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Introduction

In this manual, “the instrument” means the Model 8860 or 8861 Memory
HiCorder. The following documents are provided with this instrument. Refer to
them as appropriate for your application.

Document

1 Quick Start Manual

2 Input Module Guide

3 Instruction Manual

Description

Read this first.

It describes preparations for use, basic operating pro-
cedures and usage methods.

To connect input modules and measurement
cables, and when making input channel set-
tings;

this Guide describes the optional input modules, relat-
ed cable connection procedures, and their settings
and specifications.

To obtain setting details;

this Manual describes details of the functions and op-
erations of the instrument, and its specifications.

4 Analysis Supplement
(This document)

The supplement describes usage of the cal-
culation functions to analyze measurement
data.

Before Use

Be sure to read the safety precautions in the Quick Start Manual.
Also read the precautions regarding input modules and connection
cables in the chapter about connections in the Input Module Guide.

Registered trademarks

Windows is a registered trademark of Microsoft Corporation in the United States

and/or other countries.
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Introduction

Symbols and Indicators in This Manual

The following symbols in this manual indicate the relative importance of cautions

and warnings.

NOTE

Indicates advisory items related to performance or correct operation
of the instrument.

Other Indicators

=p.)

*

A—B

[]

CURSOR
(Bold
characters)

Indicates the location of reference information.
Indicates that descriptive information is provided below.

Indicates an operation sequence.

Screen labels such as menu items, page titles, setting items, dialog
titles and buttons are indicated by square brackets [ ].

Bold characters within the text indicate operating key labels.

Accuracy

We define measurement tolerances in terms of f.s. (full scale) values, with the
following meanings:
f.s. : maximum display value or scale length

In this instrument, the maximum displayable value is the range (V/div) times the
number of divisions (20) on the vertical axis.
Example: For the 1 V/div range, f.s. =20V




Numerical calculations can only be used with the Memory function.

Results calculated from the acquired waveform are displayed as numerical values on the Waveform screen.
Judgments can also be made based on calculation results.

Numerical calculation settings are made on the Numerical Calculations Setting screen (Num Calc).

1 Open the Settings screen

2 Menu selection

—— MENU ——

w (D

2| a3| 4] as| as| 67| Ga| ca| ai0] Gi1| ciz] a1z Gi4] Gis| Gie

(® Calculation () Judgment

‘ SHEET/PAGE

SET

»°

SUB MENU
SELECT

9
~

i D ;sc\ N
3 Page selection ——

el iope: it
‘ GEIG3|G4|G5|GﬁlG?IGBIGQIGIDIGlllGlEIGlSIGMIGlSIGlﬁI

]

| Fepies catciations to scavived waveform data.

Numerical Calculations

» Average value * Rise time

* RMS value e Fall time

« Peak-to-Peak (p-p) value « Standard Deviation

e Maximum value « Areavalue

* Time to maximum value ¢ X-Y Area value

e Minimum value « Time to specified level
e Time to minimum value ¢ Pulse width

* Period « Duty (%)

e Frequency « Pulse count

* Numerical results of four standard
arithmetic operators

(Total 19 types)

» Specified calculation between A/B
cursors

Numerical calculations are available

in the range specified by A/B cursors

Details of calculation expressions:
"1.6 Numerical Value Calculation
Expressions" (= p. 19)

Judgments based on Numerical Calculation (= p. 11)

Results of numerical calculations can be compared with a
specified range for GO/NG judgments.

Saving and Printing Numerical Calculation Results

< Automatic saving of numerical calculation results
« Manual saving of existing numerical calculation results

See "1.4 Saving Numerical Calculation Results" (= p. 14)
in this manual, "Chapter 10 Saving/Loading Data &
Managing Files" in the Instruction Manual

¢ Automatic printing
* Manual printing
See "Chapter 11 Printing" in the Instruction Manual

Of the nineteen types of numerical calculation
available, sixteen types can be applied at the
same time.

Up to sixteen groups composed of multiple cal-
culation types (operations) can be defined, with
up to sixteen types of calculation per group. By
setting up such groups of multiple calculations
beforehand, they can be readily selected at cal-
culation time.

See "1.6 Numerical Value Calculation Expres-
sions" (= p. 19)

When Scaling is enabled, numerical calcula-
tions are performed on scaled values.
Numerical calculation is also available when
Memory Division is enabled.
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1.1 Numerical Value Calculation Workflow

1.1 Numerical Value Calculation Workflow

Before Setting

When specifying a waveform range for calculation: [A-B]

Before executing a calculation, specify the calculation range using the A/B cur-
sors (Vertical or Trace cursors) on the Waveform screen. Set the calculation
range on the Num Calc Settings screen to [A-B].

» Horizontal cursors cannot be used to specify the range.

» When one cursor is used, the calculation range is from the cursor to the end of
the data.

See "8.7 Specifying a Waveform Range" in the Instruction Manual
"1.2 Settings for Numerical Value Calculation" (= p. 6)

To change calculation settings and recalculate

You can make changes to calculation settings and resume calculations from the
Waveform screen.

See "To recalculate after changing calculation type settings" (= p. 9)

The following two calculation methods are available:

» Calculate while measuring
Requires making numerical calculation settings beforehand.

» Apply calculations to existing data
Calculations can be applied to data after waveforms are acquired, or after
data has been saved to storage media.




Calculating While Measuring

Make Calculation Settings

v

Start Measurement

v

Acquire Data

Y

Calculate

v

Display Calculation Results

v

(Calculation Judgments)

v

(Print or Save)

v

Stop Measurement

Applying Calculations to Existing Data

(Load the Data)

v

Make Calculation Settings

v

Execute Calculation

v

Display Calculation Results

v

(Calculation Judgments)

v

(Print or Save)

5

1.1 Numerical Value Calculation Workflow

Make calculation settings on the Numerical Calculation Settings screen (= p. 6).
When judging based on calculation results: (= p. 11)

To automatically print or save calculation results: make printing and saving settings be-
fore measuring.

« Printing calculation results automatically
([Printer] page on the Print Settings screen: Calculation Results [On])

See "11.3 Making Auto Print Settings" in the Instruction Manual

« Saving calculation results automatically
([Auto Save] page on the Save Settings screen: Auto Save [On], Calculation Results
[On])

See "1.4.1 Automatically Saving Numerical Calculation Results" (= p. 14)

The instrument acquires data when the trigger criteria are met.

(If triggering is not enabled, the instrument acquires data when you press the START
key.)

“Calculating” appears on the screen’s status bar.

Calculations are performed sequentially from No. 1 to No. 16.

(To interrupt calculations, press the STOP key to abort)

Results are displayed on the Waveform screen (= p. 9).

(only if judgments are enabled)

(if auto printing or auto saving are enabled)
Calculation results are automatically printed or saved.

(To load measurement data from storage media for calculation)
See "10.4 Loading Data" in the Instruction Manual

Make calculation settings on the Numerical Calculation Settings screen (= p. 6).
When judging based on calculation results: (= p. 11)

Press the [Execute] button to execute calculations.
(To interrupt calculations, press the STOP key)

Results are displayed on the Waveform screen (= p. 9).

(only if judgments are enabled)

Print or save calculation results as occasion demands.

e Print: PRINT key

e Save: SAVE key

See "11.4 Making Manual Print (PRINT Key Output) Settings" in the Instruction
Manual
"1.4.2 Optionally Selecting Numerical Calculation Results & Saving (SAVE Key)"
(=p-15)
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1.2 Settings for Numerical Value Calculation

I 1.2 Settings for Numerical Value Calculation

Numerical Calculations [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Num Calc Settings screen

Operating Key Procedure

1 Enable the Numerical Calculation function.

CURSOR Move the cursor to the [Numerical Calc.] item. [Numerical 06'61-[ on 3 —]—
F2 Select [On]. 2[Calculati0n Area IWhD|B 3 ]
. . . Stop Criteria ING 3
2 Specify the numerical calculation range.
CURSOR Move the cursor to the [Calculation Area] item.
. . When selecting [A-B], specify the calcula-
FltoF8 Select either choice. tion range using the A/B cursors on the
Whole Applies calculations to the whole Waveform screen.
waveform. (default setting) If no measurement data has been ac-
) . quired by the instrument, first measure
A-B Applies calculations to the data be-

once so that the range can be specified for

tween A/B cursors. calculations to be applied to subsequent

measurements.
3 Perform calculation settings.
Group of Calculation 3
Settings c2| 3] c4]| 5| ce| 67| aa| oo Gin| c11] G12| 13| G14] 15| Gis
Calculation Setting \l @CalculatiDHIOJUdGment |
Choices || Qmee T ] Parameter | Parameter2 | Parameter |
Mz rvs \.lalue 1|-

Calculation No. 4 | 5 | 6 Setting choices depend on
Settings can also be made in  Calculation Channel for  Calculation the calculation type.
a dialog (= p. 8). Type Calculation  Parameters

SHEET/PAGE Select the group for which to set calculations.

(G1to G16)
CURSOR Move the cur.sor to your setting choice, and se- Also select [Judgment] if you require judg-
F1 lect [Calculation]. ment of calculation results. (=> p. 11)

4 Select the Calculation type.

CURSOR Move the cursor to the [Type] column of the No.
row of the calculation to set.

F1lto F8 Select the calculation type.

(Switch Display: F8) Off No calculation. (default setting)
Average Average value of waveform data

RMS Value RMS value of waveform data

P-P Value Peak-to-peak value of waveform data
Maximum Maximum value of waveform data
Time to Max  Time from trigger to maximum value
Minimum Minimum value of waveform data
Time to Min Time from trigger to minimum value
Period Period of signal waveform

Frequency Frequency of signal waveform
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1.2 Settings for Numerical Value Calculation

Operating Key Procedure
Flto F8 . : —
) ) Rise Time Rise time of waveform data
(Switch Display: F8)
Fall Time Fall time of waveform data

Std Deviation Standard deviation of waveform data

Area Area enclosed by zero position and
signal waveform

X-Y Area Area of X-Y composite waveform
Time to Level* Time from trigger to specified level
Pulse Width*  Pulse width of waveform data
Duty* Duty of waveform data

Pulse Count* Pulse count of waveform data

4 Operations  Four arithmetic operations on numer-
ical calculation results

* Applicable to logic channels

5 Select the channel for calculations.

CURSOR Move the cursor to the [Ch] item.

Flto F8 Select a channel for calculations.
The waveform calculations (Zn) can be selected.

6 Set parameters.

(not required for some calculation types)

CURSOR Move the cursor to the [Parameter] item.

F1lto F8 Make appropriate parameter settings.
About setting choices (= p. 19)

See "3.3.3 Entering Text and Numbers" in the
Instruction Manual

7 Select a calculation group.

CURSOR Move the cursor to the [Operand Selection] item.

‘ F1to F8 Select a calculation group.

Execute the calculations.
(when judging calculations (= p. 12))

Applying Calculations to Existing Data

CURSOR Move the cursor to the [Execute] button.
F1 Select [Execute].

When calculating automatically after measurement

START Starts measurement.

To print or save calculation results while
measuring
Before measuring, enable Auto Save (=
p. 14) or Auto Print. Enable [Calc Results]
on the Save Settings or Print Settings
screen.
See "10.3.4 Setting Auto Save",

"11.3 Making Auto Print Settings"

in the Instruction Manual

To print or save existing data

Press the PRINT or SAVE key (= p. 15).

Manual Print Settings

Manual Save Settings

See "11.4 Making Manual Print (PRINT
Key Output) Settings",
"10.3.5 Setting Manual Save (SAVE
Key Output)" in the Instruction
Manual

_‘ Execute i
[Operand Selection [51 .] |

7 [Execute] button

Execute calculation of the displayed
group.

Changes made to calculation settings
while measuring do not take effect until
measurement has been stopped and re-
started.
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1.2 Settings for Numerical Value Calculation

Making settings in the [Calculation] dialog

| (@) Calculation () Judgment |

! Type | Ch | Parameterl | Parameterz | Parameter3 ’

1-1

Calculation Marker
Markers are displayed next
to the calculation No. of en-
abled calculations.

Move the cursor to the [No.] column of the calculation to set, and

To copy settings between
select F1 [All Settings] to open the [Calculation] dialog.

calculation Nos.:
Select F2 [Copy]. (= p. 10)

Calculation - No.9

—Type h

[Feisg ] < [enaiog Sforitt BJcht § Meck: Voltage

Parameter Settings [Level Sope Fiter —
(Displayed as required for the | 12" [t =orf ]

selected calculation type) [
Move the cursor to each item, and make the setting.
See Parameter setting: "1.6 Numerical Value Calculation Expressions” (= p. 19)

[Judge]—Lower Upper
joff -}t 1 ‘

After making the appropriate settings, press the ENTER key or move the cursor
to the [Close] button and press the F1 [Close] key to accept your settings.




9

1.2 Settings for Numerical Value Calculation

Numerical Calculation Results

Numerical calculation results are displayed on the Waveform screen.

WEM ][ Time [[ims/div <10us/S Goms/s) [ Mag X T = Tms/div
LIl e ][ shet |[1o0 < 100ms. Zoom][<10 ~ 100

T

Calculation Results

ar— w[o
T O 1 10/05/05 17:555124 | [~ 5l 2 ‘l

If the display is hard to view because of over-
lapping numerical values and waveforms

Numerical values and waveforms are

‘ Press the DISP key.
displayed separately.

Time_[Tms/dive </10us/S Gims/S) [ Mag |[X 1 <] Tms/div Overlay Gonfie [
E & [ s 10 < 100ms [Zeon18 ~ 10005 /div ECCEi el - < -

T

Numerical Calculation
-2 | tverage

RMS Value
PP Value

RMS Value

[ st |

@ To recalculate after changing calculation type settings

Select your choices for the calculation setting items on the Waveform screen,
and execute calculation.
Press the SUB MENU keys to switch to the [Num Calc] settings.

Numerical CalculationCalculation No. and Selection Channel for Calculation

Execution Button |
! L I
MEM Excoute | [NoT  El[RMS Vale =/ Unit | Analog < [Beit Rt | Num Cale ]
[ & [ar :] IL-|

Group No. of Numerical Calculation
Select a Group No. for calculation or change your choices, and select the [Exe-

cute] button.
All calculations specified for the selected Group No. are performed.

@ To save or print calculation results after measuring

When Selection Save (default setting) is enabled, press the SAVE key and select

[Calc Results] for the Save Type.
When Selection Print (default setting) is enabled, press the PRINT key and
select F6 [Calc Results].
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1.2 Settings for Numerical Value Calculation

Copying Settings Between Calculation Nos. [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Num Calc Settings screen

Operating Key Procedure

1 Open the dialog.

CURSOR Move the cursor to the [No.] column of the

calculation to copy.

F2 Select [Copy].
The [Copy Settings] dialog appears.

Copy Settings

. 2 1 |—Gopy Source opy Destinati
Calculation Number of ——— R — | [FOnex 09 Selert
(v No.2 [/ MNo.10
COpy Source ~Gopy Gontents— @m [IMNo.11
ETme | o4 [Iho.12
1| [Fch | b5 Moz Reversa
3 v Parameter | Mo.6 /M. 14
Copy Contents ¥ comp [rio.7 LiNe.15
| | o8 [ Mo 16
4 o]

Calculation Number of
Copy Destination

2 Select the copy source.

Selection Button

Selections can be made using the but-

CURSOR Move the cursor to the [Copy Source] item. tons in the dialog.
Flto F8 Select the Calculation Number of the copy Move the cursor to a button, and press
source the F1 key.
' » Select All
Selects all copy destinations.
3 Select the contents to copy. + Deselect All
CURSOR Move the cursor to the [Copy Contents] item. Deselects all copy destinations.
* Reverse
Flto F8 Select the contents to copy. Reverses selected and deselected
settings.
4 Select the copy destination. + Copy
. . . Executestheco rocess.
CURSOR Move the cursor to the [Copy Destination] item. | =
¢ Cance
Flto F8 Select the Calculation Number of the copy desti- Cancels the copy process.
nation.

5 Execute copy.

F7 Select [Copy].
The selected contents are copied.
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1.3 Judging Calculation Results

1.3 Judging Calculation Results

Set the judgment criteria (upper and lower threshold values) by which to judge
numerical calculation results. Judgment criteria can be set for every numerical
calculation.
Waveform acquisition processing depends on the trigger mode setting (Single or
Repeat) and the criteria specified to stop measuring upon judgment (GO, NG or
GO & NG).

Make Calculation Settings

v

Start Measurement

>¢<

Data Acquisition

* Measurement repeats until you
until stop criteria are met Calculation

v

Display Calculation Results

v

Calculation Judgments

Stop criteria not met

Stop Criteria

Stop Criteria Met or
Stop Criteria is GO&NG

Print or Save

[Repeat]

[Single]

Stop Measurement

NOTE Judgment when memory division is enabled

When memory division is enabled, waveform data is retained in the measured
block only when stop criteria are met.

When stop criteria are not met, measurement continues to repeat within the
same block.
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1.3 Judging Calculation Results

Judging Numerical Value Calculation Results [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Num Calc Settings screen
Operating Key Procedure

1 Make settings for calculation (= p. 6).

2 Select the appropriate calculation judgment settings.

Group of Calculation —— g gz2| 53| 54| a5 aa| a7 | e @] G| G11] G12| G1z| G14] G5 | Gis
Calculation Setting = - (@) e
Contents Mo | Type | Ch | Comp | Lower | Upper
1 Average 1-1 on -1 1

| Mz rmMs wfaue 11 on 1 1

Calculation No.
i Calculation Type .

Settings can also be made yp 3 4| ower and Upper judgment

in a dialog (= p. 8). Channel for Calculation Judge ornot — y o o14e

SHEET/PAGE Select the group for which to set calculation judg-
ment. (G1 to G16)

CURSOR Move the cursor to your setting choice, and se-
F2 lect [Judgment].

3 Enable the judgment function.

CURSOR Move the cursor to the [Comp] setting for Calcu-
lation No. to judge
F2 Select [On].

4 Specify the judgment thresholds.

CURSOR Set the [Lower] and [Upper]. The upper threshold of the period range
cannot be set below the lower thresh-
Flto F8 Select an entry method and enter the threshold old, and vice.versa.
values.
Input range: —9.9999E+29 to 9.9999E+29 See "3.3.3 Entering Text and Num-

o . bers" in the Instruction Manual
5 Select the Stop Criteria upon judgment.

CURSOR Move the cursor to the [Stop Criteria] item.
Flto F8 Select either choice.
GO Continue to the next process when within [Numerical Ga'°-1_|0n—v—
the threshold range (PASS judgment)
NG Continue to the next process when out- Calculation Area— [whole 3
side of the threshold range (FAIL judg- [stop Criteria |NG 3
ment)
GO & NG Continue to the next process regardless of

judgment result.

5
Execute calculation.
Judging Existing Data
CURSOR Move the cursor to the [Execute] button. —U Exerute |]—
F1 Select [Execute]. Operand Selection [ E
When judging automatically after measurement Spefgfi:nessmg depends on the Trigger Mode
START Starts measurement. If caICLanting while acquiring waveforms,

measurement is repeated until the Stop
Criteria are met.




Description

13

1.3 Judging Calculation Results

About judgment results

Judgment results of numerical calculations are displayed on the Waveform
screen.

Within the judgment threshold range: GO judgment

Out of the judgment threshold range: NG judgment (displayed in red)

WEW ][ Time_|[ime/av 71005 Gome/s) [ Mag X1 = ms /v Overey | [anfie [
Ed_@ [ shet |00 < 100ms [zson][7T0 = 100us/div [Repea < ¥ E
+ ” Murnerical Calculation Judge : NG
4 8 Average 1-1 -0.01 ¥ |
8l RMS Y alue 1-1 ey
& P-P 4 alue 1-1 214
i Maxirnurm 1-1 1.07 W
- 12 Time to Max 1-1 10.91ms
Tmels Ik Minirurn 1-1 -1.07
d R - Tirne to Min 1-1 -3.90ms
v 2 Period 1-1 9.88ms
Average 1-2 -o.o0 ¥
} RMS Value 1-2 0y
Maximum 1-2 11009
Time to Max 1-2 d20us
RMS W alue 2-1 0.7z
RMS W alue 2-2 0.7y
RMS W alue 3-1 I
RMS Value 3-2 0.7e v
5 !

e
TR O 1 10/05/05 18153458 | [ > Gl

When printing, judgment results for each parameter are also printed.

When performing external control
When the external 1/O terminals are enabled, the signal is output from the next
sampling period.

See "14.2.5 GO/ NG Evaluation Output (GO/EXT OUT1)/ (NG/EXT OUT2)" in the
Instruction Manual

When the judgment result is GO
« The GO signal is output at the GO/EXT OUT1 external I/O terminal.

When the judgment result is NG

* The NG signal is output at the NG/EXT OUT2 external I/O terminal. The NG
judgment is asserted when any channel is judged as NG.

e Channels judged as NG are indicated by an “x” in printouts.

* When the beeper is enabled, a beep sounds when a result is out of the thresh-
old range.
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1.4 Saving Numerical Calculation Results

I 1.4 Saving Numerical Calculation Results

1.4.1 Automatically Saving Numerical Calculation
Results

Calculate and automatically save during data acquisition.
Before measurement begins, the calculation settings need to be set.

ACAUT’ON When using auto save during measurement, do not remove the storage media
T specified as the save destination until the measurement operation is completely
finished. Doing so may damage data on the storage media.

Automatically Saving Numerical Calculation Results [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Save Settings screen

[Auto Save] Page

Operating Key Procedure
1 Set auto save . SAVE Key
. . —[Huto—Save]—1—|On - E——
Set the save destination.
See "10.3.4 Setting Auto Save" in the Instruction Manual Savein 1 |PC carD #1: ¥TEST
) ) ) Savein 2 Off -
2 Enable the saving of numerical calculation results.
CURSOR Move the cursor to the [Calc Results] item. A e
F2 Select [On]. (Default setting: Off) Drectory Creation [ofr

3 Enter a save name (if you want to use a different name).

[Calc Resuilts] 2 IOn £

CURSOR Move the cursor to the [Name] item.
. Narne 3 Il\-'1EAS—
F1lto F8 Enter the save name. (Default setting: MEAS)
] ) Save Specified Fie INewFiIe—v
See "3.3.3 Entering Text and Numbers" in the 4

Instruction Manual

4 Select the file creation method. Save Name
CURSOR Move the cursor to the [Save Specified File] item.  Up to 40 characters (single byte and dou-
F1to E8 Select either choice ble byte) can be used for the save name.
A sequential number starting from 0001 is
New File Creates a new file for each measure-  added after save names (if [New File] is
ment. selected).

Existing File Adds calculation results to one file. Note that a PC will not be able to handle

) . . ) the following characters if they are used.
Confirm the measurement configuration and numerical calcu- | ,qq,

lation result settings, then start measurement (START key). sVt <>

After the data is acquired and the numerical calculation process completes, * White space characters
the numerical calculation results (text) are saved automatically to the spec-

- . Some saved characters may differ from
ified storage media.

those used on the instrument. (= p. 16)
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1.4 Saving Numerical Calculation Results

1.4.2  Optionally Selecting Numerical Calculation
Results & Saving (SAVE Key)

Perform calculations on data saved to storage media and internal memory and
save the calculation results by pressing the SAVE key.
Before calculation results can be saved, the calculation settings needs to be set

and the calculations need to be performed.

Manually Saving Numerical Calculation Results [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Save Settings screen

Operating Key Procedure
1 Set manual save.

See "10.3.5 Setting Manual Save (SAVE Key Output)" in the Instruction
Manual

For [Selection Save], press the SAVE key after setting the calculation
settings and performing the calculations.

(The [Save] dialog box appears.)

Set the save destination.

2 Select the save type.

CURSOR Move the cursor to the [Save Type] item.
F4 Select [Calc Results].

3 Select the file creation method.

[SAVE Key] Page
%8 suto Save E»

~[SAVE Keyl

L |

SAVE Key Cperation ISeIection Save -

CURSOR Move the cursor to the [Save Specified File] of
the numerical calculation result settings field.
F1to F8 Select either choice.
New File Creates a new file each time mea-

surement starts (start operation).

Existing File Adds calculation results to one file.

For [Quick Save]:
Press the SAVE key

The calculation results (text) are saved to the specified storage media upon
pressing the key.

For [Selection Save]:
Select the [OK] button.

The calculation results (text) are saved to the specified storage media upon
selecting the button.

