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MULTI-BAND GRAPHIC EQUALISER BASED ON GYRATORS

Studies of the properties of human hearing have shown that the perception of loudness depends on both the frequency
and intensity of sound. A person is able to compare the loudness of sounds of different frequencies. This allows us to construct
so-called equal loudness curves (isophones). From them, it can be concluded that when the volume level is reduced, a person
perceives sound components in the low and high frequencies of the sound range poorly, and at frequencies from 2 to 6 kHz, the
ear is most sensitive to sounds. Therefore, it is with the help of an equalizer that sound correction is performed in accordance
with equal volume curves. The purpose of this paper is to find a way to build an active eight-band equalizer to adjust the
frequency response shape. This task can be solved in several ways. In the preliminary study, the three most common control
principles were identified and analyzed, namely graphic equalizers based on an operational amplifier, bandpass filter signal
addition, and an active filter with a feedback loop. Comparison of the latter with an equalizer based on an operational amplifier
gave the following result: both have a uniform frequency response, but compared to the low-Q filters, the gyrator-based circuits
have a higher quality, which gives an advantage to the operational amplifier-based equalizer because to obtain better quality
factor and better stability of the EQ parameters based on the inclusion of a bandpass filter in the feedback loop, more complex
[filters that can accommodate two OPs and more elements must be used, which is not economical and will lead to an increase
in size. It was also noticed that when adjusting the depth of control, the largest increase will be at the extreme positions of the
slider, while at the middle positions, the slider has little effect on the depth, which is a big disadvantage. The same effect was
observed for the developed scheme but with a smaller impact. But these effects are insignificant and can be ignored. The worst
results are obtained with the equalizer with the addition of bandpass filter signals since it has frequency response fluctuations
along the entire frequency axis at the middle positions of the sliders, and it also has the disadvantage of adjusting the frequency
response in the attenuation direction, which is insignificant compared to the gain side. In order to increase the depth of control
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in the attenuation direction, it is necessary to increase the quality factor of the filters, and this, in turn, will lead to an increase
in frequency response fluctuations, so it is undesirable to use this scheme.
Key words: graphic equalizer, operational amplifier, gyrator, Bexendahl, multiband equalizer.

Cemenos A. 0., Cmanvuenxo O. B., Xnvooa A. A., Ilinace b. 0., Kpucmogopos A. B. bazamocmyzosuii zpaghiunuit
eKeanaiizep Ha OCHOGI Zipamopie

