDir dir (folderPath);
QFileInfolist fileInfolist = dir.entryInfolist();
for(int i = 0; 1 < fileInfolList.count(); i++){
if(fileInfolist.at(i).fileName () .endsWith (".csv")) {
ui->profileslist->addItem(fileInfolist.at (i) .fileName())
}

}
void MainWindow::addProfileToPlot (QString fileName)

{
bool find = false;

for(int 1 = 0; i < profiles.count(); i++){
if(profiles.at(i)->fileName == fileName) {
find = true;
break;
}
}
if (! find) {

OColor randomColor (grand() %256, grand() %256, grand () $256) ;

nanky",ui-

ProfileData *newProfile = new ProfileData (fileName,ui->plot,ui-
>scrollArea, randomColor,wireLength, legLength, legWidth, legsAngle,deltaX,delta¥Y, luftAngle, showMirro

r,angleToRKoef, 0) ;
con-—

nect (newProfile, SIGNAL (wantToBeDeleted (QString)), this, SLOT (deleteProfileFromPlot (QString)));

profiles.append (newProfile) ;
ui->plot->rescaleAxes () ;
ui->plot->replot();

}

void MainWindow::initPlot ()

{
ui->plot->setInteraction (QCP::iRangeDrag, true);
ui->plot->setInteraction (QCP::iRangeZoom, true);
ui->plot->axisRect () ->setRangeDrag (Qt::Horizontal) ;
ui->plot->axisRect () ->setRangeZoom (Qt: :Horizontal) ;
ui->plot->xAxis->setLabel ("Yron") ;
ui->plot->yAxis->setLabel ("Tox (A)");
ui->plot->xAxis2->setLabel ("Mu") ;
ui->plot->addLayer ("down") ;
ui->plot->addLayer ("up") ;
ui->plot->xAxis2->setVisible (true);
ui->plot->xAxis2->setRange (QCPRange (-angleToRKoef*13.0,angleToRKoef*13.0)) ;
connect (ui->plot-

>xAxis, SIGNAL (rangeChanged (QCPRange) ), this, SLOT (rescaleAxis (QCPRange))) ;
}

void MainWindow::on profilesList itemActivated(QListWidgetItem *item)

{
addProfileToPlot (ui->pathEdit->text () +"/"+item->text ());

}

void MainWindow::on pathEdit editingFinished()
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}

scanProfiles (ui->pathEdit->text ());

void MainWindow: :deleteProfileFromPlot (QString fileName)

{

}

int idToDelte = -1;
for(int i = 0; 1 < profiles.count(); i++){
if(profiles.at(i)->fileName == fileName) {

idToDelte = 1i;
}
}
if (idToDelte != -1){
/===
profiles.at (idToDelte)->deletelater();
profiles.removeAt (idToDelte) ;

void MainWindow::newFile (O0String path)

{

}

ui->profilesList->clear();

ODir dir (ui->pathEdit->text());

QFileInfolist fileInfolist = dir.entryInfolist();

for(int i = 0; 1 < fileInfolList.count(); i++){
if(fileInfolist.at(i).fileName () .endsWith (".csv")) {

ui->profileslList->addItem(fileInfolist.at (i) .fileName())

}

}

addProfileToPlot (path) ;

fromMonitor = true;

void MainWindow: :watcher (int min, int max)

{

}

if (fromMonitor) {
fromMonitor = false;
ui->scrollArea->verticalScrollBar () ->setValue (max) ;
Q_UNUSED (min) ;

void MainWindow::loadingSettings ()

{

if (QFileInfo (settingsFileName) .isFile()) {
QOSettings settings(settingsFileName,QSettings::IniFormat);
ui->pathEdit->setText (settings.value (lastPathFieldName) .toString()) ;
wireLength = settings.value (wireLengthFieldName) .toDouble () ;
legLength = settings.value (legLengthFieldName) .toDouble () ;
legWidth = settings.value(legWidthFieldName) .toDouble () ;
deltaX = settings.value (deltaXFieldName) .toDouble () ;
deltaY = settings.value (deltaYFieldName) .toDouble () ;
luftAngle = settings.value (luftAngleFieldName) .toDouble () ;
showMirror = settings.value(showMirrorFieldName) .toBool () ;
legsAngle = settings.value (legsAngleFieldName) .toDouble () ;

angleToRKoefNumerator = settings.value (angleToRKoefNumeratorFieldName) .toDouble () ;

angleToRKoefDenominator =

tings.value (angleToRKoefDenominatorFieldName) .toDouble () ;

angleToRKoef = angleToRKoefNumerator/angleToRKoefDenominator;
lelse{
QMessageBox: :warning (this, "BuumaHue", "darn HaCTPOK He HaMIeH.

nedosnTHEE. ") ;

}

QSettings settings(settingsFileName,QSettings::IniFormat);
settings.setValue (lastPathFieldName,"") ;

settings.setValue (wireLengthFieldName, wireLength) ;
settings.setValue (leglengthFieldName, legLength) ;
settings.setValue (legWidthFieldName, legWidth) ;
settings.setValue (deltaXFieldName,deltaX) ;
settings.setValue (deltaYFieldName,deltay) ;
settings.setValue (luftAngleFieldName, luftAngle);
settings.setValue (showMirrorFieldName, showMirror) ;
settings.setValue (legsAngleFieldName, legsAngle) ;
settings.setValue
settings.setValue

void MainWindow::on_pushButton_ clicked()

{
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OString s = QFileDialog::getSaveFileName (this, "Coxpauurs

>text (), "png") ;

}

ui->plot->grab () .save(s+".png", "png") ;

void MainWindow: :rescaleAxis (QCPRange r)

{
}

cxkpuHmoT", ui->pathEdit-

ui->plot->xAxis2->setRange (OCPRange (angleToRKoef * r.lower,angleToRKoef * r.upper));

void MainWindow::on settingsButton clicked()

{

SettingsDialog *dialog = new

SettingsDi-

alog(wireLength, leglength, legWidth, legsAngle,deltaX,deltaY, luftAngle, showMirror, angleToRKoefNumer
ator,angleToRKoefDenominator, this) ;

con-—

nect (dialog, SIGNAL (settingsUpdate (double,double, double, double,double, double, double,bool, double, do
uble)),this, SLOT (reloadSettings (double, double,double, double, double,double, double,bool, double, doub

le)))

}

void

dialog->exec() ;

MainWindow: :reloadSettings (double _wireLength,double

_legLength,double

_legWidth, double _legAngle, double _deltaX, double _deltay, double _luftAngle, bool

_showMirror,double _angleToRKoefNumerator, double _angleToRKoefDenominator)

{

ui->profilesList->clear();

for(int 1 = 0; i < profiles.count(); i++){
profiles.at (i) ->deletelater();

}

profiles.clear();

if (monitor != nullptr) {
monitor->stop () ;
delete monitor;

monitor = nullptr;
}
wireLength = wireLength;
legLength = legLength;
legWidth = legWidth;
legsAngle = _legAngle;
deltaX = _deltaX;
deltaY = deltaY;
luftAngle = luftAngle;
showMirror = _showMirror;
angleToRKoefNumerator = _angleToRKoefNumerator;
angleToRKoefDenominator = angleToRKoefDenominator;
angleToRKoef = angleToRKoefNumerator/angleToRKoefDenominator;

#ifndef PROFILEDATA H
#define PROFILEDATA H

#include
#include
#include
#include
#include
#include
#include
#include
#include

<QObject>

<QtCore>
<QMessageBox>
<QRegExp>
<waveletspectrum.h>
"plot/gcustomplot.h"
"frame.h"
"profileinfoblock.h"
"profilewindow.h"

class ProfileData : public QObject

{

Q OBJECT

public:

ProfileData (QObject *parent = 0);

ProfileData (QString inFileName,
or, double wireLength, double legLength,double legWidth,double legsAngle,

QCustomPlot *inPlot, QScrollArea *inScrollArea, QColor inCol-
double deltaX, double

deltaY, double luftAngle,bool showMirror,double inAngleToMMKoef, QObject *parent);
~ProfileDatal() ;
QString fileName;
QColor color;

signals:

void wantToBeDeleted (QString fileName) ;
public slots:

void deletePressed() ;

void showFrame (int id);
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void changePart (double value);

void showMaxCheck (bool) ;

void showIntervalCheck (bool);

void showMiddleCheck (bool) ;

void redrawAll (QColor);

void showProfileWindow () ;

voild unseeit () ;

void changelineSize (int wvalue);

void changelineType (Qt::PenStyle);

void denoiseCurrentFrame (int percent);
private:

QCustomPlot *plot;

QCPGraph *ampersGraph;

QCPGraph *realAmpersGraph;

QPen mainPen;

QCPItemLine *maxCurrentLeglLine;
QCPItemLine *maxCurrentlLeg2Line;
QCPItemLine *middlelLinelegl;
QCPItemLine *middleLineleg2;
QCPGraph *massZonelegl;

QCPGraph *massZoneleg2;
QCPItemLine *massMiddlelegl;
QCPItemLine *massMiddleleg2;
QCPItemTracer *massTracerlLegl;
QCPItemTracer *massTracerlLeg?2;
void addToPlot () ;

void deleteFromPlot () ;

QScrollArea *scrollArea;
ProfileInfoBlock *infoBlock;

bool profileWindowIsShown = false;
void addToScrollArea();

void deleteFromScrollArea();

QVector<int> borders;
QVector<double> rawAmpers;
QVector<double> rawAngles;
QVector<Frame *> frames;
int currentFramelId = -1;
QString scanDate;

void readData (QString fileName) ;
void findBorders () ;

void loadFrames (double wireLength, double legLength, double legWidth, double deltaX, double

deltaY, double luftAngle, double legsAngle, bool showMirror);
QVector<double> denoiseAngles (QVector<double> angles);

double angleToMMKoef;
}i

#endif // PROFILEDATA H

#include "profiledata.h"

ProfileData::ProfileData (QObject *parent) : QObject (parent)
{

}

ProfileData::ProfileData (QString inFileName, QCustomPlot *inPlot,

QScrollArea

*inScrollArea, QColor inColor, double wireLength, double legLength, double legWidth, double leg-
sAngle, double deltaX, double deltaY, double luftAngle, bool showMirror, double inAngleToMMKoef,

QObject *parent) : QObject (parent)
{
fileName = inFileName;
plot = inPlot;
scrollArea = inScrollArea;
color = inColor;
angleToMMKoef = inAngleToMMKoef;

readData (fileName) ;
findBorders () ;
load-
Frames (wireLength, legLength, legWidth,deltaX,deltaY, luftAngle, legsAngle, showMirror) ;

addToPlot () ;
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addToScrollArea() ;
showFrame (0) ;

}

ProfileData::~ProfileData/()
{
deleteFromPlot () ;
deleteFromScrollArea () ;

}

void ProfileData::deletePressed()
{

emit wantToBeDeleted (this->fileName) ;
}

void ProfileData::showFrame (int id)
{
if(!frames.isEmpty () && id >= 0 && id < frames.count()) {
/*
QCPRange xR = plot->xAxis->range();
OCPRange yR = plot->yAxis->range();
*/
currentFrameId = id;
Frame* currentFrame = frames.at (currentFrameld);

ampersGraph->clearDatal() ;
ampersGraph->setData (currentFrame->angles, currentFrame->smoothAmpers) ;

realAmpersGraph->clearData () ;
realAmpersGraph->setData (currentFrame->angles, currentFrame->ampers) ;