3

Save in |PCcarD #1: %
MNarme |
Sarne MNarme INumbering b
~[Save Typel

Calc Results -

Save Specified File INeW File -

Some saved characters may differ from
those used on the instrument (= p. 16).
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1.4 Saving Numerical Calculation Results

1.4.3 Example of Saving Numerical Calculation
Results

NOTE If you save numerical calculation results or data in text format, characters or dis-
B play items used on the instrument are converted as shown below.
(Characters used on the instrument — Saved characters)
25n2,3 513 "M, u— ~u, Q—>~0,& —> ~e,° —> ~¢C,
+— ~+, e (display only) — uE, °C (display only)— C

Calculation No. 1: Maximum value of analog channel 1-1
Calculation No. 2; Minimum value of analog channel 1-1
Calculation No. 3: Maximum value of analog channel 1-2
Calculation No. 4; Minimum value of analog channel 1-2

"Trig Time","Nol Maximum A1_1","No2 Minimum Al_1","No3 Maximum Al_2""No4 Minimum Al_2"
SR VARAVARAVARA VAR
"04-12-14 11:29:12.530",143,-143,0.0038124997,-0.0038124997 4—— LLine 1: Calculation Settings
"04-12-14 11:29:15.570",143,-143,0.0038124997,-0.0038124997 Line 2: Calculation Result Unit
"04-12-14 11:29:18.790",143,-142.75,0.0038749997,-0.0038124997 From Line 3: Calculation Results
"04-12-14 11:29:21.940",143.25,-143.25,0.0038124997,-0.0038124997

Recorded in the order of the calcula-
tion settings of line 1.
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1.5 Reading Numerical Calculation Results on a PC

1.5 Reading Numerical Calculation Results on a
PC

The following explains how to import data into Excel on Windows.

The capacity of Excel to import data from a text file is limited to 256 columns and 65,536 rows.

Text files containing data that exceeds these limits cannot be imported into Excel. To avoid exceeding these

limits when saving text data, select [Displayed Ch] as the channels to save, or specify the saving range as
that between A/B cursors.

Microsoft Excel

File | Edit ‘Wiew Insert Format Tools

1 Start Excel and click [Open] from the [File] menu.

1 Mew Chrl+h B -
The [Open] dialog box appears. | open arkvo |
2 Select the file to import.
g 2lx
Laok in: ID MeasExample j @ -2 Q X - Toos~
1 1 - | Swzel Type | Modified |
SeIeCt the flle and ClICk [Open]- 1KE Text Document SJ/12[2005 10:30 AM
My Recent
Documents
V"
4
My Documents
]
My Computer
3
. = e 3
The Text Import Wizard appears. el I _
Flaces Files of bype: [Test Files (*.prm; *.6xt; *,c5v) =l ‘l
3 Select the text processing method. Text Import Wizard - Step L of 2lx
. The Text Wizard has determined that waour datais Delimited.
[Text Import Wizard Step 1 of 3] IF this s correct, choose Hext, or choase the data kype that best describes your dat.

|—0riq\na\ data bune—

1. Select [Characters such as commas or 1 —p
tabs separate each field]. I

i wrpe CNat best describes your daka:
@ Delimited - Characters such as commas of tabs separate each field,
- - Fields are aligned in columns with sparee het-— ”

Start import at row: |1 E‘ File: origin:
2 . CIICk [Next] . Preview of file C:itmplinabalMeasExample\MEAS, TAT.

[L]

Maximum AL 1", "NoZ Minimum A1 _1","HNo3 Maximum il
o

EX =29:57.800",141,-141.&,0. 01805 ,-0. 01725
"'05-05-12 10:30:00.770",141.4,-142.2,0.01875,-0. 01945

"'05-05-12 10:30:03.580",141.4,-141.6,0.0185,-0.01315

Text Import Wizard - Step 2 of 3 21

a [[n]=

N

[Text Import Wizard Step 2 of 3]

3. Select [Comma] only for the delimiters.

This screen lets wou set the delimiters your data contains, You can see
how your kext is affected in the preview below.

rDelimters——————— —

w | [ Treat consecutive delimiters as ons
iSpace [ Other: | Text gualiier: I 'I

3

ata previ
frig Time ol Maximum A1 1 No2 Minimum A1_1 Mo3 Maxi.il
4_ C||Ck [FInISh]_ '0S-05-1F 10:29:57_900 [141 F141.6 _01805
'05-05-12 10:30:00.770 141 4 F1l4z.2 .01875
'05-05-12 10:30:03.580 141 4 F141.6 SO1BE ||
(| | -
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1.5 Reading Numerical Calculation Results on a PC

Numerical Calculation Results Data Imported into Excel

[E3 Microsoft Excel - MEAS.TXT =lol x|
@_] File Edit Wiew Insert Formab  Tools Data  Window  Help Typeaquestionforhelp - _ @ X
NEHSSRIVHI$LR-F/9-0-&x-4i@ae im - B

a2 - #
A | B | c | D | E | F |3
1 |Trig Time Mol hMaximom A1_1 No2 Minirmum A1_1 MNo3 Maximum A1_2 Mod Minimom A1_2 =
2 I W N i

| 3 |05-05-12 10:29:57.900 141 -141.6 0.01805 -0.01725

| 4 |05-05-12 10:30:00.770 141.4 -142.2 0.01875 -0.01945

| 5§ |105-05-12 10:30:03.580 141.4 -141.6 0.0185 -0.01915

| B |05-05-12 10:30:06.410 141.6 -142 0.01265 -0.01915

| 7 |105-05-12 10:30:02.210 141 -141 0.0177 -0.01875

| & [105-05-12 10:30:12.040 140.8 -141.2 0.0172 -0.0175 ||

| 9 |105-05-12 10:30:14.830 141 -141.4 0.0187 -0.0183

| 10|

| 11 |

| 12 |

E .

M 4 » M[\MEAS [4] | ﬂJJ

Ready MUM v
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1.6 Numerical Value Calculation Expressions

I 1.6 Numerical Value Calculation Expressions

Numerical Calculation Type

Description

Average

Obtains the average value of waveform data.

1 n . Avg: Average value
Avg= n Z di n: Data count
i=1 di: Data on channel number i

RMS (Root-Mean-Square)
value

Obtains the RMS value of waveform data. If Scaling is enabled, calculations are applied
to the waveform after scaling.

RMS: RMS value
n: Data count
di: Data on channel number i

Peak-to-Peak (P-P) value

Obtains the value of the difference (peak-to- mMaximum

peak value) between maximum and minimum value
values of waveform data. o P-P Value
Minimum
value N

Maximum Value

Obtains the maximum value of waveform da- Maximum

value
g AN,

Obtains the time (in seconds) from the last Maximum

. . trigger point to the maximum value. value
Ul o st vele If ?r?e r:aximum value occurs in two or more
Time to Max . L ) ) '
( ) instances, the first instance is treated as the q%mpe to Maximum
maximum value. Value
Obtains the minimum value of waveform da- /\
N /
Minimum Value /
Minimum \/
value
Obtains the time (in seconds) from the last Time to Minimum
. .. trigger point to the minimum value. |_Value
Time to Minimum Value 99 p . . [\ /
(Time to Min) If the minimum value occurs in two or more N \
instances, the first instance is treated as the M'”'\gt’uné
minimum value.
Displays the period (in seconds) and fre- <>
quency (Hz) of the signal waveform. m V\ /\ /\
The calculation is based on the interval be- Level 4
Period and Frequency  tween two sequential points where the wave- \/ \/ \/ \/

form crosses the same level (amplitude) in
the same direction (slope).
Setting Choices: Level, Slope (T or ) and Filter
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1.6 Numerical Value Calculation Expressions

Numerical Calculation Type Description

Rise Time and
Fall Time

The rise time of the acquired waveform from

A% to B% (or fall time from B% to A%) is ob- B%
tained by calculation using a histogram (fre- A ¥
quency distribution) of the 0 and 100% levels

of the acquired waveform. A%
As waveform data is acquired, the rise time e "’M
(or fall time) is obtained from the first rising (or Rise Time Fall Time
falling) edge.
9) edg A: 5 to 30%

When calculation of the range specified by the
A/B cursors is selected, the obtained rise time
(or fall time) is the first rising (or falling) edge between the cursors.

Setting Choices: Numerical percentage (%) of rise time (A% — B%) or fall time (B% —
A%)

B: 95 to 70%

Standard Deviation
(Std Deviation)

Obtains the standard deviation of the waveform data.

¢ Standard Deviation

Avg: Average

n: Data count

di: Data on channel number i

Obtains the area value (Ves) enclosed by the | Area of shaded

zero position (point of zero potential) and the /l portions
signal waveform. \ / /
When calculation of the range specified by the / |

A/B cursors is selected, the calculated area is / ‘
Area constrained to the waveform between the cur-
sors. Cursor A
N S: Area Cursor B
. n: Data count
S= Z dil e h gi: Data on channel number i
i=1 h=At: Sampling period
Obtains the area (V2) of an X-Y composite waveform. In the following figures, the areas
within the lines are calculated. The calculation is available even if the X-Y composite wave-
form is not intended for display.
To enable area calculation, specify the calculation range using the A/B cursors (Vertical or
Trace) on the waveform of each channel for X-Y composition. (The area cannot be spec-
ified directly by A/B cursors on the X-Y waveform.)
See About A/B cursors: "8.8 Cursor Values" in the Instruction Manual
When the trace consists of multiple When the trace is an open curve
loops
Vg/ S=nxsg S=sp
ﬁ S: Area ﬁ S: Area
n: Number of loops (Area enclosed by the curve
dd Y and line connecting start and
X-Y Area Start point _ end points)
Start/end point End point
When the trace is a figure-8 When the trace is a spiral
S=|sg-s1l S=sgx2+sq
S: Area S: Area

(The number of overlapping
regions increases with the

Start point number of loops)

Setting Choices: Set the X- and Y-axis channels.

When measuring with Timebase 1 and 2, be sure to select both X- and Y-axis channels
from the same Timebase (either Timebase 1 or Timebase 2).

The X-Y area value cannot be calculated if the channels are not on the same Timebase.
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1.6 Numerical Value Calculation Expressions

Numerical Calculation Type Description

Time to Level

Finds the point where the signal crosses a specified
level from the start of the calculation range, and ob-
tains the time elapsed from the last trigger event.
Setting Choices: Level, Slope (T or ) and Filter

Pulse Width

Obtains pulse width as the time difference between
one rising or falling intersection of the waveform
through a specified level to the next intersection
(with opposite slope).

Setting Choices: Level, Slope (T or ) and Filter

Duty (%)

Obtains the duty percentage based upon the ratio of
the time from a rising intersection to the next falling
intersection at a specified level, to the time from the
same falling intersection to the next rising intersec-

tion at the same level.
Duty (%) = & X 100 (%)
Tu-d + Td-u
Ty-g- Time (seconds) after rising intersection to falling
intersection
Tg-y: Time (seconds) after falling intersection to the
next rising intersection

Setting Choices: Level, Filter

Level

<>
Td-u

Pulse Count

Obtains the count of pulses from the number of ris-
ing or falling intersections with a specified level.
One pulse is counted when the signal falls back be-
low the specified level after rising through it (or vice
versa)

Setting Choices: Level, Slope (T or ) and Filter

Level l_l l_l l—l |_
SRR

Four Arithmetic
Operations
(4 Operations)

Performs arithmetic operations (+, —, X,+) upon arbitrarily selected results of numerical cal-

culations.

Setting Choices: Numerical Calculation No., arithmetic operator

NOTE

« Depending on the signal waveform for parameters of period, frequency, rise
time and fall time, calculated values may not be displayed.

* When Scaling is enabled, calculations are performed after waveform data has
been scaled. Also, the units of parameter values should match the scaling

units.
SeeAbout Scaling:

"5.4 Converting Input Values (Scaling Function)” in the Instruction Manual
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1.6 Numerical Value Calculation Expressions
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Waveform calculations can only be used with the Memory function.
A pre-specified calculation equation is applied to acquired waveform data, and the calculation results are
displayed as a waveform on the Waveform screen.
Waveform calculation settings are made on the Waveform Calculations Setting screen (Wave Calc).

—— MENU ——

1 Open the Settings screen
2 Menu selection

SHEET/PAGE

w (D

SUB MENU
SET

ESC SELECT

e O A~

3 Page selection =

|

st Ot R

Calculation Area

->

:
.
:
:
:
:

||
= ARS(CH(L1))

=

4%; Const

[E=al

| oicstations ere appied to scavired data, and the resuits are displayed o & waveform.

|EX

Numerical Calculations

Four Arithmetic Operators
(+, - %, 1)

Absolute Value (ABS)
Exponent (EXP)

Common Logarithm (LOG)
Square Root (SQR)
Moving Average (MOV)
Slide along the time axis

- Differential Calculus: 1%t deriva-
tive (DIF), 2" derivative (DIF2)

« Integral Calculus: 15! integral
(INT), 2"% integral (INT2)

« Trigonometric functions (SIN,
COS TAN)

 Inverse Trigonometric functions
(ASIN, ACOS ATAN)

(Total 11 types)

« Specified calculation between A/
B cursors

Waveform calculations can be lim-

ited to data within the range speci-

fied by A/B cursors.

Calculation operator details:

"2.4 Waveform Processing Calculation

Operators and Results" (= p. 34)

Of the eleven types of waveform calculation available, sixteen types can be applied at the same time.

When Scaling is enabled, numerical calculations are performed on scaled values.
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2.1 Waveform Calculation Workflow

2.1 Waveform Calculation Workflow

Before Setting

NOTE

When specifying a waveform range for calculation: [A-B]

Before executing a calculation, specify the calculation range using the A/B cur-
sors (Vertical or Trace cursors) on the Waveform screen. Set the calculation
range on the Wave Calc Settings screen to [A-B].

» Horizontal cursors cannot be used to specify the range.

» When one cursor is used, the calculation range is from the cursor to the end of
the data.

See "8.7 Specifying a Waveform Range" in the Instruction Manual
"2.2 Settings for Waveform Calculation” (= p. 26) in this manual

Changing calculation settings while measuring

Changes made to calculation settings while measuring are applied after mea-
surement is finished.

To change calculation settings and recalculate

Make changes to calculation contents on the Waveform Calculation Settings
screen, and execute the calculation.
See "2.2 Settings for Waveform Calculation" (= p. 26)

To not display a calculation waveform, or to display only the desired wave-
form

The displayed sheet and calculation waveform to be displayed can be selected
on the Sheet Settings screen.
See "2.3 Calculation Waveform Display” (= p. 33)

* Maximum recording length available for waveform calculations

Installed Memory (Word) | Maximum recording length
8860 8861 (Divisions)
32M 64M 2,500
128M 256M 10,000
512M 1G 40,000
1G 2G 80,000

If the recording length is set longer than the above maximum, waveform cal-
culation is not performed.

In this case, reset the recording length so that it is below the maximum, or
after performing a partial or divided save, reload a portion of the data into the
instrument and apply the calculation.

» Waveform calculation is not available when using Roll Mode and Memory
Division.

* When Memory Division is disabled, up to 16 past waveforms can be used for
reference. However, waveforms other than the currently referring block (that
which includes data for calculation) are deleted when waveform calculation
executes.

 If a waveform calculation is interrupted when loading data, the incomplete cal-
culation result is displayed. To repeat the calculation, select the [Execute] but-
ton on the Waveform Calculation Settings screen.




Calculating While Measuring

Make Calculation Settings

Start Measurement

v

Acquire Data

v

Calculate

v

Display Calculation Results

v

(Print or Save)

v

Stop Measurement

Applying Calculations to Existing Data

(Load the Data)

v

Make Calculation Settings

v

Execute Calculation

v

Display Calculation Results

v

(Print or Save)
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2.1 Waveform Calculation Workflow

The following two calculation methods are available:
« Calculate while measuring

Requires making waveform calculation settings beforehand.

« Apply calculations to existing data

Calculations can be applied to data after waveforms are acquired, or after
data has been saved to storage media.

Make calculation settings on the Waveform Calculation Settings screen (= p. 26).
Make display settings for waveform calculation results on the Sheet Settings screen.
(=p. 33

To automatically print or save calculation results: make printing and saving settings be-
fore measuring.

« Printing calculation results automatically
([Printer] page on the Print Settings screen: Auto Print [On])

See "11.3 Making Auto Print Settings" in the Instruction Manual

¢ Saving calculation results automatically
([Auto Save] page on the Save Settings screen: Auto Save [On])

See "10.3.7 Automatically Saving Waveforms" in the Instruction Manual

The instrument acquires data when the trigger criteria are met.

(If triggering is not enabled, the instrument acquires data when you press the START
key.)

“Calculating” appears on the screen’s status bar.

Calculations are performed sequentially from No. 1 to No. 16.

(To interrupt calculations, press the STOP key to abort)

Results are displayed on the Waveform screen (= p. 27).

(if auto printing or auto saving are enabled)
Calculation results are automatically printed or saved.

(To load measurement data from storage media for calculation)
See "10.4 Loading Data" in the Instruction Manual

Make calculation settings on the Waveform Calculation Settings screen (= p. 26).

Press the [Execute] button to execute calculations.
(To interrupt calculations, press the STOP key)

Results are displayed on the Waveform screen (= p. 27).
Print or save calculation results as occasion demands.

e Print: PRINT key
¢ Save: SAVE key
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2.2 Settings for Waveform Calculation

I 2.2 Settings for Waveform Calculation

Waveform Calculations [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Wave Calc Settings screen

1

Operating Key Procedure
Enable the Waveform Calculation function.
CURSOR

F2

Move the cursor to the [Waveform Calc.] item.
Select [On].

Specify the waveform calculation range.

[Waveform Galc.y-[ on

)~

2[Calculati0n Area IWhDIe ] ]
[Z] A | [ scale |45 const

CURSOR Move the cursor to the [Calculation Area] item.
F1to F8 Select either choice.
Whole Applies calculations to the whole
waveform. (default setting)
A-B Applies calculations to the data be-

When selecting [A-B], specify the calcula-
tion range using the A/B cursors on the
Waveform screen.

If no measurement data has been ac-

tween A/B cursors. quired by the instrument, first measure
once so that the range can be specified for

calculations to be applied to subsequent

Perform calculation settings.

measurements.
CURSOR Move the cursor to your setting choice on the
[Formula] page.
F1 Select [Set].

A dialog is displayed for entering a calculation
equation.

Calculation No.

Selecting the channel for calculation
After selecting the unit and channel number, select
the [Set] button.

Enter calculation ‘
operators e ) =
P Jo . |
taliogleale aes | oo | os | s |l || set BS Del
Enter numerical 4]|5]6 |+ mov | su [ o | mr |t Hfon o H cer Undo | Clear
values and symbols T =T T oFz | mTz2 | s | ocos ﬁg‘ée’*\fﬂﬂlgﬁ Home | End
i gl Tan | asi | acos | atan | HRangE: Smiv/dv - =
Zonst
Enter constants a-0 & - 27183 -0 mn = 1.2566e-006
Constants must have been previ- b=1 f = 2.0678e-015 =0 n=0
ously entered on the [Const] = 823,007 k=735 ol
d=0 h=0 =0 b = 3.1416 | Close |
page. (= p. 29) A /

CURSOR Select a calculation equation. If =" is displayed

F1to FS Example of calculation equation entry:(= p. 32)  The entered calculation equation is syn-
. tactically correct.

F7 When finished entry, select [OK].

If "?" is displayed

The equation has a syntax error.

The cursor is placed at the location of the

error to facilitate correction.

« Are parentheses correctly matched?

« Has a multiplication operator "*" been
omitted?

The entered equation is displayed in the [Formu-
la] field.

The default setting for calculation results display is [Auto].
To change the display, make settings on the [Scale] page.

See "Calculation Waveform Display Settings" (= p. 30)
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2.2 Settings for Waveform Calculation

Operating Key Procedure

4 (As occasion demands)

Make display settings for waveform calculation results
on the Sheet Settings screen (= p. 33)

Set auto saving and auto printing as needed (Instruction
Manual)

B Execute the calculations. —

Execute

Applying Calculations to Existing Data ( Caeulaton: 10,000 cv)

CURSOR Move the cursor to the [Execute] button.

F1 Select [Execute].
To calculate while measuring
START Starts measurement.

Calculation waveforms are displayed after load-
ing waveforms.

Waveform Calculation Results

Example: Waveform of the calculated absolute value of the waveform of
CH1-1. Calculation equation = ABS(CH(1,1))

T

\ CH1-1 Waveform
-1
Ous. 10.00rms 20.00rms 30.00rms 40.00rms
71
W\/W\/ Absolute Value
Waveform

Ous 10.00ms 20.00ms 30.00ms 40.00ms

To copy settings from one calculation to another
The method is the same as for copying numerical value calculations.

See "Copying Settings Between Calculation Nos." (= p. 10)

To distribute calculation results onto sheets, or to display in separate
Graphs

Display/non-display of calculation waveforms and graph division can be set on
the Sheet Settings screen.

See "2.3 Calculation Waveform Display" (= p. 33)

\ 2 7
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2.2 Settings for Waveform Calculation

Description About calculation equations

Operators:

Operator Name Operator Name

ABS Absolute Value DIF2 2" perivative

EXP Exponent INT2 2"9 Integral

LOG Common Logarithm SIN Sine

SQR Square Root COS Cosine

MOV Moving Average TAN Tangent

SLI Movement parallel to the | ASIN Inverse Sine
time axis

DIF 15 Derivative ACOS Inverse Cosine

INT 18t Integral ATAN Inverse Tangent

See "2.4 Waveform Processing Calculation Operators and Results" (= p. 34)

Entering Calculation Equations

Each entered calculation equation may contain up to 80 characters.

Each constant in a calculation equation may contain up to 30 digits.

The multiplication operation (*) must always be explicitly entered.

Each calculation expression may contain up to eight instances of the four
arithmetic operators.

Multiplication and division or addition and subtraction of channels within
parentheses [e.g., (CH(1,1)*CH(1,2)) or (CH(1,1)+CH(1,2))] each count as
one operation.
ABS(CH(1,1))+CH(1,2)*CH(2,1)—(CH(2,2)+CH(3,2))*ABS(CH(4,1))/DIF(CH(1,1),1)

1 2 3 4 5

Division by zero, such as 1/0 (1 + 0), results in overflow output.

Channel data is specified in the form CH(u,n), where u = the Unit (input mod-
ule) number, and n = the number of the channel within input module u.
(Example: To specify the data on Channel 2 of Unit 1, enter “CH(1,2)".)

The result of calculation Z; can be used in other calculation equations. How-
ever, the nth equation can only refer to the results of equations up to Z,, ;.
(Example: Equation Z4 can include the results of equations Z1 through Z3.)

Using the MOV, SLI, DIF and DIF2 operators in an equation

The number # after a comma within parenthesis (_,#) for each operation is set to
the calculation operator.

Operator Setting Choice Setting Examples
MOV Set the number of points to move. | Calculate the 10-point mov-
(Moving Average) | Setting Range ing average of CH1-1:
SLI MOV (Moving Average): 1 to 5000 | MOV(CH(1,1),10)
(Parallel Movement) | SLI: -5000 to 5000
DIF Specify the sampling interval for dif- | pifferentiate CH1-2 using a
(Derivative) ferentiation. 20-point sampling interval:
DIF2 "1" is normally acceptable, but this | DIF(CH(1,2),20)
(2nd Derivative) should be set larger to capture fluc-

tuation values of slowly changing

waveforms.

DIF and DIF2 Setting Range: 1 to

5000
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2.2 Settings for Waveform Calculation

When calculation results overflow (OVER)

The displayed A/B cursor values (and those printed when the printer recording
type is set to [Numeric]) are incorrect.

When [Scale] is set to [Auto], waveforms appear at the top or bottom edge of
the screen. This makes calculation result overflow obvious.

Waveform calculations with Timebase 2 (measurements using sampling
rate 2)

Calculation equations Z1 to Z8 apply only to Timebase 1, and Z9 to Z16 apply
only to Timebase 2.

Channel data set to use Sampling Rate 1 can only be used in equations Z1 to
Z8, and channel data set to use Sampling Rate 2 can only be used in equa-
tions Z9 to Z16.

Inclusion of the results of one calculation (Zn) in another is also limited to only
those calculations which apply to the same timebase.

(Example: equation Z8 can include only the results of Z1 to Z7, and Z16 can
include only the results of Z9 to Z15.)

Defining Constants [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Wave Calc Settings screen

Operating Key
SHEET/PAGE
CURSOR

F1to F8

Select the [Const] page.

Move the cursor to the Constant No. to be de-
fined.

Select an entry method, and enter the constant.

Setting range: -9.9999E+29 to +9.9999E+29
See "3.3.3 Entering Text and Numbers" in the

Procedure

Constant No.

