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QUALIFYING A SOUND DATA ACQUISITION SYSTEM
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FIG. 1 - SOUND DATA ACQUISITION SYSTEM

SCOPH: The scope of the recommended practice includes the system|performance
requirements for the entire sound measurement system., It provides the
methdds needed to verify Type 1 orclType 2 instruments. However, {t also
provides a method to qualify an SDAS that does not meet the requirements in
theit entirety, but can be used provided knowledge of the test data is
obtained and an iterative process is followed in qualifying the S%AS. The

system need only be qualified for the dynamic characteristic and weighting
mode |in which it is to be-used. The scope of this document does not include
qual{fication of systém components for harmonic distortion, tape recorder wow
and flutter, etc. However, these factors must be considered when determining
system performancé, especially where spectral information is sought. The
references in Section 8 should be consulted for general performange
requirements_and precautions regarding instrumentation for acoustjcal
measyrements.

-~

DEFINITIONS:

Data Signal Range: 20 times the Togarithm {to base 10} of the ratio of
highest RMS signal amplitude to lowest RMS signal amplitude for a specific
test condition; unit is decibel (dB).

Dynamic Range: 20 times the logarithm (to base 10) of the ratio of the
instrumentation system maximum signal amplitude to system noise floor
amplitude; unit is decibel (dB).

3.3 Frequency Response: 20 times the logarithm (to base 10) of the ratio of

output signal amplitude to input signal amplitude over a specified frequency
range as a function of signal frequency; unit is decibel (dB).
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3.4 Full Scale:

The maximum undistorted signal level for each instrument.

3.4.1 Full scale for an amp]ifiér is the maximum output signal level. Input

full scale can change with amplifier gain.

3.4.2 Full scale for a tape recorder is the maximum 51gnal amp]1tude defined in

paragraph 3.6. . . ,
3.4.3 Full scale for an 1nd1cat1nq 1nstrument is defined as the 1nput vo]tage
for maximum indication. _— , .

3.4.4 Ful _ level

whiph allows for undistorted signals defined in this recommended practice.

3.5 Indicptor: A device used to provide a visual display of signdl anplitude.

3.5.1 Diglital: A numeric or alpha-npmeric display of the measured signal

ampll1tude. L '

3.5.2 Graphic: A trace recording of the measured signal amplitude on [a scaled

chaft.

3.5.3 Metpr: Electrically driven needle which deflects over a calibrdted scale

as p function of the measured signal amplitude.

3.6 Maximpm Signal Amplitude: The signal amplitude below which the harmonic
distoftion is Tess than 3% over the operating frequency range.

3.7 Reétricted System: Any data acquisition or analysis instrumentation that
has a| frequency response range. that does not meet the pertinent rgquirements
of ANSI S1.4 as specified herein.

3.8 Signal Crest Factor: 20 -times the logarithm (to base 16) of the natio of
the ppak signal amplitude to the RMS signal amplitude; unit is dedibel (dB).

3.9 Signall-to-Noise Ratio: 20 times the logarithm (to base 10) of thg ratio of
the dhta signal-amplitude to system noise floor amplitude; unit ig decibel
(dB).

3.10 System Noise Floor: The broadband electrical noise inherent in jnstrument

circu¥ts with proper input/output terminations.

3.11 Test Apparatus: Equipment used for qua11fy1ng, but not part of the Sound

Data Acquisition System.
4. SYSTEM PERFORMANCE REQUIREMENTS:
4.1 Frequency Response (Amplitude): The continuous frequency response (linear

or A-weighted) of a Type T or Type 2 Sound Data Acquisition System shall

meet

the tolerances in Table 1.
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4.1.1 A Restricted System (linear or weighted) shall meet the tolerances in the
continuous frequency range from 1/6 octave above to 1/6 octave below the
range specified. For measured data, the total sound level of all bands
outside the Restricted range shall be at least 15 dB lower than the
overall measured level,

4.1.2 When other weighting networks are used, the frequency response and
tolerance of the respective network as specified in ANSI S1.4 shall apply.

4.1.3 Data recbrded using a Restricted System shall be designated by type,
weighting, dynamic characteristic, and frequency response. For example:
Tylpe 1, A, Fast, 100 Hz-4 kHz.