QVector<double> x1,vl,x2,vy2;

x1.append (currentFrame->massLeglAngleStart) ;
x1.append (currentFrame->massLeglAngleStop) ;
x2.append (currentFrame->massLeg2AngleStart) ;
x2.append (currentFrame->massLeg2AngleStop) ;
yl.append(0) ;

yl.append(0) ;

y2.append (0) ;

y2.append (0) ;

massZonelegl->setData (x1,vyl);
massZoneleg2->setData (x2,vy2) ;

maxCurrentLeglLine->start->setCoords (currentFrame->maxCurrentAnglel, 0);
maxCurrentLeglLine->end->setCoords (currentFrame->maxCurrentAnglel, currentFrame-
>maxAmperLegl) ;

maxCurrentLeg2Line->start->setCoords (currentFrame->maxCurrentAngle2,0) ;
maxCurrentLeg2Line->end->setCoords (currentFrame->maxCurrentAngle2, currentFrame-
>maxAmperLeg?2) ;

middlelLinelLegl->start->setCoords (currentFrame->LeglAngleStart, currentFrame-

>maxAmperLegl/2.0) ;
middleLineLegl->end->setCoords (currentFrame->LeglAngleStop, currentFrame—
>maxAmperLegl/2.0);

middleLineleg2->start->setCoords (currentFrame->Leg2AngleStart, currentFrame-
>maxAmperLeg2/2.0) ;

middlelLineLeg2->end->setCoords (currentFrame->Leg2AngleStop, currentFrame—
>maxAmperLeg2/2.0) ;

massMiddleLegl->start->setCoords (currentFrame->massLeglAngleStart, currentFrame-
>massMiddleAmperLegl) ;

massMiddleLegl->end->setCoords (currentFrame->massLeglAngleStop, currentFrame-
>massMiddleAmperlLegl) ;

massTracerLegl->position->setCoords ( (currentFrame-
>masslLeglAngleStart+currentFrame->massLeglAngleStop) /2.0, currentFrame->massMiddleAmperLeqgl) ;

massMiddleLeg2->start->setCoords (currentFrame->massLeg2AngleStart, currentFrame-
>massMiddleAmperLeg2) ;

massMiddleLeg2->end->setCoords (currentFrame->massLeg2AngleStop, currentFrame-
>massMiddleAmperlLeg?2) ;

massTracerLeg2->position->setCoords ( (currentFrame—
>masslLeg2AngleStart+currentFrame->massLeg2AngleStop) /2.0, currentFrame->massMiddleAmperlLeg?) ;

[/ mmmmmmm e

/*

plot->xAxis->setRange (xR) ;
plot->yAxis->setRange (yR) ;
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*/

plot->replot();

//

OStringList list = fileName.split("/");

QString name = list.last();

infoBlock->setFrame (currentFrameId) ;

infoBlock->setFileName (name) ;

infoBlock->setScanDate (scanDate) ;

infoBlock->setMaxValueData (currentFrame->maxCurrentAnglel,currentFrame-
>maxCurrentAngle?2, currentFrame->maxCurrentX, currentFrame->maxCurrent¥Y, currentFrame-
>maxAmperLegl, currentFrame->maxAmperLeg?2) ;

infoBlock->setWidth (currentFrame->widthLegl, currentFrame->widthLeg?2) ;

infoBlock->setCurrent (currentFrame->currentlLegl, currentFrame-
>currentLeg2, currentFrame->current) ;

infoBlock->setMassXY (currentFrame->massX, currentFrame->massY) ;

infoBlock->setMassWidth (currentFrame->massWidthlLegl, currentFrame->massWidthlLeg?2) ;

infoBlock->setMassCurrent (currentFrame->currentLeglMass, currentFrame-
>currentlLeg2Mass, currentFrame->currentMass, currentFrame->difCurrentlegl, currentFrame-
>difCurrentleg2, currentFrame->difCurrent);

infoBlock->setPart (currentFrame->part) ;

infoBlock->setSection (currentFrame->massleglAngleStart, currentFrame-
>massLeglAngleStop, currentFrame->massLeg2AngleStart, currentFrame-
>massLeg2AngleStop, angleToMMKoef) ;

}

}

void ProfileData::changePart (double value)
{
for(int i = 0; 1 < frames.count () ;i++) {
frames.at (i) ->findMass (value) ;
}
showFrame (currentFrameId) ;

}

void ProfileData::showMaxCheck (bool on)

{
maxCurrentLeglLine->setVisible (on) ;
maxCurrentLeg2Line->setVisible (on) ;
plot->replot () ;

}

void ProfileData::showIntervalCheck (bool on)

{
massZonelegl->setVisible (on) ;
massZoneleg2->setVisible (on) ;
massMiddleLegl->setVisible (on) ;
massMiddleLeg2->setVisible (on) ;
massTracerLegl->setVisible (on) ;
massTracerLeg2->setVisible (on) ;
plot->replot () ;

void ProfileData::showMiddleCheck (bool on)

{
middleLineLegl->setVisible (on) ;
middleLinelLeg2->setVisible (on) ;
plot->replot () ;

}

void ProfileData::redrawAll (QColor newColor)

{

color = newColor;

mainPen.setColor (color);

QPen linePen(color);

linePen.setStyle (Qt::PenStyle::DashlLine) ;
QPen normalPen (color);

QColor brushcolor (color);

brushcolor.setAlpha (100) ;

QOBrush mainBrush (brushcolor) ;
mainBrush.setStyle (Qt::DensedPattern);
ampersGraph->setPen (mainPen) ;

QColor c(color);

c.setAlpha (50) ;

QPen shadowPen (c) ;
shadowPen.setStyle (Qt::DashLine);
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realAmpersGraph->setPen (shadowPen) ;

massZonelLegl->setBrush (mainBrush) ;
massZoneleg2->setBrush (mainBrush) ;
maxCurrentLeglLine->setPen (linePen) ;
maxCurrentLeg2Line->setPen (linePen) ;
middleLinelLegl->setPen (linePen) ;
middleLinelLeg2->setPen (linePen) ;
massMiddlelLegl->setPen (normalPen) ;
massMiddlelLeg2->setPen (normalPen) ;
massTracerLegl->setPen (normalPen) ;
massTracerLeg2->setPen (normalPen) ;
plot->replot();

}

void ProfileData::showProfileWindow ()

{

if (!profileWindowIsShown && currentFramelId != -1 && !frames.isEmpty()) {

profileWindowIsShown = true;

ProfileWindow *p = new ProfileWindow (frames.
frames
frames
frames

>leglength, frames.at (currentFrameld)->legsAngle,
frames.
frames
frames
frames
frames
frames
frames
>massLinelLeglStartX,
frames
>massLineleglStarty,
frames
frames
frames.
>massLineleg2StartX,
frames.
>massLinelLeg2Starty,
frames.
frames.

at (currentFrameId)->angles,

.at (currentFrameId)->ampers,
.at (currentFrameld)->wirelLength,
.at (currentFrameld) -

at (currentFrameld)->zeroAnglelndex,

.at (currentFrameId)->showMirror,
.at (currentFrameld)->deltaX,

.at (currentFrameld)->deltay,

.at (currentFrameld)->maxCurrentX,
.at (currentFrameld)->maxCurrentyY,
.at (currentFrameld) -

.at (currentFrameld) -

.at (currentFrameld)->massLineleglStopX,
.at (currentFrameId)->massLinelLeglStopY,

at (currentFrameld) -
at (currentFrameld) -

at (currentFramelId)->massLinelLeg2StopX,
at (currentFrameld)->massLineleg2StopY,

scrollArea);

p->setWindowTitle (fileName) ;
p->setAttribute (Qt::WA DeleteOnClose);
p->show () ;

connect (p, SIGNAL (destroyed (Q0Object*) ), this, SLOT (unseeit ()));

}

void ProfileData::unseeit ()
{
profileWindowIsShown = false;

}

void ProfileData::changeLineSize (int value)

{
mainPen.setWidth (value) ;
ampersGraph->setPen (mainPen) ;
plot->replot();

}

void ProfileData::changeLineType (Qt::PenStyle type)
{

mainPen.setStyle (type);

ampersGraph->setPen (mainPen) ;

plot->replot () ;
}

void ProfileData::denoiseCurrentFrame (int percent)

{

if (currentFramelId != -1) {

frames.at (currentFramelId)->setNoiseReductionPercent (percent) ;

showFrame (currentFramelId) ;

void ProfileData::readData (QString fileName)
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if(!QFileInfo (fileName) .isFile()) {
QMessageBox::critical (scrollArea, "Oumbka", fileName+"\n He odainn.");
return;

}

if(!fileName.endsWith (".csv")) {
QMessageBox::critical (scrollArea, "Oumbka", "He BepHoe pacumpeHue\n Heobxommmeni Gop-—

mat .csv");

return;

}

QFile f (fileName) ;

if(!f.open(QIODevice: :ReadOnly | QIODevice::Text)) {
QMessageBox::critical (scrollArea, "Oumbka", "darn He oTKpeuIiCca.");
return;

rawAmpers.clear () ;
rawAngles.clear();

bool findData = false;
QRegExp dateTampl ("Scan Start Time*");
dateTampl.setPatternSyntax (OQRegExp::Wildcard) ;
ORegExp dataStartTempl ("Scan Angle (degrees),Current (A)*");
dataStartTempl.setPatternSyntax (QRegExp::Wildcard) ;
if(!'f.atEnd()) {
while (!findData || !f.atEnd()){
OString rawLine = f.readLine();
if (dateTampl.exactMatch (rawlLine)) {
rawLine.remove (0,17);
rawLine.chop (2) ;
scanDate = rawlLine;

}

if (dataStartTempl.exactMatch (rawlLine)) {
findData = true;
break;

if (findData) {
while (!f.atEnd()) {

QOString rawLine = f.readLine();

OStringList slpittedLine = rawLine.split(",");

if (slpittedLine.count () == 2){
[ e
if (slpittedLine[0] != "NaN") {

bool good = false;
rawAngles.append (slpittedLine[0].toDouble (&good)) ;

1if (!good) {
f.close();
QMessageBox::critical (scrollArea, "Oumbxa", "dain nospexneH.");
return;
}
}else({

if (!rawAngles.isEmpty ()) {
rawAngles.append (rawAngles.last ());
telse{
rawAngles.append(-14);

bool good = false;

rawAmpers.append (slpittedLine[1].toDouble (&good)) ;

if (!good) {
f.close();
QMessageBox::critical (scrollArea, "Oumbka", "darn noepexueH.") ;
return;
}
} else{

f.close();
QMessageBox::critical (scrollArea, "Oumbka", "darn noepexueH.") ;
return;

}
lelse{
QOMessageBox::critical (scrollArea, "Oumbxa", "IaHHbe He HayvneH:H.");

}
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}

f.close();
}

void ProfileData::findBorders ()
{
borders.clear();
if (!rawAngles.isEmpty()) {
QVector<double> smoothAngles = denoiseAngles (rawAngles) ;
1f (!'smoothAngles.isEmpty ()) {
for(int 1 = 1; i < smoothAngles.count()-1; i++){
if( (smoothAngles.at(i-1) > smoothAngles.at (i) && smoothAngles.at (i+l) >
smoothAngles.at (1)) | (smoothAngles.at (i-1) < smoothAngles.at (i) && smoothAngles.at(i+l) <
smoothAngles.at (i))) {
if (!borders.isEmpty()) {
if (rawAngles.at (borders.last () ) *rawAngles.at (i) < 0){
borders.append (i) ;
}
}else({
borders.append (i) ;
}

}

void ProfileData::loadFrames (double wirelLength,double legLength,double legWidth,double
deltaX,double delta¥Y,double luftAngle,double legsAngle,bool showMirror)
{
if (!'rawAngles.isEmpty () && !rawAmpers.isEmpty() && borders.count() > 1){
for(int i = 0; 1 < frames.count(); 1i++){
frames.at (i) ->deletelater();
}
frames.clear () ;
for(int i = 0; 1 < borders.count ()-1; 1i++) {
Frame::Direction dir;

if (rawAngles.at (borders.at(i)) > rawAngles.at (borders.at (i+1)))
dir = Frame::Direction::goDown;
else
dir = Frame::Direction::goUp;
Frame *newFrame = new

