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Combination of Gating and Compression Techniques
in Electroacoustic Measurements

Introduction

Compression techniques are com-
mon practice in measuring systems
where the excitation signal is perm-
anently applied. A control signal pro-
portional to some quantity (voltage,
sound pressure, vibration accelera-
tion, etc.) is fed to the compressor
of the generator which regulates
the output signal so that the control
signal is kept constant.

In tone-burst measurements, the
signal cannot be fed directly to the

Principle

The basic excitation system (with
compressor loop) is shown in Fig.1.
The Gating System Type 4440 re-
ceives the Generator signal and pro-
duces tone-bursts of adjustable
length and repetition rate. A zero
crossing detector ensures transient-
free tone-bursts. The delay and
width of the receiving gate of the
4440 are also adjustable to allow

measurement on the steady-state
part of the received pulse.
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compressor input because of the ab-
sence of signal between the pulses.
However, if the tone-bursts are long

enough (typically longer than
30 ms), direct requlation on the
pulse is possible when using a

switching device to feed the com-
pressor with a known signal on
which the compressor can stabilize.
This technique is described in the

by Pierre Bernard, B & K

In many measurement situations,
however, the pulse is much shorter
(typically a few milliseconds). This
is for example, the case in electroa-
coustic measurements and hydro-
phone measurements.

A method allowing to apply com-
pression techniques when using
short tone-bursts is described in the

B & K Application Note 15—127, following. Practical applications to
(Ref.1). microphone measurements are also
described.
Sine Random
Generator
1027 Modified
Gating System
4440
® -7 0| -
*" P B .‘. | - Test Device
oo &6
-— ] | -
Compressor Signal Control Pulse
(Chopped DC QOutput)
780297
Fig.1. Basic excitation system for tone-burst measurements using compression technique




The DC output of the Gating Sys-
tem delivers a DC signal which is
equal to the max. peak value of the
measured pulse. This signal is avaii-
able for the whole period between
two pulses. In order to feed the com-
pressor with an AC signal, a chop-
per is placed at the DC output of
the 4440. In this way, the compres-
sor receives a permanent AC signal.
However, the Ilevel remains con-
stant between two pulses. It 1Is
therefore necessary to examine this
"staircase’”’ process in some detall
in order to specify the optimum
working conditions.

For simplicity, the problem will
first be discussed making the follow-
ing assumptions: 1) after the com-
pressor has balanced, the gain of
the system is given a new, constant
value and 2) there is no time delay
between transmitted and received
bursts. The influence of continu-
ously varying gain is discussed In
Appendix A and the influence of
time delay is discussed in Appendix
B. It is shown that both effects have

a negligible influence in most practi-
cal situations.

Since the input level to the com-
pressor is constant between two
sampling points (period T), the rate
of change of the compressor (S, in
dB/s) is also constant over T. From
section 6.3 of the 1027 Instruction
Manual, S can be written as:

S =2C {1 — x) (1)
With
_ YV
X = Ve
C = compressor speed (dB/s)
as selected on the generator
V = input voltage to the com-
pressor
Vg = balance voltage of the
cCompressor

Assuming that the voltage ratio is
equal to x, at the beginning of a
sampiing period, the level differ-
ence between the beginning and
the end of the period will be:

A, =2CT (1 — x,) (2)

At the beginning of the next pe-
riod the voltage ratio at the chopper
output becomes xn.1 , following
the relationship:

20 10919 Xn + 1 = 20 logyg X, +

2CT (1 — x,) (3}

or

Xn + 1 = Xy exp. [a(l = x,)]  (4)

with

CT

10M“

M = log,o e = 0,434

q =

Note: With B & K Generators, the
above calculation is only valid
for x<2 (level difference
< 6dB). When x Is greater
than 2, the rate of change be-
comes constant due to clip-
ping In the compressor ampli-
fier and is the same as when
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Fig.2. The compressor function for different values of a

a)a=05
bla=1

cla=1,7
dla=205




x=2. Eqn.(4) should there-
fore be repfaced by
Xnt1 =Xpnexp(—a). In prac-
tice, however, the level varia-
tion to be expected between
two pulses is much smalier
than 6dB (see Appendix A).
Hence only Eqn.(4) will be
considered in the following.

