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HA®EAPA NPOEKTUPOBAHUA

UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

%= CneKkTpanbHbIW aHanus

B =D (2% (| I N
cosi —-1-n +cos,—3n + cos -—9in——
N N

\N \'. 2

FS = FFT(signal) 3



HA®EAPA NPOEKTUPOBAHUA
UHOOPMALIMOHHO-

HOMMNbIOTEPHbLIX CUCTEM

funAF(X) = |m « rows(X) funPF(X.q) = |m « rows(X)
for we0.(m-1) n < cols(X)
AT 2-|xw| if (w=0) for i 0. (m-1)
|Xw| otherwise for g falaiil)
: Y, e a.rg(Xi,j) if (round(lXi’jI ,q) - o)
0 otherwise
A f
w=0. E
2
AEF SRS PF := funPF(FS.5)
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o o
025 -1.57
00 8 16 24 32 40 48 56 o4 _3'1420 8§ 16 24 32 40 48 56 64

w w



HA®EAPA NPOEKTUPOBAHUA
BbINONHUTbL AHUMALIUIO!!! NHO®OPMALIMOHHO-

$ = FRAME KOMMbIOTEPHbIX CUCTEM

2
signaln = cos[—w-}(n - ¢) |+ 0.7

FS = FFI(signal)

AF = funAF(FS) PF = funPF(FS, 5)
P | | | | || | | | ] | | | | || | | | ] | | | | || | | q
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CnekTpanbHbl aHanu3 wav-panna KA®EAPA NPOEKTUPOBAHUA
MHOOPMALUNOHHO-

DYHKUMA NOCTPOEHUA CNEKTPOrpamMMmbl S TN

Spectrogram(sprWidth . stream_ start_step) = | for 1 € 0. (sprWidth — 1)
N

for j € 0.. —
2

S..«<0
1.]
for fr € max(0,FRAME — sprWidth).. FRAME
for ne 0. (N-1)

W e e, % step+n.0

SWin « FFT(Win)
N
for jel.—
2
for 1 e (sprWidth - 1).. 1

S. .« S. :
1.] —1,]

S, . « [SWin.

% e

mxS < max(S)

for 1 0. (sprWidth — 1)

for jel.—
or j £ 5

S
SPGR, | < 255.—1

mxS
return SPGR 6




wavfile = "ALARM wav"

M = READWAV(wavfile) : A VINFO(wavfile)
av-cpann BbiIOMpaeTca us

4
= 'S{M\) = | l
B s (DAL= R0 sy | CTMICKA, AOCTYMHOTO Ha
= i=0.(m-1) Header = | i TeKyLieM KoMnbroTepe,
. Hanpumep, B narke
- 8 30000 : \ 44100 PHUMED, :
1 - 96, | : C:\Windows\Media
st ‘
d ”
2 x M o 0 X-Y Trace -
3 0 ’ — "
o J
B 1 -20436,_ G : X-Value 5050 Copy X
M=l 5 1 0 42465 8493 12739.5 16986
6 - 0 ; = Y-Value ¢
7 0 x -
t_start := 5050 Y2:-Vali
8 0
9 0 t_st 5
wie . V] Track data poifits
10 0 0= M tart+ FRAME t_step+n,0
11
I'IpumepHoe 3Ha4YeHue ornpeaensdaeTcsda €c noMoubro
TPACCUPOBKHU 2006, ] T TE
[ M Y l ”u;i-:nnctate Selection...
(Ana kaxporo wav-chansna oHO pa3Hoe) e B T
0 42465 8By Copy
o | pste

Bxoa B pexum
Ha)XxaTue npaBou KnaBuLUn MbIiLLUX B 06nacTu
rnacbuka___

acCUPOBKMU

t_start = 5050
t step =13

W m, = Mt_stm+FR_-J

SWin := FFT(Win)

AWin := fun AF(SWin)

{

Properties...

Format...

Trace...

Zoom...

