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Oscillometer — Real-Time Spectrum Analyzer
Functions

This version of OscilloMeter is intended for real-time investigation of data accepted
from the ADC of a standart sound card. For usage with other types of ADC, please
mail to the author shmelyoff@newmail.ru to order special version of this program.
The prices are moderate.


mailto:shmelyoff@newmail.ru
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Basic characteristics

Oscillometer consists of an oscilloscope and spectrum analyzer.

Maximum numbers of channels, sampling frequency, bit rate of data, frequencies range,
precision are limited only by type of used ADC.

The obtained data and images can be saved to files or clipboard.

Oscilloscope modes (for dual-channel ADC): original signals, sum, difference, dependence of
one channel on another, amplitude distribution of input signals.

The synchronization is independent in each of panel.

Spectrum analyzer works on algorithm of Fast Fourier transform (FFT).

The size of the block a FFT is up to 220 samples of an input signal.

The processing of overlapped in time series of samples of an input signal for combination of
high resolution of the analysis on time and on frequency simultaneously.

Smoothing windows (weighing an input signal) - more than 50 types.

Averaging of results of some FFT: equally weighted - scalar or vector; exponentially weighted -
scalar. Number of averaging transforms is from 2 up to 20 or infinite.

e Synchronization of the spectrum analyzer is independent from oscilloscope.
¢ Holding or decaying maximum values of spectra.
e There are different Dual Channel Processing Modes:

Left , Right Separate channels spectra.

Left + Right Spectra of sum and difference of signals of two channels.
Summation is digital not analogous!

Left « Right Spectrum of digital multiplication of signals of two channels.

Left « Left ©
Right  Right °
Real ( Left / Right)

Cross Spectrum

Spectra of “Self-Synchronized” Left signal.

Spectra of “Self-Synchronized” Right signal.

Ratio of power of corresponding spectral components versus
frequency.

Product of left channel spectrum and complex conjugate right
channel spectrum.

Complex ( Left / Right ) Vector ratio of corresponding spectral components versus
frequency and Coherence Function.
Complex ( Right / Left ) Vector ratio of corresponding spectral components versus

frequency and Coherence Function.

e The following parameters of input signal are calculated:

Parameter Inaccuracy of Description
calculation

Peak 5-10%-8...5-10"-7  Frequency of the strongest spectral component of
Frequency of value signal.
Peak 0.01 dB Amplitude of the strongest spectral component of
Amplitude signal.
Total Power 0.01dB Total RMS Power of input signal.
SNR Signal to Noise 0.05dB The ratio of the fundamental power to the noise

Ratio power.
SINAD Signal to Noise 0.05dB The ratio of the fundamental power to the sum of



SFDR

ENOB

THD

IMD

DC Offset
Peak Phase
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plus Distortion
Ratio
Spurious-Free
Dynamic Range
Effective Number
Of Bits
Total Harmonic
Distortion
Inter-Modulation
Distortion

0.05 dB

0.1 bit

1...5% of value

1...5% of value

1 LSB of ADC
0.0001 degree

power of noise and harmonics.

The ratio of the fundamental amplitude to the
amplitude of highest spur except DC component.
Effective Number Of Bits

The square root of ratio of the harmonics power tc
the fundamental power.

The square root of the ratio of the power of two
strongest tones products to the sum power of thes:
two strongest tones.

Direct Current Offset

Phase shift between fundamentals in channels
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System Requirements

Hardware requirements:

IBM PC or compatible with 80486 CPU or higher (Pentium 166 recommended
minimum)

32 MB RAM minimum.

VGA monitor capable of displaying at least 256 colors.

Hard Disk with 1MB free space. Additional space is required to save data files.

Windows compatible sound card: 16 bit or 24 bit card only.

Mouse or other pointing device.

Software requirements:
Microsoft Windows 95 or greater, Windows NT 4.0 or greater.
Sound Card drivers (supplied with Sound Card)
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Recommended source of test signals

The best choice is “Two-Channel Multi-Tone Sound Frequency Sweep Generator”
designed by the author. This generator is always accessible at the site:
http://shmel yoff.nm ru/english. ht m Another way to get it in web is a
search for e.g. “ Shnel yof f Sound Frequency Generator”
http://www.google.com/search?q=Shmelyoff+Sound+Frequency+Generator. You
will find several appropriate links.



http://shmelyoff.nm.ru/english.htm
http://www.google.com/search?q=Shmelyoff+Sound+Frequency+Generator
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Time Overlap

This powerful feature allows increase the tinme resolution of
spectral analysis by re-processing portions of the tine series.
The value of the FFT size block of data points, which is re-used,
for the next trace depends on CPU speed. The faster machi ne
provi des the higher overlap percentages and therefore the higher
time resolution. Mnimal possible non-overlap interval is not |ess
t hen one chunk of input buffer.

Large FFT sizes produce high frequency resol ution but poor tinme
resolution while |l ow FFT sizes have the opposite effect. Overl ap
processi ng can be used to provide high resolution in both the
frequency and time. For exanple, if a signal contains quickly
sweeping tone, it is difficult to obtain snoothly changi ng
spectrum because frequency changes significantly during a single
FFT size time series block. If we performan FFT and, instead of
nmoving forward a whole FFT size block in the series (or even
greater), nove forward only a small anount, then we can decrease
speed of signal frequency changes in relation to FFT process tine.

The followng figures illustrate the effect of overlap processing
Tirme Series [ 2N pts | [ 2N pts | [ 2N s | 2N pts | 2N pts | Slows machine
l l l l l

Spectrum Spectrum Spectrum Spectrum Spectrum

Time Series [2M pts [2Wpts [2Npts [2Npts [2Wpts [2Wpts [~ Fast machine

FFT FFT FFT FFT FFT FFT FFT FFT FFT FFT FFT
A A A A

Spectrum

_ Zoolmachine

Spectrum

The program automatically produces maxi mum possi bl e overl appi ng
dependi ng on processor speed. Mninmal non-overlap interval is
equal to one chunk of input buffer. Decreasing the size of input
buffer inproves tinme resolution but can give (on slow nmachi nes)
not stable spectrumrepresentation of input signal. Be care!
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Data Tapering (Smoothing) Windows

The spectrum of input signal is calculated by Discrete Fourier Transform or more correctly — with
its special realization named Fast Fourier Transform. This transform deals with finite number of
samples of input signal. Therefore, discontinuity at the edges of sample sequence causes the
distortion of a spectrum of input signal.

For elimination of such effect, Data Tapering (Smoothing) Windows should be applied. They
smoothly bring to zero function near the edges of a selected sample sequence. There is a number of
Smoothing Windows in this program. The use of a specific window depends on a problem to solve.
For example, the Hanning window was used for distortion measurements. For precise amplitude
measurements Flat-Top window should be used. Precise frequency measurement requires no
window at all (Uniform). In general the window selection is always the compromise between the
bandwidth, ripple inside this band, highest sidelobe level and maximum sidelobe falloff. The
increase of ADC bit depth requires more scrupulous selection of Smoothing Window for full
realization of extreme accuracy of measurements. See also.

Here are Figures of Merit and Formulas of different Smoothing Windows. Click “SHOW” button
in Smoothing Window selection dialog and you will see the graphic representation of the selected
Window both in time and frequency domains. The plots are given for FFT block size of 512 points.
The Window is 100 points length and zero padded up to 512 points. The plots are normalized.
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Averaging FFT results

Types of averagi ng:
"Vect or" (synchronous, coherent) — averaging (arithnetically) of

conpl ex val ue of each harnonic of signal uniformy in tinme. For
effective use the synchroni ze FFT nust be on.

"Li near" (scal ar, asynchronous, incoherent) - averaging of power
of each harnmonic uniformy in tine.

"Exponential" - decaying in time averagi ng of the power of each
har noni ¢ of signal.

Nunmber of averaged transfornmations:
1 - no averaging at all;
2 ...20;

Inf - infinite in time averaging.
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Oscilloscope Modes

Left , Right Separate Channels Mode

Left + Right Digital Sum of two Channels

Left - Right Digital Difference of two Channels
Left ~ Right Left versus Right

Right ~ Left Right versus Left

Distribution Amplitude Distribution Density Mode

Reset Distribution Clear Distribution Data
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Dual Channel Processing Modes

Left , Right
Left + Right

Left « Right

Left « Left ©

Right  Right °
Real ( Left / Right)
Cross Spectrum

Complex ( Left / Right )

Complex ( Right / Left)

Separate channels spectra.

Spectra of sum and difference of signals of two channels.
Summation is digital not analogous!

Spectrum of digital multiplication of signals of two channels.
Spectra of “Self-Synchronized” Left signal.

Spectra of “Self-Synchronized” Right signal.

Ratio of power of corresponding spectral components versus
frequency.

Product of left channel spectrum and complex conjugate right
channel spectrum.

Vector ratio of corresponding spectral components versus
frequency and Coherence Function.

Vector ratio of corresponding spectral components versus
frequency and Coherence Function.
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Qui ck Post Process

Once the input buffer is full, (it takes usually sone seconds),
you can stop further input and investigate received signal at
different FFT size and Data Tapering (Snoothing) Wndows. The
results of averaging will be |ost.
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Mul ti Meter
Parameter Inaccuracy of Description
calculation

Peak 5-10%-8...5-10"-7  Frequency of the strongest spectral component of
Frequency of value signal.
Peak 0.01 dB Amplitude of the strongest spectral component of
Amplitude signal.
Total Power 0.01 dB Total RMS Power of input signal.
SNR Signal to Noise 0.05dB The ratio of the fundamental power to the noise

Ratio power.
SINAD Signal to Noise 0.05dB The ratio of the fundamental power to the sum of

plus Distortion power of noise and harmonics.

Ratio

SFDR Spurious-Free 0.05dB The ratio of the fundamental amplitude to the
Dynamic Range amplitude of highest spur except DC component.

ENOB Effective Number 0.1 bit Effective Number Of Bits

Of Bits
THD Total Harmonic 1...5% of value The square root of ratio of the harmonics power tc

Distortion the fundamental power.
IMD Inter-Modulation 1...5% of value The square root of the ratio of the power of two
Distortion strongest tones products to the sum power of thes:
two strongest tones.

DC Offset 1 LSB of ADC Direct Current Offset
Peak Phase 0.0001 degree Phase shift between fundamentals in channels
Mul ti Meter Control Panel
S NR | ow = 5 SNR Low Limt (bins of periodogram
ENOB Pur e ENOB Pure / Full Scale
THD h = 10 THD Har noni cs count er
| MD h = 5 | MD Har noni ¢cs counter
ENOB( pur e) = (SINAD(dB)-1.76)/6.02
ENOB( Ful I Scal e) = (SINAD(dB)-Peak Amplitude(dB)-1.76)/6.02

nh
ZZPII'-flif-fgl

=1 j=1

P+ Py

IMD =

2 0<|i'ﬁij'£|<fNyquist
LR A SR L A £

E] 0<i'-fi<fNyquist

Double click THD or IMD digital panels to change their data representation from percents to
decibels and vice-versa.

The Direct Current component of input signal is calculated directly, as arithmetical average for
period equal to one FFT block.

The other values are calculated (and average) by results of FFT. The phase shift between channels
is averaging only in a mode of vector averaging of results of FFT.
The Amplitude is normalized by a sinusoidal signal of maximum ADC amplitude.
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For maximum precision of Peak Frequency measurement it is necessary to set off usage of
weighing (smoothing windows) (i.e. to set Uniform - window).

For maximum precision of Peak Phase Difference measurement it is necessary to set usage of
any window except Uniform.

For maximum precision of Peak Frequency & Peak Phase Difference measurements, it is
necessary to set usage of any window of Rife-Vincent group.