Frame (&rawAngles, &rawAmpers,dir,borders.at (i) ,borders.at (i+1l),wirelLength, leglength, legWidth, legsA
ngle,deltaX,delta¥, luftAngle, showMirror, this);
frames.append (newFrame) ;

}
}

QVector<double> ProfileData::denoiseAngles (QVector<double> angles)
{
WaveletSpectrum dwt (angles,WaveletSpectrum: :BSPLINE 309);
dwt.highFilter (0);
return dwt.toDatal();
}

void ProfileData:: addToPlot ()
{
mainPen.setColor (color) ;
mainPen.setWidth (2) ;

QPen linePen(color);

linePen.setStyle (Qt::PenStyle::DashlLine) ;
QPen normalPen (color);

QColor brushcolor(color);

QColor c(color);

c.setAlpha (50);

QPen shadowPen (c) ;
shadowPen.setStyle (Qt::DashLine) ;

realAmpersGraph = plot->addGraph () ;
realAmpersGraph->setPen (shadowPen) ;
realAmpersGraph->setLayer ("up") ;

brushcolor.setAlpha (100) ;
OBrush mainBrush (brushcolor) ;
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mainBrush.setStyle (Qt::Dense4Pattern);
ampersGraph = plot->addGraph () ;
ampersGraph->setPen (mainPen) ;
ampersGraph->setLayer ("up") ;

QOColor noColor;

noColor.setAlpha (0);

QPen noPen (noColor) ;

masszonelLegl = plot->addGraph () ;
massZonelegl->setPen (noPen) ;
massZonelLegl->setChannelFillGraph (ampersGraph) ;
masszonelegl->setLayer ("down") ;
masszonelegl->setBrush (mainBrush) ;

massZoneleg2 = plot->addGraph();
masszonelLeg2->setPen (noPen) ;
masszoneleg2->setLayer ("down") ;
massZonelLeg2->setChannelFillGraph (ampersGraph) ;
massZoneleg2->setBrush (mainBrush) ;

massTracerlLegl = new QCPItemTracer (plot);
massTracerLegl->setPen (normalPen) ;
massTracerLegl->setStyle (QCPItemTracer::tsCircle);
plot->addItem(massTracerLegl) ;

massTracerLeg?2 = new QCPItemTracer (plot);
massTracerLeg2->setPen (normalPen) ;
massTracerLeg2->setStyle (QCPItemTracer::tsCircle);
plot->addItem(massTracerLeg?2) ;

maxCurrentLeglLine = new QCPItemLine (plot);
maxCurrentLeglLine->setLayer ("up") ;
maxCurrentLeglLine->setPen (linePen) ;
plot->addItem(maxCurrentLeglLine) ;

maxCurrentLeg2Line = new QCPItemLine (plot);
maxCurrentLeg2Line->setLayer ("up") ;
maxCurrentLeg2Line->setPen (linePen);
plot->addItem(maxCurrentLeg2Line) ;

middlelLinelLegl = new QCPItemLine (plot);
middleLineLegl->setLayer ("up");
middleLineLegl->setPen (linePen);
plot->addItem(middleLineleqgl) ;

middlelLinelLeg2 = new QCPItemLine (plot);
middleLineLeg2->setLayer ("up") ;
middleLineLeg2->setPen (linePen) ;
plot->addItem(middleLineleg?2) ;

massMiddleLegl = new QCPItemLine (plot);
massMiddleLegl->setLayer ("up") ;
massMiddleLegl->setPen (normalPen) ;
plot->addItem (massMiddlelLegl) ;

massMiddleLeg2 = new QCPItemLine (plot);
massMiddleLeg2->setLayer ("up") ;
massMiddleLeg2->setPen (normalPen) ;
plot->addItem(massMiddleLeg2) ;

middleLinelLegl->setVisible (false);

middleLinelLeg2->setVisible (false);

maxCurrentLeglLine->setVisible (false);
maxCurrentLeg2Line->setVisible (false);
massZonelLegl->setVisible (false);
massZoneleg2->setVisible (false);
massMiddleLegl->setVisible (false
massMiddleLeg2->setVisible (false
massTracerLegl->setVisible (false
massTracerLeg2->setVisible (false

’

’

’

’

}

void ProfileData::deleteFromPlot ()
{

plot->removeGraph (ampersGraph) ;
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plot->removeGraph (massZonelLegl) ;
plot->removeGraph (massZoneleg?) ;
plot->removeltem(maxCurrentLeglLine) ;
plot->removeltem (maxCurrentLeg2Line) ;
plot->removeltem (middleLinelLegl) ;
plot->removeltem(middleLineleg?2) ;
plot->removeltem(massMiddleLegl) ;
plot->removeltem (massMiddlelLeg2) ;
plot->removeltem (massTracerLegl) ;
plot->removeltem (massTracerlLeg?) ;
plot->removeGraph (realAmpersGraph) ;
plot->replot () ;

}

void ProfileData::addToScrollArea ()
{
infoBlock = new ProfileInfoBlock(0);

connect (infoBlock, SIGNAL (removeProfile()), this, SLOT (deletePressed()));
connect (infoBlock, SIGNAL (showFrame (int) ), this, SLOT (showFrame (int))) ;
connect (infoBlock, SIGNAL (changePart (double)), this, SLOT (changePart (double))) ;

connect (infoBlock, SIGNAL (showMaxCheck (bool) ), this, SLOT (showMaxCheck (bool))) ;
connect (infoBlock, SIGNAL (showIntervalCheck (bool) ), this, SLOT (showIntervalCheck (bool)));
connect (infoBlock, SIGNAL (showMiddleCheck (bool) ), this, SLOT (showMiddleCheck (bool))) ;
connect (infoBlock, SIGNAL (redrawAll (QColor) ), this, SLOT (redrawAll (QColor))) ;

connect (infoBlock, SIGNAL (showProfileWindow () ), this, SLOT (showProfileWindow ())) ;
connect (infoBlock, SIGNAL (changeLineSize (int)),this, SLOT (changeLineSize (int)));

con-
nect (infoBlock, SIGNAL (changeLineType (Qt::PenStyle)), this, SLOT (changeLineType (Qt::PenStyle)));
con-

nect (infoBlock, SIGNAL (changeNoiseReduction (int)),this, SLOT (denoiseCurrentFrame (int)));
scrollArea->widget () ->layout () -—>addWidget (infoBlock) ;

currentFrameId = 0;
infoBlock->setFrameMax (frames.count ()) ;
infoBlock->setFrame (currentFrameld) ;
infoBlock->setColor (color);

}

void ProfileData::deleteFromScrollArea ()
{

infoBlock->deletelLater () ;
}

#ifndef FRAME_ H
#define FRAME_H

#include <QObject>
#include <QtCore>
#include "waveletspectrum.h"

class Frame : public QObject
{
Q_OBJECT
public:
enum Direction({
goDown,
goUp,
}i
static void anglesToXY (double inAl,double inA2,double wireLength,double legLength,double leg-
sAngle,double &outX,double &outY,bool &ok);
explicit Frame (QVector<double> *inRawAngles, QVector<double> *inRawAmpers, Direction inDir,
int startKey, int stopKey, double inWireLength, double inLegLength, double inLegWidth, double
inLegsAngle, double inDeltaX, double inDeltaY, double inLuftAngle, bool inshowMirror, QObject
*parent = 0);
QVector<double> angles;
QVector<double> ampers;
QVector<double> smoothAmpers;
int noiseReductionPercent = 0;

void loadData (QVector<double> *inRawAngles,QVector<double> *inRawAmpers) ;
int startIndex;

int stopIndex;

int zeroAnglelndex;

void findZeroAnglelndex () ;
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Direction dir;
double wireLength;
double legLength;
double legWidth;
double deltaX;
double deltaY;
double luftAngle;
double legsAngle;
bool showMirror;

/ /Makcumym

void findMaxCurrentPosition();

bool ok;

double maxCurrentAnglel; double maxAmperLegl;
double maxCurrentAngle2; double maxAmperLeg2;
int maxCurrentIndexl;

int maxCurrentIndex2;

double maxCurrentX;

double maxCurrentY;

//llupuHa Ha [IOJIyBEHCOTE
void findwWidth () ;
double widthLegl;
double widthLeg2;

double LeglAngleStart = 0;
double LeglAngleStop = 0;
double Leg2AngleStart = 0;
double Leg2AngleStop = 0;

double LineLeglStartX;
double LineLeglStartY;
double LineLeglStopX;
double LineLeglStopY;
double LinelLeg2StartX;
double Lineleg2StartY;
double LineLeg2StopX;
double LineLeg2StopY;

//0Bumit Tok

void findCurrent () ;
double currentLegl;
double currentLeg2;
double current;

//TlosoxeHMe LeHTpa Macc U TOK

void findMass (double partValue) ;
void findPart (double percentOfBeam) ;
double part = 2.7182;

double massX;

double massY;

double massWidthLegl;
double massWidthLeg2;

double massLinelLeglStartX;
double massLinelLeglStartY;
double massLineLeglStopX;
double massLinelLeglStopY;
double massLinelLeg2StartX;
double massLinelLeg2StartY;
double massLinelLeg2StopX;
double massLineLeg2StopY;

double massLeglAngleStart = 0;
double massLeglAngleStop = 0;
double massMiddleAmperLegl = 0;

double massLeg2AngleStart = 0;
double massLeg2AngleStop = 0;
double massMiddleAmperLeg2 = 0;
double currentLeglMass;

double currentlLeg2Mass;

double currentMass;

double difCurrentlegl;
double difCurrentleg2;
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double difCurrent = 0;

private:
double countCurrent (int start,int stop);
signals:

public slots:
void changePart (double value);
void setNoiseReductionPercent (int percent);
void denoiseBAmpers () ;

}i
#endif // FRAME H
#include "frame.h"
void Frame::anglesToXY (double inAl,double inA2,double wirelLength,double
legsAngle,double &outX,double &outY,bool &ok) {
ok = true;

double al = inAl*M PI/180.0;
double a2 = inA2*M PI/180.0;

double asl = M _PI 2-al;
double as2 = M_PI 2-a2;

double Xcl = wireLength*cos(asl);
double Ycl = wireLength*sin(asl);

double Xc2 = wireLength*cos(as2);
double Yc2 = wireLength*sin(as2);
double acl = M PI - ((l-legsAngle/360.0)*M PI - asl);
double ac2 = (l—legsAngle/BG0.0)*M_PI - (M_PI - as2);

double cosCl = cos(acl);
double sinCl = sin(acl);

double cosC2 = cos(ac2);
double sinC2 = sin(ac2);

double Lcl =
((Xcl*sinC2)/ (cosC2) )+ ( (Xc2*sinC2)/ (cosC2)))/ (((cosCl*sinC2)/ (cosC2))-sinCl);
double Lc2 = (Xcl-Xc2+Lcl*cosCl)/ (cosC2);

if(Lcl <= legLength && Lc2 <= legLength) {
outX = Xcl + Lcl*cosCl;
outY = Ycl + Lcl*sinCl;

lelse{
ok = false;
outX = 0;
outY = 0;

Frame: :Frame (QVector<double> *inRawAngles, QVector<double> *inRawAmpers,
int startKey, int stopKey, double inWireLength, double inLegLength, double

legLength, double

(Ycl=-Yc2-

Direction inDir,
inLegWidth, double

inLegsAngle, double inDeltaX, double inDeltaY, double inLuftAngle, bool inshowMirror, QObject

