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3-3.2 8etup Page 2 - INPUT/PROCESS CONTROL

Most of the Controls on this Setup Page can be accessed
directly from the data display and the front panel without
accessing Setup Page 2. Figure 3-INP/PROC-1 shows the
location of each of the Controls that can be accessed in this
manner.

- RECALLABLE
INFUT-PROCESS CONTROL

FREQR. RAMGE (HZ):
RESOLUTION: {4 48@_ | LINES FRER. RANGE C(HZ?
AHALYSIS BAND : 1. 20¥HZ
2. B
3. SKHZ
4.  2KHZ
5. 1KHZ
6. B5BBHZI
7. 280HZ
8. 1@0HZ
B:
o
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FOR A AJELY SELECTION: PRESS\SETUF 'UP-/DN' ARROWS.
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Figure 3-INP/PROC-1. Setup Page 2 Control Fields That Can Be
Accessed Directly From the Data Display
and Front Panel.
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FREQ. RANGE (HZ):

- RECALLABLE
INFUT/PROCESS CONTROL

FRER. RANGE (TZ)’ 1aKHZ
RESOLUTION: [ 466 | LINES FREQ. ;
ANALYS1S BAND: [BASE ] EQ RANGE C(Hz

Z00M MULTIPLIER: 2
Z00M CENTER FREG: g9

FFT WEIGHTING: [WTG H ]

AYERAGE MODE: [ EXF ]
RVERAGE DATA:

OCTAYE SHAPING: [OFF_ ]
QCTAVE WTG:

B:
F.S. INPUT LEVELS: [1v ] [ 1]

NN WD) e

FOR CHANMEL SELECTION: PRESS SETUP 'LF/RT' ARROMS
FOR A FIELD SELECTIOHN: PRESS SETUP 'UP-DOH' ARROKS.
T0 EXERCISE A FIELD: PRESS_SCROLL 'UP-OM' ARROWS.
FOR HEXT 'SETUP PAG PRESS SETUP
FUR LLSY OF 'SETUP PRESS ‘'MENU'
TO EXIT ' SETUE MO FRESE 'SETUP

Control Menu for Selecting the Full S8cale Analysis Range.
Menu selection is accomplished using the SCROLL group UP/DOWN
buttons, or the ENTRY keypad.

RESOLUTION: - LINES

- RECARLLABLE

INPUT~PRDCESS CQHTROL
FRER. RAMGE (HZ>' [ TORAZ

RESOLUTION: KA NES RESOLUTION
ANALYSIS BAWD: [ BASE 1. 808 .
Z00M MULTIPLIER: g
2001 CENTER FREQ: [ 5060 3 588

FFT WEIGHTING:

AVERAGE MODE: [ ENF
AVERAGE D&TA: [ SPEC |

OCTAVE SHAPIHNG: { OFF |
OCTAVE WTG: [_FLAT

A B:
F.§. INPUT LEVELS: [1v ] [1¥ ]

Control Menu for Selecting Number-of-Lines of Resolution.

Selections on this Control Menu are for selecting the number-
of-lines of resolution (number of data points in a time
segment which determines the number of frequency points
output by the FFT). The selections on this Control Menu have
a direct affect on processing time. As the number of 1lines
increases, processing time increases.
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This Control Menu can be accessed from the data display.
However, the annotation is hidden until the RV is positioned
one step to the right of the ANALYSIS BAND Control Field.
For Example: Press the FIELD LOCATOR group BAND button.
Press the SETUP group RIGHT directional button, once. The RV
will move to the RESOLUTION Control Field. This is shown in
Figure 3-INP/PROC-2. '

01:16:4 SPEC_@ RY DG epB WIG M FR SKHZ
® T LYL A
i ac
oe f RESOLUTION v
LOG 1 R -
{ 3. 208 -
4. 100 -
-88 _
87.504@ - ZNB ZOOH 1]
SPEC 8 AYG.
— r T ; LYL B
....... s ouﬂt'E."'ME.nURY""!'S""m."""”" nc
UE 1y
USE SCROLL 'UsD' ARROW
LOG OR KEYPA '
TO_MAKE Buotce® sElEeT
'MENU' GFF TG CONTINUE.
o= NORW LNYI — BASE 4 (T Y2 -
400 . 00000 HZ RT: -75.2 DB SPEC EXP N 0

Figure 3-INP/PROC-2. Accessing the RESOLUTION Control Menu
from the Data Display
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ANALYSIS BAND:

1‘

2.

3.

4.

- RECALLABLE

INPUT/PROCESS CONTROL

F.s.

FREQ. RANGE ¢HZ)>: [[_1BKHZ)
RESOLUTION: 488 T LINES
ANALYSIS BaND: JERNEE

1. B
200M MULTIPLIER: [ 2] g. 200
- 3. 15 1.3 oCT
200M CENTER FREQ: 5668 g, 33 ?cggggT
. . . /
FFT WEIGHTING: [WIG H_] 2 16 0cTave

AVERAGE MODE: [ERP ]
AYERAGE DATA: [SFEC |

OCTAYE SHAPING: | OFF |
OCTRVE WTG: [FLA
fA: B:
INPUT LEVELS: | __1VY ] L1y ]

Control Menu for Selecting the Analyzer’s Basic Analysis

Bandwidth.

BASE

ZOOM

15 1/3 OCT

5 OCTAVE

Setup Page 2 - Input/Process Control

selection. Dis-
selected full

Standard baseband analysis
played range is from zero to
scale analysis range.

This selection enables the Zoom feature. This
feature increases baseband resolution by a
factor of 2 to 128 as selected on the ZOOM
MULTIPLIER Control Menu or the front-panel
ZOOM button. ZOOM Center Frequency is entered
via the 200OM CENTER FREQ Numerical Entry
Field.

1/3 octave analysis. Total of 15 filters (per
channel if the 2 channel Option is installed)
and the overall signal will be displayed.

Full 1/1 octave analysis. Total of 5 filters

(per channel) and the overall signal will be
displayed.

3-INP/PROC-4



5. 30 1/3 OCT 1/3 octave analysis. Total of 30 filters per
channel and the overall signal is displayed.

6. 10 OCTAVE Full 1/1 octave analysis. Total of 10 filters
per channel and the overall signal is
displayed.