=
armnula |§ Scale I123 Const I

o Const |

G
o

Instruction Manual

Defined constants are shown in the constant display of the calculation equation setting dialog.
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2.2 Settings for Waveform Calculation

Calculation Waveform Display Settings [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Wave Calc Settings screen

Operating Key Procedure

1 SHEET/PAGE Select the [Scale] page.

Calculation No.
Settings can also be made
in a dialog. (= p. 31)

To copy settings Waveform 2 3 pisplay Range
between Calculation Nos.: Color Setting Method
Select F2 [Copy].

Enable waveform display, and display color

CURSOR
F1lto F8

Move the cursor to the [Color] column.

Select whether to display the waveform, and its
color (when On)

B Displayed
Measurement Units

Off The waveform is hidden.

On The waveform is displayed.
(default setting)

Select a method to set scaling

CURSOR Move the cursor to the [Scale] column for the Cal-
culation No. to be set.

Flto F8 Set the display range for the calculation wave-
form.

Auto Automatically sets the display range of
the vertical axis. (After calculation, the
upper and lower limits are obtained from
the results, and set automatically.)

Manual Upper and lower limits of the vertical axis

display range are entered manually.

Set the upper and lower limits of the display range (when
[Manual] is selected)

CURSOR
F1lto F8

Select [Lower] and [Upper].

Select an entry method and enter the limit values.
Entry range: -9.9999E+29 to +9.9999E+29

Specify the physical units
CURSOR
Flto F8

Move the cursor to the [Units] column.

Select an entry method and enter the physical
units.

Enter a comment (as occasion demands)

CURSOR
F1lto F8

Move the cursor to the [Comment] column.

Enter your comment.

6 Comments

Upper and Lower Limits

Depending on calculation results, auto-
matic scaling settings may be unsatisfac-
tory, in which case the limits must be
entered manually.

See "3.3.3 Entering Text and Num-
bers" in the Instruction Manual
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Upper and Lower — |
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2.2 Settings for Waveform Calculation

Making settings in the [Calculation] dialog

e Scale 4% Const

lcal. |scale | Lower Upper Units Cornment
Auto

m Auto
Q Auto

Move the cursor to the [No.] column of the calculation to set, and
F1 select F1 [All Settings] to open the [Calculation] dialog.

Scale Setting - No:l

Scale Ii | Units —

Upper 10 Rangefdy  [1 | Set the Value per Division.

Lower 10 DPosi% 50 ——— Set the Zero Position (same as
Comment | the Variable Function Setting).
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2.2 Settings for Waveform Calculation

Waveform Calcu- calculate the RMS waveform from the instantaneous waveform
lation Example The RMS values of the waveform input on Unit 1 Channel 1 are calculated and
displayed. This example describes the calculation of waveform data measured

for one cycle over two divisions.

Operating Key Procedure

1 Enable the Waveform Calculation function.

CURSOR Move the cursor to the [Waveform Calc.] item.

F2 Select [On].

2 Specify the waveform calculation range.

~[Waveform Galc.y" [—|On

.*]—

2[Calculati0n Area W ]

IH|Formula Seale |$5 Const

CURSOR Move the cursor to the [Calculation Area] item.
Mo | |F0rmuﬁ
F1 Select [Whole]. 1 )
2
3 Perform calculation settings. 2
CURSOR Move the cursor to No. 1 on the [Formula] page. ' 1}°
F1 Select [Set]. . .
. [ . ] . . . After selecting the unit and
A dialog is displayed for entering a calculation
. channel number, select the [Set]
equation.
button.
Entering the calculation equation | —
SQR(MOV(CH(1,1)*CH(1,1),200)) E[|summovwm,mcu(l,l)guunL ]
The number of samples per cycle (1 division = 100 || — B
samples) Here, one cycle is two divisions (200 = e e \‘ e M oot - -
samples) Enter numerical values als|ea|+ (MO\.’ ] s | oF | mT |Uﬁ'tl et IE‘ Undo | dear
and symbols 7lalo|=|]| or2 | mr2 | sm | cos H’;‘;;\Eﬁf:g‘l Home | Erd
i el TaN | asiy [ acos | aTan | | [REnGelSm/di - -
h—(unst
Itis convenient to set constants a=n e=27183 i=0 m = 1.2566e-006
beforehand on the [Const] Lol L S el =
c=0 g = 9.8067 k = 273.15 o=0
page. (= p. 29) d-0 h=0 I-a p = 3.1416 ey

When finished entry, select F7 [OK].
The entered equation is displayed in the [Formula] field.

4 Execute the calculations.

START Starts measurement.

¢

IE|Formula Seale |$5 Const

Mo | | Farrmula

3

El = SOR(MOV(CH(1,1)*CH(1,1},200))
2

The calculation waveform is displayed after ac-

quiring the input waveform.

4

f\/\/\{\

il

s 50.075 100.0ms

N T

150.0ms guu oms

j\j

RMS values

CH1-1 Waveform

| Calculation waveform of

To view the waveform calculated from the acquired data, press the [Execute] button on the Waveform Calculation

Settings screen.
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2.3 Calculation Waveform Display

I 2.3 Calculation Waveform Display

=)\

Operating Key

Assignment of calculation results and split-screen graph display arrangement

can be set.

These settings are effective when Waveform Calculation is enabled.

Waveform Calculation Display Settings [ MEM ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Sheet Settings screen

Procedure

SHEET/PAGE Select the [Wcal] page.

Select whether to display calculation waveforms.

CURSOR

F1to F8

Select a Graph for display.

Move the cursor to the [Unit-Ch] column for the
Calculation No. to be displayed.

Select the desired calculation equation for dis-

play.

Off

Z1to Z16

The calculation waveform is not dis-
played.

Displays the selected calculation wave-
form.

(when [Split-Screen] is set to [2 Graphs] or more, or the
[Display Type] is set to [Wave+X-Y])

CURSOR
F1to F8

Move the cursor to [Graph].

Select the Graph number to be displayed.
Graph number samples (G1, G2, ...) are dis-
played at the left side of the screen.

Verify the calculation waveform on the Waveform screen.

DISP

The Waveform screen appears.

| Reset Chs... | |Reset Graphs |
| I | zemnin
|§ z3 @
4 z-4 G4
Z1to Z16

correspond to the calculation equations
defined on the Waveform Calculation
Setting (Wave Calc) screen.
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2.4 Waveform Processing Calculation Operators and Results

2.4 Waveform Processing Calculation Opera-
tors and Results

b;: ith member of calculation result data, d;: ith member of source channel data

Waveform Calculation Type Description

Four Arithmetic Opera- Executes the corresponding arithmetic operation.
tors (+,—, %,/)
Absolute Value (ABS) bi=1d| i=1,2,...n)
Exponent (EXP) bj = exp(d;) (i=1,2...n)
Whend; >0, bj=1logqd;
Whend; =0, bj = -0 (overflow value output)
Common Logarithm Whend; <0, bj=logyg|di|(i=1,2 ..n)
(LOG) Note: Use the following equation to convert to natural logarithm calculations.

LnX = logeX = logygX / logge
1/logype= 2.30

Whend; 20, b= /4

gLl ol () Whend; <0, by=-"d] (=12 ..n)

When k is odd number: When k is even number:
i+l—< i+|—(
bi= 2 St bi= & dt
=k Zk (=12, ..n) = (=12, ..n)

t=i—§ t=i—§+l

Moving Average (MOV) dt: t™ member of source channel data
k : number of points to move (1 to 5000)
1 div = 100 points.

k is specified after a comma.
(Ex.) To make Z1 the moving average of 100 points: MOV(Z1,100)

Moves along the time axis by the specified distance.
bj=d -k i=1,2,...n)
k : number of points to move (-5000 to 5000)
Slides waveform data
along the time axis (SLI) kis specified after a comma.
(Ex.) To slide Z1 by 100 points along the time axis: SLI(Z1,100)
Note: When sliding a waveform, if there is no data at the beginning or end of the calcula-
tion result, the voltage value becomes zero. 1 div = 100 points.

by = sin(d;) (=12, ..n)

=ine (G0 Trigonometric functions employ radian (rad) units.

b; = cos(d;) i=1,2,...n)

e (Co) Trigonometric functions employ radian (rad) units.

bj = tan(d;) i=1,2,...n)
Tangent (TAN) where -10 < b; < 10
Trigonometric functions employ radian (rad) units.
When d, > 1, bj=nml2
. When -1<d; <1, b= asin(d)
Arcsine (ASIN) When d < 1, b= -7/ 2

Trigonometric functions employ radian (rad) units.
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2.4 Waveform Processing Calculation Operators and Results

b;: ith member of calculation result data, d;: ith member of source channel data

Waveform Calculation Type Description
When di > 1, bi =0
. When -1<d; <1, b; = acos(d;)
PIBERETE (UL When d; < -1, b=z(@=12 ..n)

Trigonometric functions employ radian (rad) units.

Arctangent (ATAN)

b= atan(d) (i=1, 2, .... n)
Trigonometric functions employ radian (rad) units.

First derivative (DIF)
Second derivative (DIF2)

The first and second derivative calculations use a fifth-order Lagrange interpolation poly-
nomial to obtain a point data value from five sequential points.

dq to d,, are the derivatives calculated for sample times t; to t,,.

Note: Scattering of calculation results increases as input voltage level decreases. If scat-
tering is excessive, apply the moving average (MOV).

Calculation formulas for the first derivative

Point t; by = (-25d; + 48d, - 36d3 + 16d, - 3d5)/ 12h
Point t, b, = (-3d; - 10d, + 18d; - 6d, + ds)/ 12h
Point tz by = (d; - 8d, + 8d, - d5)/ 12h

N

Point ti bi = (dl 2" 8di-l + 8di+l - di+2)/ 12h

Point tn_2 bn_2 = (dn_4 - 8dn_3 + 8dn—l -dn)/12h
Point tn—l bn-l = ('dn_4 + 6dn_3 - 18dn_2 + lOdn_l + 3dn)/12h
Point t, b, = (3d,,.4 - 16d,,.3 + 36d,,, - 48d,,.; + 25d,,)/12h

b, to by: calculation results
h = At : Sampling Period

Calculation formulas for the second derivative
Point t; by = (35d; - 104d, + 114d; - 560, + 11d5)/12h?
Point t, b, = (11d; - 20d, + 6d3 + 4d, - ds)/12h?
Point tg by = (-d; + 16d, -30d3 + 16d, - dg)/12h?

Point t; b = (-0, + 16d;_; - 30d; + 16d;, 1 - di,5)/12h?
Point ty., bnp = (-Oyg + 16dy.3 - 30d,., + 1601 - dp)/12h?

Point ty.q by = (-dyg + 4dy 3+ 60y, - 20d,,.; + 11d,)/12h?
Point t, b, = (11d,,4 -56d,, 3 + 114d,,, - 104d,,; + 350,,)/12h?
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2.4 Waveform Processing Calculation Operators and Results

b;: ith member of calculation result data, d;: ith member of source channel data

Waveform Calculation Type Description

First integral (INT)
Second integral (INT2)

First and second integrals are calculated using the trapezoidal rule.
dq to d,, are the integrals calculated for sample times t; to tp.

Calculation formulas for the first integral

Point t;1;,=0

Point t, 1, = (dy + dy)h/2

Point t313=(dy + dy)h/2 + (d, + dg)h/2 = I, + (d, + d3)h/2
|2

Point t, 1= lpq+ (g + dyh'2

I, to I,: calculation results
h=At: Sampling Period

Calculation formulas for the second integral

Point t; I1;=0

Point ty 11, = (I + 1)h/2

Point tz3ll3= (I3 + )2+ (I, + 13)0/2 =11, + (I, + 15)h/2
|2

Point t 11, =111+ (In.1 + I)H2

I11to Il,: calculation results
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3.1 Overview and Features

3.1 Overview and Features

NOTE

FFT analysis can only be used with the FFT function.

The FFT (Fast-Fourier Transform) functions provide frequency analysis of input
signal data.

Use these functions for frequency analysis of rotating objects, vibrations, sounds
and etc.

For details, refer to "3.11 FFT Definitions" (= p. 103).

Analysis can be performed on data as it is being measured, on pre-existing ana-
log waveform data previously acquired with the Memory function, and on data
output from waveform calculations.

However, FFT analysis cannot be applied to data acquired with the Model 8958
16-Ch Scanner Unit. Also, FFT analysis cannot be applied to pre-existing wave-
form data acquired from channels that used Timebase 2 for sampling.

When using an input module equipped with an anti-aliasing filter, the cut-off fre-
guency can be automatically set by linking with the frequency range setting.
(Model 8938 FFT Analog Unit, 8947 Chargh Unit, 8957 High Resolution Unit,
8960 Strain Unit)

Major Features

e FFT analysis frequency range: 133 mHz to 8 MHz

« Frequency resolution: 1/400™, 1/800", 1/2000™ or 1/4000" of the frequency
range

« FFT Analysis Modes (16 types)

Storage Waveform

RMS Spectrum

Power Spectrum Density*
Auto-correlation Function
Transfer Function
Impulse Response

Linear Spectrum

Power Spectrum

Cross-power Spectrum
Histogram

Cross-correlation Function
Coherence Function

¢ 1/1 Octave Analysis* 1/3 Octave Analysis*

* Phase Spectrum Power Spectrum Density (LPC)*

* Not available when using external sampling.

For phase spectra, only the required phase information is highlighted and dis-
played.
See "3.4.7 Emphasizing Analysis Results (phase spectra only)" (= p. 61)

Also, when performing FFT analysis with the instrument connected to a sound
level or vibration meter, scaling by dB can be set from the Channel Settings
screen if you want to read values directly in calibrated units of measurement.

See "Scaling" (= p. 71)

To suppress the effects of aliasing distortion
We recommend using input modules that are equipped with anti-aliasing filtering
to suppress the effects of aliasing distortion when sampling.

See Aliasing Distortion and Anti-Aliasing Filters
"3.11 FFT Definitions" (= p. 103)

Refer to the Instruction Manual for FFT function specifications.
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I 3.2 Screen Organization (FFT Function)

Measurement-related settings for FFT analysis are made on the Settings screens (Sta-
tus, Channel, Trigger and Sheet); saving and printing settings are made on the Save
Settings and Print Settings screens; and measurement data display settings are made
on the Waveform screen. The Channel Settings, Trigger Settings, Save Settings and
Print Settings screens are nearly the same as for the other operating functions.

3.2.1 Waveform Screen

To open the Waveform screen Data acquired by the instrument can be dis-

4 Press the DISP key played as any of the following types. The dis-
(The Waveform screen appears) play type can be selected for each Sheet.
- | Display type:

DISP - . SHEET/PAGE e FFT

o . .—— Press the SHEET/PAGE keys | « Nyquist

SET D .
(To change sheets) * FFT+Nyquist
me (] 2 A~ ;‘% This is valid only when measure- * Wave+FFT
ment data has been assigned to * Wave+Nyquist
multiple sheets. See "3.6 Setting the Screen Layout of the Wave-

Press the SUB MENU keys
(To change choices of setting items)

form Screen" (= p. 72)

Setting Items and Choices (= p. 39)

Function Menu Calculation configuration and trigger criteria settings

Select a function before measur- | can be changed. These can be changed while mea-  Clock
ing. ; . _
9 suring. Press the SUB MENU keys to select the items Shows the current time. You can
tolchange. change the display appearance.
On-screen changes can be FFT__|_Frea PO 7] S0z 20me? [FrTa
made by cIicking the mouse. | & |roint [1000 <| Window [Rectaneular - Tfaute I—E'
- e D ; WDE e -
2 E— ‘Key Lock” appears when
: Mum ,—
Recorded Data ; anlm the key-lock state is en-
abled.

Speed [giow
Zoom [
A% [Timehasel

ara ,H—, Setting Choices
S

: = The cursor indicates the
l-100,0000my . Overal 35,8820 vec (Inse . X
i : s L current setting choice.

Select with F keys (F1 to
F8).

Press the FUNCTION
MODE key to change the
F key functions.

Shows data acquired with this
instrument.

—|inear Spectum (117
70.0000m

LG Figh R 4]
IR B - i
e e F-Key Function

Status Bar — O TN TET TR == £y Status

) — . . Shows the current F ke
This bar indicates the current Input Channel Settings Dialog Y

states of data acquisition, in- ) status.
ternal processing, settings Input channel settings can be changed.

and display information. (Appears when you press the UNIT or CH keys,
or press or turn the RANGE knob)

-30.0000mb
OHz

Internal and External
Connection Status

A/B Cursor Settings Dialog Sheet No.
Select the type of cursors.
(Appears when you press the TYPE key or knob A)

Press the ESC key to remove the dialog.
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Setting Items and Choices

FFT Function Settings [FFT(1/2)]
See "3.4.10 Setting and Changing Analysis Conditions on the Waveform Screen" (= p. 67)

Frequency Range
Frequency Resolution

FFT || Freg [[20kHz -] 50Hz 20ms) l FFT/2) |— Setting Item

| & | Point 1000 ~| Window IRec:tanguIar - IMag ||><1 - ﬂlﬂuto '.ID% HLI Category

Number of Analysis Points FFT Window Function Type  Trigger Mode Setting

t Switch with the SUB MENU keys

FFT Function Settings [FFT(2/2)]
See "3.4.10 Setting and Changing Analysis Conditions on the Waveform Screen" (= p. 67)

Analysis Number Waveform Display On/Off
Analysis Mode Waveform Color
FFT |rF—‘I : EIStorage Wavefarm ~ Cal, IOn' - | FFTE/2 bF— Setting Item
Bl = 1 [0t SR 2 ¥ [Cin-Mae < % [linear <[] Category
I ]
I
Analysis Channel X and Y Axis Display Type

t Switch with the SUB MENU keys

Analog Trigger Settings [Trigger]

See "6.7 Triggering by Analog Signals" in the Instruction Manual

(When using Level Triggering) Type of Analog Trigger
Event Count

Trigger No. Trigger Level
. . Setting Item
according to_ the [ & [t BferT E  se[T SFBR ]

type of analog trig-
gering.

Unit and Channel No. for this trigger Slope Filter
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3.2.2 Settings Screen

To open the Settings screen

1 Press the SET key. (The Settings screen appears.)

I
‘o . .—— 3 Press the SHEET/PAGE keys to select a page.
I m

DISP
SET
FILE SELECT

N

2 Press the SUB MENU keys
to select from the Settings menu.

4B
)

Status Settings Screen

Make settings here for FFT analysis.

Input Data Selection (= p. 52)

Select whether FFT analysis is to be applied to newly
acquired data, or to a pre-existing waveform (Memo-
ry waveform).

F R d o
reqguency Range an .
q y ge al — F”R:fme [— Peak Value Display
Number of Calculation NewDits @ = Setti 57
Points (= p. 53) | e p—— | ™ o $— etting (= p. 57).
. oviat - q‘ v Rarce [ok 8 aversging [T— Selects whether to display the
- Sampling Point l—. _ . .
-Ore Calculation points pro ‘ ) D(Rg " m)nn o Type Time Linzar [] peaks (maximal or maximum)
vide greater frequency reso- G U — Numbser B 8 of analysis results
lution. widew [Eronenta g ’
Coefficient D% ] Hghight(phase) o [
Window Function Mitplcaton s % Atteruiation 13t [100m o . .
. v B e ) e a— Averaging Settings
Settings (= p. 56) A (= p. 58)
Selects a window function and lanalyzo | = Noisy or unstable values can
correction for acquiring input Ho. | Andyms [co [paramerer [ chi [ chz | vams s Y .
signals [E]L Storsee Wavefom [ f Lrbag  Linear be averaged to clarify the
anes: B [ S e waveform display.
. . 4 Power Spectrum A 11 Lin-Mag Linear When averagin is enabled
FFT Analysis Settings B oo L othe '
[T ] & . N select the method and count
(:> p 62) [Fl7 Histogram 11 Lin-Mag Linear X
. | py ‘ [Ele 171 octave Fitter: Normal -1 Lin-Mag Log for averaging.
Exit L ) .
| Phase Spectra Highlight-

ing
For the maximum value of a

[Analyze] Page power spectrum or Cross-pow-

er spectrum, data exceeding

—_ the specified ratio can be dis-
Ma. |Ana|yze |CD|. |Parameter |Ch1 |Ch2 |Yaxis Xaxis playEd with emphaS|S (hlgh-
Fl1 Storage waveform LA 1-1 Lin-Mag Linear |Ighted)
|E 2 Linear Spectrum l Mormal 1-1 Lin-Mag Linear
E 3 RMS Spectrum l 1-1 Lin-Mag Linear
E4 Power Spectrum l 1-1 Lin-Mag Linear

Selects the analysis mode, analysis channels, x and y axes and dis-
play parameters. (= p. 62)

[Scale] Page

e [Elscale]

Sets the display scale of the vertical (y) axis. (= p. 66)
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[ Channel Settings Screen

Set analog channels.

All Channel Settings List

(The Logic page is not accessi-
ble)

Setting Unit (Module) ——

and Channel Nos.

—Comment Setting

Make this setting to enter channel-specific comments.
This setting is also available on the [Comment] page.
Comments can be displayed on the Waveform
screen.

apvarisble |EH

G ]

[

i

=i

LFF

Made

O

Coupling

[Module]—High Res(16-hit) | Zero-adjust | offest cancel

07/08/2006
L

[Vottage -

probe  [1,

AAF

(1LSE = 12.5mv)
DC |

for =

J

p————— Input Module Settings
Set the input channels for the
installed input modules.

See "Chapter 3 Input Channel

1

Settings" in the Input Module

Level Monitor

Indicates the value and range
of input relative to the area
displayed on the waveform
screen for verification.

| sae |

| Print |

[The anti-aliasing filter can be enabled to prevent aliasing

INPUT

Mag

'[SEH“I’IE]_Ioff

Wariahle

Guide.
These settings are also avail-
able on the [All Ch] page.

[TWeve Displ[5,, - |

1 Position

m.,

stortion.

50 %

Input Waveform Settings

Set the waveform display color, zero position, vertical axis magnification and
display area. These settings are also available on the [All Ch] page.

Set trigger criteria.

Scaling Settings (= p. 71)

Make these settings to convert measurement units
for display as physical values when using a clamp
or external sensor. These settings are also avail-
able on the [Scaling] page.

Trigger Settings Screen

Trigger Mode Setting

Sets trigger activation criteria.

Timer Trigger Settings

Set recording start and end

Combining Method
(AND/OR) for Multiple
Trigger Sources

Pre-Trigger Settings

Make these settings to record
prior to triggering. When Trig-
ger Priority is On, triggering is
allowed during the Pre-Trig
Wait.

Analog Trigger Settings —!

Lo Mok [Ropeat ||| rimer Trieeert o el < times, and set timing when
| | Source(ANDJOR) Jor 5 Month  Day Hour  Minute  Second . . .
o P e e 161654 desired to apply a trigger
T e s prg— -y — = 2F 2F EF B within a specified period.
. o g mevda B 3F BF ER 3
| Trigger Priority o B ’r[Extalnal Triggal]ﬂoﬁ :7 EXternal Trigger
(Previous 05 (Follow 10005) .
Settings
ElAnalog1-« | e P e | I Analog:1 Logic:fi ) 9 ) )
(O mormnal (8 Expanded Set this to accept triggering
o 1o Lo o s | s |paametas Laometers from a signal input on the Ex-
T ) ternal Trigger terminal.
3 off
4 off
5 oOff . . )
o E— Logic Trigger Settings
Save
"—‘ 7 Off

Print
E) off
Exit H| 5




42

3.2 Screen Organization (FFT Function)

Settings on the [Analog] and [Wcal] pages are the same as for the Memory function.

Set the display method for the Waveform screen.

Screen Layout Setting

Sheet Settings Screen

| e

(=p.72)

Set the data type and display ar-
rangement for each sheet to be
displayed.

» Sheet Name setting

« Display type

« Split screen

Resets all sheet settings l

[Analog] Page

|sheet 1 =Jon

Display Type [Fr7 ]

repit-Screen—1 Graph 57

Sheet Name

7]

” [ Resets All Shest Settings...
e

Reset Chs,.,

Mo, | h | Graph | =
1 1-1 High Res
2 1-2 High Res
3 21 H-Speed
4 2-2 H-Speed
S| 31 DC/RMS

Assign analog channels.

See "7.2.6 Assigning Display Channels to

Graphs (Analog Channels)" in the
Instruction Manual

Assigning Channels to

Sheets

Assigns the channel, calcu-
lation results and waveform
display position for each dis-
play sheet.

[Wcal] Page

T
[ ENTREN

N

Assigns FFT analysis results and sets graph
arrangement for split-screen display.