*parent) : QObject (parent)
{

dir = inDir;
startIndex = startKey;
stopIndex = stopKey;
luftAngle = inLuftAngle;
showMirror = inshowMirror;
legsAngle = inLegsAngle;

loadData (inRawAngles, inRawAmpers) ;
findZeroAngleIndex () ;

wireLength = inWireLength;
legLength = inLegLength;
legWidth = inLegWidth;
deltaX = inDeltaX;

deltaY = inDeltaY¥;

denoiselmpers () ;
findMaxCurrentPosition() ;
findWidth () ;
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findCurrent () ;
findPart (95) ;
}

void Frame::loadData (QVector<double> *inRawAngles,QVector<double> *inRawAmpers)
{
ampers.clear () ;
angles.clear();
if (!inRawAngles->isEmpty () && !inRawAmpers->isEmpty()) {
if(dir == goDown) {
for(int 1 = startIndex; 1 < stopIndex; i++){
ampers.append (inRawAmpers->at (1)) ;
angles.append (inRawAngles->at (i) - (luftAngle/2.0)) ;
}
}else 1if(dir == goUp) {
for(int i = stopIndex; i >= startIndex; i--) {
ampers.append (inRawAmpers->at (1)) ;
angles.append (inRawAngles->at (i) + (luftAngle/2.0)) ;

}

void Frame::findZeroAngleIndex ()
{
if (langles.isEmpty()) {
double minAbs = fabs(angles.at(0));

zeroAngleIndex = 0;
for(int 1 = 1; i < angles.count(); 1i++){
if (fabs(angles.at(i)) < minAbs) {
minAbs = fabs(angles.at(i));
zeroAngleIndex = 1i;

}

void Frame::findMaxCurrentPosition ()
{
if(langles.isEmpty () && !smoothAmpers.isEmpty()) {
double maxAbsValuel = 0;

maxCurrentAnglel = -1;
for(int 1 = 0; 1 < zeroAnglelIndex; i++) {
if (fabs (smoothAmpers.at (i)) > maxAbsValuel) {
maxAbsValuel = fabs (smoothAmpers.at(i));
maxCurrentAnglel = angles.at(i);
maxCurrentIndexl = i;

}
}
double maxAbsValue2 = 0;

for(int i1 = zeroAnglelIndex; i < smoothAmpers.count(); i++){
if (fabs (smoothAmpers.at (i)) > maxAbsValue?) {
maxAbsValue?2 = fabs (smoothAmpers.at(i));
maxCurrentAngle2 = angles.at(i);
maxCurrentIndex?2 = 1i;
}
}
maxAmperLegl = smoothAmpers.at (maxCurrentIndexl) ;
maxAmperLeg2 = smoothAmpers.at (maxCurrentIndex?2) ;
an-

glesToXY (maxCurrentAnglel, maxCurrentAngle2,wireLength, legLength, legsAngle, maxCurrentX, maxCurrent¥
,0k);

maxCurrentX += deltaX;

maxCurrentY += delta¥;

if (showMirror) {
maxCurrentX = -1.0*maxCurrentX;

}

}

void Frame::findWwidth ()
{
if (ok && !smoothAmpers.isEmpty () && !angles.isEmpty()) {
double halfLegl = smoothAmpers.at (maxCurrentIndexl)/2.0;
double halfLeg2 = smoothAmpers.at (maxCurrentIndex2)/2.0;
QVector<double> anglesOfMiddlelLegl;
QVector<double> anglesOfMiddlelLeg2;
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for(int 1 = 1; 1 < zeroAnglelIndex; i++) {
1f ((smoothAmpers.at(i-1) >= halflegl && smoothAmpers.at (i) <= halflegl)
(smoothAmpers.at (i) >= halflegl && smoothAmpers.at(i-1) <= halflegl)) {
anglesOfMiddleLegl.append(angles.at (i));

}
}
for(int i = zeroAngleIndex; i < smoothAmpers.count(); i++) {
if ((smoothAmpers.at (i-1) >= halfleg2 && smoothAmpers.at(i) <= halflLeg2)
(smoothAmpers.at (i) >= halfleg2 && smoothAmpers.at(i-1) <= halfleg2)) {
anglesOfMiddleLeg2.append(angles.at (i));

if (anglesOfMiddlelegl.count () >= 2 && anglesOfMiddleleg2.count () >= 2){

LeglAngleStart = anglesOfMiddleLegl.first();
LeglAngleStop = anglesOfMiddlelLegl.last();
Leg2AngleStart = anglesOfMiddleleg2.first();
Leg2AngleStop = anglesOfMiddleleg2.last () ;

bool ook;

an-
glesToXY (anglesOfMiddleLegl.first () ,maxCurrentAngle2,wirelLength, leglength, legsAngle, LineleglStart
X,LinelLeglStartY, ook);

LinelLeglStartX += deltaX;

LineLeglStartY += deltaY¥;

an-
glesToXY (anglesOfMiddleLegl.last () ,maxCurrentAngle2,wireLength, legLength, legsAngle, LineLeglStopX,
LinelLeglStopY, ook) ;

LinelLeglStopX += deltaX;

LinelLeglStopY += deltayY;

an-
glesToXY (maxCurrentAnglel,anglesOfMiddleleg2.first () ,wirelLength, leglength, legsAngle, Lineleg2Start
X,LinelLeg2StartY, ook);

LinelLeg2StartX += deltaX;

LineLeg2StartY += deltaY¥;

an-
glesToXY (maxCurrentAnglel,anglesOfMiddleLeg2.last () ,wireLength, legLength, legsAngle,LineLeg2StopX,
Lineleg2StopY, ook) ;

LinelLeg2StopX += deltaX;

LineLeg2StopY += delta¥;

widthLegl = sqrt(powf ((LineLeglStartX-LinelLeglStopX),2)+powf ((LineLeglStartyY-
LinelLeglStopY),2));
widthLeg2 = sqrt(powf ((LinelLeg2StartX-LinelLeg2StopX),2)+powf ((LinelLeg2StartY-
LineLeg2StopY),2));
}
}
}

void Frame::findCurrent ()

{
if (!ampers.isEmpty () && 'angles.isEmpty()) {

currentLegl = countCurrent (0, zeroAngleIndex) ;
currentLeg2 = countCurrent (zeroAngleIndex,ampers.count());
current = (currentLegl+currentleg2)/2.0;

}

void Frame::findMass (double partValue)
{
if(langles.isEmpty () && !smoothAmpers.isEmpty()) {
if (partValue > 1) {

part = partValue;
double halfLegl = smoothAmpers.at (maxCurrentIndexl)/partValue;
double halflLeg2 = smoothAmpers.at (maxCurrentIndex?2)/partvValue;
massMiddleAmperLegl = halflegl;
massMiddleAmperLeg2 = halfleg2;

QVector<int> anglesIndexOfMiddleLegl;
QVector<int> anglesIndexOfMiddleLeg2;
for(int 1 = 1; i < zeroAnglelIndex; i++) {
1f ((smoothAmpers.at (i-1) >= halflegl && smoothAmpers.at (i) <= halflLegl) ||
(smoothAmpers.at (i) >= halflegl && smoothAmpers.at(i-1) <= halflegl)) {
anglesIndexOfMiddleLegl.append (i) ;
}
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}
for(int i1 = zeroAnglelIndex; i < smoothAmpers.count(); i++){
1f ((smoothAmpers.at(i-1) >= halfleg2 && smoothAmpers.at (i) <= halfleg2) ||
(smoothAmpers.at (i) >= halfleg2 && smoothAmpers.at(i-1) <= halfleg2)) {
anglesIndexOfMiddleLeg?2.append (i) ;
}
}
if (anglesIndexOfMiddleLegl.count () >= 2 && anglesIndexOfMiddleLeg2.count () >=

massLeglAngleStart = angles.at (anglesIndexOfMiddlelLegl.first());
massLeglAngleStop = angles.at (anglesIndexOfMiddleLegl.last());
massLeg2AngleStart = angles.at (anglesIndexOfMiddleLeg2.first());
massLeg2AngleStop = angles.at (anglesIndexOfMiddleLeg2.last());

double anglel = (massLeglAngleStart+massLeglAngleStop)/2.0;

double angle? = (massLeg2AngleStart+massLeg2AngleStop)/2.0;

bool ook;

anglesToXY (anglel, angle2,wirelLength, legLength, legsAngle, massX,massY, 0ok) ;
massX += deltaX;

massY += deltaY;

an-
glesToXY (masslLeglAngleStart,maxCurrentAngle2,wirelength, legLength, legsAngle,massLinelLeglStartX, ma
ssLineleglStartY, ook) ;

massLineleglStartX += deltaX;

massLineleglStartY += deltaY;

an-
glesToXY (massLeglAngleStop,maxCurrentAngle2,wireLength, legLength, legsAngle, massLinelLeglStopX, mass
LinelLeglStopY, ook) ;

massLineleglStopX += deltaX;

massLineleglStopY += deltayY;

an-
glesToXY (maxCurrentAnglel,massLeg2AngleStart,wirelLength, legLength, legsAngle,massLineleg2StartX, ma
ssLineleg2StartY, ook) ;

massLineleg2StartX += deltaX;

massLineleg2StartY += deltaY¥;

an-
glesToXY (maxCurrentAnglel,massLeg2AngleStop,wireLength, legLength, legsAngle, massLinelLeg2StopX, mass
Lineleg2StopY, ook) ;

massLineleg2StopX += deltaX;

massLinelLeg2StopY += deltayY;

massWidthLegl = sqrt (powf ( (massLinelLeglStartX-
massLinelLeglStopX),2)+powf ( (massLineleglStartY-massLineLeglStopY),2));

massWidthLeg2 = sgrt (powf ( (massLinelLeg2StartX-
massLinelLeg2StopX),2)+powf ( (massLineleg2StartY-massLineleg2StopY),2));

if (showMirror) {
massX = -1.0*massX;

}

currentLeglMass =
rent (anglesIndexOfMiddleLegl.first (),anglesIndexOfMiddleLegl.last());

currentLeg2Mass = countCur-
rent (anglesIndexOfMiddlelLeg2.first (),anglesIndexOfMiddlelLeg2.last());

currentMass = (currentLeglMass+currentLeg2Mass)/2.0;

countCur-

difCurrentLegl = currentLeglMass*100.0/currentlLegl;
difCurrentLeg2 = currentLeg2Mass*100.0/currentlLeg?2;
difCurrent = currentMass*100.0/current;

}

void Frame::findPart (double percentOfBeam)
{
part = 1.0;
while (difCurrent < percentOfBeam && part < 100) {
part += 0.1;
findMass (part) ;

}

double Frame::countCurrent (int start, int stop)
{
//
double result = 0;
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if (lampers.isEmpty ()) {
double rl = sgrt (wireLength*wireLength + legLength*legLength -
2*wireLength*legLength*cos ((1-legsAngle/360.0)*M PI));
result += 1000*ampers.at (start);
for(int 1 = start+l;1i < stop; i++){
double deltaFi = fabs(angles.at(i-1) - angles.at(i));
double squiWay = (M PI*rl*rl*deltaFi/360.0)-
(M_PI*wireLength*wireLength*deltaFi/360.0);
double squleg = legLength*legWidth;
result += 1000*ampers.at (i) *squWay/squleg;
}
}
return result;

}

void Frame::changePart (double value)
{
findMass (value) ;

}

void Frame::setNoiseReductionPercent (int percent)
{
noiseReductionPercent = percent;
denoiseAmpers() ;

findMaxCurrentPosition() ;
findwidth () ;
findCurrent () ;
findMass (part) ;

}

void Frame::denoiseAmpers ()
{
if (!ampers.isEmpty()) {
smoothAmpers.clear () ;
WaveletSpectrum *DWT = new WaveletSpectrum(ampers,WaveletSpectrum::BSPLINE 309);
DWT->threshold (noiseReductionPercent/100.0) ;
smoothAmpers = DWT->toData();
delete DWT;
}
}
#ifndef PROFILE INFOBLOCK_H
#define PROFILEINFOBLOCK H