When the selected Analysis Band is any of
the Octave Bands (15 1/3, 5, 30 1/3, or
10), a digital plot of the Octave List
may be obtained-by selecting menu item 2,
HRMNC, on the PLOT LIST SELECT menu
located on Setup Page 8.

A more detailed description of the Octave Band selections can
be found in subsection 3-3.2.1.
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ZOOM MULTIPLIER:

INPUT/PROCESS CONTROL

FREQ. RAHGE <?Z): laKHF
RESOLUTIOHN: [ 4 LINES 200M MULTIPLIER
ANALYSIS BaND: [ BASE | 5. 32

200M MULTIFLIER: g- 1%;
200M CENTER FREQ:

500
FFT WEIGHTING:
| EXP |
[ SPEC |

YA L
000 S i)

AVERAGE MODE:
AVERAGE DATH:

OCTAYE SHAPING: [OFF
OCTHVE WTG: [FLAT ]
f

F.S. IHPUT LEVELS: [_1V¥__| ]

P 'LFA/RT' ARROKS.

gP "UP-DN! hRROlS.

Control Menu for Selecting the Zoom Multiplier.

Selections are in binary powers of two. Baseband resolution
(AF) is multiplied by the reciprocal of the selected Zoom
Multiplier resulting in 2 to 128 times the normal baseband
resolution. In addition, the selected frequency range is
divided by the selected Zoom Multiplier resulting in a
display window proportional to the zoomed AF (1/2, 1/4,
1/8,... 17128 of the selected frequency range). However,
available Zoom factors are frequency range dependent.

Freq Sample LPF Zoom
Range Rate Cutoff Factors
20kHz 51.2kHz 20kHz (see following paragraph)
10kHz 25.6KkHz 10kHz 2,4,8,16,32,64,128
5kHz 25.6kHz 10kHz 2,4,8,16,32,64
2kHz 10.24kHz 2.81KkHz 2,4,8,16,32,64
1kHz 10.24KkHz 2.81kHz 2,4,8,16,32
500 Hz 2.56kHz 663 Hz 2,4,8,16,32,64
200 Hz 2.048kHz 663 Hz 2,4,8,16,32
100 Hz 2.048KkHz 663 Hz 2,4,8,16

When the 20kHz range is selected, narrow band data can be
analyzed in the Zoom band only if the Input Memory is in
HOLD. Limit is a Zoom of 16, or that imposed by the scroll
limits established by entry of SET-1, SET-Z. This will allow
Zoom analysis of "held" 20kHz data.
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The contents of this Control Menu can be exercised directly
from -the front panel (without displaying the Control Menu)
via the SCROLL group ZOOM button. With the LED lit on the
ZOOM button, the SCROLL group UP/DOWN buttons will
increase/decrease the ZOOM MULTIPLIER (see the front panel
description of the SCROLL group).

ZO00M CENTER FREQ:

- RECALLAEBLE
INPUT/PROCESS CONTROL

FREQ. RANGE <HZ>: 10KH: CHIFREN:
RESOLUTION: {489 ] LINES
ANARLYS1S BAND: [ BAS
200M MULTIPLIER:
200M CENTER FRER:
FFT WMEIGHMTING: [WTG H ]
AVERAGE MODE: [EXP ]
AVERAGE DATa: [SPEC |
OCTAVE SHAPING:
OCTAVE WTG: [FLA

[:8 :
F.S. INPUT LEVELS: [1V ] v

FOR CHaMNEL SELECTION PRESS SETUP 'LF/RT' ARROMWS.
FOR A FIELD SELECTION PRESS SETUP 'UP-DN' ARROWS.
T0 EXERCISE A FIELD: PRESS SCROLL ‘'UP/DHN' ARROUS.
FOR NEXT 'SETUP PAGE' PRESS SETUP 'PAGE ADV'.
FOR LIST OF 'SETUP Pa ; PRESS 'MENU' ON-DFF .

0 EXIT ‘SETUF MODE' FRESS SETUP  OM-OFF "

Numerical Entry Field for Entering the Center Frequency of
the ZOOM Window.

ZOOM CENTER FREQ is a user-entered value that designates the
Center Frequency of the ZOOM window. Values are entered by
selecting the desired center frequency on the ENTRY keypad,
and then pressing the ENT button. ZOOM Center Frequency can
also be assigned from the front panel using the ENTRY group
CF button. If the front-panel method is used, center
frequency can be set by cursor location (when cursor has Hz
readout) or by entering the desired numerical value as
previously described.

The selected Center Frequency must be within the narrowband
window. The entered value will be clamped to keep highest
frequency of the resultant data from exceeding the full-scale
frequency of the selected narrowband analysis range, and to
keep lowest frequency above 0 Hz.

Zoom frequency accuracy is +/- .0025% of the center frequency.
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FFT WEIGHTING:

- RECALLABLE
INPUT/PROCESS CONTROL
FRER. RANGE (HZ): 1DKAZ)
RESOLUTION: [ 488 [ LIHES FFT WEIGHTING
ANALYSIS BAND: [ BASE ]
200M MULTIPLIER: EEE%E%EE Eég} TOP
200M CENTER FREG: FORCE/REC

FFT WEIGHTING:

AVERAGE MODE: | E#AP |
AVERAGE DATA: [ SPEC |

OCTAYE SHAPING:
OCTAYE WTG:

A: 3
F.S. INPUT LEVELS: [1V ] |

Lo da¥ DY 8 RS Dog

Control Menu for Selecting the FFT Weighting Function.

Weighting is the technique for treating the data in the time
domain, before the FFT, in order to reduce the effect of side
lobes and other variables, as the FFT is performed on a
finite sample of Time Domain data. A more detailed
description of weighting can be found in subsection 3-3.2.2.
The selected weighting function will be applied to the input
data immediately upon making the selection.

AVERAGE MODE:

‘- RECALLWBLE
INPUT ~PROCESS CONTROL

FRE@. RAHGE “HZ>»: [__1BKHY]
RESOLUTION: | 480 LINES AYERAGE MODE
AHALYSIS BAMD: [ BAS _su
200M MULTIPLIER: E@ o
ZOOM CENTER FREG: 1
FFT WEIGHTING: [WIG_H
AVERAGE MODE :
AVERAGE DATR: | SPEC |
OCTAYE SHAPING:

OCTRVE WTG: [ FLAT
Qo B:
F.S. INPUT LEVELS: [ 1V ] v ]

BT

Control Menu for Selecting the Average Mode.