Arrange waveform calculation results.
See "2.3 Calculation Waveform Display" (= p. 33)
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Setting procedures on the Save Settings screen are the same for all functions.
See "Chapter 10 Saving/Loading Data & Managing Files" in the Instruction Manual for

details.

Save

Save Settings Screen [Auto Save] Page

Make these settings to specify automatic saving.
The factory default setting for auto save is [Off].

Auto-Save Settings

Select the action to take when
the save destination or storage
media becomes full during au-
tomatic saving, such as wheth-
er to create new directories.
(Default setting: [Off])

Settings for Saving

e B cave ke

S —— | &

Sarein 1 [PC CrrD #1:%

Bavein2

Save Method

ermal Save ]
off -

Directory Creation

[Waveform]

on -
[suTo

Triglpraficy =
Binary =

MName
Mame Pattern

Format

Waveform Data

Select the saving format, area
to save and related settings for
automatic saving.

Save

[Sereen Image]

=)

[The Function to save a waveform and a value operation result automatically while measuri

Save Settings Screen [SAVE Key] Page

These settings determine the operation of the SAVE key.

Manual Save Settings
(Saving by SAVE key)
Set the save destination, file
name and related settings for
saving with the SAVE key.

Settings for Saving
Waveform Data

Select the saving format, area
to save and related settings
for waveform saving.

Save settings are also avail-
able for saving settings data
and display images.

TIEERE [eofseve cev]

L[SAVE Keyl

SAVE ey Cpereton [EBEBBRIENI ©

Mame Pattern

[Trigtprafix) -

163112

F

e ;
— ave in [NETWORK #2: ¥
- [rowwe
smetime  [umbers  F
(ISave Typel | waveform B
Format |Binary L]
— 9
Print

we: It chooses the one to save when pushing SAVE key.

Settings for Saving
Screen Images

Make these setting to auto-
matically save Waveform
screens.

Save Type Settings
Select what to save with the
SAVE key.

Display contents depend on
the selections.
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Setting procedures on the Print Settings screen are the same for all functions.
See "Chapter 11 Printing" in the Instruction Manual for details.

Auto Print Settings

Make these setting to print
automatically.

Manual Print Settings

Print Settings Screen [Printer] Page

Select the printing method and printer for automatic or manual printing.
The factory default setting for auto print is [Off].

Auto Print Setti

[Printer.

15:15:30

Set the printing method (Quick
or Selection Print) and items
you want to print when press-
ing the PRINT key.

— Auto Print [FaEl Internal Printer

Printer Density Mormal M
waveform Dersity Sottings...
Feed After Printin ]
Print Qualty Nommal B
I

[Manual Print] External Printer
Output Destination — [pritar 5 Orierttation Fortrait -
PRINT Key Action [electon Pt 5 Margins Cstom g
Left  [lomm [ Rioft [iowm 5
Print GUI area(Screen) [tk ] Top [lomm B Botom[inmm  F
Printing Colors oo B
A4 Size (Report) Jorr ] -

[The automatic print of the measured data.

Print Settings Screen [Print Items] Page

Select the items to be printed (printout contents).

FFT | [@printer

Print ltem Common
Settings

Select the printout type, print
area and horizontal axis dis-
play value.

Waveform Printing

® ———

Settings

Select the items to print when
printing waveforms.

» Grid Type

* List & Gauge

* Print Upper and Lower Limits
* Print Counter

[ B

REALTIME
-

[iGommon Settingsl—————| |-[Numerical Value Print Items]
[TSET| Preout Tvpe Sereen Lk [] Thirning
| Chanrel |
| Trieser |
| shest |
m Print T
Grid Type Hormal -
([Comment Printing Settings} |
List & Gauge off - s [eurss B
Upperflower Uimits o 7 prsteg ,M—'
= ettings -
Counter Printing o
I |
Sav

|

E8

Internal Printer Settings

Set the printer’s print density
and quality.

External Printer
Settings

Set the paper orientation and
margins.

Numerical Printing
Settings

Select the thinning method
for numerical data.

Printing Settings for
Comments, Title and
Settings Data
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3.3 Operation Workflow

3.3 Operation Workflow

( . .
Installation & Connections

"Chapter 3 Measurement Preparations" in the Quick Start Manual

Turn Power On

I

ettings

(S—( Measure with New Settings

Measure with Existing Settings )ﬁ

Settings Screen

SET key

Select with the SUB MENU keys

Settings Screen

SET key

Select with the SUB MENU keys

|

Select FFT analysis

Status

Select FFT analysis

Channel

Set up input channels *1

Sheet

Set the screen layout of the
Waveform screen

Set the screen layout of the
Waveform screen

Ghannel

Trigger

Set trigger criteria *1

Set up input channels *1

Settings for saving *1, *2

Settings for saving *1, *2

g0 ad

Ee0 08

Settings for printing *1, *2

Y

\
be

Print Settings for printing *1, *2
\\
N
‘ START key Set as occasion demands. START key
J
- 3
Recordlr_lg and C Recording Starts )
Calculation . .
Wavef s Calculation occurs after acquiring the
aveform Screen
waveform. ( FFT calculation )
About internal opera- - :
Finished Recordin
tion ( g)
"Trigger Modes and Aver- Finish by pressing the STOP key or automatically
aging” (= p. 60) (depending on trigger settings)
<
Analysis, Saving &
Printing
Waveform Screen Analyze Save Print
"3.9 Analysis with the Waveform  "Chapter 10 Saving/Loading "Chapter 11 Printing" in the
Screen" (= p. 78) Data & Managing Files" in the Instruction Manual
Instruction Manual
_ J

*1. Settings are the same as for the Memory and Recorder functions. Refer to the Instruction Manual for details about

each setting.

*2. When saving or printing manually, settings can be changed after calculation.
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Settings Procedure for FFT Analysis

Function Selection

Opening screen:
Press the F3 [FFT] key.

Waveform screen or Settings screen:
Using the CURSOR keys, move the cursor to the
Function menu, and press the F3 [FFT] key.

Select the FFT function (= p. 51).

FIOKI 8861 MEMORY HICORDER
ystem Unit L
@ Storaee RAM w No | Num | MNeme | FReso | Sampline | Versin
@ tax Unit 8 @1 BB HSpeed 12t 20MS/S
® Losic axa @2 BB H-Speed 2R 20MS/s

Printer Hene @3 BB H-Speed 2R 20MS/s
@Storace Deviee  HDD @4 BB H-Speed 2R 20MS/s

apy None @5 BB H-Speed 2R 20MS/s

9 Kermel Version M @6 9956  H-Speed  12-bit  20MS/s
iz s vl 97 ek dn T

Function menu

FT_ || e Jfookre <] 50He G0ms)
[ = Window _[Rectanulr 3|

[FFTaz) [

b e 15

Ess o oD
100, 0000mY

|-100,0000my
jos

e e ¥
L re—
Motion [independen ~
Speed [Gow 7|
Zoom [5G
&6 [Timebase]
ars T |
s T

Cio

Overall 35.88201

e Specum (01)
[0 00ty

|-30.0000my t gl
(i

[
o~ 5] [vatage

T
[ 1 aomudw [0 S
EIEES Bl=E o | H|

CETI CEC - 12/27/05 15:3136.6 [

[T ToF ISt Tnew 18

Waveform screen

Function menu

Reference

[New Data 7

‘ ‘ Sampling Cock @ INT O BXT pesk [off ]
Grarnel
Frequency Range oo ¥
EUENEY Range [0k Averagng fon g
e samprgromt [ %
Tipe [Time Lnar El
[Toree] Rez(Recording Tirme) 50Hz(20ms)
Number  FC—
Window Exponential El
Cosficient: 5o g Highlicht(ehase) — [on g
Witplcaton s = attenuatonrato fioom
) «1.000(0.0008) &) 10cs
(F]analyze | FESS
No. | Analyze [ col. [ Parameter [chi  Jche [vads Xais [
1 Storage Waveform ] 11 Lin-Mag Linear
2 Linear Spectrum Normal 11 Lin-Mag. Linear
3 RS Spectrum i1 LMy Linear
[El4 Power Spectum 1 Livbag  Linear
[EJ5 Power Spsctrum Density i1 UnMag  Linear
Ir ||| Ele auto correlation 11 Lin-Mag Linear
= @7 sogan 11 g e
H — H 5 1/1 Octave Fitter: Normal 11 Lin-Mag. Log
[T
Il
|z

Settings screen




Measurement Configuration

Settings

Press the SET key to open the Settings screen
Press the SUB MENU keys to select the

Select the input data
Select whether to analyze newly acquired data, or

existing data.

Select the frequency range and number of
points for FFT analysis

4

Select the desired window function
Set the window function to be applied to the input

signal.

Select the peak value display
Select whether to display local or global maximum
result values (maximal/ maximum).

4

Set averaging
If averaging is desired, select the method and

count for averaging.

Set highlighting (attenuation correction rate,
for phase spectrum analysis only)
Select whether a spectrum is to be displayed with
highlighting. If highlighting, sets the attenuation
correction ratio to the maximum value of the power
spectrum (or cross-power spectrum).

¥

Select the analysis type
Select the analysis type, x axis, y axis, waveform
color and channels to be analyzed (up to eight).

Set scaling
Set the display scale of the vertical (y) axis.
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3.3 Operation Workflow

Make settings on the Status Settings screen.

“ F; o e
[FFT] ‘ - N -
1 — | oferene e - .

o Peak -
Ch. Snel & R =
reuency Range
2 | o —
- | Sampling Point 1000 g
Type [Time Lnar -
E=u Rez(Recording Tirme) 50Hz(20ms)
Humber  F
Window |Exponential L
3 ——’ Cosficient: (E—! Hohightphase) o 1
Moo fom % attenuatonrato fioom

(cB) 10 dB.

(Mag) 1.000(0.000c8

Scae

No. [ Analyze [ col. [Parameter [t Jcne  [vais Yaxis [
1 Storage Waveform ] 11 Lin-Mag Linear
[Elz tinear Spectrum Normal 11 Lin-Mag. Linear
[El3 Rvs spectum i1 LMy Linear
[El4 Power Spectrum i1 LMy Linear
[El5 Power Spectrum Density 1 LinMag Linear
Ir [Ele Auto Correlation 11 Lin-Mag Linear
=== E7 rstogem 1 mE e
H — ‘ [Els 11 octave Fitter: Normal 11 Lin-Mag. Log

See "3.4 Setting FFT Analysis Conditions" (= p. 51)

7 —plrmm -
Ho, | Analyze Col, | Parameter chi  |che | vads axis
[FT1 Storage waveform [ 11 Lin-Mag Linear
[El2 unear spectrum normal 11 Lin-Mag Linear
[Flz RS spectrum 11 Lin-Mag Linear
4 Power Spectrum 11 Lin-Mag Linear
[Els Power spectrum Density 11 Lin-Mag Linear
[Fle Auto Correlation 11 Lin-Mag Linear
[El7 Histogram 11 Lin-Mag Linear
[Fle 111 octave Filter: Normal 11 Lin-Mag Log

8 _@kﬂé |
Mo,
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Input Channel Settings Make settings on the Channel Settings screen.

Press the SUB MENU keys to select the

menu 9 Alch ](! Scalng IT variave | Bl Loge |
Press the SHEET/PAGE keys to select the [t ety ikl +—
| Probe l—]] [
[One Ch] page 10 -H H Rt oy = b H

(1158 - 12.5mv)
Couplng [c

9 Select the Unit (module) and Channel m———

v |

10 Select the measurement range (vertical axis)
Make input-module-related settings

“ — ” ] vaibe o 7
* — o0
i

11 Perform zero adjustment e
See "3.5 Selecting Channels" (= p. 69)
* (after warm-up)
12 (As occasion demands)

Set the scaling

Trigger Settings (If you want to record a specific waveform, such as an

swtllz B b BB Eb & |uow

Press the SUB MENU keys to select the Znomaly% - Sett
menu et on the Trigger Settings screen.
"—FFT Trigger Mode Repeat 5 ime . T _ - -
13 Set the trigger mode ;3 | e || Timer Trigger.

Default setting: [Auto] oy —e | TR R
15 ==p - -ll- External
= Trigger
14 Set the trigger criteria (AND/OR) e
* Default setting: [OR] s on Ana|og or Logic Trigger = 16
15 (As occasion demands) Set pre-trigger | oL 7
—
¥ = :
] J
16 Set each trigger source ' le
Default setting: All [Off] Settings are the same as for the Memory function.

See "Chapter 6 Trigger Settings" in the Instruction Manual




17

18

19

20

21

22
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3.3 Operation Workflow

Display Sheet Settings (Configure the Waveform screen display layout)

Press the SUB MENU keys to select the

men:

Select the Sheet No. on which to display FFT
analysis results
(Enter a Sheet name as needed)

4

Select the Display Type

A4

Select the split-screen number for the graph

4

Select the Analysis No. (F1 to F8) to be
displayed
Select the Analysis No. to display on each Sheet.

\

Set on the Sheet Settings screen.
17 -
18

19 -

I s ||

Pt ||

Resets All Sheet Settings.
| et o sonas,

16:19:46

See "3.6 Setting the Screen Layout of the Waveform

Saving Settings (If you want to save data)

Press the SUB MENUSs key to select the

men

Select automatic or manual saving
Specify the saving destination

Set on the Save Settings screen.

Verify that storage media
has been inserted.
When saving manually,
settings can be changed
after measurement.

Default setting:

Auto Save [Off],

Manual Save [Selection
Save]

Select what to save

Jauto

Bosenimas]  for %
=
 —

[The function to save a waveform and a valus operation result automatically whil measring.

(Example: Auto Save)

See"Chapter 10 Saving/Loading Data & Managing Files" in

the Instruction Manual
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Printing Settings (If you want to print data)
Press the SUB MENU keys to select the Set on the Print Settings screen.
ment
Press the SHEET/PAGE keys to select the 23
[Printer] page "
= e |
23 Select automatic or manual printing — ] o
: : OuputDestraton [T Orentation fowt
Verify that the paper is Default setting: = | e R— —1
loaded correctly. Auto Print [Off] e ||| [ e
When printing manually, Manual Print [Selection e (ol D -
settings can be made after Print] -
measurement. =
—

tic print of the measured data.

Press the SHEET/PAGE keys to select the

[Print Items] page See "Chapter 11 Printing" in the Instruction Manual

24 Select what you want to print
Start of Measurement Press the START key. (the green LED lights)
Data acquisition @ [m’] LI\ ssagr ®)

Save & Print (when Auto enabled) STANDBY/ON

End of Measurement Press the STOP key.
Recording stops after acquiring the specified length
(the green LED goes off).

© =)o (=] &

STANDBY/ON

|<-

Press twice to stop immediately.
If [Single] trigger is selected, recording stops automatically
after acquiring the specified data length.

Data Analysis Analysis on the waveform screen.
See "3.9 Analysis with the Waveform Screen” (= p. 78)

Optionally Save and Print Press the SAVE key to save. (Manual saving)
Press the PRINT key to print. (Manual printing)

Power OFF Remove the cables from the measurement object,
and turn the power off.

|<-|<-
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3.4 Setting FFT Analysis Conditions

I 3.4 Setting FFT Analysis Conditions

Basic measurement configuration settings are performed on the Status Settings screen. Measurement

configuration can be performed from the Waveform screen (= p. 67).

n FrT
4@

1 Open the Settings scree

—— MENU ——

2 Menu selection

DISP

FILE [:]

| 3.4.1 Selecting the FFT Function

SHEETIPAG E

SUB MENU

ESC SELECT

YW a N

->

L 6asic]

—

=

Peak

Averaging
Ty
Number

Highight (phase)
Attenuation ratio
(dB)

16:03:51

(N

|

[chz [ vais
Gt

The FFT function can be selected from the Opening, Waveform or Settings

screen.

Function Selection: From the Opening Screen

Operating Key Procedure
41 Ccursor
2 FltoFs

Select the appropriate function.

Move to the desired function.

Opening Screen

I Start Memry Functio’,
|

F3

Function Selection: From the Waveform or Settings Screen

Operating Key

-

2F3

CURSOR

Procedure

Select the FFT function.

(Select from the pull-down menu)

SELECT
CURSOR
ENTER

The pull-down menu appears.

Select the appropriate function.

Accepts the setting.

Move to the function menu (at the top left).

Waveform Screen

freg POk

+| B0Hz 20ms)

Polnt 1000

~ Window I Rectan

100.0000m
Function Menus

[TIEEG }—unctlon
F REC Furction
FFT Function
REALTIME Fur|-tion

Pull-Down Menu

‘ E 1|Starage Waveform (1-1)

Freq |4DkHz ~ 100Hz {10ms)

[ < indow | Rectar
11}
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3.4 Setting FFT Analysis Conditions

| 3.4.2 Selecting the Data Source for Analysis

Select the data to be used for FFT analysis.

Analysis can be applied either to new data as it is measured, or to existing data

(previously recorded to memory).

Selecting Input Data

FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40), To set from the Waveform screen (= p. 67)

1

Operating Key Procedure
Select the input data source.
CURSOR

F1to F8

Move the cursor to the [Reference] item.

Selects the data to be analyzed.

New Data  Acquire a new waveform for analysis.

From Mem Analyze a waveform recorded in memo-
ry.

When finished making settings, press the START key
For the [New Data] case

Measurement starts to acquire data for the number of analysis points
specified as the [Sampling Point], and FFT analysis is performed.

For the [From Mem] case

Analysis is performed on the number of specified points from data
previously recorded in memory (Memory function data).

The analysis starting point can also be specified.

See "3.9.3 Analyzing after Specifying an Analysis Starting Point" (= p. 80)

The frequency range is selected automatically.
See "Relationship Between Frequency Range, Resolution and Number of
Analysis Points" (= p. 55)

@ |
[FFTI]
[ Reference INeW Data ] ]
Sampling Clock (@) INT (_JEXT

Frequency Range |2DkHz -

When the trigger mode is [Repeat] or
[Auto], and the input data [Reference] is
[From Mem]

Analysis is performed until the specified
number of FFT analysis points have been
processed, then the data is shifted by that
amount and analysis repeats until all of the
previously acquired data has been pro-
cessed. (If the amount of data is less than
the specified number of FFT analysis
points, no analysis occurs.)

See "Trigger Modes and Averaging" (=

p. 60)

When no trace is displayed after press-
ing the START key

Analysis is impossible if [From Mem] is se-
lected as the input data source and no re-
corded data exists in the instrument's
memory.

Either select [New Data] as the input data
source, or load the data to be analyzed
before pressing the START key again.
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3.4.3 Setting the Frequency Range and Number of
Analysis Points

About the frequency range and number of analysis points

The settings for the frequency range and number of analysis points determine

the input signal acquisition time and frequency resolution.

The frequency range setting for the FFT function corresponds to the timebase

(time/division) setting of the Memory function. Changing the frequency range

also changes the data sampling period.

See "Relationship Between Frequency Range, Resolution and Number of Analysis
Points" (= p. 55)

The cut-off frequency of the anti-aliasing filter is the same as the frequency

range setting.

The set number of analysis points specifies the amount of data to be analyzed
with each measurement. Increasing the number of analysis points increases the
frequency resolution, but also increases the time required for calculations.

See "Number of Analysis Points" (= p. 105)

When using the external sampling to calculate:

Set the Sampling Clock to [EXT] (External sampling).

In this case, octave analysis, power spectrum density and LPC power spectrum
density are not available.

The following two methods are available for setting the frequency range:
« Using the operating keys
« Using the TIME/DIV key (settable regardless of cursor position)

Frequency Range Setting: Using the TIME/DIV Key FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40), To set from the Waveform screen (= p. 67)

The value changes with each key press.

» O |
[FFTI]
WV TIMEDIV A Reference INew Data -

Sarmpling Clock @) INT ()ExT

Lower frequency Higher frequency [ Frequency Range |2DkHZ—.]

ERLCUL LS L] 1000 &

Rez(Recording Time) S0Hz(20ms)
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Frequency Range and No. of Analysis Points Settings:

Using the Operating Keys

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40), To set from the Waveform screen (= p. 67)

1

Operating Key Procedure
Select the sampling clock.
CURSOR

F1 Select [INT] (Internal). (default setting)

Move the cursor to the [Sampling Clock] item.

Select the frequency range.
CURSOR

F1to F8
(Switch Display: F8)

Move the cursor to the [Frequency Range] item.

Select the frequency range.

8 (default setting), 4, 2 MHz

800, 400, 200, 80, 40, 20, 8, 4, 2 kHz
800, 400, 200, 80, 40, 20, 8, 4, 1.33 Hz
800, 667, 400, 333, 133 mHz

See "Relationship Between Frequency Range, Reso-
lution and Number of Analysis Points" (= p. 55)

Set the number of FFT analysis points.
CURSOR
Flto F8

Move the cursor to [Sampling Point]

Select the number of points for analysis.

(Switch Display: F8)
1000(default setting), 2000, 5000, 10000

See "Number of Analysis Points" (= p. 105)

o |
[FFT]
Reference II‘\.hawData—v
1 sarping Clock @ T OET ——
[ Frequency Range [z = ]
[ Sampling Paint |1DDD 3 ]
Rez(Recording Time) SOHzi20ms )

Frequency Resolution

(during acquisition)

The resolution is affected by settings of
frequency range and the number of
analysis points. Not displayed for exter-
nal sampling.

Normally, select [INT].

To control sampling by an external signal,
select [EXT]

In this case, set only the number of analy-
sis points.

When [From Mem] is selected as the in-
put data source

The frequency range is set automatically
when analysis is started.




Relationship Between Frequency Range, Resolution and Number of
Analysis Points
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Number of FFT Analysis Points

R?_'nge f?:(r;glri]rég};/ TirBzit\)/?se Sampli(r;g 1,000 _ 2,000 _ 5,000 _ 10,000 _
[Hz] [Hz] (MEM) | PO tli?ois?:'uz‘] foninter- t';is‘[ﬂ'“z'] o et t'?oens‘[ﬂjz'] don nter- t'foens‘[’#‘z'] ton nter-
val val val val

8 ML 20 M 5 UUs 50 ns 20k| 50Us 10k| 100 s 4k| 250Us 2k| 500Us
4 M+t 10Mm 10 us 100 ns 10k| 100 us 5k| 200 us 2k| 500 us 1k 1ms
2 M *t 5M 20 us 200 ns 5k 200 us 25k 400 Us 1k 1ms 500 2ms
800 k *L 2M 50 Us 500 ns 2k| 500us 1k 1ms 400 2.5ms 200 5ms
400 k ** 1M 100 us 1us 1k 1ms 500 2 ms 200 5ms 100 10 ms
200 k ** 500 k 200 Us 2 Us 500 2ms 250 4 ms 100 10 ms 50 20 ms
80 k *L 200 k 500 us 5Us 200 5ms 100 10 ms 40 25ms 20 50 ms
40 k 100 k 1ms 10 us 100 10 ms 50 20 ms 20 50 ms 10| 100 ms
20 k 50 k 2ms 20 us 50 20 ms 25 50 ms 10| 100 ms 5| 200 ms
8 k 20 k 5ms 50 Us 20 50 ms 10| 100 ms 4] 250ms 2| 500ms
4 k 10k 10 ms 100 Us 10| 100 ms 5| 200ms 2| 500ms 1 ls
2k 5k 20 ms 200 Us 5| 200ms 25| 400ms 1| 250ms 500 m 2s
800 2k 50 ms 500 us 2| 500ms 1 1s 400 m 25s 200 m 5s
400 1k 100 ms 1ms 1 ls 500 m 2s 200 m 5s 100 m 10s
200 500 200 ms 2ms 500 m 2s 250 m 4s 100 m 10s 50 m 20s
80 200 500 ms 5ms 200 m 5s 100 m 10s 40m 25s 20m 50s
40 100 1s 10 ms 100 m 10s 50 m 20s 20m 50s 10m 100s
20 50 2s 20 ms 50m 20s 25m 40s 10m 100 s 5m 200 s
8 *2 20 5s 50 ms 20m 50s 10m 100s 4m 250's 2m 500 s
4+2 10 10s 100 ms 10m 100 s 5m 200s 2m 500 s Im 1lks
1.33 %2 3.33 30s 300 ms 3.33m 300 s 1.66 m 600 s 666 L 1.5ks 333 U 3 ks
800 m *2 2 50s 500 ms 2m 500 s 1m lks 400 L 2.5ks 200 W 5ks
667 m *2 1.67 60 s 600 ms 1.66 m 600 s 833 U 1.2 ks 333 U 3 ks 166 W 6 ks
400 m *2 1 100s ls iIm lks 500 W 2 ks 200 1 5ks 00 pn 10 ks
333 m *2 833 m 120 s 12s 833 U 1.2ks 416 1 2.4ks 166 W 6 ks 83.3 U 12 ks
133 m *2 333m 300s 3s 333U 3ks 166 W 6 ks 66.6 L 15 ks 333U 30 ks

The cut-off frequency of the anti-aliasing filter is the same as the frequency range.