Hocnioocenns eracmugocmeii Cyxy m0OUHU SUABUIY, WO GIOUYMMS 2YUHOCHE 3ANIeNCUMdb K 810 Yacmomu, max i 6io
inmencusnocmi 38yKy. Jlioouna cnpomodicna nopisniogamu no eyuHocmi 36yku pisnoi uacmomu. Le 0o3gonse nobydysamu
max 36aui Kpuei pignoi eyunocmi (i30¢honu). 3 HUX MONCHA 3pOOUMU BUCHOBOK, WO NPU SHUNCEHHI DIBHA 2YYHOCHI TOOUHA
NO2AHO CAPUIMAE CKIA006I 36YKY 6 001ACMI HUZBKUX [ UCOKUX YACMON 38YK08020 0ianazomy, a Ha yacmomax 6id 2 do 6 xl'y
cnocmepizaemvcs Hauguya yymaugicms 8yxa 00 38ykig. Tomy came 3a 00nomo2010 exeanatizepa 6UKOHYEMbCA KOPEKYis 36YKy
8i0n06i0HO 00 Kpueux pigHoi cyurocmi. Memoro 0anoi pobomu € 3Hax00NCeHHs WIAXY HOOYO08U AKMUBHO20 BOCLMU CMY208020
exsanauizepy 01 peeymosanua gopmu AYX. Lfio 3a0auy moxcnugo supiwumu dexiivkoma cnocobamu. [Ipu nonepednvomy
oocriddcenHi Oyno eudiNeHo mpu HAOITbUL POINOBCIOONCEHUX NPUHYUNU PeYTIOBAHHA, N0 AKUM O)10 NPOBEOeHO AHANI3, ye
maki epaghiuni exeanausepu Ha OCHOBI: OupepenyianrbHo20 NIOCUTI8aYd, CKIAOAHHS CUSHATIE CMY208UX (inbmpis, aKMUeHUlL
pinbmp 3 Kor0M 360pomHO20 38 A3KY. [lopieHAHHA OCMAHHBO20 3 eK8aNAl3ePOM HA OCHOBI dUpepenyianbHo2o nidcun8aya 0ano
makuil pesytomam: 6 060x AYX ¢ pieHomipnoto, ane 6 NOPiGHAHHI 3 HU3LKOIO O0OPOMHICIMIO (LILMPIE, KOHMYPU OCHOBAHI HA
2ipamopax maromv euugy 00OPOMHICIb, Ye HAdAe nepesazy 6 CHIOPOHY eKkeanatizepa noHyO08aHO20 Ha OCHOBI OUpEPeHYianbHO20
nidcuniosaua, ockinbku 0ns 3000ymms Kpaujoi 000pomHocmi ma kpaujoi cmabitbHOCmi napamempis exeanausepa Ha OCHOBI
BKIIOYEHHS CMY208020 (iIbMPY 8 KOO 360POMHO20 36 SI3KY NOMPIOHO BUKOPUCTOBY8AMU OIbUL CKAAOHT (HiNbMpU, SKI MONCYMb
emiugysamu déa OIl ma 6Oinvuty KinbKicmo enemMenmis, a ye € He eKOHOMIYHO ma npusgede 00 30ibieHHs eabapumis. Byno
NOMItEHO MAKOIC, WO NPU Pe2YTIOBAHHT 2NUOUHY Pe2YTI08aHHS HAUOIIbWIUL npupicm Oy0e HA KPAUHIX NOTOJCEHHAX pe2yiamopd,
mooi AK npu cepeoHix NONOJCEHHSAX, NOB3YHOK MAN0 NIUGAE HA 2nubuHYy, wjo ¢ genuxum nedonixom. Taxuil dce epexm 68
nomivenul i 013 po3poONeHOl cxemu ane 3 MeHWUM BNAUSOM. Alle yi 6Ny HesHAUHI | HuMU ModcHa 3Hexmyeamu. Cami nozami
De3VIbIMAmu y eKeanaiepa 3 CKIA0aHHAM CUSHATIE CMY208UX (LIbmpis, OCKIIbKY 6 HboMy npucymHui konuearnns AYX no eciil
YACMOMHILL OCI NPU CepeoHix NOTONHCEHHAX NOB3VHKIB, MAKOIC 8 HLOMY € HedomiK pezymosanis AYX 6 cmopony ocrabnenns, axuil
€ He3HAYHUM Y NOPIGHAHHI 3 CMOPOHOIO nidcunenHs. [l mozo, wob 30ineuumu 2nubUHy pe2ynio8anHs 8 CMopOHy NoCiAO1eHHA
nompioHo 30inbutysamu dobpomuicmy (itempis, a ye 6 c60io uepey npusede 00 30inbuierHs konusarnb AYX, momy maxy cxemy
BUKOPUCTOBYBAMU HEOANCAHO.

KitouoBi cnoBa: epaghiunuii exeanaiizep, onepayitinutl niocumosady, 2ipamop, bexcenoan, 6azamocmyeosuil exeanatizep.

Formulation of the problem. At the present stage of the development of sound processing and reproduc-
tion technology, there is a significant increase in the interest of both consumers and developers in multi-band tone
controllers — equalizers. Modern audio equipment and speaker systems can provide high-quality sound reproduc-
tion to the fullest extent only in a specially equipped room designed for listening to music. Most living spaces,
especially small ones, are not suitable for this purpose. At any point in such rooms, there is such a phenomenon
as interference (addition with different phases) of sound waves coming directly from speakers and reflected from
walls, ceiling, floor, and furniture. At some frequencies, standing waves appear — voids and dips in sound inten-
sity with an unevenness of up to 20 dB, which necessitates adjusting the frequency response of the audio system
in certain frequency bands.

Insufficient soundproofing of the room results in listening to audio programs at a level significantly lower
than the level at which they are generated (approximately 90 background). As a result, it is necessary to raise the
volume level at frequencies below 200 and above 5000 Hz to preserve the timbre of the sound. The corresponding
compensation introduced in volume controls is usually incomplete.

