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MULTIBAND GRAPHIC EQUALIZER BASED ON AMPLIFYING
STAGES WITH THE INCLUSION OF A BANDPASS FILTER
IN THE FEEDBACK LOOP

In this paper, we calculated the elements of an equalizer based on an operational amplifier with a filter
included in the feedback loop based on fundamental works in this area. The number of bands was chosen to
be eight, with a tone control range of +15 dB. The buffer stage, the summing stage, and the parameters of
their elements were also selected. The model was built in the Multisim program, and computer simulations
were performed to obtain the amplitude-frequency and phase-frequency characteristics of each link and the
equalizer as a whole. The 560 Hz link was considered separately at the minimum and maximum potentiometer
positions (20 kQ), and a Bode analysis was performed, which clearly shows the shortcomings of this circuit,
namely the uneven adjustment range in the direction of signal attenuation. It is advisable to use high-quality
capacitors with good parameter stability (in terms of capacitance and temperature). If electrolytic (oxide)
capacitors are used in series, they should be connected in opposite order (plus to plus or minus to minus).

Operational amplifiers (op amps) can be used in any way suitable for high-end audio equipment. Here, the
main attention should be paid to low noise levels and the high value of the input voltage rise rate. Power to
the op-amp should be supplied from a stabilized, bipolar power supply. The voltage and current of the power
supply depend on the specific type of chips used; we use TLOS4CN op amps with a bipolar supply voltage
of 12 V. The equalizer has the name "graphic" because the slider controls used in it (instead of knobs) show
the frequency response of the output signal by their position. You can control the entire frequency range by
applying several bandpass filters, constructively assembled in one case. Each of these filters will be tuned to
a specific frequency. Typically, the individual filters are placed (spaced) either an octave, half an octave, or a
third of an octave apart so that when they are all in the gain state (or all in the attenuation state), the frequency
response is equal. Movements usually have a (mark) that makes it easy to determine the center position.
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Formulation of the problem. Equalizers are
deservedly popular among sound reproduction
enthusiasts. Only these devices make it possible
to significantly change the quality of an acoustic
sound signal and thereby correct some “imperfec-
tions” in the signal source — amplifier — speaker
path, taking into account the individual percep-
tion of a particular listener [1]. By adjusting the
equalizer’s transmission coefficient at selected
frequency intervals of the audio signal, you can

achieve improved sound reproduction even for
mid-level devices, including monaural designs [2].
There is interference and resonance in every room —
as a result, some frequencies of the acoustic range
sound louder, and others quieter than planned. The
characteristics and even the location of the loud-
speakers are also important. The described eight-
band simple equalizer allows you to correct these
shortcomings and obtain acceptable sound process-
ing characteristics in a certain range.
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Analysis of recent research and publications. In
the 1930s, John Volkman used an equalizer to change
the sound of cinema sound systems and introduced
equalization into sound reinforcement systems. In 1967,
he developed the first set of passive 1/3-octave filters
called Acousta-Voice, which marked the beginning of
a new era of modern equalization. The next 20 years
can be characterized by an incredible rise in the devel-
opment of equalizers: a wide variety of these devices
were created using microcircuits and other digital tech-
nologies. The first equalizer similar to modern ones was
invented by Peter Bexendahl [3]. The research of filters
to create better equalizers is ongoing, for example, in
[4], the development of a graphic equalizer based on
interpolated filters with a finite impulse response (IFIR)
is presented, and in [5] the parallel equalizer is improved
by using bandpass filters, the interaction of which with
two neighboring filters at their center frequency is pre-
cisely controlled, it is called a cascade. In addition, there
are ways to improve mathematical models, so in [6], the
interaction matrix is created with different gains for each
bandpass filter, which helps to maintain the maximum
approximation error below 1 dB at and between the
center frequencies when the gains of neighboring com-
mands are the same.

Although the topic under study is not new, no illus-
trative calculations of a simple equalizer with summa-
tion and the resulting design were found in the form
of an article, so the results of the study will be demon-
strated below.

Task statement. Calculate the active filters of each link
and simulate the resulting equalizer circuit based on the
addition of band-pass filter signals to obtain the frequency
response and frequency response of the device, perform
Bode analysis, evaluate the quality of the resulting model,
and draw conclusions about such a construction.