#include <QWidget>
#include <QtCore>
#include <QColorDialog>

namespace Ui {
class ProfileInfoBlock;

}

class ProfileInfoBlock : public QWidget

{
Q OBJECT

public:

explicit ProfileInfoBlock (QWidget *parent = 0);

~ProfileInfoBlock () ;

void setFrame (int 1id);

void setFrameMax (int wvalue);

void setScanDate (QString) ;

void setFileName (QString) ;

void setMaxValueData (double maxAnglelLegl,double maxAnglelLeg2,double maxX,double max¥,double
maxAmpLegl, double maxAmpLeg2) ;

void setWidth (double widthl, double width2);

void setCurrent (double currentlLegl,double currentLeg2,double current);

void setMassXY (double massX, double massY);

void setMassWidth (double massWidthLegl, double massWidthLeg2) ;

void setMassCurrent (double currentLegl,double currentleg2, double current, double
difLegl,double diflLeg2, double dif);

void setSection(double leglStartAngle,double leglStopAngle,double leg2StartAngle, double
leg2StopAngle,double angleToMMHof) ;

void setColor (QColor color);

void setPart (double value);
signals:

void removeProfile();

void showFrame (int id);

void changePart (double value);

void showMaxCheck (bool) ;
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void
void
void
void
void

showIntervalCheck (bool) ;
showMiddleCheck (bool) ;
redrawAll (QColor) ;
showProfileWindow () ;
changelineSize (int value);
void changelineType (Qt::PenStyle);
void changeNoiseReduction (int wvalue);
private slots:

void on_closeButton clicked();

void on_frameSlider valueChanged(int value);

void on_partBox valueChanged(double argl);

void on_showMaxCheck clicked (bool checked);

void on_showIntervalCheck clicked(bool checked);

void on_showMiddleCheck clicked(bool checked) ;

void on_pushButton clicked();

void on_pushButton 2 clicked();

void on_sizeBox valueChanged (int argl);

void on_lineTypeBox currentIndexChanged(int index);

void on noiseReductionSlider valueChanged (int value);
private:
Ui::ProfileInfoBlock *ui;

}i

#endif // PROFILEINFOBLOCK H
#include "profileinfoblock.h"
#include "ui profileinfoblock.h"

ProfileInfoBlock::ProfileInfoBlock (QWidget *parent)
QWidget (parent),
uil (new Ui::ProfileInfoBlock)

ui->setupUi (this) ;

ui->lineTypeBox->addItem ("Cromsas") ; //SolidLine

ui->lineTypeBox->addItem ("lltprxosaa") ; //DashLine

ui->lineTypeBox->addItem ("llyukTupuaa") ; //DotLine

ui->lineTypeBox->addItem ("lTpuxnyHkTrpHas") ; //DashDotLine
(

ui->lineTypeBox->addItem ("IITPUXIYHKTHUPHASA C IOBYyMs Toukamm") ;

}

ProfileInfoBlock::~ProfileInfoBlock ()
{
delete ui; //sfdad

}

void ProfileInfoBlock::setFrame (int id)
{
ui->frameSlider->setValue (id) ;
ui->frameNumberLabel->setText (QString: :number (id+1)+"/"+QString
>maximum () +1)) ;

}

void ProfileInfoBlock::setFrameMax (int value)
{
ui->frameSlider->setMaximum (value-1);

}

void ProfilelInfoBlock::setScanDate (QString date)
{

ui->scanDatelLabel->setText (date) ;

}

void ProfileInfoBlock::setFileName (QString fileName)
{

ui->fileNameLabel->setText (fileName) ;

}
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void ProfileInfoBlock::setMaxValueData (double maxAngleLegl, double maxAnglelLeg2, double maxX,

double maxY, double maxAmpLegl, double maxAmpLeg?2)

{
ui->maxAnglelLeglLabel->setText (QString: :number (maxAnglelLegl)) ;
ui->maxAngleleg2Label->setText (QString: :number (maxAnglelLeg2)) ;
ui->maxXLabel->setText (QString: :number (maxX)) ;
ui->maxYLabel->setText (QString: :number (maxyY));
ui->maxAmpLeglLabel->setText (QString: :number (maxAmpLegl)) ;
ui->maxAmpLeg2Label->setText (QString: :number (maxAmpLleg2)) ;

}

void ProfileInfoBlock::setWidth (double widthl, double width2)

{
ui->widthlLabel->setText (QString: :number (widthl)) ;
ui->width2Label->setText (QString: :number (width?2)) ;
ui->sglabelMid->setText (QString: :number (M _PI*widthl*width2/4.0));

}

void ProfileInfoBlock::setCurrent (double currentlLegl, double currentleg2, double current)
{
ui->currentLeglLabel->setText (QString: :number (currentLegl)) ;
ui->currentleg2label->setText (QString: :number (currentleg?2)) ;
ui->currentlLabel->setText (QString: :number (current));

}

void ProfileInfoBlock::setMassXY (double massX, double massY)
{
ui->massXLabel->setText (QString: :number (massX) ) ;
ui->massYLabel->setText (QString: :number (massY)) ;

}

void ProfileInfoBlock::setMassWidth (double massWidthLegl, double massWidthLeg2)
{
ui->massWidthLeglLabel->setText (QString: :number (massWidthLegl)) ;
ui->massWidthLeg2Label->setText (QString: :number (massWidthlLeg2)) ;
ui->sglabel->setText (QString: :number (M _PI*massWidthLegl*massWidthLeg2/4.0));
}

void ProfilelInfoBlock::setMassCurrent (double currentLegl, double currentlLeg2, double current,

double diflLegl, double difLeg2, double dif)

{
ui->massCurrentleglLabel->setText (QString: :number (currentlegl)) ;
ui->massCurrentlLeg2Label->setText (QString: :number (currentleg?)) ;
ui->massCurrentlLabel->setText (QString: :number (current)) ;
ui->difflegllLabel->setText (QString: :number (difLegl)) ;
ui->diffleg2Llabel->setText (QString: :number (difLeg2)) ;
ui->difflabel->setText (QString: :number (dif)) ;

}

void ProfilelInfoBlock::setSection (double leglStartAngle, double leglStopAngle, double

leg2StartAngle, double leg2StopAngle, double angleToMMHof)

{
ui->sectionlLeglStartLabel->setText (QString: :number (leglStartAngle*angleToMMHof) ) ;
ui->sectionLeglStopLabel->setText (QString: :number (leglStopAngle*angleToMMHof) ) ;
ui->sectionLeg2StartLabel->setText (QString: :number (leg2StartAngle*angleToMMHof)) ;
ui->sectionLeg2StopLabel->setText (QString: :number (leg2StopAngle*angleToMMHof) ) ;

}

void ProfileInfoBlock::setColor (QColor color)
{
ui->pushButton-
>setStyleSheet ("background:rgb ("+Q0String: :number (color.red())+","+0String: :number (color.green() )+
", "+0String: :number (color.blue())+")");

}

void ProfileInfoBlock::setPart (double value)
{

ui->partBox->setValue (value) ;

}

void ProfileInfoBlock::on closeButton clicked()
{
emit removeProfile();

}

void ProfileInfoBlock::on frameSlider valueChanged(int value)
{
emit showFrame (value) ;

}
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void ProfileInfoBlock::on partBox valueChanged(double argl)
{
emit changePart (argl) ;

}

void ProfileInfoBlock::on showMaxCheck clicked(bool checked)
{
emit showMaxCheck (checked) ;

}

void ProfileInfoBlock::on showIntervalCheck clicked(bool checked)
{
emit showIntervalCheck (checked) ;

}

void ProfileInfoBlock::on_showMiddleCheck clicked (bool checked)
{

emit showMiddleCheck (checked) ;
}

void ProfileInfoBlock::on pushButton clicked()

{
QColor color = QColorDialog::getColor();

ui->pushButton-
>setStyleSheet ("background:rgb ("+0String: :number (color.red())+","+0String: :number (color.green() )+
", "+0String: :number (color.blue())+")");

emit redrawAll (color);

}

void ProfileInfoBlock::on pushButton 2 clicked()
{
emit showProfileWindow () ;

}

void ProfileInfoBlock::on sizeBox valueChanged(int argl)
{
emit changelLineSize (argl);

}

void ProfileInfoBlock::on_ lineTypeBox currentIndexChanged(int index)
{

Qt::PenStyle type;

type = (Qt::PenStyle) (index + 1);

emit changeLineType (type) ;
}

void ProfileInfoBlock::on noiseReductionSlider valueChanged(int value)
{
emit changeNoiseReduction (value);
}
#ifndef PROFILEWINDOW H
#define PROFILEWINDOW H

#include <QDialog>

#include <QDebug>

#include "plot/gcustomplot.h"
#include "frame.h"

namespace Ui {

class ProfileWindow;

}

class ProfileWindow : public QDialog
{
Q OBJECT

public:
explicit ProfileWindow (QVector<double> inAngles,

QVector<double> inAmpers,

double inWireLength,

double inLegLength, double inLegsAngle,

int inZeroAngleld,

bool inShowMirror,

double inDeltaX,

double inDeltay,

double inPeakX, double inPeaky,

double inMiddleLeglStartX, double inMiddleLeglStartY, double inMid-
dleLeglStopX, double inMiddleleglStopY,

double inMiddleLeg2StartX, double inMiddleLeg2StartY, double inMid-
dleLeg2StopX, double inMiddleLeg2StopY,
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QWidget *parent = 0);
~ProfileWindow() ;

double wireLength;
double legLength;
bool showMirror;
int zeroAngleId;
double deltaX;
double deltayY;
double legsAngle;

double peakX,peakY;
double middlelLeglStartX,middlelLeglStartY,middleLeglStopX,middleLeglStopY;
double middleleg2StartX,middlelLeg2StartY,middlelLeg2StopX,middlelLeg2StopY;

QVector<double> angles;
QVector<double> ampers;
private slots:
void on_holeBox valueChanged(int argl);

void on pixelsPerMmBox valueChanged(int argl);
void on_spinBox valueChanged (int argl);
void on_pushButton clicked();

private:
Ui::ProfileWindow *ui;

QCPColorGradient g;
QCPColorScale *colorScale;
QCPColorMap *colorMap;

QCPItemEllipse *hole;
QCPItemTracer *center;
QCPItemTracer *peak;
QCPItemLine *profilometrAxis;
QCPItemLine *middleLegl;
QCPItemLine *middlelLeg?2;

void reDraw() ;
void initPlot();
}i

#endif // PROFILEWINDOW H
#include "profilewindow.h"
#include "ui profilewindow.h"

ProfileWindow: :ProfileWindow ( QVector<double> inAngles,
QVector<double> inAmpers,
double inWireLength,
double inLegLength,double inlegsAngle,
int inZeroAngleld,
bool inShowMirror,
double inDeltaX,
double inDeltay,
double inPeakX, double inPeaky,
double inMiddleLeglStartX, double inMiddleLeglStartY,double
inMiddleLeglStopX, double inMiddleLeglStopY,
double inMiddleLeg2StartX,double inMiddleLeg2StartY,double inMid-
dleLeg2StopX,double inMiddlelLeg2StopY,
QWidget *parent)
QODbialog (parent),
ui (new Ui::ProfileWindow)

ui->setupUi (this);

angles = inAngles;

ampers = inAmpers;
wireLength = inWireLength;
leglength = inLegLength;
legsAngle = inlLegsAngle;
showMirror = inShowMirror;
zeroAngleId = inZeroAngleld;
deltaX = inDeltaX;

deltaY = inDeltaY;

peakX = inPeakX;
peakY = inPeakY;

middleleglStartX = inMiddlelLeglStartX;
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middleleglStartY = inMiddlelLeglStartY;
middlelLeglStopX = inMiddleLeglStopX;
middlelLeglStopY = inMiddleLeglStopY;

middlelLeg2StartX = inMiddleLeg2StartX;
middlelLeg2StartY = inMiddlelLeg2StartY;
middlelLeg2StopX = inMiddleLeg2StopX;
middleLeg2StopY = inMiddleLeg2StopY;

initPlot();
reDraw () ;