*1. The anti-aliasing filter is turned off.
*2. Cut-off frequency is 20 Hz.




56

3.4 Setting FFT Analysis Conditions

3.4.4 Setting the Window Function

The window function defines the segment of the input signal to be analyzed.
Use the window function to minimize leakage errors. There are three general
types of window functions:

T aN NG

« Rectangular window ¢ Hann window « Exponential window
¢ Hamming window
¢ Blackman window
¢ Blackman-Harris window
¢ Flat top window

The non-rectangular window functions generally produce lower-level analysis
results. By applying attenuation correction, the attenuation introduced by the
non-rectangular window functions can be corrected to bring analysis results
back to similar levels.

Selecting the Window Function and Correction FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40), To set from the Waveform screen (= p. 67)

1

Operating Key Procedure
Select the window function. B ~ _
[ inclow IExponenUaI v]
CURSOR Move the cursor to the [Window] item. TR (ED =
. . . Muiltiplicati | -
F1to F8 Select the appropriate window function type. [ —— ane
{Mag) »1.000({0,000dE)
Rectangular (default setting), Hanning, Exponen-
tial, Hamming, Blackman, BlackmanHarris, Flat-
Top Correction value
See "Window Function" (= p. 110)
If [Exponential] is the selected type Window [Exponential -
2 [ Coefficient 0% E]
Set the attenuation coefficient (percentage). e
CURSOR Move the cursor to the [Coefficient] item. (Mag) e AT,
F1to F8 Set the attenuation coefficient as a percentage.  For the exponential window function

Setting the attenuation coefficient to 0% results

. . . Noise is suppressed in the attenuated
in the same processing as a setting of 0.1%. PP

waveform. \

. . 100%
Set attenuation correction.

10%
CURSOR Move the cursor to the [Multiplication] item. /\/\/\f\/\f-} \ VAA 47

Fl1to F8 Select the correction method.

. . o
Attenuated window function values are When the attenuation rate is 10%

None .
not corrected. (default setting) For the rectangular window function:
The window function multiplies the power The correction valge & _always 10 c_iB).
S levels of the time-domain waveform so For the exponentlal window function:
that output levels are comparable to those ~ The correction value depends on the atten-
of a rectangular window. uation coefficient.
The window function multiplies the aver-
Average age value of the time-domain waveform so Power correction %/J.ZOO)D or
that output levels are comparable to those (x/100)* -1
of a rectangular window. Average correc-  In( x /100 )
tion (x/100 )-1

x: Attenuation coefficient (%)
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| 3.4.5 Setting Peak Values of Analysis Results

Either local or global maxima ([maximal]/ [maximum]) of the input signal and
analysis results can be displayed on the Waveform screen. However, if Nyquist
display is selected on the Sheet Settings screen, no peak values are displayed.

Selecting Displayed Values FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40)

Operating Key Procedure

Selecting peak value display.

CURSOR Move the cursor to the [Peak] item. [ — — ]
F1to F8 Select the type of numerical value to be dis- — o 5
layed.
play Type ITime-Linear -
Off Not displayed.(default setting) —_—
(local maxima) 1
When the value of data at a point is ] 2
. greater than that of the adjacent points, Maximal
Maximal . . .
that data is considered a local maxima.
The ten largest local maxima are dis- 1
played.
Maximum 3 3
(global maxima)
Maximum Among all data values, the ten points 4 5 6
with the greatest values are displayed.
NOTE « Peak values on the Waveform screen can be displayed and printed, but can-

not be saved as peak values in text files.

« Depending on split-screen settings, there may be insufficient space to display
all ten maxima. In this case, only the number of maxima that can be displayed
are shown, from the largest.

Example: 4-Section Split-Screen

R oo woeom = ol [on < FFT2/2) [4]
[ %] e el ¥ [Cn-ae < % [Unear Bl
|

Tiftorage Waveform {11
e (" wasimum h
1 15.02ms  50.1469mY |

2 20us  50.1125my
3 2.02ms  50.1084mY
4 14.02ms  50.0156mY
5 i0.02ms  49.9306mY
|- 10,0000 Overal 28,3234m |
l0s 20.00ms . J
[F-=[inear Spectrum (1-17
45 000V Masdmum )

1.00kHz 41.1592m\V
3.00kHz 4.6012mt
5.00kHz 1.6599m\
7.00kHz 0.8863mY
9.00kHz 0.5711imv |

[LESATAT

1-5. 0000’y Owverall 29.3234m\
o TR . J
[F-a]Power Spectrum Density (1-1) 4 N\
120.00dE Madirnurn
1 1.00kHz -47.71dB
2 3.00kHz -66.74dB
3 5.00kHz -75.39d8 +
4 7.00kHz -81.05d8
" 5 9.00kHz -84.87dB
L 180.0008 |
e 20.00kHz \_ W,
—gPower Spectrum DILPC) (1-1)
F 4-20DD|:IB'J SR Masdirnum N
1 1.00kHz -48.77dB .
2 1.05kHz -62.57dB
3 950Hz -62.91dB
4 1.10kHz -68.4508
3 S00Hz -69.2608
[-120.00d8 \ Y

[OHz 20.00kHz ‘

Peak value display
From1to5
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3.4.6 Averaging Waveforms

The averaging function calculates the average of the values obtained from multi-
ple measurements of a periodic waveform. This can reduce noise and other non-
periodic signal components. Averaging can be applied to a time-domain wave-
form or to a spectrum.

Averaging Settings FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40)

Operating Key Procedure

1 Enable averaging.

CURSOR Move the cursor to the [Averaging] item. 1 sveraging o

i ; 2 Tye [fmetinear =

Flto F8 Select whether to enable or disable averaging. 3| tume 3lme e .
Off Averaging is disabled (default setting)

. i Highlight (phase) -
On Averaging is enabled. off

2 Select the type of averaging.

CURSOR Move the cursor to the [Type] item. - -
About averaging calculation formulas
F1to F8 Select from the following types: See "Averaging" (= p. 109)
Time-Linear Perform simple (linear) averaging of When averaging and auto saving or

time-domain waveform values. o
auto printing are enabled at the same

Time-Expo- Perform exponential averaging of time

nential time-domain waveform values. Data is saved or printed after the specified
count of values have been averaged.
After calculating the average, changing
the analysis channel does not cause re-

Perform simple (linear) linear aver-
Freg-Linear aging of (frequency-domain) spec-

trum values. calculation.
Frea 0. (o domaim) spectum v
nential q 4 P
ues.
Freq-Peak Retain the maximum value of (fre-
Hold quency-domain) spectrum values.
3 Select the count for averaging.
CURSOR Move the cursor to the [Number] item.
Flto F8 Select the number of measurements to be aver-
aged.
Setting range: 2 to 10,000
NOTE » After measuring with averaging enabled, display is not available when the

channel is changed. Also, when the analysis mode is changed, the analysis
modes that can be displayed are limited.

» When averaging is performed with the analysis mode disabled (Off), no trace
is displayed when the analysis mode is changed after measurement.
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Description  see "Trigger Modes and Averaging” (= p. 60)

When averaging time-domain waveform values

Waveforms are acquired and averaged within the time domain. After averaging, FFT cal-
culation is performed.

When the trigger mode is [Auto]: Data is acquired when the START key is pressed, even
if trigger criteria are not met after a certain interval. So if averaging is applied to an asyn-
chronous signal, the resulting data is meaningless.

Synchronous signals have better SNR (signal-to-noise ratio) and are more suitable for
analysis.

When averaging spectrum values

Acquired data is first subject to FFT analysis. After analysis, averaging is performed within
the frequency range, and the result is displayed. This differs from time-domain averaging
in that averaging can be performed without trigger synchronization. However, if the char-
acteristics of the input waveform allow triggering, using the trigger for synchronization is
recommended.

Spectrum peak hold

After performing FFT calculations on the acquired waveform, peak values are retained
(held) and displayed within the frequency range.

FFT Analysis Modes and Averaging

@®: Settable, x: Unsettable, O: Partially settable

Averaging
Analysis Mode Waveform Averaging Spectrum Averaging
Simple Exponential Simple Exponential | Peak Hold
OFF X X X X X
Storage Waveform o o X X X
Linear Spectrum o o O *2 O *2 O *2
RMS Spectrum o o O *2 O *2 O *2
Power Spectrum o o o [ J [ J
Power Spectrum Density *1 o o o o [ J
Auto-correlation Function o o o o [ ]
Histogram o [ J X X X
1/1 Octave Analysis *1 o o o [ J [ J
1/3 Octave Analysis *1 o o o [ J [ J
Transfer Function ([ J [ J O *2 O *2 O *2
Cross Power Spectrum o o O *2 O *2 O *2
Cross-correlation Function ([ ] o o o [ J
Impulse Response o o { o ]
Coherence Function X X o [ J X
Phase Spectrum o [ ] X X X
Power Spectrum Density (LPC) *1 o [ ] X X X

*1. Not available for external sampling
*2. Not available when the y axis is real (linear) or imaginary (linear), or for Nyquist plots
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Trigger Modes and Averaging

When the trigger mode is [Single]
Measurements continue until the specified number of averaging points is ac-

quired.
(Spectrum averaging) (Waveform averaging)
Start Measurement Trigger FFT FFT
START key criteria met r analysis W r analysis W
Input Awaiting i Waveform acquisi- N ) u ) | End *2
Signal ™ Trigger tion (specified no. Averaging » Display
9% of points)
T When the acquired count < the specified count *
*1. Awaiting trigger continues until the specified count is reached. When the acquired

*2. Measurement stops automatically when the specified count is count = the speci-
reached. If measurement was interrupted by the STOP key, the  fied count
averaging result up to that point is displayed.

When the trigger mode is [Repeat]

Measurement continues after the specified averaging count has been acquired.
When the specified averaging count is exceeded, averaging is repeated and measurement
continues until the STOP key is pressed.

(Spectrum averaging) (Waveform averaging)

Start Measurement Trigger FFT FFT
START key criteria met r analysis Wr analysis W

L Averaging u

T Repeats until the STOP key is pressed

Input Awaiting i Waveform acquisi-
) —p ; —» tion (specified no.
Signal Trigger of points)

—» End*

v

Display

* When stopped before the specified count, the average up to that point is displayed.

When the trigger mode is [Auto]

» For time-domain waveforms:
Data is acquired when the START key is pressed, even if trigger criteria are
not met after a certain interval. So if averaging is applied to an asynchronous
signal, the resulting data is meaningless.

» For spectrum values:
When the START key is pressed, measurement starts. Even if the trigger cri-
teria are not met, the specified amount of data is acquired, and after FFT anal-
ysis, the results are averaged.
When the specified averaging count is exceeded, averaging is repeated and
measurement continues until the STOP key is pressed.

(Spectrum averaging) (Waveform averaging)

After a certain interval,
Start Measurement  acquisition starts even if r FFT _‘ r FFT _‘

START key trigger criteria are not met analysis analysis
Input Awaitin J/ Waveform acquisi- u ) u ) —» End*
Signal —» Tri erg tion (specified no. Averaging »| Display
99 of points)
T Repeats until the STOP key is pressed

* When stopped before the specified count, the average up to that point is displayed.
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3.4.7 Emphasizing Analysis Results (phase spectra

only)

By specifying a setting factor (rate) to be applied to the input signal, the display
of data exceeding the resulting threshold can be emphasized. This feature is
useful for viewing waveforms that may otherwise be obscured by noise.

The reliability of phase spectrum values is poor when discrete Fourier transform
values are extremely small. For example, in the case of a pure sine wave, almost
all phase values at frequencies other than the input frequency result from calcu-
lation errors. By treating the maximum value of the power (or cross-power) spec-
trum of the input signal, P54, as a reference value, data that exceeds that value
multiplied by rate R can be displayed with emphasis.

F-1|Power Spectrum (1-10
20.00d2
10log Ppyax [dB]

10log RPyax [dB] |

Power Spectrum

-180.00dB
OHz

ikt

20.00kHz

F-Z]Phase Spectrum (1-1]

180,00deg
Emphasis ~_| ]
Display lin

-180.00de
OHz

Phase Spectrum

20.00kHz

Setting Phase Spectrum Highlighting

FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen

See Screen Layout (= p. 40)
Operating Key Procedure

1 Enable the highlighting function.

CURSOR Move the cursor to the [Highlight (phase)] item. 1 Hgnight(phase) SR -
Attenuation ratio |1—
F1lto F8 Select whether to enable or disable the highlight- (eB) T —
ing function. 3
Off Emphasis display disabled.(default setting)
On Emphasis display enabled.

2 Set the attenuation rate or attenuation value.

To set an attenuation rate

Attenuation Rate and Value
Attenuation value: A [dB]
Attenuation rate: R

CURSOR Move the cursor to the [Attenuation ratio] item.

Flto F8 Enter the attenuation rate. -A = 10l0g1R
1x108<R<1
0<A<60

To set an attenuation value [dB]
CURSOR
Flto F8

Move the cursor to the [(dB)] item.

Enter the attenuation value.
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| 3.4.8 Analysis Mode Settings

Select the type of FFT analysis, channel(s), waveform display color and x and y

axes.

Analysis Content Settings

FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40), To set from the Waveform screen (= p. 67)

Operating Key Procedure
1 Open the [Analyze] page.

SHEET/PAGE Select the [Analyze] page.

1
(| EmxErz || e | |
. . ||| Mo, | Analyze | col. | Parameter [cht vz | vaus | Kanis |
Analysis Setting Contents —[[E]z Storage Wavefom | 1 Lin-Mag Linear
lH E:E Linear Spectrumm MNormal 1-1 Lin-Mag Linear
Analysis No. 4 | |
Settings can be made from the
ilalcl)gs_, c'ilr copied ggm another 2 3 4 5 6
nalysis No. (= p. 65) Analysis Type Display Color  Channel for Analysis ~ X/Y Axes Dis-
play
2 Select the FFT analysis mode.
CURSOR Move the cursor to the [Analyze] column of the
Analysis No. to set.
Flto F8 Select the analysis mode.
(Switch Display: -
F8) OFF No analysis. 1/1 Octave* Example (= p. 91)
(default setting) 1/3 Octave* Example (= p. 91)
Storage Waveform Example (= p. 85) Phase Spectrum Example (=> p. 95)
Linear Spectrum Example (= p. 86) Transfer Function Example (= p. 96)
RMS Spectrum Example (= p. 87) Cross Power Spec- Example (= p. 97)
Power Spectrum Example (= p. 88) trum P P-
Pow.Spectrum (Power spectrum density) Cross Correlation Example (= p. 98)
2 EETET Example (= p. 89) Impulse Response  Example (= p. 99)
Auto Correlation Example (= p. 90) CONEETEE Example (= p. 100)

Histogram Example (= p. 90)

* Not available with external sampling enabled.

Pow.Spectrum
Density (LPC)*

(Power spectrum density
LPC) Example (= p. 101)

See "3.10.2 Analysis Mode Functions" (= p. 102)

3 Select whether to display the waveform, and its color.

CURSOR
F1to F8

Move the cursor to the [Col.] column.

Select whether the waveform is to be displayed
(On) or not, and its color if displayed.
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(O )i | |
Mo, |Analyze |COI. |Parameter |Ch1 |Ch2 |Yaxis |}(axis |
1 Storage Waveform LA 1-1 Lin-Mag Linear
E:E Linear Spectrum LA I'\.IorrnalI 1-} | Lin-MaP Linlear
I I : : i
4 5 6
Procedure

Operating Key

4 When [Parameter] setting contents are displayed

Set the parameter.

CURSOR

F1to F8

Move the cursor to the [Parameter] column of the
Analysis No. to set.

Select the desired type of analysis or display.

Analyze mode Parameter Setting Contents
. Nerael Analysis results are displayed as amplitude vs. fre-
Linear Spectrum, quency.
Transfer Function, . . . .
Cross Power Spectrum Nyquist Analysis results are displayed as imaginary vs. real

1/1 Octave, Filter: Normal
1/3 Octave Filter: Sharp
1ch FFT
Phase Spectrum
2ch FFT

components.

Enables the octave filter.
See "Octave Filter Setting" (= p. 64)

Calculates the phase of [Channel 1].

Calculates the phase difference between [Channel 1]

and [Channel 2].

Pow.Spectrum

Density (LPC) Order:2 to 64

Larger numerical values make finer spectrum compo-
nents visible.

5 Select the channel for analysis.

CURSOR
F1to F8

Move the cursor to the [Ch1] item.

Select which channel number to use.

6 Set the x and y axes for display of analysis results.

CURSOR
Flto F8

Move the cursor to the [X axis] or [Y axis] item.

Select the analysis result components to display
on the x and y axes.

(Selectable display components depend on the
analysis mode)

See "Analysis Modes and X/Y Axis Display" (= p.

64)

Y-axis display

Lin-Mag Analysis results are displayed as ampli-
tude values.

Log-Mag Analysis results are displayed as dB val-
ues.

Lin-Real The real-number component of analysis
results are displayed.

Lin-Imag The imaginary component of analysis re-
sults are displayed.

X-axis display

Linear Frequency is displayed linearly.

Frequency is displayed logarithmically.
This is convenient when the data of inter-
est is at the lower end of the frequency
range, such as for sound and vibration.

Log

Analysis channel setting

For any of the following analysis modes,
set both channels 1 and 2.

Transfer Function, Impulse Response,
Cross-correlation Function, Cross Power
Spectrum, Coherence Function, Phase
Spectrum (2ch FFT)

To analyze without the influence of
aliasing distortion

The following input modules are recom-
mended for channels to be subject to FFT
analysis:

¢ Model 8938 FFT Analog Unit

Model 8947 Chargh Unit

Model 8957 High Resolution Unit
Model 8960 Strain Unit

To analyze using external sampling

The x axis displays the number of data
points.

For Nyquist display

When the [Nyquist Display] parameter
settings is selected, x- and y-axis display
settings are not available.
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Octave Filter Setting

Filter characteristics comply with tolerance standards for IEC61260 filters.

JL

< =
Normal Sharp
Filter characteristics approximate those Only those spectral component within
of an analog filter. the octave band are used for analysis.

Spectral components outside of the oc-
tave band are totally ignored.

After determining the entire power spectrum, the instrument performs octave
analysis on the spectral bands defined by the above filter characteristics. Analog
filtering is not used for analysis.

See "Octave Filter Characteristics" (= p. 114)

Analysis Modes and X/Y Axis Display

O: Selectable, x: Unselectable

Analysis Mode x2S Y axs N.quiSt

Linear Log Lin-Mag | Log-Mag | Lin-Real | Lin-Imag display
OFF X X X X X X X
Storage Waveform o X 0] X X X X
Linear Spectrum o @) @) (0] (0] (0] (0]
RMS Spectrum (0] (0] (0] (0] (0] (0] X
Power Spectrum (@) (@) o o X X X
Power Spectrum Density (0] (0] o o X X X
Auto-correlation Function o X 0] X X X X
Histogram o X 0] X X X X
1/1 Octave o o o o X X X
1/3 Octave o o o O X X X
Transfer Function o o o o (0] (0] o
Cross Power Spectrum O O O O (0] (6] O
Cross-correlation Function o X 0] X X X X
Impulse Response o X 0] X X X X
Coherence Function o o o X X X X
Phase Spectrum (@) o o X X X X
Power Spectrum Density (LPC) (@) (@) o o X X X

The x/y axes cannot be set when Nyquist Display is selected.
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EIEET [ scoe |

Mo, [ Analyze |COI. |Parameter |Ch1 |Ch2 |Yaxis Hais
El_ itorage Waveform LA 1-1 Lin-rMag Linear
E:E inear Spectrum l MNormal 1-1 Lin-Mag Linear
ES \MS Spectrum l 1-1 Lin-Mag Linear

Move the cursor to the [No.] column of the Analysis to set,

and press F1 [All Settings].

A dialog box appeatrs. Items that cannot be set for the particular analysis mode
are grayed out.

Move the cursor to each item, and select with the F1 to F8 keys.

FET Analyze Settings, - No:l

| Analyze
Ch Mode Chl Chz N X
These are the same as — J1ch FFT <umitt Bjchr Blonitt Blcht ELogMag - ||Linear -
the settlng contents on Color Octave Nyquist Ordler )
the [Analyze] page. |On - JNormaI 5 |N0rmal - |2 g Parameter
- Settings
| [Scale] Lovwver Upper Urits
These are the same —{ | [auto BIE [o 4B
asthe setting contents | |
on the [Scale] page.
To copy settings between Calculation Nos.
Mo, [ Analyze |COI. |Parameter |Ch1 |Ch2 |Yaxis Hais
El_ torage Waveform LA 1-1 Lin-Mag Linear
inear Spectrum LA Mormal 1-1 Lin-Mag Linear
\MS Spectrum é 1-1 Lin-Mag Linear

1
Select the Analysis No.
of the copy source.

Select the contents to
copy.

Move the cursor to the [No.] column of the Analysis to copy, and
press F2 [Copy].

A dialog box appears.
Make settings in the dialog with the F keys or dialog buttons.

Copy 5ettings

Select the Analysis No. of
the copy destination.

’—Copy Source ~Gopy Destination
IND- 1 E - | DR Select Al
[ MNo.2
opy Contents— [ MNo.3
| Analyze [ o4
I cal. [CIMNo.6
v Scale ClHa.7
[ Cormmert [ Ho.&
Copy Cancel
3 4

(or F7 [Copy])).

Make the desired settings, and click Copy
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3.4.9 Setting the Display Range of the Vertical Axis

(Scaling)

The display range of the vertical (y) axis can be set to automatically suit analysis
results, and can be freely expanded and compressed.

Vertical Axis (Scaling) Setting

FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Status Settings screen
See Screen Layout (= p. 40)

1

Operating Key Procedure
Open the [Scale] page.
SHEET/PAGE Select the [Scale] page.

1

=

Analysis Setting Contents

Manu

=70m 20m

i
[Flz  auto

Cormment

CalculatonNo. — ™7 |
Settings can be made from the dia-

logs, or copied from another Analy- 2 3
sis No. (= p. 65)

Select automatic or manual scaling of the y-axis display.

CURSOR Move the cursor to the [Scale] column of the
Analysis No. to set.
Flto F8 Select the scaling display type.

Scaling of the vertical (y) axis is automatical-

Auto ly set according to analysis results. (default
setting)
Scaling of the vertical (y) axis can be set as
desired, to suit the purpose of the measure-

Manu

(manu- ment.

al) This is useful for magnifying or reducing the

displayed amplitude, and for shifting the dis-
played waveform up or down.

When [Manu] is selected

Set the upper and lower limits to display.

CURSOR
F1to F8

Move the cursor to the [Lower] or [Upper] item.

Set the upper and lower limits to display the anal-
ysis results.

Setting range: -9.9999E+29 to +9.9999E+29
(with exponent from E-29 to E+29)

To enter a comment for an analysis result

CURSOR
F1

Move the cursor to the [Comment] item.

Enter your comment.

The entry method is the same as for channel

comments.

See "5.2.2 Adding Channel Comments";"Comment
Entry Example" in the Instruction Manual

4

About displayed units (y axis)

The selected units for the scaled channel

are displayed. When scaling is disabled

[Off], the measurement range units are

displayed.

To convert to other units, set the scaling

units on the Channel Settings screen.

See "5.4 Converting Input Values (Scal-
ing Function)" in the Instruction
Manual

Input values can be converted to dB.
See "Scaling" (= p. 71)

To display comments on the Waveform
screen

Enable the [Comment] setting on the Sys-
tem Settings screen.

When comments are entered on both the
Channel Settings screen and the [Ana-
lyze] page, both comments are displayed.
When no channel comment has been en-
tered, unit (module) and channel number
are displayed.