Methods. To calculate the equalizer based on an
operational amplifier with the filter included in the feed-
back loop, we first set the tone control range in all fre-
quency bands to +15 dB without the mutual influence of
the filters on each other, so it will be advisable to include
each band-pass filter in a parallel negative voltage feed-
back loop of the operational amplifier [1]. Figure 1
shows the inclusion of filters in the negative feedback
loop of the adder using the example of one filter.

Input Output

Fig. 1. Scheme of active filter inclusion in the feedback
loop of the summing stage

32 Tom 34 (73) N 6 2023

All subsequent calculation methods are derived
from [1; 2]. The gain of the active filter at the reso-
nant frequency, provided that the optimal parameters
of such a link, as well as the filter itself, are obtained,
should be equal to two. If this condition is met, the gain
of the circuit at the resonant frequency is equal to (1):

K :(2RO+R2_2R0”)’ (1)
¢ (2R +R)
where K, is the adder’s transmission coefficient; R,
and R, are the values of the corresponding resist-
ances; n is the coefficient characterizing the position
of the potentiometer R, (in the leftmost position n =
0, in the rightmost position n = 1).
Given the previous expression, the maximum (2)
and minimum (3) adder gains are equal:

Ko = P R, @
K=o 3)

2R+ R
When choosing the recommended values [2] of
the resistors, note that the input resistance of the filter
(Figure 1) will be equal to the resistance R, and will
be 5.1 kQ. Then, by selecting the resistor Ry, we will
achieve the required control factor. Then R;=13 kQ.

The dynamic range is determined by (4):
K.,. (2:13+5]) 5.1

o PHERER)

D =
" Kein 51

=37,18(times) ~ 31,4(dB) | (4)

The capacitance C, (Figure 1) is calculated as fol-
lows (5), so that it introduces distortion at lower fre-
quencies of 1.5 dB at a resistance of 600 Ohms:

1 1
0k F-JM?-1 62850600 IS 1 826 (uF).(5)

Let’s calculate the required number of bands in the
case of an octave equalizer. The step factor for the
octave filter is equal to (6), and it is also known that
for the octave filter (7):

/N
K- [jjj ; ©)
K=2/"-2, (7)

where N is the number of control bands, and M is the
number of bands per octave (M=2 according to the
above). Then, taking into account expression (7) and
going to expression (5), we have (8):

lg[?ax] 1g 250
min _ g — ~
"k " k2 7.9 = 8 (bands). (8)

Let’s calculate the values of the central or so-called
average frequencies of the filters using formula (9)
and put them in Table 1:

2N -i)+1
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where F; is the average frequency of the i-th band,
F . Fua are the upper and lower limit frequencies,
selected within 50 Hz — 12.5 kHz, respectively; N is
the number of frequency bands.

The Q-factor at the maximum rise or fall of the
frequency response is selected from condition (10):

Jk 2
Q:ﬁ:ﬁzl"“’ (10)
where k is the step coefficient of the filter.

It is easy to verify the correctness of the calcula-
tion of the average filter frequencies, which was car-
ried out according to expression (9) since the obtained
values of neighboring frequencies differ by a factor of
two, which indeed corresponds to k=2.

The application of active RC filters, especially
when used as active elements of operational ampli-
fiers, is suitable for the above-calculated parameters.
The simplest example of such a filter is a filter based
on a low-Q bandpass filter, the schematic diagram of
which is shown in Figure 2 [2]:
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Fig. 2. Schematic of a low-pass bandpass RC filter
on an operational amplifier

Output

|_>

Although this filter belongs to the class of low-Q
filters, it allows you to achieve a Q factor of two,
which is higher than the required calculated value.

Let’s calculate the equalizer filters, knowing their
resonant frequencies (from Table 1). The initial data
is the same for all filters: Q = 1.4; gain at the resonant
frequency: K, = 2; the value of the resistor R;, the same
for all filters, is chosen arbitrarily and is assumed to be
15 kQ [2]; resistor R, is calculated by the formula (11):

RIZQ-R3:1,4-15000 (11)
2K, 22
The values of the resistor R2 and capacitors are

calculated by the following expressions (12) and (13):
1

= 5250 (Q).

