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Bo MHoOrmx 3amayax, CBS3aHHBIX C IIOCTPOCHHECM TEICKOMMYHHKALIMOHHBIX CHCTEM, BO3HHKACT
HEOOXOANMOCTD AETEKTUPOBAHHMS IIOCHUIOK BHYTPUIIOIOCHON CUTHAIM3ALIUH.

OnvH W3 BapUAHTOB BHYTPHITOJOCHOW CUTHAJIM3AIMN HCIIOIB3YeT OJHOTOHAIBHBIN CUTHAN C CITUHCTBEHHOM
JOMHUHHUpYIoIeil dactoroil (Hampumep, 450I'mm). PasnnuHbIMM BpeMEHHBIMH KOHQUTYpalMsMH TOHAIBHBIX U
HeTOHANBHBIX y4yacTkoB ATC mepemaeT B TeneOHHBIH KaHAT TaKWe CHTHAJIM3AIMOHHBIC TIOCBUIKH, Kak
“Ot6otii/3ansaro/Ileperpy3” (“Busy/Congestion”), “Kontpons moceutku Be13oa” (“Ringing Tone”), “OTBer craHmmn”
(Dial Tone). CoOTBETCTBEHHO, YMPOIIEHHBIA AJITOPUTM JETEKTUPOBAHWS TMOMOOHOTO THIIA CUTHAJIHM3AIIUH MOXKET
OBITH OCHOBaH Ha IPHHIMUIE JOMHHUPYIOMIEH YacTOTHI, MO3BOJIIONIEM OLEHHTH 3HAYCHHE YacTOTHI B CIEKTpE
CHUTHajla 0 YHCIy mepecedeHnid Hyms. Kamp currama MokeT OBITh KIacCH(UITMPOBAaH KaK TOHOBBIM M Kak
HEOIIPEEeNICHHOTO THMa. TOHOBBIM CUMTAETCS TaKOW Kaap, Ha KOTOPOM OIEHKa YacTOTHI JIGKHT B 3apaHee
OTIpeIeNIEHHBIX TPaHMIAX M ero SHEeprus IpeBbimaeT nopor. Muage xamp kimaccupuimpyeTcs Kak HeolpeaeIeHHOTO
tuna. [Tocne 3Toro Ha OCHOBE aHANIM3a JJIUTEIBHOCTH TOHAJIBHBIX M HETOHAJIBHBIX YYaCTKOB BBIHOCHUTCS PEIICHHE O
HAJIMYHU TOTO WM UHOTO CHTHATa AOOHCHTCKOW CHTHAH3AIINH.

Henocratkom storo Meronma siBisiercst (DakTHYecKass HEBO3MOXKHOCTh JIETEKTHPOBATh JBYXTOHAIbHBIC
CUTHAJIBI, TAKXKE HCIOJIb3yEMbIC B a00HCHTCKOM CUTHAITU3AIIHH.

Bonee rHOKWII W HaACKHBIA CHOCOO JETCKTHPOBAHWS CHTHAJIHM3AIMOHHBIX CHTHAJIOB Oa3WpyeTcs Ha
anroputme ['epriens [JI.1] w mpenmomaraer 3agaHne HapaMeTpOB CHUTHAIOB HEKHM YHHBEPCAJIbHBIM — B BHIC
CHUTHAJM3AIIMOHHBIX IMabJOHOB (YTO TMO3BOJNSIET THOKO TIOACTPaWBaTh NPHUEMHHK TMOJ Pa3IWYHBIC THIIBI
curHanmm3anuy). B mabnoHax 3amaloTCs HOMHMHAIBHBIC 3HAYEHUS 4YacTOT TOHANBHBIX CHUTHAJIOB, BEIHYHHEI
OTKJIOHEHHS OT HOMHUHAJIBHBIX YaCTOT, AIUTEIbHOCTH TOHAIBHBIX MOCBIIOK, 1ay3 M JOIYCKH Ha 3TH JJIHTEIbHOCTH, a
TaKkXKe KOJMYECTBO MUHUMANBHBIX TTIOBTOPeHNH. COOTBETCTBEHHO, ATOPUTM ACTEKTHPOBAHHUS CUTHAJIOB A0OOHEHTCKOM
CHUTHAJIM3AIIMA B ATOM CIydae BKIIOYaeT B ce0sl TPU CTaTuH: BBIHECEHHE DPEIICHHS O HAJUYMH TOTO WM HHOTO
TOHAJTBHOTO CHUTHaNA (C MOMOINBIO OICHKH CIIEKTpa Ha 0Oa3e amroputMa ['epTmens), CriIaXKHUBaHUE TPACKTOPHH
BBIHECCHHBIX PEIICHUH (A1 KaXKIO0TO U3 TOHAIBHBIX CHTHAIOB) U CPABHCHUE TPACKTOPHUH C IIA0IOHAMHU.