Frequency response control is also necessary for solving other tasks: correcting the sound of low-quality
phonograms and equipment frequency response errors, compensating for age-related changes in hearing, and
selecting timbre sounds to the listener's taste. Tone controls and equalizers are used for multi-band frequency
response control.

Therefore, an eight-band equalizer that uses the differential amplifiers on which the gyrators are built as a filter
is being developed and researched.

Analysis of recent research and publications. The first equalizers were quite simple devices. As a rule, it
was a single knob that could be used to cut out a certain part of the high-frequency component. The first "serious"
equalizer was invented by Peter Bexendahl [1]. His equalizer provided for separate control of low and high frequen-
cies, with both gain and attenuation. The control remained in its middle position if equalization was not required.
Subsequently, equalizer circuits experienced a rapid development that continues to this day [1].

Although the operational amplifier in its analog form is no longer a leading element in graphic equal-
izers, work is still underway to improve filters based on them, so in [2], the design of a graphic equalizer is
being developed, and how to determine the target response is discussed. Much attention is paid to the cascade
equalizer. In [3], the implementation of a Bode-type amplitude equalizer on differential amplifiers was pro-
posed. Research is also underway to improve the method of developing a graphic equalizer using a neural
network [4].
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Although the topic under study is not new, a clear demonstration of the developed equalizer in the form of an
article has not been found, so the results of the study of the eight-band graphic equalizer and its calculation will be
demonstrated in a visual form below.

The purpose of the article: Develop a simple eight-band equalizer based on operational amplifiers, some of
which act as a filter, namely, as a gyrator. To simulate and demonstrate the performance of the proposed circuit, to
take the frequency response and frequency response of each band, and to provide the necessary calculations.

Presenting main material. To correct narrowband distortion, many bandpass tone controls (BTs) are used,
which allow you to adjust the frequency response both in a narrow frequency band and in a wide frequency band
(integrally). Typically, such BTs are a set of narrow-band filters with interleaved resonant frequencies located
throughout the entire audio range on a logarithmic scale. It is convenient to raise or lower the gain of each filter by
means of variable resistors with a linearly moving motor [5]. In this case, the resistors of all filters arranged in series
on the front panel clearly characterize the set frequency response of the RT, which explains the popular name of
multipole BTs — graphic correctors or graphic equalizers. The proposed circuit is shown in Figure 1.
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Fig. 1. Scheme of the graphic equalizer based on gyrators

The preamplifier is based on TLO84CN, which has sensitivity control in the negative feedback circuit, and
the gain can be adjusted within the range of 1...100 using a potentiometer (220 k€2). A 15 pF capacitor prevents
self-excitation at high frequencies. The output of the chip also provides a line output for connecting a mixing console.
The equalizer is built on the same operational amplifier. Eight potentiometers are connected in parallel between the
inverting and non-inverting inputs of the operational amplifier (OA). The following control principle is used. R-L
links are connected between the potentiometer movers and ground, with inductances formed electrically. This scheme
is known as a "gyrator" [6]. C1 is the capacitor "C" of the series oscillating circuit; C2, 330 Ohm, 100 kQ resistors,
and TLO84CN simulate the "R-L" circuit. The 330 Ohm resistor ( R, ) represents the series inductance loss, and the
100 kQ resistor ( R, ) represents the parallel inductance loss. The equivalent inductance is calculated using formula 1:

L=R"R,-C, (1)

where R1, R2 are two loss resistances (in ohms); C is the capacitance of C2 (in nF). The inductance L is
Henry's. Let's calculate the capacitances of the capacitors for the corresponding oscillating circuits using Thomson's
formula. Thus, the resonant frequency of the oscillating circuit is determined by formula 2:

1

2mJLC

)

Whence the capacity will be equal (formula 3):

1
C——4.n‘f2.L [uF]. 3)

ISSN 2521-6643 Cucremu Ta TexHonorii, Ne 2 (66), 2023 119



The stage ends with a volume control. Let's calculate the 8-band graphic equalizer according to the above

formulas. The control frequencies are selected according to Table 1, and the capacitance C, according to [5].