Disable Evaluation

Bring to Front
Send to Back
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KA®EAPA NPOEKTUPOBAHMA
SWin = FFT(Win) NH®OPMALIMOHHO-
KOMMbIOTEPHbIX CUCTEM

0
0 8 16 24 32 40 48 56 64

w

Obnacte AWin = funAF(SWin) PWin := funPF(SWin, 5)
aHﬂMaU‘_VI_ e e e e e e e e e e
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Spectrogram(N M.t _start. t_step)8




Cnocobbl ynpaBneHUa odbbekTaMmu Ha NnpuMepe opraHoB YyBCTB YerioBeka

LWnpoTHO-uMnynbcHoe ynpasneHue (LLUWM)

MHumasa egmHuua

MNepuoa umnynbCHON NocneaoBaTeNnbHOCTH  pwmPeriod = 16

lnpuna otgenbHOro uMnynbca pwmWidth = 10

k = 0. (pwmPeriod - 1) obeiiad
=16

CKBa¥HOCTb 7 -
pulseI—'um:k = |1 if (k < pwmWidth) pwmWidth

0 otherwise pwmWid
KoathduumeHt sanonHeHna
10d

InS1gnaln = pulsel-'uncm od(n, pwmPetiod)

KOMMNOHEeHTDbI
MathCAD-BAS

IC

Rl (G
N

W

- Ll'em
EyeH = InSignal C -|- OutSignal

P
OSpectrum_ = FFT(InSignal) _EyeH 0 " Pooorne CHEFES

' I—J [upyma mvimyisca pagsa 10
OutSignal = [FFT(OSpectrum)
pwmWidth
pwmPeriod
1 1
0.75 R

Bl L’g’—-l:l—I—- Use  InSignal, 07
—_— s InSignal ~ C L

-I-_Ou&S‘igna.’ OutSignal,

N

<
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Sub Slider_1Event_Start() KA®EOPA MPOEKTUPOBAHUA

Rem TODO: Add your code here WHOOPMALIMOHHO-
End Sub KOMMbIOTEPHbIX CUCTEM
Sub Slider_1Event_Exec(Inputs,Outputs) C Kp UNT
T = Inputs(0).value
Slider_1.MaxRange =T an;l
pwmWidth = Slider_1.Position
If (owmWidth <=0) Then n OJ13yH Ka
pwmWidth=0 P
Elself (pwmWidth >=T) Then [ e P
pwmWidth=T —
En d | f Scripting ‘
Worksheet.SetValue "pwmWidth", pwmWidth Nambier of fputs g
End Sub Number of Qutputs 0
biSsadesad for this object in the script:
Sub Slider_1Event_Stop()
Rem TODO: Add your code here

End Sub N3meHeHHoe | Ed Script... |

CBOUCTBO

Sub Slider_1_ValueChanged|() NoJfI3yHKa
Slider_1.Recalculate()

End Sub 10

lv OK ][ Ommena J[ Cnpasxa I




KA®EAPA NPOEKTUPOBAHUA )))
MHOOPMALIMOHHO-
HOMMbIOTEPHbIX CUCTEM

Sub TextBox_1Event_Start() CKpM nT ons
Rem TODO: Add your code here
End Sub nons
peaakTUpoBaHUA

Sub TextBox_1Event_ Exec(Inputs,Outputs)

TextBox_1.Text = "LLlnpmnHa nmnynbca paBHa(:rgm%Q(K).value
End Sub

Sub TextBox_1Event Stop() e M o
Rem TODO: Add your code here | Serptn |

E n d S u b Number of Inputs 1} =

Number of Qutputs 0

v ed for this object in the script:

U3MEeHEeHHOoe [wuswm. |
CBOWCTBO nons
pegakTUpoBaHus /| omee || Ceee | 11




Wl Mathcad - [Nla6opatophas pabora N23_CnekrpanbHbii

%) File Edit View [Insert| Format Tools Symboli

HA®EAPA NPOEKTUPOBAHUA
UHOOPMALIMOHHO-

HOMMNbIOTEPHbLIX CUCTEM

\ D-@ W &| G g
(] Matrc.. coM [ B 7 U |.§ == | & %, \
: gi‘:ﬁwn'" E::S i) MO MY omen #e% 8xi Bu {2 :;‘; ;—:,, oo j: }'f: ﬁ § X T lm Tn T Vf‘
Eicture Ctrl+T '@Q.},LI = E—>-—>fxfofYXfyH-=< > £ 2 F a2 AV &
Are
P;egaeﬁreak Ctrl+) u06a BneHMe
Math Region  Ctrl+Shift+A f
Text Region !
MHbIX CKPUNTOBbIX
S componer.
Data 4
o » KOMMOHEHTOB,
Object...
Reference... S A = T T S o S -
YactotHo , T, jaenenngYBEIMQCTN, CKPOJIAUHTA || -