4,2 Lindarity:

4.2.1 System Linearity: For a single range attenuator setting, the 1ihearity
error for measurements over the data signal range shall not exdeed the
tdlerances indicated in Table 2, unless 1imited by“a Restricted system.
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TABLE 1 - SYSTEM FREQUENCY RESPONSE TOLERANCE REQUIREMENTS
- Tolerance? in dB
Nominal A-Weighting
Freﬂuency Response (dB) Type 1 Type 2
. Hz
10 -70 +4 -
12.5 -63.4 +3.5 -
166 5657 +3-0
0 -50.5 ¥2.5 -
5 -44.7 +2.0
1.5 -39.4 1.5
0 -34.6 +1.5
0 -30.2 +1.0
3 -26.2 +1.0
$0 -22.5 +1.0
100 =19.1 +1.0
135 -~ =16.1 +1.0
140 -13.4 +1.0
200 -10.9 +1.0
250 -8.6 +1.0
315 -6.6 1.0
440 S -4.8 1.0
500 -3.2 +1.0
630 ‘ -1.9 +1-.0
8Q0 -0.8 +1.0
1000 0 1.0
1250 +0:6 +1.0
16Q0 +1,0 +1.0
20Q0 +1.2 +1.0
2500 +1.3 +1.0
3150 +1.2 +1.0
4000 +1.0 1 +1.0 ;
- 5000 +0.5 +1.5, -2.0
6300 -0.1 +1.5, -2.0
8000 =1.1 +1.5, -3.0
10 000 =2.5 +2.0, -4.0
12 506 =43 +3505—6<0
16 000 ‘ -6.6 +3.0, - k -
20 000 -9.3 +3.0,- -

8Tolerance 1imits are deviations allowed from linear or A-weighted system
response. Any change to the tolerances of frequency response in ANSI S1.4

will apply.
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4.2.2

4,3 Dyn

. TABLE 2 - SYSTEM LINEARITY REQUIREMENTS

Type 1 , within +0.5 dB 22.4-11 200 Hz
Type 2 within +0.5 dB 63-2000 Hz
' within +1.0 dB 22,4-11 200 Hz

Range Attenuator Linearity: All settings of the sensitivity range
control, either manual or automatic, shall introduce errors less than
those specified in Table 2 for a sine wave with respect to a reference
sifgnar. tivi ] ided;—it—isjrecommended
that the ranges be at 10 dB increments.

ic Characteristic:

4.3.1

4,3.2

4.3.3

Fgst: The system dynamic response is tested with a_ 1000 Hz signal

Trstantaneously increased by a minimum of 20 dB to.the referenge signal
1dvel for a duration of 200 ms. The maximum indication shall be within
-3.0-0 dB with respect to the reference signal." Overshoot for|a
can%inuous 20 dB increasing step change in tevel shall be betwgen O and
+1.1 dB.

ow: * The system dynamic response is ‘tested with a 1000 Hz signal,

stantaneously increased by a minimim of 20 dB to the referengce signal
vel for a duration of 500 ms. The maximum indication will be within
.0 to -5.0 dB with respect to the reference signal. Overshopt for a
ntinuous 20 dB increasing step change in level shall be 0 to|+1.6 dB.

S Lzl

Reference Signal: The above requirements apply for a referenc signal
710 dB below full scale; on a logarithmically scaled indicator; For
ales which are linear’ in dB, such as a graphic level recorder, 63% of
ximum indicator _deflection corresponds to 4.0 dB below full scale on a
garithmically scaled indicator (Refer to Fig. 2).

=

ution--Significant sound level reading variations are possiblle between
stems measuring the same sound even though the system performs within

e limifs'specified in paragraphs 4.3.1 and 4.3.2. The dynamiic response
rformance is a function of the indicator ballistics and the getector
eraging time which may differ between instruments. Since paragraphs

4l 31 and 4.3.2 do not specify ideal design center circuit performance, a
dynamic response model based on a single pole Tilter 1S suggested in

Appendix A.1.