[F_1]Power Spectrum =— Channel Comment

' ment

%g.%nsdoé . ‘ ‘ (when not set)
NJM l [Scale] Page Com-

-180.00dE
O0Hz
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3.4.10 Setting and Changing Analysis Conditions on
the Waveform Screen

The following settings can be made on the Waveform screen.
Press the SUB MENU keys to switch the displayed measurement items.
Changes to the displayed analysis results become effective when the settings
are changed.
« [FFT(1/2)]
Available settings are frequency range, number of analysis points, type of win-
dow function, trigger mode and pre-triggering
« [FFT(2/2)]
Available settings are analysis number, analysis mode, waveform color, analy-
sis channel and x/y axis display type
e [Trigger]
Available settings are trigger number and analog trigger settings

To change the analysis number to be displayed on the current Sheet, press the
F5 [Channel Set] key in the FN mode, and make settings in the dialog (= p. 68).

s 7

Changes can be made to frequency range, number of analysis points, type of window function,
trigger mode and pre-triggering

1 Press the SUB MENU key to display
— Frequency Range (= p. 53) [FFT(1/2)].
Select whether to sample from an internal
2 Usethe CURSOR keys (input module) or external (External Control
to move the cursor to terminal) source.

each setting item, and
select your choice Select the frequency range (133 mHz to 8 MHz).

with the F keys.
Frequency Resolution (during acquisition)

FFT || Frea [[20kH: +| B0Hz20ms) I FFTU/2) ||

[ @ JPaint [1000 <] Window  [Rectaneular N I™ EX 3 Hfade -[[o% ) 2]

FFT Window Function Type Trigger mode and Pre-trigger

(= p. 56) Select the trigger mode and pre-triggering (same as
for the Memory function).

Trigger Mode: Single, Repeat, Auto

Pre-trigger: -100 to 100% (1% or 1div step)

(1000, 2000, 5000, 10000) See "6.3 Setting the Trigger Mode" and "6.5 Pre-
Trigger Settings" in the Instruction Manual

Number of Analysis Points (= p. 53)
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y

&

Changing analysis number, analysis mode, waveform color, analysis channel and x/y axis display
type

1 Press the SUB MENU key to display

__ Analysis Number (= p. 62) [FFT(2/2].

This is linked to the setting on the [Analyze]
2 Usethe CURSOR keys page of the Status Settings screen.
to move the cursor to
each setting item, and
select your choice

with the F keys.

Analysis Mode
Waveform Display On/Off

Waveform Color

' FFT@/2) '.'

FFT |rF—‘I Elstorage ‘Waveform A Col. IOn -
il & 1 [Oeiet Elfoh g ¥ [Lin-Mae 3 X |Linear - j
L | L ]

I I
Analysis Channel X and Y Axis Display Type

(

Changing Analog Trigger Settings

See "6.12 Making Trigger Settings on the Waveform Screen" in the Instruction Manual

1 Press the SUB MENU key to display
2 Usethe CURSOR keys to move the cursor to each setting [Trigger].

item, and select your choice with the F keys.

(When using Level Triggering) Type of Analog Trigger

Trigger No. Trigger Level
The display differs | | - 3
accordirfg yto the FFT ul INo 1 %ILeveI I ID\.f ] Event I1 Trigeer L
e N L L -
type of analog trig

gering.

Unit and Channel No. for this trigger Slope Filter

-

Changing the Analysis No. for Display

This setting is the same as that on the Display page of the Sheet Settings screen.

See "3.6 Setting the Screen Layout of the Waveform Screen" (= p. 72)
3 Select [FFT].

— uENy

FT [P 7 Eftres soecven
Oel  pogpr s
= B veform (1-1)

MO, LEnalyze LQraph | |
Lson.000w 1 - Gl Storage Waveform
s 2 G2 Linear Spectrumm
B 3 a3 RMS Spectrum
4 G4 Power Spectrum
5 G1
 — I3
ctvvum (5Y) 7 a
g €

35, ncAnnm

|15, 0000mY
oz

|
5 Select the graph(s)
for display.

‘Ower Spectrum (1-1)

120.00c8

=T TR -+ 01/05/ 06 11:05:51.38 I

1800008
oz

2

[ st [hew

(FN: FUNCTION MODE)

4 Select the Analysis Nos. for display
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Selecting Channels

Channel selection is the same for all functions. The setting examples here
describe operation with the Model 8957 High Resolution Unit.

Channel Settings [MEM [ REC ]

To open the screen: Press the SET key — Select with the SUB MENU keys —Channel Settings screen
See Screen Layout (= p. 41)

Operating Key Procedure
SHEET/PAGE Select the [One Ch] page.

Select the module (Unit) and channel number to be set.

CURSOR Move the cursor to each [Unit (no.)] and [Ch
(no.)].
F1to F8 Select the module (Unit) number (Unit 1, 2, ...)

and channel. (The type of the selected module is
indicated beside the [Unit].)

Verify the module type and measurement mode to be set.
Verify that the [Mode] is set to [Voltage].

Set the measurement range.

Move the cursor to the [Range (/div)] item.

CURSOR

F1to F8 Set the vertical axis (voltage axis range).

5m, 10 m, 20 m, 50 m, 100 m, 200 m, 500 mV/div,
1, 2,5, 10, 20 V/div

The setting is the amplitude per division on the
vertical axis.
This setting can also be made with the RANGE/

POSN knobs.

Select the input signal coupling method (as occasion
demands).

CURSOR Move the cursor to the [Coupling] item.
Flto F8 Select either choice.
DC Coupling
DC Select this to acquire both DC and AC compo-
nents of an input signal.
Select this to eliminate any DC component
AC from an input signal. Use this to measure only
the ripple component superimposed on pul-
sating current.
GND The input signal is disconnected. Zero posi-

tion can be confirmed.

Module (Unit) No. Channel No.

| FFT ”ﬂl k5 comment |8 aich [
— (= 3P 32 |

! Units %
[channet ] ‘

400-H

Comments can be entered for each

channel.

sl ch | B scaing A7 variable
G 1

[ |

3 [[Module]—High Res(16-hit] | - Zero-Adiust

Mode voltage l_
|
4 [Range(fdiv) 20y ]

I f1CE = 12 Emul
5 (Coupling

)
| LPF 3

Off

o]
|

Probe

BAF

B ¥

Measurement Mode
When using an input module that can pro-
vide multiple types of measurement, select
the type of measurement to be performed.

See "3.10.2 Setting Input Coupling" in
the Input Module Guide
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Operating Key

CURSOR
F1to F8

CURSOR
F1to F8

Procedure

Set low-pass filtering (as occasion demands).

Move the cursor to the [LPF] item.

Set the low-pass filter in the input module.

(For Model 8957) OFF, 5Hz, 50Hz, 500Hz, 5kHz,
50Hz

Select the probe attenuation.

Move the cursor to the [Probe] item.

Select according to the connection cables being
used.

Select when measuring using Model 9197,

11 9198 or 9217 Connection Cords.

10:1 Select when measuring using the Model
’ 9665 10:1 Probe.

100-1 Select when measuring using the Model
’ 9666 100:1 Probe.

1000:1 Select when measuring using the Model

9322 Differential Probe.

8 Set the anti-aliasing filter.

CURSOR
F1to F8

Move the cursor to the [AAF] item.

Select either choice.

The anti-aliasing filter is disabled.

Sl (default setting)
The anti-aliasing filter is enabled. (When the
On external sampling is used, the anti-aliasing fil-

ter (AAF) is not available.)

9 Perform zero ad

CURSOR
F1

justment (after warm-up).

Move the cursor to the [Zero-Adjust] button.

Select [Execute].
When executed, all channels are zero adjusted.
(Except in the Model 8958 16-Ch Scanner Unit)

10 Perform Offset Cancel (as occasion demands).

CURSOR
F1

Move the cursor to the [Offset Cancel] button.

Select [Execute].
When executed, only the selected channelis cor-
rected.

[Module]—High Res(16-bit) - Zero-Adjust | Offset
Mode Woltage -
|1:1

Range(/div) (a0 ] Im

(1LSE = 12.5mV)
D L

[of &

Probe
AAF

Coupling

6 [LPF

ment ]

9 10
ile]—High Res(16-hit) [.‘ Zero-Adjust D[Offset Cancel ]_
Woltage z
I 7 [ Probe 11 ,]

a8 (4 [TI—-)

About low-pass filtering

See "3.10.3 Low-Pass Filter (LPF) Set-
tings" in the Input Module Guide

About probe attenuation

Matching the probe attenuation setting to

that of the input channel's probe enables

automatic conversion of voltage axis

range measurements for direct reading of

numerical values.

See "3.10.15 Probe Attenuation Selec-
tion" in the Input Module Guide

Anti-Aliasing Filter
Enable to prevent aliasing distortion.

See "Anti-Aliasing Filters" (= p. 107)

About zero adjustment

Adjusts the zero position of an input mod-

ule. Warm-up time depends on the type of

input module.

See "3.10.17 Executing Zero Adjust-
ment" in the Input Module Guide

About offset canceling
Executing Offset Cancel when using a
sensor corrects for external signal bias.

See "3.10.18 Executing Offset Cancel-
lation" in the Input Module Guide
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3.5 Selecting Channels

Scaling

The scaling setting allows values displayed on this instrument to match the
actual values read directly on a sound level meter or vibration meter.

Without Scaling Fawer pecim (11)

MWVWW
Dz

20.00kHz

Overall -5.9508 |

With Scaling

F-1JPower Spectrum (1-1)
120.00dB

-80.00ce Overall 94,0008
OHz 20.00kHz

I ‘ ‘

Setting example: To display measurement data on this instrument
so that it corresponds to that on a sound level meter.

In a case where a sound level meter displays 94 dB and the overall value
displayed on the Waveform screen of this instrument is -5.95 dB.

85ao ]
2l 3202
9408 Overall: -5.95dB
Il —
Lc 94.0&3 . Eﬁag See "Overall Value"
- © (= p. 109)

[ ocooooo | ]

Sound Level Meter

-[s.:anng]—:q_,_,,_,,, ————1 Select [On].
Farmat  |pecimal ] Lriits I\,r
: T3 Mt | r—— H
' () Ratio 'L< 2 Select [Ratio].
[ Ratio ] ] offiet [
WpUL L S0, — Scale 1 |4.9?13k
Input 2 @T —~Scale2  [qo7iak

3 Move the cursor to [Ratio], and press the F7 [dB] key.
The dB Scaling dialog appears.

|

dB Scaling
[ .
e — = 4 Enter the (overall) value “-5.95" dis-
|1\.f - |99.425k\.f | ;
played on the instrument.
[dB]
F=® - EENEG — 5 Enter the value "94" (from the sound
level meter) that you want to read
| Exec | Cancel | directl Y.

6 Activate scaling.

Scaling is performed automatically, and the corresponding values
appear in the conversion ratio fields.
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3.6 Setting the Screen Layout of the Waveform Screen

3.6 Setting the Screen Layout of the Waveform

Screen

Measurement data can be split and displayed on up to 16 sheets on the Wave-

form screen.

Assigning the Results of FFT Analysis to a Sheet

FFT

To open the screen: Press the SET key — Select with the SUB MENU keys —Sheet Settings screen
See Screen Layout (= p. 42)

1

Operating Key Procedure

Sheet Assignment.

CURSOR Move the cursor to the [Sheet 1] item.

Flto F8 Select the number of the Sheet to set.
CURSOR Move the cursor to the [On] or [Off] item.

Flto F8 Select whether to display the selected sheet on

the Waveform screen.

Off The selected sheet is not displayed.

On The selected sheet is displayed.

Enter a Sheet Name (if you want to change it).

CURSOR Move the cursor to the [Sheet Name] item.

F1lto F8 Enter a name. (up to 8 characters)
(When you enter a sheet name other than the de-
fault, it is displayed to the right of the waveform.)

Select the Display Type.
CURSOR Move the cursor to the [Display Type] item.

Flto F8 Select the type of data to be displayed.

The display type depends on the input data se-
lected for analysis.

Displays a plot of FFT analysis re-

FRT sults.
(When the analysis mode is Linear
Spectrum, Transfer Function or
Nyquist Cross-Power Spectrum)

The real-number part is displayed on
the x axis, and the imaginary part on
the y axis.

Analysis results and the Nyquist plot

N .
AR are displayed at the same time.

A memory waveform and FFT analy-

*
Wave+FFT sis results are displayed.

The Memory waveform and Nyquist

1 *
Wave+Nyquist plot are displayed at the same time.

* Input data source [Reference]: selectable only
when [From Mem] is selected.

4 Select split-screen display (as occasion demands).

The number of possible screen partitions depends on the selected

display type.
See "Display Types and Split-Screen Settings" (= p. 74)

1

_[shest 1 ~/Jon &
Sheet Namez—
Display TYDBJFFT—'

—‘Split-Screen_dlGraph—v [

To use an existing memory waveform

for analysis

Select [From Mem] as the input data

source [Reference].

See "3.4.2 Selecting the Data Source
for Analysis" (= p. 52)

To specify the analysis starting point

Specify the starting point on the memory

waveform.

See "3.9.3 Analyzing after Specifying
an Analysis Starting Point" (= p.
80)




Operating Key

5 Select the data to display on the Sheet.

SHEET/PAGE

CURSOR
F1to F8
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3.6 Setting the Screen Layout of the Waveform Screen

Procedure

Select the [FFT] page.

Linear Spectrum

Move the cursor to the [Analyze] column.

Select the desired calculation number for display.
(This becomes the Analysis No. setting on the
Status Settings screen.)

The analysis mode
is displayed.

(When using split-screen display)

CURSOR
F1to F8

Press the DISP key to display the Waveform screen.
The displayed sheet changes each time you press the SHEET/

PAGE keys.

Move the cursor to the [Graph] column.
Select the Graph number to be displayed.

Waveform screen
[s1 |

The sheet number is displayed.

@ When “Drawing failed”

* NG: Nyquist Display¥
There is a mismatch between the display type setting on the Sheet Settings
screen and a parameter setting on the Status Settings screen.
The normal display and Nyquist display cannot be combined. To display both,
set the display type to [FFT+Nyquist].

* NG: X-Axis Setting
Increase the number of split screen sections, or change the x-axis display.
Linear x-axis and logarithmic displays cannot be combined in the same graph.

* NG: Analysis Mode Error
Octave analysis (1/1 or 1/3) cannot be overlaid with another analysis. Increase
the number of split screen sections, or set display on another sheet.
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3.6 Setting the Screen Layout of the Waveform Screen

Display Types and Split-Screen Settings

Fourteen display arrangements are available.

1 Graph 2 Graphs 4 Graphs 4 (Print 8)
GL & o1
FFT G1 = 22
G2 an =
Gl| G2 Gl| G2
Nyquist G1 Gl | G2
G3| G4 G3| G4
FFT FFT
FFT+Nyquist Nyquist Nyquist |Nyquist
G1 Gl | G2
ANALOG ANALOG
Wave+FFT * FET G1 FFT G1
FFT G2
ANALOG ANALOG
Wave+Nyquist* Nyquist Nyquist | Nyquist
G1 Gl | G2

* Selectable only when the [Reference] setting on the Status Settings screen is [From Mem].
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3.7 Saving Analysis Results

I 3.7 Saving Analysis Results

The saving procedure is the same as for the Memory and Recorder functions.

See "Chapter 10 Saving/Loading Data & Managing Files" in the Instruction Manual

The size of saved files depends on the file format.
See "Appendix 2.2 Waveform File Sizes" in the Instruction Manual

When FFT Analysis Results are Saved as Text

A file is created for each analysis mode. One of the following text strings is

appended to the file name.

Example: When the Name Pattern setting is [Trig (prefix)] and the save

name is “TEST”

150000_051201_TEST_LIN.TXT
(15:00:00, Dec. 1, 2005, “TEST” Linear Spectrum text data)

Analysis Mode Ez\ﬁe Analysis Mode Ez\ﬁe
Storage Waveform STR Cross Power Spectrum CSP
Linear Spectrum LIN Cross-correlation Function CCR
RMS Spectrum RMS Impulse Response IMP
Power Spectrum PSP Coherence Function COH
Power Spectrum Density PSD Phase Spectrum (1ch / 2ch) PHASE
Auto-correlation Function ACR Power Spectrum (LPC) LPC
Histogram HIS 1/1 Octave 11 OCT
Transfer Function TRF 1/3 Octave 1 3 OCT

Text Saving Example

"COMMENT","8861 FFT DATA" <«
"DATE","12-02-2005" <—

“TIME","20:07:36.590"
"NUM_SIGS"2 <€—

"INTERVAL",2.00000E-005 <—|

"HORZ_UNITS","s" <+—

"VERT_UNITS""s","V" g—

"SIGNAL","X-Axis","STR(ch1_1)"

d—
‘

"DATA"
+0.00000E+000,+5.6250003E-004 <

+2.00000E-005,+8.9812502E-002

+4.00000E-005,+1.7768751E-001

+6.00000E-005,+2.6275000E-001

+8.00000E-005,+3.4381253E-001

+1.00000E-004,+4.1900003E-001

I+1.20000E-OO4,I+4.8768753E-001 |
| |

l l

X axis values Y axis values

Line 1: Comment
If a titte comment was entered, it is displayed
here.

Lines 2 to 3: Trigger Time

Line 4: Number of data series (signals)
Line 5: Data interval of x-axis

Lines 6 to 7: Measurement Result Unit

Line 8: Signal Name

If a comment was entered for each data item, the
comments are displayed.

From Line 10: Measurement Data
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I 3.8 Printing Analysis Results

The printing procedure is the same as for the Memo

Example of Waveform Printout

B

L : 8
e s N :
—

s
[

e
T
———

—

e
L
—
—_—

:
L

VoY
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3.8 Printing Analysis Results

Example of Numerical Value Printout

FFT °95-12-21 19:26:28.67

F-1 Linear Spectrum : Yaxis : Lin-Mag Xaxis : Log (Overal1)261. 762V
3 156Hz __S.768n
550H: 6.698m
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3.9 Analysis with the Waveform Screen

3.9 Analysis with the Waveform Screen

| 3.9.1 Selecting the Display Method

The display of FFT analysis data can be switched between waveform and numerical views.

Press the DISP key repeatedly to change the display method.
Pressing the DISP key opens the Display dialog in which to select a display method. Selections in this
dialog are available using the F keys.

Press the ESC key or an F key to close the dialog.

P [T e Veeom < ool [on < W
Elie] 1 pw Eon §

ESan faeom a0
10,0000V

|-100.0000my
jos

16:41:10

’i

Overall 35,8425V,
20.00ms|

ear Spectrum (1-1)

=
170.0000mY

|-30,0000my
oz

Overall 35,8425V
20.00kHz|

‘Ower Spectrum (1-1)
120.00c8

=

1800008
50z

Overall 28,918
20,00k

e
g
i

“Th01/05/06 16:09:30.15 [ [

[FFT]
Normal Display

NOTE

J|—

=]

DISPLAY dialog

|-100.0000mY
i

[Fiftorage Wavetom (1-1)
1100,0000my

Overal 35.842¢ §v
20.00ms|

170.0000mY

DISP key

inear Spectrum (1-1)

-30,0000m
oz

Overal 35.8425m
20.00kHz|

—gJPower Spectrum (1-1)
20,00

180,000
lS0Hz 20,00kHz|

Overal-28.91 .

=
il

TEETANIS

Display Method
(Select by F keys)

The content of dis-
played information can
be switched.

[FFT + Info]
Split display showing FFT
waveforms and information
separately

Overall values displayed.
See "Overall Value" (= p. 109)

When the display type on the Sheet Settings screen is [Nyquist], [FFT+Nyquist]
or [Wave+Nyquist], the display cannot be switched.
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3.9 Analysis with the Waveform Screen

3.9.2 Selecting Gauges and Values

Display of upper and lower limits and peak values [maximal/ maximum] can be selected by analy-
sis number. However, selection is not possible when Nyquist display is enabled.

Press the FUNCTION MODE key to enable the FN mode, then press F2 [Gauge & Value].
The Gauge dialog appears.

Select an analysis number as occasion demands to display gauge and measurement values.
Press the ESC key or the F8 [Close] key to close the dialog.

— MENU

FT [ fiea 00 5 soreone o/ [
Bl Jrom [0 widow [Focomeom 3 O - - -

[ faeom D)
100, 0000mY Madmum
1 1

5
&
[vigw]
o [T
ez 3

Close.

FFT || Freg [[20kHz ~| 50Hz 20ms}

" & | Point 1000 ~| Window |Rec:tangular -

|-100,0000my
jos 20.00ms|

e Specum (21)
[0 00ty

|-30,0000my
S0z

20,00k

[ mst [hew 18

(FN: FUNCTION MODE)

[Reay—— Imi  |Gaieoietn |

When the analysis number that was set
on the Status screen is selected, upper
and lower limits and the local maxima
values are displayed.

Close

GAUGE&VALUE dialog
Using the CURSOR keys, move the cursor into the dialog and
select the channels for which to display a gauge.
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3.9 Analysis with the Waveform Screen

3.9.3 Analyzing after Specifying an Analysis Starting

Point

A starting point for FFT analysis can be specified on an existing memory wave-
form before analyzing.

The procedure depends on the Trigger Mode setting.
See "Trigger Modes and Averaging" (= p. 60)

» When the Trigger Mode is [Single]
Analysis is performed once on the specified number of analysis points begin-
ning with the specified starting point, and analysis results are displayed.
This is convenient for analyzing only a specific range. However, if averaging is
enabled, analysis repeats for the specified averaging count.

» When the Trigger Mode is [Auto] or [Repeat]
Analysis is performed repeatedly on the specified number of analysis points
beginning with the specified starting point and ending with end of waveform
data, and final analysis results are displayed (because analysis is only per-
formed on the specified number of analysis points, final analysis results may
be determined and become available before the end of the waveform data).

The starting point can be specified by one of the following methods:

(1) Verifying the analysis starting point while viewing analysis data

(= p. 81)
The memory waveform and analysis results are displayed at the same time on
the Waveform screen (Sheet Settings screen: Display type [Wave+FFT] or
[Wave+Nyquist]) and the analysis starting point is specified on the memory
waveform.

(2) Performing FFT analysis after specifying a starting point on an existing
memory waveform using the A/B cursors (= p. 83)

The analysis starting point is specified using the A/B cursors with the Memory

function. If the cursors are not displayed, analysis begins at the start of the data.

The starting position cannot be verified while the FFT function is enabled.




Procedure 1.

[T ] e sic |
e

T Bl T T =3
| [LE-F]
i N 7 f\ s
| | | | .' r
| BURE
b [ =i
TR0 e e "
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3.9 Analysis with the Waveform Screen

Verifying the analysis starting point while viewing analysis data

1 Display the waveform to be analyzed.

2 Select the FFT function (F3 [FFT]) to display the Status Settings

screen.

STPING Cioc T =4 Peak lw—.
| Charnel | . .
requency Range 3
AueNey Rangs. [aokHz Averagig Jor ]
[ ieser| Sampling Point [1000 ]
\ Shest \ Rez(Recording Time) S0z (20rms)
Window Rectanguiar -
Hihightphase) — [o ]
Multipication e g
(Mag) *1,000{(0.000dB)
Em FE=D
No. | Anayze | col. | Parameter [t Jenz Jvas Xanis
[Fl1 Storage waveform 11 Lin-Mag Linear
[Elz storage waveform 1z Lin-Mag Linear
[El3 Linear Spectrum Iormal -1 Lin-Mag Linear
[Fl4 Linear Spectrum Marmal 1z Lin-Mag Lingar
s off
& Off
7 o
Bdt |t

shest 1 = fon /-

Shest Name

Reset Chs... Reset Graphs

[Mo. [Anavze [Grapn |

Display Type:

rSpiit-Sereen—lywayes 2FFT 7

R

G2 Storage Waveform
Gl Linsar Spectrum
G2 Linsar Spectrum

3 Set the analysis input data source to [From

Mem].

Set analysis conditions such as the analysis mode
and number of analysis points (these can also be
set on the Waveform screen).

4 Press the SUB MENU keys to display the Sheet Settings screen.

B Set the display type to [Wave+FFT] or

[Wave+Nyquist].

To use split-screen display, set graph assign-
ments on the [FFT] page.

Press the DISP key to display the Waveform screen.
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3.9 Analysis with the Waveform Screen

mnn < Window  [Rectangular < [bag <1 H[pute <o

mzuw 50Hz 2ime) FFTA/2)
Bl =
3

> - chponn

/\I Memory Waveform
\ ]

30.00ms \/ 40.00ms \/ ‘

10.00ms

—

20.00ms

The analysis segment of the mem-
ory waveform for one pass is dis-
played.

L [ cursor Speed: HIGH |

I CE— =5

demands.

Analysis segment for one pass (the number of analysis

points)

7 Specify the location of the analysis input

data using the jog and shuttle controls.

SCROLL

A/B CURSOR

TYPE

speed.

Jog
Moves the analysis starting point.

- Shuttle
Scrolls the Memory waveform.

L Press the SPEED key to adjust the movement and scrolling
8 Select analysis conditions as occasion

The setting can be changed at the top of the Waveform screen.

The range is determined by the number of analysis points.