}

ProfileWindow: :~ProfileWindow ()
{
delete ui;

}

void ProfileWindow: :reDraw ()
{
if (!ampers.isEmpty()) {
int holeDiameter = ui->holeBox->value();
int pixelsPerMm = ui->pixelsPerMmBox->value () ;

double currentMaxAbsValue = 0;
int maxId = 0;
for(int 1 = 0; 1 < ampers.count(); 1i++){
if (fabs(ampers.at(i)) > currentMaxAbsValue) {
currentMaxAbsValue = fabs (ampers.at(i));
maxId = i;
}
}
double sign = 1;
if (ampers.at (maxId) < 0) {

sign = -1;
}
if (currentMaxAbsValue != 0) {
[/ m e

colorMap->data () ->clear () ;
colorMap->data () ->clear () ;
colorMap->data () ->setSize (holeDiameter*pixelsPerMm, holeDiameter*pixelsPerMm) ;

colorMap->data () ->setRange (QCPRange (-holeDiameter/2.0,holeDiameter/2.0),QCPRange (-
holeDiameter/2.0,holeDiameter/2.0)) ;

colorMap->data () ->setSize (holeDiameter*pixelsPerMm, holeDiameter*pixelsPerMm) ;

colorMap->data () ->setRange (QCPRange (-holeDiameter/2.0,holeDiameter/2.0),QCPRange (-
holeDiameter/2.0,holeDiameter/2.0)) ;

for(int 1 = 0; 1 < zeroAngleld; i++) {
for(int j = zeroAngleId; j < angles.count(); J++) {
double x = 0;
double y = 0;
double al = angles.at(i);
double a2 = angles.at(Jj);
bool ok = true;
Frame::anglesToXY (al,a2,wireLength, leglLength, legsAngle, x,vy, 0k) ;
if (ok){
x += deltaX;
y += deltaY¥;
if (showMirror) {
x *= (-1);
}
int Xid = 0;
int Yid = 0;
colorMap->data () ->coordToCell (%, v, &Xid, &Yid) ;
double mull = (sign*ampers.at(j) * ampers.at(i))/currentMaxAbsValue;
colorMap->data () ->setCell (Xid, Yid, mull) ;

}
}
colorMap->rescaleDataRange () ;
colorScale->setDataRange (QCPRange (-currentMaxAbsValue, currentMaxAbsValue)) ;
ui->plot->replot () ;

}

void ProfileWindow::initPlot ()

{



ui->plot->setInteraction (QCP::iRangeDrag, true);
ui->plot->setInteraction (QCP::iRangeZoom, true);
ui->plot->axisRect () ->setRangeDrag (Qt::Horizontal | Qt::Vertical);
ui->plot->axisRect () ->setRangeZoom (Qt: :Horizontal | Qt::Vertical);
ui->plot->addLayer ("low") ;

ui->plot->addLayer ("high") ;

ui->plot->xAxis->setLabel ("X (vm)");

ui->plot->yAxis->setLabel ("Y (mm)");

colorScale = new QCPColorScale (ui->plot);
colorScale->setType (QCPAxis: :atRight) ;
g.clearColorStops();

.setColorInterpolation (QCPColorGradient::ColorInterpolation: :ciRGB) ;
.setColorStopAt (0,QColor (0,0,255));
.setColorStopAt (0.5,QColor (255,255,255));
.setColorStopAt (1,QColor (255,0,0));
.setLevelCount (50) ;

colorScale->setGradient (g) ;
colorScale->setDataRange (QCPRange (-1,1));
ui->plot->plotLayout () ->addElement (0,1, colorScale);

Q Q QQ

Q

colorMap = new QCPColorMap (ui->plot->xAxis,ui->plot->yAxis);
colorMap->setColorScale (colorScale);
colorMap->setTightBoundary (true) ;

ui->plot->addPlottable (colorMap) ;

colorMap->setLayer ("low") ;
ui->plot->xAxis->setRange (-30,30) ;
ui->plot->yAxis->setRange (=30, 30) ;

profilometrAxis = new QCPItemLine (ui->plot);

QPen axP;

axP.setColor (QColor (Qt::black));

axP.setStyle (Qt::PenStyle::DashlLine) ;

profilometrAxis->setPen (axP) ;
profilometrAxis->start->setCoords ((showMirror) ? (-deltaX) : (deltaX),deltay);
profilometrAxis->end->setCoords ( (showMirror) ? (-deltaX) : (deltaX),deltaY+wirelLength);
ui->plot->addItem(profilometrAxis) ;

profilometrAxis->setLayer ("high") ;

middlelLegl = new QCPItemLine (ui->plot);
middleleg2 = new QCPItemLine (ui->plot);
middlelLegl->setPen (axP) ;
middleLeg2->setPen (axP) ;
ui->plot->addItem(middlelegl) ;
ui->plot->addItem(middleleg2) ;
middleLegl->setLayer ("high");
middleLeg2->setLayer ("high") ;

middlelLegl->start->setCoords ( (showMirror) ? (-
middleLeglStartX) : (middleLeglStartX),middleLeglStartY) ;
middleLegl->end->setCoords ( (showMirror) ? (-
middleLeglStopX) : (middleLeglStopX) ,middleLeglStopY) ;
middlelLeg2->start->setCoords ( (showMirror) ? (-
middleLeg2StartX) : (middleLeg2StartX),middleLeg2StartY) ;
middleLeg2->end->setCoords ( (showMirror) ? (-
middleLeg2StopX) : (middleLeg2StopX) ,middleLeg2StopY) ;

hole = new QCPItemEllipse (ui->plot);
QPen pl;

pl.setWidth(2);
pl.setColor (QColor (Qt::green));
pl.setStyle(Qt::PenStyle::DashlLine) ;
hole->setPen (pl);

hole->topLeft->setCoords (-ui->holeBox->value () /2.0,ui->holeBox->value()/2.0);
hole->bottomRight->setCoords (ui->holeBox->value () /2.0, -ui->holeBox->value()/2.0);
ui->plot->addItem(hole);

hole->setLayer ("high");

center = new QCPItemTracer (ui->plot);
center->position->setCoords (0,0);
center->setStyle (QCPItemTracer: :tsPlus) ;
ui->plot->addItem(center) ;
center->setLayer ("high") ;

peak = new QCPItemTracer (ui->plot);
peak->position->setCoords (0,0) ;
peak->setStyle (QCPItemTracer::tsCircle);
peak->setPen (QPen (QColor (255,255,0,200))) ;
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peak->setBrush (QBrush (QColor (255,255,0,100))) ;
peak->position->setCoords (peakX, peaky¥) ;
ui->plot->addItem (peak);
peak->setlLayer ("high");

}

void ProfileWindow::on holeBox valueChanged(int argl)

{
Q UNUSED (argl);
hole->topLeft->setCoords (-ui->holeBox->value () /2.0,ui->holeBox->value () /2.0);
hole->bottomRight->setCoords (ui->holeBox->value () /2.0, -ui->holeBox->value () /2.0);
reDraw () ;

}

void ProfileWindow::on pixelsPerMmBox valueChanged(int argl)
{

Q UNUSED (argl);

reDraw () ;

}

void ProfileWindow::on spinBox valueChanged(int argl)
{
g.setLevelCount (argl) ;
colorScale->setGradient (g) ;
ui->plot->replot () ;
}

void ProfileWindow::on pushButton clicked()

{
QOString s = QFileDialog::getSaveFileName (this, "Coxpauure cxpuumoT","","png");
ui->plot->grab () .save (s+".png", "png") ;

}

#ifndef SETTINGSDIALOG_H

#define SETTINGSDIALOG H

#include <QDialog>
#include <QSettings>
#include "mainwindow.h"
namespace Ui {

class SettingsDialog;

}

class SettingsDialog : public QDialog
{

Q OBJECT
signals:

void settingsUpdate (double wireLength,double legLength,double legWidth,double legAngle, dou-
ble deltaX, double deltaY, double luftAngle, bool showMirror,double angleToRKoefNumerator, double
angleToRKoefDenominator) ;
public:

explicit SettingsDialog(double wireLength,double legLength,double legWidth,double legAngle,
double deltaX, double deltaY, double luftAngle, bool showMirror,double angleToRKoefNumerator,
double angleToRKoefDenominator,QWidget *parent = 0);

~SettingsDialog() ;

private slots:
void on_acceptButton clicked();

private:
Ui::SettingsDialog *ui;

}i

#endif // SETTINGSDIALOG H
#include "settingsdialog.h"
#include "ui settingsdialog.h"

SettingsDialog::SettingsDialog (double wireLength, double legLength, double legWidth,double legAn-
gle, double deltaX, double deltaY, double luftAngle, bool showMirror,double angleToRKoefNumera-
tor, double angleToRKoefDenominator,QWidget *parent)

QDialog (parent),

ui(new Ui::SettingsDialog)

ui->setupUi (this);
ui->wirelLengthBox->setValue (wireLength) ;
ui->legLengthBox->setValue (legLength) ;
ui->legWidthBox->setValue (legWidth) ;
ui->legsAngleBox->setValue (legAngle) ;
ui->deltaXBox->setValue (deltaX) ;
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ui->deltaYBox->setValue (deltay) ;

ui->luftBox->setValue (luftAngle) ;

ui->checkBox—->setChecked (showMirror) ;
ui->angleToRKoefDenominatorBox->setValue (angleToRKoefDenominator) ;
ui->angleToRKoefNumeratorBox->setValue (angleToRKoefNumerator) ;
ui->picLabel->setPixmap (QPixmap ("settingsPic.png"));

}

SettingsDialog::~SettingsDialog ()

{

delete ui;

}

void SettingsDialog::on acceptButton clicked()

{

QSettings settings (MainWindow::settingsFileName,QSettings::IniFormat);

settings.
settings.
settings.
settings.
settings.
settings.
settings.
settings.
settings.