For maximum precision of Peak Amplitude measurement of a simple signal use Flat-Top 5A
window.

For maximum precision of parameters measurement of a composite signal use narrow-band
windows cos 8 min - cos 11 min or Rife-Vincent 8 - Rife-Vincent 11. The last group is the most
universal and is suitable for a majority of applications

Results of the measurements of the SNR, SINAD, ENOB, THD, IMD extremely depend on
choice of weighing (smoothing windows).

The window should be chosen according to the table. It shows the applicability of windows for
ADC with different Bit Depth. FFT size must be not less then 2°14. Use Separate channels spectra
mode. Only in this case there will be adequate outcomes of calculations. For ADC bit-rate higher
than 16 bits the option " FFT High Precision " should be checked in the dialogue Device Selection -
> Advanced.

The SNR, SINAD, SFDR, ENOB and THD are measured on a sinusoidal signal of required
amplitude. Usually it is -1 dB.

IMD is measured on composite signal, e.g. 250 Hz/ -2 dB + 8020 Hz / -14 dB. The presets of
suitable signals are present in the Sound Frequency Generator included in full delivery.

Right click the title “MultiMeter” to copy all data to clipboard. The contrast of digital
indicators is adjusted by scrolling of mouse wheel on the title “MultiMeter”.
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G aphi ¢ Panel
Mlionye Settings

Graphic Fanel

_hannels

scale Y (dB)
AC T DC Input
Shift Y (% scale)

Trigger
Threshold
Slope
Channel

Scaley

Heset Y

Shifty

1 II:I ] 2 II:I 1 3 II:I ] '-'ul:l 1] f-ll:l ]

Feset Scales

Shift X Feset X Scale X

Mouse: Left click on a specific zone decreases corresponding
value, right click - increases it. Wheel also acts!

Measuring of intervals on the screen. Place the cursor in a starting point. Right-
click. Move the cursor to the second point. Read the data under the cursor. Left click
to switch off the mode of measuring of intervals.

Custom scaling. Select plot part by moving mouse with pressed left button. To
return back click “Reset Scales”.

Extra Settings Window:
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apectrum Left - Setiings

Step B Font|| Color Default

X Frefi hode |_

Y E Brefic W] | i _I
g =mooth - |~

SHEp | Calar
s Hack Zolar  Font

=i | ,El.n rder Color %
ricoes

Ay EEIN | 1fescure Line

=i |k Fnt

Calar MAuEisolar

The explanation is required for the item Lines->Plot, which is intended for
accelerating plot drawing by skipping small-sized image details.
There are four possible modes:

1. Nor mal Draw all

2. Snooth + Smoothing positive peaks
3. Snooth — Smoothing negative peaks
4. Average Averaging data

Defaults are: for oscillogram - “Nor mal ”; for spectrogram - “Snoot h —.
For adequate mapping of data closely pick an expedient draw mode!
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Left Click
Hide / Resize / Exit

Control Panel

Call Main Menu

Call Sound Generator
Show MultiMeter Panel
Show Oscilloscope Panel
Oscilloscope Modes
----------- second panel:
Oscilloscope Modes
Show Spectroscope Panel
Dual Channel Mode

AC / DC Spectroscope input

Synchro channel selection
Decrease Trigger Level
Peaks Modes — Hold — Decay
Averaging Mode & Number
Octave band power

Standard Frequency Weighting

Select Smoothing Window

i Normalize the spectrumto a 1 Hz

band.
Decrease FFT - block Size

Decrease Sampling Rate
Start / Stop input

Show Control Panel

Right Click
Factory Defaults / Tile Vertical

Synchro Start

Auto Scale
Oscilloscope Modes Menu

Auto Scale

Dual Channel Mode Menu

Automatic DC correction / Zero
Reset

Trigger Slope
Increase Trigger Level
Reset Peak Hold
Reset Averaging

Standard Frequency Weighting

Quick Select Smoothing Window

Increase FFT - block Size
Increase Sampling Rate
Select Input Device

Mai n Menu
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button click; - by Tray Icon right click; - by

Graphic Panel Caption double click. Use the last one to save Graphic Panel image to file
or to clipboard
Configuration

Single Graph

Always On Top

Hide Hint While Run
Clear Screen

Find Sound Generator
Skin

Lock Reposition

Save Configuration
Load Configuration
Factory Defaults
Black-on-White

Tile Vertical

Tile Horizontal
Default Position

High Priority

Terminate

Display

Save

Device Selection
Calibrate !

Oscillograph
SpectroMeter
MultiMeter
Smoothing Window
Sound Generator
System Mixer

Memory Info
Timing

Save Input Data

Save Spectra to Binary
Save Spectra to Text
Save Image to File

Copy Image to Clipboard
Print

Configuration options:

Use for one-channel Devices

Place OscilloMeter above other windows

Hide Graphic Panels Hint While Run (improves performance)

Find Sound Generator executable location

Simultaneous reposition of all panels

Black-on-White Graphic Panels

Improves performance but may “freeze” other programs

Terminate the program without saving current settings

Selection of ADC Device, calibration & other settings
Show Calibrate Input Devices dialog

Show Oscillograph panel

Show SpectroMeter panel

Show MultiMeter panel

Show Smoothing Window Selection panel

Enable Synchronous Start of Sound Generator
Invoke Audio Device System Mixer

Estimate Required Memory
Measure FFT processing and full cycle time

Save Data to Files

Save Input Data to Files

Save Spectrum Data to Binary
Save Spectrum Data to Text

Save Image of selected Graphic Panel to File
Copy Image of selected Graphic Panel to Clipboard
For monochrome printer use Black-on-White option
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Synchro Start Sound Generator
Synchronize Sample Format
Lock Spectrum Scales

Help

About

Registration

Start / Stop

Exit

Enable Synchronous Start of Sound Generator
Enable Synchronize Sample Format
Simultaneous changes of Spectrum Graphic Panels scales

Show this Help
Show «About» window
Information About Registration

Start / Stop input

Terminate the program
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If you do not see a signal, verify

- Selection of audio device;
- System mixer
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Unst abl e i mage of a spectrum
This can be stipulated, first of all, by a non-stationary
I nput signal, or sinply with a bad contact in the source
plug. Ot her reasons, nost |ikely, are stipul ated by
har dware features of your conputer: insufficient speed as
a whol e and/or insufficient volunme of the main nenory,
use of slow and/or integrated video and sound subsystens.
Try to close other working prograns, sonetines it
consi derably i nproves Spectrum Anal yzer perfornance.
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About Lissajous figures

For a research of dependence of signals from each other

in time domain press a button . The overstrike
changes channel s by pl aces ( ). Establish on the

| ower graphic panel of the oscilloscope a node of a
separate featuring of signals ( ) and adj ust displ ay
so that nore than one period of each signal is visible.
In that case, the Lissajous figures will be visible on

t he upper graphic panel w thout ruptures.
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Limtations of Deno Version.

The Deno version is a fully functional copy of OscilloMeter with
the exception that input tinme is limted to 15 seconds after each
"Start" button click.
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Regi strati on.

If you have superfluous 499 US dollars, you can purchase a fixit key and the
demonstration limitation will be deblocked. For this purpose:

Open the "About" item in the menu of the program. There you will see the serial
number of the copy of the program "OscilloMeter" installed on your computer. Copy
the number to the clipboard by click the word "Serial". Send the serial number and
fee to the author. In exchange you will receive a fixit key and instruction of its
application.

The fixit key acts ONLY on YOUR computer.

If for any reason there is a need to re-register a product, i.e. from hard drive crash,
replacement of hard drive, or purchase of a new computer, please mail to the author
to verify the license information, and re-issue the key. There will be a 59 US dollars
fee for this service.

Please mail to author shmel yof f @ewnai | . ru to get the latest information
about ways of payment.

Starting from the version 4 a discount system of payment is applied. Give a brief
description of the problems you deal with and try to solve with OscilloMeter and you
can buy the program at a special price.

Author:
Oleg Yakovlevitch Shmelyoff, Moscow, Russia.


mailto:shmelyoff@newmail.ru
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Warranti es

The programis provided "AS-1S". No warranties
of any kind, expressed or inplied, are nade as to
it or any nediumit may be on. Any renedy for
I ndi rect, consequential, punitive or incidental
damages arising fromit, including such from
negl i gence, strict liability, or breach of
warranty or contract, even after notice of the
possibility of such damages w ||l not be provided.
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Technical Support

Technical Support only for registered users.
E-mai | : shnel yof f @ewmai | . ru

Web: http://shmel yoff.nmru/english. htm
http://shmel yoff.by.ru/english. htm


mailto:shmelyoff@newmail.ru
http://shmelyoff.nm.ru/english.htm
http://shmelyoff.by.ru/english.htm
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Ha3nauenue
Jannas Bepcuss OCUWIIIOMETpA NpeaHA3HAYEHA ISl UCCIIEIOBAHUS B PEAaTbHOM
BPEMEHHU CUTHAJIOB, BBOAUMBIX yepe3 ALIII ctanmapTHOM 3ByKOBOM KapThl. [
ucnoias3oBanus ¢ apyrumu Tunamu ALl oOpatutecs k aBTOpY
shnel yof f @ewmai | . r u u 3akaxure CreUAIbHYIO BEPCHIO IPOTPAMMBI.
Ilensl yMepeHHEIE.
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OcCHOBHbBIE XapaKTEePUCTUKHU

¢ OcuumoMeTp cocrouT u3 ocuuiuiorpada u aHaau3aTopa CreKTpa.

¢ MakcuManpHOE KOJIMYECTBO KaHAJIOB, YaCTOTAa JUCKPETU3ALUH, PA3PSAAHOCTD JaHHBIX, [10JI0CA
pabouux 4acTOT U TOYHOCTh U3MEPEHUI OTPaHUYECHBI TOJIBKO THIIOM MpuMeHseMbx ALIIT.

¢ CoxpaHeHue MMOJy4EeHHBIX JaHHBIX U U300pakeHu B paitnbl umum Oydep ooMeHa.

¢ Ocummnorpad umeer pexumsl (11 aByxkaHanbHbix ALIIT): HCXOIHBIE CUTHAJIBI, CyMMa,
Pa3HOCTh, 3aBUCUMOCTb OJIHOTO KaHaJla OT JPYroro, aMIUINTYIHOE PaCIpEIEIIEHNE BXOIHBIX
CUTHAJIOB.

¢ HesaBucumas CHHXpOHHU3ALUS B KAKI0M U3 MTaHENeH.
¢ AHanu3aTop CHEKTpPa paboTaer Mo airoputMy ObicTporo npeobpaszosanus @ypobe (BIID).
¢ Pasmep Gsioxa BII® g0 2720 BEIOOPOK BXOJIHOTO CHTHAJIA.

¢ OO0paboTka nepexkpuigarowuxcs 60 8pemMeHu ocie0BaTeILHOCTEH BEBIOOPOK BXOIHOTO CUTHANA
JUIS COYETaHUsl BBICOKOU pa3peniarmnieil CHocOOHOCTH aHallu3a 10 BPEMEHH U 110 4acTOTe
OJIHOBPEMEHHO.

¢ CriaxuBaronue okHa (B3BEIIMBAIOIINE BXOHOU curHan) — 6onee 50 Turos.

¢ VYcpennenue pe3yiabraroB bIID: paBHOB3BELIEHHOE 110 peAIU3aLUsAM — CKAJISIPHOE UIIU
BEKTOPHOE; SKCIIOHEHIIMATILHO B3BEIICHHOE M0 peanu3alusaM — ckaisgpHoe. KonnuecTso
yCpeaHseMBbIX peanu3anuii ot 2 10 20 uiu OeCKOHEUHOeE.