Bropoii BapuaHT — HCHOJB30BAaHUE HOBOTO ajNroOpUTMa INpHUeMa TOHAIbHBIX curHanoB [JI.2], koropsbrit
paszenser npu HeoOXOJUMOCTH CHTHAJl Ha TapMOHHYECKHE COCTABIIOIINE M OLEHHBACT MX IEPHOJBI C MOMOIIBIO
MIEPEXOA0B UEPe3 «HOJIbY, KaK 3TO MOKA3aHOo Ha puc. 1.

TeopeTtnyecku, 3Hast IEPUOJ CUTHANIA, MOXHO BBIYUCIHUTH €r0 4acToTy. Ho sl mMpakTHYeCKOro MPUMEHEHUS
B 3TOM HET HEOOXOAMMOCTH — BCE TPaHWYHBIC MapaMeTphl Jie)kaT B oOiacTH mepuonoB. Jlns mpuema cHTHAaIa,
COCTOSIIIIETO M3 OJHOW TapMOHHUYECKOW COCTABJIAIONICH, HET HEOOXOIAMMOCTH pPa3AeiisATh CUTHalI. M 3TOT BapuaHT
XOpOIIIO BIHCBHIBAETCS B IPUEM KaK TOHAJIBHOTO, TaK M ABYXTOHANBGHOTO CHTHajla. 3aJaHWE MapaMeTPOB CHUTHAIOB
3aKJIF0YAETCS TONBKO B OTPEACICHUH TPAHUI] IOIYCTUMBIX HHTEPBAJIOB MEPHOIOB KaXKIOH YaCTOTHON COCTABIISIOMIEH
CHUTHAJIOB.
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OyHKIMOHATBbHAS cXeMa 0a30BOTO aJlTOPUTMa AETEKTUPOBAHMS IBYXTOHAJIBHOTO CHTHAJIA TTOKa3aHa Ha pHC. 2.
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[IpenMymiecTBOM 3TOTO aNTOpUTMa SABISETCS Majas TpeOOBaTENBHOCTh K MAMITH JAHHBIX W HaMITH
MIpOrpamMM, Mallble BBIYHCIUTEIBHBIE Pecypchl. ECTh BO3MOXKHOCTh YCTAaHABIMBATH TOYHBIE T'PAHWIBI YACTOTHBIX U
BPEMEHHBIX JHANa30HOB CUTHAJIA.

IIpu peaymzamuu Ha 16-paspsamaeix [IIOC ¢ 32-pa3psaHbiM YMHOXKHUTEIEM TMOSBISIETCS BO3MOXKHOCTD
BHECTH CYIICCTBEHHBIC YIPOIICHHS, HYTO IIO3BOJISET JOTIONHHUTENGHO YMCHBIINTH BBIYMCIHTENBHBIC 3aTPaThl U
TpeOOBAHUS K MTAMSTH.

CyTh yHpoOIIEHWH COCTOMT B CIEAylOIleM. PacdeT MOIIHOCTH CHUTHajla HEyl0O0CH HE0O0XOJHMMOCTHIO
BBIUMCIIATh KBaJpaT aMIUIMTYABI CUTHaNA. ['0opa3mo mpolne MMeTh JeNo ¢ abCONIOTHBIM 3HaucHHWeM. [1oaToMy ObLI
MIPEJUIOKEH CICIYIONIMNA alTOPUTM — JUIsS OTHOAIOIICH CHUTHANA M IIyMa HCIOJNB3YIOTCS MPAKTUYECKU OIMHAKOBBIC
HWHTETPaTOPHI, OTIMYAIOIIUECS TOCTOSHHONH BpeMeHW. [IpW UIMTENTPHOM BO3JCHCTBUM CHTHAjla C MOCTOSHHON
aAMILTUTYION TOPOT cpabaThIBaHMS OKAa3bIBACTCs BEINIC orubaromieil curaana B 1.5 pa3a. Pe3kuii ckauek aMIUTUTYABI
CHTHaJIa TIPUBOJUT K PE3KOMY moabeMy ormbaromieil. Tak Kak TOCTOSHHAs BPEMEHH y WHTETpaTOpa, W3MEPSIONIEro
YpOBEHb ITyMa, HAMHOTO OOJIbIIe, YeM Yy BTOPOTO MHTETPATOpa, N3MEPSIONIETO YPOBCHb CHUTHANIA, YPOBSHb CHUTHANA
OKa3BIBAaeTCS BHINIC, YeM YPOBEHb IIyMa, YTO TPHBOAWT K cpabaThIBaHMIO neTekropa. Ha Mopmennm oreHka
MHTEHCUBHOCTH CHTHAJIA U IITyMa Pealn3yeTcs CAeayomuM oopa3om (puc. 3).