The Average Mode tells the analyzer how to accumulate data in
the Averager Memory.

Setup Page 2 - Input/Process Control 3-INP/PROC-8



1.

3.

SUM

EXP

PEAK

+1

In SUM averaging, the analyzer sums the mea-
sured signal levels over N ensembles (N being
the number of operator selected ensembles to
be averaged) and divides by N when the data is
read and used for display in a AVG display

-mode. The average will automatically stop

when either the number of ensembles taken
matches the AVG TARGET COUNT number, or the
elapsed time matches the AVG TARGET TIME
entry. Both of these fields are located on
the ACQUISITION PAGE. '

In EXP (Exponential averaging, the analyzer

" treats each new ensemble of data as the Nth

ensemble and the current contents of the
Averager memory as the summation of N to N-1.
The result is rise and decay time on data
changes; e.g., a "time constant integrator".
The time constant is determined by the selec-
ted N.

In PEAK averaging, the analyzer compares the
amplitude of new signal data, at each cell
location, with o0ld data (in the AVG Memory).
The larger value is kept in the Averager
Memory, the smaller value is discarded. This
is done for each individual cell.

During the averaging process, each new ensem-
ble of data is automatically processed every
memory period. However in +1, ensembles can
be processed manually. The +1 averaging pro-
cess 1is initiated by first selecting the +1
Average Mode, then by pressing the AVERAGE
group START button each time an average is
desired. Each time the AVERAGE group START
button is pressed, a new ensemble will be
processed, up to the numbers of averages sele-
cted. This is always a SUM average. The
analyzer will not process new data beyond the
count selected on the AVG TARGET COUNT field,
or the time selected on the AVG TARGET TIME
field on the ACQUISITION PAGE.
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AVERAGE

1.

2.

3.

DATA:
- RECALLARELE
. INPUT -PROCESS COMTROL
FREQ. RANGE (HZy: [ TBEHD
RESOLUTION: [ 488 [LINES AVERAGE DATA
ANALYSIS BAND: [BASE ] 1. TIWE
Z0OM MULTIPLIER: g
Z0OM CENTER FREQ: :

FFT WEIGHTING:
AVERAGE WODE: [EXF |
AVERAGE DATA: IEIEW
OCTHYE SHAPING: [ OFF ]
OCTAYE WTG: [FLAT

. [“E B:
F.S. IWMPUT LEVELS: | 1V | |

Control Menu to Select the Type of Data to be Averaged.

TIME

SPEC

XPRD

Averaging performed on digitized time-domain

data from the Input Memory.

Averaging performed on FFT’d (spectrum)
from the Input Memory.

NOTE

When the selected Function Group is Sta-
tistics, (STAT on the FUNCTION GROUP
menu), or if TIME & PDH is selected on
the TIME FUNCTION menu, selection 2 on
this menu will be AMP instead of SPEC.
This indicates the type of data to be
averaged is Amplitude Domain Data.

Averaging performed on Spectrﬁm and the Con-

plex Cross Product data (requires

channels) required for Transfer Function and

Phase, etc.
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OCTAVE SHAPING

- RECALLAEBLE
INPUT-PROCESS COHTROL

FREQ. RANGE (HZ>: 16KHZ
RESOLUTION: | 480 LINES OCTAVE SHAPING
ANALYSIS BAND: | BASE 1.

ZOOM MULTIPLIER: ¢. DN
Z00M CENTER FREQ: =566

FFT WEIGHTING: [WIG A

AVERAGE MODE :

AVERAGE DATA: [ SPEC.]

OCTAYE SHAPING: JES
OCTAVE WTG:

o Y
F 5. INPUT LEVELS: [1v 1 [1v

Control Menu for Applying Octave Shaping to 1/3 Octave Filters

Since the 1/3 octave bands are developed from digital narrow
band filters, a given input signal may not produce any power
in adjacent cells as with analog 1/3 octave band filters. As
a result, the display of a single tonal may not have the
familiar conventional shape. The OCTAVE SHAPING feature
allows the operator to select either the standard SD385 shape
or the conventional shape as shown in Figure 3-INP/PROC-3.
The OFF menu selection is the standard SD385 shape and the ON
menu selection is the conventional shape. Both of these
shapes conform to applicable ANSI standards.

Figure 3-INP/PROC-3 shows two examples of the same 500 Hz

square wave, one with shaping turned off, the other with
shaping turned on.

Setup Page 2 - Input/Process Control 3=-INP/PROC-11



04:18:2%3 SPEC. A RT DG _-19DB HTIG H FR ZKHZ
10 { LVYL A
i AC
’ 1y
DB .
LOG
BN O EEgBT—NGRWTOLR—— A
. m FLAT W1 HZ 1250,
27 5088 .00 H2 RT : -5.4 MS: -5.4 DB SPEC ‘ggPaN [}
Shaping Turned OFF
94:19:0 SPEC & RT G_-1808 WTG H FR  zKHZ
10 LvL &
AC
1y
DB —
LOG
e
-79
BN ) R LOGR FLAT WTC  HZ T250. 0
27 509.08 HZ RT: -5.4 RNS: -5.4 DB SPEC EXF. W 0

Shaping Turned ON

Figure 3-INP/PROC-3. 1/3 Octave Shaping Examples
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OCTAVE WTG:

- RECALLRBLE
INPUT/PROCESS CONTROL
FREG. RANGE (Hg% IBKHIZI
RESOLUTION: | 4088 LINES OCTAVE MWTG
ANALYSIS BrND: [ BASE ]

p o

200 MULTIPLIER:
Z00M CEHTER FREQ: {5004

FFT WEIGHTIHMG: [ WTu H

AYERAGE MODE: [ EXF ]
AVERAGE DATa: [ SPEC |

OCTAYE SHAPING:
oCTavE WTG: N
B B:
F.S. INPUT LEVELS: [_1v ] v

(L P SATS L

. C
. A OVERHALL
C DVERALL

‘LF/RT*' A

P R
up  'UP-DN' AR
oL

Control Menu for Selecting Octave Acoustical Weighting.