R, = ; 12
2i (2'Q—1)'27T'E),-’C“’ ( )
2.0
=C, =——= 1
Cll C21 2TE'E)i 'R3 ( 3)

Table 1
The values obtained after the calculations

Filter | 1 | 2 | 3 | 4 5 6 7 8

Fo, Hz | 71 | 141|281 | 560 | 1116 | 2226 | 4439 | 8852
C,uF | 050,22 0,1 {0,056|0,033| 0,015 | 0,0068 | 0,0033
R, kQ |3,48(4,02|4,42| 442 | 332 | 3,74 | 412 | 422

The buffer stage should be an op-amp inverter on
an op-amp. Initial data: Gain: K =1 (0 dB); Nonlinear
distortion in the lowest frequency region: M, = 1.18
(1.5 dB); Higher frequencies: M, = 1.41 (3 dB); Input
impedance: R;, = 10 kQ; Operating frequency band:
50 Hz — 12 kHz; Bipolar power supply: +12B.

Considering the initial data, the buffer cascade
will be performed according to the scheme shown in
Figure 3 [1].

In this scheme, its input resistance is determined by
the resistor R,, so you can take R, =R, =R, = 10 kQ.

The value of the capacitor C, will be calculated
taking into account the nonlinear distortion in the
lower frequency region (14) and the higher frequen-
cies of C, (15):

1 1

~0.5084 (uF). (14)

' on FooRAM2 -1 T 6,18-50-10° LIS — 1
2 _ 2 _
¢ = IMiZl VL4161 (pF). (15)
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Fig. 3. Schematic diagram of the buffer cascade

Let’s build a modeling circuit based on frequen-
cy-dependent feedback, which is realized using filters
(Figure 4). For the task, we will use the TLO84CN
op-amp. To take the frequency response and frequency
frequency response, the corresponding device will be
connected to the output and input points of the filters.

To see if all the filters on the frequency axis
have the same Q-factor and the correct location
of the center frequencies, we represent them in the
same coordinate system (Figure 5) for the frequency
response similarly (Figure 6).

The overall frequency response and phase
response of the equalizer will be as shown in Figure 7.
To find out the depth of adjustment relative to the
average level, we set the mini mum and maximum
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Fig. 4. Scheme prepared for modeling
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Fig. 5. Frequency response of all equalizer filters
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Fig. 6. Phase response of all equalizer filters
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Fig. 7. Overall frequency (a) and phase response (b) of the equalizer
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Fig. 8. Frequency response phase response of the equalizer at the minimum position
of the slider of one of the circuits (560 Hz)

Bode Result Bode Result
1 487.6638 1 484.1917
vl -14.3308 |y1 14.2778
x2 10.0000 2 10.0000
v2 -10.4403 |ly2 -10.4922
idx -477.6638 -474.,1917
dy 3.8906 v -24.7700
1/dx -2.0935m ||1/dx -2.108%m
1/dy 257.032%m |j1/dy -40.3713m
min x 10.0000 in x 10.0000
max x 48.9779% x 48.977%k
min vy 192.0152m ny 254.3670m
max vy 978.9261m v 5.1765
offset x 0.0000 lloffset x 0.0000
offset y 0.0000 ffset y 0.0000

a)

Fig. 9. Resulting values at the minimum (a) and maximum (b) slider positions
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Fig. 10. Frequency response and phase response of the equalizer
at the maximum position of the slider of one of the circuits (560 Hz)

values of the potentiometer of one circuit, the results
are shown in Figures 8 (a, b), 9 (a, b), 10 (a, b).
Conclusions. The simulation showed that the
device does not work exactly according to the calcu-
lations. The errors are related to the elements selected
from the standard element series, but in general, the
filters, buffer stage, and summing stage were designed
correctly. The Bode analysis indicates that the signal

attenuation is -24.77 dB, and the gain is only 3.89 dB,
which is a disadvantage, so comparing this result with
the result obtained when building an equalizer based
on an operational amplifier in [ 7], we can conclude that
it is inexpedient to use the proposed circuit, using a
gyrator, you can achieve greater quality factor, uniform
depth of adjustment and smoother frequency response.
Therefore, it is recommended to use gyrator circuits.
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CemenoB A.O., Ilinaes b.0O., Xab006a A.A., lllypxanx M.IO., OabxoBuu B.M. BATATOCMYT'OBHUI
T'PA®TUYHUM EKBAJIAM3EP HA OCHOBI NIJICUJTIOBAJIBHUX KACKAIIB
I3 YBIMKHEHHSM CMYTI'OBOT'O ®IJIBTPA B KOJIO 3BOPOTHOT O 3B’SI3KY