InSignalz1 = |1 if (mod(n.pdmPeriod) = 0)
0 otherwise

PerynupoeaHue nepu

4]

€40BaHHUA UMNYNbCOB

W KoMNOHeHTbI

JavaScript

OSpech.m‘_\, = FFT(InSignal)w-EyeH“_

OutSignal = IFFT(OSpectrum)

0.75 { _— . 0.75
InSi 1 05 ' L‘g l LM Iﬂsl@a].n i
p— 0 ]]:]HI: - InSignal Cl OutSignal OutSienal 035
0 — 0.25
0 16 32 48 64 80 96 112128 0

n 0 16 32 48 64 80 96 112128
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[NobaBneHue KA®EOPA NPOEKTUPOBAHUA

UHbIX CKPUMTOBLIX WH®OPMALIMOHHO-
HOMMbHOTEPHbLIX CUCTEM
KOMMOHEHTOB,

r P—
Component Wizard @ Scripting Wizard @

Select a component to insert: Select an Object to Script
i ) Microsoft Forms 2.0 ListBox -
f?d?\t'?&gm e © New Microsoft Forms 2.0 MultiPage
Microsoft Excel ® From Fie Microsoft Forms 2.0 Oi ionButtc
ODBC Input MMIGO. soft Foms 2.0 ScrollBar B
ctondh Fleaa 2D viea i
' Sr;;n:h‘ a Microsoft Forms 2.0 TabStrip

Microsoft Forms 2.0 TextBox
Microsoft Forms 2.0 ToggleButt
Microsoft Helo 2.0 Contents Co ™

[ Display as Icon Allow Object to Resize ltself

[ Next > ] [ Ommvexa J [ Cnpaska

|
o

3aA [ Oanee > ] [ OTvena

@ [ Scripting Wizard @‘

Choose a Scripting Language

JScript Language
VB Script Language

Choose a name for this object. The name
will be used to refer to this object in the
script.

ScrollBar

Select the number of inputs and outputs
allowed for this object:

Inputs 0 =

4

Outputs 0| =

<Hasan || Oanee> | [ Ommena <Hasaa |[ Toroso | [ Omera 1 3




HA®EAPA NPOEKTUPOBAHUA

UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

YacTtoTHO-MMnynbcHoe ynpaeneHue (MM, PDM)

InSignaln = |1 if (mod(n,pdmPenod) = 0)
0 otherwise

Perynupoaauue nepuoaa cnefjoeaHuAa UMNynbLCoB

11— i

OSpectrumW = FFT(BlSigrlal)\‘,-EyeH“,

QutSignal = IFFT(OSpectrum)

1
RN

InSignal, 0.5 Vs i B s
— osHH . {  InSignal OutSignal, O
0 - .25

KOMMNOHEeHTLI

I~anviaCrrrint

1
0 16 32 48 64 80 96 112128

n
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HA®EAPA NPOEKTUPOBAHUA

%- 7
function ScrollBarEvent::Start() / i'&&’(l

NMHOOPMALIMOHHO-
KOMMNbKOTEPHbLIX CNCTEM
{ JS-cKpUNT
// TODO: Add code here p
ScrollBar.Min = 1; ans
ScrollBar.Max = 128;
} CKPOMMuHra

(ScrollBar)

function ScrollBarEvent::Exec(Inputs,Outputs)

{
// TODO: Add code here

Worksheet.SetValue("pdmPeriod", ScrollBar.Value);
}

function ScrollBarEvent::Stop()

{
// TODO: Add code here

} 15



HA®EAPA NPOEKTUPOBAHUA

NHOOPMALIMOHHO-

function LabelEvent::Start() ROMIRIOIERRPICCHCTER
{

// TODO: Add code here JS-CKpMI'IT

Label.TextAlign = 2; ans
J

MEeTKU

function LabelEvent::Exec(Inputs,Outputs) (Labe|)
{

// TODO: Add code here
// Label.Caption = Worksheet.GetValue("pdmPeriod");
Label.Caption = Inputs(0).value;

)

function LabelEvent::Stop()

{
// TODO: Add code here

)