This menu provides selection of either "A" or "C" acoustical
weighting. The selected weighting factor is applied only to
the display of the octave data. This allows the operator to
select the type of weighting applied after averaging has been
performed. :

1. FLAT When this selection is made, there is no
weighting factor applied to the displayed
signal.

2. A When this selection is made, a Type A

weighting factor is applied to the displayed
signal over the dynamic range of the
instrument (Refer to Table 3-INP/PROC-1, the
column titled "“Curve A, dB" and Figure 3-
INP/PROC-4).

3. C When this selection 1is made, a Type C
weighting factor is applied to the displayed
signal over the dynamic range of the
instrument (Refer to Table 3-INP/PROC-1, the
column titled "Curve C, dB" and Figure 3-
INP/PROC-5) .

4. A OVERALL When this selection is made, a Type A
weighting factor is applied only to
calculate the overall bar (rms spectrum level)
located on the right side of the display grid.
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5. C OVERALL When

weighting

this selection
factor

is made, i@ T¥Pe c

is applied nly = to

ealculate the overall bar (rms spectrum level)
located on the right side of the display grid.

Table 3-INP/PROC-1.

UA" and "C" Acoustic Weighting Factors

BAND CENTER FREQUENCY Curve A Curve C

NUMBER 1/1 q 1/3 dB dB
40 1@ KkHz - 2.3 - 4.4
39 -> 8 kHz - 1.1 - 3.0
38 6.3 kHz - 2.1 - 2.0
37 5 kHz 2.5 - 1.3
36 -> 4 kM2 1.0 - 8.8
35 3.15 kHz 1.2 - 0.5
34 2.% kHz 1.3 - 2.3
33 -> 2 kHz 1.2 - 8.2
32 1.6 kHz 1.0 - 2.1
31 1.25 kHz 8.6 2.0
30 -> 1 kHz 2.0 2.0
29 800 Hz - 2.8 0.0
28 630 Hz - 1.9 2.0
27 -> 500 Hz - 3.2 2.0
26 400 Hz - 4.8 0.0
25 315 Hz - 4.6 2.0
24 -> 250 Hz - 8.6 0.0
23 200 Hz -10.9 0.0
22 160 Hz -13.4 - 0.1
21 -2 125 Hz -16.1 - 0.2
20 100 Hz -19.1 - 2.3
19 80 H:z -22.5 - 2.5
18 -> 63 Hz -26.2 - 0.8
17 50 Hz ~-30.2 - 1.3
16 40 Hz ~-34,6 - 2.0
15 -> 31.5 Hz -39.4 - 3.0
14 25 "‘Hz -h44,7 - 4.4
13 20 Hz -50.5 - 6.2
12 - 16 Hz -56.7 - 8.5
11 12.5 Hz ~-63. 4 -11.2
10 10 Hz ' -70. 4 -14.3
9 -3 8 Hz -77.0 -18.5
8 6.3 Hz -84.0 -22.5
7 5 Hz -91.0 -26.0
6 -> 4 Hz -97.5 -30.0
5 3.15 Hz -185.0 -34.2
4 2.5 Hz -111.5 -38.0
3 - 2.0 Hz -118.0 -42.9
2 1.6 Hz -120.0 -45,%
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Figure 3-INP/PROC-4. Acoustical Weighting Curve "A" Example
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: EEEEER

-78

Figure 3-INP/PROC-5. Acoustical Weighting Curve "C" Example
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F.8. INPUT LEVELS:

- RECRLLABLE
INPUT-/PROCESS CONMTROL

FREG. Eggge ;ﬁ:a: 4é KHF
LUTION: LINES N
ANALYSIS BAND: [ BASE 1 INPUT LEVEL

200M MULTIPLIER:
200M CENTER FREGQ: :
FFT WEIGHTING: [HTG H ]

"AVERAGE MODE: [ EXP |
AYERAGE DATA: [ SPEC |

OCTAYE SHARPING: [ OFF ]
OCTAVE WTG: [ FLAT __ |

NN BRI
ce . -
aQ

peb ol ol

Aa: :
F.S. INPUT LEVELS:

FOR CHANMNEL SELECTION PRESS SETUP 'LF/RT' ARROWS.
FOR A& FIELD SELECTION PRESS SETUP ‘'UP~DBN' ARROUWS.
TO EXERCISE A FIELD PRESS SCROLL 'UP~-DH' ARROWS.
FOR NEXT 'SETUF _PRGE' PRESS SETUP ‘PAGE ADV'.
FOR LIST OF 'SETUP PA ; PRESS 'MEHL"

TE EZIT CSETHE MODE PRESZ  LET GH OFF

Control Menu for Selecting the RMS Input S8ignal Level.

Separate 1Input Level selections must be made for each
channel for instruments with the two channel option. This is
accomplished as follows:

The RV just opposite the "F.S. INPUT LEVELS:" statement can
be moved from one channel to another using the SETUP group
LEFT/RIGHT buttons. The SCROLL group UP/DOWN buttons are
used to select the Input Level for a specific channel.
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3-3.2.1 Octave Band Analysis

Octave Band 5 Octave bands or 15 1/3 Octave bands.
10 Octave bands or 30 1/3 Octave bands.

Available Ranges

5 Octaves 15 1/3 Octaves
500 Hz to 8kHz 400 Hz to 10kHz
250 Hz to 4kHz 200 Hz to 5KkHz
125 Hz to 2kHz 100 Hz to 2.5kHz
63 Hz to 1lkHz 50 Hz to 1.25kHz
31.5 Hz to 500 Hz 25 Hz to 630 Hz
16 Hz to 250 Hz 12.5 Hz to 315 Hz
8 Hz to 125 Hz 6.3 Hz to 160 Hz
4 Hz to 63 Hz 3.15 Hz to 80 Hz
10 Octaves 30 1/3 Octaves
16 Hz to 8kHz 12.5 Hz to 10kHz
8 Hz to 4kHz 6.3 Hz to 5kHz
4 Hz to 2kHz 3.15 Hz to 2.5kHz
2 Hz to 1kHz 1.6 Hz to 1.25kHz
Acoustical A, ¢, FLAT, A overall only. C overall
Weighting only in accordance with IEC 179.
Passband Meets ANSI S1.11-1966
Uniformity CLASS III for 1/3 Octave filters

CLASS II for 1/1 Octave filters
(to =704B from full-scale amplitude)

Linearity +/~ 1dB or +/- 1% of amplitude full scale,
whichever is greater.
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The Octave Analysis Bands sample the input signal using two
different sampling rates to separate the low frequency compo-
nents from the high frequency components. This increases the
resolution at the lower frequencies. The contents of the
Input Memory are then transferred to Processor Memory where a
spectrum analysis is performed separately on each set of
data. The higher frequency spectrum cells from the Input
Memory containing the high group are used to generate the
octave presentation for those bands designated with an "X" in
Tables 3-INP/PROC-2 and 3-INP/PROC-3. The lower frequency
spectrum cells from the Input Memory containing the low group
are used to generate the octave presentation for those bands
designated with a "0" in Table 3-INP/PROC-2.