Y pobomi nposedeno pospaxynox enemenmis exeanatizepy HA OCHOBL ONEPAYiliHO20 NIOCUTIOBAYd 3 VG-
MKHEHHAM Dinempy 8 KONO 360POMHO20 38 SI3KY, IPYHMYIOUUCL HA (YHOAMEHMALbHUX POOOMAx 6 O0aHOMY
nanpamky. Kinekicmo cmye Oyna obpana pisHoro ocvmiu, Oianazon pecyniosanus memopy +15 ob. Taxooic
0y6 obpanuil 6yeprull Kackao, cymylouull Kackao, napamempu ix eremenmis. Moodenv Oyna nobyoosana y
npoepami Multisim, nposedene Komn tomepre MoOen08aH s Ol 3HAMMSL AMNIIMYOHO-4ACMOMHOIL i (a3zo-
YACMOMHUX XAPAKMEPUCUK KOXCHOI JIaHKu I exsanauzepy 6 yinomy. Oxkpemo 6y10 po3enaHymo JIaHKy Ha
560 'y npu minimanvromy i Makcumarviomy noaodicenni nomenyiomempa (20 kOm), nposedeno ananiz bode,
Ha AKOMY HAOYHO BUOHO HeOONIKU OAHOI cxemu, a came Hepi6HOMIpHULL 0ianas3oH pecynto8aHHs 8 CIOPOHY
nocaabnenns cueHany. Yci KoHoeHcamopu 8 cxemi 6AMCaHO 3aCMOCO8Y8aAmMU BUCOKOSAKICHI, 3 XOpOWIOl0 cma-
OinbHicmio napamempis (3a emuicmio i memnepamyporo). ¥ pazi nociioo8Ho20 GMUKAHHS e1eKMmpOLIMUYHUX
(OKCUOHUX) KOHOEHCAmOopIs, iX Ci0 emMuxamu 3yCmpiuHo (N0c 00 II0ca abo MiHyc 00 MIHyca).

Onepayiiini niocuntosaui (OY) moocua 3acmocysamu O0yOb-sKi, w0 nioxo0samov 3a napamempamiu 0is
BUKOPUCMAHHSA 8 36YKOBILL anapamypi 8ucoxkoeo kaacy. Tym ocnosny yseazy ciio npudiiumu HU3bKOMY PIGHI0
UyMie i BUCOKOMY 3HAYEHHIO UWBUOKOCMI HapocmanHs 6xionoi nanpyau. JKuenenns na OY cuio nooasamu 6io
Ccmaobinizo8an020, 0BONOAPHO20 Odicepena dcugienHs. Hanpyea i cmpym 0drcepena HcusienHs 3aaexcams 6io
KOHKDEMHO20 MUny 3acmocosanux mikpocxem, suxopucmosyromocs Ol — TLOS4CN 3 dsonoarocroro nanpy-
2oio oicusnenns 12 B. Exeanatizep mae Ha3gy «2paghivnuily momy, wo 3acmocosati 8 Hbom)y 08UIICKO8I pecy-
JAMOPU (3AMICTb PYUOK) C80IM NONONCEHHAM NOKA3YVIONMb YACHOMHY XAPAKMEPUCTUKY 8UXIOHO20 CUSHAILY.
Mooicha kepysamu 6cim Yacmomuum OianazoHoM WISIXOM 3ACMOCYBAHHA OEKIIbKOX CMY208UX (Dibmpis, KOH-
CMPYKMUGHo 3ibpanux 6 oonomy Kopnyci. Koowcen i3 yux ¢inempie 6yoe nanauimosanuii Ha NegHy 4acmonty.
3aszsuuail oxkpemi ginompu posmiwgeni (na iocmani) abo 6 okmaey, abo 6 NOIOBUHY OKMABU, ADO 8 MPEMUHY
OKMABU MAKUM YUHOM, W00 KOIU 6CI GOHU nepedysaiomv Y cmani nocuiienis (abo 6ci 6 cmani ociabnenns),
YacmomHa xapakmepucmuka 0yna pieHa. Jleusicku 3a3euyati Marome (NO3HAUKY), AKA OA€ 3MO2Y 1€2KO U3HA-
YUMU CEPEOHE NOLONCEHHS.

Knrouosi cnosa: exsanaiizep, niocunrosad, ¢hinemp, cnexkmpozpama, niOCyMO8YBAHHA CUSHANIB, CMyad
NPONYCKAHHS, 360POMHULL 38'A30K, 00OPOMHICMb.
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