>value());

settings.

setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:
setValue (MainWindow:

setValue (MainWindow:

:wireLengthFieldName, ui->wireLengthBox->value()) ;
:leglengthFieldName, ui->leglLengthBox->value()) ;
:legWidthFieldName,ui->legWidthBox->value ()) ;
:deltaXFieldName,ui->deltaXBox->value());

:deltaYFieldName, ui->deltaYBox->value()) ;
:luftAngleFieldName, ui->luftBox->value()) ;
:showMirrorFieldName, ui->checkBox->isChecked()) ;
:legsAngleFieldName,ui->legsAngleBox->value()) ;
:angleToRKoefNumeratorFieldName, ui->angleToRKoefNumeratorBox—

rangleToRKoefDenominatorFieldName, ui-

>angleToRKoefDenominatorBox->value () ) ;

emit settingsUpdate (ui->wirelLengthBox->value (),ui->leglLengthBox->value(),ui->legWidthBox-
>value () ,ui->legsAngleBox->value () ,ui->deltaXBox->value () ,ui->delta¥YBox->value (),ui->luftBox-
>value () ,ui->checkBox->isChecked () ,ui->angleToRKoefNumeratorBox->value () ,ui-
>angleToRKoefDenominatorBox->value () ) ;

this->close();

}

#ifndef DIRECTORYMONITOR H
#define DIRECTORYMONITOR H

#include <QObject>
#include <QtCore>
#include <QDebug>
#include <QDir>
#include <QTimer>

class DirectoryMonitor

{

Q OBJECT

public:

public QObject

DirectoryMonitor (QObject *parent = 0);
DirectoryMonitor (QString initDirectiryPath = "",int refreshTimeMs = 1000,Q0String lookupFormat
= "",bool lookInSubFolder = true,Q0bject *parent = 0);

void setDirectory (QString initDirectiryPath);
voild setRefreshTime (int refreshTimeMs) ;

void setLoopupFormat (0String lookupFormat) ;
void setLookInSubFolder (bool lookInSubFolder) ;

void start();
void stop();

signals:

void fileChanged(QString fileName) ;
private slots:
void refresh();

private:

QDir dir;
QMap<QString,QDateTime> *1list;

QTimer timer;

QString format = "";
bool subFolder = true;
int refreshTime = 1000;
void fileScan(QDir dir,QMap<QString,QDateTime> * newlList);

}i

#endif // DIRECTORYMONITOR H
#include "directorymonitor.h"

DirectoryMonitor::DirectoryMonitor (QObject *parent) : QObject (parent)

{

list = new QMap<QString,QDateTime>;
fileScan(dir, list);
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timer.setInterval (refreshTime) ;
connect (&timer, SIGNAL (timeout ()),this, SLOT (refresh()));

}

DirectoryMonitor::DirectoryMonitor (QString initDirectiryPath, int refreshTimeMs, QString
lookupFormat, bool lookInSubFolder, QObject *parent) : QObject (parent)
{

format = lookupFormat;

dir.setPath (initDirectiryPath) ;

subFolder = lookInSubFolder;

list = new QMap<QString,QDateTime>;

refreshTime = refreshTimeMs;

fileScan(dir,list);
timer.setInterval (refreshTime) ;
connect (&timer, SIGNAL (timeout () ), this, SLOT (refresh()));

}

void DirectoryMonitor::setDirectory(QString initDirectiryPath)

{
dir.setPath (initDirectiryPath) ;

}

void DirectoryMonitor::setRefreshTime (int refreshTimeMs)

{
refreshTime = refreshTimeMs;
timer.setInterval (refreshTime) ;

}

void DirectoryMonitor::setLoopupFormat (QString lookupFormat)

{
format = lookupFormat;

}

void DirectoryMonitor::setLookInSubFolder (bool lookInSubFolder)

{
subFolder = lookInSubFolder;

}

void DirectoryMonitor::start()

{

timer.start();

}

void DirectoryMonitor::stop ()
{
timer.stop () ;

}

void DirectoryMonitor::refresh()

{
dir.refresh();
QOMap<QString,QDateTime> *newlList = new QMap<QString,QDateTime>;
fileScan (dir,newList) ;

//QMapIterator<QString,QDateTime> oldIterator (*list);
QOMapIterator<QString,QDateTime> newlterator (*newlList);

while (newIterator.hasNext ()) {
newlterator.next () ;
if(list->contains (newlterator.key())) {
if(newlIterator.value() != list->value (newlterator.key())) {

emit fileChanged (newlIterator.key());
}
lelse(
emit fileChanged (newlterator.key());
}

}
list->clear () ;
delete list;
list = newlList;
}
void DirectoryMonitor::fileScan(QDir dir, QMap<QString, QDateTime> *newlList)
{
QFileInfolist entryList = dir.entryInfolist();
for(int 1 = 0; 1 < entryList.count(); i++){
if(entryList[i].isFile() && entryList[i].fileName () .endsWith (format)) {
newlList->insert (entryList[i].filePath(),entryList[i].lastModified())
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}
if (subFolder) {
if(entryList[i].isDir() && entryList[i].fileName()!="." && entryL-
ist[i].fileName () !=".."){
fileScan(entryList[i].filePath(),newlist);
}

}
}
/* WaveletSpectrum
* ObepTka BOKPYT gsl njsa ynoOHOT'O MCIIOJIbL30BaHMSA BEMBJIET NpeoOpa30BaHUM C TuUllaMM HOaHHEX Qt
* Tima45 14.02.2017
*/
#ifndef WAVELETSPECTRUM H
#define WAVELETSPECTRUM H

#include <QObject>
#include <QtCore>
class WaveletSpectrum : public QObject
{
Q OBJECT
public:
enum WaveTypes {
HAAR 2,
HAAR CENTERED 2,
DAUBECHIES 4,
DAUBECHIES 6,
DAUBECHIES 8,
DAUBECHIES 10,
DAUBECHIES 12,
DAUBECHIES 14,
DAUBECHIES 16,
DAUBECHIES 18,
DAUBECHIES 20,
DAUBECHIES CENTERED 4,
DAUBECHIES CENTERED 6,
DAUBECHIES CENTERED 8,
DAUBECHIES CENTERED 10,
DAUBECHIES CENTERED 12,
DAUBECHIES CENTERED 14,
DAUBECHIES CENTERED 16,
DAUBECHIES CENTERED 18,
DAUBECHIES CENTERED 20,
BSPLINE 103,
BSPLINE_105,
BSPLINE_ZOZ,
BSPLINE 204,
BSPLINE 206,
BSPLINE_ZOB,
BSPLINE_BOI,
BSPLINE_303,
BSPLINE 305,
BSPLINE 307,
BSPLINE_309,
BSPLINE_CENTERED_IOB,
BSPLINE CENTERED 105,
BSPLINE CENTERED 202,
BSPLINE_CENTERED_204,
BSPLINE_CENTERED_206,
BSPLINE CENTERED 208,
BSPLINE CENTERED 301,
BSPLINE_CENTERED_303,
BSPLINE_CENTERED_305,
BSPLINE CENTERED 307,
BSPLINE CENTERED 309
}i
WaveletSpectrum (QObject *parent = 0);
WaveletSpectrum (QVector<double> data,WaveTypes waveType,Q0bject *parent = 0);
int getLevels();
WaveTypes getType () ;

/* IByMEpHHI CIEKTP B BallMX PyKax.
* He MeHAMTe KOJMUECTBO SJIEMEHTOB, MHaue ofpaTHoe Npeofpa30BaHME MOXET BEPHYTH UyNyXy WU
CJIOMaTbLCH .
* MHe JIeHb NMCaTb INPOBEPKM.
*/
double constantAmplitude;
QVector<QVector<double>> spectrum;

void threshold(double percent);



/* threshold
* BaHyJNgeT BCe aMIJIMTYIH KOTOPHE MeHblle (B MNPOLEeHTax) YeM 3HaueHMue percent.
* TakmuMm oOpasoM MOXHO yIaJMTh HeOOoJblMe BCIJIECKM, M30aBMB CUTHAJ OT WIyMa.
* IlpameTp: percent
* percent == 100 ymanmuT BCe aMIUIMTYIH, OOHYJMT CIEKTp 3auckiodeHyeM constantAmplitude, ocra-
BUT MNPAMYI.
* percent > 100 Tak-xe ymajuT BCe.
* percent < 100 ymanmT MeJIKMe BCIUJIECKM OCTABMB OOJIbUIME .
* B 3aBMUCHMMOCTM OT aMILIMTYIBl IIyMa MOXHO BEHOMpaTh 3HaueHme percent or 0.1 (ecim myma Majo) mOo
10 (Ecm myM IO aMIUIMTyIe COCTOBJISAeT NpuMepHO 10 MNpPOLEeHTOB OT BCET'O CUI'HAJa)

void highFilter (double value);
/* highFilter
* YMHOXaeT BEpXHI MNOJIOBMHY (levels/2) aMmiuTyn Ha 3HadeHue value
* IlpameTp: value
* value == 1 TO 4YaCTOTEl OCTAKNTCSI MNPEXHUMM.
* value < 1 yMeHbWAET aMIUIMTYyIy BEPXHMX YaCTOT.
* value > 1 yBenuumMBaeT aMIIMTYyLy BEPXHMX YaCTOT.
* value == (0 cpesBaeT BEPXHOK IOJIOBUHY .
*
void lowFilter (double wvalue);
/* lowFilter
* YMHOXaeT HMWXHOK MOJIOBMHY (levels/2) aMIIMTyn Ha 3HadeHMe value
* IlpameTp: value
* value == 1 TO YaCTOTH OCTAlTCH IPEXHUMU.
* value < 1 yMeHbIIAET aMIUIMTYOy HMXHMX YacTOT.
* value > 1 yBenuumMBaeT aMIIMTYOy HWKHMX YaCTOT.
* value == 0 cpes3aeT HWXHMX IIOJIOBUHY.
*
void levelFilter (int level,double value);
/* levelFilter
* YMHOXaeT yMIJIMTYILy Ha BalaHHOM ypoBeHe (uacToTe) level Ha 3HaueHus value.
* level pmosmxHO OBITH B MHTepBajie oT 0 mo levels MHaue HUYETO HEe MNPOM3OUIET.

void intervalFilter (int startlLevel,int stopLevel,double value);

/* intervalFilter

YMHaxaeT aMIJIMTyOe Ha 3HadYeHMe value OJjs 3agaHHOTO MHTepBajla 4acToT
IlapamMeTpsr:

startLevel HwxHesd I'paHMLa OUIbLTPA.

startLevel < 0 mHTepBaJl OT HMWXHMX YaCTOT.

*

stopLevel BepxHAA TpaHuMua QMUIBTPA.
stopLevel > levels MakcuMalJibHas BEPXHAS dacToTa

startLevel > stopLevel HMYEro He MNPOM3OMAET.
startLevel == stoplevel »ddexT Oy OOHOTO YPOBHSA. PABHOCMIIBHO BHBOBY levelFilter();
value xoeddMLMEHT yMHOXEHMSA.

P T

*

*/

QVector<double> toDatal() ;
private:

int startDataCount;

int roundToPowerOfTwo (int value);

WaveTypes type;

int levels = 0;

double max () ;

}i

#endif // WAVELETSPECTRUM H
#include "waveletspectrum.h"
#include <gsl/gsl wavelet.h>

int WaveletSpectrum: :roundToPowerOfTwo (int value) {
double tmp = log2(value);
return pow(2,ceil (tmp));

int WaveletSpectrum::getLevels ()
{

return levels;

WaveletSpectrum: :WaveTypes WaveletSpectrum: :getType ()
{

return type;
}

double WaveletSpectrum: :max () {
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double maxValue = 0;
1f (!'spectrum.isEmpty()) {
for(int 1 = 0; 1 < spectrum.count(); 1++){
for(int i = 0; i < spectrum.at(l).count(); i++){
if (fabs (spectrum.at(l) .at(i)) > maxValue) {
maxValue = fabs (spectrum.at(l).at(i));

}

}
}
return maxValue;
}
void WaveletSpectrum::threshold(double percent)
{
if (!spectrum.isEmpty()) {
double thresholdValue = max () *percent/100.0;
for(int 1 = 0; 1 < spectrum.count(); 1++){

for(int 1 = 0; i < spectrum.at(l).count(); i++){
if (fabs(spectrum.at(l).at(i)) < thresholdvalue) {
spectrum([1l] [i] = 0;

}

}

void WaveletSpectrum::highFilter (double value)
{
if (!spectrum.isEmpty()) {
for(int 1 = levels/2.0; 1 < spectrum.count(); 1++){
for(int 1 = 0; 1 < spectrum.at(l).count(); i++){
spectrum[1l] [1] *= value;

}

}

void WaveletSpectrum::lowFilter (double value)
{
1f (!'spectrum.isEmpty()) {
for(int 1 = 0; 1 < spectrum.count()/2.0; 1++){
for(int 1 = 0; i1 < spectrum.at(l).count(); i++){
spectrum[1l] [1] *= value;

}

}

void WaveletSpectrum::levelFilter (int level, double value)
{
if (!spectrum.isEmpty()) {
if(level >= 0 && level < levels){
for(int i = 0; 1 < spectrum.at(level).count(); i++){
spectrum[level] [i] *= value;