The 1/1 Octave mode provides 10 bands with the center freque-
ncy of each band as listed in Table 3-INP/PROC-2, or 5 bands
with the center frequency as listed in Table 3-INP/PROC-3.
In the 1/3 Octave mode, 30 bands are provided with center
frequencies as listed in Table 3-INP/PROC-2, or 15 bands with
center frequencies as listed in Table 3-INP/PROC-3. In all
cases, an additional bar containing the overall rms spectrum
level appears on the right side of the display.
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Table 3-INP/PROC~-2. 10 1/1 and 30 1/3 Octave Bands and Center

Frequencies
CENTER FREQUENCY SELECTED FREQUENCY RANGE (kHz)
BAND
NO. NB 20 10 5 2
172 1/3 171 8 4 2 1
1/3 10 5 2.5 1.25
40 10 kHz X
39 -> 8 kHz X
38 6.3 kHz X
37 5 kHz X X
36 -> 4 kHz X X
35 3.15 kHz X X
34 2.5 kHz X X X
33 -> 2 kHz X X X
32 1.6 kHz X X X
31 1.25 kHz X X X X
30 -> 1 kHz X X X X
29 800 Hz X X X X
28 630 Hz X X X X
27 -> 500 Hz X X X X
26 400 Hz X X X X
25 315 Hz 0 X X X
24 -> 250 Hz 0 X X . X
23 200 Hz 0 X X X
22 160 Hz 0 0 X X
21 -> 125 Hz 0 0 X X
20 100 Hz 0 0 X X
19 80 Hz 0 0 0 X
18 -> 63 Hz 0 0 0 X
17 50 Hz 0 0 0 X
16 40 Hz 1] 0 0 0
15 -> 31.5 Rz 0 1] 0 0
14 25 Hz 0 1] 0 0
13 20 Hz 0 0 0 0
12 -> 16 Hz 1] 0 0 0
1 12.5 Hz 0 0 0 0
10 10 Hz 0 0 0
9 -> 8 Hz 0 0 0
8 6.3 Hz 0 0 0
7 5 Hz 0 0
) -> 4 Hz 0 0
5 3.15 Hz 0 o]
4 2.5 Hz 0
3 -> 2.0 Hz 0
2 1.6 Hz 0
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Table 3-INP/PROC-3. 5 1/1 and 15 1/3 Octave Bands and Center

Frequencies
CENTER FREQUENCY SELECTED FREQUENCY RANGE
BAND NB 20K 10K 5K 2K 1K 500 200 100
NO. 171 1/3 in 8K 4K 2k 1k 500 250 125 63
173 10K 5K 2.5k 1.25k 630 315 160 80

40 10 kHz X

39 -> 8 kHz X

38 . 6.3 kHz X

37 5 kHz X X

36 -> 4 kHz X X

35 3.15 kHz X X

34 2.5 kHz X X X

33 -> 2 kHz X X X

32 1.6 kHz X X X

31 1.25 kHz X X X X

30 -> 1 kHz X X X X

29 800 Hz X X X X

28 630 Hz X X X X X

27 -> 500 Hz X X X X X

26 400 Hz X X X X X

25 315 Hz X X X X X

24 . -> 250 Hz X X X X X

23 200 Hz X X X X X

22 160 Hz X X X X X

21 -> 125 Hz X X X X X

20 100 Hz X X X X X

19 80 Hz X X X X X
18 -> 63 Hz X X X X X
17 50 Hz X X X X X
16 40 Hz X X X X
15 -> 31.5 Hz X X X X
14 25 Hz X X X X
13 20 Hz X X X
12 -> 16 Hz X X X
1 12.5 Hz X X X
10 10 Hz X X
9 -> 8 Kz X X
8 6.3 Hz X X
7 5 Hz X
) -> 4 Kz X
5 3.15 Hz X

Setup Page 2 - Input/Process Control 3=-INP/PROC-20



As previously stated, Octave can be enabled in the Spectrum
modes only. Octave Analysis is enabled by selecting one of
the four available Octave Analysis menu items  from the
ANALYSIS BAND menu.

Selections 3 through 6 on the ANALYSIS BAND menu are the
Octave Analysis Band selections. Note that there are two
selections for both 1/3 and 1/1 octave analysis. The
difference between the Octave-acquisition modes is the number
of displayed octave bands. For example (refer to Tables
3-INP/PROC-2 and 3-INP/PROC-3), if the 10 kHz frequency range
is selected, and the ANALYSIS BAND menu selection is 30 1/3
OCT, then the total number of displayed 1/3 octave bands is
30, ranging from band 8 (6.3 Hz at the low end) to band 37 (5
kHz at the high end). If the ANALYSIS BAND menu selection is
changed to 15 1/3 OCT (same frequency range), the total
number of displayed 1/3 octave bands is 15, ranging from band
23 (200 Hz at the low end) to band 37 (5 kHz at the high
end) .