T ot O

Current standards do not specify Impulse Response or Fast and Slow decay
times. These topics are covered in Appendices A.2 and A.3.
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rence signal can be positioned at 63% of full scale as indic

FIG. 2 - REFERENCE SIGNAL POSITION

4.4 RMS
withi

4.5 Dyna

curacy: The Sound Data Acquisition System RMS conversion m
n +0.5 dB of the true RMS value for all signals with crest f
including 10.dB. For test method see Appendix A.4.

ic Range: The Sound Data Acquisition.System dynamic range i

rders, the
ated above,

st be
ctors up

governed

by thlree factors, the data signal crest factor, the data signal amplitude

rangel, and the system signal-to-noise*ratio.

rati

not ¢
for

of th
aften
Acqui
must

5. - COMPON

The system signal-tq

-noise

must be at least 15 dB to insure that inherent instrument n
ntribute more than 0.2 dB to.the measured level. The syste

ise does
selected

asurement must have-a total dynamic range that at least equals the sum

se three factors. Any. bandpass filtering or weighting of t

recording may require @ wider.dynamic range of the Sound Dat

sition System. The (system noise floor including that of the
be 15 dB below the minimum filtered data signal value.

ENT REQUIREMENTS:

5.1 Microphone: Ifa microphone is used which has not been provided g
comp ent of(a Type 1 or Type 2 sound level meter, it must meet t
m1crot

5.2 Magne

hone<characteristics described in ANSI §7.4,

e data
a:
filter

S a
e

will be

met i
the d

5.2.1
the

5.3 RMS C

tic\Tape Recorders: Generally, wow and flutter requirements

ata acquisition environment.

system recorder to qualify overall recorder performance.

onverter:

1dard in

The brand and type of tape used for data acquisition must be tested with

Ideally, the RMS converter should control the dynamic

response of the Sound Data Acquisition System in the Fast and Slow modes.
Practically, the characteristics of the indicating instrument (meter or

graph

ic recorder) may influence the dynamic response.

When the RMS

converter controls the dynamic response, the single pole filter time
constants selected should be 125 ms for Fast and 1 s for Slow (See Appendix

A.1).
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5.4 RMS Indicator Requirements: The indicating instrument shall comply with
Section &, System Performance Requirements. Ideally, the dynamic response
of the indicator should be an order of magnitude faster than the RMS
converter dynamic response. In some cases, the dynamic response of the
indicator and converter are of the same order of magnitude. When this :
occurs, the measurement results from the following three types of indicators
may differ,

5.4.1 Graphic: The reference signal for the dynamic response test should be
positioned at a point as close as practical as that determined from Fig. 2
for the scale being used. It is suggested that a 20 dB step function be

uped. ,

5.4.2 Djgital: The digital indicator resolution should be at l€ast 0.25 dB. In
oFder to meet the requirements of paragraphs 4.3.1 and 4,3.2, [for noise of
a;transient nature, a Hold circuit should be incorporated. -

5.4.3 Meter: If a mefer is used as the readout indicator) the scale shall be

M
Oraduated in 1 dB steps over a range of a least 15 dB.

6. TEST| PROCEDURES: The entire system, except the microphone, must |be used in
The fFinal qualification procedures. A1l components must be terminated with
“the orrect impedance, including all connecting cables used to cqllect data.

It may be desirable to check individual instruments, such as tapg recorders,

" befdre ‘performing the test. g

6.1 Sydtem Frequency Response: The. test oscillator amplitude frequency response
sha1T be verified flat (0.2 dB\with a previously calibrated ingicator).
~ Conrections for deviation in.oscillator output will be used to ddjust the
“sydtem frequency response.:-The microphone frequency response-cgrrections
’must‘be_added to obtain-the total system frequency response.

inear System Response: The system frequency response must be checked

6.1.1 L
“ith the above calibrated oscillator (See Fig., 3). The check[shall be
!
1

erformed at d Jével which is 5 dB below full scale (to allow|for the
olerance in\Table 1) and at least 15 dB above the system noige floor.

Calibrated

Indicator * ‘ Indicator:
1) Digital
- An;mliﬁer AMS Detem.or . 2) Graphic
- Oscillator : ' - - 3)-Meter
Sweep
Manual or L 8"’12;‘:‘0'
Automatic - Weighted
: re19 Data Storage:’ : X
: : ~ Tape Recorder
= ;
fommmmmm e J
H
Amplifier:
mp ner ) Indicator:
Output: | RMS Detector —{ 1) Digital
Linear or 2) Graphic
Weighted 3) Meter

FIG.3 - FREQUENCY RESPONSE QUALIFICATION
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TABLE 3 - DYNAMIC PERFORMANCE TO INCREASING STEP INPUT CHANGES

Response Referred to
Averaging Duration of. ‘Continuous Signal.
Time Step Change, ms
] €o dB
Fast Continuous 1.00° . 0.0
125 ms 200 0.89 - 1.0
100 0.7% - 2.6
50 0.57 - 4.8
20 0.38 - 8.3
5 0.20 -14,1 -
Slow Continuous R0 S0
1s 2000 0.93 - 0.6
: 1000 "~ 0.80 | - 2.0
500 - 0.63 - 4.0
200 0.43 - 7.4
50 0.22 -13.1

A2.