Table 1
Frequencies and gyratory capacities of the 8-band equalizer
f, Hz 50 100 250 500 1000 2200 5000 12000
C,,uH 4,7 2,2 0,68 0,33 0,15 0,068 0,033 0,01
C,, nF 68 33 18 10 5,1 2,2 1 0,51
L,H 2,244 1,089 0,594 0,33 0,1683 0,0726 0,033 0,01683

The circuit obtained for the simulation is shown in Figure 2. To build the model, we need to connect an oscil-
lating circuit to the TLO84CN, in which the R-C operational element plays the role of inductor. To make the model
complete, you need to model an input buffer stage and eight such oscillating circuits that will accommodate eight
operational amplifiers.
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Fig. 2. The device circuit is prepared for modeling

To obtain the characteristics of each circuit, you will need to connect an explicit frequency response meter to
each filter, connecting it between two points of the regulating resistance — the middle one, to which the capacitance
is connected, and the other, which is connected to the non-inverting input of the op-amp. To obtain the overall
characteristic, the input of the buffer stage and the input after the buffer stage (linear input) can be used as inputs.

First, let's check that all the circuits are working correctly. To do this, we will obtain the amplitude-frequency
and phase-frequency characteristics of each circuit and examine them. They are shown in Figures 3 and 4. The
overall frequency response and frequency response with the buffer stage connected to the input will look like
Figure 5 (a, b).

The overall frequency response and frequency response of the equalizer without the buffer stage connected,
i.e., when the signal is applied directly to the line input, will look like Figure 6 (a, b). To measure the depth of adjust-
ment relative to the average level, we will change the slider position in one and the opposite direction for only one of
the contours; this will be enough to see the depth of adjustment of each of the contours since they are identical. The
results for the maximum and minimum positions, respectively, are shown in Figures 7 (a, b), 8 (a, b), and 9 (a, b).
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Fig. 4. Frequency response of all gyrator-based contours in one coordinate system
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Fig. 5. General frequency response (a) and frequency response (b) of an equalizer based on a differential amplifier
with a connected buffer stage
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Fig. 6. General frequency response (a) and frequency response (b) of an equalizer based on a differential amplifier
when a signal is applied to a line input
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Fig. 7. Frequency response (a) and frequency response (b) of the equalizer at the maximum position of the slider
of one of the circuits (1000 Hz)
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Fig. 8. Resulting values for the maximum (a) and minimum position of the slider of one of the contours (1000 Hz)
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Fig. 9. The frequency response (a) and frequency response (b) of the equalizer at the minimum position of the slider
of one of the circuits (1000 Hz)

Conclusions from this study and prospects for further research in this direction. The data obtained
indicate that all circuits operate at the required frequencies, the gyrators were designed correctly, and all circuit
frequencies have the correct geometric arrangement on the frequency axis. The quality factor is approximately the

997,35

285,2
be placed on the frequency axis.

As can be seen from Figures 7 and 8, the depth of adjustment of one circuit in the direction of signal amplifi-
cation is 16.1 dB, and in the direction of attenuation -16.3 dB. The frequency range of the device is 50 Hz— 12 kHz,
and the output voltage level is 2 V, the input impedance is not more than 240 kQ, the output impedance is not more
than 1 kQ, the nonlinear distortion coefficient at the rated output power at a frequency of 1 kHz is not more than
0.4%. Comparing this result with the result obtained when constructing an equalizer based on the addition of band-
pass filter signals [7], we can conclude that the construction based on a differential amplifier is much better; firstly,
the quality factor of the circuits is higher, the frequency response is smoother, and the depth of adjustment in both
directions is the same since the signals are not summed. The only advantage of the summation principle is a greater
depth of control in the gain direction, but this can be realized in this method; it was necessary to set a greater depth
of control, but this is not necessary since 16 dB is already quite sufficient. So, the advantage of building an equal-
izer on gyrators in comparison with building on the basis of summing the signals of bandpass filters is a significant
uniformity of the frequency response and equal control depth relative to the average level.

same and is O = = 3,49 . This means that the control will be more accurate, and more oscillating circuits can
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