Figures 3-INP/PROC-6 through 3-INP/PROC-9 are single trace
display examples of each of the four Octave Analysis-band
selections. Each example uses the same 4 kHz signal and the
same 10 kHz narrow-band frequency range selection. Note the
lower-most and upper-most frequency bands indicated in Figure
3-INP/PROC-6 and the lower-most and upper-most center freque-
ncy bands indicated in Figure 3-INP/PROC-7 and compare these
values with the corresponding values in the column titled
"CENTER FREQUENCY" on Table 3-INP/PROC-2. Figure 3-INP/PROC-
6 uses the "1/3" column and Figure 3-INP/PROC-7 uses the
"1/1" column. If you look at the column titled "“SELECTED
FREQUENCY RANGE (kHz)" and then look at the second column
of X’s and 0’s (specifically, the first X and the last 0 in
this column), you will notice that the upper-most and lower-
most frequencies in the 1/3 column (10 kHz for the first X
and 12.5 Hz for the last 0) correspond to the upper-most and
lower-most frequencies indicated in Figure 3-INP/PROC-6. The
same column of X’s and 0’s applies to Figure 3-INP/PROC-7
except the corresponding upper-most and lower-most center
frequencies are those indicated by the arrows in the 1/1
column (8 kHz for the upper-most center frequency and 16 Hz
for the lower-most center frequency). Table 3-INP/PROC-3 is
the reference table for Figures 3-INP/PROC-8 and 3-INP/PROC-
9. This table is almost the same as Table 3-INP/PROC-2. The
only difference is the number of frequency ranges that can be
selected (twice as many) and the number of displayed octave
bands per selected frequency range (half as many).
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Three other Octave-mode display items indicated in Figures 3-
INP/PROC-6 through 3-INP/PROC-9 are the selected narrow band
(NB) frequency range, present cursor-location band number and
the corresponding frequency. If you look at the columns
titled "SELECTED FREQUENCY RANGE" on both Tables 3-INP/PROC-2
and 3-INP/PROC-3, it appears that there are separate frequen-
cy range selections for the Octave modes. The Octave mode
frequency ranges are automatically selected when a correspon-
ding narrow band frequency range is selected with Octave
enabled. The corresponding narrow band frequency ranges
appear in the row titled "NB" on both Tables 3-INP/PROC-2 and
3-INP/PROC-3. Refer to Figures 3-INP/PROC-6 through 3-
INP/PROC-9 and note the present cursor location. Now, refer
to Tables 3-INP/PROC-2 and 3-INP/PROC-3 and locate the number
36 in the column titled "BAND NO." If you look at the value
in the CENTER FREQUENCY column just opposite band number 36,
you will notice that the frequency that corresponds to band
number 36 is 4 kHz.
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Selected narrow
band frequency
range

80:27:23 SPEC_A RT PG ene WIG H
e v ¥

DB |

LOG +

82 49’3139 NCR";? Loc:-{winmﬁg? OCT-T‘@‘.‘I ggc He SPEé ggbon e
Lower-most frequency
band of corresponding
30 1/3 octave frequency
range
Present cursor location Upper-most frequency
band of corresponding
Present cursor location 30 1/3 octave frequency
band number range

Figure 3-INP/PROC-6. 30 1/3 Octave Display Example
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Selected narrow
band frequency
range

8020 37 __SPEC & RT pG___epep  WIG H

DE |

LOG |

M LOGR 10 OCTAVE FLAT WIG ~ HZ 80

BN 16.009 NOR 90.0
36 4000.0 RT: -18.1 RMS: -18.1 DB SPEC JEXP N ©
Lower-most center
frequency band of
corresponding 10
octave frequency range
Present cursor location Upper-most center
frequency band of
Present cursor location corresponding 10
band number octave frequency range

Figure 3-INP/PROC-7. 10 Octave Display Example
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Selected narrow
band frequency

range
002957 SPEC & BT PG DB WIG H
[ ; LYL A
ac
1 1v
DB | - —
=
LoG } ;
' LvL e
. AC
1y
. I S
BN 490.@ NORM LOGX 15 1.3 OCT FLAT MHTG HZ -1
RT:  -18.1 -15.1 DB

36 40908.9 .1 RMS: 18 .1 59551 %N o
Lower-most frequency
band of corresponding
' 15 1/3 octave frequency
range

Present cursor location Upper-most frequency
band of corresponding
Present cursor location 15 1/3 octave frequency
band number ‘ range

Figure 3-INP/PROC-8. 15 1/3 Octave Display Example
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Selected narrow
band frequency

range
00:31:3 SPEC & RT DG ©DE HIG H RIS
) LVL A
ac
. v
DB | - —
s -
=
LOS |
LvL B
(<]
1v
L]
-8e ‘saa @ NORM E T
5 OCTM’ F AT H .
4000.0 RT: 19- D;G He SPEcsaggPBN ]
wer-most center
frequency band of
corresponding 5 octave
frequency range
Present cursor location ~ Upper-most center
frequency band of
Present cursor location corresponding 5 octave
band number frequency range

Figure 3-INP/PROC-9. 5 Octave Display Example
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Using Octave List

The Octave List consists of each Octave Band Number and the X
and Y-axis values. that correspond to each band number. The
Octave List feature is enabled as follows:

Select one of the Octave Analysis Bands from the ANALYSIS
BAND menu located on Setup Page 2, then press the front-panel
LIST button. The grid and the right half of the data display
will be blanked and the OCTAVE LIST will appear.

Up to fifteen X and Y-axis values with their corresponding
band numbers can appear on the 1list. The actual amount
depends upon the selected Octave Analysis Band (ANALYSIS
BAND menu located on Setup Page 2). For example: When the
selected ANALYSIS BAND is 5 OCTAVE, five X and Y-axis values
will appear on the list. For the 10 OCTAVE selection, ten
values will appear on the list and for the 15 1/3 OCT selec-
tion, fifteen values will appear on the list. When 30 1/3
OCT is selected, only 15 values will be displayed at a time.
Which 15 depends upon whether the data cursor is in the 1left
or right half of the display (upper or lower half of the
selected frequency range). Either list can be displayed by
placing the Data Cursor in the desired portion of the display
and then pressing the LIST button. For example, if a list
of the upper fifteen octave bands is being displayed, moving
the Data Cursor to the left and then pushing the LIST button
will cause a list of the lower fifteen octave bands to be
displayed. The two Octave Lists shown in Figure 3-INP/PROC-10
are examples of the Octave List with 30 1/3 OCT as the
selected Analysis Band.