¢ CuHXpOHHU3aIMS aHAIU3AaTOPa CIEKTpa - He3aBUCUMasi OT OCIHuIorpada.
¢ 3anoMHMHaHUE MUKOBBIX 3HAYCHUN CHEKTpa: (PUKCUPOBAHHOE MM C 3aTyXaHHUEM BO BPEMEHHU.

¢ lMeroTcs pa3ianyuHbIe peKMMBI ABYXKaHAJIBHOTO aHAJIM3a CIIEKTpa:

Left , Right PasznenbHbIe CIIEKTPHI KAHAIIOB.

Left + Right CrieKkTpbl CyMMBI U Pa3HOCTU CUTHAJIOB JIBYX KQHAJIOB.
CymMmupoBanue nudposoe, a He aHaIOroBoe!

Left « Right CnexTp 1u¢ppoBOro Npou3BEACHUS CUTHAJIOB JIBYX KaHAJIOB.

Left ¢ Left° Crextp «CaMOCHHXpOHU3UPOBAHHOT0» CUTHAJIA JIEBOTO KaHaJa.

Right  Right ° Cnextp «CaMOCHHXPOHU3UPOBAHHOT0» CUTHAJIA IIPABOT0 KaHaJja.

Real ( Left / Right ) JlelicTBUTENbHAS MepeaTovHas (yHKIUSI — OTHOILICHHUE

MOHIHOCTeﬁ COOTBCTCTBYIOIIUX KOMIIOHCHT CIICKTPOB ABYX
CHUI'HAJIOB B 3aBUCHUMOCTH OT YaCTOTHI.

Cross Spectrum [lepexpecTHBIN CHEKTP: MPOU3BEACHUE CIIEKTPA JIEBOTO KaHajla Ha
KOMIUIEKCHO COTIPSDKEHHBIN CIIEKTp MPaBOro KaHaua.
Complex ( Left / Right ) KommuiekcHas nepenatodynas (PyHKIUS — BEKTOPHOE OTHOILLICHHE

COOTBETCTBYIOIIUX KOMIIOHEHT CIIEKTPOB JIBYX CUTHAJIOB B
3aBHCHUMOCTH OT YacTOTHI M (PYHKIIHS KOT€PEHTHOCTH.

Complex ( Right / Left ) KommuiekcHas nepenatodynas (yHKIUS — BEKTOPHOE OTHOILLICHHE
COOTBETCTBYIOIIUX KOMIIOHEHT CIIEKTPOB JIBYX CUTHAJIOB B
3aBHCUMOCTH OT YacTOTHI ¥ (PYHKIIMS KOT€PEHTHOCTH.
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¢ Brluncnsores cienyromye napameTpbl BXOJHOTO CUTHaja:

Iorpemnocts
BbIYUCJICHUI
5-10"-8
.5-10"-7 ot
HM3MEPEHHOU
BEITMYUHBI
0.01 nb

0.01 ob

0.05 nb

0.05 n1b

0.05 nb

0.1 6ur

1...5% or
HM3MEPEHHOU
BEJIMYNHBI

1...5% or
HM3MEPEHHOU
BEJIMYNHBI

1 M3P AL

0.0001 rpanyca

Onucanue

OcHOBHAas 4acTOTa - YaCTOTa HanOOJIbIIEH
COCT&BH?IIOH.ICFI BXOJHOTI'O CUT'HAJIA.

AMIUTYA2 HauOOJIBIIEH COCTABIISIIOIICH BXOIHOTO
CUTHajia
MOoIHOCTH BXOJHOI'O CUTHAJIA.

OTHoleHue CUrHaN / IryM — OTHOIIIEHUE MOIITHOCTH
CUTHaJIa OCHOBHOM YaCTOThI K MOIIIHOCTH IIyMa.
OtHommenue curHan / (IryMm + UCKaKEHUS) - OTHOLICHHE
MOIIHOCTH CUTHajla OCHOBHOM YaCTOTHI K CyMMapHOM
MOIIHOCTH IIyMa U TAPMOHHUK.

JlnHaMu4YeCcKui quarna3oH KaK OTHOIIEHUE aMIUIUTY /T
OCHOBHOTO CHTHAJIa U HAaOOJbIIEro moO0YHOTO
(IIyMOBOTI'O MJIM FAPMOHUYECKOI0), 33 UCKJIFOUEHUEM
MMOCTOSTHHOM COCTaBJISAIOIIEN

D¢ dexTHBHOE KOINYECTBO OUT — peanibHasi pa3psiIHOCTh
AUTI, yuuTsiBaromas myMbl U UCKaKEHHUS.

OO01re TapMOHUYECKUE UCKAKECHHS — KBAIPATHBII
KOpEHb U3 OTHOIIEHHUS] CyMMAapHOU MOIITHOCTHA FapMOHUK
K MOIIHOCTH OCHOBHOM 4aCTOTHI.
NuTepMoay I siMOHHBIE UCKAXKEHUS — KBAIPATHBIN
KOpEHb U3 OTHOIIEHUS! CyMMAapHOU MOIITHOCTH
MPOIYKTOB (KOMOMHAIIMOHHBIX YaCTOT) ABYX CAMBIX
00JbIINX (OCHOBHBIX) CUTHAJIOB K CyMMapHOM MOIITHOCTH
3TUX OCHOBHBIX CUTHAJIOB.

[TocTosiHHas cocTaBsiollas BXOJHOTO CUTHAIA.

@Da30BbIi CABUI MEKTY OCHOBHBIMHM YaCTOTaMU B
KaHaJ1ax.
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CucrtemHble TpeOOBaHUS:

AnmnapaTtHbie TpeOOBaHHUS:

IBM nepcoHabHBIN KOMIOBIOTEP UM COBMECTUMBIN ¢ 80486 LieHTpaabHBIM
npoiieccopoM uiu Boite (Pentium 166 pekoMeH10BaHHBIIT MUHUMYM )

Munumym onepaTuBHOM namsatu 32 MoOaiita.

Monutop VGA, ciocoOHBIN K 0TOOpaKeHHI0, 0 KpaliHel Mepe, 256 11BETOB.

Kectkuii nuck co cB0OOIHBIM MpocTpancTBOM 1MB. JlononauTensHoe
MIPOCTPAHCTBO TpeOyeTCsl, YTOOBI COXPAHATH (Dailyibl JaHHBIX.

Windows coBmecTrmas 3BykoBas miata: 16 unu 24 pazpsiaHasi.

MpbI11b WK APYroe aHAJIOTUYHOE YCTPONCTBO YIIPaBICHUS TO3UIIHEH.

[Iporpammubie TpeOOBaHMUS:
Microsoft Windows 95 nim Beime, Windows NT 4.0 unm BoIe.
JpaiiBepsl 3BYKOBOM MIaThl (MOCTABISIOTCS CO 3ByKOBOM IJIATOM ).
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PCKOMCHI[yeMBIﬁ HCTOYHHK U3MCPHUTCIbHBIX CUTI'HAJIOB.

Jlyummmit BeIOOp 3TO - “JIByXKaHaJIbHBI MHOTOTOHOBBIN 3BYKOBOM r'€HEpaTop
Kaydaromiencs 4acToThl”, pa3paboTaHHBIM aBTOPOM. DTOT r€HEepaTop BCeraa JOCTYIEeH
Ha caiite ht t p: // shnel yof f . nm ru. Jlpyroi crmoco6 moay4uTh €ro B CeTH
3TO Mmouck, Hampumep, “ Shnel yof f Sound Frequency

Gener at or ” http://www.google.com/search?g=Shmelyoff+Sound+Frequency+Gen

erator. Bel HaiieTe HECKOIBKO TOAXOISIITNX aapPECOB.


http://shmelyoff.nm.ru
http://www.google.com/search?q=Shmelyoff+Sound+Frequency+Gen

Oscillometer — Real-Time Spectrum Analyzer
Hepexpm':l:'me BO BpEeMeHNn

Orta 3¢ (eKTHBHAS BO3MOKHOCTb MO3BOJISIET YBEIHMUUTH BPEMEHHOE pa3pelieHHEe CIIEKTPAIbHOTO
aHaJM3a IMyTeM MOBTOPHOM 00pabOTKM YacTH MOCIIEAOBATEIILHOCTH OTCUETOB BXOAHOTO CUI'HATIA.
Pazmep uactu 6moka BII®, o6pabaTsiBaeMoOli TOBTOPHO, 3aBUCHUT OT CKOPOCTH IIEHTPATIHHOTO
nporeccopa. bonee GpicTpas MamuHa oOecrieynBaeT 0osiee BEICOKUI MPOILEHT NEPEKPBITUS H,
CJIeZI0BATENIbHO, TIOBBIIIAET BPEMEHHOE pa3perieHne. MUHMMaIbHO BOZMOYKHBIM HE
NEPEKPBIBAIOLINIICS HHTEPBAJ HE MOKET ObITh MEHbIIIE YeM 3JIeMEHTapHbIN BXxoaHOM Oydep (buffer
size).

bonee nnuunbie BI1D-0110kM MOBBIIAIOT pa3pelieHne M0 YacTOTe, HO CHIKAIOT — IO BPEMEHH,
Toraa kak kopotkue BIID-6mo0ku nar0T mpoTHUBONONI0KHBIN 3 dext. OOpaboTka ¢ mepeKphITHEM
BO BPEMEHH MOKET OBITh MCIIOJIB30BaHA Il 00ECIIeUeHUs] BBICOKOW pa3peraromieid criocoOHOCTH
Cpa3y U 10 4acToTe U 1o BpeMeHH. Hampumep, eciu ncciieayeMblii CUTHAJ COAEPIKUT ObICTPO
M3MEHSIOIIMIACS TI0 YaCTOTE TOH, CTAHOBUTCS TPYIHO MOJIyYUTh IUIABHOE MPE/ICTABICHUE CIIEKTPA,
MOTOMY YTO YacTOTa U3MEHSETCS 3HAUUTENIBHO 3a BpeMst 00padotku onHoro bIId-6noka. Eciu
BbINOHUTE BII® u BMecTo mpoasskenus Brepen Ha nenblii BIID-0610k Bo BXo1HON
MOCIIEI0BATEIBHOCTH MTPOABHHYTHCS HA MAIYIO BEJIMYUHY, TO TAKUM 00pa30M MOKHO YyMEHBIIUTh
CKOPOCTb U3MEHEHUS CUTHAJIA 10 OTHOLIEHUIO KO BpeMeHH BbinoaHeHus bII®. Crnenyroniue
PUCYHKH MILTIOCTPUPYIOT 3PPEKT 0T 00pabOTKH ¢ NEPEKPHITHEM BO BPEMEHH.

BxoaHoid curkan [2W ps [ [2Wpts [ [2Wpts [ [2Fpts | [2F pts ~ MeanenHan
V V \/ Y Y T MallvHE
l l l l l
Spectrum Spectrum Spectrum Spectrum Spectrum
BxonHol curkan [2W pts [ 2N pts | 2N pts |20 pis |29 pis | 2N pis | BelcTpan
—  MallWHa
FFT FFT FFT FFT FFT FFT FFT FFT FFT FFT FFT
I T
Spectrum
- - |||_{:p,yl,_|_aﬂ||
~ MalWHa

Spectrum

IIporpaMMa aBTOMaTHYECKU TPOU3BOJUT MAKCUMYM BO3MOKHOT'O IIEPEKPBITHSL, 3aBUCSILNN OT
CKOpOCTH Iporieccopa. MUHUMAIBHBIN HE MEPEKPHIBAIOIINICSA HHTEPBAJ PABEH 2JIEMEHTAPHOMY
BxoiHOMY Oydepy (buffer size). YMeHbIeHNE pazMepa 3JIEMEHTaApHOTO BXOJAHOTO Oydepa
yAy4IIaeT pa3penaronlyio CioCOOHOCTh MO0 BPEMEHHU, HO MOXKET IIPUBECTH (Ha MEIJICHHBIX
MalllHaX) K HeCTaOUIbHOMY MPEAICTABICHUIO CIIEKTPA BXOAHOTO CUTHAJA. bybTe BHUMaTENbHbI!