A3.

A3.1

A3.2

A3.2.

Dynapic Charactefistic Decay Performanbe:

The indicator decéy for Fast from

an ipdication 4,0 dB below full scale shall be at least 10 dB in|0.5 s when
the pignal is removed. Under the 'same test cond1t1ons, the indigator decay
for plow will be at least 10 dB’in 3.0 s,

Impull se Mode: Fig. 6 is-awblock diagram of an impulse deteéﬁorzfndfcatOr.

Averaging

Input —| SQuaring - Circuit |
Circuit Single Pole
35 ms RC

Peak

. Detector

15s

L 2

Indicator
Calibrated’
in Decibels

Fall RC.

FIG. 6 - IMPULSE DETECTOR/INDICATOR

Frequency Response: When a continuous test signal is applied, the
indication in impulse mode shall be the same as the indication in Fast and
Slow within 0.1 dB between 31.5 Hz and 8 kHz.

Single Burst Response:

1 The tone burst indications in Table 4 shall be met for a single
sinusoidal burst with a frequency of 2 kHz and a duration T.
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A3.2.2 When the burst duration is held constant at 2 ms and the input amplitude
is increased by 10 dB, the indication must increase by 10 db + 1 dB.

TABLE 4 - SINGLE BURST RESPONSE

Tolerance dB

T Indication dB
in ms below Full Scale Type 1 Type 2
Continueus 0 Ref Ref;
20 - 3.6 +1.5 +2.0
5 - 8.8 +2.0 +3.(
2 -12.6 *2.0 No test
A3.3 Multiple Burst Response:
A3.3.1 The following indications of Table 5 shall be met for continudus sequence
of sinusoidal bursts having a frequency of 2<kHz and a duratign of 5 ms
and a repetition frequency F.
TABLE 5 - MULTIPLE BURST RESPONSE
: Tolerance dB
F Indication dB
in Hz below Full Scatle Type T Typd 2
Contfinuous 0 Ref Ref
100 -2l +1.8 +1.0
P0 =7.6 +2.0 +2.0
2 - 8.8 +2.0 +3.0
A3.3.2 When the(repetition rate is held at 2 Hz, and the input amplitude is
increased by 5. 0 dB, - the 1nd1cat1on must increase by 5.0 dB.
A3.4 Impulse Decay Performance.
A3.4.1 When the continuous signal is suddenly decreased to zero, the indication

must decrease by 4 dB in 3 + 0.5 s for Type 1 and 3 + 1.0 s for Type 2.
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A4, RMS DETECTOR TESTS:

YR

RMS Detector Test Method 1: Connect the equipment as shown in Fig. 7. The

R value shall be 1% or less than the Detector Indicator System (DIS) input
impedance. The DIS input may be applied through a suitable network
replacing the microphone, or in series with the microphone if acoustic
pickup can be made negligible. Perform the tests indicated in Table 6.

For each test, the sine wave generator level and the DIS gain controls for
the required indicated value. Adjust the noise generator average RMS value
to equal the sine wave generator RMS value as indicated on the True RMS
meter, The DIS average reading must be within +0.5 dB of the sine wave
readilng.

or Flat weighting in Tests 3-6. If neither C nor Flat'is |provided,
1s should be connected to the linear electronics section of the DIS
en the weighting networks and the detection system.

Use
sign
betw

or B weighting must be used for the tests, the 63 Hz tests|should be

jed. Set the sine wave frequency as shown in: Table 7.

If A
modi

For

aver

Alte

ests 5 and 6, the average meter deflection may be determine
ging 50 instantaneous deflection readings taken at least 2

nately, if providéd, use a longer@veraging time. The met¢

bd by
s apart.

By
fluc :

The

nois
with
Amer

uations must be less than +0.25<dB using this method.

