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A Loudness-Compensated
Level Control Stage

This unit combines a gently compensated volume control with switchable low bass and high

treble boosts, useful for lower-than-live SPL, bass deficient recordings, and HF hearing loss.

et me begin with the results. Fig-
ure 1 shows the two switchable

a mild top octave boost. Fig-
ure 2 shows the volume control pot’s
switchable (and gentle) loudness com-
pensation.

Figure 3 is the familiar family of
equal-loudness contours pioneered by

Fletcher/Munson, and refined by Rob-
inson/Dadson. While many loudness !

compensation circuits use HF boost,
note that there’s very little hearing re-
sponse change above 1kHz, from 10-
130dB SPL, in Fig. 3.

In Fig. 4, I plotted the LF boosts
needed to restore hearing response to

that heard at 100dB SPL, for listening

levels of 10-90dB (the nine curves). I
chose 100dB as the flat-hearing refer-
ence because there’s very little change
above that. Note: The playback SPLs

used here for compensation refer to
the loudest (full scale) recorded levels

(normal dynamic variations don’t need :

compensation).

The circuit’s full combination of
“LF1” and “LF2” (Fig. 1) and the vol-
ume control compensation of Fig. 2
(below -20dB re full volume) pro-
vides 17dB boost at 40Hz, which in

Fig. 4 is what’s needed at 42dB SPL.
Thus restored 40Hz perception can

be maintained down to a quiet “back-
ground music” level. For pipe organ
fans, the maximum 20Hz circuit boost
is 23.5dB, enough for compensation to
53dB SPL.

The mild HF boost (2dB at 10kHz,

4dB at 20kHz) is useful to non-intru-
sively compensate slightly dull record- !

ings, speaker rolloff, and/or hearing
loss. The HF boost sounds natural with

. good vinyl or SACD music, but I don’t
. like it with most CDs, because it can
(plus combined) bass boosts and !

emphasize the graininess of the PCM
process with an insufficient 16 bits.

T've been using this circuit for sev-
eral years now, often to restore the bass
that’s attenuated on most pop record-

ings because of the infamous “loudness
wars’—ask any mastering engineer of
“note”! (Sales are proportional to re-
corded SPL.) The only time I don’t
need some bass boost (euphonic plea-
sure aside) is when listening to the
highest quality recordings at 90dB SPL
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FIGURE 1: Frequency response.
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FIGURE 2: Loudness compensation responses—attenuator setting =0 to -25dB

in 5dB steps.
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(100dB on full-scale climaxes). Most

of the time I used only the “LF1” boost
plus the volume compensation. Ex-
cept for the rare bass-heavy record-
ing, it sounds natural, not boomy or
muddy. Because there’s little boost at

100Hz (except at low SPL where that’s

needed), the circuit sounds much more
natural than conventional tone con-
trols with their uncalled-for boost up

to 1kHz. That was needed in 1950, not

now! (Except for iPod™ “speakers.”)

SCHEMATIC

which provides the Fig. 2 loudness com-

pensation from R1, R2, C1 when se-
lected by S1. Minimum input Z is 27k.
If this is too low—say, for a tube preamp

. output—the input can be preceded by a

voltage follower op amp with an input
terminating resistor of your choice.
This op amp can also provide gain if
desired. U1 provides the “LF2” boost.

: When S3 shorts C2, U2 has a flat gain

of 3.01 (9.6dB). C6 provides an infra-
sonic rolloff at 4Hz.

With S2 and S4 in their “oft” posi-
tions, the voltage divider R7, R8 has

- a flat loss of 9.6dB, resulting in unity
The volume control (P1) has a 10% tap,
¢ The “LF1” boost is switched on by S2,

overall gain, voltage followed by U2.
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FIGURE 4: Equal-loudness compensation boost required vs. frequency, relative to
100dB SPL and 1kHz. From Robinson-Dadson, 1956; mod from Fletcher-Munson, 1933.
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the “HE” boost by S4.
You can use any unity-gain stable op
amps of your choice, but I recommend

i the OPA 627 shown for low noise. As

shown (Fig. 5), the maximum output
noise (which is with P1 at 50% R) is
about 4.0uV RMS, 20Hz - 20kHz,
3.0uV “A” weighted (-110dBV'), with
the HF boost off. With it on, the
noise is about 4.9uV RMS, 3.7uV “A”
weighted (-109dBV).

I don't have a photo of the unit be-
cause the circuitry I built is in two sep-
arate and non-photogenic boxes. Be-
cause of the low gain and easy loading
of the op amps, even the TLO082 sounds

tr ansparent.

LF COMPENSATION VS. SPL

Table 1 shows various combinations of
volume setting (with S1 in the “comp”
position) and the LF boosts. One im-
portant note: The SPL shown is for the
loudest parts of a recording. Obviously,
when the music becomes quieter, extra
LF compensation isn’t required in a live
setting. The compensation is needed
when the playback level is lower than
the live level.

TABLE 1 SPL for best loudness compen-
sation, when amp gain is set for 100dB
maximum playback SPL at full (0dB)
volume setting.

Low frequency boosts

volume setting both off LF1 LF2 both on

0dB 100dB ref 85 72 64
-10dB 88 79 66 58
-15dB 81 73 60 53
<-20dB 2 64 52 45

SPL, dB, for best LF comp.

However, there’s a nonlinear effect
here, because required compensation
isn't directly proportional to the change
in SPL. This is reflected in the non-
uniform curve spacings in Figs. 3 and
4. But this doesn't seriously affect the
overall restoration of LF hearing sensi-
tivity.

Notice that with the system set for
100dB SPL at full volume (P1), the vol-
ume dependent compensation selected
by S1 provides enough boost without
LF1 and LF2. The latter can provide
the extra boost needed when full P1
volume produces less than 100dB SPL



(or whatever the maximum live SPL .
was). For reference, a large orchestra
playing its loudest produces an SPL in :

the neighborhood of about 105dB.
The SPL figures referred to in this

article are the waveform-averaged val-
ues, corresponding to average power and :

RMS voltage. These SPL levels do not
represent instantaneous waveform peaks,

which are typically 10-20dB higher for
live acoustic music. My article, “Musi- :
cal Waveform Peak and Average Power

Frequency Distributions” (aX Nov. '05),
explores this.

As I mentioned, the bass and HF
boosts are there for many purposes !

(compensation of low SPL, bass-rolled
off recordings, speaker rolloff, HF hear-

ing loss). But their usage doesn't need
a “justification”—if you like it, use it. :

I think you’ll find, as I do, that these
boosts are effective enough when need-

ed or desired, and much more natural :
sounding than most tone controls and

loudness compensators. The purpose of
music is to stimulate the emotions and
senses. Whatever helps you achieve that
from music is good.  aX

FIGURE 5: Schematic, loudness
compensation volume stage.
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Ever needed an Audio Consultant in a pinch, and couldn’t find one?

call 1-800- SEENC ORES

(736-2673)

“The RaSTI and STI-PA functions
of the SP495 help us get a

better idea of the real-world
performance in understanding
speech for our digital signage
applications.”

Chris Osgood, Innovox Audio Factory,
Minneapolis, Minnesota
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Audio Consultant

Take a test drive: www.sencore.com/products/sp495/sp495.html

Quality » Stability » Total Business Solutions

SENCORE

3200 Sencore Drive « Sioux Falls, SD 57107

sales@sencore.com

1-800-736-2673 or 1.605.339.0100
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