16



PasoBo-uMnynbcHoe ynpaeneHue (PUM)

2
ContSig.naln = 123-[1 + sk{%-(n - pmehase_O)-pmereqﬂ

/ /

[ l N 3

InSignal = |ContSignal if | mod! n,——— | = ppmControlPhase |

f n = UL ppmFreq ) J

0 otherwise
o I /N

P1.1lseSig,naln = |128 if | mod! n round! —\) = pmeontrolPhase)
- \ ppmEreq ) /

0 otherwise

OSpectmmW = 1'-'1'-"1'(InSignal)W-EyeHW

OutSignal = IFFT(OSpectrum)

0 ; ‘ ‘.In
0 16 32 48 64 80 96 112128 ' 5

n



HA®EAPA NPOEKTUPOBAHUA

UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

UYactora ucxogHoro curiana Perynupoeanue dasbl ynpaBneHus

; z ‘ |j ' Basa yTpasnenna pagHa 0
7 (4
R - ppmControlPha
(ppmFreq N
300 300y
= - / s
- : U U InSignal, 225
InSignal 1 50 = N I 1
e 7; JRATATAYRUAYAY, TSignai ClOquz A ousigul,
0 16 32 48 64 80 96 112128 ContSignal,
75
n
G I /'R
0 16 32 48 64 80 96 112128
n
KOoMMNOHeHTLI

e 2l ~a~ DNCI™ 18




KA®EAPA NPOEKTUPOBAHUA

Rem Initialize List Box MHOOPMALMOHHO-
ListBox_1.ResetContent()

KOMIMbIOTEPHbIX CUCTEM

X = Worksheet.GetValue("N") CKpM"T
(Ha4vano)
If ListBox_1.Count =0 Then anAaA CnnckKa
Fori=1To 8 Yacrora ucxopHoro curana
ListBox_1.AddString(i) E
Next : -
End If |

Rem Initialize Selection If desired
ListBox_1.CurSel =0

Sub ListBox_ 1Event_ Start()
End Sub 19



KA®EAPA NPOEKTUPOBAHUA
NHO®OPMALIMOHHO-

KOMIMbIOTEPHbIX CUCTEM

Ckpunt
Sub ListBox_1Event_Exec(Inputs,Outputs) (KOHeLI,)
End Sub
and cnucka
Su b LISt BOX_l Eve nt_Stop() YacTtoTra MCXOAHOrO CHrHana
Rem TODO: Add your code here
End Sub 3

Sub ListBox_1_SelChanged()
Worksheet.SetValue "ppmFreq"”, ListBox_1.CurSel + 1

Worksheet.SetValue "ppmPhase_0", x/4/(ListBox_1.CurSel + 1)
End Sub

Sub ListBox_1 DblIClick()
End Sub 20



. KA®EOPA NPOEKTUPOBAHUA )))
Sub Slider_2Event_Start() MH®OPMALINOHHO-
Rem TODO: Add your code here S

End Sub CkpunTt ons
Sub Slider_2Event_Exec(Inputs,Outputs) |'|OJ'|3yHKa (Sllder)
ppm Freq = InpUtS(O).Value Perynupoeanue ¢azbl ynpaeneHus

N = Inputs(1).value

Slider_2.MinRange =0

Slider_2.MaxRange = N / ppmFreq e %S

Worksheet.SetValue "ppmControlPhase”, Sliaer z.rosition
End Sub

¢

Component Properties |2 Sl
Sub Slider_2Event_Stop() [Scrptng |
Rem TODO: Add your code here Number of nputs LI
End Sub Numberonutp::s o thO ) =
Sub Slider_2_ValueChanged() U3MEHEHHOe [ aswm. |
Slider_2.Recalculate() CBOWGTBO NOns

End Sub pepaktmpoBahui ) [ o=e | [e2]|




KA®ELOPA NPOEKTUPOBAHUA
NHO®OPMALIMOHHO-

KOMIMbIOTEPHbIX CUCTEM

Ckpunt ans

Sub TextBox_2Event_Start() TeKCTOBOIo nons

Rem TODO: Add your code here $aza yipasnery pasna 0 :
End Sub ’

ppmControlPhase
Sub TextBox_2Event_Exec(Inputs,Outputs)