Oscillometer — Real-Time Spectrum Analyzer

B3BemuBaroiiue (CriaxxuBaroye) oKkHa

CriekTp BXOJHOIO CUTHAJIA B IaHHOM NPOrpaMMe ONPENeIIeTCsl IPU MTOMOIIY IUCKPETHOTO
npeoOpazoBanus Oypre (JI1D), a TouHEE - €ro CneruansHON pean3anun - ObICTPOTO
npeobpazoBanus Oypwe (BIID). [TockoabKy 3T TpeoOpa3zoBaHUs UMEIOT JeNI0 ¢ KOHEYHOH
BBIOOPKO# CHUTHAJIA, pa3phIBbl B HEM Ha IPAHUIIAX UCCIEIYEMBIX YYaCTKOB CUIIbHO UCKaXKaIOT €ro
CIIEKTP.

Jlnst ycrpaHeHus 3Toro 3¢dexra NpuMeHsIIOTCs TaKk Ha3bIBaeMbIC 836euiusaroujue
(cznaxncusarowyue) okna (Data Tapering (Smoothing) Windows). OHM TJIaBHO CBOJIST HAa HET
(GyHKIMIO BOM3M KPaeB aHAIM3UPYEMOTO ydacTKa. BeIOpaHHBIN 11 aHAIM3a y4aCTOK CUTHAJIA
YMHOXAa€eTCsl Ha BECOBOE OKHO, KOTOPOE YCTPaHSIET Pa3phIBbl (PYHKIIUH HA KPasiX JAaHHOTO y4acTKa
curHaia. B mporpamme nmeercs BbIOOD 636eutusaroujux okon. VIcons30BaHUEe TOTO WM MHOTO
OKHa 3aBHCHUT OT ITOCTaBJICHHO 3aaun. Hanpumep, 11 uamepeHus Ko3phUIreHTa HeTMHEHHBIX
HCKaXEHUH 4acTo NMpUMEHSIM okHO Hanning. [l TouHOrO M3MepeHus ammuntyael — Flat-Top
OKHO. A Il TOYHOTO M3MEPEHMS YacTOThI BOOOIIE HE HCIIOJIB3YIOT OKHO (3TOT Cllyyail 0003HaueH
B JiMajiore BbIOOpa okoH kak Uniform). B obmiem ciydae BBIOOp OKHA 3TO BCET/1a KOMIIPOMUCC
MEXAY IUPUHON MOJIOCH IPOIYCKAaHUsl, HEPABHOMEPHOCTBIO BHYTPH 3TOM IOJIOCHI, [101aBIEHUEM
3a e€ mpenenaMu U KpyTu3Hoi ckioHoB. [lossimenue paspsanoctu AL Tpebyer Gonee
CKPYILYJIE3HOTO NO00pa B3BEUIMBAIOIIUX OKOH /ISl TIOJIHOM peau3aluy IpeaeabHONH TOUHOCTH
n3mepenuit. CM. Takxke.

Huxe npuBeneHbl XapakTEPUCTUKUA OKOH, a TAKXKE UX aHAIUTUYECKUE BhIpakeHus. J[aHHbIe
3aMMCTBOBAHbI U3 Pa3HbIX HCTOUYHUKOB, IO3TOMY HEKOTOPBIE TIOUYTH TOXKAECTBEHHBIE OKHA MOTYT
UMETh pa3indHble 0003HaueHus1. OKHa, MPeATI0KEHHbIE aBTOPOM JaHHOW MPOTrpaMMbl 0003HAUYEHBI
kak Author's. Haxxmure kHonky “SHOW™ B auanore BeiOOpa OKOH U BbI YBUANUTE Irpaduueckoe
IpeJCTaBIeHUE BEIOPAHHOTO OKHA OJHOBPEMEHHO BO BPEMEHHOW M YaCTOTHOM obnactax. s
HarJsAHOCTH u300paxenune noctpoeHo st bIID-610ka pasmepom 512 Touek. OKHO UMEET JUTMHY
100 Touek 1 IOTOJIHEHO HYIIAMHU A0 pazMepa 512 otcueroB. ['paduku HOPMATHU30OBAHBI.
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Ycepennenue pe3ysibTaTOB HECKOJIBKUX MOCIE0BATENbHBIX TpeoOpazoBanuii Dypne.

Tunsl ycpenHeHus:

Vect or - BekropHoe (CHHXPOHHOE, KOTEPEHTHOE) — ycpeaHsaeTcs (apu(METHYECKH)
KOMIUIEKCHAs BETMYMHA KaXI0W U3 TaPMOHHUK paBHOMEPHO BO BpeMeHH. [1iist 3 dexkTuBHOTO
MCIO0JIb30BaHUs TpeOyeTcs BKIIoUeHue cuHXpoHu3anyu it bI1D.

Li near - Jluneiinoe (cxassspHOE, AaCHHXPOHHOE, HEKOI'€PEHTHOE) — YCPEAHSETCS MOIIHOCTh
Ka)KJIOM TApDMOHUKHU PaBHOMEPHO BO BPEMEHU.

Exponent I al - DxenonennuaaLHOE — YCpEIHSAETCS MOIIHOCTD KaKI0M TapMOHUKH C
3aTyXaHUEM BO BPEMEHH.

KoIn4ecTBO ycpeIHAeMbIX IPeoOpa30BaHMii:
1 - ycpennenus uer;

2 ... 20;

I Nf - GeckoneyHOE BO BpeMeHH ycpeTHEHHE.
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Pexxumbl ocuuiorpada

Left , Right Pa3nenbHbIN [TOKA3 KaHAJIOB

Left + Right [MudpoBas cymma IByX KaHAJIOB

Left - Right [Mudposas pazHOCTh ABYX KaHAJIOB

Left ~ Right JleBblii IPOTHUB MPaBOro

Right ~ Left IIpaBblit IPOTHUB JIEBOTO

Distribution [110THOCTH AMIUIUTYAHOTO PaCIpPENCIICHUS

Reset Distribution OuMCTUTH JaHHBIE AMIUIUTYJHOTO PaclpeleIeHUs
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Pexnmel ABYXKAaHAJIbHOI'O aHaJIn3a CIICKTpaA.

Left , Right
Left + Right

Left « Right

Left  Left®
Right  Right °
Real ( Left / Right)

Cross Spectrum

Complex ( Left / Right )

Complex ( Right / Left)

PaznenpHbIEe CIEKTPHI KAHAJIOB.

CrieKkTpbl CyMMBI U Pa3HOCTU CUTHAJIOB JIBYX KaHAJIOB.
CymMmupoBanue nudposoe, a He aHaIOroBoe!

CnexTp 1u¢ppoBOro Npou3BeACHUS CUTHAJIOB JIBYX KaHAJIOB.
Cnextp «CaMOCHHXpOHU3UPOBAHHOT0» CUTHAJIA JIEBOTO KaHaJa.
Crextp «CaMOCHHXPOHU3UPOBAHHOT0» CUTHAJIA IIPABOT0 KaHaja.
JlelicTBUTENbHAs NepeaaTouHas (yHKIUS — OTHOILICHHE
MOIIIHOCTEHN COOTBETCTBYIOIIIMX KOMIIOHEHT CIIEKTPOB JIBYX
CUTHAJIOB B 3aBUCUMOCTHU OT YacCTOTHI.

IlepekpecTHBIN CIIEKTP: IPOU3BEIEHUE CIIEKTPA JIEBOIO KaHajla Ha
KOMIIJIEKCHO CONPSYKEHHBIN CHEKTP MPABOro KaHala.
KommuiekcHas nepenatoynas (yHKUIUS — BEKTOPHOE OTHOILLICHHE
COOTBETCTBYIOIINX KOMIIOHEHT CIIEKTPOB JIByX CUTHAJIOB B
3aBHCUMOCTH OT YacTOTHI M (PYHKIIMS KOT€PEHTHOCTH.
KommuiekcHas nepenatouynas (PyHKUIUS — BEKTOPHOE OTHOILLICHHE
COOTBETCTBYIOIINX KOMIIOHEHT CIIEKTPOB JIByX CUTHAJIOB B
3aBHCHUMOCTH OT YacTOTHI M (PYHKIIHS KOT€PEHTHOCTH.
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Pabora c 6ydepom
Kak TOJbKO BXOOHOM Oydep 3amnojiHeH (3T0 3aHMMaeT OOBUHO HECKOJIBKO
CEeKyHI), BH MOXeTe OCTAHOBUTHL IajibHEMIMM BBOJI CUTHAJa U
MCCJIeOOBATh yX€ I[IOJIydEeHHBIE IAaHHEE C OpyI'MMu pasmepamm BIId- Oio0ka
(FFT size) u pasuemMu Tunamu e3BemvBaommx ( criaxmsawommx) oxoH (Data
Tapering (Snoot hing) Wndows). Pesynbrare ycpenHeHua (eciam OHO
OBJIO BKJIOUEHO) MPU 3TOM TEPA0TCH.



MynbTumeTp
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Iorpemnocts
BbIYUCJICHUI
5-10"-8
.5-10"-7 ot
HM3MEPEHHOU
BEITMYUHBI
0.01 nb

0.01 ob

0.05 nb

0.05 n1b

0.05 b

0.1 6ur

1...5% or
HM3MEPEHHOU
BEJIMYNHBI

1...5% or
HM3MEPEHHOU
BEJINYNHBI

1 M3P AL

0.0001 rpanyca

Onucanune

OcHOBHAaA 4acTOTa - YaCTOTa HanOOJIbIIEH
COCT&BH?IIOH.ICFI BXOJHOI'O CUT'HAJIA.

AMIIUTYA2 HauOOJIBIIEH COCTABIISIIOIICH BXOIHOTO
CUTHajIa
MOoIIHOCTH BXOJHOI'O CUTHAJIA.

OTHollleHUe CUrHai / IryM — OTHOIIIEHUE MOIITHOCTH
CUTHaJIa OCHOBHOM YaCTOThI K MOIIIHOCTH IIyMa.
OtHommenue curHan / (IryMm + UCKaKEHUS) - OTHOLIICHHE
MOIIHOCTH CUTHajla OCHOBHOM YaCTOTHI K CyMMapHOM
MOIIHOCTH IIIyMa U TAPMOHHUK.

JlnHaMu4YeCcKui quarna3oH KaK OTHOIIEHUE aMIUIUTY/T
OCHOBHOTO CHTHAJIa U HAaOOJbIIEro MoO0YHOTO
(IIyMOBOTI'O MJIM FAPMOHUYECKOI0), 33 UCKJIFOUEHUEM
MMOCTOSIHHOM COCTaBJISIOIIEN

D¢ hexTHBHOE KOIUYECTBO OUT — peanibHasi pa3psIHOCTh
AUTI, yuuTsiBaromasi IiyMbl U UCKaKECHHUS.