Examining Eqn.{3) or (4), it is
seen readily that if the series has
one and only one limit, the limit is
equal to 1. However, a condition for
the series to converge towards the
limit is that the slope of the func-
tion xexp.[a{1 —x)] falls between
—1 and +1 for x=1, which gives
the convergence condition:

0<a<? (5)

The fastest convergence s 0b-
tained when the slope at the limit 1s
zero, i.e. a=1. If a is greater than
2 the series does not converge any
longer but tends to oscillate be-
tween two extreme values.

Fig. 2 shows the function
y=xexp.[a(1l — x)] for different val-
ues of a and Illustrates how the ser-
ies develop. Starting from x5, x4 Is
found on the vy-axis. To find the
next value again, the y-value must
first be converted into an x-value; to
do so, progress parallel to the x-axis
until line y=x 1s reached. From this
point, progress parallel to the y-axis
towards the curve and so on.

Fig.2d) ililustrates the case where
the series oscillates (a> 2) while
Figs.2a) to 2c) show different con-

—_—a=25

—_ —a=1,7

0,b— 0,b—
- ]|
O 1 r 1 | J T o 0 Y 1 7T T 1 | T | 1 7 LU B ?
5 Nb. of 10 19 Nb, of
Periods Periods

780285

Fig.3. Variation of the compressor input voltage with time for a 6 dB gain increase att=o0

—
a 0,5 0,8 1.25 1.5 1.7 1.8 1,9

Nb. of € = 1% 6 3 3 4 8 13 26

Periods | € - 5% | 3 2 2 4 4 6 11

Table 1. Number of periods necessary to obtain an error of less than 1% and 5% after a sudden

gain variation of 6 dB

vergence conditions. It 1s seen that
a= 1 gives the fastest convergence.

Fig.3 shows how the different ser-
ies develop while Table 1 gives, for
different values of a, the number of
periods necessary to obtain a value
which differs from 1 by less than
1% and 5% when starting from
Xog = 2.

As Fig.2b), Fig.3 confirms the pre-
vious statement that a=1 gives the

Dynamic Range Considerations

When the 4440 triggers inter-
nafly, the Iinput voltage from the
generator should be in the range
0,3 to 1V RMS. The lower limit is
set by the zero crossing detector.
This gives a dynamic range of only
10dB, which is normally not suffi-
cient.

However, as two (Qating Systems
are used (one in the compressor
loop and one In the measuring chan-
nel}, one can be externally triggered
by the other. This requires that the

generator provides both a normal
output (regulated by the compressor
circuit) and a constant level output,
independent of the degree of com-
pression. The constant level output
drives one 4440 which, in turn,
controls the triggering of the other
4440 which transmits the excita-
tion burst. The arrangement re-
quires good phase agreement be-
tween the two generator outputs.
With the B & K Sine Random Gener-
ator Type 1027 this may be
achieved by internal adjustment.

C (dB/s] 10 30 | 100 | 300

T a=1{435 | 145 { 43,5 (14,5

(ms) a=2| 870|290 87 | 29

Table 2. Repetition period and compressor
speed fora=1and a=2

quickest convergence. Table 2 lists
the repetition period of the bursts
as a function of the selected com-
pressor speed, both for a=1 (opti-

mum setting) and a=2 (max.
value).
With the Sine Generator Type

1023, use should be made of the
Constant Output Level Adaptor ZM
0200.

It the generator does not provide
a constant level output, a compres-
sor amplifier can be placed after the
transmitting 4440. For example,
use can be made of the compressor
section of the B & K Noise Genera-

tor Type 1405b.



Selection of Measurement Parameters

The theoretical repetition periods
of Tab'ez, C_an .only be considered Sine Generator Ga:?r?gdg;'esfem Noise Generator - Measuring Amplifier
as rough indications because of the 1023 4440 1405 9606
spread in compressor speeds be- —— o & - (& - o ‘
tween generators (up to approx. L_}‘_:_ o
20%). To illustrate this, the set-up
of Fig.4 was used in two ways: the Compressor Signal

. (Chopped DC Qutput) i
control signal {chopped DC output applied alternatively Control Pulse

of the 4440) was fed alternatively to 1023 and 1405
to the compressor circuit of the
1023 and of the 1405. The com-
pressor speed was set to 30dB/s
in both cases. The gain in the com-
pressor loop was varied by 10dB

| :
GI'.-'-l-_|
@it :

) L.evel Recorder
up and down. Figs.5 and 6 show 2307

the variation of the compressor sig-
nal for different repetition periods. Fig.4. Set-up for investigation of the influence of compressor speed variation
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The curves show differences and it
may be assumed that the reason iIs
the actual difference in compressor
speeds.