If the analysis range (number of points) is larger than the memory waveform as
To change the number of - ghown below, analysis is not performed.

analysis points

WINAARWA

Analysis Segment Display

At the top of the Waveform screen, set the trigger mode to [Single], so that only the
currently displayed analysis segment will be analyzed.

When the trigger mode is other than [Single], analysis continues for the specified
number of analysis points, or to the end of data. To interrupt analysis in progress,
press the STOP key.

To analyze only a certain
portion

To change analysis condi- Press the SUB MENU keys to select [FFT (1/2)] or [FFT (2/2)], and change the set-

tions tings.

l 9 Press the START key to begin analyzing.

FET_ ][ Freq JPOkE = B0Hz20ms) FFTa/2r [
| & [ront [1000 < Window [Rectaneular = [ Mag [X 1 - b e

C]

Eau 5 - 26p2Ems

/)

10.00ms 20.00ms

30.00ms 40.00ms \/

Analysis Starting Point

50, 0000; Overall 30.7776m|
0s. 20.00ms|

4
Tstorage o (1]
=

Jistogram (1-1)
40

Overal 30.7776m¥|
100.0000m!

o
|-100.0000m!

Shows the last analysis segment.

Analysis results are displayed on the lower graphs.

When the trigger mode is [Auto] or [Repeat], the num-
ber of analysis points up to the end of the waveform
data is analyzed, and the last data is displayed.

Shows the number of times analysis was performed.
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3.9 Analysis with the Waveform Screen

Procedure 2. Performing FFT analysis after specifying a starting point on an
existing memory waveform using the A/B cursors

[T

Ll & [ snet |5 < B0ms

'__-“.:.-:.r.-n:- (a0}
MEM Zme/dvt < 2nus/s 1 < 2ms/div

Zoom|[ 2 ~ Tms/div

i

Wotion [f-azganden =
e
e Fer T
PO |
cra B §
s g8

Exec | [ Cose |

||

i}

L

1 Display the waveform with the Memory func-
tion.

2 Press the TYPE key and select [Vertical] or
[Trace].

S
A/B CURSOR AB
A28

50Q

TYPE key A/B knob

3 Specify the analysis starting point with the A/B
knobs.
When both A/B cursors are enabled, the analysis
starting pointis determined by the earliest (leftmost)
cursor. The length of the waveform segment for FFT
analysis cannot be specified using the cursors.

4 Select the FFT function (F3 [FFT]) to display the Status Settings

‘ [T |ET casic |
[EELL ‘
[ Stowe || EXENET— ‘
——
Samping Clack NT EXT Peak [amom 4
| Charnel | . .
requency Range 3
AueNey Rangs. [aokHz Averagig Jorr ]
[ ieser| Sampling Point [1000 ]
\ Shest \ Rez(Recording Time) S0z (20rms)
Window: Rectanguiar -
Hihight(phase) — [o ]
Multipication e g
(Mag) *1,000{(0.000dB)
Eanatyzc | FEEE
No. | Anayze | col. | Parameter [t Jenz Jvas Xanis
[Fl1 Storage waveform 11 Lin-Mag Linear
[Elz storage waveform [A] 12 Lin-Mag Linear
[El3 Linear Spectrum Iormal -1 Lin-Mag Linear
[Fl4 Linear Spectrum Marmal 1z Lin-Mag Lingar
s off
& Off
‘ i ‘ 7 off
| et | 8 off
Exit

5 Set the analysis input data source to [From
Mem].

Set analysis conditions such as the analysis
mode and number of analysis points (these can
also be set on the Waveform screen).

6 Press the DISP key to display the Waveform screen.
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3.9 Analysis with the Waveform Screen

FET_ ][ Freq JPOkE = B0Hz20ms) \rrm/z)E
| & [ront [1000 < Widow [Rectangular = T[acte < 0% 2

Jtorane Wavetarn (117
50. 0000/

i Overal 30.7776m|
los 20.00ms
Jistogran (1)

40

Overal 30.7776m|
00. 00

o
|-100.0000m! 00

“T81.101/05/'06 16:73:14.51 | [ [Mst [mem

7 Make other settings as occasion demands,

then press the START key to begin analyzing.
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3.10 FFT Analysis Modes

| 3.10 FFT Analysis Modes

| 3.10.1 Analysis Modes and Display Examples

For the functions of each analysis mode, see "3.10.2 Analysis Mode Functions" (= p. 102).

Storage STR

Displays the time axis waveform of the input signal.

When the window function setting is other than rectangular, the window function is applied to the
waveform and displayed.

Axis Display Type Description

Time-domain display
Displays the value of the time-domain waveform corresponding to the set frequency
X axis Linear range.

See "Relationship Between Frequency Range, Resolution and Number of Analysis
Points" (= p. 55)

Y axis Lin-Mag Displays the input module waveform.

Waveform Example

EiStorage Wavearmn (1) Window: Rectangular
100, 00004 Maxirnal . .
1 4zams  stiosmv | X axis: Linear
g EEm GEEN| v axis: Lin-M
.20ms . ' N -
4 14.24ms  S0.8960mV axis: Lin-Mag
5 £.26ms  50.8936mV

-100,0000m: Overall 35.8552m
0= =20.00msz
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3.10 FFT Analysis Modes

Linear Spectrum

LIN

The linear spectrum plots the input signal frequency. It can be displayed as a Nyquist plot.

Main uses:

» To inspect the peak frequency contents of a waveform
» To inspect signal amplitudes at each frequency

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

Axis Display Type Description
Linear Frequency is displayed with equal spacing
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400" to 1/4000" (depending on the number of analysis
points) to the top of the frequency range
Nyquist display The real-number component of analysis values are displayed linearly.
Lin-Mag Analysis values are displayed linearly.
Log-Mag Analysis values are displayed as dB values. (0 dB reference value: leu)*
Y axis Lin-Real The real-number component of analysis values are displayed.
Lin-Imag The imaginary component of analysis values are displayed.
Nyquist display The imaginary component of analysis values are displayed.

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB =1 V)

Waveform Example

F-1|Linear Spectrum (1-1)
000

Normal display

Mayirnal

1 1O0KH:  50.6883mY is

2 thhee  “oiomy | X axis:Log

3 SOH:  0.0928mY e ]

4 SESkH:  0.0443my Y axis: Lin-Mag
5 455z 0.0415mY

-30,0000mY
=0Hz

20,00kHz

Ovrall 33,8430mY

F-Z|Linear Spectrum (1-1)
40,00:E

-160.00d8
=0Hz

Normal display

Mayirnal

1 1.00kHz -25.90de is:
:IHE ZEE | TasLog

E - . .
q 5.65kH: “B7.07dE Y axis: Log-Mag
5 IS5 £76%E

Overall -28.91d8

F-a|Linear Spectrum (1-17
0000m?*Y

Normal display

Maximal

o oosseny | X axis: Log

F_clinear Spectrum (1-17

s
in
ful
=
[
[
E
=

in
=1
=]
[=]
o
El
=
4

-40, 00004

10.0000mY |

1
2 l.QEIIEHz 0.0362mv X A |
3 3.63kHz 0.0309rmy . -
4 9.95kHz 0.0285m Y axis: Lln Rea
2 300Hz 0.0247my

40,0000 Owverall 35.8430mY

S0Hz 20.00kHz

F-a|Linear Spectrum (1-1) ) Normal dlsplay

149, 0000rm Maxirnal X is: L
1 1.00kHz  40.7090mY :
2 1.85kHz  0.0920mY axis: Log
3 S0Hz 0.0892m\ i 11
4 5.65kHz 0.0217m Y axis: Lm'lmag
5 5.05kHz 0.0267mi

L5, 0000rm Overall 33.8430mw

Hz 0, 00kHz
Nyquist display
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3.10 FFT Analysis Modes

RMS Spectrum RMS

Amplitudes (RMS values) are calculated along the frequency axis from the input signal waveform.
RMS and power spectra displays use the same analysis results displayed logarithmically (amplitude
in dB).

Main uses:

« To inspect the peak frequency contents of a waveform

< To inspect the RMS value at each frequency

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

Axis Display Type Description
Linear Frequency is displayed with equal spacing
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400" to 1/4000™ (depending on the number of analysis
points) to the top of the frequency range
Lin-Mag Analysis values are displayed linearly.
Y axi Log-Mag Analysis values are displayed as dB values. (0 dB reference value: leu)*
axis
Lin-Real The real-number component of analysis values are displayed.
Lin-Imag The imaginary component of analysis values are displayed.

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB =1 V)

Waveform Example

F-1JFMS Spectrum (1-1) Normal d|Sp|ay
40.0000m' Maxirnal )
1 1.00kHz  35.0420mY X axis: Log
2 1odkHz  0.1147my i N
3 OHz 0.0986m\Y . -
4 5.65kHz 0.0313mV Y axis: Lln Mag
5 4.55kHz 0.0294mVv
10,0000 COverall 35.8430mY
S0Hz 20.00kHz

Normal display
100kHz 28,9108 X axis: Log

i | o
: an .
5.65KkHz 00808 Y axis: Log-Mag
3Shkz  -o0.64cB
150 00 Overall -260.9108
iz

= 20.00kHz

F-ZRMS Spectrum (1-1)
E2 40.0008 Masximnal

[LENRTAT

Normal display

OHz  D.08EEMY X axis: Log
I.QUiHZ 0,0236m . .
5.63kHz 0,0219m' . -
Seae  DOalsmy Y axis: Lin-Real

200Hz 0,0175my

F-=RMS Spectrum (1-1) .
15.0000mY Masximnal

—_—
[LENRTAT

- 25,0000 Overall 35.8430mw
S0Hz 20.00kHz

Normal display

F-4[RMS Spectrum (1-1)
S5 nonomy Masirmal .
ﬁ 1 100KHz  287856my X axis: Log

1.85kHz 0.0850m\
Jonz - D.Ossmy Y axis: Lin-Imag

5.65kHz 0.0224m\
5.05kHz 0.0185mY

[LENATN]

20.00kHz

19,0000 Overall 33,8430mYy
90Hz




38

3.10 FFT Analysis Modes

Power Spectrum PSP

Displays input signal power as the amplitude component.

Main uses:

« To inspect the peak frequency contents of a waveform

« To inspect the power level at each frequency

See About the Functions "3.10.2 Analysis Mode Functions” (= p. 102)

Axis Display Type Description
Linear Frequency is displayed with equal spacing
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400" to 1/4000™ (depending on the number of analysis

points) to the top of the frequency range

Lin-Mag Analysis data is displayed linearly as squared values. Indicates the power com-
Y axis ponent.

Log-Mag (logarithm) | Analysis values are displayed as dB values. (0 dB reference value: 1eu2)*

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB =1 V2)

Waveform Example

Normal display
i iSohe | Xaxisilog
iz

F-1JPower Spectrum {1-1)
1.6000mt2
7.8560ny= e i
sesr  caraspve | Y axis: Lin-Mag
4.55kHz 862.60py=

400, 0oL Owerall 1.2847mi/z
S0Hz 20.00kHz

Masirmal

[LFNRTNT

Normal display
1.00kHz -28.91d8 X axis: Log

T o
1z -81, . -
5.65kHz -00.08de Y axis: Log Mag
4.55kHz -00.64dB
160, 00de Overall -28.91d8

[P0Hz 20.00kHz

F-ZJPower Spectrum (1-1)
40.00d8 Masirmal

[LENNTAT
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Power Spectrum Density PSD

Indicates the power spectrum density of the input signal with only the amplitude component
included. This is the power spectrum divided by the frequency resolution.

Not available with external sampling enabled.

Main uses:

To acquire a power spectrum with 1-Hz resolution for highly irregular waveforms such as white noise
See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

Axis Display Type Description
Li Frequency is displayed with equal spacing
inear .
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400™ to 1/4000% (depending on the number of analysis
points) to the top of the frequency range
v axi Lin-Mag Analysis values are displayed linearly.
axis
Log-Mag (logarithm) | Analysis values are displayed as dB values. (0 dB reference value: 1leu?/Hz)*

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB = 1 V2/Hz)

Waveform Example

(39,0000 2{Hz

F-1JPower Spectrum Density (1-1)

Normal display

1O0KHz 2560304 2fHz i
T.80kHz QEGDEpW}HZ X axis: Log
OHz 157,12pVE/He e |
5.65kH;  10.637pv2/Hz Y axis: Lin-Mag
455kHz 17.252pvEHe

Maxirnal

[LENILET

15,0004 2Hz
[P0Hz

20,00kHz

180, 00de
[P0Hz

F-ZJPower Spectrum Density (1-1)
20.00c8

Ml Normal display

1 1L00kHz  -45.9008 .
Loz e X aX!S. Log

Sesie  -107.07F Y axis: Log-Mag
4SSk -107.630B

[LENNTY
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Auto Correlation Function ACR

Shows the correlation of two points on the input signal at time differential t.

Main uses:

» To detect periodicy in irregular signals (improving and detecting SNR)
» To inspect periodic components in a noisy waveform.

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

Axis Display Type Description
Time display

X axis Linear The center (t = 0) is the reference. To the right is lag time (+t), and to the left is
lead time (-t)

+1 to -1 (dimensionless units)

The closest correlation at time differential t is +1, and the least correlation is 0.
-1 indicates completely reversed polarity.

Because of the characteristics of the function, t = 0 becomes +1.

Y axis Lin-Mag

Waveform Example

F-1]ELr rreflati 1- X axis: L|near
NuiTul Mayirnal P
1 0s wooon | Y axis: Lin-Mag
2 1.00ms 999,97m
3 -1.00ms 999,97m
4 -2.00ms 999,96m
3 2.00ms 999,96m
-1joano
-30. 0 010rs

This instrument provides a circular auto-correlation function.
Analysis results are normalized to the maximum value.

Histogram HIS

Acquires the amplitude distribution of the input signal.

Main uses:

< To inspect deviations in the amplitude range of a waveform

< With analysis point distribution, to ascertain whether a waveform is artificial or natural (natural forms exhib-
iting regular distribution)

See About the Functions "3.10.2 Analysis Mode Functions” (= p. 102)

Axis Display Type Description
X axis Linear Displays input level of the input signal.
Y axis Lin-Mag Displays analysis data distribution.

Waveform Example

Fstoaram (1-1) Normal display

Masirmal

1 -2B8.5000mY 41 s

2 28.0000m" 41 x axis: Log

3 25.5000m" 21 Pl B

4 -ZA.0000my & Y axis: Lln-Mag
5  -17.5000mY 18

0 Overall 20,1563mY
100, 0000mY 100.0000m¢y
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1/1 and 1/3 Octave Analysis

The sound pressure level of the spectrum of a signal such as noise is displayed through a fixed-width
one- or one-third octave band-pass filter.

Not available with external sampling enabled.

Main uses:

To analyze frequency components of noise

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102), "Octave Filter Characteristics" (= p. 114)

Axis Display Type Description
X axis Log Displays the center frequency of each band.
v axis Lin-Mag Octave analysis values are displayed linearly.
Log-Mag (logarithm) | Octave analysis values are displayed as dB values. (0 dB reference value: leu)*

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB =1 V)

Waveform Example

F-1]1/1 Octave (1-1) 1/1 Octave
R0y e kHz 28,5031y is
G TEn | To o
My EE fER | Lo inMag
r . ' H
' Filter: Normal
-15,0000mY Cverall 20,1563y
[59] S00Hz [14] 16kHz
F2]1/1 Octave (1-1) 1/1 Octave
0.00dE Maxirmur X
10 1kH, -30,00d8 .
T o e (e
\—|—'— 3 ﬁz‘ 1g|m§ ?g]%gg Y axis: Log-Mag
i ko .
Filter: Normal
-100,00cE Overall -33,91d8
[59] S00Hz [14] 16kHz
F-3]1/3 Octave (1-1] 1/3 OCtaVe
35,0000 Masimum

LeRE 0 3Esamy Y axis: Lin-Mag
pafe DB/IMY | Filter: Normal

-15.0000m Cverall 20.1563mY
[22] 530Hz [43] 20kHz

A1 Ot (1) 1/3 Octave

Maxirnum
20 -30.90d8 e
31]  1.25kHz 29,9508 X axis: LOg

2| e &% | Yaxis: Log-Mag

1 1kHz
2 . -
3 -
g -
Filter: Normal
-100.00d8 Overall -33.91dB

28] 630Hz 56.5008
[25] A30Hz [43] 20kHz

Octave Analysis

Octave analysis consists of frequency analysis of the signal passed through a
constant-width band-pass filter. The power spectrum displays the power level in
each subband after dividing the spectrum into fixed-width segments (subbands),
while octave analysis scales the spectrum logarithmically and displays each
octave (subband) as a bar graph.

The center frequency of the octave bands and filter characteristics are deter-
mined according to IEC61260 standards. With this instrument, 1/1- and 1/3-
octave analyses are calculated using power spectrum Analysis results.

1/1 Octave Analysis: 6 subbands
1/3 Octave Analysis: 16 subbands
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Measurable Ranges with Octave Analysis
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Phase Spectrum

Shows the phase characteristics of the input signal.

Main uses:
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PHA

« To inspect the phase spectrum of channel 1. Displays the phase of a cosine waveform as a reference (0°).

« To inspect the phase difference between channels 1 and 2.

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

1 Ch FFT:

Displays the phase of the signal on channel 1. Displays the phase of a cosine waveform as a ref-

erence (0°). Unless the waveform is synchronous, phase values are unstable.

2 Ch FFT: Displays the phase difference between channels 1 and 2. Positive values indicate that the phase
of channel 2 is leading.
Axis Display Type Description
Linear Frequency is displayed with equal spacing
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400™ to 1/4000t" (depending on the number of analysis
points) to the top of the frequency range
Y axis Lin-Mag Analysis values are displayed linearly.

Waveform Example

150.00ceq

-120.00deg
10Hz

F-SfPhase Spectrum (41, 4-2)

Maxirnal

OHz
2.85kHz
1.28kHz
6.42kHz
4.08kHz

[LENILET

180.00

-179.80
-170.65

179,63
179,46
[deq]

-120.00deg
10Hz

F-gJPhase Sc!:ectrum (4-1, 42]
180.00ceg

Maxirnal

5.20kHz
1.00kHz
3 7. 47kHz
4 1.02kHz
5 130Hz

na

-178.24
-177.22

176.25

-176.23
-175.83

[deg)

Emphasizing only a Specific Portion (Highlighted Display)

1chFFT
X axis: Log
Y axis: Lin-Mag

2chFFT
X axis: Log
Y axis: Log-Mag

A specific portion of a phase spectrum can be emphasized and displayed.

See "3.4.7 Emphasizing Analysis Results (phase spectra only)" (= p. 61)
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Transfer Function TRF

From the input and output signals, the transfer function (frequency characteristic) of a measurement
system can be obtained. It can also be displayed as a Nyquist plot.

Main uses:

< To inspect a filter’s frequency characteristic

« To inspect the stability of a feedback control system (using the Nyquist plot)

< To inspect the resonance characteristic of an object using an impulse hammer and pick-up sensor

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102), "Linear Time-Invariant Systems" (= p. 104)

Axis Display Type Description
Linear Frequency is displayed with equal spacing
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400" to 1/4000" (depending on the number of analysis
points) to the top of the frequency range
Nyquist display Displays the real-number component of the input-output ratio.
Lin-Mag Displays the input-output ratio linearly (dimensionless units).
Log-Mag (logarithm) | Displays the input-output ratio as dB values.
. Displays the real-number component of the input-output ratio (dimensionless
. Lin-Real >
Y axis units).
Lin-Imag Displays the imaginary component of the input-output ratio (dimensionless
units).
Nyquist display Displays the imaginary component of the input-output ratio.
Waveform Example
FE|Trarefer Fonction (+1, 4-2) — Normal display
L SEr B | Xexsilog
i gt &anm | Y axis: Lin-Mag
3 2.36kHz 621.09m
10Hz 8.00kHz

[F-&|Transfer Function (4-1, 4-2) Normal dlsplay
50008

Maximal

! i 172 | X axis: Log
. iz -2, . _
3 351k i Y axis: Log-Mag
3 2.38kHz 4,14
[cB]

.00dE
OHz 8.00kHz

Normal display

;. sse7im | X axis: Log
ST 190.38m

F-7|Transfer Function (4-1, 4-2)
500.00m

Mayirnal

1
2

3 4.51kHz 142.30m is: Lin-

4 4.48kHz 134.12m Y axis: Lin-Real
5 4.47kHz 130.53m

-500.00m
10Hz 8.00kHz

FE|Transter FUncaon (4-1, 9-27 Normal dlsplay
00,00m

Mayirnal

1 5.73kHz 212.05m X axis: Log

2 5.84EHZ 195.29m
5.98kHz 184.75m ol B
5.95kHz 192 48m Y axis: Lln-Imag
5.80kHz 189.03m

-1.2000
10Hz 2.00kHz

(LN}

Eo|Transter Function (4-1, 4-2) NquISt d|splay

o]
]
o
=]
=]
3

-500.00m S00.00m
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Cross Power Spectrum CSP

The product of the spectra of two input signals can be obtained. The common frequency components
of two signals can be obtained.

Using the voltage and current waveforms as input signals, active power, reactive power and apparent
power can be obtained at each frequency.

Main uses:
To inspect common frequency components of two signals
See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

Axis Display Type Description

Frequency is displayed with equal spacing

Linear Display Range: DC to the top of the frequency range

Frequency is displayed logarithmically

Xaxis Log Display Range: 1/400™ to 1/4000t (depending on the number of analysis
points) to the top of the frequency range
Nyquist display Displays the real-number component of the input-output ratio linearly.
Lin-Mag Displays the squared value of amplitude contents of analysis data linearly.
Log-Mag (logarithm) Displays thze amplitude contents of analysis data as dB values. (0 dB reference
value: leu“)*
Y axis Lin-Real Displays the squared values of the real component of analysis data linearly.
Lin-Imag Displays the squared values of the imaginary component of analysis data linear-
ly.
Nyquist display Displays the imaginary component of analysis data linearly.

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB = 1 V2)
Waveform Example

oA Masmum Normal display

Dz i
iz . 19! N

300Hz  201.04mva X axis: Log

Sobz  57.105mVA TR
B2Hz  52.019mva Y axis: Lin-Mag

[LENRTNT

60,0004
l=Hz 4.000kHz
F-2ICross Power Spectrum (1-1, 1-2) |

e e L Maximum Normal display
& 228 | xaxs Lo

r -,
300Hz XIS 1L.og

£.57d8 .
B Sawe | v axisiLog-Mag

[LENNTAT

120,008
leHz

F-aCross Power Soectrum (1-1, 1-21 1

S T W —— Normal display
3 Boh  wheeas | X axis: L
= Ham N
- R
H . i N -
5 SeHz  13.824mVA Y axis: Lin-Real
60,000V
2z 4,000kHz
F-alCross Power Spectrum (1-1, 1-27 1
—H3=s.ooove T T Masirium Normal d|sp|ay
3 S0k rameme | X axis: L
iz . I} -
| R RO
iz .. i} e H
s 2Hz  o.1570myvaA Y axis: Lin-Imag
150004
re 4.000kH:
F,ECEJ;USS Power Specium (1-1, 1-2) Nyqu|st d|sp|ay
=
=
]
=
=

FAO00'ST-

[0}

0, 000 A 140,004
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Cross-Correlation Function CCR

Using two input signals, shows the correlation of two points on the input signal at time differential t.
Output is displayed as a function of differential time t.
Main uses:

« To determine the phase shift of two signals per unit of time
« To determine the speed and distance of time lag between two signals
See About the Functions "3.10.2 Analysis Mode Functions” (= p. 102)

Axis Display Type Description
Time display

X axis Linear The center (t = 0) is the reference. To the right is lag time (+t), and to the left is
lead time (-t)

+1 to -1 is displayed in dimensionless units.

At time differential t, this value is +1 when the correlation of input and output sig-
nals is the closest, and 0 when correlation is the least. -1 indicates completely
reversed polarity.

Y axis Lin-Mag

Waveform Example

F-1|Storage \}Vaveform (4-1) M | x axis: Llnear
70.000rn s aximal P
1 10.40ms soase | Y axis: Lin-Mag
2 5.19ms 0.083
3 6.15ms 0.083
4 7.25ms 0.083
s 7/38ms 2083 CH1 (Input 1)
s
-30.000m/s= Owerdl 3‘18%%'5;
0s 100.00ms
Fo[Storage Waveform (4-2)
25.000m/s* Maximal
1 11.15ms 9,998m/s2
2 14.40ms 2‘610m::52
3 14.20ms 2.523m/s®
3 e E3me | CH2 (Input 2)
5 21.10ms 0.700mys=
-25.000m/s= Owerall 0.964m/sz
0s 100.00ms
F=|Cross Carrelation (4-1, 4-2)
1.0000 Maxirnal
1 600Uz 1.0000
2 zmms  44isem | CCR (Output)
3 10.70ms 97.684m
4 7.40ms 95.655m
5 14.20ms 45.867m
-1.0000
-90.00rms 50.00ms

This instrument provides a circular cross-correlation function.
Analysis results are normalized to the maximum value.
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Impulse Response IMP

The transfer characteristic of a system is obtained as a time-domain waveform.