OO01re TapMOHUYECKUE UCKAKECHHS — KBAIPATHBII
KOpEHb U3 OTHOIIEHUSI CyMMAapHOU MOIIHOCTHA FaPMOHUK
K MOIIHOCTH OCHOBHOM 4aCTOTHI.
HNuTepMoay I siMOHHBIE UCKAXKEHUS — KBAIPATHBIN
KOpEHb U3 OTHOIIEHUSI CyMMAapHOU MOIITHOCTH
MPOIYKTOB (KOMOMHAIIMOHHBIX YaCTOT) ABYX CAMBIX
00JbIINX (OCHOBHBIX) CUTHAJIOB K CyMMapHOM MOIITHOCTH
3TUX OCHOBHBIX CUTHAJIOB.

[TocTosiHHas cocTaBstollas BXOAHOTO CUTHAIA.

@Da30BbIi CABUI MEKTY OCHOBHBIMHU YaCTOTaMU B
KaHaJ1ax.

[lamene ynpaBneHuss MynesTuMeTpa

S NR low = 5
ENOB Pur e
THD h =10

| MD h = 5
ENOB( pur e) =
ENOB( Ful | Scale) =

HWDKHUM Npezies Ipy MOACYETe IyMa U TapMOHUK (TOUYEK
MepUOAOTrPaMMbI)

YHUCTHIN / HOPMUPOBAHHBIN HA BCIO IIKATY

YHCJIO YYUTHIBAEMBIX TAPMOHHK

YHCIIO YYUTHIBAEMBIX KOMOWHAIIMOHHBIX YaCTOT

2 0<i'-fi<fNyquist

IMD =

(SI NAD( dB) - 1. 76) / 6. 02
( SI NAD( dB) - Peak Anpl i t ude(dB)- 1. 76)/6. 02

ho o h
Zzplf-ﬁij-fgl

=l j=1

Pt P,

] 0<|i'.}ﬁij'.f2|<fNqust
LRV A A FRL N ¢
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JBoitHoe HaxkaTue 1udposbix naHeneit THD unu IMD u3MeHsieT npencTaBieHHe UX Pe3ynbTaToB
U3 MPOIICHTOB B JIMOEIBI U 00paTHO.

ITocTosiHHas cocTaBisONIasi BXOAHOIO CUTHAJIA BBIYUCIIETCS HEnOCPeOCm8EeHHO, KaK CpeIHEE
apu(pMeTHYECKOE 32 IEpUO/I, paBHBIN oHOMY 070Ky BI1D.

OcTanbHble BETMYUHBI BBIUUCIAIOTCS (M ycpenHsaoTced.) o pezyapratam bII®. da3oBblil ciBur
MEXKy KaHaJIAMH YCPEIHAETCS TOJIBKO B PEKMME BEKTOPHOIO YCpPEeIHEHUs pe3yabTaroB bI1D.
MoIIHOCT HOPMHPOBAHA Ha CUHYCOUAAJIbHBIN CUTHAJI MAKCUMaIbHON aMIUIUTY/IbI (ITOJHOM
mkansl ALLLT).

Jlnist MaKCUMaJIbHOM TOYHOCTH U3MEPEHHsI YaCTOTHI CIIeIYyeT OTKIIOYUTh UCIIOJIb30BaHHE
B3BEIIUBAIOIINX (CTIIAKUBAIONIMX OKOH) (T.€. ycraHoBUTH Uniform - oxHO) .

Jlnst MakCUMabHOM TOUHOCTH U3MEpEeHHs (Pa30BOro CABUra MEX1y OCHOBHBIMU YaCTOTAMH B
KaHaJlax cJleayeT BKIIOUUTh JIIo0oe OKHO Kpome Uniform.

Jlnist MakCUMabHOM TOUHOCTH U3MEPEHHS OTHOBPEMEHHO U YacTOTHI U (hpa30BOTO CIIBUTA MEXK]TY
KaHaJIaMU CJIeyeT BKIIOUUTH J1I000e OKHO Tpynmbl Rife-Vincent.

Jlnist MaKCUMaIbHOM TOYHOCTH U3MEPEHHS aMIUTUTY/IbI IPOCTOTO CUHYCOHMIAIBHOTO CUT'HAJIA
ucnousb3yiite Flat-Top 5A oxHo.

Jnist u3MepeHust MapaMeTpoB CIOXKHBIX (COCTAaBHBIX) CUTHAJIOB UCIOJB3YHTE Y3KOMOJOCHBIE OKHA
cos 8 min - cos 11 min wm Rife-Vincent 8 - Rife-Vincent 11. Tlocneanue sSBAsSIOTCS MPaKTUYECKU
YHHUBEPCAIBbHBIMU M MOAXOSAT JUIsl OOJBIIMHCTBA IPUMEHEHUH.

Pe3ynbTaThl M3MepeHHs OTHOIIECHUH CUTHAM / IIIyM, CUTHANI / (IIyM + UCKa)keHUs ), 3PPEKTUBHOTO
KOJIMYeCTBa OUT, OOIIMX TAPMOHUYECKUX U MHTEPMOAYJISIUOHHBIX HCKXECHUH Ype3BbIUaitHO
CHJIBHO 3aBUCAT OT BHIOOPA B3BEIIMBAIOIIUX (CTIKUBAIOMINX OKOH). OKHO J0JKHO BBIOMPATHCS B
COOTBETCBUU C TAOJHIIEH, B KOTOPOH ykazaHa MpUMEHHUMOCTb okoH it AL pasnuynoit
paspsanoctu (Bit Depth). Pasmep BII® 6moka gomken ObITh He MeHbIe 214, Ucnonb3yiite
PEKUM Pa3JIENIbHBIX CIIEKTPOB KaHAIOB. TOJBKO B 3TOM ciiydae OyAyT IOCTaTOYHO a/IeKBAaTHBIC
pe3ynbTatel Beruncienuit. Kpome toro, s AL ¢ pa3psaHocTsio Beie 16 OUT cienyer
BKJIIOUATH OMIMIO “TIoBbIIIeHHas TouHOCTh” — “FFT High Precision” B auanore Device Selection -
> Advanced FFT.

OTHomeHue curuai / mym, Curaan / (ym + uckakeHus ), 3pPeKTuBHOE KOTUUECTBO OUT U
o0I11e TapMOHMYECKUE UCKXCHHUS U3MEPSIOT IIPU T0Jjaue Ha BXOJ] UCCIIEyeMOro yCTPOCTBa
CHHYCOUIAJIBHOTO CUrHasa TpedyeMoil ammutyasl. O6bruHO 310 —1 1b.

HHTEepMO Iy IAIMOHHbIE HCKAXEHHUS U3MEPSAIOT IIPU TI0jaue COCTABHOTO CUTHAJIa, Hanmpumep 250
I'u/-2 nb + 8020 I'y / —14 nb. HaGops! noaxoasmux curHajaoB uMeroTcst B ['eHeparope 3ByKOBBIX
YacTOT, BXOSAIIEM B MOJTHYIO TIOCTaBKY.

OPMEeHTHPOBOYHEIE [IOTPEIHOCTY M3MepeHMri MyJbTuMeTpa, OOyCJIOBJIEHHEE
BEIUMCJIEHMAMM, OIlpeleliIdinTCAd Ha TeCTOBOM, UYMCTO «LU/I(i)pOBOM» CuUrHalsye
Mo paszfpocy [IOKaBaHUM [PY ONTMMAJIBHOM [I0AOOPE B3BEUIMBAIOIIUX
(crimaxxuBarOMMNX OKOH).

Yro ObI CKOIIMPOBATH BCE PE3YIBTATHI B Oydep 0OMeHa HISTKHUTE MPaBOil KHOIMKOM MBIIIH 110

sarosioBky «MultiMeter». Konrpacrtrocts 1udpoBbIX MHIMKATOPOB PEryIMpyeTcs BPaIleHUEM
KOJleca MBIIIH Ha 3aroJI0BKE.



Oscillometer — Real-Time Spectrum Analyzer
I'padnueckasn I[lanens

MNepemellenre | HacTpokka

Fraphic Panel ¢
AHanb!
Macwrab ¥ Macwrab Y (dB)
ACTDC Bxon
CABMr Y (% Weankl)
ChpocY
CHHXpOHM3aUMA
Mopor
Caur 'y [MonApHOCTE
KaHan
Chpoc Wean 1 100 300 300 400 00 s

caewr & Chpoc X Macwrab X

Mpiib: JIEBBIN KUK B 3aJaHHOM 30HE YMEHBIIAET COOTBETCTBYIOLIEE 3HAUCHHUE,
npaBblil — yBennuuBaeT. Koneco taxxe padoraer!

N3mepenue nHTepBasIoB HA 3KpaHe. [locTaBbTe KypcOp B HAYAIBHYIO TOUKY.
[IlenkHuTE MpaBOil KHOMKOW MBIIIH. [IlepemecTuTe Kypcop BO BTOPYIO TOUKY.
[IpouTuTe nokazaHus nMoj KypcopoM. UTOOBI BEIKIIIOUUTH PEKUM U3MEPEHHUS
WHTEPBAJIOB IIEJIKHUTE JIEBOM KHONKOUW MBIIIN.

[Ipoun3BosibHOE MacTabpoBaHre. Beiaenure HEOOXOAMMBIN y4acTOK rpauka
JIBU>KEHHEM MBI C HAaXaTOM JIeBoM KHOMKOU. UTOOBI BEpHYThCS Ha3a/l METKHUTE
«COpoc mKam.

OKHO TOITOJIHUTENIBHBIX HACTPOEK:
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=ettings

Default
iade |_
et

g =mooth - |~

Zalok

Hack Color  Eoht
Horder Calor

TEiCHEE !
Measure Lite

=i |k Fnt

Calor Al Colar

[Tosicaenus TpeOyeT nyHKT Lines->Plot, npenHa3HaueHHbIN 111 YCKOPEHUS
IOCTPOEHUS Tpa(UKOB 3a cuem nponycKa MeaKkux 0emaeil u300paicenus.
Nmeetcs yeTbipe BOZMOXKHBIX COCTOSIHHSL:

1. Nor nal pucyercs Bce
2. Snooth +  crmaxuBarlTCs MOJOKUTEIHHBIE BEIOPOCH
3. Snpoth — criaxuBaloTCa OTpUIIATENIbHBIE BHIOPOCHI

4. Average JAHHBIE YCPEIHSIIOTCS

[To ymomyanuto it ocumiutorpamm pexum “Nor mal », mis cekrporpamm —
“Snmoot h —”.