TextBox_2.Text = "®a3sa ynpaBneHms pasHa " & Inputs(0).value
End Sub

Component Properties l 9 ‘&I‘
| Scripting |
Sub TextBox_2Event_Stop() y n
Number of Inputs
Rem TODO: Add your code here a— :
End SUb v ed for this object in the script:

U3MEeHEeHHOoe [ eusw.
CBOUCTBO Nnons
penakTupoBamus (o ()




AnemMeHTapHbIN CreKTpanbHbIi aHann3 n3obpaxeHus

m:=32 n =64 KA®EOPA NMPOEKTUPOBAHUA
WHO®OPMALIMOHHO-
i=0.(m-1) j=0.(n-1) KOMMbIOTEPHbLIX CUCTEM

2 S 3 ., A 3
P. . = floor| 63-| 1 + cos i-S-:'j—gi 41+ cos 1-3-;i—2f
1] n \ 7) m |\ 9

~ 7 ~ 7/

—

P
FP = CFFT(P)
.-\F'Pij = |FPi j| PFP = funPF(FP,0)

0 4 8§ 12 16 20 24 28 32



CTaTucTn4yeckum aHanums

HA®EAOPA NMPOEKTUPOBAHUA

A= o -1 NH®OPMALMOHHO-

HROMMbIOTEPHbLIX CUCTEM

Noise == mom(N,0,0.1)

NHist(X.Q) = |mn « min(X)
mx <— max(X)
mx — mn
Q
for g 0.Q
Hq « 0

A«

m <— rows(X)

n < cols(X)

for 1e 0..(m-1)
for je0.(n-1)

H (< 1< H (~r v+ 1
ﬂm[i,xi,j-mﬂ_)} ﬂm[{‘&’j—m')}
A A

H 24




HA®EAPA NPOEKTUPOBAHUA
UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

Q =100
q=10.Q
NH = NHist(Noise ,Q)
150 | | I | s
ZNHq 4096
100 - 3
it
S0 -

0 20 40 60 80 100

25



PezpeccuoHHbIlU aHanus KA®EAPA NPOEKTUPOBAHUA
WH®OPMALMOHHO-

data. = 0.0002-1 + 0.1 + Noise.
; : KOMMbIOTEPHbLIX CUCTEM

15

0 512 1024 1536 2048 2560 3072 3584 4096

i

Rdata := line(x_data)

(0.098272
Rdata = |
0.000201 )

NRdata. .= Rdata, + Rdata, -x.
1 0 124

15

datai

)
N'Rdatai

-035 '
0 512 1024 1536 2048 2560 3072 3584 4096 26

1



HA®EAPA NPOEKTUPOBAHUA

UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

-1 -1

sig,xwli =1- e:OO + Noisei sig,na.l_si =1- e:OO

~

Z Isignali - signal_s;| = 323.832
i

1.5
1 |

signal;

0.5
signal s;
* e 0 |

- 0'5 ~ o ~ ~ g
0 512 1024 1536 2048 2560 3072 3384 4096



HA®EAPA NPOEKTUPOBAHUA

UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

err(X,a,bmax bstep . Tmax Tstep) = |N « rows(X)

T« 1

kKT < 0

while (T < Tmax)
be«20

kb« 0

while (b < bmax)

EAkT,kbe Z X —a-bll-e
n=0

b « b + bstep
kb « kb + 1
T« T+ Tstep
kKT < kT +1

TA 28




)

RAOEAOPA NPOEKTUPOBAHUA

NMHOOPMALMOHHO-
ROMIMbIOTEPHbIX CUCTEM

bstep =02 Tstep =2 %

Emr = err{‘signal,signalo,l.tS,bstep,SOO,Tstep)

min(Err) = 350.568

(0
fmin(X) = |Y « )
\0
2000 P RS
e iy
2000+ m < rows(X)
P n < cols(X)
] for 1e0.(m-1)
for 1 €0.(n-1)
. 1] /
(i
Y « i )
Err J
mn < X. .
1.]
. 29



HA®EAPA NPOEKTUPOBAHUA
UHOOPMALIMOHHO-
HOMMNbIOTEPHbLIX CUCTEM

T = fmin(Err)  Tstep = 258

b = fimin(Esr) -bstep = 1

a= signalo = —0.044

PeayneTupyroLwan 3aBucHMoCTb ( -_1)
a+b'll-e 30