Each time the LIST button is pressed (when the octave list is
being displayed), the octave list will be updated.
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Octave List Examples
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3-3.2.2 Weighting

The earliest spectrum (or harmonic) analyzer consisted of
tunable, high Q filters with a frequency dial and a standard
analog voltmeter connected to the output of the filter. As
the operator swept across the frequency band of interest, the
meter would "peak" at various frequencies. The operator,
typically, would plot (by hand) the frequency and magnitude
of the peaks. The plot may have looked 1like Figure 3-
INP/PROC-11. .

PK1
1.00 4.

PK2

PK3
PK4

AMPLITUDE

PKS
PKE

PK7
I I PKB  pk9  prio

[ 1

| w—————m FREQUENCY

Figure 3-INP/PROC-11. Frequency Spectrum Drawn by Hand

The above plot however, is not a true representation of a
spectrum plot. If the frequency dial and voltmeter readings
of the analyzer were connected to the X and Y-axis of an X-Y
recorder, the plot would resemble Figure 3-INP/PROC-12.

1.00

=~ AMPLITUDE

/AAAAAAAAA

——» FREQUENCY

Figure.3-INP/PROC-12. Frequency Spectrum From an X-Y Recorder

Setup Page 2 - Input/Process Control  3-INP/PROC-29



The harmonic plot of Figure 3-INP/PROC-12 is the result of
tuning a filter past a stationary signal that contains more
than one frequency component. If the filter is tuned to a
frequency and a swept frequency signal is applied, the resul-
tant filter response would resemble Figure 3-INP/PROC-13.

|
100 L

ft:
]
I
——= FREQUENCY

Figure 3-INP/PROC-13. Filter Response of a High Q Filter

—— AMPLITUDE

A digital spectrum analyzer carries the spectrum analysis
concept even farther. It simultaneously displays the output
of up to 800 equally spaced, digital filters. This is
accomplished by using a high speed discrete Fourier Transform
called the Fast Fourier Transform (FFT). FFT analysis allows
the rapid transformation of discrete time domain data into
frequency domain data. The end result is up to 800 values
representing the simultaneous output of each high Q filter.

Since the FFT is performed on a finite sample, incongruities
such as side lobes, spurious noise, etc., can cause false

data to be acquired. Weighting, also known as windowing, is
a technique for treating data in the time domain, before the
FFT, to reduce the effect of side lobes, etc. The FFT of

the signal shown in Figure 3-INP/PROC~14 is performed on the
data in the sample window.

AN ANANI VANA)
VIRVARVARVEE
AWA

\/ \_, Sample Window

Figure 3-INP/PROC-14. The Sample Window
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The following illustrations show the difference between
"true" spectrum data and FFT data.

-
Figure 3-INP/PROC-15. True Spectrum of the Sample Window Data

Figure 3-INP/PROC-16. The FFT of the Sample Window Data
This phenomenon is called "flaring" or "skirting" and is
frequently referred to as "Rectangular" weighting, although
no weighting is applied to the data before the FFT is

performed. Weighting eliminates the flaring by smoothing the
transitions on each side of the sample window.

ThiS —————— WWAM Becomes this ‘W‘WWMWMNWWF

Sample Window Weighting ‘‘Envelope’’

Figure 3-INP/PROC-17. Weighting Effects on the Sample Window
Signal
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An additional effect weighting has on the data is the
effective shape of digital filters that produce the display.
This filter shape could be measured by slowly sweeping a
signal through the filter and measuring the response. A
"swept sine" plot of a single filter would produce the
filter shapes as shown in Figure 3-INP/PROC-18 for Rectangu-
lar, Hanning, and Flat Top Weighting.

!
FFT WEIGHTING | -
FILTER SHAPES |
FLAT TOP
HANNING !
ECTANGULAR

PR

Figure 3-INP/PROC-18. Rectangular, Hanning and Flat Top
Filter Shapes

There can be up to 800 filters overlapping each other on the
SD385 display (Lines of Resolution Control Menu). The dis-
played data are actually the vectors between the output data.
points at the applied frequency. Figure 3-INP/PROC-19 is a
simplified -description of how the displayed signal is
generated from these filters.

WTG —

45 1 2 3 4 5
T AVA\ 4 o

A

{8

\\.\\\\.A 5 . ‘l

I I I
RESULTANT ANALYZER DISPLAY
f ACTUAL SIGNAL FREQUENCY

LEVEL=1.00
Figure 3-INP/PROC-19. Generation of Weighted Analyzer Display
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Figures 3-INP/PROC-20 through 3-INP/PROC-22 are examples of
each of the first three weighting functions from the FFT
WEIGHTING control menu. The examples were made using "times
four" (LNX4) X-axis expansion to emphasize the differences in
filter shape. The applied input signal was identical for all
three weighting functions. In addition, the actual width of
the filters depends upon the selected resolution (number of
lines). Each weighting function shown in Figures 3-INP/PROC-
20 through 3-INP/PROC-22 illustrates how each resolution
selection affects filter width.

‘0415 SIEAETAND RT DG -200B _ MWTG H FR 10KHZ
200 da’ " " LYL A

0B I WEIGHT ING?

HANNING .

e -

: 10@

. LOG f ~286 LINES

. : 400 LINES
5 800 LINES :

~60 s .
25.809 HZ

t TR * *—iF 25700 HZ “1e980.0
Ner LNRL o o hB. SPEC EXP N @

Figure 3-INP/PROC-20. HANNING Weighting Example
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ee:-es:29  HANENN 3 pG_-298p8 WIG FI FR 10KHZ
20 v v T B ” LVL A
ac
- ] v
DB T WEIGHT ING: I -
FLAT TOP =
ngOLULéONt _
! LINES ]
LoG 200 LINES
4080 LINES
- 800 LINES :
o -
4 4
-6 e | .
-] NURH  LHR1 BASE aF 2% 68 HZ - 16508.0
25.000 HZ RT: -72.8 DB SPEC EXP M B

Figure 3-INP/PROC-21. FLAT TOP Weighting Example

oc:0v:231 _HINSEIR RT pGc_-200D8 WIG R FR 10KHZ
20 e y y LYL A
AC
- . 1y
oe 1 WEIGHT INGS l -
RECTANGUL AR =
S -
18 J
LOG | 280 LINES
408 LINES
L 800 LINES ]
r- -
-68 , . . X
) NGRM  LR®T BASE : 10065, 0
25.000 HZ  RT: -183.0 DB SFEC EXP N ©

Figure 3-INP/PROC-22. RECTANGULAR Weighting Example
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If you were to plot the measured signal peak versus input
frequency across the weighting filters, you would notice an
effect - called "scalloping." It (scalloping) reflects the
variation in amplitude of a measured tonal as is passes into
and out of the digital filter centers. Examples of this
effect are shown in figure 3-INP/PROC-23. Note that as the
tonal passes from the center of one filter to the center of
the next filter, the amplitude of the tonal will decrease as
it passes between the filter centers (the point at which the
filters overlap) and then increase as it approaches the next
filter center. This variation in amplitude reflects the per-
centage of scalloping for each weighting-function filter
shape.