Jli1st anekBaTHOrO 0TOOpaXeHMs pe3yJIbTaTOB BHUMATENIBbHO BhIOUpaliTe criocod
IIOCTPOCHMUS !
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HaHeJIL JIeBast KHOIIKA MBI

ylpasBJieHUs
Chpsarats / Bepuyts / Boixon

Br130B [ mnaBHOTO MEHIO

Br130B 3ByKOBOIO reHepaTopa
IToka3zarh maHenb MyJbTUMETPA

[Toxa3zaTh manens ocumiorpaga
Pexxumbl ocrisutorpada
8MoOpas namenw:
Pexxumbl ociisutorpada

Iloka3arh nmaHenb aHaaU3aTOpa
CIIEKTpa
PexxuMbl 1ByXKaHAJIBHOTO
aHaJM3aTopa CIeKTpa
3aKpBITHIN / OTKPBITBINA BXOA
aHaJM3aTopa CleKTpa
Bb160p CHHXPOHU3UPYIOLIETO KaHala
YMEHBIINTH TOPOT CHHXPOHU3ALUU
I'paduk : Yaepxkanue - 3aryxanue
YcepenHeHue: TUIT U KOJTMYECTBO
OTCUETOB
OTtoOpakeHne MOIIHOCTH B IPOOHO-
OKTaBHBIX I0JI0CAX
CrangapTHOE B3BELIMBAaHUE
pE3yIbTaTOB
Br16op B3BemIMBaromero okHa

] Hopmanuzosars criekrp Ha 1 'y
0JI0CY.
YmenbpmuTh pazmep bIID-6moka

YMEHBIINUTH YaCTOTY AUCKPETU3ALUU

Crapt / Cton

m ITokaszats [lanens ynpasineHus
ﬂ.ﬂ Hkonka B

IMaHCIIN 3a1a4

HpaB asl KHOIIKa MBIIIH

3aBojckue yctaHoBkH / [Tanenn
psomM

CHHXpOHHBIN CTapT

ABTOMAaTHYECKOE MACIITAOMPOBAHNE
MeH10 pexuMoB ocuusuiorpada

ABTOMaTHYECKOE MACIITAOMPOBAHUE

MeH1o AByXKaHaJIbHOTO aHaIM3aTopa
CIIEKTpa
Koppekuust Hyins 110 TeKyIemy
3HAYECHHUIO CMEIIECHUA /| C6poc Hys
[TonsipHOCTH 3aIyCKarOLIEro CUrHAa

VBEIMYUTH IOPOT CHHXPOHU3AIUU
Copocuts Y nepxxanue
Co6pocuts YcpenneHue

CrannapTHO€ B3BEIIMBAaHUE
pe3yIbTaTOB
BrIcTphIii BBIOOP B3BEIIMBAIOIIETO
OKHa

YBennunuts pazmep BIID-6m0ka
VYBeNUUNTh 4acTOTY AUCKPETU3ALUN
Br10op Bxoanoro ycrpoiictBa

I'maBHOe MeHI0
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m I'maBHOE MEHIO moxer GbITh BBI3BAHO: - KHOIKOM
Ha MKOHKE B IaHeJIH 3a]a4; - JBOMHBIM ILIETYKOM HA 3ar0JI0BKe rpadpuuecKoi NaHesu.

; - IPAaBOM KHOIIKOW MBIIIIN

Hcnonp3yiiTe mocneaHuii crnocod Ut COXpaHeHHs U300pakeHUs1 KOHKPETHOH MaHenu B haiiin uiu
B Oydep oOMmeHa.
Configuration

Single Graph

Always On Top

Hide Hint While Run
Clear Screen

Skin

Find Sound Generator

Save Configuration
Load Configuration
Factory Defaults
Tile Vertical

Tile Horizontal
Default Position
Black-on-White

High Priority

Terminate

Display

Save

Device Selection
Calibrate !

Oscillograph
SpectroMeter
MultiMeter
Smoothing Window
Sound Generator
System Mixer

Memory Info
Timing

Save Input Data

Save Spectra to Binary

Save Spectra to Text

Save Image to File

Copy Image to Clipboard

Print

Hacrpoiiku

Hcnonp3yercs g OTHOKaHAIBHBIX YCTPONCTB

Pacrnionaraer OcuusuioMeTp NOBEPX IPYrHuX OKOH

[Tpsuet moackas3ku rpaduuecKkux maHeneil BO BpeMst BBOjIa JJIsl yCKOpetr
OuncTUTh PKpaH

Br160op odopmnenus

Onpenenuts MECTONOIOXKEHUE 3ByKOBOIO F'€HEpaTopa

Coxpanuth KOH(puUryparuio B daiine
3arpy3uTh KOH(pUryparuo u3 gaiiaa
BepHyTb 3aBOJICKHE YCTaHOBKU

Pacnonoxutes nanenu psaom

Pacrnonoxuts nanenu qpyr Haj Ipyrom

ITo3uuus o ymoJIT4aHuIo

YepHo-6enoe n3o0paxkeHne rpaguueckux maHenen

YBennuuBaeT ObICTPOJCHCTBHE, HO MOXKET 3aTOPMO3UTH JPYTUe MPOrpa

3aBepIInTh MPorpaMmy 6e3 COXpaHEHHUs TEKYIIHUX YCTaHOBOK

Br160p BX0AHOTO YCTpOIiCcTBa, KATMOPOBKA U APYrHe HACTPOUKH
Bb130B naniora kamOpOBKU BXOIHOTO YCTPOHCTBA

[Toxazats ocumsiorpad

Iloka3ath criekTpoaHaau3aTop

Iloka3aTb MyJIbTUMETP

[Toxa3aTh maHesb BRIOOpa B3BEIIMBAIOIIETO OKHA

[TokasaTe 3ByKOBOI reHEpaTop
BrI3BaTh CUCTEMHBIN MUKIIED

Onenka TpeOyemMoi mamsTu
IToxa3zaTs Bpems BoinoaHeHus: bI1® u noxHoro mukia o6padboTKu

CoxpaHeHHe TaHHBIX

CoxpaHUTh BXO/HBIE JaHHBIE B (ailn
CoXpaHUTh CIIEKTPHI B IBOMYHBIE (hailsibl
CoXpaHUTh CIIEKTPHI B TEKCTOBBIE (hailiIbl

CoxpanuTh H300pakeHnEe BHIOpAaHHOH MaHeNu B (aiin
Konuposats nzo0OpaxkeHue BbIOpanHo naHenu B Oypep oomeHa
[TevaTars. 5151 MOHOXPOMHBIX IPUHTEPOB MpuMeHuTe onuuio Black-on
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Synchro Start Sound Generator
Synchronize Sample Format
Lock Spectrum Scales

Help

About

Registration

Start / Stop

Exit

Paspemmnts CHHXpOHHBIN CTapT 3BYKOBOI'O I'€HEpaTopa
CuHXpOoHU3MPOBaTh POpPMAT TaHHBIX 3BYKOBOTO 'eHEpaTopa
OnHOBpeMEHHOE H3MEHEHUE MacIITada MmaHesneil CreKkTpoaHaau3aTopa

BrI30B 1aHHOM cipaBKU
[Toka3 oxna “O mporpamme”
WNudopmanus 0 perucTpaiuu mporpaMmmbl

Hauats / octanoBuTh BBOJ JaHHBIX ¢ ALIT

3aBepiuTh padboTy
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Ecnu Bel HE BUgnTE CUTHANA, TPOBEPHTE:

- Beibop ayamno yctpoiicTsa;
- CHCTEMHBIN MUKIIIED
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HeycTonumBoe oTob6paxeHMe crHekTpa
MoxeT OEITB CBA33AHO, IIpexle BCero, C HeCTAalLUMOHAPHBM BXOIHEIM
CUTHAaJIOM, & TO M NPOCTO C IJIOXMM KOHTAKTOM BO BXOIOHOM pas3beMe.
IpyTrre MNPMUMHEL, CKOpee BCero, OOYyCJIOBJIEHBl alllapaTHBMU
OCOBEHHOCTAMMY BalleTO KOMIBLITEpAa. HEeIOCTaTOuHOe OLICTPOIEelCTBME B
uesioM ul/ UM HEJOCTATOUHHI OOBEM ONEPATMBHOM MNaMATH, MCIOJb30BaAHUE
MeIJIeHHBX ¥/ MV MHTETPUPOBAHHEIX BUIEO M 3BYKOBHIX MMOICUCTEM.
[lonpoByMnTe BaKpPHTL IPyIMe IapajijleJibHO pafoTaniye OpoTpPaMMel, MHOTIA
OTO 3HAUMTEJIBHO YyJiydllaeT IIPOM3BOIMTEIIBHOCTE CIIEKTpOaHAaIM3aTopa.
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O émrypax Jimccaxy
Insa mMccienoBaHUS SBaBUCKMMOCTM CUTHAJIOB IPYTD OT IOpyTra BO BPEMEHHOM
0o0JIaCTM HaXMUTE KHOIIKY . IoBTOpPHOE HaxaTMUe MeHSEeT KaHAaJbl
MecTamu ( ). YCTaHOBUTE Ha HWXHEM TI'padMueckoM HaHeJu
ocumIorpada pexuM pasmesibHOTO MokKas3a curHasios ( ) un
HaCcTpoOMTe Pa3BEPTKY TakK, UYTOOB OBJIO BUIHO ©OOJIee OJHOTO Iepuromna
KaxIoTo M3 CUTHAJIOB. ITO TapaHTUPYET, UYTO Ha BepxHeM TIpadnueckon
naHeny OynmeT BuIHa Oourypa Jinccaxy 6es paSpeHBOB.



Oscillometer — Real-Time Spectrum Analyzer
OrpaHnueHust 1€MOHCTPALMOHHON BEPCUM.

JleMoHCTpalMoOHHAasi BEPCHS - MOJTHOCThIO (yHKIHOHANBHAs Konus OcuuuioMerpa
34 UCKIIFOYEHHEM TOT'0, YTO BPEMSI HENPEPBIBHOIO BBOJIA CUTHAJIA OIPAHUYEHO 15
CEKyHJIaMH I10CJIEe KaKI0r0 HaKaTus KHoNKH "Start"
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Perncrpaumusi.

Ecnu y Bac ectb nmumnaue 499 amMmepukaHCKHUX 01apoB, TO Bbl cMOXKeTE KynUTh
PErUCTPAIIMOHHBIN KJTI0Y, U IEMOHCTPALIUOHHOE OTPaHUYEHHE OyIeT
pazonokupoBaHo. J[Jist aToro:

OTtkpoiite myHKT "About" B MeHI0 mporpammbl. Tam Bel yBuaNTE CEpUilHBII HOMED
koruu nporpammel "OscilloMeter", yctanoBlieHHOM Ha Baiiem koMIbrOTEpE.
Cxonupyiite HoMep B Oydep oOMeHa, 1IETKHYB MBIIIbIO 1O cyioBy "Serial".
[Tpununre cepuiiHblii HOMEpP U OIIaTy aBTopy. B3amen Bel nonyunTe
PETUCTPAIIMOHHBIN KI0Y U UHCTPYKITUIO MO €T0 TPUMEHEHHIO.

Peructpanmonnsiii kintou neiictsyet TOJIBKO na BAILIEM koMmnbroTepe.

Ecnu no nro6oii npuynHe uMeeTcst MOTPeOHOCTh 3aHOBO PETUCTPUPOBATH
MPOrpamMMy: U3-3a ABAPUIHOIO OTKAa3a KECTKOrO JUCKA, 3aMEHBI JKECTKOrO JUCKA
WJIU TIOKYIIKM HOBOTO KOMIIBIOTEPA, MOKATYICTa, HAMUIIUTE aBTOPY, YTOOBI
MPOBEPUTH UH(POPMAITUIO TUILIEH3UU U MOTYUYUTh HOBBIHM KJTt04. DTO OyAET CTOUTh
JTOTMOJHUTEIBHO 59 M0JUTapOB.

Hanumure aBropy shnmel yof f @iewnai | . r u u BB monmyunTte cBeXxyro
uH(popMaIuio 0 cnocodax OrIaThl.

Hauunas ¢ Bepcuu 4 neiicTByeT cucteMa CKuJ0K rpu oruiate. OnuunuTe BKpaTIe
po0JIeMbl, C KOTOPHIMH BbI UMEETE JIEJI0 U MBITAETECH PEIIUTH MPU MOMOIIU
nporpammsl "OscilloMeter" u Bbl cMOkeTe KyIUTh IPOrpaMMy O CHEHaIbHON
LICHE.