/3 octave or octave bands of‘noise should be derived from g gaussian
source that is pink oven-the range from at least 20 Hz-20/000 Hz,

n +1 dB. The filters must meet the Class II or III requirements of
can National Standard Specification for Octave, Half-Octave, and

Third-Octave Band Filter Sets, S1.11-1966 (R 1976). Pink means|a spectrum
leve| downward slope_of -10 dB/decade applied to gaussian random| noise.

Aboveé 20 kHz, the slope must fall.at this rate or faster.

DAAC
--------- LA A-ERAT) T

Generator B Meter
Octave or 1/3 R Detector
Octave Band +— — Indicator System

Noise Generator (DIS)

FIG, 7 - RMS DETECTOR TEST METHOD 1
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TABLE 6 - RMS DETECTOR TEST REQUIREMENTS
Frequency Input Indicated Value dB Function Averaging
Hz Below Full Scale Time
Test 1 1000 Hz Sine Wave - 1.0 Set Fast
1000 Hz Band Noise - 1.0 i_O.S Road Fast
Test 2 1000 Hz ~ sine Wave - 10.0 Set Fast
7000 Az Band | NoTsS€ - 100 F 05 Road Fast
Test 3 6300 Hz - Sine Wave - 1.0 Set Fast
6300 Hz Band Noise - 1.0 + 0.5 Road Fast
Test 4 6300 Hz Sine Wave - 10.0 - Set Fast
6300 Hz Band Noise - 10.0 1.0.5 Road Fast
Test 5 63 Hz Sine Wave - 1.0 Set Slow
63 Hz Band Noise - 1.0 1_0.5 Road Slow
Test 6 63 Hz . Sine Wave ° - 10.0 Set Slow
63 Hz Band , Noise_. - 1050 i_0.5 ‘Road Slow

TABLE 7 - FREQUENCY. CORRECTION FOR 63 Hz TEST

Weighting " Octave 1/3 Octave
A 67.4 Hz 63.6 Hz
B 64.9 Hz 63.4 Hz
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Ad.2 RMS Detector Test Method:

A4,2.1

The RMS accuracy is tested by comparin

Tndication for a reference sine wave to a continuous sequence of

rectangular pulses and a sequence of tone bursts.
frequency shall be 2 kHz.
of 200 us and rise times of less than 10 wus.

The reference
The rectangular test pulses shall have
The tone burst test

g the

sine wave
durations
signal

shall consist of an integer number of sine waves (2 kHz) starting and

ending at zero crossing.

The repetition frequency shall be 40 Hz

The reference sine wave and the test signals shall have identical RMS

values,
reference meter identical to the sound level meter weighting with

tole
used

onlyl

The
mete
Slow

Both
test
spec
to t
indi

Re

The signals are compared using a weighting network prior

rances of Table 1. The C-weighting characteristic or Flat (sh
If the instrument has only A- or B-weighting, test with to

test signal is connected to the electrical input of the sound
r. The test is performed in Slow dynamic charactéeristic, or
is not available.

positive and negative going pulses are used in the rectangul
. The test shall be performed at 1 dB below the upper limit
i fied measuring range and at intervals.of 10 dB below this. 1le
cator.,

ctangular Pulse Test: Apply the\, 2000 Hz sine wave reference

Sw
re

lipit of the specified measuring range.

re

Ap
SW
in
wi

j tching to Reference as shown@n Fig. 8. Adjust the sine way
ference signal level until _the SDAS indicator is 1- dB below 1
Note the indication of
ference RMS meter.

ply - the appropriate rectangular pulse sequence as. shown in Ta
jtching to Pulse«.“Adjust the pulse generator amplitude for t
dication on the_reference RMS meter. The SDAS indication mus
thin the 1imits shown in Table 7.

ne lTowest Tevel that produces an indication of more than 3 dB

— T le— /;‘- _—@
Arithmetic Reference
Mean |~ 1 "7~~~ RMS Meter
I b Pulse
- | \
o
Ref SDAS
Q;
2000 Hz

N is a network identical to
the instrument under test.

F1G.8 - RECTANGULAR PULSE TEST

to the
in the
all be
ne bursts

Tevel
in'Fast if

ar pulse
of the

vel down
on the

signal by
e

he -upper
the.

ble 8 by
he same °
t be
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