}

}

void WaveletSpectrum::intervalFilter (int startLevel, int stoplevel, double value)
{
if (!spectrum.isEmpty()) {
if (stopLevel > levels) {
stopLevel = levels;
}
if (startLevel < 0) {
startLevel = 0;
}
if (startLevel < stopLevel) {
for(int 1 = startlLevel; 1 < stopLevel; 1++)
for(int 1 = 0; 1 < spectrum.at(l).count
spectrum([1l] [1] *= value;

{
(); i++){

}

}

QVector<double> WaveletSpectrum::toData ()

{
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QVector<double> result;
if (spectrum.isEmpty()) {
return result;
lelse{
gsl wavelet workspace *work = gsl wavelet workspace alloc (pow(2,levels));
gsl wavelet *w;
switch (type) {
case HAAR 2:{
w = gsl wavelet alloc (gsl wavelet haar,2);
break;
}
case HAAR CENTERED 2:{
w = gsl wavelet alloc (gsl wavelet haar centered,?2);
break;
}
case DAUBECHIES 4:{
w = gsl wavelet alloc (gsl wavelet daubechies, 4);
break;
}
case DAUBECHIES 6:{
w = gsl wavelet alloc (gsl wavelet daubechies, 6);
break;
}
case DAUBECHIES 8:{
w = gsl wavelet alloc (gsl_wavelet daubechies, 8);
break;
}
case DAUBECHIES 10:{
w = gsl wavelet_alloc (gsl_wavelet daubechies, 10);
break;
}
case DAUBECHIES 12:{
w = gsl wavelet _alloc (gsl_wavelet daubechies,12);
break;
}
case DAUBECHIES 14:{
w = gsl wavelet _alloc (gsl_wavelet daubechies, 14);
break;
}
case DAUBECHIES 16:{
w = gsl wavelet _alloc (gsl_wavelet daubechies, 16);
break;
}
case DAUBECHIES 18:{
w = gsl wavelet alloc (gsl_wavelet daubechies,18);
break;
}
case DAUBECHIES 20:{
w = gsl wavelet alloc (gsl_wavelet daubechies, 20);
break;
}
case DAUBECHIES CENTERED 4:{
w = gsl wavelet alloc (gsl wavelet daubechies centered,4);
break;
}
case DAUBECHIES CENTERED 6:{
w = gsl wavelet alloc (gsl wavelet daubechies centered, 6);
break;
}
case DAUBECHIES CENTERED 8:{
w = gsl wavelet alloc (gsl wavelet daubechies centered, 8);
break;
}
case DAUBECHIES CENTERED 10:{
w = gsl wavelet alloc (gsl wavelet daubechies centered, 10);
break;
}
case DAUBECHIES CENTERED 12:{
w = gsl wavelet alloc (gsl wavelet daubechies centered,12);
break;
}
case DAUBECHIES CENTERED 14:{
w = gsl wavelet alloc (gsl wavelet daubechies centered, 14);
break;
}
case DAUBECHIES CENTERED 16:{
w = gsl wavelet alloc (gsl wavelet daubechies centered, 16);
break;
}
case DAUBECHIES CENTERED 18:{
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w = gsl wavelet alloc
break;

}

(gsl_wavelet daubechies centered, 18);

case DAUBECHIES CENTERED 20:{

w = gsl _wavelet_alloc
break;

}

case BSPLINE 103:{
w = gsl _wavelet_alloc
break;

}

case BSPLINE 105:({
w = gsl _wavelet_alloc
break;

}

case BSPLINE 202:({
w = gsl _wavelet_alloc
break;

}

case BSPLINE 204:({
w = gsl _wavelet_alloc
break;

}

case BSPLINE 206:{
w = gsl _wavelet _alloc
break;

}

case BSPLINE 208:({

gsl wavelet alloc

break;

w =

}

case BSPLINE 301:{

gsl wavelet alloc
break;

w =

}

case BSPLINE 303:{
w = gsl _wavelet _alloc
break;

}

case BSPLINE 305:({
w = gsl _wavelet _alloc
break;

}

case BSPLINE 307:({
w = gsl wavelet alloc
break;

}

case BSPLINE 309:({
w = gsl wavelet alloc
break;

}

case BSPLINE CENTERED 103:

w = gsl wavelet alloc
break;

}

case BSPLINE CENTERED 105:

w = gsl wavelet alloc
break;

}

case BSPLINE CENTERED 202:

w = gsl wavelet alloc
break;

}

case BSPLINE CENTERED 204:

w = gsl wavelet_alloc
break;

}

case BSPLINE CENTERED 206:

w = gsl wavelet_alloc
break;

}

case BSPLINE CENTERED 208:

w = gsl wavelet_alloc
break;

}

case BSPLINE CENTERED 301:

w = gsl wavelet_alloc
break;

}

case BSPLINE CENTERED 303:

(gsl wavelet daubechies centered, 20);

(gsl_wavelet bspline,103);

(gsl_wavelet bspline,105);

(gsl wavelet bspline,202);

(gsl wavelet bspline,204);

(gsl_wavelet bspline, 206);

(gsl_wavelet bspline,208);

(gsl_wavelet bspline,301);

(gsl_wavelet bspline,303);

(gsl_wavelet bspline, 305);

(gsl_wavelet bspline,307);

(gsl_wavelet bspline,309);

{

(gsl wavelet bspline centered,103);

{
(gsl wavelet bspline,105);

{
(gsl wavelet bspline,202);

{
(gsl wavelet bspline,204);

{
(gsl wavelet bspline,206);

{
(gsl wavelet bspline,208);

{
(gsl wavelet bspline,301);
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w = gsl wavelet alloc (gsl_wavelet bspline,303);
break;

}

case BSPLINEiCENTERED73O5:{
w = gsl wavelet alloc (gsl wavelet bspline,305);
break;

}

case BSPLINEiCENTERED73O7:{
w = gsl wavelet alloc (gsl wavelet bspline,307);
break;

}

case BSPLINEiCENTERED73O9:{
w = gsl wavelet alloc (gsl wavelet bspline,309);
break;

}

}

result.append (constantAmplitude) ;

for(int 1 = 0; 1 < spectrum.count(); 1++){
for(int 1 = 0; i < spectrum.at(l).count(); i++){

result.append (spectrum.at (1) .at(i));

}

}

gsl wavelet transform inverse(w,result.data(),1,pow(2,levels),work);

free(w);

free (work) ;

int needToDelete = result.count()-startDataCount;

for(int i = 0; 1 < needToDelete; 1i++) {
result.removelLast () ;

}

return result;

}
}

WaveletSpectrum: :WaveletSpectrum (QObject *parent) : QObject (parent)

{

}

WaveletSpectrum: :WaveletSpectrum (QVector<double> data, WaveletSpectrum: :WaveTypes
veType, QObject *parent) : QObject (parent)

{
if (data.isEmpty()) {
return;

/= e
startDataCount = data.count();
int needToAppend = roundToPowerOfTwo (data.count ())-data.count();

for(int 1 = 0; 1 < needToAppend; i++){
data.append (0) ;

}
levels = log2(data.count());

gsl wavelet workspace *work = gsl wavelet workspace alloc (data.count());

gsl wavelet *w;

switch (type) {

case HAAR 2:({
w = gsl wavelet alloc (gsl wavelet haar,2);
break;

}

case HAAR CENTERED 2:{
w = gsl wavelet alloc (gsl wavelet haar centered,?2);
break;

}

case DAUBECHIES 4:{
w = gsl wavelet_alloc (gsl_wavelet daubechies,4);
break;

}

case DAUBECHIES 6:{
w = gsl wavelet_alloc (gsl_wavelet daubechies, 6);
break;

}

case DAUBECHIES 8:{
w = gsl wavelet _alloc (gsl_wavelet daubechies, 8) ;
break;

}

case DAUBECHIES 10:{
w = gsl wavelet alloc (gsl wavelet daubechies, 10);
break;

}

case DAUBECHIES 12:{
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w = gsl wavelet alloc (gsl _wavelet daubechies,12);
break;
}
case DAUBECHIES 14:{
w = gsl wavelet alloc (gsl wavelet daubechies,14);
break;
}
case DAUBECHIES 16:{
w = gsl wavelet alloc (gsl wavelet daubechies,16);
break;
}
case DAUBECHIES 18:{
w = gsl wavelet alloc (gsl wavelet daubechies,18);
break;
}
case DAUBECHIES 20:{
w = gsl wavelet alloc (gsl wavelet daubechies, 20);
break;
}
case DAUBECHIES CENTERED 4:{
w = gsl wavelet alloc (gsl wavelet daubechies centered,4);
break;
}
case DAUBECHIES CENTERED 6:{
w = gsl wavelet alloc (gsl_wavelet daubechies centered, 6);
break;
}
case DAUBECHIES CENTERED_8:{
w = gsl _wavelet _alloc (gsl_wavelet daubechies centered, 8);
break;
}
case DAUBECHIES CENTERED 10:{
w = gsl _wavelet alloc (gsl_wavelet daubechies centered, 10);
break;
}
case DAUBECHIES CENTERED 12:{
w = gsl _wavelet alloc (gsl_wavelet daubechies centered,12);
break;
}
case DAUBECHIES CENTERED 14:{
w = gsl _wavelet _alloc (gsl_wavelet daubechies centered, 14);
break;
}
case DAUBECHIES CENTERED 16:{
w = gsl _wavelet alloc (gsl_wavelet daubechies centered, 16);
break;
}
case DAUBECHIES CENTERED 18:{
w = gsl _wavelet alloc (gsl_wavelet daubechies centered, 18);
break;
}
case DAUBECHIES CENTERED 20:{
w = gsl wavelet alloc (gsl wavelet daubechies centered, 20);
break;
}
case BSPLINE 103:{
w = gsl wavelet alloc (gsl wavelet bspline,103);
break;
}
case BSPLINE 105:({
w = gsl wavelet alloc (gsl wavelet bspline,105);
break;
}
case BSPLINE 202:({
w = gsl wavelet alloc (gsl wavelet bspline,202);
break;
}
case BSPLINE 204:{
w = gsl wavelet alloc (gsl wavelet bspline,204);
break;
}
case BSPLINE 206:{
w = gsl wavelet alloc (gsl wavelet bspline,206);
break;
}
case BSPLINE 208:({
w = gsl wavelet alloc (gsl wavelet bspline,208);
break;
}
case BSPLINE 301:({
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w gsl wavelet alloc
break;

}

case BSPLINE 303:{
w gsl wavelet alloc
break;

}

case BSPLINE 305:({
w gsl wavelet alloc
break;

}

case BSPLINE 307:{
w gsl wavelet alloc
break;

}

case BSPLINE 309:({
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 103:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 105:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 202:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 204:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 206:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 208:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 301:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 303:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 305:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 307:
w gsl wavelet alloc
break;

}

case BSPLINE CENTERED 309:
w gsl wavelet alloc
break;

gsl wavelet transform forward (w,data.data(),1,data.count(),hwork);

(gsl_wavelet bspline,301);

(gsl_wavelet bspline,303);

(gsl_wavelet bspline, 305);

(gsl wavelet bspline, 307);

(gsl_wavelet bspline, 309);

{

(gsl wavelet bspline centered, 103);

{
(gsl_wavelet bspline,105);

{
(gsl_wavelet bspline,202);

{
(gsl_wavelet bspline,204);

{
(gsl_wavelet bspline, 206);

{
(gsl_wavelet bspline,208);

{
(gsl_wavelet bspline,301);

{
(gsl_wavelet bspline,303);

{
(gsl wavelet bspline,305);

{
(gsl wavelet bspline,307);

{
(gsl wavelet bspline,309);

/= mmmm oo
free(w);

free (work) ;

constantAmplitude = data.at(0);
int j = 1; //urepaTop myd HOaHHBX

for(int 1 = 0;
double maxK

1 < levels;
pow (2,1)

1++) {

’

spectrum.append (QVector<double>()) ;

for(int k 0;

k < maxK; k++){

spectrum.last () .append(data.at(j));

J++;
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