However, for most practical situa-

tions, a repetition rate of 10 to CnooOo0MNQoO0oRODO0O0C0OOCO0OO0RNO0OO0DCoOoONUoOODO0OO0O00NOapDoOOoOOoOO0OCcOOoQoOoQOO0

15HZ and a compressor Speed Of Briisl & Kjser Briis! & Kjmr Brivat & Kisr

30 dB/S Wl" be Sl.”table — 1023 Compressor -
— Compressor Speed: 30 dB/s-
— Paper Speed: 3 mm/s: #

H
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L
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+

Another parameter to be consid-
ered is the sweep speed since It In-
fluences the offset error if the gain
is continuously varying (see Appen-
dix A). This is illustrated in Fig.7.
The curves were recorded using the
set-up of Fig.4 with the D-weight- ' T=65ms—T—T=140ms_—1-T =200 ms
ing network of the Measuring Ampli-
fier switched in. Curve a) shows
the frequency response of the D- |
weighting network for constant in- 1091102 . 780291
put voltage and curves b), c¢) and d) Fig.5. Typical compressor voltage variation after a 10 dB gain variation using the compressor
show the response when using a of the Sine Generator Type 1023
compressor loop (C=30dB/s,

T=6bms) with different paper
speeds. Curve b) illustrates best the
influence of the slope of curve a) on
the offset error. When the slope is

zero, the error is also zero {(e.g. be-
tween SOOHZ and 1kHZ, as well as o o0oo0oODo0OooDOoODODODDO0D0DO0O0COoOOU00O0ooO00NDO0L0DO0RNUNO0OO0OOD0DDOOOQoOO0

Briel & Kjoer Brial & Kjoor Briel & Kjmr
between 4.kHz rfn'.}d b kHz). Whe'n =7405 Compressor
the SIOpe IS posilive, the offset is T Compressor Speed: 30 dB/s m
also positive and vice versa. Finally, — Paper Speed: 3 mm/s
when the slope is constant, the off- =

set 1S also constant (e.g. between - — ‘
1.5 kHz and 2 kHz). —t — o

P reieraiplirplan
I--..-. -
iy f—

TP T T T Y
b

T =300 ms

W

It can be seen that a paper speed - _ -]
of 1 mm/s gives no noticeable off- - -
set error and can be used whenever T =65 ms: T =140 ms T = 200 ms =1 = 300 ms
the gain does not show strong irre-
gularities. -

For adjusting the compressor QP 1102 780292
loop, it is good practice to first re- Fig.6. Typical compressor voltage variation after a 10 dB gain variation using the compressor
cord the frequency response with- of the Noise Generator Type 1405



out compression and then adjust -
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Fig.7. Influence of sweep speed
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Fig.B. Typical set-up for microphone measurements
The use of gating technique in -
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common practice today (Reference Measuring Obj: - 1 h_'_“—""-'_J.:_-f-.:_::j::;-:;;__'__ iy pig s T ——
2) as it allows to achieve free-field i T = T i
conditions in ordinary rooms. The 40r20 e a) I e e

' - I T U A I _ AL T T TN I i X : _'L._ri.. e — ]
method is widely used for loud- i e e 1 A - RN UL
Speaker measurements, directivity 3{1:15 = B o o S 15145
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— HiES= ===t
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Fig.9. Microphone measurement results
_ a) Loudspeaker frequency response (without compression)
The system was adjusted for b} Output voltage of compressor microphone
C=30dB/s and T=140ms. Fig.9 ¢) Frequency response of test microphone




shows the measurement results.
Curve a) is the frequency response
of the loudspeaker with constant in-
put level (without compression).
Curve b) represents the output sig-
nal of the compressor microphone
when the compressor 1S active
while curve c¢) is the frequency re-
sponse of the test microphone
(small tape-recorder microphone).
The small oscillations on curve b)
are mainly due to large level varia-
tion between pulses. They can be re-
duced using a lower paper speed,
as shown in Fig.10 where the
paper speed was reduced from
1 mm/s to 0,3 mm/s.