Utilizing both output and input signals of the measurement system, a unit impulse is applied to the
system and the corresponding response waveform is obtained.

Main uses:

To inspect circuit time constants

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102), "Linear Time-Invariant Systems" (= p. 104)

Axis Display Type Description
Time display

X axis Linear The center (t = 0) is the reference. To the right is lag time (+t), and to the left is
lead time (-t)

Y axis Lin-Mag This value is the transfer function provided by inverse Fourier transformation.

Waveform Example

F-1|Storage ngeﬁ:rm 1) Normal dlsplay

70.000m/s: IMaxirnal

1 10.40ms soise | X axis: Linear
2N B Ry
.1ams . - -
3 5.15ms Boss | Y axis: Lin-Mag
5 7.35ms 0,092
sl
-30.000m,s2 Owerall 3,183m/fs C
0s 100.00ms H1

Fo[Storage Waveform (4-2) .
25.000m/s= Mayimal

1 11.15ms 9,928m/fs*
2 14.40rms 2.61Elm§sZ
3 14.20ms 2.523m/fs*
4 zizoms  Oreamisz | CH2
9 21.10ms 0.700m/fs=

-25.000m;s* Cwerall 0.964m s

0s 100.00ms

F-Z]lmpulse Response (4-1, 4-2)

100.00m Mayirnal
1 650us 36.976m
2 S00us 34.215m
3 300us 25.554m I M P
4 -200us 19.289m
3 -350us 18.047m

-100.00m

-50.00ms 50.00ms
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Coherence Function COH

This function gives a measure of the correlation (coherence) between input and output signals. Val-
ues obtained are between 0 and 1.

With a single measurement, the coherence function gives a value of one for all frequencies. Spectrum
(frequency-domain) averaging should always be performed before measurement (analysis is not
available with time-domain averaging).

Main uses:

» To evaluate transfer functions
« In a system with multiple inputs, to inspect the effect of each input on the output
See About the Functions "3.10.2 Analysis Mode Functions” (= p. 102)

Axis Display Type Description
Linear Frequency is displayed with equal spacing
Display Range: DC to the top of the frequency range
X axis Frequency is displayed logarithmically
Log Display Range: 1/400" to 1/4000" (depending on the number of analysis

points) to the top of the frequency range

Displays the causal relationship and degree of relationship between two input

Y axis Lin-Mag signals, as a value between 0 and 1 (dimensionless units).

Waveform Example

F-5} gngﬂenrgnte -1, 427 NOI’mal dlsplay

1.27kHz 954.98m is:
33%F  Cazedm X axis: Log
5 IZkH:  Se2.47m e

3 131kH: asaqm | Y axis: Lin-Mag
5 30H:  982.45m

Maxirnial

ST

The coherence function has two general definition formulas. For the definition formulas, see "3.10.2 Analysis
Mode Functions" (= p. 102)
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Power Spectrum Density (Linear Predictive Coding) LPC

When the spectrum shape is complex and hard to comprehend with either linear or power spectra, a
rough spectrum structure can be obtained.

Not available with external sampling enabled.

Main uses:

To obtain a spectral envelope using statistical methods

See About the Functions "3.10.2 Analysis Mode Functions" (= p. 102)

Axis Display Type Description

Frequency is displayed with equal spacing

Linear Display Range: DC to the top of the frequency range

X axis Frequency is displayed logarithmically
Log Display Range: 1/400™ to 1/4000t (depending on the number of analysis
points) to the top of the frequency range
Lin-Mag Analysis values are displayed linearly.
Y axis

Log-Mag (logarithm) | Analysis values are displayed as dB values. (O dB reference value: leu?/Hz)*

* eu: engineering units that are currently set are the standard (e.g., when the unit settings is volts, 0 dB =1 V2/Hz)

Waveform Example

[F-1JPower Spectrum DILPC) (1-1)
Hz

X axis: Log
I70.000L /] Mairnal

1 1.000kHz 48, 724u02/Hz is: Lin-
14.150kHz 4.7397pW2fHz Y axis: Lin Mag

2

3 5.850kHz  4.6012pW2fHz
4 8.000kHz 3.6740pW2fHz
5 12.975kHz  1.9942pw2fHz

1-30.000u' 2 fHz
[25Hz 20.000kHz

-Z[Power Spectrum DILPC) (1-1 is:

Eooeer = TFCy (1) N X axis: Log
1 1.000kHz -43.12dB is: -

2 14.150kHz -113.24d8 Y axis: Log Mag
3 5.850kHz -113.37d8
4 9.000kHz -114.35d8
5 12.975kHz -117.00d8

-130.00dE
[25Hz

NOTE « Always specify the order (from 2 to 64). Higher orders can expose finer spec-
T tral details.
* Amplitude values provided by LPC are not always the same as the power
spectrum density.
« If an error occurs during analysis, no waveform is displayed.
* Noise-like phenomena can strongly affect the spectrum shape.
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3.10.2 Analysis Mode Functions

Analysis Mode

Internal analysis formula (linear, real, imag [imaginary], log [logarithm])

No Analysis

No analysis.

Storage Waveform

A waveform obtained by applying the window function to a time-domain waveform.

Linear Spectrum (LIN)

u i ) _ [1/N(DC)
X(K) = x(MW*0 F(k)=CX (k)0 O C‘{z/ N(AC)

linear =(F_(k)\D real =Re{F (k)]0 O imag = Im{F (k)}O [bg =20logF (k)|

RMS Spectrum (RMS)

1/4/2(AC)
linear 4F'(k)|0 real =Re{F'(k)}0 O imag = Im{F" (k)}0 [bg =20logF"(K)|

F'(k)=C'F(k)O D C':{ 10 1DC)

Power Spectrum (PSP)

L L [IDDO)
P(k)=aF (k0O a_{ll 2(A0)

linear = P(k)0 Tbg =10l0gP(K)|

Power Spectrum Density
(PSD)

P'(k)=P(k)/& & Frequency resolution
linear = P' (k)0 lbg =10log P" (K)|

Auto-correlation Func-
tion (ACR)

R, (n)= iNz&‘x(k)‘ZWfkn (recursive convolution)
N i

k=

Histogram (HIS)

Counts amplitude data.

Transfer Function (TRF)

H(K) =Y (K)/ X (K)
linear 5H (k)|0 real =Re{H (k)}O O imag = Im{H (k)}O [bg =20logH (K)|

Cross Power Spectrum
(CsP)

S, (k) = X" (k)Y (k) : Cross Spectrum
X e (K) = AS,, (K)0 O Az{

linear ={X ., (k)| 0 real =Re{X ,,, (K)}0
mag = IM{X .., (K)}0 [0g <1010 X e, (K)|

Cross-correlation Func-
tion (CCR)

1 N-1 ) .
nN=—3%'s (k\w™*  (recursive convolution)
R(n) N; w(K)

Impulse Response (IMP)

h(n) = % N_lyw-k"
oo X(K)

Coherence Function
(COH)

con(l) = | 2950
Sk (K)S,, (k)

Phase Spectrum
(1ch / 2ch) (PHA)

6(k) =180/ x tan *(Im(F" (K)) / Re(F" (K))
6(K) =180/ zx tan™(Im(S,,,(k)) / Re(S,, (k)

Power Spectrum (LPC)

(Abbr.) Spectrum approximation from Linear Predictive Coding.
See '"Linear Predictive Coding (LPC)" (= p. 115)
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3.11 FFT Definitions

What is FFT?

FFT is the abbreviation for Fast Fourier Transform, an efficient method to calcu-
late the DFT (Discrete Fourier Transform) from a time-domain waveform. Also,
the reverse process of transforming frequency data obtained by the FFT back
into its original time-domain waveform is called the IFFT (Inverse FFT). The FFT
functions perform various types of analysis using FFT and IFFT.

Time and Frequency Domain Considerations

All signals are input to the instrument as a function of the time domain. This func-
tion can be considered as a combination of sine waves at various frequencies,
such as in the following diagram. The characteristics of a signal that may be diffi-
cult to analyze when viewed only as a waveform in the time domain can be eas-
ier to understand by transforming it into a spectrum (the frequency domain).

Amplitude

Time-Domain
Waveform

Frequency

Discrete Fourier Transforms and Inverse FFT

For a discrete signal x(n), the DFT is X(k) and the number of Analysis points is N,
which relate as follows:

N-1

X(K) = DFT{x(M}= Y XM - - oo &)
K1) = IDFT{X (= Y XM oo @)
WN = eXp(_ ] 2N”] """""""""""""""""""" (3)

X(K) is typically a complex number, so expression (1) can be transformed again
and written as follows:

F(9 =[F (0] explig)}=[F(]£00) == Q
_ o IMIX(K)}
¢(k) = tan Re{x (k)} """"""""""""""""" (%)

|F(K)| : Amplitude spectrum, ¢(k) : Phase spectrum
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Linear Time-Invariant Systems

Representing the above relationship on a complex flat surface produces the fol-
lowing figure.

-

Imaginary component

%

/R

F(K)

.

)

#(k)

J Real component

Consider a linear time-invariant (LTI) system y(n) that is a response to discrete
time-domain signal x(n).

In such an LTI system, the following expression applies to any integer A; when
the response to x;(n) is y;(n) = L[x(n)].

LLAX (M) + A (M] = Ay (M) + Ay, () - - - - - oo ®6)

If the system function of an LTI system is h(n), the input/output relationship can
be obtained by the next expression.

y() =S h(Mx(n=m) = 3 (N = M)X(M)- - - << - oo @

Therefore, when a unit impulse &(n) (which is 1 when n =0, and 0 when n=0) is
applied to x(n), the input/output relationship is:

yn)=h(n)------ - (®)

This means that when the input signal is given as a unit impulse, the output is
the LTI system characteristic itself.

The response waveform of a system to a unit impulse is called the impulse
response.

On the other hand, when the discrete Fourier transforms of x(n), y(n) and h(n) are
X(K), Y(k) and H(K), respectively, expression (7) gives the following:

V() = XOKH (K)- - - - oo ©

H(K) is also called the transfer function, calculated from X(k) and Y(k). Also, the
inverse discrete Fourier transform function of H(k) is the unit impulse response
h(n) of the LTI system. The impulse response and transfer function of this instru-
ment are calculated using the relationships of expression (9).

| x(n) h(n) Y(n)
nput T HK T’ Output

LTI System
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Number of Analysis Points

The FFT functions of this instrument can perform frequency analysis of time-
domain waveforms consisting of 1000, 2000, 5000 or 10,000 points. However,
when the following conditions are satisfied, previously analyzed data can be
reanalyzed with a different number of analysis points.

A. When measurements are made with the averaging function disabled (Off)
B. When measurements are made with the averaging function enabled for time-
domain averaging (simple or exponential).

When the number of analysis points at measurement time is N; and the number
of analysis points is changed to N, after measurement, the instrument performs
as follows.

(1) When N; <N,

e Because not enough data has been collected, zero is inserted for time after
the end of the measured waveform.

» The window function applies only to the N; segment.

» Frequency resolution is increased. For example, if N; = 1000 and N, = 2000,
frequency resolution is doubled.

e The average energy of the time-domain waveform is reduced, so the ampli-
tude of the linear spectrum is also reduced.

Ny

A A
v

v

(2) When N; > N,

» The specified (N,) segment is extracted from the head of the (N;) data.

* The window function applies only to the N, segment.

» Frequency resolution is decreased. For example, if N; = 2000 and N, = 1000,
frequency resolution is halved.

« The average energy of the time-domain waveform is unchanged, so the
amplitude of the linear spectrum is not significantly affected.

Np

v

A A

v
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Aliasing

When the frequency of a signal to be measured is higher than the sampling rate,
the observed frequency is lower than that of the actual signal, with certain fre-
guency limitations. This phenomena occurs when sampling occurs at a lower fre-
quency than that defined by the Nyquist-Shannon sampling theorem, and is
called aliasing.

If the highest frequency component of the input signal is f,,x and the sampling
frequency is fg, the following expression must be satisfied:

T S Y "—— (10)

axX

Therefore, if the input includes a frequency component higher than f¢/2, it is
observed as a lower frequency (alias) that does not really exist.

The following diagrams show the results of spectrum analysis of composite
waveforms having components of 1 kHz and 3 kHz, and of 1 kHz and 7 kHz.

If sampling frequency f is 10 kHz, the spectral component of an input frequency
above 5 kHz (in this case, 7 kHz) is observed as an alias at 5 kHz or below.

In this example the difference between the 3 and 7 kHz components is indiscern-
ible.

Composite waveform of 1 kHz and 3 kHz components sampled at 10 kHz

Portion Displayed on
Screen

Time T 3 =, Frequency

Spectrum [kHz]

Composite waveform of 1 kHz and 7 kHz components sampled at 10 kHz
Portion Displayed on
Screen
q #
Time 1 3 5 7  Frequency
Spectrum [kHz]
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Anti-Aliasing Filters

When the maximum frequency component of the input signal is higher than one-
half of the sampling frequency, aliasing distortion occurs. To eliminate aliasing
distortion, a low-pass filter can be used that cuts frequencies higher than one-
half of the sampling frequency. Such a low-pass filter is called an anti-aliasing fil-
ter.

The following figures show the effect of application of an anti-aliasing filter on a
square wave input waveform.

Without an anti-aliasing filter

F-1]Storage Waveform (1-1)
0, 00000

B gl njulan,
0s S50.00ms
F-2JLinear Spectrurm (1-1)

40,00dB

00,0048
OHz

8.00kHz

[
Non-existent frequency components are observed.

With an anti-aliasing filter

F-1|Storape Waveform (3-10
[T 1

R h o]
Os 50,00ms

F-Z|Linear Spectrurm (1-1)
40,00dE

+60.00dB
OHz 8.00kHz
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Imaging

When the instrument is set to a measurement frequency range that requires a
higher sampling rate than the maximum capability of the input module, interme-
diate data points are interpolated between successive data samples. In this
case, the time-domain waveform exhibits a stair-step shape. When FFT analysis
is performed in this situation, non-existent high frequency spectral components
appear. This phenomena is called zero-order hold characteristic imaging.

The following figures show the time-domain waveform and spectrum of a sine
wave applied to the Model 8959 DC/RMS Unit.

0
0.05 I
= | -20-
2 )
o [ S, .
g ! @ -40f g Spectral Imaging
g0 :
» € -60
g g f\\
I -80-
-0.05 r
n n n n n - N Il Ll Il i
0 10 20 30 40 50 1065 2 4 6 8
Time [us] Frequency [MHZ]
Time-domain waveform in the 8 MHz Spectrum

frequency range

(sampling frequency = 20 MHz) When FFT processing is performed on

a stair-step waveform, the resulting

The highest sampling frequency of the Mod- spectrum shows non-existent compo-
el 8959 is 1 MHz, so the same input data nents.

value is used for each block of 20 samples, In this case, the spectral components
resulting in a stair-step waveform. above 1 MHz/ 2 =500 kHz are theoret-

ically meaningless.

0
0.05L, . . . R
.ﬁ ] n L
SO A TR A B 200
> ¢! N I P P @ L
© \ B 4 ¢ & . ° S,
S it it it 8
= Vo s . 2
=S RN B P h i e £ -60
< . . i Y e
' L Vo Vo =
‘e ! ' L - -80)
L) o) o’ 0y AW
-0.05- 4 % § ¥ e I
0 10 20 30 40 50 -1005 100 200 300 400
] ~ Time[us] ) Frequency [kHZz]
Time-domain waveform in the 400 Spectrum

kHz frequency range
(sampling frequency = 1 MHz)
Here, the frequency range matches the sam-
pling frequency of the Model 8959, so no in-
terpolation is performed on the time-domain
data.

To avoid imaging phenomena when analyzing waveforms with the FFT function,
verify the maximum sampling frequency of the input module before measuring.
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Overall Value

With the FFT function, averaging is performed according to the following analyti-
cal expressions. Averaging in the time domain produces meaningless data if per-
formed with inconsistent trigger criteria.

1. Simple Averaging (Time and Frequency Domains)
Sequences of acquired data are summed and divided by the number of acquisi-
tions.

n: count of measurements to average
A, averaging results of n counts
Z,: measurement data of n counts

2. Exponential Averaging (Time and Frequency Domains)
Before averaging, newer data is given exponentially greater significance than
older data.

(N _1)'6\171 + Zn

A= T (12)

N: Specified number of counts to average
n: count of measurements to average

A, averaging results of n counts

Z,: measurement data of n counts

The overall value is the sum of the power spectrum at each frequency. This
value is equal to the positive sum of the squares of the (RMS) input signals,
except when frequency averaging is performed. The FFT function of this instru-
ment calculates and displays the RMS values for stored waveforms and the
overall value from the sum of the power spectrum for the frequency domain.

P;: power spectrum of value i
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Window Function

The Fourier transform of a continuous system is defined by the integral Calculus
in expression (14) for the time range from minus infinity to plus infinity.

X(F)= [ x()e ™ dt- - (14)

However, because expression (14) cannot be calculated with actual measure-
ments, the Analysis is performed on a segment between finite limits. Processing
the waveform segment within these limits is called window processing. For FFT

analysis, the waveform segment within these limits is assumed to repeat period-
ically (as shown below).

Time-Domain Waveform Time-Domain Waveform
Number of Points setting Number of Points setting
Original Time-Domain Waveform Waveform to be assumed with FFT

When the number of points for FFT analysis is an integer multiple of the input
signal frequency, a single-line spectrum is obtained. However, if it is not an inte-
ger multiple of the frequency (when the waveform assumed with FFT includes
discontinuous points), the spectrum is scattered, and a line spectrum cannot be
obtained. This phenomena is called leakage error (as shown below).

Time-domain waveform when the number of analysis points is an integer
multiple of the input frequency

0
01 ¥
= o
o 3,
° Q
%6 ) S-100
# c
<] L e A
=
0.1}
| | | | _200 Il | |
0 0002 0004 0006 0008 001 0 10 20 30 40
Time [sec] Frequency [kHZ]
Time-Domain Waveform Spectrum

Time-domain waveform when the number of analysis points is not an
integer multiple of the input frequency

o
[

Amplitude [V]

-100-

!

Magnitude [dB]

0.1+
1 1 I I -200! L 1 I
0 0002 0004 0006 0008 0.01 0 10 20 30 40
Time [sec] Frequency [kHZ]
Time-Domain Waveform Spectrum

The window function was created to suppress such leakage errors. The window

function smoothly connects each end of the time-domain waveform where it is
cut off.
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The following figure presents an example of spectral analysis by applying a win-
dow function to a time-domain waveform.

Using the window function, discontinuous points on the time-domain waveform
are eliminated, so the wave shape approaches a line spectrum.

When a Blackman-Harris window function is applied to a time-domain
waveform (= p. 110) in which the number of analysis points is not an
integer multiple of the input frequency

0.1+
s o
= 1 S,
)]
° [
26 ) S-100
f=3 =
E T
< -> ¢
0.1+
L I L I L I L I L -200! L L
0 0002 0.004 0006 0008 0.01 0 10 20 30 40
Time [sec] Frequency [kHZ]
Time-Domain Waveform Spectrum

The following figure shows the time-domain waveform of the window function
and its spectrum.

Each spectrum shows a large peak at a low frequency, and many smaller peaks
at higher frequencies. The largest peak is called the main lobe, and the smaller
peaks are the side lobes.

The most accurate results of the FFT function are obtained when the width of the
main lobe and the amplitude of the side lobes are minimized, although both con-
ditions cannot be satisfied at the same time.

Therefore, a window function having a wide main lobe is used when amplitude
values are important, while a window function having a small main lobe is used
to observe fine spectral details, and a window function having small side lobe
amplitudes is used to exclude the effects of the surrounding spectrum.

However, because the main lobe width is proportional to the width (1/W) of the
window, increasing the number of analysis points increases the frequency reso-
lution.

Rectangular window

0
L 20
[
Rl oy
3 3-407
E 3
< [0} r
i -60-
or |
0 ‘ ‘ ‘ N1 8% 2 Z 6 8 10
Frequency (/W)
Time-Domain Waveform Spectrum
Hann window
0
-20-
8 @ I
= =l
= =401
et = |
< 6}
-60-
: | N
% 2 4 6 8 10
0 N-1 Frequency (/W)

Time-Domain Waveform Spectrum
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Exponential window

0.1%

50%
99.9%

Amplitude
™

o
Z
N

Time-Domain Waveform

Hamming window

Amplitude

Time-Domain Waveform

Blackman window

o Amplitude

Time-Domain Waveform

Blackman-Harris window

° Amplitude

o
Z
N

Time-Domain Waveform

0 2 4 6 8 10
Frequency (LY/W)
Spectrum
0
-20
g
?—40
®
V]
-60
8% 2 4 6 8 10
Frequency (/W)
Spectrum
0
-20-
)
=-40-
‘®
U
i m
-80 L L /\/’\‘/\\ [\‘
2 4 6 8 10
Frequency (/W)
Spectrum
0
-20-
g
=-40-
‘®
U
-60L
-80! | /\m‘ | VaWAN
0 2 4 6 10

Freguency (VW)
Spectrum




113

3.11 FFT Definitions

Flat top window

-20
o
g )
é ‘;-407
<[ 8t
-60-
0 I
T ¥ R R WATATATA
0 N-1 0 2 4 6 8 10
Frequency (/W)
Time-Domain Waveform Spectrum

The following example shows input sine waves of 1050 and 1150 Hz analyzed
with different window functions. Because the frequencies in this example are
close to one another, a rectangular window with a narrow main lobe is able to
separate and display both frequencies, but a Hann window with a wide main lobe
displays the two as a single spectral component.

0 0,

. Amplitude [dB]
&
o
Amplitude [dB]
o
o

=
Q
(=]

-100

=

n PR L1 n PR P n PRI B | n PRI B |
100 560 ldOO SdOO 10600 100 500 1000 5000 10000
Frequency [HZz] Frequency [Hz]

Analysis Using a Rectangular Window Analysis Using a Hann Window
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Octave Filter Characteristics

Octave filter characteristics are determined according to IEC61260 standards.
The figures below show these standards and the filter characteristics of this
instrument.

1/1 Octave Filter Characteristic

) .
Gain [dB] Gain [dB]
[ [ Normal filter
\ Class 2 iI== =S\ Class2
-201 (upper limit) Sharp (upper limit)
™ E:Iass 1| ) flter 8S|:S)er]lmlt)
-40r - upper limit 51 | Class 2 (lower \y
Sharp filter limit) ( ! Normal filter
-60r Class 1 and 2 (lower limit) Class 1 :
.80 ) ) I (lower limit) !
2 3 4 5 6 7 80910 -10 5 2
Normalized Frequency f/fm Normalized Frequency f/fm
1/3 Octave Filter Characteristic
Gain [dE] e Gain [dB]
[ 07 } Class 1 (upper limit) 0 Sharp filter
201 Class 2 (upper limit) .
r ) Class 1 (upper limit)
401 Normal filter Class 2
60l 10Himit) (upper limit)
sol le—Sharp filter Class 1 Normal filter
[ =Class 1 and 2 (lower limit) (lower
-100, . , limit)

3 & 4 5 6 7 80910 -20 s
Normalized Frequency f/fm Normalized Frequency f/fm
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Linear Predictive Coding (LPC)

In the following figure, linear predictive coding is implemented by passing a sam-
ple of the input signal through the prediction filter while altering the filter so as to
minimize errors in the original signal.

Input Signal o Py > Error Signal

Prediction Signal
Prediction Filter

Given a time-discrete signal {x} (t is an integer) where the input signal is sam-
pled at interval AT, LPC analysis presumes the following relationship between
current sample value x and the value of previous sample p.

However, {&} is an uncorrelated random variable with average value 0 and the
dispersion 42.

Expression (15) shows how current sample value x; can be “linearly predicted”
from previous sample values. If the predicted value of x; is actually ;(t , expres-
sion (15) can be transformed as follows.

Here, @ is called the linear predictor coefficient.

For LPC analysis, this coefficient is calculated using the Levinson-Durbin algo-
rithm, and a spectrum is obtained. In this instrument, the order of the coefficient
can be set from 2 to 64. Larger orders reveal fine spectral components, while
small orders reveal the overall spectrum shape.
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