ABTOp:
Oner Sxosnesuu IlImenés, MockBa, Poccusi.


mailto:shmelyoff@newmail.ru
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T'apanTun

[lporpaMMa pacHnpocTpaHAaeTCd II0
[lpm >TOM He HNpenycMaTpMBaeTCH
ABHEIX WM IOoHOpas3yMeBaeMbIX. BEI
nporpaMmMy Ha CBOM COOCTBEHHEBIM

NPUHLKITY ' KaK eCThb .
HUKAKMX TapaHTUl,
MCIIOJIb3yeTe

puck. Hwm aBTOpP, HU

eT'o YIIOJIHOMOUYUEHHBIE aI'€HTHI HEe HeCYT OTBETCTBEHHOCTM

3a IIo0TepM IOdaHHBIX, IIOBPEXIcHIA,

IoTepy NOPUOBIM MIIN

JIOOEIe OpyTMe BUIBL [IOTEPb, CBS3aHHEE C
MCIOoJIb30BaHueM ( NpaBUJIbHEIM MJIM HENPAaBUJIbHEIM) 3TOM

IPOTPAaMMEL
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Texuuueckas MMOAACPIKKA TOJBKO AJIA 3apCTUCTPHUPOBAHHBIX MOJIb30BaTEIICH.

E-mai | : shnel yof f @ewmai | . ru

Web: http://shmelyoff.nmru
http://shmelyoff.by.ru


mailto:shmelyoff@newmail.ru
http://shmelyoff.nm.ru
http://shmelyoff.by.ru
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Inpporasz I[laHens

OpUTIMHAJILHEI 3JIEMEHT YHOPpaBJIeHMS M MHOuKauuy - ' ludporasa IlaHess"
npenHa3HaudueH OJid BBOIAa M OTOOPAaXeHMI UYMCJIOBEIX [IOMMEHOBAHHEIX
3HaUeHulM. BBOI HNPOMBBOOMTCSA [NIOPA3PAINHO NPM HOoMOUM MbemM. CJenyeT
HaBECTM KypCop Ha TpebyeMyio LMOPY MHIMKATOPA M HaXaTMUeM JIeBOM WU
NPaBOM KHOIIKM MBIIM YCTAHOBUTL HeOOXOOMMOEe 3HaudueHue. Ilpu 2TOoM JeBas
KHOIIKa yMeHbllaeT, a [Ipakas yBeJMuMBaeT UMCJO. IlepecueT cTapmero
pa3pana OPOMCXOIMUT aBTOMaTUUeCKM. ECJIM HaBEeCTUM KYypCOpP Ha CUMBOJIE
pPasMepHOCTH, TO HaxXaTMeM JIEBOM MJIM MNPaBOY KHOIKM MBI MOXHO
COOTBETCTBEHHO YMEHbUIATH MM YBEJIMUMBATHL 3HAUEHMEe Ha MHIMKATOPE B
mecarTb pas. 3Hak umcya (ecnaM OH MoKa3aH Ha MHIMKATOPE) W3MEeHSAeTCHd
HaXaTMeM KHOIIOK MBIM aHaJIOTMYHO. IIpM yOepXaHUM KHOIIKM B HaXaTOM
nosioxeHunu Gosiee ueMm 0.5 cexyHIH NpoMcxXoIMT aBTONOBTOP IEMCTBUM.
Ecay npm HaxXaToM KHOIKEe MBM yBEeCTM KypCcOop C MHIMKATOPa, TO
aBTOIOBTOP OyHeT NpOoIoJiXaThbCHa yXe He3aBUCUMO OT HaJIbHeMIeIo
cocToaHMA MbBIIM. [IJIS OCTAaHOBKM aBTOIIOBTOPA CJleAyeT BHOBbL HABECTHU
KypCOp Ha MHOMKATOP M HaxXaTh JIOOYKD KHONKY MbM. Eciam y Bac ecTob
MBI C KOJIECOM, TO MOXHO BOCIIOJIB30BATHCHA INOCJeIHMM. I[lOBOPOT kKoJieca
OoT cebsd yBeMuMBaAET 3HaUeHMe LUMOPB MHOMKATOPA M HaoOOpOT.
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Figures of Merit for Shaped DFT Filters [2, 3]

Worst-
Highest Sidelobe Equivale case
sidelobe falloff nt 3.0-dB Scallop process 6.0-dB 60- dB Overlap Co
Weighting level (dB/octav Coherent  noise BW BW loss loss BW BW 75% OL i
Window a (dB) e) gain (bins) (bins) (dB) (dB) (bins) (bins) (%) (
Rectangle -13 -6 1.00 1.00 0.89 3.92 3.92 1.21 655 75.0
Triangle =27 -12 0.50 1.33 1.28 1.82 3.07 1.78 71.9
cos (x) 1.0 -23 -12 0.64 1.23 1.20 2.10 3.01 1.65 75.5
Hann 2.0 -32 -18 0.50 1.50 1.44 1.42 3.18 2.00 13.3 65.9
3.0 -39 24 0.42 1.73 1.66 1.08 3.47 232 56.7
4.0 —47 -30 0.38 1.94 1.86 0.86 3.75 2.59 48.6
Hamming —43 -6 0.54 1.36 1.30 1.78 3.10 1.81 70.7
Parabolic -21 -12 0.67 1.20 1.16 222 3.01 1.59 76.5
Riemann 26 -12 0.59 1.30 1.26 1.89 3.03 1.74 73.4
Cubic 53 24 0.38 1.92 1.82 0.90 3.72 2.55 493
Tukey 0.25 -14 -18 0.88 1.10 1.01 2.96 3.39 1.38 74.1
0.50 -15 -18 0.75 1.22 1.15 2.24 3.11 1.57 72.7
0.75 -19 -18 0.63 1.36 1.31 1.73 3.07 1.80 70.5
Bohman —46 24 0.41 1.79 1.71 1.02 3.54 2.38 54.5
Poisson 2.0 -19 -6 0.44 1.30 1.21 2.09 323 1.69 69.9
3.0 24 -6 0.32 1.65 1.45 1.46 3.64 2.08 54.8
4.0 =31 -6 0.25 2.08 1.75 1.03 421 2.58 40.4
Hamming- 0.5 -35 -18 0.43 1.61 1.54 1.26 3.33 2.14 61.3
Poisson 1.0 -39 -18 0.38 1.73 1.64 1.11 3.50 2.30 56.0
2.0 none -18 0.29 2.02 1.87 0.87 3.94 2.65 44.6
Cauchy 3.0 =31 -6 0.42 1.48 1.34 1.71 3.40 1.90 61.6
4.0 =35 -6 0.33 1.76 1.50 1.36 3.83 2.20 48.8
5.0 =30 -6 0.28 2.06 1.68 1.13 4.28 2.53 38.3
Taylor 2.0 —40 -6 0.57 1.30 1.25 1.91 3.06 1.74 75.7
2.5 =50 -6 0.51 1.43 1.36 1.60 3.15 1.90 713
3.0 —60 -6 0.47 1.55 1.47 1.37 3.26 2.06 67.0
35 =70 -6 0.44 1.66 1.58 1.20 3.40 221 62.9
4.0 —80 -6 0.41 1.76 1.67 1.06 3.52 2.35 59.1
Gaussian 2.5 —42 -6 0.51 1.39 1.33 1.69 3.14 1.86 67.7
3.0 55 -6 0.43 1.64 1.55 1.25 3.40 2.18 57.5
35 —69 -6 0.37 1.90 1.79 0.94 3.73 2.52 472
Dolph - 2.5 =50 0 0.53 1.39 1.33 1.70 3.12 1.85 69.6
Chebyshev 3.0 —60 0 0.48 1.51 1.44 1.44 323 2.01 64.7
35 =70 0 0.45 1.62 1.55 1.25 3.35 2.17 60.2
4.0 —80 0 0.42 1.73 1.65 1.10 3.48 2.31 559
Kaiser- 2.0 —46 -6 0.49 1.50 1.43 1.46 3.20 1.99 65.7
Bessel 2.5 =57 -6 0.44 1.65 1.57 1.20 3.38 2.20 59.5
3.0 —69 -6 0.40 1.80 1.71 1.02 3.56 2.39 53.9
35 -82 -6 0.37 1.93 1.83 0.89 3.74 2.57 48.8
Barcilon - 3.0 =53 -6 0.47 1.56 1.49 1.34 3.27 2.07 63.0
Temes 35 -58 -6 0.43 1.67 1.59 1.18 3.40 223 58.6
4.0 —68 -6 0.41 1.77 1.69 1.05 3.52 2.36 54.4
Exact —68 -6 0.46 1.57 1.52 1.33 3.29 2.13 62.7
Blackman
Blackman -58 -18 0.42 1.73 1.68 1.10 3.47 2.35 56.7
Minimum 3- 71 -6 0.42 1.71 1.66 1.13 3.45 1.81 572
sample
Blackman-
Harris
Minimum 4- -92 -6 0.36 2.00 1.90 0.83 3.85 2.72 46.0
sample
Blackman-
Harris
62-dB 3- —62 -6 0.45 1.61 1.56 1.27 3.34 2.19 61.0
sample
Blackman-
Harris
74-dB 4- -74 -6 0.40 1.79 1.74 1.03 3.56 2.44 53.9
sample
Blackman-
Harris
4- sample 3.0 —69 -6 0.40 1.80 1.74 1.02 3.56 2.44 6.1 53.9
Kaiser—
Bessel
Flat Top 5 -93.6 0.2155 3.77 3.72 0.01 4.55

Flat Top 5 A -90.5 -18



2-term
cos(N-X)
3-term
cos(N-X)
4-term
cos(N-X)
5-term
cos(N-X)
6-term
cos(N-X)
7-term
cos(N-X)
8-term
cos(N-X)
9-term
cos(N-X)
10-term
cos(N-X)
11-term
cos(N-X)

Author's 6
Author's 7
Author's 8

Author's 9

-43.187

-71.482

-98.173

-125.427

-153.566

-180.468

-207.512

234.734

-262.871

-289.635

-130

-160

-174

-174
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0.538355

0.42438

0.363582

0.323215

0.293558

0.27122

0.253318

0.238433

0.225735

0.215153

0.313659

0.286735

0.265730

0.248752

1.36766

1.70371

1.97611

2.21535

2.43390

2.63025

2.81292

2.98588

3.15168

3.30480

2.28287

249177

2.68460

2.86456

1.30550

1.61612

1.86875

2.09137

2.29514

2.47830

2.64883

2.81041

2.96538

3.10851

2.12

2.26

2.34

2.56

1.73868

1.13525

0.85056

0.68006

0.56526

0.48523

0.42506

0.37780

0.33950

0.30908

1.81884

2.26377

2.62431

2.94118

3.23077

3.49095

3.73304

3.96231

4.18209

4.38506

2.85

342

3.74

8.35

9.46

name

Authors6
Authors7
Authors8
Authors9
BHarris 4m
Cos 5 min
Cos 6 min
Cos 7 min
Cos 8 min
Cos 9 min
Cos 10 min
Cos 11 min
Flat-Top 5A
Hanning

Window bandwidth (bins)

Level (Full scale)
-180 dB  -220 dB

-130dB

11
11.8
13.1
14.6
35.4

11
11.6
12.9
14.4
15.9
17.0
16.9

101
126.3

14.7 -

16 20.6
14.6 -
15.6 17.2
17.1 18.1
18.7 19.7
20.1 215
689 3305
859 -

name

Nuttall 3C3
Nuttall 4C1
Nuttall 4C3
Nuttall 4C5

Rife-Vincent 3
Rife-Vincent 4
Rife-Vincent 5
Rife-Vincent 6
Rife-Vincent 7
Rife-Vincent 8
Rife-Vincent 9
Rife-Vincent 10
Rife-Vincent 11

Level (Full scale)

-130dB

32

52
26.7
20.2
20.2
17.1
16.2
16.3
17.1
18.1
18.7
211
22.6

-180 dB
99.6

86.2
45
45

30.8

25.6

23.6

22.7

22.7

232

23.9
25

-220 dB
249.7

222.9
86.9
86.9

51
38.6
32.2
20.7
28.1
27.9
28.2
28.2
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For mul as