In an environment where the amplitude of a signal (tonal) is
extremely important, Flat Top weighting can insure that
filter shape does not affect' measured amplitude. For
example, if you were to sweep a signal across a particular
band, you would notice that the "next filter" would rise to
signal strength before the "current filter" started to
descend.

Harris Flat Top weighting (the method of Flat Top weighting
the SD385 uses) is very efficient since it is only the neces-
sary 3 or so filters wide (as opposed to 5 to 6 filters wide
for other methods of Flat Top weighting). This gives you the
necessary flat response without sacrificing any more
frequency resolution than necessary. :

Figure 3-INP/PROC-23. HANNING, FLAT TOP, and RECTANGULAR
Scalloping Examples
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Summary

The three main weighting functions are RECTANGULAR, HANNING
and FLAT TOP.

Rectangular weighting is useful if a signal (tonal) is in the
exact center of a bin (as it may be when using the Signature
Ratio Option) or, if a Time Domain transient builds up and
decays entirely within a single memory period (as in burst
random and some transient analysis).

Hanning weighting is a good compromise, expecially for
-examining two closely space signals which may not be bin-
centered.

Flat Top is best for accurately measuring the amplitude of a
specific signal that is not bin-centered since the "scallop
loss" is very small.

Weighting (other than Rectangular) is accomplished by
smoothing the transitions of each side of the sample window.
However, this causes some loss of signal, increases noise
sensitivity somewhat, and makes the displayed Spectrum signal
appear "fatter." If you were to compute an rms summation of
all the filter values, the result would be somewhat 1larger
than it should be and, of course, incorrect. When the SD385
performs an rms summation (~P Cursor Mode), this signal loss
and increased sensitivity is compensated for in the
calibration. However, when performing computations on an
external computer and transferring data via the IEEE bus, you
may have to know the Equivalent Noise Bandwidth, Gain and
Scallop loss.
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"Equivalent Noise Bandwidth" is a measure of the width of the
filter of each FFT bin. The largest is for Flat Top
weighting.

"Gain" is a measure of the data lost by the weighting
attenuation process.

"Scallop Loss" is the error in estimating signal amplitude
when a sinewave is placed exactly between two FFT bins.

Table 3-INP/PROC-4 provides the numerical values associated
with Equivalent Noise Bandwidth, Gain and Scallop lLoss.

Table 3~-INP/PROC-4. Weighting Table
Selected Equivalent
Weighting Noise Gain Scallop Loss
Function Bandwidth
RECTANGULAR 1 Filter 1.00 3.92 dB
HANNING 1.5 Filters 0.50 1.42 4B
FLAT TOP 3.087 Filters 0.252 0.20 dB
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The five remaining selections on the FFT WEIGHTING menu are
Special Weighting Algorithms. These are:

Rectangular Weighting)
Exponential 1)

4. FORCE/RECT (Force-Response
5. FRCE/EXP 1 (Force-Response
6. FRCE/EXP 2 (Force-Response Exponential 2)
7. FRCE/EXP 3 (Force-Response Exponential 3)
8. FRCE/EXP 4 (Force-Response - Exponential 4)

These weighting algorithms enhance signal analysis for impact
testing and other types of transient response. Hence, the
weighting applied to Channel A may be somewhat different from
Channel B (see Table 3-INP/PROC-5).

FORCE/RECT Weighting

This weighting applies a 2zero-fill from a user-defined
location (the location is determined by the position of the
Data Cursor) to the end of memory. The location is defined
by the user placing the Data Cursor at the desired 1location
and then performing a "SET-4-ENT."

As an illustration, the effect on a sine wave is shown,
although the feature is useful only for narrow-width impulse
data.

THIS i

BECOMES

— i~

Position of Data Cursor when SET-4-ENT was pressed
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If SET-4-ENT has not been entered or cleared, no data points
are zeroed and FORCE/RECT Weighting will 1look Jjust 1like
default weighting (again, see Table 3-INP/PROC-5).

FRCE/EXP (1, 2, 3 and 4) Weighting

This weighting applies an exponential damping envelope to the
data. The numbers 1, 2, 3 and 4 that accompany the FRCE/EXP
selections allow for choosing different amounts of damping.
This is shown in Figures 3-INP/PROC-24 through 3-INP/PROC-28
as follows:

A A
N
Tt o wer WORW LRRT BASE T 530w SEC __ 540000 ‘i

Figure 3-INP/PROC-24. Example of S8ignal Before Exponential
Weighting is Appliead
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Figure 3-INP/PROC-25. FRCE/EXP 1, Last Cell is Attenuated 1l/e
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Figure 3-INP/PROC-26. FRCE/EXP 2, Last Cell is Attenuated 1/e2
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Figure 3-INP/PROC-27. FRCE/EXP 3, Last Cell is attenuated 1/03
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Figure 3-INP/PROC-28. FRCE/EXP 4, Last Cell is Attenuatod«l/e‘
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More on Force Weighting

The primary application for this type of weighting is narrow-
width impulse type data. This type of signal data may have a
poor signal-to-noise characteristic. Noise information that
is 60 dB down may be significant when compared to an impulse
which may have a total area on the order of one or two cells.
Even though the noise information has an amplitude at any one
cell of about 1/1000 of the amplitude of the impulse, the
noise occupies all 1024 cells. Hence the noise rms is on the
same order as the impulse rms.

Using trigger delays (Setup Page 1) to position the impulse
close to the beginning of the Memory Period, FORCE/RECT
Weighting can be used to zero out most of the noise and
vastly improve the signal-to-noise characteristic of the
measurement.
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