B aToM 0Oyioke cHadanma MPOMCXOAUT BHIYMCIICHHWE aOCONIOTHOTO 3Ha4deHWsl curHana (61ok “Abs”), moTom
MTONTyYCHHBIE 3HAYCHHUA (HIBTPYIOTCS C HOMOIIBI0 PEKYPCHBHOTO (MIIBTpa, Pe3yibTaT CPaBHUBACTCS C MOPOTOM
cpabaTpIBaHusL, 1 NpuHUMaeTcs perrenue : 1 — curnan DT aktuBen, 0 — curnan DT HeakTHBEH.

Jiis monydeHus: HEoOXOAMMOTO pe3yibTaTa B IapaMeTpax YMHOXXHTENS HE yOaloch HCIONB30BaTh 16-
OUTHYIO apu(PMETUKY ¢ (PUKCHPOBAHHON TOYKOHM, TaK KaK MPH IEIOYHCICHHOM YMHOXCHUU a0COIIOTHOTO 3HAYCHUS
BXOJHOTO curHana Ha koddoumment 0.0001 (0007h B 16-OutHOW apudmeTnke), BCe 3HAYCHUS MeHbIIe 9362
(65536/7) Oymytr urHopupoBathcs. s TOro, 4roOBl 3TOTO HE MPOHMCXOAWIO, MPHUXOIUTCS HCIOIB30BATh 32-
pa3psAAHOE YMHOXKEHHE, KOTOPOe OOBIYHO HECIIOKHO PEaM30BaTh Ha peasibHO cymiecTByrommx DSP, ucnons3ys ase
16-paspsiiHbIe IEpEeMEHHBIE.
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[IpennaraeMblii BapHaHT ajaroputMa ObBUI MpOMOJIETHpoBaH B cucteme Marnad [JI.3] B apudmernke c
(UKCUPOBAHHOW TOYKOW, B pe3yJbTaTe UYero yTOYHEHBI MOPOTH B OJOKE MPUHATHSA PEUICHWH M IIOATBEpIKACHA
paboTOCIIOCOOHOCTh ANTOPUTMA.

ITomumo sTOoTO cocTaBneHsl W oTiaxkeHbl mporpammbl Mg [IIIOC TMS320C54xx, TMS320C6x u
ADSP218x. [TapameTpbl MOTyISHHBIX PEIICHUH MTPEACTABICHBI B TA0IHIIE.

Aaroputm 3arpyska DSP IHamsare nporpamm (K IMaMATH JaHHBIX
(MIPS) CJIOB) (K ci0B)
Herexrop DTMF curnanos 1.5 1.3 2.3
(I'epuienp)
Herexrop DTMF curnanos 1.1 0.49 0.18
(PexexropHble GUIBTPHI)
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Tone signal detector implementation implies creation of DTMF detector and signaling detector. Such devices
are very important for almost every telecommunication project. Creating high quality and very effective algorithms
and programs for these detectors is very important engineering task.

This report discusses two different methods of tone signal detector implementation:

- using Goertzel algorithm [L.1];

- using notch filters and tone frequency estimation by zero cross counting.

New approach in the first method is computational load optimization by using moving window in FFT
algorithm, and using single tone profile estimate in signaling detector.

The second method is based on new tone signal receiver algorithm, proposed for DTMF signal detector [L.2].
Key innovations include the use of adaptive notch filters and sophisticated decision logic. The DTMF detector is well
suited for a multi-channel digital signal processor implementation. But as it is shown in this work, this method is
useful for single tone signal detector with a broad range of profiles too.

Basic algorithm is intended for DTMF signal detection when implemented on an 8-bit microprocessor with
8-bit multiplier and divisor. When implemented on a 16-bit DSP with 32-bit multiplier it can be much reduced.
Reduced algorithm research is made using a model in Simulink [L.3].

All the proposed methods were programmed on DSP TMS320C54X, TMS320C6x, ADSP218x and have
passed all the test checkouts.

1. Oppenheim A.V., Shaffer R.V., Digital Signal Processing, Moscow, Svjaz, 1979

2. Amey A. Deosthali, Shawn R. McCaslin, Brian L. Evans, A Low-Complexity ITU-Compliant Dual Tone
Multiple Frequency Detector, [IEEE TRANSACTIONS ON SIGNAL PROCESSING, VOL. 48, no. 3, MARCH 2000

3. Semenov N.N., MATLAB for DSP. Modelling DTMF Receiver, ChipNews, no. 04-05, 2000



http://signal.ece.utexas.edu/
http://signal.ece.utexas.edu/
mailto:arturlan@robotek.ru
http://signal.ece.utexas.edu/