(i=0..n-1)

Bartlett Md

(sin(Pi-(2-(i/n)-1)))"2/(2-Pi-sin((i/n)-0.5))"2

BHarris 3

0. 44959- 0. 49364.cos(2-Pi -i / n) +0. 05677.cos(4-Pi -i / n)

BHarris 3 mn

0. 42323-0. 49755.cos(2-Pi -i / n)+0. 07922.cos(4-Pi -i / n)

BHarris 4

0.40217-0. 49703-cos(2 - Pi -i / n)+0.09892.cos(4-Pi -i/n)-0.00188.cos(6-Pi -i/n),
BHarris 4 mn

0. 35875- 0. 48829.cos(2 - Pi -i/n)+0.14128.cos(4-Pi -i/n)-0.01168-cos(6-Pi-i/n),
Bi squar e

(1.0-(abs(i-0.5-n+0.5))"2/(0.5-n-0.5)"r2)"2

Bl ackman

0.42-0.5-cos(2-Pi-i/n)+0.08-cos(4-Pi-i/n)

Bl ackman Exact

0.42659071367153912296-
0. 49656061908856405847- cos(2- Pi -i/n)+0. 076848667239896818573- cos(4-Pi -i/n)

Fl at-Top 5

0. 215508- 0. 41593- cos( 2 Pi - i/ n)+0. 278- cos(4- Pi i /n)-
0. 0836171 cos(6- Pi - i/ n)+0. 006939356 cos(8: Pi -i/n

Hanni ng

0.5-0.5-cos(2:-Pi-i/n)

Harmm ng

0. 53836- 0. 46164 cos(2- Pi -i/n)

Kai ser - Bessel (Sanpl ed)

0. 40243- 0. 49804- cos(2- Pi -i/n)+0.09831- cos(4-Pi-i/n)-0.09831-cos(6-Pi-i/n)
Ri fe-Vincent X (nmaxRol | of f)

(0.5-(1-cos(2-Pi-i/n)))"X

Nuttall 3 Cl1
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0.40897-0.5-cos(2-Pi -i/n)+0.09103-cos(4-Pi -i/n)

Nuttall 3 C3

0.375-0.5-cos(2-Pi-i/n)+0.125-cos(4-Pi-i/n)

Nuttall 3 mn

0.4243801- 0. 4973406- cos(2:- Pi -i/n)+0.0782793-cos(4-Pi -i/n)

Nuttall 4 C1

0. 355768- 0. 487396- cos(2- Pi - i/ n)+0. 144232 cos(4- Pi -i/n)-0.012604- cos(6- Pi -i/n)
Nuttall 4 C3

0. 338946- 0. 481973 cos(2- Pi -i/n)+0. 161054 cos(4- Pi -i/n)-0.018027- cos(6- Pi -i/n)
Nuttall 4 C5

0. 3125- 0. 46875- cos(2- Pi - i/ n)+0. 1875- cos(4- Pi -i/n)-0.03125- cos(6-Pi -i/n),
Nuttall 4 mn

0. 3635819- 0. 4891775- cos(2- Pi -i/n)+0. 1365995- cos(4-Pi -i/n)-
0.0106411-cos(6-Pi -i/n)

Uni f orm

1

Ri emann

sin(2:-Pi-i «i)/(Pi-2-Pi-i -i)
Tri angul ar

2-i/n, i=0..n/2
2-2-i/n, i=n/2+1..n-1

Wel ch

1.0-((n-2-i)/n-(n-2-i)/n)
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CHMHXPOHMSBALMS B TpakTe AHaM3aTopa CIeKTpa OCYWECTBIISETCS HE3aBUCKMO OT
ocumigiorpada. IIpM HEZOCTATOYHONM MOJIS CUHXPOHMBAUMM aMIUIMTYyIe BXOOHOTO CHUIHAJA
npeobpaszopanre dypbe OCYWECTBIISETCS B ACHMHXPOHHOM IIO OTHOMEHMI K BXOIOHOMY
CUTHaJIly pPexmMe. B 5TOM cCllydae KHOIKa PEeXMMOB CUHXPOHMS3AaLMM [ONCBEUYMBAETCH
MaJIMHOBEIM LIBETOM. JCNOJIb30BAHME CUHXPOHMBALMM 30PEeKTUMBHO NPM BEKTOPHOM crnocobe
yCcpenHeHusa pesynbTaTtoB BIIO.
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CnekTpasibHas IIIOTHOCTh MOITHOCTH: BBIYHUCIISIETCS CIIEKTP, HOPMAJIU30BaHHBIN Ha
nonocy 4actoT B 1 I'n. Mcnonb3yeTcst npu n3MepeHu N1yMoOB.
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Power Spectral Density
The Power Spectral Density option causes the analyzer to normalize the spectrum to
a 1 Hz band. This is useful for making noise power measurements. For instance,
when measuring a noise signal without the PSD option selected, the amplitude will
change with FFT size and sampling rate. Using the PSD option, the resulting
amplitude will be independent of FFT size and sampling rate.
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O KOHULEMINY 3JIEMEHTOB YIPABJICHUS U OTOOPAKEHHUS.

B TpaauinoHHBIX U3MEPUTENBHBIX PUOOPAX, IPU HEKOTOPOU MPUBBIUKE,
HACTOSIIIUMH KHOIKAMU U PyYKaMU MOKHO MaHUITYJINPOBATh, HE TJIA/IS HA HUX,
COCPEIOTOYMB BHUMAHKE HA 3JIEMEHTaX 0TOOpakeHusl. B KoMIbIOTEpHBIX MPUOOpaX,
r7ie pyYKU U KHOTIKM HAPUCOBAHBI HA DKPaHE U YIPABISIOTCS MBIIIBIO, padoTa
TpeOyeT NOCTOSHHOTO NIEPEMEILICHHS B3TJIsA/1a C «OPTaHOB YIIPaBICHUS» HA
AJIEMEHTHI 0TOOpakeHus u 0opaTHO. K 3ToMy NpUBBIKHYTh MPAKTUYECKH
HEBO3MOXXHO M TaKUM 00pa3oM paboTa CyIIeCTBEHHO 3aTPyAHSIETCS, a
YTOMJISIEMOCTD PE3KO BO3PACTaET.

Jl1s1 petiienus 3Toit mpo6siemMbl ObLTH pa3padoTaHbl KOMOMHUPOBAHHBIE
uHTep(deCHBIE IIEMEHTBI, TEPPUTOPUATIEHOY COUETaIoNMe B ceOe HyHKIIUU
yIpaBJeHUs U 0TOOpakeHus: nudpoBas u rpadpuyeckas nanenu. B aux
UCIIONBb3YyeTCs Ues 30H ynpanieHus 0e3 rpaduuecku BbIICICHHBIX TPAHUIL, HO C
JIOTUYECKON MPUBSA3KOU K yrpaBisieMbIM napamerpam. [lonyuniacs Hekas metadopa
CEHCOPHOI'0 dKpaHa.

JIpyro1 MOMEHT, MEHEE 3aMETHBIN 3pUTEIBHO, HO HE MEHEE BAXKHBIM, 3TO
BO3MOKHOCTh U3MEHEHUS MapaMeTPOB pabOThl 0€3 OCTAHOBKH Mpoliecca U3MEPEHHUS.
B nanHoii mporpamMme Bce HACTPOWKHU Ha MaHENH yIpaBlIeHUs U rpaduaeckux
MaHesIX MOXKHO U3MEHSTh, HE OCTAHABJINBAsA COOCTBEHHO U3MEPEHHI. ITO
CYILIECTBEHHO MOBBIIIAET HATJISIAHOCTH U YJI0OCTBO pabOTHI.
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CTaHIapTHOE B3BEUMBAHME PEe3yJIbTaTOB.
[lapaMeTpel WyMOB M MCKAXEHMSA BEUMCIIANTCA C y4eTOM CYyOBEeKTUBHOIO
BOCHPMATUA. B3BelMBaHME NPOU3BOOUTCH IO PEKOMEHIALMAM
MexnyHaponHou snekTporexumueckon xomuccum (|1 EG A, B, C, D) wmm
MeXIyHapOOHOTO KOHCYJbTAaTUBHOTO kKoMmmTeTa no pamvobemanun (CCl R-

468- 2/ DI N45405) :

.

Welighting

40 B0 100 00 B00 1k 2k 4k Bk 10k 20k Hz

Kuomnka Ha [laHenmm ynpapBJIeHMS.
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St andard Frequency Wei ghti ng

The paraneters of noise and distortion are calculated with

al | onance for subjective perception. The weighing is nade under
t he recommendati ons of International electrotechnical conm ssion
(TECG-A B,C, D) or International Radio Consultative Commttee
(Consultative Conmttee on International Radi ocommuni cations -
CCl R- 468- 2/ DI N45405) :

“CCIRADIN

-'-'ITI:I E;I:I 1 II:II:I EIII:II:I EiII:II:I 1k 2k 1k E;}:: 1 II:I}:: 'T_;'II:I}:: Hz

button on Control Panel .



Oscillometer — Real-Time Spectrum Analyzer



Oscillometer — Real-Time Spectrum Analyzer
B pexuMe OTKPHEITOI'O BXOHAa NPOMBBOIUTCSH KOPPEKLMS HYJIS BEJIMUMHOM, pPaBHOMU
TeKylleMy S3HaueHMI0 [NOCTOSHHOM COCTaBJigwmeM Ha Bxome AlIl. Jig MNOJIydeHMS HaWJIYy4llx
PeEsyYyIbTATOB CJleOyeT OTKJIOUMTE MCTOUHMK CHUI'Haja OT Bxoma AlIl
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In DC i nput node autonmatic DC correction is applied. For the best results the
i nput signal should be off.
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W ndows for Miulti Meter

Window Name Bit Depth  Window Name Bit Depth  Window Name Bit Depth
Author's 6 16 Cos 9 min 32 Nuttall 4 ¢5 32
Author's 7 24 Cos 10 min 32 Nuttall 4 min <14
Author's 8 24 Cos 11 min 32 Riemann <14
Author's 9 32 Flat Top 3 <14 Rife-Vincent 3 32
Bartlett mod 16 Flat Top 5 <14 Rife-Vincent 4 32
BHarris 3 <14 Flat Top 5A 16 Rife-Vincent 5 32
BHarris 3 min <14 Gaussian 2.5 <14 Rife-Vincent 6 32
BHarris 4 <14 Gaussian 3.0 <14 Rife-Vincent 7 32
BHarris 4 min 15 Gaussian 3.5 <14 Rife-Vincent 8 32
Bisquare 16 Gaussian 4.5 16 Rife-Vincent 9 32
Blackman 16 Hamming <14 Rife-Vincent 10 32
Blackman exct <14 Hanning 16 Rife-Vincent 11 32
Bohman 24 Kaiser 2 <15 Triangular <14
Cos 2 min <14 Kaiser 3 <15 Uniform <14
Cos 3 min <14 Kaiser 4 16 Valle 16
Cos 4 min <14 Nuttall 3 c1 16 Welch <14
Cos 5 min 16 Nuttall 3 ¢3 24

Cos 6 min 16 Nuttall 3 min <14

Cos 7 min 24 Nuttall 4 c1 16

Cos 8 min 32 Nuttall 4 c3 24
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Sel f- Synchroni zed signal here is the DIA@ TAL product of
original signal and its nmain harnonic.
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CaMOCUHXPOHU3UPOBAHHEY CcUT'HaJl 37echb — LUPPOBOE mnpoumsBelleHUE

MCXOIOHOI'O CHI'HajJjla Ha €I'O OCHOBHYI I'apPMOHMKY.