It should be underlined that the
main purpose of the measurements
was to confirm the possibility of ap-
plying compression techniques to

Conclusion

Compression techniques can be
applied to tone-burst measurements
if the convergence condition is ful-
filed. Combining the advantages of
gating technique and compression
technique it is possible to broaden
the application domain of “free-
field” measurements in ordinary en-
vironment. In electro-acoustics, ap-
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Appendix A

Influence of Gain Variation

In the previous discussion static
conditions were assumed. The gain
was suddenly changed and rem-
ained at the new value. In practical
systems, however, the gain will
vary continuously, either with a con-
stant slope (e.g. 12 dB/oct. for hy-
drophone measurements}) or In a
more complicated way.
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Fig.10. Output voltage of the compressor microphone with a lower paper speed
tone-burst measurements. The dif- measurements {(Reference 3), was

ference Iin sound level due to posi-
tion differences, which i1s a well
known problem in anechoic room
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quency response measurements,
loudspeaker distortion measure-
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ter acoustics, gating technique is of-
ten used for hydrophone measure-
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when used as sound projector. Gen-
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nique can be applied to tone burst
measurements whenever a well-de-
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20 log x, + 1 = 20 log x, +
2CT (1 — x,) + GT

or
a(1—xn)
Xn+ 1 =% -9.¢€
with
GT
g=e 20M




The limit of this series 1S no
longer 1 but
G In g
X|::1 + =:1'+ E—
2C a

The magnitude of the bias error
may be estimated from a practical
example, using a=1 (i.e.
C=30dB/s, T=140 ms). Assuming
a logarithmic sweep of the genera-
tor, 1 mm on the recording paper of
a B & K Level Recorder corresponds
to 1/15 octave. If the slope of the
system is -NdB/oct. and with a
paper speed of Pmm/s, the limit is
equal to

Appendix B

Influence of Time Delay

The influence of time delay on
the compression characteristics of
the system is due to the fact that
the compressor transducer receives
pulses which are representative of
the generator output a certain time

{7) before. See Fig.B1.

When x, is received, the rate of
change of the compressor becomes

Sn=2C(1——xn)

At this instant, the output of the
generator is no longer x,, but has
changed by 7S5,_1. From this
value, the generator output varies
with the new rate of change, S,
until a new pulse Is transmitted,
which occurs T— 1 seconds after.
The new level is therefore equal to:

20Iogxn+1=20|09><n"'
2Cr (1 —x, _ 4)
2C(T—1) (1=x))

X 4 1 =% exp. [a(l — x)]-

T
exp. [a —(x, — x_  _ 4)]
[ T n n 1

The “error’ term, expla 7/T({xpj
— Xn—1 }] 1S governed by 7/T. Its In-
fluence may be illustrated as fol-
lows. Taking a=1, it Is assumed
that the system is balanced (x, = 1)
and that the gain i1s suddenly In-
creased by 6dB (x4 =2). TableB1
gives, for different values of 7/T,

900

Table A1 gives x; as a function of
the slope for P=1mm/s. The bias
error, in dB, is also given. It I1s seen
that the error can be neglected iIn
most cases. Note that it can be
made even smaller by selecting a
lower paper speed. (Refer also to
Fig.7.)

Slope Limit Error
dB/oct. X| dB
(+) 1,0067 + 0,06
6 {(—) 0,9933 —0.06
{(+) 1,0133 + 0,12
12 (—) 0,9867 —0,12
{+) 1,0267 + 0,23
24 (—) 0,9733 —0,23
(+) 1.,0400 + 0,34
36 (—) 0,9600 —0,3b
(+) 1,05633 + 0,45
48 (—) 0,9467 —0,48
Table A1. Bias error as a function of respon-

se slope

Transmitted

Pulses
| : ;
: Time
;
-
Time
Delay 7
Received
Pulses
Time
Balance
Level
Compressor
Voltage
_ y
Time
I
Generator
Output Gain
and Transmitted
Pulses
.t
Time
780293
Fig.B1. Influence of time delay
/T 0,01 0,056 0,08 0.1 0,15 0,2 0.b
No of €E=1% 3 3 3 o) b b 12
Periods €= 5% 3 3 3 3 3 3 9
i
Table B1. Influence of time delay on the convergence speed

the number of periods necessary for
the voltage to come back to the bal-
ance level with an error of less than
1% and 5%. It is seen that if 7/T is
less than 0,1, the necessary num-

ber of periods is the same as if
there was no delay. In the practical
case described, the time delay is ap-
prox. 3 ms, which has no noticeable
influence on the measurements.
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